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KAJIBAEPHBIN KOMILITEKC ITOJJOBUHKA-OJTHOBOKAS-AKAJIEMUU HAYK,
KAMYATKA: CTPYKTYPHAA ITIO3NLINA 1 MAI'MATUYECKAA 5BOJIIOLINA

B.J1. JIeonos, E.H. I'pu6
Hucmumym eyaxanonoeuu u ceticmonoeuu /[BO PAH, 683006, [lemponaesrosck-Kamuamckuii,
byaveap lluiina, 9, Poccus. E-mail: vl@kcs.iks.ru

[MpencraBiaeHbl pe3yabTaThl TEOJOTMYECKMX, IIETPOJIOTUYCCKUX U TeOXUMUYECKUX
WCCICMOBAHU, TIPOBEACHHBIX HENaBHO B pailoHe KaibIepHOro Komiuiekca IlomoBuHKa-
OnnooOokasg-Akanemun Hayk, pacmonoXeHHOTo B I0XXHOUW yacTu KapbhIMCKOTo BYJIKAaHWYECKOTO
uentpa Ha Kamuatke (puc.l). B mpenenax I1ieHTpa HM3BECTHO CE€Mb Kalbaep, KOTOPbIE
obpazoBaiiuch 0.18-0.13 muH. ser Hazaa. IlokazaHo, 4YTO KaJibAepbl Ha 3TOM YYacTKe
pacrmoJjiararorcsl B Ipeenax IUIMOLEH-YeTBEPTUUYHOIO BYJIKAHMYECKOIO Mosica U MPUYpPOYCHbBI K

ydacTKaM, Tje 3TOT IOSIC HaKJIaablBaeTCsl Ha IJIyOOKWii Tporn® ¢yHmameHTa. [1aBHBIMU

CTPYKTYPHBIMU 3JIEMEHTAMM, KOTOPBIE OIPEAEISIOT MO3UIIMIO KaJIbIep, SBISIOTCS pa3ioMbl,
OTrpaHMYMBAIOIINE TakKue IporudObl. Kanmpaepbl pacrojiararoTcsi B TeX MeCTax, Ille CUCTEMBI
MMOBEPXHOCTHBIX PAa3phIBOB ITIEPECEKAIOT OCIOXHSIONINE pPAa3jIOMbl WM TpaOeHbI, MMEIOIINE
MorepeyHoe WM cekyllliee MojioKeHWe. B Takux ysnax 0ObIYHO (POpMUPYIOTCS YCTOWUYUBBIE,

ITeJIbHO CYILECTBYIOIIME 30HBI IMPOHUIIAEMOCTU 3€MHOIl KOpPBI, B KOTOPBLIX MPOUCXOIUT
MOCTOSIHHBIN MOIbEM MarM M TUApPOTepMajbHbIX (DIIOMAOB, U HA IIOBEPXHOCTH (DOPMUPYIOTCS
CIIOXHBIC BYJIKAaHMYECKME TOCTPOMKM, OTIMYAIOIIMECS MHOTOBBIXOIHBIM BYJIKAHU3MOM W
HaJIMYMEM SKCTPY3MBHBIX KYITOJIOB JALIMTOBOTO M PHOJIUTOBOTO COCTaBa.

Paccunranbl pr3uKo-xuMUYeCKre yCI0BUS KpUCTaT3alny paciiaBoB. [lokazaHo, 4To
mpy OPMUPOBAHMU KaXXION M3 KaJlbIAep pacijiaB B BEpXHEKOPOBOM Ovare Ha Mpea3pyNTHBHOM
aTarne ObUI B JIOCTAaTOYHOM CTETICHW 3BOJIOLMOHUPOBAH C (hOPMUPOBAHUEM TPAaMECHTOB IO
COCTaBy, TeMIIepaType M comepxkaHuio jeTydnx (puc.2). HepaBHOBeCHOCTh MUHEPAIBHBIX (a3 B
MPOAYKTAaX KaTacTpo(MUeCKUX M3BEPXKEHUI, TMOSBICHME B pa3pe3ax IMeM30BBIX Ty(GOB CI0eB
[IUTAKOB 0a3aJIbTOMIHOTO COCTaBa, OCOOeHHOCTHM u3BepxeHus 1996 r. B 03. Kapbeimckoe,
YKa3bIBalOT Ha CYIIECTBOBAaHMWE B HEIpaX CTPYKTYPbl Pa3HOITYOMHHBIX, B3aUMOICHCTBYIOIINX
Marmatndeckux odaroB. CrenmaHa oOlleHKa MUHUMAJBHOW TJIYOMHBI KPOBJIM BEPXHEKOPOBOTO
odyara (mnm cucteMbl odaroB) - 5-7 km (1.2-2.2 x6ap). IlpucyrcrBue BBICOKOTITMHO3EMUCTOM
poroBoii oOMaHKM (ITapracuMrta) B KHCJIOH TMPOKIACTHKE YKa3blBaeT Ha CYIICCTBOBAaHHWE B
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Puc.1. Kapra u paspes, MOKa3blBalOlIUe pPACMOJIOXKEHUE
BYJKaHOB U Mporu6oB ¢yHaaMeHTa Ha BocrouHoi
Kamuatke. 1 - mo3mHeNaeicToleH-TONIOLEHOBbIE BYJIKAHBbI;
2 - cpeHe-BEepXHEIUIECTOIIEHOBbIE BYJKAHbBI; 3 - KaJbIepbl
(a), MesKMe ByJIKaHbI U I1IJIaKOBbIe KOHYCHI (b); 4 - KpyIHbIe
pasjioMbl  CEBEPO-BOCTOYHOTO  MPOCTUPAHMUSI; 5 -
_ _ MO3IHETUIECTOLIEH-TOIOIICHOBBIE TPEIIMHBI U COPOCHI; 6 -
AT g ’ TEPMOIIPOSIBIEHUs; 7 - TJIyOMHA TOBEPXHOCTU MEJIOBOTO

= T dbynnamenra, km (mo Moposy, 1991): a - menee 1; b - 1-2; ¢
- 2-3; d - 34; e - o6onee 4. Ludpamu o00603HAYCHBI
ByJkaHudyeckue ueHTpol: | - Kapbimckuii, Il - Bosbiie-
CeMSIYMKCKU, 111 - V3oH-T'eii3epHbIit, IY -
KpaieHuHHuKOBa. Hudpst B KpyXoukax
BBICOKOTEMIIEpATypHbIE TUIPOTEPMaIbHbIE CHUCTEMBI
(JIeonos, 2000). A - A' - nuHus1 paspe3a. Ha paspese
TOYEYHBIM KparoM MokazaH (yHIaMeHT (IOKaiiHO30MCKUA
KOMILIEKC), 1McbpaMu B KpyXKaxX OTMEUYEHbI 30HbI: | - 30Ha
pPa3joOMOB, OTpPaHUYMBAIOLIMX TMPOTUO U SIBJISIOIIUXCS
[JTyOMHHBIMU JIOBYIIKAMM JUISI MarMbl U TUIPOTEPMAbHbBIX
dmounoB, 2 - 30Ha MoAbeMa MarMbl U TUAPOTEPMATbHBIX
o Do Sedaiios) ¢mongoB K MOBEpXHOCTH, 3 - 30HA  Pa3BUTUS
MO3AHETUIEHCTOLEHOBBIX ~ TpellMH UM cOpocOB  Ha
TOBEPXHOCTH.
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Puc.2. OCHOBHbIE STarbl pa3BUTHUS
MarMaTM4ecKMX O4yaroB U BYJKaHuU3Ma B
paifoHe KasbJepHOro komruiekca [lomoBuHKa-
Opno6okasi-Akangemnn Hayk. B mepuonsr: A -
mokaiapaepHoM (~200 Teic. neT Hazam); b -
obOpazoBaHus Kajibaepbl ITonoBuHka (~180-150

TBIC. JIET Ha3am); B - BepxHeil Tomu
IIJTAKOBBIX arJioMeparoB KaJIbAephI
IlonoBunuka; I' -  (opmupoBaHus By/IKaHa

OpHob6okoro (~110 Tbeic. ner Hazam); J -
(opMupoBaHUs MEPBOM KalbIephl Ha BYJIKaHEe
OpHob6okoM (~80 Thic. Jer Hazanm); E -
(opMupoBaHUsT BTOPOW KajibAepbl Ha BYJIKaHEe
OnHoookoM (~60 Teic. Jjer Hazam); XK -
dopmupoBaHust ByakaHa Akagemun Hayk (~40
TBIC. JIET Ha3am); 3 - GopMHUPOBAHUST KaTbIEPhl
Akanemun Hayk (~30 tbic. JieT Haszam). 1 -
BYJIKAH U €ro TOABOAAIIMA KaHal, 2 -
Kajgbaepa B Tiepuon ee  (hOPMUPOBaHMSI,
[OKa3aHbl  3arojHSIONIee ee  03epo WU
M3BEPKEHMsI, TPOMCXOIIIMe W3 o3epa; 3 -
Kajbaepa mocie ee (opmupoBanus; 4 - 8 -
MarMaTM4ecKue oOyard, CcOocTaB MarMbl B
ovarax: 4 - 0a3aJbTOBBIii B HIXXHEKOPOBBIX

o1 Fo5% oyarax, S5 - 0asaJdbTOBBIA C OTCAIKOM

7F~’3 D.DJsI» : ‘9[ = !m KPUCTAZIOB B BEPXHEKOPOBBIX ovarax, 6 -
aHIE3WUTOBBIA, 7 - JAUMTOBBIA, 8§ -
pUONUTOBBIM; 9 - ocTeiBlMe owaru; 10 -
HarpasJieHUE MpeAnojaraéMoro

JlaTepaJlbHOTO CMEIICHUSA O4YaroB.
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OCHOBaHMU BEpXHEKOPOBOII MarMaTM4ecKoil cucTteMbl Ha IiyonHe 11-12 kM (3.6 k6ap) cios win
cuIL1a rabopo-auopuToBoro coctaBa. CxoACTBO M30TOMHBIX METOK Sr 1 Nd B ByJIKaHMYECKUX
nmopogax oOT 0a3ajJbTOB [0 PUOMALIMTOB, JMHEWHbIE TPEeHAbI B COCTaBaXx MUHEPAIOB
CBUIETEJILCTBYIOT O T€HETMYECKOM CBSI3M OTUX paciuiaBoB. Hamuyue B IHMpOKIacTHUKE
MOJHOKPUCTA/UIMYECKMX KJIAcTepoB (KyMyJaTOB) SBISETCS MoOKaszaTejleM Bedyllel poJu
npoueccoB (GpakKIMOHUPOBAHUS B BO3HMKHOBEHMHM IIMPOKOTO CIEKTpa MOpOHd paiioHa.
TeneckonmupoBaHHOE CTPOCHME KalbAep MOXHOro cekropa KapbIMCKOro ByJKAaHUYECKOIO
LIeHTpa, YHAcJedOBaHHOCTb MArMOBBIBOIOSIIMX CHCTEM W LUKIWYECKUI  XapakTep
BYJIKAHMYECKOM NeSITEIbHOCTU CBSI3aHBI C TEKTOHO-MAarMaTU4eCKMMHM aKTUBU3ALWSIMU B 30HE
CcyOMepUANOHAIBLHOIO pa3jioMa.

POLOVINKA-ODNOBOKAYA-ACADEMII NAUK CALDERA COMPLEX,
KAMCHATKA: STRUCTURAL POSITION AND MAGMATIC EVOLUTION

Vladimir L. Leonov and Yelena N. Grib
Piip Blvd. 9, Petropavlovsk-Kamchatsky, 683006, Russia. E-mail: IvI@kcs.iks.ru

Detailed geologic, petrologic and geochemical studies of the Polovinka-Odnobokaya-
Academii Nauk caldera complex have been completed recently. The caldera complex is located
in the central part of the Eastern Kamchatka, in the southern part of the Karymsky volcanic
center (fig. 1). There are seven calderas formed during the last 0.18-0.15 Ma. The structural
position of the Polovinka-Odnobokaya-Academii Nauk caldera complex has been analyzed and
compared to that of other Eastern Kamchatkan caldera complexes. It appears that the later are
located within the boundaries of the Pliocene-Quaternary volcanic belt and confined to the areas,

Fig. 1. Map and cross-section of volcanoes, high-temperature
hydrothermal systems and basement troughs in the central part
of Eastern Kamchatka. 1 - Late-Pleistocene volcanoes; 2 -
Middle-Upper-Pleistocene volcanoes; 3 - calderas (a), small
monogenetic volcanoes and scoria cones (b); 4 - main north-
east faults; 5 - Late-Pleistocene - Holocene fissures and
normal faults; 6 - thermal springs; 7 - depth of the basement,
km (after Moroz, 1991): a - <1; b - 1-2; ¢ -2-3;d - 3-4; e -
>4. Numbered volcanic centers: 1 - Karymsky, II - Bolshoi-
Semiachik, III - Uzon-Geyzerny, IV - Krasheninnikov.
Numbers in circles indicate the high-temperature hydrothermal
systems (Leonov, 2000). A-A' - line of the cross-section. The
lower portion of the figure shows the schematic cross-section
along the line A-A'. Hatched area is the basement. Numbers in
the circles indicate the following zones: 1 - boundary faults of
troughs, which serve as deep structural traps for the magma

and hydrothermal fluids, 2 - ascent of magmas and
hydrothermal fluids, 3 - Late-Pleistocene - Holocene fissures
Bolshoi Senmachik |
Voleano L3km and normal faults near the surface.
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where this belt is superimposed on deep troughs of the basement. The main structural elements
controlling the positions of the caldera complexes are the faults, which bound such troughs.
Similarly, the Polovinka-Odnobokaya-Academii Nauk caldera complex is located where the
faults bounding the basement troughs intersect with the complicating faults. Perhaps the
intersecting faults formed stable and long-lived permeable zones within the earth crust, along
which magmas and hydrothermal fluids were able to ascend to the surface and to form complex
volcanic structures.

Fig.2. Schematic diagram showing a
sequence of magma withdrawals from the
magma chambers of the Polovinka-
Odnobokaya-Academii ~ Nauk  caldera
complex as the eruption progressed. The
periods: A - pre-caldera (~0.2 Ma), B -
formation of Polovinka caldera (~0.18-
0.15 Ma), C - formation of the upper part
of cinder agglomerates, connected with
Polovinka caldera, D - formation of
Odnoboky volcano (~0.11 Ma), E -
formation of the first Odnoboky caldera
(~0.08 Ma), F - formation of the second
Odnoboky caldera (~0.06 Ma), G -
formation of Academii Nauk volcano
(~0.04 Ma), H - formation of Academii
Nauk caldera (~0.03 Ma). I - volcano and
its conduit; 2 - caldera during its
formation, caldera lake and eruptions
occurring from the lake; 3 - caldera after
its formation filled with lacustrine
| _— R, deposits, and tuffs and ignimbrites

deposited on the flanks; 4-8 - magma

|
chambers with different compositions of

= | [A22s) [o T magma: 4 - basaltic (chambers in the lower
— T2 il u" L-!m-hmj 5 [___J 6 crust), 5 - basaltic with fractionation ofthe
e d Faa"d | 1 | crystals (chambers in the upper crust), 6 -

‘10 andesitic, 7 - dacitic, & - rhyolitic; 9 -
crystallized magma chambers; 10 -

direction of a  probable lateral
displacement of chambers.
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The melt in the upper crust chambers was compositionally evolved prior to eruption,
which is suggested by the gradients in composition, temperature and volatile contents for each
caldera-forming eruption. The disequilibrium mineral assemblage of the products of climactic
eruptions, as well as the occurrence of the basaltic scoria layers in the pumice tuff sections and
the peculiarities of the 1996 eruption in Karymsky Lake, provide an evidence for the system of
connected magma chambers, which situated at different depths (fig.2). We estimated the
minimum depth for the roof of the upper crust chamber as 5-7 km (1.2-2.2 kbar). The presence
of the high-aluminum hornblende (pargasite) in the silicic pyroclastic rocks is the evidence for
the upper crust magma system with the gabbro-diorite layer or sill at depth of 11-12 km (3.6
kbar). The similarity of the isotope compositions (Sr and Nd) of volcanic rocks ranging from
basalts to rhyodacite and the linear trends in compositions of mineral phases suggest a
comagmatic origin of these magmas. The presence ofthe holocrystalline enclaves (cumulates) in
pyroclastic rocks implies an important role of the crystal fractionation in the origin of
compositional diversity of igneous rocks of the study area. Perhaps, the nested structure of the
Polovinka-Odnobokaya-Academii Nauk caldera complex and the repeating pattern in its eruptive
activity are due to the inherited, long-lived magma-feeding system and cyclic tectonic activations
in a latitudinal fault zone. The sites of intersection ofthis fault zone with the abyssal permeable
zone of the northeastern strike are the places where the most intensive volcanic and
hydrothermal activity is concentrated.



