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Compositional variations in lavas of the Klyuchevskaya group (Kamchatka): evidence
for changing source compositions in a highly productive subarc mantle wedge?
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Introduction. The Klyuchevskaya group of volcanoes (KGV) is located in the northern part of the
Central Kamchatka Depression (CKD), Kamchatka and comprises four active and nine extinct volcanoes.
This area has the highest magma production rate for any arc worldwide and many of its volcanoes were
studied in considerable detail. However, some volcanoes of the KGV including Late-Pleistocene volcanoes
Bolshaya Udina and Malaya Udina (Udina massif), Ostraya Zimina and Ovalnaya Zimina (Zimina massif),
and Gorny Zub, situated in South-East part of KGV, were studied only on a reconnaissance basis
(Timerbaeva, 1967; Ermakov, 1977) and modern geochemical studies have not been carried out at all.
Nevertheless, these volcanoes are closest to the arc trench and may hold information on geochemical across-
arc source and fluid variations in response to the east-west subduction of the Pacific plate below Kamchatka.
We present major and trace element data on rocks from these poorly studied volcanoes as well as on their
older volcanic basement in order to constrain the East-West geochemical variations through KGV.

Geology and petrography. The KGV is situated near a triple junction where the Pacific, Bering and
Okhotsk plates come together and form two active boundaries: the convergent KuriletKamchatka trench and
AleutianTBeringTAlfa transform faults. Deep seismic sounding shows that the maximum crustal thickness in
below the KGV reaches 40 to 42 km. This has been attributed to an extensive crustimantle transition zone
with abundant mafic intrusive bodies below the KGV group. In the Late Pleistocene the KGV basement was
cut by a series of faults into several tectonic blocks (Melekestsev et al., 1974; Ermakov, 1977). The central
and southeastern parts of the KGV are tectonically stable, the southwestern block underlying the Tolbachik
volcanic massif has subsided for about 500 m. All volcanoes studied here are located on the stable
southeastern tectonic block. The boundaries between southeastern block and other blocks of the KGV are
covered by younger volcanic deposits (Melekestsev et al., 1974).

The studied area can be subdivided in two volcanic clusters: one includes the Udina massif and a
second one forms by the Zimina massif and Gorny Zub volcano. Radiometric dating has not been done on
these volcanoes, but based on the relationship with glacial deposits (Melekestsev et al., 1974) a Late
Pleistocene age was suggested for these volcanoes, the oldest being Gorny Zub volcano.

The volcanic edifices are underlain by the Khapitsa plateau lavas, which outcrop in the Khapitsa River
valley and have a similar eruption age of 274 ka (Calkins, 2004) as typical plateau lavas below the northern
KGV which crops out at the Studenaya river (Churikova et al., 2015). The basement of the Zimina massif is
comprised of basaltic andesites up to 200 m thick with megacrystic plagioclase while the basement below the
Udina massif consists of sub-aphyric to serial porphyric lavas.

The lavas that comprise the stratovolcanoes are mainly andesites and basaltic andesites with variable
texture and porosity. A series of extrusions and few cinder cones formed at the final stages of activity.
Phenocrysts are mainly olivine, orthopyroxene, clinopyroxene, plagioclase and magnetite, Hb-bearing
andesites and dacites are rarely found in lavas and in subvolcanic intrusions.

Petrology and geochemistry. Major and trace elements were analysed at GZG, G°ttingen University.
All rocks are medium-K calc-alkaline basaltic andesites to dacites except few low-Mg basalts from Malaya
Udina volcano. On KO versus SiO; three trends with variable alkalinity are clearly distinguished (Fig. 1):
Trend 1 with low potassium includes all lavas from Gorny Zub and Bolshaya Udina volcanoes as well as a
few samples from Ovalnaya Zimina and Ostraya Zimina. Most lavas of the southeastern part of the KGV
belong to this trend, which is geochemically similar to that formed by lavas from the active Bezymianny
volcano; Trend 2 with elevated potassium consists of lavas from Malaya Udina volcano and only part of
lavas from Ovalnaya and Ostraya Zimina volcanoes; Trend 3 has highest potassium and is only formed by
Ovalnaya Zimina lavas.

Trends with variable alkalinity and incompatible element contents are well known from volcanoes of
the Central Kamchatka Depression (Tolbachik, Ploskie Sopki, Shiveluch, Kharchinsky). This new study adds
data for andesitic stratovolcanoes of the SE part of KGV. Generally, such compositional variations are
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Fig. 1: K20 vs. SiOz2 for rocks of southwestern volcanoes of KGV

related to variable mantle/fluid sources and/or differentiation processes at variable pressures or water content
occur during CKD evolution.

In contrast to lavas from the KGV, older basement lavas are geochemically similar to the plateau lavas
at Studenaya river and all belong to the high-K basalt-andesite rock series. New data on basement rocks
together with previously published data suggest a period of high-K volcanism in the KGV during Middle
Pleistocene time before the construction of the younger, much more variable stratovolcanoes.

Compositional relations with adjacent centres of KGV and NCKD rocks. Compared to other KGV
lavas and volcanic rocks from centers north of Kamchatka river (Shiveluch, Kharchinsky, Zarechny) most of
studied samples (except trend 3) form narrow trends in all major and trace element diagrams that only show
minor overlap with the compositions of other KGV volcanoes, except Bezymianny volcano. At the same
MgO content, these lavas are poorer in alkalis, TiO2, P.Os, FeO, and higher in SiO, compared to other KGV
volcanics and show greater geochemical and petrological evidence of magmatic differentiation during
shallow crustal processing (Fig. 2). However, there is almost complete overlap with Bezymianny lavas, thus
forming a middle-K calc-alkaline trend (Fig. 2b).

The (MgO)so corrected major, trace elements and trace element ratios show a systematic zonation
across the KGV show an increase in incompatible, fluid-mobile trace elements with slab depth from 160 km
below andesitic volcanoes in the E to 200 km in the W. This zonation is expressed in elevated LILE, LREE,
lower LILE/HFSE ratios from E to W at nearly constant MREE and HREE which suggest variable
contribution of slab components to the mantle source. The extreme variation, e.g. from 0.5 to 2.5 % KO at
the same 50% SiO. in modern KGV lavas (Fig. 1) with comparably smaller variations in other incompatible
elements cannot only be explained by variable degrees of melting but rather suggests variable
enriched/depleted mantle sources prior to input of variable slab components.

Different models, including variable degree of melting, magma mixing, fractional crystallization at
variable P-T-fO,-H,O conditions will be tested to understand the origin of these variations.

The higher SiO, and the compositional similarity Udina massif lavas compared to lavas at
Bezymianny volcano suggests the possibility of explosive eruptions and the recent increase in seismic
activity under Udina massif (Saltykov et al., 2018) could herald future explosive eruptions in this area.
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Fig. 2: Variation diagrams for the CKD rocks. Symbols are the same as in Fig. 1
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