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Kamen volcano is located in centre of the Kluchevskaya Group of Volcanoes (KGV)
surrounded by active Klyuchevskoy, Bezymianny and Ploskie Sopky (Ushkovsky and Krestoivsky)
volcanoes. This group of Quaternary volcanoes is dominantly of basaltic to andesitic composition
and overlies an older plateau of mostly basalt—basaltic andesite lavas.

Kamen and Bezymianny volcanoes form single geochemical trends on all petrochemical
diagrams suggesting a common source. Lavas of the Ploskie Sopky, Kluchevskoy and
Kamen/Bezymianny form distinct trends and also differ in mineral composition and thus probably
originated from different primary magmas [Churikova et al., 2010]. All rocks of the Kamen volcano
as well as lavas of the neighboring volcanoes (see Figure) have typical island-arc signatures with
significant but different enrichment in LILE and LREE and low HFSE.

The concentrations of HFSE and HREE in water-rich fluid are negligible [Brenan et al.,
1995], and their concentrations in the rocks are determined by mantle sources. Approximating
curves, drawn through HFSE and HREE for plateau basalts, Kamen and Kluchevskoy
stratovolcanoes show that trace element contents are systematically decreasing in this sequence with
younger ages (see Figure).

The plateau lavas with eruptive centres below Ushkovsky volcano formed at about 270 ka
[Calkins, 2004]. At that time the mantle wedge was close in composition to NMORB mantle and
was not as depleted by previous magmatic events as for more recent lavas. The ratios of middle to
heavy REE in plateau basalts and in NMORB mantle are close to unity. The High-K series rocks
from Ploskie Sopky volcano were also derived from such magmas. With time the upper mantle
under KGV became more and more depleted as result of voluminous eruptions of plateau basalts.

Kamen volcano, which ended it’s activity in the Late Pleistocene [Melekestsev, Braitseva,
1984] has depleted HREE compared to NMORB and formed from a more depleted upper mantle.
Nb, Ta and HREE in most magnesian basalts from Kamen volcano are lower than in NMORB, the
ratios HREEgamen/HREENMoRs are about 0,7 (see Figure). It is important that most mafic rocks from
Bezymianny volcano with MgO>5% have the same degree of depletion and in fact are similar to
Kamen volcano lavas in other trace element characteristics as well, which testify to the same
primary magmas for both volcanoes.

Holocene and historical lavas of the Klyuchevskoy and Krestovsky volcanoes were formed
from an even more depleted mantle source, which is shown by lowest Nb, Ta and HREE.
HREEkc/HREEnMmors Vvaries from 0,52 to 0,55. The rocks of the monogenetic cones from the
western slope of Kamen volcano have the same characteristics. Thus, the same upper mantle source,
which is tapped by magmas with the same degree of melting (10-12% [Churikova et al., 2001]) is
systematically depleted with time.

It was shown by melt inclusion studies in olivines across the Kamchatka arc [Churikova et
al., 2007], that the fluid composition gradually changes with increasing slab depth. The fluid that
dominates at the arc front carries the highest amounts of B, Cl and chalcophile elements as well as
LILE F, S and LREE. The fluids released below the Central Kamchatka Depression is more
enriched in S and U and show highest S/K,O and U/Th ratios. Additionally this fluid is enriched in
¥7Sr and 0. A third, distinct back arc fluid is observed at the Sredinny Ridge and is enriched in F,
Li Be, LILE and LREE.

Lavas from KGV volcanoes have largely different fluid signatures, owing to their location
all three fluids are involved in it’s magma genesis. (1) the B-rich for arc fluid, which was
transported it maximum distance to this depth with the still relatively cold subducted slab, (2) The
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"central" fluid dominates below the KGV and (3) the influence of the back arc fluid just starts to be
seen. The CI/S ratio in Kamen melts is 2-3 times higher than in melts of Klyuchevskoy volcano.
Kluchevskoy melts show good correlations of F/Yb with B/YDb, but not with Li/Yb, suggesting the
influence of frontal and central fluids. Samples from Kamen volcano are enriched in all three ratios
resulting in positive correlation between them and suggesting the influence of all three fluids. While
Kluchevskoy volcano rocks are systematically enriched in U/Nb, Cs/Yb and Ce/Nb ratios, Kamen
volcano lavas show enrichment in Li/Yb. These data imply that Kluchevskoy and Kamen
volcanoes, which are situated nearby each other, show quite different fluid patterns.

Thus, trace and volatile elements distribution in rocks and melt inclusions KGV show that
the fluid composition can be different even at neighboring volcanoes. The KGV appears to be a
place where several fluids occur together, suggesting a large heterogeneity in the fluids that
modified mantle.

Thus, the observed geochemical diversity of KGV rocks is the result of both gradual
depletion with time of the mantle NMORB-type source due to the intense previous magmatic events
in this area and by the addition of distinct fluids to this mantle source.

This research was supported by RFBR grant # 08-05-00600.
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NMORB-normalized trace element patterns for KGV rocks. Dashed lines show the approximated patterns
without the subduction component for three different in age volcanic suites. Only samples with MgO>5% are
shown for Bezymianny volcano. N-MORB values are from Sun and McDonough (1989).
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PA3JIMYHBIE ®JIIOUJIHBIE U MAHTHUHHBIE HCTOYHUKH 1O TI'EOXUMHHU
noroJ BYJIKAHA KAMEHbDb U BYJIKAHOB KJIIOYEBCKOMU I'PYIIIIbI
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 [enmp 2eonoeuueckux nayk I'émmunzenckozo ynusepcumema, I'émmuneen, Iepmanus

[IpencraBieHbl reOXUMHYECKUE UCCIEAOBAHMS MOpPOJA ByJikaHa KaMeHb, HaxoAslierocs B
uentpe KmroueBckoil rpymnmsl BysnkaHoB (KI'B), B okpy’keHHHM akTHBHBIX ByJKaHOB KiroueBckoro,
bespivsnaoro u Ilnockux Comok (YmkoBckuit u Kpecrosckuif). Bes KI'B, B cBorto ouepens,
pacmoJjo’keHa Ha MojicTuiarIeM 6a3aibTOBOM IUIATO.

Bynkansl Kamens n be3piMsiHHBIN HOPMUPYIOT €AMHBIE TPEHIBI Ha BCEX METPOXUMUYECKUX
JyarpaMmax, 4To yKasbplBacT Ha UX T'€HEeTHYeCKoe poAcTBO. JIaBel ByinkaHoB Kamens, KiroueBckoit
u Ilnockue Comku ¢GOpMUPYIOT pa3HOHANpPABIEHHBIE TPEHABl M Pa3IUYAOTCS IO COCTaBaM
OpPO1000pa3yIOIMX MHHEPAJIOB, T.€. HE 00HAPYKUBAIOT MPsIMOl reHeTudeckoit csizu [Churikova
etal., 2010].

Bce nopoas! Bynkana KameHb, Kak 1 J1aBbl COCETHUX BYJIKAHOB (CM. PHC.) UMEIOT TUIIMYHBIE
OCTPOBOJY>KHBIE MPU3HAKH CO 3HAYUTENbHBIM, HO pa3nuyHbiM oboramenuem o LILE u LREE u
Huskumu HFSE. B Bonnom droune xonnentpanuun HFSE u HREE maner [Brenan et al., 1995], u
X KOHIIGHTPAallUU B TMOPOJAAX ONPEAENAIOTCS MAHTHIHBIM HCTOYHHUKOM. ATIPOKCUMUPYIOIINE
muany, npoBeneHHsle yepe3 HFSE m HREE mns mopox mmatoGa3ansToB, BysikaHoB KameHs u
KitoueBckolM, MOKa3bIBalOT, YTO COJAEPkKAHUS MHUKPOIJIEMEHTOB B HTOW MOCIEI0BATEILHOCTH
3aKOHOMEPHO MTOHMKAIOTCS C YMEHBIIICHUEM BO3pacTa mopoj (CM. puc.).

[Topoapl TmMaTo0a3anbTOB, IEHTP U3MUSHUS KOTOPBIX HAXOAWJCS TOJI BYJIKAaHOM
VYuikoBckuit, oopazoBanuck okojo 270 teic. 1.H. [Calkins, 2004]. B To BpeMst MaHTHITHBIN KJIMH, HE
oOeTHEeHHBIN BBITUIABKAMHU BEIIECTBA, MPEACTaBIsI coO0M BepxHIoO MaHTHIO Tura NMORB,
MOCKOJIbKY OTHOWIEHHA cpeaHux K TspkenbiM REE B mopomax mimatro m B NMORB 6nusku k
enuuuile. BeicokokanmueBas cepusi nopoj ByskaHa I[lnockue Conku HaciaemoBajia 3TOT oOyar
MaHTUHHOTO MCTOYHMKA. BcrencTBre oOBEMHBIX BBIIUIABOK IUIATO0A3aJIbTOB BEILIECTBO BEpXHEU
manTuu nox KI'B o0equsIocs.

Bynkan KaMmeHb, 3aKOHUMBILINI CBOIO aKTUBHOCTH B MO3AHEM IulelcToLieHE [Menekecues,
bpaiitieBa, 1984], chopmupoBaics Ha y)Ke YJaCTUIHO 0OCTHEHHOM CyOCTpaTe U MMeeT 00CTHCHHYIO
BeTBb HREE. OtHomenus Nb, Ta 1 HREE B Hautonee npuMuTHBHBIX Oa3anbrax ByjikaHa Kamens
K comepkaHusM 3Tux 3neMeHToB B NMORB cocrasnsier 0,7 (cM. puc.). BaxHo oTMeTHTH, UTO
Hauboyiee OCHOBHBIE TOpPOABI ByJKaHa be3pMAHHBIH C coaepkanuem MgO>5% wumeror
AQHAJIOTUYHYIO CTENeHb OOeJAHEeHHS M (PaKTUUYECKH WACHTUYHBI JaBaM ByjikaHa KameHb, 4TO
CBUJETEIBCTBYET O €IMHOM OYare 3TUX BYJIKAHOB.

[Topoabl TOJIOLIEHOBBIX U MCTOPUUYECKUX H3BEp:KEHUM ByJikaHOB KitoueBckoil u Ilnockuii
bmwknuii Obi  chopMmHUpoBaHbI U3 eme Ooyiee OOETHEHHOTO BEIIECTBA MAHTHH, O YeM
CBUJIETEILCTBYIOT Hanbosee Huskue otHommeHuss Nb, Ta u HREE k cogepkaHusiM 3TUX 3JIEMEHTOB
B NMORB, omyckatomuecst 10 0,52-0,55. K 3T0i1 ke KaTeropuu OTHOCSTCS U TOPOAbl MOHOT€HHBIX
KOHYCOB, PACIIOJIOKEHHBIE Ha 3aI1a/THOM CKJIOHE ByJikaHa KaMmeHsb.

Takum  0o0pazoM, MOXHO TMPOCIHEAWTh, KaK CIWHBIM MAHTHUHHBIA  HMCTOYHUK,
MPEACTABIISIONTNN COOON BEIIECTBO BEpXHEH MAaHTUH C OJJUHAKOBOM cTereHbro miaiaeHus (10-12%
[Churikova et al., 2001]), cucremarudecku OOETHSSACH C TEUECHHEM BPEMEHH, CO3[ACT
MarmMaTH4ecKre o4aru ¢ pa3InyHON CTENEeHbIO0 00OTaIIeHHUS.

IIpy m3ydyeHHM pacIUIaBHBIX BKJIIOUEHUH B OJIMBHHAX BKpecT npoctupanus KamuaTckoii
nyru [Churikova et al., 2007] Obpui0 TmOKa3aHO, YTO COCTaB CYOMyKIMOHHOTO uIronaa
MOCTIeIOBATEIbHO MEHSETCS C YBEJIMUYEHHEM TINIyOWHBI MOTPY)KEHUS OKeaHW4eckoil muutel. Ha
(dbpoHTE TyrH TOMUHUPYET PPOHTATBHBIN (IIFOW, B HAUBBICIICH cTeneHu oborameHHbii o B, Cl u
XambKOQHUIBHBIM 3yieMeHTaM, a Takke 1o LILE, F, S u LREE. ITopoxast KI'B Oblii foMHUHHPOBaHBI
HEeHTpanbHBIM (itonioM, oboramieHHbIM 110 S 1 U, ¢ HauBbicumu S/K,0 u U/Th oTHOMIEHUSAMHU.
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B nomonHeHune 3ToT (O ObUT HEOOBIMHO O6OrameH m3oTomamu ° Sr u 0. B CpeauauoM
xpebTe Habmromaercs 3aayroBoi (mroun, cuinbHO oOoramieHHbit kak F, Li u Be, Tak u LILE u
LREE. ITonoxenne KI'B TakoBo, 4TO B IIpeesiax 3TOW IPyNIbl BYJKAHOB B TOM WJIM MHOW CTETICHU
BCE TpH (IIIOMJA YYacTBYIOT B ()OPMUPOBAHUHU TOPOJ — 3aKaHYMBAET CBOIO PabOTy (hpOHTaNIbHBIN
Grons, TOMUHHUPYET HEHTPaNbHBIA (DIIOWA, W HAYMHACT BIUATH 3anyroBoil ¢umomn. Tak, Cl/S
OTHOIIEHME B paciulaBax ByikaHa Kamus B 2-3 pasa Bbllle, yeM B pacmiiaBax KiroueBckoro
BynkaHa. B pacmiaBax KiroueBckoro Bysikana HaOmromaercs koppensiuus F/Yb u B/YD
OTHOIIEHUH, HO OTCYTCTBYET Koppessiius ¢ Li/Yb, uto cBuaerensCcTByeT 0 BIUSIHUN (POHTATILHOTO
U ueHTpanbHOro QuronaoB. B pacmimaBax jxe Bynkana KameHb HaOIr0maeTCsi KOPPEISIHS MEKIY
BCEMHM TpeMsl OTHOLICHUSIMH, MpeAroaras BIUsHUE BceX Tpex (iaronaoB. B To Bpemst, kak mOpois
KitoueBckoro BynkaHa cucrematudeckn obOorameHbl mo U/Nb, Cs/Yb u Ce/Nb oTHOIICHHSM,
nopoabl BynkaHa Kamens oOHapykuBaioT Ooniee Bbicokue Li/Yb 3Hauenus. Bce s>tu naHHbIC
CBHUJICTEIILCTBYIOT O Pa3IMYHOM cocTaBe (hIFOMIHOW M00aBKM B pacIiiaBbl ByJKaHOB KameHb u
KiroueBckoii.

Pacnpenenenue peakux v JeTydnx 3J€MEHTOB B OPOJAxX U paciuiaBHbIX BKIOUeHUsAx KI'B
MOKa3bIBAaET, YTO COCTaB (DIFOMIHOW KOMIIOHEHTHI MOXET OBITh Pa3JIMYEH Jake€ Ha COCEIHUX
BynkaHax. KI'B sBiseTcst MecToM, e HECKOJIBKO (DIFOUIOB MEPECEeKAOTCS U HAKIIAIbIBAIOTCS,
00pa3ys TeTepOreHHOCTh METaCOMATU3UPOBAHHON (DIFOMIOM MAaHTHH.

Takum oOpa3om, HabIOJaeMOE IeOXMMHUECKOe pa3sHooOpaszue mopon B mpenenax KI'B
00yCJIOBJIEHO KaK IOCTENEHHbIM oOelHeHHeM MaHTHiHOro uctoyHuka tuna NMORB BBuay
OOJNBIINX MAaHTHWHBIX BBHIIUIABOK B TOM PETHMOHE, TaK W JO0aBKOW K MAaHTHHHOMY HCTOYHHKY
Pa3IMYHBIX [0 COCTaBY (DIHOUIOB.

Pabota BemonHena npu noaaepxke rpanta POOU Ne 08-05-00600.
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