Russian Geology and Geophysics © 2020, V.S. Sobolev IGM, Siberian Branch of the RAS

Vol. 61, No. 7, pp. 700-714, 2020 ~ DOI:10.15372/RGG2019158 Geologiya i Geofizika

Stages of Volcanic Activity on the Southeastern Flank of the Sredinny Range
(Kamchatka): Age, Geochemistry, and Isotopic Characteristics
of Volcanic Rocks of the Akhtang and Kostina Mountain Massifs

A.O. Volynets® ', M.M. Pevzner®, V.A. Lebedev®, Yu.V. Kuscheva®, Yu.V. Gol’tsman®,
Yu.A. Kostitsind, M.L. Tolstykh?, A.D. Babansky*®

“ Institute of Volcanology and Seismology, Far Eastern Branch of the Russian Academy of Sciences,
bul’v. Piipa 9, Petropavlovsk-Kamchatsky, 683006, Russia,

b Geological Institute, Russian Academy of Sciences, Pyzhevskii per. 7, Moscow, 119017, Russia

¢ Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry, Russian Academy of Sciences,
Staromonetnyi per. 35, Moscow, 119017, Russia

4 Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences, ul. Kosygina 19, Moscow, 119091, Russia

Received 19 February 2019; received in revised form 8 August 2019; accepted 10 October 2019

Abstract—We report the chemical and isotopic compositions of volcanic rocks of the Akhtang and Kostina mountain massifs in the
Sredinny Range, Kamchatka. The analyzed rocks are similar in composition to the earlier studied volcanics of the eastern flank of the
southern part of the Sredinny Range. Results of K—Ar isotope dating reveal three stages of volcanic activity in the two massifs. These
stages are divided by long (1.4 and 2.4 Ma) periods of quiescence. In the Akhtang massif, the eruptive activity was at 4.9-4.0, 1.9-1.7, and
0.3-0.2 Ma, and in the Mt. Kostina massif, at ~8.0, 5.6-4.9, and ~3.5 Ma. Two early stages of both massifs are characterized by the eruption
of island arc type rocks, and the late stage, by the eruption of rocks of hybrid geochemical type. The Mio-Pliocene (N,—N,") rocks of the
Mt. Kostina massif are similar in geochemical features to the early Pliocene (N21 ) rocks of the Akhtang massif, and the late Pliocene (N,?)
lavas of the former massif are similar to the middle Quaternary (Q,) rocks of the superimposed monogenetic volcanism zone of the latter
massif. For the Akhtang massif it has been first discovered that the volcanic reactivation after the long quiescence periods was accompanied
by a change in the composition of rocks and in the type of eruptive activity (from the eruption of plateau-effusives rocks to the formation
of stratovolcanoes and monogenetic volcanism zones). The obtained data on the age and composition of rocks as well as some morphologi-
cal features of the studied massifs suggest that the plateau-effusive rocks of the Sredinny Range might be related to central-type eruptions.

Keywords: island arc and hybrid volcanism, subduction, Sr and Nd isotopes, K—Ar dating, geochemistry, Sredinny Range, Kamchatka,
Akhtang and Kostina volcanic massifs

INTRODUCTION causes the contemporary volcanic activity in the Eastern

volcanic belt and in the Central Kamchatka Depression. The

The Sredinny Range (SR) is one of the least studied vol-
canic regions of Kamchatka. Most researchers agree that
during the pre-late Miocene time volcanism in the SR was
caused by the subduction of the Pacific plate with the trench
located 200 km to the west from its contemporary position
(Legler, 1977; Konstantinovskaya, 1999; Shapiro and Land-
er, 2003; Avdeiko et al., 2006). During the late Miocene—
Pliocene the subduction under the SR was blocked due to
the accretion of the Kronotsk arc (Legler, 1977; Shapiro and
Lander, 2003). A new zone of the Pacific plate subduction
was formed near the eastern shore of Kamchatka, and it
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reasons of the Pliocene—Quaternary activity in the SR are
still under discussion (Volynets, 1993, 1994; Tatsumi et al.,
1995; Churikova et al., 2001; Avdeiko et al., 2002, 2006;
Perepelov et al., 2006; Plechov, 2008; Avdeiko and Palueva,
2009; Volynets et al., 2010; Koloskov et al., 2013; Pere-
pelov, 2014; Nekrylov et al., 2015; Nerkylov et al., 2018;
Volynets et al., 2018).

From a geomorphological point of view, the SR may be
divided into two parts according to its structure: northern
and southern (Fig. 1). The northern part of the SR is a nar-
row range stretching to NE. The southern part has a more
complicated structure. There are two or even three elements
in it: (1) “eastern” flank stretching to NE (Kozyrevsky and
Bystrinsky Ridges), which is a continuation of the northern
part of the Range; and (2) “western” flank, which diverges
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like a fan from the Sredinny metamorphic massif to NNE
and is marked by the large volcanic massifs' — Khangar, Ich-
insky, Kekuknaysky, and Ketepana. The Anaunsky Dol,
Uksichan and Bolshoy Chekchebonay volcanic massifs are
located in between and probably mark the third, “central”,
flank of the southern part of the SR. This subdivision was
confirmed by geochemical research (Volynets et al., 2018).
In the northern part of the SR, typical island-arc rocks were
erupted in the Mio-Pliocene; they have been changed by the
hybrid type volcanic rocks with a high degree of enrichment
in the Quaternary (Volynets et al., 2010) (we call rocks
“hybrid” when they combine island arc and within-plate af-
finities (i.e. simultaneous increase of HFSE and LILE con-
centrations); the degree of enrichment relative to MORB is
estimated by HFSE content (Churikova et al., 2001; Voly-
nets et al., 2010)). In the “eastern” flank of the southern part
of the SR, rare finds of rocks with confirmed Miocene age
are also characterized by the island arc type of microele-
ments distribution, while in the Pliocene—Quaternary there
are eruptions close in space and time of both island arc and
hybrid types with a low degree of enrichment (Volynets et
al., 2018). In the “western” flank of the southern part of the
SR, only hybrid type rocks are present since the late Mio-
cene (Pevzner et al., 2017; Volynets et al., 2018). Pliocene—
Quaternary volcanic rocks of the “central” flank (Anaunsky
Dol, Uksichan and Bolshoy Chekchebonay) are close in
geochemistry to the rocks of the “eastern” flank of the sou-
thern part of the SR (Volynets et al., 2018). According to
(Gorbatov et al., 1997), the slab is located at a ~300 km
depth under the volcanoes of the “eastern” flank of the
southern part of the SR up to the latitude of the Bystraya
River (Fig. 1); in the “western” flank, the Benioff zone is
visualized under the Khangar volcano at 400 km depth and
is not found further to the north.

Akhtang Mountain (N 55.426609°, E 158.653977°,
1954.6 m, Fig. 1) is the largest summit of the Kozyrevsky
Ridge in the “eastern” flank of the southern part of the SR.
This volcano is located at the watershed of the Sukhariki and
Karakovaya rivers. The zone of monogenetic volcanism
crosses its slopes and pedestal in the NE direction. Single
geochemical analyses from this area were published in
(Churikova et al., 2001) and in the explanatory note to the
State geological map (Khasanov et al., 2008). No systematic
research of the composition of volcanic rocks was done here.
According to the data from the geological map, plateau-effu-
sives of the massif pedestal were formed in early Quaternary,
and the stratovolcano — in late Quaternary; superimposed
zone of monogenetic volcanism is considered Holocene age

! The term “volcanic massif” is referred to the group of closely spaced edi-
fices built by volcanic rocks of different geochemical types, formed during
different times. The individual massif may include several structural ele-
ments: plateau-effusives, stratovolcano, superimposed zone of monogenetic
scoria cones, caldera, etc. A massif is named after the main summit of the
complex of the volcanic edifices. Therefore a massif is a group of volca-
noes of different age, which are compactly located within the same area.

Fig. 1. Scheme of Sredinny Range and location of the objects of study.
Legend: /, volcanic massifs (a, objects of this study, b, mentioned in
text): KOS, Kostina Mt.; AH, Akhtang; ALN, Alney-Chashakondzha;
KH, Khangar; ICH, Ichinsky; KEK, Kekuknaysky; KET, Bolshaya
Ketepana; UK, Uksichan; AN, Anaunsky Dol; BCH, Bolshoy Chek-
chebonay; 2-5: supposed division of the SR (Volynets et al., 2018):
2, northern part (I); 3—5, southern part: 3, “eastern” flank (II); 4, “wes-
tern” flank (III); 5, “central” flank (IV); 6, depth (km) to the roof of the
subducting Pacific plate after (Gorbatov et al., 1997). The northern
part together with the “eastern” flank of the southern part (I and II)
form the main watershed of the Sredinny Range. The thick black line
shows the location of the deep-water trench of the Kuril-Kamchatka
subduction zone.

(Khasanov et al., 2008). Similar estimates on the age are pro-
vided in (Ogorodov et al., 1972): the Akhtang Volcano is late
Quaternary, the monogenetic zone — Holocene.

Kostina Mountain (N 55.153224°, E 158.110016°,
1752.5 m, Fig. 1) is located in the “eastern” flank of the
southern part of the SR in 45 km to the SW from the summit
of the Akhtang Volcano at the watershed of the Balkhach
and the Lev. Kirganik rivers. It is a substantially destroyed
volcanic edifice, composed mainly by lavas. Data on age
(Pliocene) and composition of rocks are available only from
the explanatory note to the State geological map (Khasanov
et al., 2009). We include volcanic rocks of the nearby lo-
cated Zagadka and Kubinskaya mountains in the Kostina
Mt. massif.
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Zagadka Mountain (N 55.158405°, E 158.276026°, 1583.1
m) is situated 11 km to the east from Kostina Mountain at the
watershed of the Balkhach and the Mal. Kimitina rivers. It is
a strongly eroded gently sloping plateau-like surface, com-
posed by lavas. According to (Khasanov et al., 2009) these
volcanic rocks were formed during the early Quaternary and
are underlain by middle Miocene rocks with disconformity.

Kubinskaya Mountain (N 55.070823°, E 158.216478°,
1229.0 m) is located 11 km to the SE from Kostina Mt. in
the upstream of the Mal. Kimitina river. This mountain is an
elongated to the SE edifice with a plateau-like surface. The
age of Kubinskaya Mt. is Eopleistocene according to (Kha-
sanov et al., 2009).

The goal of this research was to study the evolution of
magmatism and to determine the age of formation of various
objects from two volcanic massifs — Akhtang and Kostina.
To achieve this goal we accomplished geological-geomor-
phological mapping with interpretation of the large-scale
aero-photo images, which allowed us to find several struc-
tural elements which were presumably formed at different
times. During the field works we gathered a collection of
volcanic rocks from which later we obtained a representa-
tive set of data on the geochemical composition and isotopic
K-Ar age of rocks of two volcanic massifs of the southeas-
tern wing of the Sredinny Range of Kamchatka.

ANALYTICAL METHODS

Concentrations of major, minor and select trace elements
(V, Cr, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Nb, Ba, Pb) were ana-
lyzed by X-ray fluorescence spectroscopy (XRF) using an
Axios MAX vacuum sequential spectrometer (wavelength
dispersive) made by PANalytical at the CKP “IGEM-Analy-
tika” at the Institute of Geology of Ore Deposits, Petrogra-
phy, Mineralogy, and Geochemistry, Russian Academy of
Sciences (IGEM RAS), analyst A.I. Yakushev. For determi-
nation of the major elements, glass disks were prepared by
the induction melting of the annealed sample powders mixed
with lithium borates at 1200 °C. For the determination of the
trace elements, samples were prepared by cold pressing the
dry powders with plastic filler in a tablet 32 mm in diameter.
Analytical errors were 1-5% for the elements with concen-
trations >0.5 wt.% and up to 12% for the elements with con-
centrations < 0.5 wt.%.

Additional trace elements were analyzed by inductively
coupled plasma mass spectrometry (ICP-MS) at the Institute
of Microelectronics, Technology, and High Purity Materials
RAS (IMT RAS) using a mass spectrometer with inductive-
ly coupled plasma X-7 (Thermo Elemental, USA), analyst
V.K. Karandashev. Powdered samples were digested in an
acid mixture following standard procedures described by
Karandashev et al. (2008). The accuracy of the measurements
was monitored by analyzing USGS standards BHVO-2,
BIR-1, AGV-2, GSP-2 and in-house reference materials (Jo-
chum et al., 2016; Karandashev et al., 2016). The accuracy
for most trace elements was ~ 7%.

Representative samples were analyzed for Sr and Nd iso-
topic composition. Measurements were done in the labora-
tories of isotopic geochemistry and geochronology of Ver-
nadsky Institute of Geochemistry and Analytical Chemistry
RAS (GEOHI RAS) and IGEM RAS. Extraction of Nd and
Sr was made by standard method after the dissolution of
samples in the HF+HNO, mixture using column chromatog-
raphy. In GEOHI RAS, the isotopic analyses were done at
mass-spectrometer Triton TI. Measured values of JNdI
and SRM-98 standards were 0.512108+16 and 0.710236+12.
All errors discussed in this paper are within the 26 range. In
IGEM RAS, Sr and Nd isotopes were measured at multi-
collector thermoionization mass-spectrometer “Sector 54”
(Micromass, UK). The correctness of measurements of iso-
topic ratios 37Sr/*Sr and '**Nd/'**Nd was controlled by sys-
tematic analyses of the international standard of Sr (SRM-
987) and in-house Nd isotopic standard “Nd-IGEM” which
is calibrated to La Jolla international standard. The error of
the measured ¥Sr/*%Sr and '**Nd/'"*Nd does not exceed
0.003%. For isotopic ratios ’Rb/%Sr and '“7Sm/!**Nd errors
were 1% and 0.2%, respectively (26). This method is re-
ported in (Chernyshov et al., 2012).

Radiogenic argon measurements in the samples from the
Akhtang massif, Kostina and Kubinskaya mountains were
conducted in the laboratory of isotopic geochemistry and
geochronology of IGEM RAS on the mass-spectrometer
complex MI-1201 IG using the method of isotopic dilution
with 3Ar as a tracer; potassium content was determined
by flame spectrophotometry (Lebedev et al., 2010). The
groundmass of rocks were used for analyses. Samples from
Zagadka Mountain and Uglovoy stream were measured for
radiogenic argon in the laboratory of isotopic geochemistry
and geochronology in the Geological Institute RAS (GIN
RAS) in whole-rock samples (160—-190 mg) on the mass-
spectrometer complex MI-1201 IG by isotopic dilution
method. Samples were melted at 1600-1800 °C. Clearness
of tracer — monoisotope ¥Ar — was 97.5%. The fraction of
air argon was 60-90%. Potassium concentration was mea-
sured by atomic absorber AAS-3 in the chemical-analytical
laboratory of GIN RAS by L.V. Kislova, the error is less
than 1%. Both laboratories used the following constants to
calculate the age: Ae = 0.581 x 1071% year!; Ap=4.962x101°
year'; “K/K=1.167x10* (Steiger and Jager, 1977).

RESULTS

Concentrations of major and microelements in the stud-
ied rock and geographical locations of the sampling sites are
presented in the Supplementary material (http://sibran.ru/
journals/supp mateirals.xIsx).

Age of volcanic rocks. Akhtang massif. During the inter-
pretation of the large-scale aero-photo images we have
found several groups of volcanic rocks, which substantially
differ by their preservation. The strongest denudation (inten-
sive breakdown, steep cliffs, absence of the primary volca-
nic relief) is typical for plateau-effusives, which are repre-
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Fig. 2. Geological-geomorphological scheme of the Akhtang volcanic massif. 1, Middle Pleistocene volcanic rocks, including scoria and lava-
scoria cones and their lava flows; 2, early Pleistocene volcanic rocks, star indicates the summit of the preserved edifice; 3, scoria cones and lava
flows with unknown age on undivided Pliocene rocks; 4, Pliocene volcanic rocks, star indicates the summit of the preserved edifice; 5, rocks of
Neogene age, undivided; 6, contemporary alluvial-peat bog and volcanogenic-proluvial deposits; 7, collapses and moraines of different age, arrow
indicates the direction of collapse; 8, cliffs and slopes, colors refer to the volcanic complexes of different age; 9, contemporary rivers; 10, supposed
position of the main linear stretching zones, which are connected to the chains of monogenetic centers, with rocks of: a, island arc type; b, hybrid
type; 11, sampling sites and K-Ar age (Ma) according to Table 1.
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sented by the gently sloped aligned surfaces. They compose
the massif pedestal and are best preserved at its eastern foot
(Fig. 2). There are several poorly preserved lava centers on
the surface of the plateau, which we failed to sample. The
Akhtang stratovolcano (1954.6 m) — the main summit of the
massif — was formed at the surface of this plateau; there are
reduced fragments of primary relief on its slopes. The north-
ern sector of the volcano edifice is substantially destroyed.
The NE part of the collapse circuses, opened to the north, is
occupied by collapse and moraines deposits with typical
hilly-sinkhole and hilly relief; in the NW part there is a large
lava center with maximal height ~1500 m. This center is
also substantially destroyed and complicated by numerous
collapse circuses; valleys of the transversal streams are part-
ly filled with collapse-loose deposits. The best morphologi-
cal preservation is observed for numerous scoria (scoria-la-
va) cones and their lava flows. Many cones still have craters
preserved, and fragments of longitudinal and transversal
flow shafts are visible on the lava flows. Cones form a zone,
which crosses the massif in the northeastern direction from
the right bank of the Karakovaya River to the right bank of
the Sukhariki River.

We have done K-Ar isotopic dating of volcanic objects,
which differ by the type of eruptive activity, morphological

shape and degree of denudation (Table 1). It is obvious from
Table 1 that the results are divided into three rather compact
age groups: early Pliocene (hereafter — Pliocene), early and
middle Quaternary. The remaining (undated) volcanic rocks
were referred to established age groups by their morpho-
logical characteristics, and by the results of comparison of
the major and microelement composition of these rocks
with the isotopically dated samples. Our research allowed us
to distinguish three stages of volcanic activity with the di-
viding quiescence periods in the geological history of the
Akhtang massif, which were documented for the first time.

The beginning of activity (stage I, N,) is referred to the
early Pliocene (4.9—4.0 Ma, Table 1). It is very likely that
this stage consists from two successive phases. During the
early phase (4.9—4.3 Ma) plateau-effusives were erupted
(they are now widely represented at the eastern, and to the
less extent, at the western sector of the massif). During the
final phase (about 4.0 Ma) the Akhtang stratovolcano was
formed (1954.6 m) (Fig. 2).

After the period of rest which lasted about 2 m.y. a sec-
ond stage of activity started (stage 11, Q,) — early Pleistocene
(1.9-1.7 Ma, Table 1). At the beginning, a lava volcano
(~1500 m) was formed at the WNW sector of the massif in
the large collapse circus of the Pliocene edifice; at the end —

Table 1. Results of K-Ar isotopic dating of the volcanic rocks of Akhtang and Kostina Mt. massifs

Samples Coordinates ~ Coordinates Height (m) Potassium, % +c *Ar,, (ng/g)+c  “Ar,, (%) Age,Ma=+2c Stage
(°N) (°E) in sample

Nelab.  Nefield

Akhtang massif

16152 AX-1302 55.40142 158.61640 1545 0.845+0.015 0.0139+0.0017 979 0.24 +0.055

16147  AX-1353 55.33468 158.50612 1069 1.35+0.02 0.023 +0.003 98.2 0.25+0.07

16150  AX-1343 55.38068 158.57943 1501 1.17+0.02 0.0238 £0.0013 88.9 0.295 +0.035 Q, (I1II)

16151 KAR-1301 55.33071 158.46967 1041 1.06 £ 0.02 0.023 +0.003 98.1 0.31+0.08

16149  AX-1337 55.40611 158.62728 1449 1.18 £0.02 0.026 +0.005 98.6 0.32+0.12

16203 AX-1326 55.41962 158.63843 1574 1.15+0.02 0.133 +0.002 79.3 1.70 £ 0.10 Q, D)

16148 AX-1329 55.42268 158.59192 1224 1.37+0.02 0.1832+0.0013 56.2 1.93+0.06

16202 AX-1322 55.42738 158.65350 1946 0.88+£0.015 0.244 +0.003 81.2 4.0+0.20

16154 AX-1304 55.37947 158.61380 1281 0.732 +0.015 0.226 +0.002 47.6 4.4+0.20 N, (D)

16153 AX-1340 55.40279 158.56986 1376 1.04+£0.02 0.352 +0.002 61.1 4.9+0.20

Kostina Mt. massif

16283 MILK-0917  55.13255 158.16315 1261 1.84 +0.02 0.434 + 0.002 16.8 3.40 = 0.08 N, (C)

16282  MILK-0903  55.08162 158.22373 862 1.33+0.02 0.320 +0.003 47.6 3.47+0.12

- Z-142 55.15272 158.22576  980* - - - 4.90 +0.20

21 MILK-0914  55.12041 158.25803 1213 0.59 = 0.005 0.0656 + 0.003 67.0 5.10+0.08 N,,(B)

20 MILK-0913  55.12224 158.25807 1182 0.65 = 0.005 0.079 +0.004 71.4 5.59 £0.30

19 MILK-0911  55.12475 158.25435 1022%* 0.87 + 0.005 0.107 £ 0.005 60.0 5.63+0.09

65 MILK-0912  55.12325 158.25569 1079 0.50 + 0.005 0.0874 + 0.006 83.5 8.00 +0.35 N, (A)

Uglovoy stream

64 MILK-0909  55.12607 158.23836 728 0.94+ 0.006 0.513+0.004 41.8 24.9+0.90 Pg

Note. K-Ar dating was made in IGEM RAS (samples 16147-16203) and GIN RAS (19-21, 64, 65). Sample Z-142 — after (Khasanov et al., 2009).

(—) —no data. * collapse.
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a relatively small lava center (1751.3 m) at the SW slope of
the Akhtang stratovolcano (Fig. 2).

The third stage of activization (stage III, Q,), in the middle
Pleistocene (0.3—0.2 Ma, Table 1) started after the quiescence
period which lasted about 1.5 m.y. During this stage numer-
ous monogenetic centers, forming several chains crossing the
massif to the NE, were formed. Also, a third, SW summit of
the massif was formed (1655.9 m). Probably the Q, stage also
consisted from two or even three successive episodes, when
substantially lava or scoria edifices were formed.

According to the results of the tephrochronological in-
vestigations, there is no Holocene volcanism within the
Akhtang massif (Pevzner, 2015).

On the basis of the obtained isotopic and petrological-
geochemical data, we compiled a revised geological map of
the Akhtang massif (Fig. 2).

Kostina Mt. massif. We include three relatively isolated
but closely located morphological edifices in this massif
(Fig. 3a): (1) Zagadka Mountain (1583.1 m) which is a large
fragment (10 x 15 km) of the substantially destroyed volca-
nic edifice; most of it is represented by lava ridges with
rather steep slopes (Fig. 3b). Best preservation is typical for
the southern flanks, where significant areas of plateau-effu-
sives have been preserved (Fig. 3a). The surface of these
plateaus is free from the primary volcanic relief and is gen-
tly sloped to the south. Lavas, located at heights more than
1300 m, bear traces of glacial processes. There are many
large collapses of different age at the foot of the mountain,
most likely together with the old moraines. (2) Kubinskaya
Mountain (1229 m) is a small residue of the plateau
(3 x 5 km) elongated from the NW to the SE. Perhaps it is a
fragment of some substantially destroyed monogenetic cen-
ter. The southwestern slope of the mountain is rather steep,
produced probably by the large collapse. Other sectors are

characterized by the successive decrease of the upper parts
of lava flows from the main summit to the NW, NNE, SE.
Fragments of the lava ridges diverge fan-like from the sum-
mit to the NE; these are the remnants of the primary volcanic
relief. (3) Kostina Mountain (1752.5 m) — the main summit
of this massif — is a large (no less than 13 km across) strong-
ly eroded volcano, composed mainly by lavas. Its top is per-
fectly readable in relief — sharp lava ridges with steep cliffs
diverge from it. Collapse circuses are filled by the deposits of
rockfalls and moraines of different ages. Lavas of the last
stage of activity are best preserved in the NE and SE sectors
of the edifice and are traced minimum at 6—7 km from the
summit. Preserved fragments of the upper lava layers at alti-
tudes more than 1300 m have steep slopes, their surface is
marked with longitudinal grooves which may be interpreted
as traces of the glacier exaration work. Mostly remote lavas
of the SE sector form a plateau-like surface at 1200-1300 m
altitude; morphologically it is the same at Kubinskaya Mt. or
Zagadka Mt. plateaus.

To determine the isotopic age of the plateau-effusives we
sampled a lava cross-section of Zagadka Mt. plateau
(Fig. 3b), and top lava flows of Kostina and Kubinskaya
Mts. Also we tried to estimate the age of the rocks from the
massif’s basement. A series of K-Ar dates was obtained for
this collection (Table 1).

The lava of the subvolcanic body in the valley of Uglo-
voy stream, which is part of the massif’s basement, was
formed in the late Oligocene about 25 Ma. Having only one
dated sample, we are not ready to make interpretations of
the early stages of the SR volcanic belt formation.

For the effusive rocks, the oldest ages were received for
Zagadka Mt. lavas (8.0-5.1 Ma). Khasanov et al. (2009)
published a K-Ar age definition of 4.9+0.2 for the western
slope of this mountain (the collapse from the upper part of

B

Zagadka Mt.
R agadka ,

Fig. 3. Kostina Mt. massif. A, location of the objects of this study: 1-5, sampling sites of the rocks for the isotopic dating: 1-2, Zagadka Mt. lavas:
1, samples MILK-0911, -12, -13, -14, 2, sample Z-142 after (Khasanov et al., 2009); 3, subvolcanic body in the Uglovoy stream valley, sample
MILK-0909; 4-5, top lava flows: 4, Kubinskaya Mt. (MILK-0903), 5, Kostina Mt. (MILK-0917). B, view to Zagadka Mt. from the SW from the
top of Kubinskaya Mt. Photo courtesy Maria Tolstykh. Dots indicate sampling sites (MILK-0911, -12, -13, -14 and Z-142) for the isotopic dating

(see Table 1).
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Fig. 4. Harker diagrams for the volcanic rocks of Akhtang massif. Discrimination lines at diagrams a) and b) after (Le Maitre, 1989); fields, (a):
I, low-K rocks; II, medium-K rocks; 111, high-K rocks; (b): 1, basalts; 2, basaltic andesites; 3, andesites; 4, dacites; 5, rhyodacites; 6, trachybasalts;
7, basaltic trachyandesites; 8, trachyandesites; 9, trachydacites. Legend, rocks: 1-3, of the three stages of volcanic activization: 1, stage I (4.9—4
Ma); 2, stage 11 (1.9-1.7 Ma); 3, stage III (0.3-0.2 Ma); 4, “western” flank of the southern part of the SR (Volynets et al., 2018 and unpublished
author’s data) and Quaternary rocks of the northern part of the SR (Volynets et al., 2010); 5, “eastern” flank of the southern part of the SR (except
Akhtang and Kostina Mt. massifs) and Anaunsky Dol (Volynets et al., 2018 and unpublished author’s data); 6, Neogene rocks of the northern part

of the SR (Volynets et al., 2010).

the plateau), which is in good agreement with our data on
the early Pliocene age of the lavas from the top of Zagadka
Mt. It is notable that there is a quiescence period about
2.4 m.y., which divides effusives with 8 and 5 Ma ages. Our
data also allow us to estimate the duration of the volcanism
activization phase at the Miocene-Pliocene boundary as
about 0.7 m.y.

Close age definitions were received for the top lava flows
of Kubinskaya Mt. (3.47+0.12 Ma) and Kostina Mt. (3.40 £
0.08 Ma). These volcanic centers belong to the late Pliocene
stage of the activity of this massif (Table 1). The duration of
the period of rest dividing the early and late Pliocene stages,
is about 1.4 m.y. It is notable that the younger centers of
Kostina Mt. massif (Kubinskaya Mt. and Kostina Mt.) are
located to the west from the older center (Zagadka Mt.).

Therefore for the Kostina Mt. massif we also can distin-
guish three stages of volcanic activity, which are divided by
the long quiescence periods: A — late Miocene (N,), B — Mio-
cene-Pliocene boundary (N, ,), and C — late Pliocene (N,).

Geochemistry of volcanic rocks. Akhtang massif. All
analyzed volcanic rocks belong to the medium-K calc-alka-
line series and are represented by basalts to andesites. All
rocks of the massif are similar to the previously studied la-
vas from the “eastern” flank of the southern part of the SR
(Volynets et al., 2018). In comparison with the rocks of the
“western” flank and the Quaternary lavas of the northern
part of the SR, they have lower Ti0O,, K,O, Na,O, P,O5 and
slightly higher CaO (Fig. 4) and Mg#. Rocks of all three
stages of activization are similar by their major element con-
tent, although most lavas of the Pliocene stage (I) have de-
creased K,O concentrations and higher Na,O/K,O than
Quaternary rocks (stages II and III). Rocks of Stage I are
divide to two groups by major element content. Plateau-ef-
fusives of the early phase have more acid compositions and
are represented by basaltic andesites and andesites (SiO,
55.81- 58.11 wt.%), while Akhtang stratovolcano lavas,
formed during the final phase of the Pliocene stage, are ba-
salts — basaltic andesites (SiO, 50.7 — 52.38 wt.%).

Early Pleistocene rocks (Stage II) are slightly more alka-
line and are characterized by the maximal variations of silica
content among all studied rocks of the Akhtang massif, while
the youngest, middle Pleistocene (Stage III) basalts and ba-
saltic andesites have the highest Mg#. Nevertheless, all de-
scribed variations are moderate and with rare exceptions can
be combined into the same fractionation trends (Fig. 4).

Microelement composition was measured in a series of
representative samples. Pliocene rocks (Fig. 54) are charac-
terized by the island arc type of microelement distribution:
substantially depleted Nb, Ta, Hf, Zr and REE and elevated

LILE/HFSE ratios. Basaltic andesites and andesites have
slightly increased REE content compared to basalts of the
same stage, with difference in HREE concentrations more
pronounced in comparison with LREE. All volcanic rocks
of Stage I — both of the early (plateau) and late (stratovol-
cano) phases are similar to the Neogene plateau-effusives of
the SR in their microelement distribution (Fig. 54) (Voly-
nets et al., 2010, 2018).

The next two stages (early and middle Pleistocene) have
the largest variations in microelements contents. Here we
found both island arc and hybrid type varieties with in-
creased HFSE concentrations (Fig. 58, C). Among the early
Pleistocene lavas (Stage II) the most enriched spectra of the
incompatible elements with Nb up to 8.5 and Ta up to
0.52 ppm are typical for andesites. Basalts of the same stage
are close in composition to Pliocene rocks but differ from
them in a little bit higher concentrations of Nb and Ta (2.4
and 0.12 vs. 1.5 and 0.09 ppm, respectively).

Lavas of the Middle Pleistocene (Stage III) (Fig. 5C) also
have variable concentrations of microelements. There are
two types of basalts. The first type has island arc type pat-
terns with low HFSE and high LILE concentrations; compo-
sition of these rocks is similar to those of Stage 1. The
second type of basalts has hybrid type of microelement dis-
tribution with a low degree of enrichment (Nb ~ 5 ppm, Ta~
0.3 ppm). Basaltic andesites of Stage III also are more en-
riched compared to the less fractionated varieties. Most
evolved lavas of the shield-like monogenetic center at the
SW sector of the massif (4 = 1140.2, Fig. 2) contain
56.56 wt.% of SiO, and 7.9 ppm Nb. Positive correlations of
Nb, Ta, Hf, Zr with SiO,, K,O and negative with Mg#, Ni
are observed for the early and middle Pleistocene rocks
(while there are no such correlations for the Pliocene rocks)

Kostina Mt. massif. All studied rocks belong to the me-
dium-K calc-alkaline series and are represented by basalts to
andesites with predominant basaltic andesites (Fig. 6). La-
vas of the stages A (N,) and B (N, ,) have lower concentra-
tions of K,0, Na,O, TiO,, P,O; than the rocks of the upper
structural horizon, belonging to the late Pliocene, while
MgO and CaO concentrations are, on the contrary, higher
(concentrations of MgO in Zagadka Mt. lavas (stage A (N,))
are the highest of all previously studied rocks of the “east-
ern” flank of the southern part of the SR). In general, the
composition of rocks from this area is similar to that of the
previously studied rocks of the “eastern” flank of the south-
ern part of the SR, with exception of even lower concentra-
tions of TiO, and P,O; in N, lavas (stages A and B). A cri-
tical difference is observed in concentrations of micro-
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elements of the three stages (Fig. 7). Plateau-effusives of the
stages A and B (85 Ma) have typical island arc characteris-
tics: high LILE/HFSE, pronounced Nb-Ta minimum, low
HFSE content. Lavas of the upper structural horizon (top
parts of Kubinskaya and Kostina Mts.), for which we re-
ceived isotopic age definitions ~3.5 Ma (stage C, N,) are
characterized by the hybrid type of microelement distribu-
tion with higher La/Yb, Ta/Yb, Nb/Y, Dy/Yb, Ce/Pb and
lower LILE/HFSE compared to the rocks of the first two
stages (Fig. 7). The N,, plateau-effusives of Kostina Mt.
massif are similar in microelement composition to the rocks
of the N, (I) stage of the Akhtang massif, while hybrid N,
(C) lavas of this area are similar to the rocks of the Akhtang’s
Q, (IIT) stage (superimposed zone of monogenetic cones at
the SW slope of the Akhtang massif).

Isotopic composition of Sr and Nd. For all distinguished
stages of activization of the Akhtang and Kostina Mt. mas-
sifs we have measured isotopic composition of Sr and Nd in
the representative samples (Supplementary material (http://
sibran.ru/journals/supp mateirals.xIsx) and Fig. 8). Lavas of
the Akhtang massif demonstrate a rather stable Nd isotopic
composition (0.513060-0.513065) and slightly more pro-
nounced variations of Sr isotopes (0.703350-0.703423). Pre-
viously published data on the Akhtang massif (Churikova et
al., 2001) (for three samples of lavas from monogenetic
cones of the SW sector of the volcano) have shown a bit
lower 3Nd/'Nd at similar 8’Sr/%6Sr; these samples also

A
100+
& 10-
(@)
=
z
3
8 11
o
TT T T T T T T T T T T T T T T T T T T T T T T TTT]
Cs Ba U Ta La Pb Nd Sm Zr Eu Tb Ho Er Yb
Rb Th Nb K Ce Pr Sr Hf Ti Gd Dy Y Tm Lu
C
100—
& 10
(@)
=
P4
3
8 11
o

T T T T T T T T T T T T T T T T T T T T T T T T 17111
Cs Ba U Ta La Pb Nd Sm Zr Eu Tb Ho Er Yb
Rb Th Nb K Ce Pr Sr Hf Ti Gd Dy Y Tm Lu

have higher Ta/Yb, Nb/Y, Ce/Pb ratios. Volcanic rocks from
the Kostina Mt. massif show more substantial variations of
isotopic ratios (Supplementary material and Fig. 8). With the
exception of two samples, Sr isotopes of the rocks from this
massif are similar to those of Akhtang at higher '*Nd/'**Nd.
The high-Mg lava of the stage A (N,) has most primitive Sr
and Nd isotopic ratios, while andesite of the stage C on the
contrary has increased ¥’Sr/%°Sr and '*Nd/'"*Nd ratios; these
two samples occupy separate positions in the 37Sr/%Sr vs.
3Nd/"Nd diagram.

DISCUSSION

Centers of plateau-effusives eruptions in the Sredinny
Range. Until now, it is not well understood, where were the
centers of plateau-cffusives eruptions, and what was the
mechanism of their formation, although they are widespread
along the main watershed of the SR. The centers are either
destroyed or overlain by younger volcanic rocks. Thus, for
example, in the case of the early Pliocene plateaus of the
Akhtang massif or lavas of Zagadka Mt., there are pretty
large, but still, only fragments of the substantially eroded
volcanic edifices. Our geochemical and isotopic study of the
Akhtang massif enabled us to demonstrate the similar age
and chemical composition of rocks which form the upper
part of the stratovolcano and plateau-effusives of its base-
ment. Although is it unlikely that the stratovolcano edifice
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Fig. 5. N-MORB-normalized trace element distributions for rocks of the three stages of volcanic activization of Akhtang massif. Compositions:
1, basalts and basaltic andesites with SiO, < 54 wt.%; 2, basaltic andesites with SiO, > 54 wt.% and andesites; 3, all analyzed rocks of the Akhtang
massif. Stages of volcanic activization: a) I (N,); b) II (Q,); ¢) III (Q,). Composition of N-MORB after (Sun and McDonough, 1989).
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Fig. 7. N-MORB-normalized trace element distributions for rocks of the three stages of volcanic activization of the Kostina Mt. massif. Composi-
tions: 1-2, basalts and basaltic andesites with SiO, < 54 wt.%; 3, basaltic andesites with SiO, > 54 wt.% and andesites; 4, all analyzed rocks of

Kostina Mt. massif. 4, lavas of stage A (1) and B (2 and 3); B, stage C.

was the center of effusion of plateau (due to its superim-
posed character), we can suppose the same source of mag-
matic feeding of these eruptions. Age definitions made for
the Kostina Mt. massif also argue for the hypothesis that
plateau-like surfaces could have been formed during sub-
stantially effusive eruptions of the central type.

Isotopic age of volcanic rocks and periods of activiza-
tion and quiescence. Our research on isotopic dating of vol-
canic rocks revealed that in the Akhtang massif during the
last 5 m.y. there were at least three bursts of volcanic activi-
ty, separated by long repose periods. The first stage of acti-
vization consisted of two phases. The early, and, apparently,
main phase for this stage was marked by the effusion of the
spacious lava flows with plateau-like morphology, while dur-
ing the late phase, a stratovolcano edifice was formed. The
composition of rocks varies from andesites and basaltic an-
desites (plateau) to basalts (stratovolcano) of the island arc
type. During the second stage, the activity was concentrated
in the NW sector of the massif. A large lava volcano with
acid composition of rocks was formed at the beginning of
this stage, and later a small lava center grew at the SW foot
of the Akhtang stratovolcano. Andesites of the early phase of
Stage II bear evidence of the extensive fractionation in the
open system, which is manifested by the increase of incom-
patible elements concentrations correlated with the increase
of silica content; elevated HFSE concentrations in these
rocks are most likely not connected to the composition of the
mantle source. At the same time, geochemical features of the
basalts of the late phase of Stage II are similar to those of the
volcanic rocks of Stage I. All rocks have subduction signa-
tures. The third, middle Pleistocene stage is marked by the
development of the monogenetic volcanism, associated with
the NE faults. During this stage, both island arc and hybrid
type rocks with low enrichment degree were erupted.

On the example of the Akhtang massif we show, for the
first time, that quiescence periods may have reached 1.5—
2 m.y., and the resumption of the volcanic activity was ac-

companied by change in both composition of rocks and type
of activity (plateau-effusives — stratovolcano — lava volca-
no — monogenetic centers). The indicated stages of activiza-
tion correlate with the regional episodes of increasing volca-
nic activity in the NW Pacific (Prucher and Rea, 2001); the
middle Pleistocene stage turned out to be synchronous to the
activization episode which led to the formation of the Klyu-
chevskaya group of volcanoes (Calkins, 2004; Churikova et
al., 2015), as the well as formation of numerous monoge-
netic centers in eastern Kamchatka (Nishizawa et al., 2017).

It is interesting that in the Akhtang massif, for the largest
chains of sub-simultaneous monogenetic centers of Stage II1,
we observe successive increase of the SiO, content from the
more southern to the more northern eruptive centers (Sup-
plementary material):

(1) KAR-1301 (51.4) — KAR-1304 (52.13) — KAR-1303
(53.1) > KAR-1306 (53.4) > AX-1351 (55.4 wt.%),

(2) AX-1350 (51.9) — AX-1346 (51.95) —> AX-1342
(52.8) —> AX-1343 (53.2 wt.%).

An analogous pattern was previously found for Holocene
eruptions of scoria cones in the SR (Pevzner, 2015).

A similar evolution of magma generation processes is ob-
served also within the Kostina Mt. massif, which is located
to the south of Akhtang. Here we also documented three
stages of volcanism activization, which are separated by the
long (1.4 and 2.4 m.y.) periods of rest. It is notable that two
early stages (A and B) are characterized by the effusions of
ultimately island arc type lavas. At the late stage (C) hybrid
type basaltic andesites appeared, which are similar to the
hybrid rocks with low enrichment degree, described earlier
in the Ichinsky and Alney massifs (Churikova et al., 2001;
Volynets et al., 2010). It is interesting that the centers of
hybrid lavas eruptions (Kostina and Kubinskaya Mts.) are
located several km to the west compared to the main erup-
tive center — Zagadka Mt. (i.e. the distance from the sup-
posed position of the Miocene subduction trench increased).
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Fig. 8. Sr and Nd isotopic composition in the representative samples of
the Akhtang and Kostina Mt. massifs compared to the previously stud-
ied rocks of other volcanic centers of Kamchatka. Legend, rocks: 1-4:
Akhtang massif, 1-3, our data: 1, Stage [; 2, Stage II; 3, Stage III; 4,
after (Churikova et al., 2001); 5-7: the Kostina Mt. massif, 5, stage A
(N)); 6, stage B (N,,); 7, stage C (N,); 8, previously studied rocks of
the SR, after (Churikova et al., 2001; Volynets et al., 2010; Koloskov
et al., 2013). Numbered fields correspond to the composition of rocks
from: 1, Central Kamchatka Depression (Klyuchevskoy and Tolba-
chik), after (Churikova et al., 2001; Portnyagin et al., 2007; Portnyagin
et al., 2015); 2, Eastern volcanic belt (Kizimen, Gamchen, Shmidt)
after (Churikova et al., 2001); 3, Southern Kamchatka (Mutnovsky and
Gorely) after (Duggen et al., 2007).

Therefore, there are three stages of activization, distin-
guished for both massifs. Two early stages in both cases are
characterized by island arc type lavas. Early stages of both
the Akhtang massif (early phase of Stage I (plateau) and
Stage II) and Kostina Mt. massif (stages A and B) are sepa-
rated by the similarly long repose period of 2.4 m.y. The
third, final stage of activization in both massifs is document-
ed after a period of rest of 1.4 m.y. Hybrid type rocks for the
first time appear during the third stage in both massifs.

The Kostina Mt. massif is studied in less detail than the
Akhtang massif. It is very likely that after additional work on
isotopic dating we can find lavas of the “late” phase of stage
A with an age about 7.7 Ma, in which case we will reach an
absolute identity of the repose periods. But even with the
available data, we can argue for the common regional causes
which trigger outbreaks of volcanism at the SE flank of the
southern part of the Sredinny Range of Kamchatka.

Magma sources. The established age frame of the volca-
nic activity within the Akhtang massif exclude the possibi-
lity that all magmas were formed by fractionation of a com-
mon parent melt, despite the similarity of the composition of
the studied rocks. Indeed, it is hard to imagine a magma

reservoir, which could possibly exist in a melted state during
almost 5 m.y., with repose periods up to 2 m.y. Therefore,
the close geochemical composition of the volcanic rocks is
most likely caused by the similar composition of the melted
matter. Positive correlations of Nb, Ta, Zr concentrations
with the fractionation factors (Ni, MgO, Mg#, etc.) in the
rocks from stages II and III allow to suggest that increased
HFSE concentrations in basaltic andesites and andesites of
Stage II and in basaltic andesites of monogenetic centers are
not inherited from the primary magmas but were acquired
during the open-system evolution of the magmas (Lee et al.,
2014; Portnyagin et al., 2015) or/and due to crustal contam-
ination processes. Therefore, in our discussion on the com-
position of the source, we limit the selection by the more
basic rocks with SiO, < 54 wt.% and MgO > 6 wt.%. As it
is clear from Fig. 5, microelement distribution patterns con-
tradict the idea of the pure fractionation-derived chemical
variations of the rocks composition, but imply heterogeneity
of the mantle and fluid sources, involved in magma genesis
in the Sredinny Range. The position of this massif in the
frontal zone of the Oligocene—Miocene subduction zone
likely caused substantial metasomatism of the mantle wedge
by the fluid. That caused not only high, typically island arc
LILE/HFSE ratios in Neogene rocks, but also increased
these values in the Quaternary rocks, when the Pacific trench
already moved to the east, and the massif itself was in the
back-arc part of the system, 300 km above the upper part of
the slab. Participation of the enriched mantle is observed
only in part of the samples and weakly expressed. At the
same time, sub-simultaneous eruptions of the typical island
arc and hybrid magmas within the limited area bear evi-
dence of the possible variability of the depth of magma gen-
eration and of the heterogeneous composition of the mantle.
Isotopic characteristics of the studied rocks of all three stag-
es indicate a depleted mantle source similar to MORB with
fluid addition, which is expressed by the increased Sr isoto-
pic ratios relative to MORB. Those rocks which have slight-
ly decreased Nd isotopic ratios also have slightly increased
Ta/Yb, Nb/Y. This may be a result of the metasomatized
sublithospheric mantle participation in the genesis of these
rocks (Turner et al., 2017; Volynets et al., 2018). As is has
been demonstrated in a series of publications (e.g., O’Reilly
and Griffin, 2013), the sublithospheric mantle is highly het-
erogencous (on a scale from microns to terrains) and bears
record of numerous episodes of fluids/melts interaction with
its domains. Obviously, the composition of melts which pro-
duced the monogenetic cones of the Akhtang massif
(Stage III) is dependent on the composition of the mantle
domain which was melted Turner et al. (2017) argue that
when continental crust blocks are present in the back-arc
zone of an island arc system, the enriched lithospheric man-
tle domains may be eroded to the asthenosphere and partici-
pate in melting in the back-arc, revealing themselves by the
increased HFSE concentrations, characteristic isotopic ra-
tios and elemental ratios. But, obviously, if only the deplet-
ed mantle wedge reworked by subduction fluid is involved



712 A.O. Volynets et al. / Russian Geology and Geophysics 61 (2020) 700-714

in melting, the composition of the resulting melt will be
typical island arc without any records of the enriched mate-
rial participation. In the Quaternary, due to the subduction
front migration to the east and therefore change of the geo-
dynamic setting in the Sredinny Range, the fluid flow here
became less intensive, and the melting degree decreased.
The final stage of the Akhtang massif evolution is a mono-
genetic volcanism stage. Turner et al. (2017) argued that
namely small eruptive centers may tap mantle sources with
a larger component of decompression, and so tend to pro-
duce melts that are enriched in EM1-like components (the
presence of which in the back-arcs is considered by the au-
thors as a result of interaction with sublithospheric
metasomatised mantle). This is in full agreement with our
observations (Volynets et al., 2018).

Geochemical features of the Kostina Mt. massif may
serve as a model for demonstration of the change of the
source characteristics due to the altered geodynamic setting
in the Sredinny Range. During the Miocene and the early
Pliocene typical island-arc rocks were formed; they have
high LILE/HFSE, low HFSE and REE concentrations,
which are not correlated to the silica content. Sr isotopic
ratios are similar to those of the Akhtang rocks, which points
to the close compositions of the mantle and fluid sources of
these magmas. After the ~1.5 m.y. repose period, volcanic
activity within this massif resumed somewhat westwards
and was accompanied by a change in rocks geochemistry to
the hybrid type with HFSE increase and sharp decrease of
LILE/HFSE ratios. For these rocks, we also observe slightly
lessened '**Nd/!"**Nd, which enables us to argue for the same
mechanism of their generation, which we proposed for the
hybrid rocks of the Akhtang massif.

CONCLUSIONS

1. For the first time we report geochemical and isotopic
data characterizing the evolution of the Akhtang and Kosti-
na Mt. massifs during the late Miocene—Quaternary. We
show that during the Miocene—early Pliocene (the Kostina
Mt. massif) and in the Pliocene (the Akhtang massif) basalts
and basaltic andesites with island arc type of microelement
distribution prevail. The final stage of volcanism within both
massifs is marked by the hybrid type rocks eruptions; the
degree of their enrichment is low.

2. We prove the sub-simultaneity and principal geochem-
ical similarity of the rocks which build the upper part of the
Akhtang stratovolcano and of plateau-effusives from its
basement. Dating of rocks of the Kostina Mt. massif also
allow us to propose that plateau-like surfaces might have
been formed during effusive eruptions of the central type.

3. According to the results of the firstly conducted K-Ar
dating we determined three stages of the Akhtang massif
activization: 4.9-4.0, 1.9-1.7 and 0.3-0.2 Ma; and three
stages of the Kostina Mt. massif activization: ~8, 5.6-4.9
and ~3.5 Ma. For two early stages of both massifs, island arc

rocks are typical, while during the third stage, rocks of the
hybrid geochemical type appear.

4. On the example of the Akhtang and Kostina Mt. mas-
sifs we report for the first time the existence of long (1.4—
2.4 m.y.) quiescence periods in volcanic activity. After them,
the character of eruptive activity (in the Akhtang massif,
from plateau-effusive eruptions to stratovolcano and mono-
genetic volcanism) and composition of the magma sources
changed. The indicated stages of activization of the Akhtang
massif correlate with some episodes (about 4.9, 4.0, 1.9-1.7,
0.3-0.2 Ma) of the increasing volcanic activity in the NW
Pacific, registered in the DDP 882 and 887 in Kamchatka and
Aleutians water area (Prueher and Rea, 2001); the middle
Pleistocene stage is synchronous with the activization epi-
sode which led to the Klyuchevskaya group of volcanoes
formation (Calkins, 2004; Churikova et al., 2015), as well as
with the formation of the numerous monogenetic centers in
Eastern Kamchatka (Nishizawa et al., 2017).

5. In the middle Pleistocene, a series of faults crossed the
Akhtang massif predominantly in the NE direction. Mono-
genetic centers are associated with these faults. Within the
Kostina Mt. massif, monogenetic volcanism is not found.
Nevertheless, to the north along the “eastern” flank there are
plenty of well preserved monogenetic cones (i.e., their age is
presumably middle to late Pleistocene); some of these edi-
fices even have proved Holocene age (scoria cones and lava
flows of the Kirevna and the Levaya Belaya rivers in the
Alney-Chashakondzha massif (Pevzner, 2015)). Available
data on the composition of volcanic rocks of monogenetic
centers of the Alney-Chashakondzha massif show their prin-
cipal similarity with the lavas of the final stages of the
Akhtang and Kostina Mt. massifs and allow us to argue for
the common magma generation mechanism within the
whole “eastern” flank of the southern part of the Sredinny
Range of Kamchatka during the Pliocene-Quaternary.
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