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U-Pb age of caldera Uxichan rocks at Sredinniy Ridge, Kamchatka — application of LA-
ICP-MS to young zircon dating
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Uxichan volcanic center is the largest one at Kamchatka. Its complex constitution is generally
ascribed to many-stage and long-lasting formation. There are many statements in literature
concerning the time and duration of the volcanic center formation but they are usually based on a
complex set of geological data or are simply declarative without any explanation. Age of the
volcano basement is estimated as late Miocene — Pliocene [1], i.e. about 5.3 Ma according to
International Stratigraphic Scale. Some researchers include pyroclastic deposits of the basement
into Uxichan volcanic sequence itself. However practically all publications referred to the age of
Uxichan rocks [1-3], mention long time of its formation, from at least early Pliocene up to late
Pleistocene and even Holocene. Thus, it is supposed that this volcano grew during several million
years.

On the other hand the associations of chemically differing magmatic rocks with the same volcanic
center could imply relative short time of its formation. We have carried out this special study to
resolve the chronological problem.

Several stages of the volcanic center formation are recognized [1-4]: (1) basement, formed by mid-
potassium volcanic rocks, mostly pyroclastic; (2) mid- and high-potassium basalts, andesitic basalts
and andesites formed stratovolcano; (3) the most productive stage — formation of the largest shield
volcano which is about 50 km in diameter and is mostly made of by shoshonites, latites and
ignimbrites; (4) collapse caldera with extrusion complex of high-potassium latites, dacites,
trachidacites and trachirhyodacites in its central part. Finally there are many monogenic cinder
cones cutting the Uxichan shield edifice.

Such poly-stages scenario of formation, complex structure and chemical diversity of volcanic rocks
suggest a long time of the volcano growth.

K-Ar system studies of some Uxichan volcanic rocks were undertaken to define its age. K-Ar age of
the bottom lava flows was reported as 3.6 Ma [3] (without confidence interval). Two ignimbrites
from the lower part of cross-section were dated at 3.56+0.50 and 3.34+0.07 Ma by *Ar-**Ar
technique on plagioclase separates [5]. The last two dates do not differ from one another at the
errors limits. Probably it is to be concluded that all three results date the same age, which is defined
by the best figure from these cited measurements, i.e. 3.344+0.07 Ma.

Complex structure of the Uxichan volcano and its supposed long lasting evolution complicates the
studies of the volcanic center history. Using classic approach one would have had to undertake
sampling and isotopic dating of many individual volcanic strata and sub-volcanic bodies, that
appears to be very time and labor consuming task. That is why we have used rather uncommon
approach of zircon sampling — take a schlich sample from Ukrainskiy stream near its exit from the
Uxichan caldera.

Single grains isotopic studies of zircon were made in laboratory of isotopic geochemistry and
geochronology at GEOKHI RAS by laser ablation technique (LA-ICP-MS).

We have obtained rather unexpected result. For 88 individual grains of zircon separation a common
concordant age was obtained at 3.28+0.04 Ma. The result definitely indicates that there are no
cropped out rocks at the Uxichan caldera surface having another, particularly younger age. It is well
probably that basaltic rocks, especially mid-K, do not contain zircon, but more acid and more
alkaline rocks, such as latites, ignimbrites, brought zircon through central part of the caldera where
they were extruded and effused. Particularly, collapse caldera formation followed eruption of
dacites and other acid rocks containing zircon. Thus, overall interval of the volcanic center
formation spans very short time that looks like a single events at 3.28+0.04 Ma. Anyways, at the
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obtained confidence interval level of the geochronological study it is impossible to resolve times of
initial and final stages in the Uxichan volcanic center formation.
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U-Pb Bo3pact nopoa kaabaepsl Ykcudad B CpeauHHoM xpedTe KaMuaTky — npuMeHeHHe
LA-ICP-MS k 1aTHPOBaHUIO MOJIOABIX HIUPKOHOB

10.A Koctunsia, M.O.AHOcoBa

Hncmumym eeoxumuu u ananumuveckou xumuu um. B.U. Bepnaockoeo PAH
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Bynkannueckuii IeHTp YKcHuaH — KpynHenmuil Ha KamuaTke — HHTEpeceH, IpeXkae BCero,
CJI0KHOCTBIO CBOETO CTPOEHHUS, KOTOpasi BOCIPUHUMAIACh BCET/1a KaK MPU3HAK MHOT'O3TATHOCTH,
JUIUTENBbHOCTH (popmupoBanus. [1o moBoy HCTOPUHU pa3BUTHUS 3TOTO BYJIKaHA B JINTEPATYpPe MOKHO
BCTPETUTDH pa3HbIE€ OIIEHKU, OCHOBAHHbIE, KaK IIPABHUIIO, HA KOMIUIEKCE I€0JIOTHYECKUX JaHHbBIX, UITU
IIPOCTO MpUBEAEHHBIE 0€3 KaKoro-i1mbo obocHoBaHus. Bo3pact ¢pyHnameHTa oleHUBaeTCs
MO3JHEMHOLIEH-TUIMOLIEHOBBIM [ 1], YTO IO COBPEMEHHOM MEKIyHapOJHOU cTpaTurpaduueckoi
nikane orevaeT ~5.3 miH. net. Hekoropsele uccnenoBarenu 3¢ ¢y3uBHO-IHUPOKIACTHYECKHUE
OTJIOXKEHUs PyHJAMEHTa TaK)Ke OTHOCAT K 00pa30oBaHUsIM COOCTBEHHO ByJikaHa YkcudaH . Ho
MIPAKTUYECKH BO BCEX paboTax, I/ie TaK WM MHAYe YIIOMHHAETCS BO3pacT MOPO/] 3TOTO
BYJIKAHUYECKOTO IIeHTpa [1-3], oTMedaeTcs 0oJbInasi UTMTEILHOCTD ero ()OPMHUPOBAHHUS, OT, TIO
KpaliHell Mepe, paHHEro TUIMOLIEHA 10 MTO3JHETO IUICHCTOLIEHA U 1aXe roJioleHa. To ecTh
MPEIoIaraeTcs, 9To JNIMTEIFHOCTh (JOPMHUPOBAHUS BYJIKaHA YKCHYaH COCTABIISIET HECKOIBKO
MUJUINOHOB JIET.

B 10 xe Bpemsi, IpuypOUEHHOCTh MarMaTUYECKUX MOPOJ] Pa3HOTO COCTaBa K EAMHOMY
BYJIKAHUYECKOMY LIEHTPY MO3BOJISIET MPEATIONIOKUTH COMAKEHHOCTh BO BpEMEHU UX 00pa30BaHMUsL.
Jlig pa3pelieHust 3Toro NpoTUBOPEUHs Mbl IOCTABUIIM CIIELUATbHBIE T€OXPOHOIOTHUECKHE
HCCIIEI0OBaHUS.

B cTpoeHnn ByJIKaHHUYECKOTO IIEHTPA BBILACISACTCS HECKOIBKO ATAXKEH Wi cTanuii OpMHUPOBAHUS
[1-4]: (1) pynoameHT, CIOKEHHBIN YMEPECHHOKATUEBBIMH BYJIKAHOTEHHBIMU MTOPOIAMU,
MIPEUMYIIECTBEHHO MUPOKIACTUIECKUMHU; (2) YMEPEHHO- U BBICOKOKAJIMEBBIE 0a3abThI,
aH7e310a3aIbThl M aH/IE3UThI CTPATOBYJIKaHA; (3) caMasi MpOAYKTHUBHAS CTaaus — OPMHUPOBAHUE
KpYHHEWIEro IMUTOBOrO BYJIKaHa, 3aHUMAIOIIEro MJI0aab JMaMeTpoM 0Koio 50 kM u
CJI0’KEHHOT'0 IIPEUMYIIECTBEHHO IIOIIOHUTAMHU, JJATUTAMHU U UTHUMOpUTamy; (4) Kaibaepa
00pyIIeHus, B IEHTPAJILHOW YaCTH KOTOPOH 00pa30Bacs HKCTPY3UBHBIN KOMIUIEKC
BBICOKOKAJIMEBBIX JIATUTOB, allUTOB, TPAXUIALMTOB U TPaXUpUoAaunuToB. Kpome Toro, muToByo
MOCTPOIKY YKCHYaHa MPOPHIBAET MHOXKECTBO HAJIOKEHHBIX 00JIee MEJIKMX MOHOTCHHBIX KOHYCOB.
Takast MHOTOCTaqUIHOCTD U CIIOKHOCTb CTPOCHUS BYJIKAHMYECKOIO LICHTPA, a TAKKE
KOHTPACTHOCTh XUMHYECKOI'O COCTAaBA BYJIKAHUTOB, NOJTAIKUBAIN K MBICJIH O JUIUTEILHOCTU €TI0
hopmupoBaHus.

Jlig onipeniesieHns: BO3pacTa ByJIKAaHUTOB Y KCHUYaHa MPEANPUHUMAINCH N30TONHbIE UCCIIEA0BAaHUS
ux K-Ar cucremsl. Tak, K-Ar Bo3pacT j1aB U3 HUKHHX TOPU30HTOB paspesa [3] cocraBisier 3.6 MIIH.
7eT (MOTPemHOCTh, K COKAICHUIO, HE yKa3aHa), a BO3pacT AByX 00pa3oB HITHUMOPHUTOB, TAaKXKe U3
HIDKHEN 4aCTH BYJKAHUYECKOM TOJIIIU, ONPEACIIEHHBIN OArAr METOJIOM 10 IIJIarKOKJIa3y,
coctaBui 3.56+0.50 u 3.34+0.07 mnn.znet [5]. Ilocneanue nBe AaThl HE pa3IMyaOTCs B Ipeaenax
norpemHocTed. OTHYaeTcs M OT HUX IepBas U3 TPEX JaT, CKa3aTh TPYAHO, T.K. €€
JIOBEPUTENIbHBIN UHTEPBAJ HE YKa3aH, I0O9TOMY CKOPEE€ BCErO CJIELYET IPUHATD, YTO BCE TPU AATHI
YKa3bIBaIOT HA OJJUH U TOT K€ BO3PACT, KOTOPBIN ONPEAEIIAETCS JIyqIIUM U3 HUTUPOBAHHBIX TPEX
onpeneneHui, 1.e. 3.34+0.07 muH.neT.

CnoxHO€E cTpOeHUE BYJIKAHUYECKOTO LIEHTPa U MPEAIOIaracMoe JUINTENbHOE €T0 Pa3BUTHE JEJIAeT
3aauy U3y4eHUs] HICTOPUH ero (OPMHUPOBAHUS JOBOJIBHO HepocTol. [Ipu KitaccCHuecKkoM moIxoae
MIPULIOCH OBl OITPOOOBATh U AATUPOBATH MHOKECTBO OTAEIBHBIX BYJIKAHUYECKUX U
CyOBYJIKaHHUECKUX TEJI, YTO OBUIO ObI CAUIIKOM TPYAOEMKO. I109TOMY MBI TPUMEHWIIN MHOM,
HECTaHJAPTHBIM MOAXO/: IMPKOH AJIs aHaIHu3a OblI 0TOOpaH UIMXOBBIM ONPOOOBAHUEM B PyUbe
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VYkpauHCKuil BOJIM3H €ro BBIXOAA U3 KaJIbJEPbl. ITO CAENAHO JUIsl TOr0, YTOOBI MOITYYHUTh
MIPEJCTaBUTENIbHYIO MPOOY, COAEPIKAIILYIO IIUPKOH U3 BCEX MOPOJIbI KalbJepbl Y KCHYaH.
W3oTOonHbBIE HCCIeI0BaHNs MHIUBUAYNIBHBIX 3¢peH UPKOHA TPOBOIIIUCH B JabopaTopun
n3oTonHoi reoxumuu u reoxpononoruu ' EOXM PAH meronom nazepHoii aGusiuu.

PesynbTat nccnenoBanus okaszaics Juisl Hac HeokuAaHHbIM. 1o 88 mHAMBHUyalbHBIM 3€pHaM
LUPKOHA MOJIy4eHO eAnHOoe 3HaueHue Bo3pacta 3.28+0.04 miH.JieT. DTOT (hakT onpenesEHHO
yKa3bIBaeT Ha TO, YTO B IIpe/ieax KajabAepbl He 00HAXKAIOTCS MOPO/Ibl, COJIEPKAIINE LIUPKOHBI
Jpyroro, B 4aCTHOCTH, 6ojiee MOJI0A0ro Bo3pacta. Becbma BeposTHO, UTO 6a3alibThl, 0COOCHHO
YMEPEHHO-KaJINEBbIE UX PA3HOCTH HE COAEPKAT LIMPKOHA, OJTHAKO Ha BCEX ATANaxX CTAHOBJICHMUS
KaJIbJIepbl IPUCYTCTBOBAIM MOPO/Ibl CPEAHETr0 U 00JIee KUCIOro COCTaBa, JJaTUThI, THUMOPUTHL. B
YaCTHOCTH, 00pa30BaHuE KajlbAephbl OOPYILIECHHUS HA 3aKII0YUTEILHOM dTarne pOpMUpPOBaAHUS
BYJIKAHUYECKOT'0 LIEHTpa YKCHYaH CONPOBOXKIAIOCH 00pa30BaHUEM JTAIIUTOB, B KOTOPBIX LIUPKOH
npucyTcTByeT. CienoBaTeNnbHO, BECh EpUol (POPMUPOBAHUS BYJIKAHUYECKOTO LIEHTPA, 32
UCKJIIOUE€HUEM, OBITh MOKET, MO3THUX MOHOTE€HHBIX [INIAKOBBIX KOHYCOB, B HACTOSIIIUNA MOMEHT
BBITISIIUT KaK euHOe coObITHE Bo3pacToM 3.28+0.04 muH.JieT. Bo BcakoMm citydae, Ha UMEIOIIIEMCS
YPOBHE TOYHOCTH T€OXPOHOJIOTMUECKUX MCCIEA0BAHNN PA3IIMYUTh BPEMs Hadyalla ¥ 3aBEPILICHUS
(hopMHpOBaHHUs BYJKAHUYECKOTO IEHTpA Y KCHYaH He yAaéTcs.
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