Tephra record of volcanic activity in Klyuchevskoy Group of volcanoes
during the Early Holocene
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The Klyuchevskoy Group is the largest cluster of active volcanoes in Kamchatka. The
history of volcanism in the Klyuchevskoy Group of volcanoes is however not well known.
The goal of this study was identification of volcanoes, which were active in the
Klyuchevskoy Group during the Early Holocene, and petrologic character of their pyroclastic
rocks.

The rocks studied here were collected from a 12-meter-thick tephra sequence on the
northeastern foot of Klyuchevskoy volcano during KALMAR field expeditions in Kamchatka
in 2007 and 2008. The section comprises a large number of variably grained cinder layers,
which span a wide range of composition and were deposited during the entire Holocene. We
investigated tephra samples collected from the lower 5 meters of this section, below a thick
(0.5 m) layer of Klyuchevskoy cinders (so called “Upper cinders”) dated as around 6 ky '*C
and related to the beginning of intensive construction of the Klyuchevskoy volcanic cone [1].
Dating of rocks in the section was performed by interpolation of age data between recognized
regional marker cinder layers of known age [1, 2]. The age of mafic layers was estimated to
be between 6.8 and ~11.3 ky cal. BP. The accuracy of the age estimates is about =150 cal.
years.

On the basis of the age data, petrographic, mineralogical and geochemical data, three
rock groups were identified, which were erupted during 6.8 - 9.9, 9.9 - 10.5, 10.5 -11.3 ky
cal. BP, respectively.
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Figure 1. BSE images of tephra samples. (a) Groups 1 and 3; (b) group 2.

The rocks of the 1st and 3rd groups (6.8 - 9.9 and 10.5 -11.3 ky cal. BP) have
porphyric textures, microlithic highly vesicular groundmass. O/, Cpx, Pig and P[ present as
phenocrysts and microliths (Fig. 1a). Magnetite (Mgt) occurs in some samples. Phenocrysts
and microliths have similar compositions and exhibit normal or reverse zoning. Minerals with
contrasting types of zoning coexist in some samples. The samples referred to this



geochemical group have compositions corresponding to middle-K high-alumina basalts and
andesites [3] (Table 1). On the petrochemical diagram proposed by M. Peacock [4] these
rocks fall at the boundary between calcic and calc-alkali series (Si02=61 wt %) [5]. Typical
values of K>O/TiO; in matrix glasses and melt inclusions are in the range 0.5-1.26. The
compositions of these rocks closely resemble those of Klyuchevskoy and Kamen’ volcanoes.

Table 1. Average major element compositions of groundmass glasses (wt %).

;Zil; Si0, TiO» AlyO3 FeO MnO MgO CaO Na;0 K70 P05

1 580+1.7 | 1.8402 | 14204 | 97409 | 02003 | 34207 | 6.6+0.8 | 3.6+03 | 1.7+04 | 0.29+0.07
2 | 60111 | 15201 | 15.140.6 | 7.5+03 | 01£0.02 | 22403 | 5.0%0.5 | 3.702 | 3.1+0.3 | 0.690.09
3575412 | 19403 | 13.940.4 | 10.140.7 | 0240.02 | 3.4+0.6 | 6.5+0.7 | 3.7+03 | 1.7+0.3 | 0.280.06
The rocks of the 2nd group (9.9 - 10.5 ky cal. BP) are distinguished by highly
porphyric texture and glassy matrix. Rock fragments are often tubular, elongated (Fig. 1b).
Phenocrysts of Pl and Px are rare. Pl crystals are typically tabular and significantly larger (up
to 1 sm) than in the rocks of the first group. Microliths are represented by rare O/, Pl, Cpx,
Pig, Mgt and Ap. Except PI/, microliths have more primitive compositions compared to
phenocrysts or subphenocrysts. The minerals exhibit predominantly reverse zoning. The
rocks of this group have high-K trachyandesitic composition (Table 1). According to the
Peacock index (Si02=58.5 wt %), the rocks belong to calc-alkaline series [5]. They have
approximately two times higher concentrations of K>O and P,Os (Fig. 2) and similar content
of the major elements compared to the rocks of the younger group. The K>O/TiO; ratio in
matrix glasses and melt inclusions is typically in the range of 1.26-3.52. Close analogs of
these rocks are high-K andesites and basaltic andesites of Ushkovsky volcano [6].
In result of the study of Early Holocene pyroclastic deposits at the foot of
Klyuchevskoy volcano, we identified rocks of two major types. Middle-K tephras erupted 6.8
- 9.9 and 10.5 -11.3 ky cal. BP are compositionally similar to the rocks of Klyuchevskoy
volcano. High-K tephras formed 9.9-10.5 ky cal. BP are likely eruptive products of
Ushkovsky volcano. Our new data suggest that activity of Klyuchevskoy volcano could have
been started ~up to 5 ky years earlier than it was supposed in previous works.

The research was supported by the Russian-German “KALMAR” project and grant
from the RFBF Ne 07-05-00807.

References

1. Braitseva O.A. et al. (1995) Ages of calderas, large explosive craters and active
volcanoes in the Kuril-Kamchatka region, Russia. Bull. Volcanol., 57: 383-402

2. Ponomareva V.V. et al. (2007) Holocene eruptive history of Shiveluch volcano,
Kamchatka Peninsula, Russia. In Eichelberger J. et al. (eds) Volcanism and
Subduction: The Kamchatka Region., Geophysical Monograph, 172, AGU,
Washington D.C., pp. 263-282

3. Gill J.B. (1981) Orogenic Andesites and Plate Tectonics. Berlin: Springer, 390 pp.

M.A.Peacock (1931) Classification of igneous rock series. Journal of Geology 39, 54-67.

5. Arculus R.J. (2003) Use and Abuse of the Terms Calcalkaline and Calcalkalic. J.
Petrology, 44: 929-935

6. Portnyagin M, et al. (2007) Geochemistry of primitive lavas of the Central
Kamchatka Depression: Magma Generation at the Edge of the Pacific Plate. In:
Eichelberger J, et al. (eds) Volcanism and Subduction: The Kamchatka Region,
Geophysical Monograph, 172, AGU, Washington D.C., pp. 203-244

b

The author has requested enhancement of the downloaded file. All in-text references are linked to publications on ResearchGate.


https://www.researchgate.net/publication/284543710_Geochemistry_of_Primitive_Lavas_of_the_Central_Kamchatka_Depression_Magma_Genesis_at_the_Edge_of_the_Pacific_Plate_in_Volcanism_and_Subduction_The_Kamchatka_Region?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/284543710_Geochemistry_of_Primitive_Lavas_of_the_Central_Kamchatka_Depression_Magma_Genesis_at_the_Edge_of_the_Pacific_Plate_in_Volcanism_and_Subduction_The_Kamchatka_Region?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/284543710_Geochemistry_of_Primitive_Lavas_of_the_Central_Kamchatka_Depression_Magma_Genesis_at_the_Edge_of_the_Pacific_Plate_in_Volcanism_and_Subduction_The_Kamchatka_Region?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/284543710_Geochemistry_of_Primitive_Lavas_of_the_Central_Kamchatka_Depression_Magma_Genesis_at_the_Edge_of_the_Pacific_Plate_in_Volcanism_and_Subduction_The_Kamchatka_Region?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/281071060_Use_and_abuse_of_the_terms_calcalkaline_and_calcalkalic?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/281071060_Use_and_abuse_of_the_terms_calcalkaline_and_calcalkalic?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/253003385_Classification_of_Igneous_Rock_Series?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/237131274_Orogenic_Andesites_and_Plate_Tectonics?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/227112538_Ages_of_calderas_large_explosive_craters_and_active_volcanoes_in_the_Kuril-Kamchatka_region_Russia?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==
https://www.researchgate.net/publication/227112538_Ages_of_calderas_large_explosive_craters_and_active_volcanoes_in_the_Kuril-Kamchatka_region_Russia?el=1_x_8&enrichId=rgreq-cb1971134ab8ddb5a6170ebb36a6148a-XXX&enrichSource=Y292ZXJQYWdlOzI5OTk4MTQxMDtBUzozNTAwMTEyMDEyMTI0MjFAMTQ2MDQ2MDU4MTczOA==

