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BBepgeHve

Cpeayn cambiX SipKMX AOCTONpUMeYaTeNlbHOCTEW OrHeAblwaliein 3emnm Kamuartku
[OCTOHOE MEecTO 3aHMMaloT ABa ByJ/iKkaHa-cocefa Ha tore nosyoctposa — MyTHOBCKUI U
Fopenblii. 910 6NMXaliMe K 06/1aCTHOMY LEHTPY AENCTBYOLME BY/IKaHbl HXHOKaM-
4yaTcKoW rpynmnbl, NpUB/iEKaTENbHbIE KakK B OTHOLUEHMMN NaHAWwagTHO-BUA0BON 3K30TUKM,
Tak U C NO3HaBaTE/IbHON W Hay4yHO-UCCMe[0BaTe bCKOM TOYEK 3peHns. JlocTaTouHasa ux
[OCTYNHOCTb NO3BOJSET AaXe MaslonoAroTOB/IEHHOMY MyTELWECTBEHHNKY 3arfsHyTb B KX
«4peBO», OWYTUTb MOA, HOraMy [AblXaHWe OrHeHHbIX ryOuH. Pa3HOTWMHble N0 CBOEMY
CTPOEHUIO, NpeabICTOpUM 1 cneymdmke No3gHUX 3TanoB PasBUTMSA, 3TU BYJKaHbl Npeg-
OCTaB/IAT TYPUCTY W €CTeCTBOMCMbITATEN0 BO3MOXHOCTb HabnwaaTe pasHble ctaguun
BY/IKAHMYECKOro npouecca. Ha 6onee 3pesioM MyTHOBCKOM BY/IKaHe SPKO MNPOSiB/IeHa
pasHoobpasHasa no TMnam 1 NocneacTBMAM NOCT- Y MEeXBY/KaHWYecKkan raso-rugporep-
MasibHasi aKTMBHOCTb, MEPCNeKTUBHAA U AN NPaKTUYeCKOro Ucrnosib3oBaHus. Fopenbii
6onee «cneunanm3npoBaH» A1 3HAKOMCTBA C BYJIKAHOTEKTOHUKOW (CBSA3aHHbIMU C BY/I-
KaHM3MOM AedopMaLmamMu 3eMHOI KOpbl, OoTpaxawwumuca B penbede) n ¢ MHOro-
obpasHbiMu hopmamMu 1 NPOAYKTamMn COOCTBEHHO BYJ/IKAHUYECKON AeATeNbHOCTU, OCOo-
6eHHO3hhy3MBHOW (MCTeUYeHmne nas).

B uenom no pasHoo6pasunto naHawadToB, hOpM 1 NPOAYKTOB BYJ/IKAHUYECKON Aesi-
Te/IbHOCTU, COCPeA0TOUYEHHbIX HA CPaBHUTENbHO HEBO/LLUOW TEPPUTOPUMN Y LOCTYKUMbIX
aBTOMOOW/IbHBIMM 1 MewnMy mMapLlipytamu, MyTHOBCKO-IOpenioBCkuii paiioH He umeeT
cebe paBHbIX Ha KamuaTke. 3TO 0fHA M3 XEMUYYXMWH €e peKkpeaLMOoHHOro noTeHuuana,
npekpacHblii MOMIMIOH AN MPOBEAEHUSA 3KOJIOTMYECKUX, FEe0sI0ro-BYNKAHOMOIMMYECKNX
LWKO/T U CTYLEHYECKNX MpakTuk. PalioH obnajaeT Takke 3KOHOMWYECKUM, MpPOun3BOJ-
CTBEHHbIM MOTeHUuasioM. [NaBHas ero coctaensowas — MyTHOBCKOE MECTOpPOXAEeHWEe
napornapoTepm, Ha KOTOPOM MOCTpOeHa reotepMasibHas anekTpoctaHums (Feo3C)
MOLLHOCTLIO 50 MeraBaTtT. OHa ye cerofiHs cnocobHa NoKpbIBaTbh YHETBEPTYIO YaCTb SHEp-
reTM4yeckmx noTpebHocTel KamuaTku, u BO3MOXHOCTY MECTOPOXAEHUS €lle He ucyep-
naHbl. C npeogoneHnem TOMIMBHON AeULUTHOCTY 1 yAelleBIeHNEM KamM4yaTCKON aHep-
reTukn B cBsidke ¢ Feo3C MOXeT cTaTb peHTabe IbHbIM KaMeHHOIUTEiHOe NPON3BOACTBO
Ha MECTHOM Cblpbe — OT TEN/I0M30/18LUUN N CTOMKMX K arpecCMBHbIM cpefamM U3genunin o
BbICOKOTEXHO/IOTUYHBLIX COCTaBASAOLWMNX COBPEMEHHbLIX KOMMO3WLMOHHbLIX MaTepuasios.
Benvikn B palioHe 3anacbl Nem3 — Cbipbs A4/19 NPOM3BOACTBA NErknx 6eTOHOB, OYUCTHbIX
PUNBLTPYOLLNX YCTPOICTB, abpa3nBoB. MNepcneKkTMBHO NPOM3BOACTBO AEKOPATUBHBIX, OT-
[EeN0YHbIX MaTepuasioB U3 MECTHbIX UTHUMOPUTOB, 06CMANAHOB, OKPEMHENbIX BY/IKAHO-



Introduction

Two neighboring volcanoes in south of the peninsula — Mutnovsky and Gorely—take
a worth place among the most striking sights of fire-breathing land of Kamchatka. These
are the closest to the regional centre active volcanoes of south-Kamchatka group which
are attractive both from landscape-view exotic character, and cognitive and research
points of view. Their accessibility let the traveller even with little preliminary training to look
in their 'belly’, to feel breathing of flame depths under the feet. These volcanoes which are
different according to their structure, prehistory and specific character of late stages of de-
velopment give tourist and naturalist the possibility to observe different stages of volcanic
process. At the more mature Mutnovsky volcano post- and intervolcanic gas-and-hydro-
thermal activity various according to the types and consequences and perspective both
for the practical use is brightly developed. Gorely volcano is more «specialized» for the
acquaintance with volcanic tectonics (deformations of earth's crust connected with volca-
nism which reflect in relief) and with varied forms and products of volcanic activity proper,
especially of effusive one (outflows of lavas).

As a whole according to the variety of landscapes, forms and products of volcanic
activity concentrated at comparatively small territory and accessible car and foot routes
Mutnovsky-and-Gorelovsky region has not equal in Kamchatka. This is one of the pearls of
its recreation potential, good ground for conducting of the ecological, geological-volca-
nologic schools and student training. Region has also economic and productive potential.
Mutnovskoe deposit of steam hydrothermae at which the geothermal electric power
station (GeoES) with capacity of 50 megawatt is constructed is its basic component. At
present time already it can cover one fourth part of needs for energy in Kamchatka, and
potential of the deposit is not exhausted yet. Together with overcoming of fuel shortage
and reduction of prices for energy of Kamchatka and geothermal electric power station
stone quarry and foundry production on local raw material —from thermal insulation and
products resistant to corrosive media to highly-technological components of modern com-
posite materials —can be profitable. Reserves of pumices are large inthe region which are
raw materials for the production of light-weight concretes, cleaning filtering equipment,
abrasives. Production of decorative, finishing materials made of local ignimbrites, obsi-
dians, silicified volcanogennic-and-sedimentary rocks is perspective; recovery of silica,
sulphur is possible. Drilling-out of high-temperature gas-conducting zones and zones of
volcanoes which are close to focuses can give additional sources of energy and valuable
raw material. Balneological properties of thermal springs of the region are insufficiently



reHHO-0CaA04HbIX NMOPOA; BO3MOXHa A06blua KpeMHe3ema, cepbl. Pa3bypuBaHue BbICO-
KOTemnepaTypHbIX ra30MpPOBOASILLUX 1 OKOM00YAroBbIX 30H BY/IKAHOB MOXET AaTb 40MN0/-
HUTENbHbIE WCTOYHMKN 3HEPTMM U LEHHOro Cbipbsl. HepocTtaTouyHo u3yyeHbl 6asibHeo-
NIOTMYECKNE CBOMCTBA FOPSUYMX MUCTOYHMKOB pailoHa, BMOSIHE NPUrOAHbLIX, OfHAaKo, A/1s
ycTpoiicTBa 6a3bl OTAbIXa, 0COGEHHO 3K30TUYHOTO B COYETAHUW C MO3HaBaTesIbHbIM U
CMNOPTUBHbLIM 3VMHUM TYPM3MOM, C UCMOMb30BaHNEM CHEroXo4HOM, FOPHOJLIKHON U ner-
KOl BO3AYLLHOWN TEXHUKN.

KoHeuYHO, Takoe pa3HOCTOPOHHEE MCNOosib30BaHMEe BO3MOXHOCTEN paiioHa Tpebyet
pa3ymHOro ero 6anaHca c coxpaHeHuem npupoabl. BcTpoeHHble BnaHawadTe AO/MKHbIM
6epexeHnemM 1 BKyCcOM, NoAoGHbIe nNpeanpusaTus Mornim Bbl CTaTb BMOJSIHE OPraHUYHbLIM
LMBUIN3ALNOHHBIM KOHTPaNyHKTOM €€ CypOBOIi N HEXHOI eCTeCTBEHHO KpacoTe.

YKnBoit Mup 3TON CpaBHMUTE/IbHO BbICOKOTOPHOWN, 06WUMbHO-CHEXHON M B OCHOBHOM
6€e3N1ecHOl TeppuTOpMM AOBOJILHO CKYAEH, HO TeM 6Gosiee TporaTesieH B CBOel MnepBo-
3aHHOCTU. BHW3 OT rofbix CKaINCTbIX BEPLUMH YraclliMxX 1 4eNCTBYIOLLNX BY/IKAHOB 34€eChb
nocsfiefoBaTesibHO CMEHSIOTCS NOSCa FOPHbIX TYHAP U KYCTapHUKOBOW, O/IbXOBO- U Kej-
POBO-CT/TAHUKOBOW PacTUTE/IbHOCTU, A0 6epe30B0O-KyCTapHUKOBbIX 3apoc/iei BA0MMHAxX
KpynHbIX pek. lNMpekpacHa cMeHa BpeMeH rofa, HauuHas ¢ 6yliHOro UBETEHUS TyHApbI,
ocBO6OXAAKLENCA N3 NOA CHEra B MKOHE-UIO/IE MOA FOMOH MEJIKOro MTUYLEro Hapoaa, Ao
ArO4HO-TPMOHOr0 N306UNNA B aBrycTe M NepBbiX Nypr B ceHTabpe. M3 mnekonuTawowmx
[OBOJIbHO pPacnpoCTPaHEHHbIM XUTENEM 3TUX Yroani SBNSETCA YepHOLUAMNoYHbIli CYypoK
(«TapbaraH») — CMMNATUYHbIA HOPHbIA 3BEPEK, CEMbMW-KO/IOHMM KOTOPOrO 3acesisaiT na-
BOBbIIi KEKYPHWK M CK/IOHbI MEM30BbIX X0NIMOB. Ero nonynsuusi MeasiieHHo BocCTaHaB/MBa-
€TCA NOoC/e aHTPOMnoreHHoro npeccuHra 1970—1980 rr. K coxaneHuo, u Tenepb He
nepeBo-AATCA «OXOTHUKU» C MHCTMHKTOM Yy6uiicTBa BCEro, 4YTO ABWXKETCA. Pexe MOXHO
NnoAHATb 3alilya, BCTPETUTb MbILKYHLUX IUCY WM TOPHOCTasA, Npu 60/1bWLOM BE3EHUN —
CTafl0 CHEeXHbIX 6apaHOB, MWUIPMPYIOLLMX MO CKa/IMCTbIM ydyacTkam. MenBefAb B 3TWX
MecTax, YAaSleHHbIX OT PbIGHbIX PeK, Takke No NpenuMyLLecTBY NPOXOAHONA.

B nyywmin gnsa TypusmMa u akcneauumii Ce30H, C KOHUa MHNSA Mo CeHTA6Pb, BY/IKaHbI
MyTHOBCKMWi1 1 Fopesblii 06bIYHO AOCTYNHbI 4151 aBTOMOGUILHOIO TpaHCMopTa NOBbLILWEH-
HOli mMpoxoAMMOocCTK. PaccTtosiHme [0 WX 6Avxailunx okpecTHOCTel npeofosieBaeTcs 3a
3-4 yaca nytn. flopora ot NeTponassioBcka (puc. 1) NpoxoauT No fosMHe p. MNapaTyHky —
3aropogHol KypopTHO 30He, N3BECTHON CBOMMU FOPSAYMMKN UCTOYHMKAMM, le4ebHMLamMm
1 6azamMy OTAbIxa, MMMO BuU/lOUMHCKOro ByfikaHa v fanee, 3a nepeBasioM, Mo BbICOKOMY
By/fIKaHW4YeckoMy nniato. C Hero OTKpbIBAeTCA NaHopama rOpHOV CTpaHbl C pa3pyLUeH-
HbIMW OPEBHMMMW BYy/NKaHaMu M 0ObEKTAMW Hallero HenocpeACcTBEHHOrO MHTepeca —



studied, though they are good enough for arrangement of tourist centres especially. This
very region is especially exotic in combination with cognitive and sporting winter tourism
using snow-tractor, mountain-skiing and light-weight airfacilities.

Certainly, such all-round use of possibilities of the region requires its reasonable
balance with reservation of nature. Built into landscape with due care and taste such
enterprises could be quite organic civilized counterpoint to its severe and tender natural
beauty.

Living world of this comparatively Alpine, abundantly-snowy and mainly treeless
territory is rather poor, but all the more affecting in its primordial essence. Downwards of
bald rocky summits of decadent and active volcanoes zones of mountain tundras and
bush, alder- and cedar-creeping vegetation up to birch-bushed brushwoods in large river-
valleys change consecutively here. The change of seasons is beautiful, from the violent
blossoming of tundra escaping from under the snow in June-July with hubbub of birds up
to the berry and mushroom abundance in August and first snowstorms in September. As
to the mammals, then black-cap marmot («tarbagan») is a rather spread inhabitant of the-
se territories. It is nice burrow young of wild animal families-colonies of which settle down
lava kekur and slopes of pumice hills. Its population is restored slowly after anthropogene
pressing of 70-80 years of past century. Unfortunately, even now there is an abundance of
“hunters” having instinct of killing everything that moves. Seldom it is possible to see hare,
meet fox or ermine looking for the mice or flock of snow sheep (if luck smiles to you)
migrating along rocky areas. Inthese places which arefarfrom good rivers for fishing bear
is also rare mainly.

In the best season for tourism and expeditions, from the end of July till September,
Mutnovsky and Gorely volcanoes are usually accessible for motor transport of higher
cross-country ability. Distance to their closest surroundings is overcome for 3—4 hour.
Road from the city of Petropavlovsk-Kamchatsky (Fig. 1) passes along the Paratunka river
valley — country resort zone well-known for its hot springs, clinics and tourist centers, by
Vilyuchinsky volcano and further, beyond the pass along high volcanic plateau. From it a
panorama of the mountain country with the destructed ancient volcanoes and objects of
our immediate interest— Mutnovsky and Gorely volcanoes — is revealed. Plateau is for-
med by the products of immense eruption which had formed once an extensive basin
(caldera) of Gorely volcano by baked pumice tuffs, or ignimbrites. The main road from
here leads to the Mutnovskaya Geothermal electric power station. Branch of the road to
Mutnovsky volcano passes through caldera of Gorely volcano, beyond south-eastern
edge of which a base camp for the excursions to both volcanoes is settled at the place of



BY/ikaHaMy MYTHOBCKMM 1 FopesnbiM. [11aTo CoXeHo NpoayKTamu rpaHano3Horo n3Bep-
XEHWs, Hekorga cqpopMmpoBaBLLEro O6LWMPHYK BnaguHy (kanbaepy) BynkaHa Fopeno-
r0— CNekWwnmMmnca nem3oBbiMn Tydpamu, uam urHumGputamm. OCHOBHasa fopora otcioga
naet Kk MyTtHoBckoii eo3C. OTBeTB/ieHUE fOporM K MyTHOBCKOMY BYJ/IKaHy MpoxXoguT
yepes Kasbaepy Fopenoro, 3a ro-B0CTOUYHbIM KpaeM KOTOPOi, Ha MecTe cTaporo nareps
reopn3anyeckoin napTum, yctpansaeTcs 6a30BbIil narepb 4151 IKCKypcuii Ha o6a BynKaHa.
OT KpaiiHeli TOUKM BO3MOXHOrO nogbesaa Ha aBTomMobusie 4o 3Toro mecta ewle 1,5—2 km
newlero noaxoaa; 4s1s rpynn 3KOJI0TMYECKOl OprMeHTaunn 34ecb eCTb BO3MOXHOCTb Mpu-
JNIOXXEHWST yCUNMii No obnaropaxusaHuio Tepputopun. bonee yaobHoe mMecTo nareps —y
AOMMKa MOMeBoro crauuoHapa Hay4yHo-uccnenoBaTesibCKoro reoTexHOI0rMYecKoro
ueHTpa (HUI'TL) ABO PAH — MoxeT 6bITb MCMNOIb30BAHO MNPV Hag/1exallem cornacosa-
HUM B Nepuofbl, Korga HayyHble HabnaeHs He NPoBOAATCS.

Heckonbko cnos 06 OCHOBHbLIX Npasuiax NoAroToBKM U NPOBEAEHNS 3KCKYpPCUu-
OHHbIX MapLipyToB. BynkaH MyTHOBCKWiA pacnonaraetcs Ha TeppuTopuyu NPUPOLHOTO
napka «HxHo-KamuaTtckuii», npegnonaraeTcs BKIWYEHME B HEr0 U paiioHa By/ikaHa
lopenbiii. Ha noceweHne 3Tnx 06GBLEKTOB CrieayeT nosyyatb paspelleHus B AUpeKunn
napka B r. lMeTponaBnoscke-KamMyaTckom, rae TypucToB 03HAKOMAT C NpasuiaMy npeobbi-
BaHWA Ha oxpaHsAeMoi TeppuTopun. Mo KIMMaTuyecknm ycrnosuam KamuaTtku, ¢ ee pesko
N3MEHYMBOW NOrofoN, KaXaoMy MyTeleCcTBEHHUKY — AaXe B Tens0e NeTo U Npu BCero
NVWb OfHO-ABYXAHEBHbIX Bble3faxX «BbIXOAHOrO AHSA» — HAJ0 MMETb TEM/yl ofexay, B
TOM YMC/IE N Ha BbIXOA, B KOHKPETHYIO 3KCKYpCUIo (KYpPTKY, CBUTEP NOJ BETPOBKY B HEGO/b-
LIOM MapLpyTHOM plok3ake). MNoaxoaswasi 06yBb — HOTUHKM Ha HECKONb3swelh n goc-
TaTOYHO XEeCTKOW nogoLwwse. MakcumasibHble YBEPEHHOCTb M CBOGOAY NepefBMKEHNs MO
BeCbMa pa3Hoob6pasHbIM rpyHTam (CbiMy4yne LWiakv, pasmokalwue nensbl U [WHbI,
MOKpbIi cHer, 60/10TUCTbIE Y4aCTKW, pyYbu M PEKU) JalT pe3nHoBbie canoru. Cnegyet
nsberatb yCTAHOBKM NanaTtok Ha OTKPbITbIX BETPY MecTax — flyylle UCnosib30BaTth 3aKpbl-
Tble C BOCTOKa NIOXOWHbI WY NOMSHBbI B KyCTapHuke, 418 6e30macHOCTM npuioTa B HOYb
LWKBAJIUCTOrO UMK/I0HA. B ropHbIX yCNoBMAX HELONYCTUMbI 9KCKYPCUU B OAUHOYKY, W, KO-
HEeYHO, pyKoBOAUTENMN TPYNN AO/MKHbI UMETb CPeACcTBa OPUEHTUPOBAHNA HA MECTHOCTU —
KapTy, kKomnac, etle fyylle — COBPEMEHHYIO CMYTHUKOBYI CUCTEMY NO3ULNOHNPOBAHMUSA
JPS Ha cnyyan BecbMa 06bIYHbIX B paiioHe TymaHOB. TypucTMYeckue rpynmnbl AOSDKHbI
UMeTb ¢ cob0ii 3anac TonmMBa: BCSIKME MOPYOKM Ha npunerawLleli K ByJikaHaMm TeppUTO-
puun 3anpelleHbl. HeonycTuMbl Takke oxoTa Y Npoe3fbl Mo NOKPbITbIM PACTUTENLHOCTLIO
ydyacTkaM, BHE NPOSI0XKEHHbIX 40POT.



old camp for geophysical crew. Itis 1.5—2 km of going on foot more from the extreme point
of pos-sible approach by car up to this site. For groups with ecological orientation there is a
possibility here to make efforts on improving the territory. More convenient place for the
camp — at the field stationary house belonging to Research Geotechnological Centre
(RGC), Far East Branch of Russian Academy of Sciences can be used with proper agree-
ment during the periods when scientific observations are not carried out.

Now, a few words about basic rules of preparation and conducting of the excursion
routes. According to the climatic conditions of Kamchatka with its abruptly changeable
weather each traveller — even in warm summer and with one- or two-day departures of
«rest-day» — must have warm clothes, including clothes for the definite excursion (jacket,
sweater in a small route rucksack). Suitable footwear is shoes with non-sliding and rather
hard sole. Maximum confidence and freedgm of movin alon various rounds (loose
cinders, ashes and clays getting soaked, wet snow, swamped areas, brooks and rivers)
are gained with rubber boots. One should avoid putting the tents on the sites which are
open for wind. It is better to use closed from the east hollows or glades in bushwoods for
safe shelter at night of squally cyclone. Under mountain conditions excursions along are
inadmissible and, of course, leaders of all groups must have means of getting one's
bearings — map, compass, or much the better — current satellite system of positioning
JPS in case of fogs which are usual in this very region. Tourist groups must have fuel
reserve: any illegal cuttings on the territory adjacent to volcanoes are prohibited. Hunting
and driving along the areas covered with vegetation, outside the built roads are also
inadmissible.



BYIKAH MYTHOBCKWNIA
MUTNOVSKY VOLCANO



Puc.1 PacnonoxeHue BynKaHoB MyTHOBCKMiA 1 [openblii n gopora K paioHy aKCKYpCuid.
Fig. 1 Location of Mutnovsky and Gorely volcanoes and road to the excursion region.



BynkaH MyTHOBCKWIA pacnosioxeH B 75 KM OT
r. MeTponaBnoBcka-KamyaTtckoro n B 20 kKm OT 6epe-
ra Tuxoro okeaHa, 3a uenoto beperosoro xpeb6ra.
OTO 04HO M3 CaMblX BENIMYECTBEHHbIX COOPYXEHWN
«OlMHEHHOro oxepenba» KamyaTku. XXnBonmcHoe co-
yeTaHme pasHoobpasHbix hopm ero penbeda u y-
Mapo/ibHO-CONbaTapHOn* feATeNnbHOCTN Ha hoHe
pacuBeYeHHbIX CKas, CBEpPKalLWNX NejHUKOB 1 BO-
fonafos fenatwT By/KaH MYTHOBCKMI OAHUM U3
KpacumBelwmnx NamaTHUKOB NpUpoabl, 06bEKTOM Ha-
YYHO-NO3HaBaTe/IbHOro Y CMNOPTUBHOTO TypuU3Mma.

CTpoeHMe N NCTOPUSA PasBUTUS BYJIKaHa

Mo cdhopme 1 reonorMyeckomy CTpOEHUI0 BYJIKaH
npepctaBnseT xpebToob6pasHbli TOpPHbLIE Maccus,
COCTOAWMNIA WX YeTbIpeX YCEYEHHbIX HEOONbW UMK
BEPLWUHHBLIMW KanbepaMu KOHYCOB-CTpaToBy/Ka-
HoB (MyTHOBCKWIi-1-4 W, COOTBETCTBEHHO, KOMM-
nekcoel M Ha reosiorMYeckoil kapTe U paspesax,
puc. 2). A6conTHaa BbicoTa ero 2323 M, NpeBbl-
WeHne Hapj OoKpyXxarwweih mecTHOCcTbo oT 1200 go
2000 m. OH Ha4van cBOM AeATeNIbHOCTb B NO34HeYeT-
BEpTMUYHOE BpeMd, 0kono 60-80 Tbic. neT Hasapg, u
pasBuBasscsa MNo ycTol4YMBO NOBTOPSABLUENCA CXEMeE:
poCT KOHyca — o6pa3oBaHMe npoBaja Ha BepLiuHe
(BEPWMHHONM KanbAepbl WM KPYymHOro kpaTtepa) —
pPOCT BHYTpUKabAePHOW NOCTPOKM U NONHOE 3aTy-
XaHue KoHyca, nocsie 4yero NnpoOUCXoAunnNo cmelLeHune
MarmMoBbIBOASALWEro KaHasna, W UWK1 MOoBTOPA/CA
Ha HOBOM mecTe. Tpu paHHUX KOHyca MYTHOBCKOIO

C/I0XeHbl nopogamu psga 6as3anbT— aH4e3nT — pu-
04auuT, YyeTBepTbIii — 6asanbTamu.

BynkaH MyTHOBCKUIA-1

COOTBETCTBEHHO BO3pacTy, KOHYCbl B pas3/finy-
HO CTeneHu MOABEPrANCb pa3pylleHN 3PO3UNOH-
HbIMW W NeAHNKOBbIMMK npoleccamu. OCOBEHHO Ty-
60k0 pacuneHeH MyTHOBckui-1 (komnnekc M Ha
puc. 2), npetepneBwunii Bo3laelicteBue obeunx das
no3gHe4YeTBEPTUUYHOTO osiefeHeHuns. Ero oTkpbiTas
ceBepHas yacTb Tenepb NpeacTaBifgeT cCMCTEMY CKa-
nncTbiX Xxpe6ToB OTX0A4AWMA 1 KnewHsa c oTporaMmu.
34ecb C BY/IKAHOM COBMELLEH HOXKHbIA dpnaHr MyT-
HOBCKOro reoTepmMasibHOro MecTOpPOXAEeHUs, Npos-
B/IAIOW,Eroc HEeCKONbKMMMW Tpynnamu ropsvyux uc-
TOYHUKOB.

CkanbHble 06pbIBbl XpebTOB, AeAHUKOBbIX
OONNH-TPOTOB U CTEHOK Kanbfep AalT NpekpacHyto
BO3MOXHOCTb YBUAETb BHYTPEHHEE YCTPOICTBO BY/I-
KaHa, CNOXEeHHOro yepeaywuwmnMmmcsa notokamu nas
1 naykamum nmpoknactmyeckoro matepmana — 6omo,
W/1akoB M NensioB. TOWM NOPO4 U3MEHEHbI M pac-
LBeYeHbl Nog BO3AENCTBMEM BY/IKAHUYECKUX Fa30B
N BTOPUYHOIO MuUHepanoobpas3oBaHUs, NPOHU3aHbI
nepecekawwWwuMmn croM mMarMaTuyeckuMu Xunamu
(paikamun) n MexnnaacToBbiMW BHeAPEHUAMU (CUn-
namm).

HekoTopble U3 faek CAyXuam noaBoaaWMMU Ka-
HanaMn NOoGOYHbLIX M3BEPXEHUN ByKaHa. YacTuu-
HO COXPaHW/I0Cb HECKO/NIbKO annapaToB TakuxX W3-
BEPXEHUI: Lenoyka U3 Tpex LJ/IaKoBbIX KOHYCOB CO

* O6BACHEHNSA HEKOTOPbIX TEPMUHOB, MOMUMO MPUBOAUMBIX MO TEKCTY,
AaHbl B KpAaTKOM Cji0OBape B KOHLUEe nyTeBoauTens.
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Fig. 2

Geological Tap of Gorely and Mutnovsky
volcanoes.
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Fig. 2
Geological map of Gorely and Mutnovsky volcanoes.

Symbols

Indexes G and M mark main strato-cones which compose structures of
Gorely and Mutnovsky volcanoes with divisions for the last one (M , etc.)
correspondingly to the stages of activity.

Current and non-segmented Holocene deposits:

1 — alluvium; 2 — glaciers; 3 — deposites of collapse, mud flows and lahars;
4 —moraine; 5—complex of aqueo-glacial, alluvial-proluvium and lake deposits
with interbeds of volcanic ashes and cinders (Q ); 6 — resurgent ashes and
blocks of last eruptions of Gorely volcano.

Neoholocene(Q , 2.6 thou, years ago —now):

7 — andesite-basalts and andesite of last effusive eruption of Gorely volcano;
8—cinders from the Active Funnel, Mutnovsky volcano.

Mesoholocene (Q ,5.75 —2.6 thou, years ago):
9 —andesite-basalts.

Eoholocene(Q ,8.9 —5.75 thou, years ago):
10—basalts; 11— andesite-basalts, lavas (a) and tuffs (6).

Paleoholocene (Q , 10.1—8.9 thou, years ago):
12—basalts; 13—andesite-basalts; 14—andesite; 15—dacites.

The upper strata of Late Pleistocene (Q ):
16 —dacitic pumices of caldera-forming eruption of Mutnovsky-3 volcano (M );

17 — basalts; 18 — andesite-basalts; 19 — andesites, lavas (a) and agglome-
rates-agglutinates (6); 20 —dacites.

Late Pleistocene (Q ):

21 —Q ', complex of early-postcaldera monogene volcanic formations of Gore-
lovsky centre; 22 — Q , dacitic pumices of the final stage of caldera-forming
eruptions of Gorelovsky centre; 23 — Q , dacitic, andesite-dacitic, andesite
pumices and ignimbrites of the main stage of caldera-forming eruptions of
Gorelovsky centre; 24 —Q , complex of filling of the summit caldera of Mutnov-
sky-2 volcano: lake deposits and lava-pyroclastic formations of the intracaldera
cone onthe map (a) and inthe sections (6) (M ); 25 —Q , lavas of side break-
throughs of Mutnovsky-2 volcano (M ): 26 —Q ,volcanites of the main cone of
Mutnovsky-2 volcano (M ) (solid shading flanks close to the primary ones, bro-
ken shading eroded flanks); 27 —Q , complex of filling of the summit caldera
of Mutnovsky-1 volcano (M ) — aqueo-glacial deposits, basalts-andesites of
intracaldera structure: (a) on the map, (6) inthe sections; 28—Q , side break-
throughs and monogene volcanoes of pre-caldera stage; 29 — Q '.volcanites
of the main cone of Mutnovsky-1volcano ().
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Early-middle Pleistocene (Q ):
31 —dacitic pumices and ignimbrites.

Early Pleistocene (Q ):
32—Ilava sheets and oullliers of strato-volcanoes, basalts-andesites.

Late Miocene-Pliocene (N —N ):

33—weakly dislocated rock mass of contrast, basaltoid and acid volcanites with
extrusions and subvolcanic bodies of biotite-amphibole rhyolites (Alney series).

Oligocene —middle Miocene (P —N ):

34 — dislocated rock mass of greenstone-metamorphosed and silicified
volcanic and volcanogene-sedirnentary deposits  tufoconglobreccias, tuff
sandstones and aleurolites, lavas, dykes and sills of basalt-andesitic
porphyrites; 35 —intrusions of granodiorites-granites.

Other symbols.

Rock compositions of the formations of Middle and Late Pleistocene non-
segmented in details:

36 —basalts; 37 —andesite-basalts; 38 —andesites; 39 —dacites; 40 —rhyo-
dacites-rhyolites. 41 —effusive domes, extrusions, subvolcanic bodies and lava
volcanic necks (in the sections); rock composition analogously to 36 — 40;
42 — dykes; 43 — sills (in the sections); 44— breccias of volcanic necks
eruptive and those of collapses; 45 —cinder cones young (preserved) and anci-
ent (partially destructed); 46 —lava boccas and explosive funnels; 47 —crater
crests, from early to young; 48 — crests and brows of caldera scarps, from
ancient to young; 49 — dislocations with a break in continuity: with established
displacement, without amplitude, dying out and buried; 50 —geological bound-
aries: between age complexes and between separate bodies (intraformational);
51 —zones of altered rocks; 52—thermal springs and vapour-and-gas streams.



Puc. 2.
Feonorvyeckas kapTa By/ikaHOB ['openblii 1 MyTHOBCKWIA.

YcnoBHble 0603HaveHns

MHpekcbl G 1 M MapkvpyloT rfaBHble CTPaTOKOHYCbI, COCTaBAsioLWme noc-
TPOIikMN BYNKaHOB openbiii 1 MyTHOBCKUIA, C noApasfeneHnaMn Ans nocneg-
Hero (M W T.[A.) COOTBETCTBEHHO 3Tanam AeATeNbHOCTU.

CoBpeMeHHble U HepacU/ieHHbIe FO/I0LEeHOBbIE OT/TOXEHUS:

1 — annoBuit; 2 — nefHukN; 3 — OTNIOXKEHNA 06BasioB, ceneil U naxapos;
4 — MopeHa; 5 — KOMNNeKc BOAHO-NEeAHVNKOBBIX, aloBUaIbHO-NPOSIIOBU-
/TbHbIX 1 03EPHbIX OT/IOXEHWUIA C MPOC/IOAMU BY/IKAHWYECKUX MEMNIOB U LLNAKoB
(Q ); 6—pesypreHTHble nensbl W rbIGbl NOCNEAHNX N3BEPXKEHWIA B. FOpenblii.

No3gHuii ronoueH (Q , 2.6 TbiC. /1eT Ha3a —HbIHE):

7 — aHfe3nTo-6a3anbThbl U aHAe3UTbl NocneaHero achhy3MBHOTO U3BEPXKEHNS
B. Fopensbliii; 8  wnaku AKTUBHON BOPOHKN B. MyTHOBCKUIA.

CpegHuii ronoueH(Q ,5.75 —2.6 TbIC./1. H.):
9- -aHfe3nTo-6a3a/bThl.

PaHHui ronoueH (Q ,8.9 —5.75TbIC. N1. H.):
10—6a3anbTbl; 11— aHfe3nTo-6a3anbThl, Nasbl (&) U Tydbl (6).

[peBHuii ronoueH (Q ,10.1— 8.9 TbIC. N1.H.):
12 —6a3anbThl; 13 —aHae3nto-6a3anbTbl; 14 —aHaesnTsl; 15— gaunTsl.

Bepxu no3gHero nneictoueHa (Q ):

16 — gaunToBble Nem3bl KanbAepoo6pasyloLero nsBepxeHns B. MyTHOBCKHiA
3 (M. ); 17 —6a3anbThl; 18 — aHae3nTo-6a3anbTbl; 19 —aHAes3unTbl, Nasbl () n
arnomepartbl-arrloTuHaThl (6); 20—pgayuTsl.

Mo3pgHwin nnetictoueH (Q ):

21 — Q , KOMMNIEKC paHHe-NnoCTKaslbepHbIX MOHOIEHHbIX BY/NKaHU4YeCKUX
o6pasoBaHuii FOpPenoBCcKoro LeHTpa; 22 — Q , AaunToBble NeM3bl 3akKniun-
TeNbHOTO 3Tana KaibAepoobpasylolmx 13BEpXeHWin FopenoBCKOro LeHTpa;
23 — Q , fauuToBble, aHAe3nTO-JaunNToBble, aHAEe3UTOBble MeM3bl W UTHUM-
6pnTbl  TNaBHOrO 3Tana KaibAepoobpasylolWwux W3BEepXeHUin openoBcKoro
LUeHTpa; 24 — Q , KOMMJEKC 3ano/IHeHUs BEepLUNHHOW Kanbaepbl B. MyT-
HOBCKUIA-2: 03epHble (?) OTNOXEHWUS W NaBo-NMpoKacTuyeckne obpasoBaHus
BHYTpVKaNbAEPHOro KOHyca Ha kapTe (a) 1 Ha pa3pesax (6) (M '); 25—Q .na-
Bbl MOGOYHbIX MPOPLIBOB B. MyTHOBCKMIA-2 (M ); 26 —Q , By/IKaHWUTbI F1ABHOMO
KOHyca B. MyTHOBCKUIA-2 (M ) (CnNowwHas WTpuXoBKa— CKIOHbI, 61M3Kune K nep-
BUYHBIM, MPEPbLIBACTAA — 3POANPOBaHHbIE); 27 — Q , KOMM/EKC 3ano/IHeHus
BEPLUNHHOW kanbAepbl B. MyTHOBCKUA-1 (M ) — BOAHO-NIeAHNKOBbIE OT/IOXKE-
H¥s, 6a3anbTbl aHAe3WTbl BHYTPUKa/bAepHOU NOCTpoiiku: (a) Ha kapTe, (6) Ha
paspesax; 28 —Q , N060YHbIE NMPOPbIBbI U MOHOTEHHbIE BYJ/IKaHbI NpeaKasbaep-
Horoatana; 29—Q , By/IKaHUTbI [/1TaBHOTO KOHyca B. MyTHOBCKWiA-1 (M ).

CpepHuii nnetictoueH (Q ):

30 — 06pa3oBaH1s JoKabAEPHOTO COOpYXeHUs B. Mpa-Iopenbiii n cocegHnx
BY/IKAHOB.

PaHHUA-cpegHuiinnelictoueH (Q ):
31— pgauuToBble NeM3bl U UITHUMOPUTBI.

PaHHuli nneiicToueH (Q ):
32—naBoBble MOKPOBbI 1 OCTaHLbl CTPATOBY/IKAHOB, 6a3abTbl-aHAE3UTbI.

Mo3aHwnii myoueH navoueH (N N ):

33 —cnaboavcnoumposaHHas ToWa KOHTPACTHbIX, 6a3anbTONAHbIX N KUCTIbIX
BY/IKQHUTOB C 3KCTPY3NAMU U Cy6BYNKaHNYECKUMU Tenamu 6uotut-ampunbéono-
BbIX pUONNTOB (anHeickas cepus).

OnwuroueH —cpegHuii muoueH (P—N ):

34—pucnouypoBaHHas To/La 3e/1leHOkaMeHHO-MeTaMopU30BaHHbIX 1 OKpe-
MHenbIX BY/IKAHUYECKIX W BY/IKAHOT€HHO-0CA0UHbIX OT/IOKEHUIA: TYHOKOHT0-
6pekunmn, anwongHbsle TyconecuyaHukn 1 aneBponuThl, Nasbl, Jaiku n cunbl
6a3a/bTOBbIX aHAEe3NTOBbIX MOPMpMTOB; 35 — MHTPY3UU TPAHOANOPUTOB-
rPaHNTOB.

Mpouvne o603HaueHns

CocTaBbl MOpof4 AeTa/lbHO He pacusieHsiemblX o6pa3oBaHuii cpegHero
nosaHero nneicroueHa:

36 — 6asanbTbl; 37 — aHAe3nTo-6a3anbThl; 38 — aHAe3nTbl; 39 — AauuThl;
40 — puogaumnTbl-puonuTbl. 41 — adpdpy3nBHbIE Kynobl, IKCTPY3nUK, Cy6BYKa-
HVWYeckue Tena v naBoBble XEPOBUHbLI (HA pa3pesax); cocTaB Nopoj aHaso-
muHo 36 —40; 42 — paiikn; 43 — cunnbl (Ha paspesax); 44 — 6pekunmn xep-
NIOBWUH — 3PYNTUBHbIE 1 06PYLLIEHNIA; 45 — Lu1akoBble KOHYCbl — COXpaHuBLLMe-
€Sl MO0 ble U YACTMYHO pa3pyLUeHHble ApeBHe; 46 —aBoBble 60KKU 1 B3PbIB-
Hble BOPOHKU; 47 — rpe6HN KpaTepoBs, OT PaHHWX K MOMIOAbIM; 48 — rpe6Hu u
6pPOBKM KasNbepHbIX YCTYNOB, OT APEBHUX K MONOAbIM; 49 — pa3pbIBHblE Hapy-
LEeHNsA: C YCTAHOB/MIEHHbIM CMeELLeHueM, 6e3amMnanTygHble, 3atyxawowme u
norpe6eHHble; 50 — reosiornyeckme rpaHunLibl: Mexay BOo3pacTHbIMU KOMI/IEK-
camn 1 mexgy OTAeNbHbIMM Tenamu (BHyTpuOpMauMoHHble); 51 — 30HbI
M3MEHEeHHbIX NOpPoJ; 52—TepMasibHble UCTOYHUKM U Naporas3oBble CTpyW.
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Mutnovsky volcano is located 75 km from the city
of Petropavlovsk-Kamchatsky and 20 km from the
coast of Pacific Ocean, beyond the chain of Coast
ridge. This is one of the most majestic structures of
«fire necklace» of Kamchatka. Vivid combination of
various forms of its relief and fumarole-solfataric
activity against a background of rocks painted in
bright colours, glittering glaciers and waterfalls ma-
kes Mutnovsky volcano to be one of the most beauti-
ful monuments of nature and object of scientific-
cognitive and sporting tourism.

Structure and development history of the
volcano

According to its shape and geological structure
volcano represents ridged mountain mass which
consists of four cones-strato-volcanoes truncated
by small summit calderas (Mutnovsky-1-4 and
complexes M on geological map and sections, cor-
respondingly, Fig. 2). Its absolute height is 2323 m,
exceeding over surrounding locality is from 1200 to
2000 m. It began its activity in Late Quaternary time,
about 60—80 thou, years ago, and developed ac-
cording to the stable repeated scheme: growth of
the cone — formation of a pit on summit (of summit
caldera or large crater) — growth of intracaldera
structure and full dormancy of the cone. After that
shifting of magma effluent channel took place and
cycle repeated at new place. Three early cones of
Mutnovsky volcano are formed by the rocks of
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basalt-andesite-rhyodacite line, the fourth one — by
basalts.

Mutnovsky-1 volcano

According to the age, cones were subjected to
the different extent to the destruction by erosive and
glacial processes. Mutnovsky-1 volcano is separa-
ted especially deeply (complex M , Fig. 2) which
underwent the influence of both phases of Late
Quaternary glaciation. Its open northern part repre-
sent now system of rocky ridges — Otkhodyashchy
and Kleshnya — with spurs. Here a southern flank of
Mutnovskoe geothermal deposit manifesting itself
by several groups of hot springs is combined with the
volcano.

Rocky scarps of ridges, glacial trough-valleys
and caldera walls give a good possibility to see inter-
nal structure of the volcano formed by alternating
lava streams and bands of pyroclastic material
bombs, cinders and ashes. Rock masses are altered
and painted in bright colours under the influence of
volcanic gases and secondary mineral formation.
They are penetrated with magmatic veins (dykes) in-
tersecting the layers and interlayer invasions (sills).

Some dykes served as incurrent canals of ad-
ventive volcanic eruptions. Some apparatuses of
such eruptions: chain of three cinder cones with un-
covered lava vents at northern foot of Mutnovsky-1
volcano and single destructed cone on its flank,
1.5 km to south-east of previous ones (Fig. 2), par-
tially preserved. Western and Eastern groups of



ObITbIMW NaBOBbLIMU XEPNOBUHAMW Yy CEBEPHOTO
0Xnsi MyTHOBCKOTO-1 ¥ OAMHOYHbIN paspyLlleH-
KOHYC Ha ero cksioHe, B 1,5 KM K 10ro-BOCTOKY OT
yblgywux (puc. 2). NpocTpaHCTBEHHO C HUMMU

oUMMPYIOT COOTBETCTBEHHO 3anagHas v BocTou-

pynnel CeBepo-MyTHOBCKUX TOPAYMX MCTOU-
IKOB.

BepwuHHasa Kanbgaepa MyTHOBCKOro-1 wu3-3a

9KOI 3p03Mmn NOCTPOVKKM NO hOpMe BbipaxeHa
OHa ono3HaeTcsd NO CTPYKTYPHbIM COOT-
3HMAM KOMMNNEKCOB BYJ/IKARHWYECKUX MNOPOL:
nagarwmx, nNepukianHanbHo (C HaKMIOHOM OT
0 LeHTpa) 3aseranumnx ToalL, MaTepPUHCKOM
30MKn MyTHOBCKOro-1 u nonoro, cy6ropusoH-
0 HacnauBalwLUMXCA BY/KAHUTOB B ee Bep-
-,0/i 4yacTu, 4YTO MOrN10 MMEeTb MEeCTO NWlb NpK
NIHEHWN 3aMKHYTOl BnaguHbl Ha BepwuHe. o
JaHHbIM PEKOHCTPYynpyeTca acummeTpuyHas
Aepa oBasibHON POPMbl, HECKO/IbKO CMELLEH-
)T OCM MaTepPUHCKO NOCTPOIKM Ha ee ceBepo-
afHbll CKNOH, C pa3MepaMu Mo ocam 2x2,5 km.
tota MyTHOBCKOTO-1,focTuraswas 2400 m (npwu
eme -56 km ), cob6pa3oBaHuem kanbaepbl bbina

XeHa A0 ypoBHs 1800-1900 m. B HM3koW ceBe-

3anajHoin 4yacTu KanbAepbl No3gHee BO3HWMKIA

OfIHABLIAA ee [0YepHAA BYy/KaHWyeckasa no-

tolika (komnnekc M , Ha puc. 2). OcTaHel, BbICO-

O I0r0-BOCTOYHOTO BHYTPEHEro CKoHa KanbfAe-
BbICT/IAaH Ma/iOMOLHON nNaykol TydOreHHbIX

WHO-/Te4HNKOBbIX OT/IOXKEHWUI, BHN3Y nepexons-
LUYX B 03€pHble, N YaCTUYHO MepekpbIT nopofamu
ofiee MoJioAblX YacTel ByKaHa.

BynkaH MyTHOBCKMWi1-2

Xepno BTOpOro KoHyca B maccuse ByfnkaHa MyT-
HOBCKMI (komnaekc M Ha puc. 2) 6bi/10 CMELLEeHO OT
ocu npeflwecTByOLWero Ha 3 KM K 10ro-BoCToky. 310
3HauYNTeNIbHO JNyylle COXpaHuBLIAACHA MNOCTPOlika
aHanornyHoro npeabigyuied tuna («ByfnkaH B BYyS-
kKaHe», nnn Tuna Comma-BesyBuin). OcHoBaTeNbHO
HapylweH TOJIbKO CeBEepHbIli ee CKMNOH ABYMS Kpyn-
HbIMW TPOTOBbLIMUW AOJINHAMW, NEeJHUKOBbIE LUPKA B
BEPXOBbAX KOTOPbIX «CbENN» CEBEPHYI MOJIOBUHY
BEPLWNHbI. BOCTOUHbLIA ¥ IXHbIA CKAOHbI 6/M3KN K
NepBUYHLIM U UL B BEPXHUX YacTAX U3pe3aHbl
[0BO/IbHO TNYy60KUMUN NoxX6uHamu-6appaHkocamu.

Mo cocTaBy nopog MyTHOBCKWiI-2 — CyL,ECTBEH-
HO 6a3aNbTOMAHbIA KOHYC, CXOAHbIA C NpeAwecTBy-
OWUM N0 KOJIMYECTBEHHOMY COOTHOLLUEHUI /iaB "
nMpoKnacTuyeckoro martepuana (MHAEKCY 3Kcnio-
3MBHOCTM) W [ofle BYJ/IKAHUTOB CpefHe-KUCNoro
cocTtaBa. B uucne nocnegHux HabnwogawTcs nasbl
puofaunToB Ha BogoOpasfenie ynoMsaHYTbIX TPOroB,
NOTOKW [BYNMUPOKCEHOBbLIX aHAe3UTOB Ha CeBepo-
BOCTOYHOM W HOXXHOM CK/IOHaX, MOTOK YepHbIX adu-
poBbIX (He cogepxawnux MUHepanoB-BKpamnieH-
HWKOB) (eppoaHae3nToB Ha BOCTOYHOM CK/IOHE.
K no3gHei cTagun pgestenbHOCTM MYTHOBCKOTO-2
OTHOCUTCHA psAf NOBGOYHBLIX MPOPbLIBOB 6a3asbTOBbIX
nas. NX wWnakoBble KOHYCbl PacrnosioXeHbl Ha ro-
3anajHOM CK/I0OHe MOCTPOWKN.

CchopmupoBaBwmincs KoHyc MYTHOBCKOro-2
pocturan BbicoTbl 2400 M 1 06beMa 0kos10 24 km . Mo
COOTHOLWEHU €ero nae C pPasHOBO3pPaCTHbIMU
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Severo-Mutnovskie hot springs, correspondingly,
associate with them spatially.

Summit caldera of Mutnovsky-1 volcano is wea-
kly expressed by form because of deep erosion of
structure. According to the geological data, asym-
metrical structure of oval shape, which is slightly
displaced from the axis of mother structure to its
north-western flank (dimensions by the axes are
2x2.5 km), is reconstructed. Height of Mutnovsky-1
volcano, which was 2400 m (with the volume 56 km ),
was decreased with the formation of caldera to the
level of 1800—1900 m. Later a daughter volcanic
structure filling the caldera occurred in its low north-
western part.

Mutnovsky-2 volcano

Vent of the second cone in the mass of Mutnov-
sky volcano (complex M , Fig. 2) was displaced 3 km
to south-east from the axis of the previous one. This
is much better preserved structure of the type analo-
gous to the previous one («volcano in volcano», or
Somma-Vesuvius type).

According to the rock composition Mutnovsky-2
volcano is essentially basaltoid cone which is similar
to the previous one according to the abundance ratio
of lavas and pyroclastic material (index of explo-
siveness) and fraction of volcanites of medium-acid
compaosition.

A cone of Mutnovsky-2 volcano that has formed
was 2400 m in height and about 24 km by volume.
According to the relation of its lavas with glacial
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forms (of different age) of surrounding mountain-
valley relief, time of its activity is referred to the In-
terglacial period, about 30-40 thou, years ago.
Summit caldera of Mutnovsky-2 volcano was 2.5
km in diameter and had almost horizontal edge of
ring scarp at a level of 2000—2050 m. Intracaldera
cone (complex M , Fig. 2) appeared with small dis-
placement to the west from the centre of caldera. In
view of this it filled this very half of caldera up to the
top, and part of its lavas flowed here to the flanks of
mother structure. Composition of rocks from the co-
ne is represented with basalts and andesite-basalts.

Mutnovsky-3 volcano

The third cone in mass of Mutnovsky volcano
was laid on already formed high pedestal, between
summits of two previous structures. Owing to this,
Mutnovsky-3 volcano which to the end of its activity
was by height close to its cones-predecessors (2200
m) did not reached their volume «having obtained»
about5 km only.

Structure of Mutnovsky-3 volcano can be wa-
tched very well in the ring scarp of its caldera and in
the left flank of Vulkannaya river which is flowing out
of it. Section of near-summit part of the structure
stripped by them represents usual for strato-volca-
noes alternation of lavas and pyroclastic material
which are altered, to different extent, by the influen-
ce of volcanic gases and cut with thin dykes. Lavas
interlaid here and there by chaotic clumpy deposits
of mud-and-stone flows (lahars) which accompanied



nefHUKOBLIMW (hopMaMun OKpyXatL,ero ropHoA40NMH-
HOro pesnibedpa BPeMSA ero AeATesIbHOCTU OTHOCUTCA K
MexneaHnKoBbto, 0kos1io 30—40 Tbic. neT Ha3ag.
BepwuHHas kanbpepa MyTHOBCKOro-2 wumena
avameTp 2,5 KM 1 NMOYTM FTOPU3OHTASIBHYIO KPOMKY
KOMbLEeBOro ycrtyna Ha yposHe 2000—2050 M. BHy-
TpuKanbOepHblil KOHyc (komnnekc M Ha puc. 2)
BO3HUK C HEOGONbLW WM CMELLEHNEM OT LleHTpa Kaslb-
Jepbl K3anafy, B CBA3M C YHEM OH JOBepXy 3anosiHnA
3Ty ee MNOMO0BMHY, W 4YacTb €ro nasB nepenunnachb
3[€eCb Ha CKNOHbl MaTepuHCKOW nocTpoiiku. CocTas
nopoa KoHyca — 6asasnbTbl M aHAe3UTOo-6a3anbThl.

BynkaH MyTHOBCKMi1-3

TpeTunii KOHYC B cocTaBe maccmBa MyTHOBCKOTO
BY/IKaHa 3a/10XU/ICA Ha yXXe roTOBOM BbICOKOM MNbe-
fecrtane, Mexay BepwuHamu ABYX npeablayLuinx
COOpYyXeHuin. Bcnepcteue 3T1oro MyTHOBCKWIG-3,
JOCTUTWIMNIA K KOHLUY CBOE AesATeNIbHOCTU BbICOThI,
6N1N3KON KOHycam-npejlwecTBeHHukam (-2200 wm),
faneko He pgocTturan umx obbema, «HabpaB» BCero
0KOJ10 5 KM

CTpoeHne MyTHOBCKOro-3 (komnsekc M , Ha
puc. 2) npekpacHo BUAHO B KOJIbLEBOM YyCTyne ero
KanbAepbl M B NeBOM 60OpTy BbiTEKawWen n3 Hee
p. BynkaHHOW. BCKpbITbIA UMW pa3pe3 NpUBEpPLUIUH-
HOlW YyacTu NOCTpOlikM npeacTaBnseT obblyHOE ANA
CTpaToBY/IKAHOB YepepoBaHue naB U MUPOKNACTU-
yeckoro matepuana, B pas3/IM4HON CTeneHun u3Mme-
HEHHbIX BO34ENWCTBMEM BY/IKAHWYECKUX Tra30B W
paccekaemblXx TOHKUMMW faikamu. B paspese nogHo-

XU npeobnagalkT NaBbl, MecTaMu MPOC/IOEHHbIE
Xa0TMYeCKMMMN [NbI6OBbIMY OT/IOXKEHUAMU FpA3eka-
MEHHbIX MOTOKOB (S1axapoB), CONPOBOXAABLWUX Obl-
Nble N3BEePXEeHUA.

BasanbTbl pe3ko npeobnagalwT M B 3TON YacTtu
By/lKaHa, XOTA B LE/IOM B Hell npeacTaB/ieH BecCb
CMeKTp Nopoj A0 pMogaLnToB BKIUYUTENBHO. B yacT-
HOCTU, OocTaHel, PpOHTaNIbHON YacTM MOLLHOrO NOTO-
Ka pnogauntoB obpasyeT BbICOKWIA ycTyn B npodiune
ceBepHOro 6opTta kanbgepbl MyTHOBCKOro-3, a Huxe
no paspesy cpeau 6a3afnbTOBbIX LW/IAKOB 3aseraeT
rOPU3OHT [AaLWUTOBON nNemsbl U ee HeoL4HOPOAHbIX
NATHUCTO-NOJI0CYATBIX PA3HOCTEN, CMEeLaHHbIX C KpYy-
NMHOMOPMPOBLIM  ONIMBUH-MNPOKCEH-AHOPTUTOBBIM
6azanbTom. ocnegHuin obpal3yeT Takxe CaMoOCTOA-
Te/IbHbI TOPU3OHT 6OM6 NOBEPX NEM30BOr0O C/I0f.

Bnarogapsa o6wunpHoii 06HaXeHHOCTU paspesa
MyTHOBCKOro-3 B HeM XOpowo BuagHa obwas ans
MHOTUX BYJ/IKAHOB 30Ha/IbHOCTb ra3o-rugporepmMarib-
HbIX U3MEHeHWI i nopoA. Tak, B caMOil BbICOKOI YacTu
KanbAepHOro ycTtyna Mo CTeneHW WU3IMEHEHHOCTU
BbIAENATCA TPU NaykM BY/IKAHWTOB MOLLHOCTbLIO MO
40-60 M: HMKHAA, OCBET/NIEHHAA [0 Xento-6enoi ok-
packs n3-3a pasBUTUA MO Hell FNHUCTbIX MUHepa-
NOB W Tunca; cpefHss, OKMC/NeHHas KpacHouBeTHas,
N BEPXHAS — TeMHO-cepas, NpakTU4Yeckn He nu3me-
HeHHas. Maykn cOOTBETCTBYIOT KPYMHbIM LMUKIAM ak-
TUBHOCTM MYTHOBCKOr0-3, a CTeneHb WX U3MEHEH-
HOCTW npeacTaBaseT pe3ybTaT Nocnef0BaTeIbHOIO
Ha/NOXeHNa [UCKPETHbIX LMWKI0B raso-rmgporep-
ManbHOro metamMopduimMa BY/KAHUTOB B MEeX3pyn-
TVBHbIE NEpPUOAbI.
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Ha doHe 3Toin o6wein n3meHeHHOe™ nopog,
KOHTPONIMPYEMOWN nocnefoBaTesibHOCTbIO WX Ha-
nnacToBaHusi, 60/1ee BbICOKOH €e CTeneHblo W npe-
UMYLWECTBEHHO HAaJ/IOXXEHHbIM, He3aBUCUMbIM OT
HansacToBaHUsA XxapakTepoM BblAensercs 3anagHas
yacTb NOCTpoOlikm MyTHOBCKOro-3, rae cocpefoTo-
yeHa M BCSA €ro COBpPeMeHHas rasormapotepmarb-
Has aKTUBHOCTb. 34EeCb B CKasIbHbIX 06PbIBAX MOXHO
HabnwpaTb nepecekawlwme CAOUCTOCTL Nopon
30Hbl apruaanu3MToB, OMNAJMTOB, MUHEpanu3auuio
rmncom, mectamu cynbugamm um kanbuutom. Lu-
pokasi, nepecekawlas CKJIOH 30Ha NOAO6GHbIX
M3MeHeHUn HabnwpaeTcsa B eBOM 60pPTY yuwenbs
p. BynkaHHoli, B OCHOBaHUK rpynnbl cna6o geicTey-
ouwux conbatap y 6poBkM 06pbiBa. B nauykax
M3MEHEHHbIX TY(hoB y CEBEPHOI KPOMKU KanbAepsbl
BCTpeyaeTcs MUHepanusauus runca B Buge npe-
KpPacHO O(hOpPM/IEHHbIX NMPO3PaYHbIX U OKpalleHHbIX
KONbeBUAHbLIX Kpuctannos pasmepom po 10 cwm,
UMe WX KONMEKLNOHHOE 3HaYeHne.

MyTHOBCKUIi-3 60nee ApYyrux COCTaBASKOLINX
BY/IKAHNYECKOro MaccuBa 6orat No6OYHbIMU KOHY-
camn. Bonbwas rpynna ux pacnonaraetcs y ero
l0ro-3anajfHoro NOAHOXWSA; ewe TP KOHyca BCKpbI-
Tbl AONIMHOWN p. BynkaHHOW (puc. 2), 4To no3Bonsaet
BUAETb MX CcTpoeHue. Hambonee paHHWUI W3 HKUX,
pasMbITbli U NepekpbITbii NO3AHEAWNMN NnaBamu
MaTepPWHCKON NOCTPOIiKM, 06HaxaeTcs B BEPXOBbAX
oBpara OnacHoro, rae ero cepble C/IOUCTbIE LWNakKu
cnaraiT 60MblWYI YacTb yCTyna U3BECTHOrO 34ecb
XMBOMWCHOrO BoJonaja. Ha nepekpbiBallWen unx
naBe, NpakTUYecKM Ha TOM Xe MecTe NpopbiBa,

pasmecTu/ica O4WH U3 NO3AHEWLINX MOBOYHbIX KOHY-
coB — KpacHbiii O6pbiB. OH CMIOXEH OKUCNEHHbIMU
KPacCHO-KOPUYHEBLIMU LWakKaMn C KOPOTKUM £A3bl-
KoM naBbl U pa3fesniedH oBparom OnacHbIM HajBoe:
60NblWan yacTb €ro ocTtaHua pacnosjioxeHa Ha npa-
BOM, MeHbllasA — Ha neBoM 60pTy oBpara. OcTtaHel,
euie o4HOro He6ONbLWOro KOHyca, nepekpbiBatLLe-
ro CO6CTBEHHbIN NaBoOBbIli NOTOK, O6GHaXeH y 6pOBKY
neBoro 6opTta A0NAUHbLI p. BynkaHHOW, B 2 KM Bbille
Bojonaja.

Mopoabl NO6GOYHBIX KOHYycOB MYTHOBCKOro-3
npeactasfieHbl WUCKAOUYUTENbHO 6asanbTamu, 3a-
METHO pasnunyanlwmumMmmnuca o60oraweHHoCTbI0 naaru-
OKN1a3oM Yy MPOpPbLIBOB, MPOUCXOAMBLUWUX Bbllle Ha
CKMIOHAax, W TAXeNbIMW TEMHOLUBETHbIMW MUHepa-
namu (0OIMBMHOM W NUPOKCEHOM) B NPOAyKTax u3-
BEPXEHWNN HA HU3KUX BbICOTHbIX YPOBHSX.

Kanbpepa BynkaHa MyTHOBCKWIi-3 npeacTas-
nseT ogHy (CeBepoO-BOCTOYHYHK) W3 OBYX KPYMHbIX
coobuarumMxcsa BnaguH, pacnosioXXeHHbIX COOTBET-
CTBEHHO Ha €ero BepLWWHE M Ha BeplUHE KOHyca
MyTHOBCKOro-4 (puc. 2 n Huxe puc. 3). jlo nocneg-
HEro BpEMEHU ee Ha3biBaNn «CEBEPHbIM KpaTepom»
UM CeBEPHOWN YacTbl «CABOEHHOTO», «BOCbMEPKO-
o6pa3HOro kpatepa» By/ikaHa MyTHOBCKWii, npeg-
nonarass B3aMMOCBSA3aHHOCTb W OAHOBPEMEHHOCTb
obpa3oBaHMsA 06enx yacTein CTPYKTypbl, YTO MOF/10
6bITb NUWb nocne opmuposaHna MyTHOBCKOro-4.
OfHako MMEHHO AN CeBepo-BOCTOYHOW ee yacTtu
Hanbonee 060CHOBAHO oOMNpeAesieHNe «BEPLIUNH-
Has Kanbjepa»: [ANA Hee yCTaHOB/E€Hbl COOTBET-
CTByHOUWME OTNOXEHUA Kanbpepoobpasywluiero

Bug c ceBepa akTUBHOM 30HbI Ha KOHycax MyTHOBCKOro-3 v -4. TepMasibHOe 03epo B KpaTepe BHYTPEHHEro koHyca MyTHOBCKOT -4, 06HOB/IEHHOTO

n3sepxexvem 2000 r., npaBee —AKTUBHaA BopoHka

N northern view of the active zones at cones of Mutnovsky-3 and -4 volcanoes. Thermal lake in the crater of internal cone of Mutnovsky-4 volcano

renovated by the eruption in 2000, to the right the Active Funnel.
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the past eruptions prevail in foot section.

Basalts also prevail sharply in this part of the vol-
cano, though, as awhole, the whole spectrum of rocks
up to rhyodacites inclusively is represented in it.

Owing to the extensive outcrop of the section of
Mutnovsky-3 volcano a zoning of gas-andhydro-
thermal alterations of rocks which is general for
many volcanoes can be seen well in it. It is controlled
by the sequence of their bedding. Western part of
Mutnovsky-3 volcano structure is distinguished
by the higher degree of alteration and mainly
superimposed, independent of bedding, character.
In it all current gas-and-hydrothermal activity of Mut-
novsky-3 volcano is concentrated. Here, in rocky
scarps one can observe zones of argillizites, opalites
intersecting bedding of rocks and mineralization with
gypsum, and in some places with sulphides and
calcite.

Mutnovsky-3 volcano is more than other parts of
volcanic massif rich in adventive cones. Large group
of them is located at its south-western foot; three
cones more are stripped by the valley of Vulkannaya
river (Fig. 2), that makes it possible to see their
structure.

Rocks from the adventive cones of Mutnovsky-3
volcano are presented by basalts, exclusevely, which
differ noticeably in enrichment with plagioclase near
breakthroughs that occurred higher on the flanks,
and heavy dark-coloured minerals (olivine and pyro-
xene) in products of eruptions at low height levels.

Caldera of Mutnovsky-3 volcano represents one
(north-eastern) of two large communicating basins
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located, correspondingly, on its summit and on the
summit of Mutnovsky-4 volcanic cone (Fig. 2 and
Fig. 3 below). Up to the recenttime itwas called «no-
thern crater» or northern part of «doubled» «eight-
like crater» of Mutnovsky volcano, assuming the
intercommunication and simultaneity in formation of
both parts of the structure, that could be only after
formation of Mutnovsky-4 volcano. However, just for
its north-eastern part a determination «summit cal-
dera» is mostly well-grounded. Corresponding de-
posits of caldera-forming pyroclastic eruption which
were not preserved in calderas of previous cones of
Mutnovsky volcano are determined for it.

Caldera of Mutnovsky-3 volcano has on a plan an
oval, elongated to north-west shape and dimensions
according to the axes — 1.5 x 2.0 km. It is displaced
to north-western flank of mother structure and has
an asymmetric longitudinal profile with heights of
south-eastern scarp edge — 2185 m, north-western
part— about 1700 m and primary bottom level about
1400-1450 m. South-western flank of caldera was
destructed after formation of large crater of Mutnov-
sky-4 volcano which united with caldera.

Deposits connected with caldera (complex M
Fig. 2) are represented now by considerably eroded
pumice covering which covers north-western foot of
Mutnovsky-3 volcano and is overlapped, in its turn,
by lavas of Mutnovsky-4 volcano. Thickness of the
covering gradually increases while moving away from
caldera and reaches 80—100 m in section of Pemzo-
vaya and Tarbaganya mountains beyond which it
pinches out sharply. It is assumed, that a part of



NMPOKNACTUYECKOTO W3BEPXEHWUSA, HE COXPaHUB-
lwunecsa y Kanbaep npeflecTBYyOWNX KOHycoB MyT-
HOBCKOTO.

Kanbpepa MyTHOBCKOro-3 wumeeTr B nJjaHe
0BaJIbHYI0, YAJIMHEHHYIO K ceBepo-3anagy popmy u
pasmepbl no ocam 1,5x2,0 km. OHa cmeweHa Ha
ceBepo-3anafgHblil CKIOH MaTEPUHCKOW MOCTPONKK
M MMeeT aCMMMETPUYHBLIA NPOAOSbHBLIA Npoduab C
BbICOTaAMMN KOT0-BOCTOYHON KpOMKM ycTyna 2185 wm,
ceBepo-3anagHoin yactm okoso 1700 m u nepeuY-
HbIM ypoBHeM gHuwa nopagka 1400-1450 m. KOro-
3anagHblii 60pT Kanbgepbl 6bl1 paspylweH nocrne
obpa3oBaHUA COeAMHUBLIETOCA C HeW KPYMHOro
Kpatepa MyTHOBCKOro-4.

OTNnoxeHns, CBSA3aHHble C Kanbhepon (komn-
nekc M Ha puc. 2), npeacrtasB/ieHbl HblHE 3HAYU-
Te/IbHO 3POAMPOBAHHLIM NMEM30BbIM MOKPOBOM, Bbl-
cTMNnawwmnm cesepo-3anajgHoe NoAHOXME ByJiKaHa
MyYTHOBCKMWIA-3 1 MNepekpbiBaeMbiM, B CBOW Ou4e-
peab, naBamu MyTHOBCKOro-4. MOWHOCTbL NOKpPOBa
NOCTEMNEHHO yBEeNWYMBAETCA Ha yAasleHUn OT Kaflb-
pepbl n gocturaet 80-100 m B paspese rop lNem3so-
Bas U Tapb6araHbs, 3a KOTOPLIMU OH PE3KO BbIKNHM-
BaeTcsd. [pegnonaraeTcs, 4To YacTb NOKpPoBa, Npo-
LO/KaBlWas ero B 3TOM Hanpas/ieHuu, oTnoxunach
Ha MOBEPXHOCTb JleflHNKa, pacrnpocTpaHsaBLIerocs
13 Kanbfepbl cocefHero BynkaHa [openblii, U nm
Oblfla yaaneHa. NMeM30BbIl MOKPOB BKAKOYAET C/AOUC-
Tble OTNOXEHNA nem3onanos (Tedpy) n HecopTUpo-
BaHHble, HEC/IOUCTble OT/IOXKEHUA MupokKnacTuye-
CKMX MOTOKOB. B MecTax Haumbonblein MOLLHOCTHU
OHW CLEMEeHTUMPOBaHbl B TPeL,MHOBATbI MOHONUT

cnekaHWeM Wnu, BO3MOXHO, TMAPOXMMUYECKON Ue-
MeHTaunen. OTaenbHblE TOPU30OHTHI MEM3 MPOC/IO-
€Hbl OT/IOXEHUAMU COMPOBOXAABLINX U3BEPXKEHMNE
KPYMHOTMNbIGOBbLIX TPsA3eKaMeHHbIX MOTOKOB (faxa-
poB).

Hanuune cBA3aHHbIX C Kanbaepoii MyTHOBCKO-
ro-3 NMpokKnacTUYECKUX OT/IOXEHUI onpenenseT ee
KaK CTPYKTYpy KOMMEHCaLWOHHOro, B3pblBONpPOBa-
NIbHOTO MPOMUCXOXAEHWUSA B pe3ynbTate ob6pyweHns
KPOBNM ONYCTOWEHHOTO U3BEPXEHNEM Marmatuye-
ckoro oyara. Cxo4cTBO C Heil No pa3mepam U NoJso-
XEHUI0 BEPLIMHHbIX Kanbaep ABYX PaHHUX KOHYCOB
MyYTHOBCKOTO, 13-3a AJINTENbHOW 3p0o3nmn 1 onepje-
HEHWI He COXpaHMBLWIKNX MaTepuana kaabaepoobpa-
3YIOLWNX U3BEPXEHWIA, NO3BONSAET U AN1S HUX npej-
nonaraTb aHa/OrMYHbI MexaHn3M o6pa3oBaHus.

Mo3gHee B 3anafHoOW u ceBepo-3anagHon vac-
TAX BO3HMWKWEN Kanbaepbl BO306HOBMAACb BYJiKa-
HuYeckas akTUBHOCTb: (DOPMUPOBaHNE BHYTPUKASIb-
AepHoro 6asanbT-aHA4Ee3nTOBOrN0 KOHyca W poCT
3KCTPYy3un puogaumtoB (komnaekc M Ha puc. 2),
NpoAoMXaBLWNiics, BEPOATHO, U BO BpeMs AesiTeNb-
HOCTUW cnejyoLero BynkaHa B Maccmse MyTHOBCKO-
ro — KoHyca MyTHOBCKOro-4. dparmeHTbl naBonu-
pOK/IacTUYECKON MNOCTPONKN BHYTPUKANbLEPHOTO
KOHyCa, 4acTU4YHO CKpPbITOrO A€4HUKOM U pacune-
HEHHOTo AO/IMHOW p. BynkaHHON, BbIXOAAT no 60p-
Tam nocrefHel B palioHe Tak Ha3biBaemMoro [JoH-
HOro pymaponbHoro nons. CoxpaHuBlIASACHA 4acTb
IKCTPY3UN [ABYNUPOKCEH-NArMoKNa3oBblX puoja-
UMTOB, «pacnuieHHas» Tr1y60KO Bpe3atwmnmcs
3nech yuienbem p. BynkaHHoli, cnaraet ocHoBaHue
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covering which extended it in this direction deposited
on the surface of the glacier spreading from the cal-
dera of neighboring Gorely volcano and was removed
by it. Pumice covering includes bedded deposits of
pumice falls (tephra) and unsorted and unbedded
deposits of pyroclastic flows.

Presence of pyroclastic deposits connected with
caldera of Mutnovsky-3 volcano determines it as the
structure of compensating explosion-pit origin as a
result of overhead stoping of magmatic chamber de-
vastated by the eruption. The likeness with it due to
the dimensions and position of summit calderas of
two early cones of Mutnovsky volcano, because of
long erosion and glaciations which did not preserve
material of caldera-forming eruptions, let us to assu-
me an analogous mechanism of formation for them
also.

Later in western and north-western parts of cal-
dera that had occurred volcanic activity recommen-
ced: formation of the intracaldera basalt-andesitic
cone and growth of rhyodacite extrusion (complex
M , Fig. 2) which continued, probably, during the
activity of the next volcano also in massif Mutnovsky
volcano — Mutnovsky-4 volcanic cone. Fragments of
lava-pyroclastic structure of intracaldera cone,
which is partially hidden by glacier and broken down
by the valley of Vulkannaya river, appear along
slopes of the valley in the region of so-called Bottom
fumarolic field. Preserved part of extrusion of bipy-
roxene-plagioclase rhyodacites which is deeply «cut
up» by the canyon of Vulkannaya river cutting here
into forms a basement of right-bank Upper fumarolic
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field and western frame of Bottom field. Growth of
ex-trusion was accompanied with intensive gas-and-
hydrothermal activity, here and there its rocks are
crushed and replaced with opal. North-western side
of the extrusion at the way out of caldera (place of
rising to Bottom field) is covered with a mantle of
clumpy deposits cemented to breccia which rep-
resent remains of so-called agglomerate mantle —
material crumbled from the slopes of growing extru-
sive dome and hydrous ferric oxides and opal united
by caking or secondary mineralization.

By the moment of cutting of the Vulkannaya river
valley into north-western flank of Mutnovsky-3
volcano extrusion, to all appearance, represented a
peculiar dam which propped up intracaldera glacier
and lake existing with it. Development of extrusion
ended with a large explosive eruption about 4000 ye-
ars ago which destructed its considerable part and
was accompanied by disastrous lowering of water-
icy mass of the lake. Corresponding deposits are
presented with 0.2 — 1.5-meter layer of crushed, he-
re and there secondarily cemented, opalites in a nar-
row band along the banks of Vulkannaya river (explo-
sion of fumarolic field) and with a wide, up to 3 km,
fan-like train of clumpy material which overlaps
them. Inthe last one rhyodacites of extrusion prevail.
Giant, up to 5-6 m in diameter, and especially noti-
ceable on the surface blocks of breccia which is
analogous to the described material of mantle of ex-
trusive also prevail.



BNoK MaHTUIiHOWM 6pekyunn BHYTpPUKasibAepPHOM aKCTPY3un MyTHOBCKOro-3,
nepeHeceHHbI naxapoM K ero NoAHOXUI0

Block of pallial breccia of the intracaldera extrusion of Mutnovsky-3
volcano, transferred by lahar to its foot

npaBobepexHoro BepxHero goymaposibHOro nons u
3anagHoe o6pamneHune [OHHOro. PoCT 3kCTpy3uu
CONpPOBOXAascst UHTEHCUBHOI raso-rugpoTepmarb-
HOli esTeNbHOCTbLIO, MECTaMMn ee NopoAbl pa3apo6b-
neHbl M 3ameweHbl onanom. CeBepo-3anafHblil
CK/IOH 3KCTPYy3uu y BbiIxoga M3 Kanbfepbl (MecTo
nogbema K [JOHHOMY MO/I0) MNOKPbLIT nNaawom cue-
MEHTUPOBAHHbLIX B 6PEKUYNI0 TNbIGOBbLIX OT/IOXEHUI,
npeacTaBNsAWMX OCTaTkM TaK Ha3blBaeMOW arno-
MepaToBO/ MaHTUM — maTepuasna, ocbinasLIerocs
CO CK/IOHOB pacTylWero 3KCTPY3MBHOIO Kynosa wu
CNassHHOTO cnekaHueM Wau BTOPUYHON MWHepanu-
3auuein onanom urugpookucnamm xenesa. lNMokasa-
TeNbHbIM CBMUAETENIbCTBOM CUHXPOHHOW 3KCTPY3WB-
HOMY Npoueccy ra3ormgpoTepmManbHOn aKTUBHOCTHU
ABNAETCHA WMpPOKas BapuaTUBHOCTb CTENEeHU usme-
HeHHoe™ maTepunana MaHTUIAHON Gpekynun, B KOTO-
poii 6biBalOT pPAAOM cnasiHbl TNblObl COBEPLIEHHO
CBEXWUX CTeknoBaTblX puMogauuTOB U UX Xe, Non-
HOCTbIO NpeBpaLyeHHbIX B ONanuT.

Ko BpeMeHM Bpe3aHusa foNunHbl p. BynkaHHOW B
ceBepo-3anagHbiii CKNOH MYTHOBCKOro-3 3KCTpy-
31, No Bceli BMAMMOCTM, NpeacTaBnsia cBoeob-
pasHyw nAoTUHY, NOANWPaBLUY BHYTpuUKanbaep-
HbIl NeAHUK W cyuiecTBOBaBlLIee MPU HEM 03epo.
Pa3BuTue 3KCTPy3uun 3aBepLUINIOCH KPYMHBIM B3pPbl-
BHbIM U3BEPXEHNEM, pa3pyLlMBLIUM 3HAYUTENTbHYIO
€e yacTb M CONpPOBOXAaBLWMMCA KaTacTpoguue-
CKMM CNyCKOM BOAHO-NeAssHOW maccbl o3epa. Cobbl-
TMe pJgatupyeTtcs TepOXpPOHO/iOraMu BpPeEMEHEM
okono 4000 net Hasapg. CooTBeTCcTBYyHLWME OT/O-
XeHusa npepcrtasneHol 0,2—1,5-MeTpOBbIM C/1I0EM
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Mutnovsky-4 volcano

The youngest fourth cone of the volcano (comp-
lex M , Fig. 2) was born and developed at south-
western flank of Mutnovsky-3 volcano. It distorted
the former ridged form of the massif. Time of its acti-
vity fell on the end of Glacial and first stages of Post-
glacial, Holocene epochs (from 11 thou, years ago).

Current height of its cone is 1941 m, volume —
3.8 km'. Cone is crowned with a rounded crater of
unclear origin — perhaps, it is also a summit caldera.
Diameter of the crater is 1.3 km, it is partially filled
with the latest volcanites and glacier. From north-
east it, as have been noted, is widely communicated
with caldera of Mutnovsky-3 volcano. In a whole
crater is correlated with the cone and, in contrast to
caldera that have been mentioned, has even subho-
rizontal edge of ridge. Surface of the cone is broken
down by a great number of rather shallow barran-
coes. Apparatuses of adventive eruptions are ab-
sent on the flanks.

Mutnovsky-4 is formed exclusively by olivine-
plagioclase (+ augite) basalts, which vary in content
of phenocrysts of these minerals and, correspon-
dingly, oxides of aluminium, magnesium and iron. No
deposits are determined with outburst of which for-
mation of crater-caldera of this very cone can be
connected. Undifferentiated and uniformously ba-
saltic composition of the products of its activity let us
to assume, that summit structure could have a
collapse origin peculiar to such volcanoes — as a re-
sult of underground outflow (lateral magma invasi-
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on) of magma from chamber-channel system.

Like in calderas of early cones, in the crater-
caldera of Mutnovsky-4 volcano volcanic activity al-
so recommenced later. It resulted in the formation of
andesite-basaltic cinder cone. Vent of this structure
broke practically on the ridge of northern wall of
Mutnovsky-4 crater, that is why in straitened space
only sector, j of normal cone, had formed. Its crater,
had been stripped now by the head of Vulkannaya
river, had oval shape and dimensions according to
the axes 300 x 600 m. Absolute height of edge was
1770 m, height over bottom — up to 230 m. In 1959-th
inthe crater of cone awarm (up to 42 °C in 1954) lake
existed where sulphuric muds precipitated. Later, till
the spring, 2000 its basin was occupied with ice.
Cooling ofthe lake could be caused by the reconstru-
ction of its heat-supplying structure in connection
with the eruption of 1960—1961 from nearly situated
young crater of Mutnovsky volcano— Active Funnel.

The cone itself is almost completely overlapped
by the glacier, with the exception of large outcrop of
pyroclastic mass in southern wall of its crater. Here,
under 2—5-meter band of cinders and talus deposits
which envelope flanks of the crater, periclinally oc-
curring mass of cinders of bipyroxene andesite-
basalts (thickness up to 120 m) is stripped. Cinders
are altered and mineralized with gypsum in some
places. Lavas in section of the structure are not strip-
ped.

In March, 2000 crater of the internal cone of Mut-
novsky-4 volcano became the main centre of volca-
nic activity again — its new eruption described below.



ApO6NeHbIX, MecTaMu BTOPWYHO CLEMEHTUPOBAH-
HbIX ONasnTOB B y3KOWN mosioce no 6eperam p. Byn-
KaHHOW (B3pbIB PyMapobHOro Noasf?), u WUPOKUM,
o 3 km, BeepoobpasHbiM wWwAelidom nepekpbl-
BawLlero ux rneiboBoro matepuana. B nocnegHem
npeobnagatnT puofaunTbl 3KCTPY3MU M OCOBEHHO
3aMeTHble Ha NOBEPXHOCTW rUraHTckue, oo 5—6 m B
nonepeyHuke, 6710kn 6GpPeKYUN, aHas/IOTMYHOI OMK-
CaHHOMY MaTepuasly MaHTUM 3KCTpy3uBa. Bepwu-
HOl ropbl TapbaraHbeli wWendg pasgeneH Ha gBa
pykaBa. Hapsay c oTcyTCTBMEM BUAUMON COPTUPOB-
KN 0610MKOB M 6/10KOB MO KPYNHOCTU B 3aBUCUMOC-
TV OT paccTOsAHMSA A0 UCTOYHMKA 3TO yKa3blBaeT, YTo
MEXaHU3MOM UX TPAHCMNOPTMPOBKWU OblJT HE TOMLKO
cam B3pbIB, HO U NEPEHOC XJIbIHYBLUIEA BOAHO-CHEX-
HO-NleAsiHOI Maccoi. MpocnexeHHasa AgnvHa wWniei-
ha oTnoxeHulii 3TOro noTOKa-naxapa pgocTturaetr
6 kM, BN1O0Tb A0 p. OCBUCTAHHOIA.

BynkaH MyTHOBCKWIi-4

Camblii M010p[0M, 4YeTBepTbii KOHYC BYyJ/KaHa
(komnnekc M Ha puc.2) 3apoguscsa U poc ro-3a-
nagHoM cknoHe MYTHOBCKOro-3, uckasuB O6bliyto
xpebTtoobpasHy dopmy Maccusa. Bpemsa ero ge-
ATENbHOCTN NPULLIOCH HA OKOHYaHUe NefHNKOBOW U
HayasibHble 3Tanbl NocaenenHUKOBOW, rON0LEHOBO
anoxu (oT 11 TbiCc. NeT Has3apg).

CoBpemeHHas BbiCOTa €ro kKoHyca pocturaet
1941 m, o6bEM 3,8 kM . KOHYC BeH4YaeT OKpyr/blii
KpaTep HeACHOTO NPOUCXOXAEHNA — BO3MOXHO, 3TO
TOXe BeplwunHHaa kanbaepa. AnameTp kpatepa coc-

TaBnset 1,3 KM, OH YaCTUYHO 3aMnoJiIHEeH NO34HEeLW n-
MU By/nKaHuTamun u negHukom. C ceBepo-BOCTOKA,
KaKk OoTMe4yanocb, OH WWPOKO coobuiaeTcsa C Kasb-
Aepoin MyTHOBCKOro-3. B uefniloM KpaTep COOCEH
KOHYCY W, B OT/n4yMe OT YNOMSHYTON Kanbgepsbl,
UMeeT POBHYI Cy6ropusoHTasnbHYl KPOMKY rpeb6-
HA. MTOBEPXHOCTb KOHyCa pacy/ieHeHa MHOXeCTBOM
Herny6oknx 6appaHKocoB, annapartbl NO60YHbIX N3-
BEPXEHW Ha CKIOHaxX OTCYTCTBYIOT.

MYTHOBCKMN-4 CNOXEH UCKMOUYNTENBHO ONTUBUH-
naarmoknasoBbiMu (£ aBruT) 6asanbrTaMu, HECKOSb-
KO BapbWpylLWMWMN NO COAEPXAHWUID BKPanIeHHU-
KOB 3TUX MUHEpasioB U, COOTBETCTBEHHO, OKWCJ/10B
anoMuHnAa, marina nxenesa. He yctaHaBnvBaeTtcs
KaKnx-nmbo OT/MI0XEHWIA, C BbIGPOCOM KOTOPbIX MOT-
no 6bITb CBA3HO o6pasoBaHMe KpaTepa-kanbgepbl
3TOro KoHyca. Hepgnd g epeHumpoBaHHbIli, 04H006-
pa3Ho 6as3anbTOBbIA COCTAaB NPOAYKTOB €ero pges-
TE/IbHOCTWN NO3BOMAET NPEANOSI0OKUTL, YTO BEPLUWNH-
Has CTPyKTypa Morjia MMeTb CBOWCTBEHHOE Takum
BYy/IKaAHaM MpoBasibHOE NPOUCXOXAEeHUe — B pe3y/ib-
Tate noA3emMHOro oTtTtoka (60KOBOro BHeapeHus)
Marmbl U3 CUCTEMbI o4ar-kaHar.

Kak n B kKanbfepax paHHUX KOHYCOB, B kpaTepe-
kanbaepe MyTHOBCKOTro-4 nosgHee Takxe BO306OHO-
BUacb BynKaHuyeckasa peaTenbHoOCTb. Ee pesynb-
TatToM OblI1I0 pOopMUpOBaHME aHAe3uTo-6a3anbTo-
BOrO WNAKoOBOro KoHyca (Komnsekc M\ Ha puc. 2).
Xepno 3Toli NOCTPOKM NPOpPBANOChH MPakTUYecKn
Ha rpebHe CeBepHOW CTeHKM kKpaTtepa MYTHOBCKO-
ro-4, oT4yero B CTECHEHHOM NPOCTPAaHCTBE CPOpPMU-
poBasicsa NuWb cektop, ~ 1/4 HopmManbHOro KoHyca.
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Ero kpaTtep, HblHe BCKpbITbIi MCTOKOM p. BynkaH-
HOW, MMen oBa/ibHYH (JOPMY U pa3mepbl N0 OCAM
300x600 m, abconTHasA BbiCOTa KPOMKK gocTurana
1770 m, BbiCcOTaA Hag AHMWem — o 230 m. B 1950-e
rofbl B KpaTepe KOHyca cyuwecTtBoBasio Tennoe (4o
42 CB 1954 r1.)03epo, BKOTOPOM Ocaxpgasnuchb cep-
Hble unbl. Mo3gHee, BNIOTL A0 BecHbl 2000 r., ero
BnagunHa 6bina 3aHATa NbAom. OcTbiBaHWe o3epa
MOr10 6bITb BbI3BAHO NEPECTPOIKOA ero Tensonoa-
BOASALLEN CTPYKTYpbl B CBA3U C u3BepxeHmem 1960-
61 rr. U3 pAAOM PacrnosloKEeHHOro Moao40ro Kparte-
pa MyTHOBCKOTro By/sikaHa — AKTUBHOW BopoHku.

Cam KOHYC No4YTu MNOJIHOCTbIO NepekpbIT NefHu-
KOM, 3a UCKNOYEeHUeM KPYNHOro BbiXxoda Nupokna-
CTMYECKON TONWM B KXHOI CTEHKe ero kpaTepa.
3pecb, nog 2—5-MeTpOBOW Naykol LIAaKOB U OCbl-
MHbIX OT/IOXEHWUI, o06neKkalwlWnx CKIOHbI KpaTepa,
BCKpbIBAeTCA MepuknnuHanbHO 3aserawwaa Tonwa
WNaKkoB ABYNWPOKCEHOBBLIX aHpe3nTo-6a3anbToB
MOLWWHOCTbIO A0 120 M. Wnaku mectamMn U3SMEHEHDI U
MUHepasin3oBaHbl runcom. JlaBbl B paspes3e NOCT-
POWKN He BCKPbITHI.

B mapTte 2000 r. kpatep BHYTpPEHHEro KoHyca
MyTHOBCKOro-4 BHOBb CTasl r/laBHbIM LLEHTPOM ak-
TUBHOCTW BYJIKAHA — €0 HOBOIO U3BEPXEHUA, OMNu-
CblIBAEMOT0 HUuXe.

CoBpeMEeHHbI BYJIKAHN3M MYyTHOBCKOroO

Mo3gHeliwnii aTan geAaTeNbHOCTM ByfkaHa MyT-
HOBCKMWIA B OCHOBHOM 6bl1 CBSA3aH C AKTUBHO BOpoOH-

KpaTep BHyTpeHHero koHyca MyTHOBCKOro-4 0 ussepxeHus 2000 r
Crater of the internal cone of Mutnovsky-4 volcano before eruption in 2000

KON — MOM04bIM B3pPbIBHbIM KpaTepoM, BO3HUKLWUM
Ha obuwem rpebHe kanbaepbl MyTHOBCKOro-3 u kpa-
Tepa MyTHOBCKOro-4. Ee pacnosioxeHue oTpaxaeTt
HOBbLI 3Tan nepecTpoiikn MarmMonpoBoAsALL e
CUCTeMbl BYyJfIKaHa: nocfnepoBaTesibHOe JUHENHoe
cMelleHne 3pynTUBHbLIX LLEHTPOB C BbIXOA4OM 3a npe-
Jenbl paHee KOHTPO/UPOBABLIEN WX CTPYKTYpbl —
KpaTtepa-kanbgepbl MyTHoBckoro-4 (puc. 2, 3). Kak
nokasano nssepxexHue 2000 r., 3To cmeL,eHne, npu
coxpaHeHun o6LWeil HanpaB/EeHHOCTU, MMeeT npe-
pbIBUCTBIM, BO3BPATHO-NOCTYNaTe bHbIA XapakTep.
BopoHka wnMeeT oOBajibHyl (opMy C AJIMHOWN
oceit 300 n 450 m, nonoroe gHuwe Ha ypoBHe 1526—
1530 M 1 KpyTble cKaslbHble CTEHKM BbICOTOI OT 80 A0
190 m. OHa no4yTM LesMKOM BbipaboTaHa B ToJiLe
nopos MYTHOBCKOro-3, nepekpbiBaeMblX JUllb
OAHVM NOTOKOM 6a3asibTOB M CMNOEM LWNakoB MyT-
HOBCKOro-4. Hanbosiee nosHbiii paspes OT/I0XKEHUI
n3BepxeHusa, obpasosaBllero AKTUBHYIO BOpPOHKY,
MOXHO BUAETb B CKA/IbHOM BbICTYNe cpeaun nefHuka
Yy NOAHOXMNA BOCTOUYHOI CTEHKM KpaTepa BHYTPEHHe-
ro KoHyca MyTHOBCKOro-4. B Hu3ax paspesa 3fechb
ob6HaxaeTca nayka YepHbIX C/MOUCTbIX BY/KaHuyec-
KUX MecKoB MOLWHOCTbIO 0 6-7 M. Ha Hee Haneraert
8-MeTpOBbI NAACT B3PbIBHbIX MbIGOBbIX OT/I0XEHN
M3 N3MEHEHHbIX MOPOJ CTEHOK BOPOHKM C pegkumu
BKpanneHnsamm 60mM6 4YepHbIX HBEHWU/bHbLIX (K3
CBeXeW marmbl) aHgesuto-6asanbtoB. [ocnegHue
npeactaBnaT cobon rMbpuaHy nopoay co cme-
WaHHbIMK accounaLmaMm MUHepasoB-BKpanseH-
HWKOB, W, B YACTHOCTU, C XapaKTePHbIMU KPYMHbIMU
cpocTkamu nnarvoknasa (aHopTuTa), OJINBMHA MU
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Puc. 3.
Feonoro-mopdonornyeckass cxema KanbAepHO-KpaTepHOi

30HbI By/IkaHa MyTHOBCKWUIA.

1 — wnakn n3BepxeHusl, obpasoBaBLlero AKTUBHYO BOpPOHKY BynkaHa; 2 —
03EpHbIE OTNIOXEHUA; 3 — OT/IOKEHUS O06BaIOB, J/IE[HNKOBbIE OT/IOXKEHUS
(MopeHa); 4 —nefgHuKKn; 5 — WwnakoBble Tybl BHYTPEHHETO KOHyCa B Kpatepe
MyTHOBCKOro-4; 6 — B. MyTHOBCKWIiA-4; 7 — naBbl U WNakN BHYTPEHHErO KOHyca
B Kanbfepe MyTHOBCKOro-3; 8 — B. MyTHOBCKUIA-3; 9 — BHYTPEHHUIA KOHYC B
Kanbgepe B. MyTHOBCKUii-2, Tycbl 1 nasa; 10 — B. MyTHOBCKMiA-2; 11 — B.
MyTHOBCKMiA-1; 12 — ocTaHeLl, BHYTPUKa/ibAepHO NOCTpoikn MyTHOBCKOro-1;
13 — 6pekunn 06pyLIEHNA KanbAEPHbIX U KPaTePHbIX CTEHOK W AHuWL; 14 —
NnaBoBble W TychoBble XeprioBUHbI; 15 — paiikn; 16 — diymaponbl U ras3osble
CTPYM Ha Cxeme v Ha paspesax; 17 —ycTynbl Kanibep 1 KpaTepos By/ikaHa, oT
[APEBHUX K MO/IOABIM; 18 — 6POBKM YLLeNunii 1 06BasTbHbIX LMPKOB; 19 —Tpona.
BN — BepxHee cymaponbHoe none; AM — [loHHoe none; BK — BHYTpeHHWii
KOHyc MyTHOBCKOro-4; AB —AkTuBHas BopoHka; A-XX—nuHun paspesos.
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Fig. 3.
Geologic-morphological
Mutnovsky volcano.

1 _ cinders of the eruption which formed Active Funnel of volcano; 2 — lake
deposits; 3—deposites of collapses, glacial deposits (moraine); 4 —glaciers; 5
—cinder tuffs of the internal cone in the crater of Mutnovsky-4 volcano; 6 —
Mutnovsky-4 volcano; 7 — lavas and cinders of the internal cone in caldera of
Mutnovsky-3 volcano; 8 — Mutnovsky-3 volcano; 9 —internal cone in caldera of
Mutnovsky-2 volcano, tuffs and lava; 10 — Mutnovsky-2 volcano; 11 —
Mutnovsky-1 volcano; 12 — outlier of the intracaldera structure of Mutnovsky-1
volcano; 13 —breccias of collapse of the caldera and crater walls and bottoms;
14— lava and tuff volcanic necks; 15—dykes; 16 —fumaroles and gas streams
on scheme and in sections; 17 — scarps of calderas and volcanic craters, from
ancient to young; 18 —brows of canyons and collapse cirques; 19 — path. BN
Upper fumarolic field; AN Bottom field; BK internal cone of Mutnovsky-4
volcano; AB Active Funnel; A-)XX section lines.

scheme of caldera-crater zone of
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Currentvolcanism of Mutnovsky volcano

The latest stage of activity of Mutnovsky volcano
was mainly connected with Active Funnel — young
explosive crater, which had appeared at common
ridge of caldera of Mutnovsky-3 volcano and crater
of Mutnovsky-4 volcano. Its location reflects a new
stage of reconstruction of the magma-conducting
system of the volcano: consecutive linear displace-
ment of eruptive centres which go out the limits of
structure that controlled them earlier — crater-
caldera of Mut-novsky-4 volcano (Fig. 2, 3). As an
eruption in 2000 showed, this displacement, when
keeping general direction, had interrupted recipro-
cating character.

Funnel has an oval shape with the length of axes
300 and 450 m, gently sloping bottom on the level of
1526—1530 m and steep rocky walls with the height
from 80 to 190 m. It practically wholly is worked out in
rock mass of Mutnovsky-3 volcano which are over-
lapped only by one flow of basalts and layer of cin-
ders from Mutnovsky-4 volcano. The more complete
sequence of deposits of eruption which formed Acti-
ve Funnel can be seen in a rocky bench in the middle
of the glacier at the foot of eastern crater wall of
internal cone of Mutnovsky-4 volcano. In the low
parts of the section here a band of black layered
volcanic sands with thickness up to 6—7 m crops
out. A bed (8 m) of explosive clumpy deposits from
altered rocks of Funnel walls with rare dissemina-
tions of bombs of black juvenile (from fresh magma)
ande-site-basalts overlies it. Along sharp rough
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boundary these deposits of phreato-magmatic
stage of eruption were overlapped by 6-meter bed of
andesite-basaltic bombs and cinders analogous to
the mark-ed ones.

Time of origin of this crater is not determined exa-
ctly. Among four large explosive eruptions of Mut-
novsky volcano in Holocene period (7; 6; 4—4,1 and
1,2—1,3 thou, years ago) established by tephroch-
ronological method deposits of the last one are, most
likely, connected with Active Funnel. From its origin
Active Funnel is a place of manifestation of the inten-
sive fumarolic activity of volcano, and periodically —
a centre of more or less strong explosive eruptions.
From 1848, when first of the eruptions of Mutnovsky
volcano mentioned in literature was dated, there
were about 15 eruptions more with the intervals from
1—2 to 44 years. Next to the last, very short eruption
occurred in the last days in 1960 and first day in 1961.
All eruptions were of explosive, phreatic or phreato-
magmatic character, i.e. with loss of old crushed
rocks of structure (resurgent material) only or with
loss of the same ones with impurity of fresh (juvenile)
magmatic matter as cinders and bombs of andesite-
basaltic composition.

During the latest time volcano was characterized
by stable high gas-and-hydrothermal activity, total
heat power of which was analogous to continuous
eruption of moderate force.

On March 17, 2000 aregular episode of eruptive
activity of Mutnovsky volcano occurred. Itexpressed
by phreatic explosions in the crater of the internal co-
ne of Mutnovsky-4 volcano and in Active Funnel.



aBrnta. o pe3koii HEpPOBHOW rpaHuue 3TW OT/O-
XeHus opeatomarmaTmMyeckoin ctagum N3BepXeHus
nepekpbiBainCcb 6-MeTpPOBbIM NAacToM aHAe3uTo-
6a3anbTOBbIX 60M6 M LWNAKOB, aHANOTUYHbIX OTMeE-
YEeHHbIM. 3Ta NUPOK/JAcTMKa B KOPEHHOM 3aneraHumu
(0o 3—4 M) 1 ocbiNsX pacnpocTpaHeHa B BEpPLUUH-
HOM YacTu BYy/JKaHa K 3anapgy, tro-sanagy u tory ot
AKTUBHOWN BOpOHKY.

Bpemsi BO3HWKHOBEHNSA 3TOr0 KpaTtepa TOYHO He
onpegeneHo. W3 ycTaHOBNEHHbIX TedpoxpoHono-
rMYecKMmM MeTOAOM YeTblpeX KPYMHbIX 3KCNI03UB-
HbIX W3BEPXEeHNn MYTHOBCKOro B rosloL,EHOBOM ne-
pnope (7; 6; 4—4,1 n 1,2—1,3 TbiC. 1eT Hasaj) C
AKTMBHOIiI BOPOHKON, BeposiTHee BCEro, CBsi3aHbl
OT/NI0XKEeHNsA nocnegHero n3 HUX. C MOMeHTa BO3HWUK-
HoBeHNA AKTMBHasA BopoHka ABnseTca MecToM Mpo-
SIB/IEHNS UHTEHCUBHOI (PyMaposibHON gesTenbHOC-
TV BYJIKaHa, a nepuoanyeckn — LLeHTpom 6onee uau
MEHEEe MOLLHbIX 3KCM03NBHbIX U3BEpPXeHUIi. Haun-
Haa ¢ 1848 r., KOTOpbLIM faTMpoBaHoO nNepsoe U3 3a-
hunkcMpoBaHHbIX B nuTepatype u3BepXeHuin MyT-
HOBCKOro, Ux npon3owsio eu,e okono 15 c nHrepsa-
namu ot 1—2 no 44 net. lNpeanocnenHee o4eHb KO-
pOTKOE M3BEPXEHME MMESIO MECTO B MOCNEeAHNE AHU
1960 r. n nepBbiii geHb 1961 r. Bce m3BepxeHus
HOCUNN B3PbIBHON, hpeaTnyeckunii nnn dppeartomar-
MaTU4YeCcKnii xapakTep, T. €. C BBIHOCOM OAHUX N1LUb
cTapbix pa3gpobaeHHbIX Nopog nocTpolikn (pe3yp-
reHTHOro martepuana) Uam ux e ¢ NPUMeECb cBe-
Xero (IOBEHWNbHOr0) MarmMaTuM4yecKoro BeliecTBa B
BMAe WJ/AakoB U 60mM6 aHAe3nTo-6a3aibTOBOr0 COC-
TaBa. OgHMM M3 cnaraembiX ABUWXKYLWEN CUAbl TaKNX

U3BEpXeHnin ABnaeTcsa napoobpasoBaHue Npu KOH-
TakTe nojgHumarulenca marmMmbl C NMPUNOBEPXHOCT-
HbIMW TPYHTOBbLIMU BOJaMW.

Bce nosgHeliwee BpemMs By/KaH XxapakTepuso-
BasicA cTabunbHO BbICOKOW raso-rugpotepManbHOl
aKTMBHOCTbIO, CyMMapHasa TenjoBas MOLHOCTb KO-
TOpO/ aHanorMyHa HenpepbiBHOMY W3BEPXEHWIO
YMEPEHHOW CUsbl.

17 mapTa 2000 r. npou3owen o4yepenHoin anu-
300, 3pPYNTUBHOW [EATEeNbHOCTU BynkaHa MyTHOB-
CKOro, Bblpa3uBLIMACA (ppeaTnyeckumun B3pbiBamMmu
B KpaTepe BHYTpPEeHHero KoHyca MyTHOBCKOro-4 v B
AKTUBHOW BopoHke.

B3pbiB B KpaTepe BHYTPEHHETO KOHyCca B3/10Man
4yacTb 3aHMMaBLIEro ero AHO NeAHUKa u BbiHEC Cep-
HUCTble O03epHble OT/IOKEHUSA, MOKPbIBLIME CNOEM
(ao 0,5 M) BA3KOl Ccepoil rpA3M BeCb /IeAHUK B
KpaTepHO-KanbAepHOM KOMM/IEKCe U 6am3nexatyyto
Tepputopuio. B 06HOBMIEHHOM KPYTOC/IOHHOM Kpa-
Tepe gnameTpom 230—250 M pacTonsaeHHble (hyma-
pPO/MIbHBIMM ras3amMy ocCcTaTku Nbga, NONONHABLWIKECSA
06pylEeHNnAMM NegHuKa co CK/I0HOB, 3a 2—3 mecaua
obpasoBanu ropsyee o3epo. TemnepaTypa BOfbl B
BblTEKABWEN W3 Hero noja 6eperoBbiM NEeAHUKOM
p. BynkaHHoin B mioHe 2000 r. npesBbiwana 30 C.
K cepeguHe utonsa npotasna, obpywunacb u 6bina
pa3MmbiTa YyacTb fiefjHUKa, CKpbiBaBLas NCTok p. Byn-
KaHHOW, N YpOBEHb 03epa 3aMeTHO NMOHU3U/CA.

B3pbiB B AKTMBHOI BOpOHKE mMpou3owesn Ha ee
KpyTOM 3anagHoM CK/IOHe, B MeCTe pa3rpys3ku Hau-
6onee akTWBHbIX (hymapon. 3pecb obpa3oBanach
BOpPOHKa gnameTpom 80 M, BblOPOLWEHHbI U3 Hee
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CocTaBbl TUNMYHbLIX Pa3HOBUAHOCTEN Nopoa BynkaHa MyTHOBCKUIA

Tabnuua 1
Table 1

Compositions of typical varieties of rocks from Mutnovsky volcano

Bo3pacTHolM kKomnsiekc Ne Si02 Ti02 Al203 FeD3 FeO MnO MgO CaO NazO KD HAD HD= p2p5Cymma
Age complex n/n Sum
MyTHOBCKUA-1 1 5052 109 17.75 3.20 7.73 0.16 7.16 862 241 0.54 0.38 0.58 0.13 100.29
Mutnovsky-1 2 5156 104 2255 327 494 021 3.18 856 282 059 052 096 0.15 100.35
3 50.88 136 1849 5.77 6.32 0.26 4.78 7.50 2.94 0.54 045 0.64 0.18 100.11
4 5936 101 17.87 237 437 0.16 218 546 4.32 102 041 0.71 031 99.55
5 65.08 061 1584 3.24 187 0.14 167 4.34 392 196 0.89 0.24 0.10 99.90
MyTHOBCKWIA-2 6 50.88 1.26 17.90 2.03 8.10 0.22 536 9.76 2.70 0.60 0.35 0.81 0.21 100.18
Mutnovsky-2 7 5988 126 16.33 193 6.15 0.16 196 4.74 463 151 0.53 0.43 0.45 99.96
8 53.36 135 17.05 5.14 566 0.18 392 7.89 331 0.78 0.60 0.53 0.23 100.01
MyTHOBCKWIA-3 9 50.04 0.85 1935 2.70 6.12 0.12 5.06 10.70 2.28 0.544 0.80 0.93 0.16 99.65
Mutnovsky-3 10 72.38 0.57 1343 167 221 0.03 054 182 393 812 0.50 0.20 0.08 100.48
11 48.76 0.90 1731 113 5.88 0.11 8.00 10.64 2.01 0.27 041 120 021 99.64
12 65.90 0.71 1563 4.00 2.13 0.07 0.82 2.04 439 312 056 2.89 0.20 99.70
13 70.84 0.42 1470 2.05 150 0.02 0.30 190 3.55 312 0.38 1.18 0.09 100.05
MyTHOBCKNA-4 14 49.74 108 18.69 3.66 5.67 0.16 5.64 10.76 2.54 054 0.34 052 0.23 99.57
Mutnovsky-4 15 53.82 112 1741 214 741 0.16 4.04 8.88 2.64 0.98 0.19 0.22 99.01
16 54.02 100 17.37 250 6.38 0.15 500 895 3.09 120 0.06 0.19 0.18 99.60

1 — marHesunasnbHblii 6a3anbT, CeBepo-BOCTOYHOE MOAHOXME MyTHOBCKOro-1;
2 — BbICOKOI/IMHO3EMUCTbI 6a3anbT, 0ro-3anafHblii CKOH; 3 — BbICOKOXee-
31CTbIl 6asanbT, ceBepPHOE NOAHOXWE; 4 —aHAe3uT, I0XHbIA CKNOH; 5 — kBapL-
cofepxawmnini amn60n-6MOTUTOBbIA AAUNT C FTOMEOTeHHbIMU BK/IYEHUSAMUN
6a3a/ibTOB, CEBEPHbIN CKNOH; 6 — 6asanbT, I0ro-BOCTOYHOE NOAHOXME MYyTHOB-
CKOro-2; 7 — adhmpoBblii (heppoaHAe3nT, BOCTOUHbIA CK/IOH; 8 — aHAe3nTo-
6a3anbT BHYTPUKA/IbEPHOTO KOHyCca, BeplunHa ByikaHa (0TM. 2323 m); 9 —6a-
3a/1bT, CEBEPO-BOCTOYUHbIW CK/IOH MyTHOBCKOro-3; 10 — puogauuT, noTok B pas-
pese ceBepHOI CTeHKM KanbAepbl; 11 — marHesnasnbHblii 6a3ansT no6o4HOro
npopbiBa Y 10ro 3anajHoro NogHoXus; 12 —aauuT, neMsa kanbgepoodpasyio-
Liero nssepxeHns y r. Memsosoii; 13 — prnogauunt BHyTPUKaIbAEPHO IKCTPY-
3un; 14 — 6asanbT, 3anagHas 4vacTb kpaTepHoro rpebHs; 15 — aHgesnTo-
6a3anbToBbIN LWNaK BHYTPEHHero koHyca MyTHoBckoro-4; 16 — aHfesnTo-
6a3anbT, 6omba 13 0TNOXEHNI AKTUBHOV BOPOHKH.
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1 — magnesial basalt, north-eastern foot of Mutnovsky-1 volcano; 2 — high-
alumina basalt, south-western flank; 3 — high-ferriferous basalt, northern foot;
4 — andesite, southern flank; 5 — quartz-containing amphibole-biotite dacite
with homocogene enclaves of basalts, northern flank; 6 — basalt, south-eastern
foot of Mutnovsky-2 volcano; 7 —aphyricferroandesite, eastern fiank; 8—ande-
site-basalt of intracaldera cone, summit of the volcano (mark—2323 m);9 —ba-
salt, north-eastern flank of Mutnovsky-3 volcano; 10 — rhyodacite, flow in the
section of northern wall of caldera; 11 — magnesial basalt of side breakthrough
at south-western foot; 12 —dacite, pumice of caldera-forming eruption at Pem-
zovaya mountain; 13 — rhyodacite of intracaldera extrusion; 14 — basalt, wes-
tern part of crateral ridge; 15  andesite-basaltic cinder of internal cone of
Mutnovsky-4 volcano; 16 — andesite-basalt, bomb from the deposits of Active
Funnel.



rNbl6OBbIA
CKJ/IOHA.

O3epo B KpaTepe BHYTPEHHEro KoHyca MyTHOB-
CKOro-4, MNOCTENEHHO oOXJaxpaasCb, BHOBb MOKPbI-
nocb nbaom B3umy 2001/02 r., ucnegyrowmm neTtom
Ha Hem Habnwpganacb NUWb Yy3Kas MNOMbIHbA Y
BOCTOYHOro 6epera. CTonb 6bLICTPOE MNajgeHue nu-
TaBlero 03epo TenjioBOro NOToka ykasbiBaeT, 4TO
NpUYnHOW hpeaTnyeckoro n3sepxerHunsa 2000 r. 6bl-
no, no-euagnMomMy, BHegpeHue B 0O6BOAHEHHbIEe MNO-
poabl XepsioBO 30HbI BYy/lKaHa CpPaBHUTENbHO
MasioOMOLLHOrO MarmMaTuMyeckoro Tena (gamku).
OpHako BecHOW 2003 r. Hayasca HOBbIA pa3orpes
BOAOEMA, C ObICTPbIM TasHMEM J/ibAa W 3aMeTHbIM
HapacTaHueMm rasoBoli pasrpy3ku. BosmoxHo, npo-
M30WJ/I0 HOBOE BHeApeHWe MarmMbl, MOMNOSIHEHUE
NMPEXHEro Nan NpocTo CeCMOreHHoe NoAHOB/IEHNE
NOCTENEeHHO 3aKynopuBalLWMXCAa rasonpoBoaALL X
TpewuH. O3epo BHOBb 3aMep3/0 3umoit 2003/04 r.,
HO NOBTOpPHas akTuBM3auusa kKak O6yATo 3aTyxal-
ero BYJ/IKAHMYECKOro nmnpouecca He wucknwvaeT
MHTEpPEeCHble cO6bITUA B fanbHeiwem. lMopgob6Has
3pynTMBHaA AEeATeNbHOCTbL B KpaTepe BHYTPEHHEero
KOHyca MYTHOBCKOro-4, He ocTaBfiflowWasa oNnTenb-
HO COXpaHAKLWKNXca cnefoB, Morna HeoAHOKPaTHO
NPOSAB/IAETCA N B NPOLLIOM.

OnuncaHHble NPOABNEHNA AKTUBHOCTU — NPUMep
BbICOKOM ANHAMMWYHOCTN Pa3BUTUSA TAKOTO «XWBOro»
reosiormyeckoro obbvekta, kakum asnserca B. MyT-
HOBCKWN. B nepuopgbl ero aktmBu3aunm BO3MOX-
HOCTb KaXJOAHEBHOTo0 W3MEHeHWA O0O6CTaHOBKU U
0OMacHOCTb BHe3anHblX KatacTpo — B3pPbIBOB,

mMaTtepuan OTIoXNNACA Yy NOAHOXUA

o6Basnos, rpA3eBbIX MOTOKOB U T. N. — HeO6XO,qMMO
nMeTb BBMAY BCEM NOCETUTENTAM BYJ/IKaHa.

O cocTaBe M MPOUCXOXAEHUN NOPOA
By/ikaHa MyTHOBCKMUIA

B rnaBHbIX YyepTax coctas nopos MyTHOBCKOro
XapakTepeH A4N8 BY/IKAHOB, 3aHUMaLWUX NOA06HY0
€My TeOoCTPYKTYPHYIO NO3NLNI0 — BO (PPOHTANIbHOM
4yacTu 30HbI Nepexoja KOHTUHEHT — okeaH. Ero no-
poabl 06pa3yloT CNeKkTp CoOCTaBOB MO BO3pacTallLle-
My COfEpXaHU KPEeMHEKMCNOTbl: OT OCHOBHbIX —
6azanbToB (47-53 %SiO ), yepe3 NpPoOMEXYTOUYHbIE
cpegHne — aHpesnto-6asanbtbl (53-57 % SiO ) un
aHges3unTtbl (57-64% SiO ) Ao kucnblx — gayntos (64-
69% SiO ) n puonuto-gauyntoB (69-72% SiO.). 310
accoumauna reHeTUYeCKNn poaCcTBEHHbIX NOpo4, Npo-
M3BOAMMbIX N3 POAOHAYaIbHON 6a3a1bTOBON MarmMbl
npu ee oxXNaX[eHun n Kpuctannmsauum Ha nyTsax
nogbema M3 NOAKOPOBLIX My6WH K NOBEPXHOCTH, B
KaHanax u NPOMEeXYTO4YHbIX pe3epByapax-oyarax.
Mo o06WMM NEeTPoOXMMMYECKMM XapaKTepucTukam
3TO BbICOKOINIMHO3EMUCTasA, YMEpPEeHHOoLWeno4yHas
To/slenTtoBas cepus, T. €. 3BOJIIOLMOHMPYOLLAA CHa-
Yyana c npeMMmylecTBeHHbIM oboral,eHnem npome-
XYTOYHbIX, 6asanbT-aHAe3uTo-6a3anbTOBbLIX NOPOJ,
oKMcramu xenesa, a MWb 3aTeM — LWeno4yamm u
KpemHe3emoM. YacTb Takux nopof, ogHako, o6ora-
LWEeHHOCTN XeNne3om He obHapyxunBaeT n aTum 61n3-
Ka Mo TUNy K WHOW, Tak Ha3biBaemMoli W3BECTKOBO-
LLLesIOYHON cepun.
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Explosion in the crater of the internal cone broke
up part of the glacier which occupied its floor and
carried away sulphurous lake deposits which co-
vered with a layer (up to 0.5 m) of viscous grey mud
the whole glacier in crater-caldera complex and ne-
ighboring area. In renovated steep-sloped crater of
230—250 m in diameter remains of ice melted by fu-
marolic gases and filled up with glacier cavings from
the flanks formed a hot lake for 2—3 months. Tempe-
rature of water in Vulkannaya river flowing out of it
under coast glacier exceeded 30 °Cin June, 2000. By
the middle of July part of glacier which hid the head of
Vulkannaya river melted, collapsed and was washed
away, level of the lake decreased noticeably.

Explosion in Active Funnel occurred on its steep
western flank, in place of discharge of the most ac-
tive fumaroles. Here afunnel of 80 m in diameter had
formed, clumpy material which was thrown out of it
precipitated at the foot of flank.

Cooling gradually, lake inthe crater of internal co-
ne of Mutnovsky-4 volcano got covered with ice again
in winter 2001/02, and next summer only narrow
polynia near eastern coast was observed on it. So ra-
pid fall of the heat flow feeding the lake indicates, that
invasion of comparatively small magmatic rock body
(dyke) to flooded strata of vent zone of the volcano
was, probably, a cause of phreatic erup-tion in 2000.
However, in spring 2003 a new heating up of reservoir
began, with rapid ice melting and noticeable increase
in gas discharge. Probably, a new invasion of mag-
ma, addition to the former one or simply seismogene
renovation of gradually capped gas-conducting fissu-
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res occurred. Lake froze again in winter 2003/04, but
repeated activation as if dying volcanic process did
not exclude further interesting events.

On composition and origin of rocks from
Mutnovsky volcano

Mainly, composition of rocks from Mutnovsky
volcano is typical for volcanoes occupying geostruc-
tural position similar to it— in frontal part of the zone
of continent— ocean transition. Its rocks form aspec-
trum of compositions according to increasing content
of silicic acid: from main ones — basalts (47—53 %
SiO ), through intermediate average — andesite-
basalts (53—57 % SiO ) and andesite (57—64 %
SiO ) to acid — dacites (64—69 % SiO ) and rhyolite-
dacites (69—72 % SiO ). This is an association of ge-
netically related rocks produced from parent basaltic
magma with its cooling and crystallization on ways of
rising from subcrustal depths to the surface, in
channels and intermediate reservoirs-centres. Ac-
cording to the general petrochemical characteristics
it is high-alumina, mo-derately alkaline tholeitic seri-
es, i.e. evolving with primary enrichment of interme-
diate basalt-andesite-basaltic rocks with oxides of
iron firstly, and then only with alkalies and silica. Part
of such rocks, however, does not discover enrich-
ment with iron and by this reason is close by its type
to another, socalled calcal-kaline series (Table 1).

As has been noted, inthe structure of Mutnovsky
volcano basaltoids (basalts and andesite-basalts)



Kak oTmevanocb, B nocTpoiike MyTHOBCKOro ab6-
COJIIOTHO npeob6nagatT 6azanbTonbl (6asanbTbl U
aHae3nto-6asanbTbl), cnarawowune po 80% ee
obbema. [Mo CcTpykTypam, XMMUYECKOMY U MUHe-
panbHOMY COCTaBy OHU BapbupywT Mexay Tpems
KpakHUMW pPa3HOBUAHOCTAMMU: OTHOCUTENbLHO pea-
KUMU YMEpPEeHHO-MarHe3naabHbIMUW, C BKpan/eHHU-
KaMmy ONIMBWHA, aBruTa M KanbLMeBOro naarnoknasa
(aHOpTUTaA, BUTOBHUT-AaHOPTUTA); LIMPOKO pacnpoc-
TPaHEHHbIMU BbICOKOT/TMHO3EMUCTbIMU, CYLLECTBEH-
HO nnarvoknas3oBbiMu 6GasanbTamu; aduUpOBbIMU-
cyb6adunpoBbiMU (MOMHOCTbLIO WMAM MOYTUM He copep-
Xawmmy BKpanieHHWKOB) BbICOKOXENEe3NCTbIMM
6asanbTamu M aHgesnTo-6asanbtamu. ITU KpaliHue
pasHOBMAHOCTM Yalle BCTpevalwTCcA B MNOCTpOiike
MyTHOBCKOro-1, B 60/1ee MO/IO4bIX KOHycax npeob-
najarT nepexofHblie, NPOMEXYTOUHblEe PA3HOCTU.

Mopopabl cpefHEr0-KNCIOro cocTaBa cofepxart B
KayecTBe BKpan/JeHHWKOB 60s1ee HaTpOBbI/i naarmo-
knas (nabpapop-aHae3nH), ABa NnupokceHa (aBrut un
rMNepcTeH) U TuTaHoOMarHeTUT, Havyasno Kpuctanaun-
3auMn KOTOpPOro B BbICOKOXENe3UCTbIX cocTaBax
npekpawaeTt oborauieHme nopos Xenesom, U Ha-
npasfieHne 3BOMKOLUMN B CEPUN MEHAETCH B CTOPOHY
HaKoNn/eHns KpemHesema. MyTHOBCKMM-l annsogu-
Yyecku um3Bepranucb rMbpuaHble KBapueBble Aauu-
Tbl, UMEKLLNE, NOMUMO BKPAM/IEHHWKOB yKa3aHHbIX
«CYXUX» MUWUHEpasioB, Takxe U rmapokcuncojepxa-
e — am@punbon n 6UOTUT, cBUAETENbLCTBYOLWMNE O
NOBbILLEHHOM COAEpXaHUM pacTBOPEHHON B marme
BOAbl U, BUAUMO, 6onee rny6MHHOM MNPOUCXOXAe-
HUN 3TUX NOpPOL,.

CoBnageHne 06WNUX TEHAEHUWA WUIMEHEHUS
COCTaBOB MNoOpog B cCepunm C 3Bonwuueli cooTBeT-
CTBYHOLNX pacnnasBoB, nocfefoBaTesibHO BblAeNs-
OWNX OTMEYEeHHble MWHepanbl BKpPanjeHHUKOB,
yKasblBaeT, 4TO [/1aBHbIM npoueccom, 06YyC/OBUB-
Wwum Habnwpgaemoe pasHoo6pasve nopod, 6blia
MMEHHO KpucTannumsauma ucxogHoi 6a3anbTOBOW
Marmbl C pasfesieHNeM KpUCTaslsioB U OCTATOYHbIX
pacnnaBoB — KpucTannusauuoHHaa papudgepeH-
umaumns. BTopbiM No 3HAYMMOCTM Npoueccom 6bis1o
CMelleHne MarmM pasfiMyHbiX cTaguin guddepen-
umaummn, npu3Hakm KOTOPOro LWMWPOKO NPOSIB/IEHbI B
nopogax pasHbiX, HO OCOBEHHO MNPOMEXYTOYHBbIX,
CpefHNX CcOCTaBOB C cepuasibHbIMU MpPU3HAKAMM
M3BECTKOBO-LE/0UYHbIX. B 3aBUCMMOCTU OT pasHuLbl
COCTaBOB CMeLINBABLWNXCA MarM U UX 06 beMHbIX CO-
OTHOLWEHNA dhopMMpoBanncb M60 BHELIHE OfAHO-
poaHble nopoAbl, TMOGPUAHLIM XapakTep KOTOpbIX
OMo3HaeTCsA NNWb N0 COBMECTHOMY NPUCYTCTBUIO B
HMX 06eunx BbIWEONUCaHHbLIX accoynaunini MmuHepa-
N0B-BKpPan/JeHHNKOB, W60 HEMONHOCTbI FTOMOTEeHU-
3MpoBaHHbIe, nosocyaTtble U NATHUCTblE Pa3HOCTH,
NoAo6HbIE OMUCAHHbIM Ana nemM3 MYTHOBCKOro-3;
nn6o, HakoHel, OpeKk4YneBUAHbIE KUCAble NaBbl C
MHOTOYUCNEHHbIMU BKNOYEHNAMMN 6a3asbToB — pe-
3ynbTaToM BHeApeHus, Ae3nHTerpaunm un 6biCTpoi
KpucTannusauumn (3akankum) ropsdeii 6asanbToOBOW
Marmbl B 60/1€€e X0N0A4HOW KNCIOM.
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[Lib

Puc. 4

CxeMa 3KCKYPCUOHHbIX MapLIPyTOB Ha B. MyTHOBCKUIA.

1 -ycTynbl KpaTepoB W KanbAep By/KaHOB MyTHOBCKUIA 1 Fopensblii; 2 —rops-
yMe UCTOYHWKM W maporasoBble CTpyu; 3 — Bogonafbl; 4 — [OMUK BYJIKaHO-
NOrMYEeCcKoro ctauymoHapa; 5 — napoBofsHble CKBaXWHbI; 6 — aBTOMOGUbHbIE
npoesapl; 7 —3KCKYPCUOHHble MapwpyTbl (|— 111) ¢ BO3MOXHbIMY YCNOXHEHN-
AMU; 8 —N30MHWUM penbedia N 6POBKN 06BasTbHBIX CKIOHOB.

OCHOBHbIe AOCTOMNPUMEYATEIbHOCTU:

1, 2 —loHHOe 1 BepxHee thymaposibHble nons MyTHOBCKOrO BysikaHa; 3 Ak-
TuBHan BopoHka; 4,5 — BocTtouHasa un 3anagHas rpynnsl CeBepo-MyTHOBCKUX
ropsuMx UCTOYHUKOB; 6-8 — Bogonaabl BepxHuii, Kackag v HwxHuii Ha p. Byn-
KaHHOW 1 e€ npuToke.

Fig. 4

Scheme of excursion routes to Mutnovsky volcano.

1 — scarps of the craters and calderas of Mutnovsky and Gorely volcanoes;
2 —hot springs and vapour-and-gas streams; 3 —waterfalls; 4 — volcanologic
stationary house; 5 — vapour-water wells; 6 — car passages; 7 — excursion
routes (I-lll) with possible complications; 8 — relief isolines and brows of
collapse flanks.

Main sights: 1,2 — Bottom and Upper fumarolic fields of Mutnovsky volcano;
3 — Active Funnel; 4, 5 — Eastern and Western groups of Severo-Mutnovskie
hot springs; 6-8 —waterfalls Verkhny, Kaskad and Nizhny on Vulkannaya river
and its tributary.

OnucaHue aKCKypcuii

JocTaTo4HO pa3HOCTOPOHHEE 3HakoMCTBO C
BY/IKAHOM MYTHOBCKWIA M NPUPOAOWA €ro OKpecTHO-
cTeli obecneymBaloT TPU 3KCKYPCUMOHHbIX MapLlpyTa
(puc. 4): 1) BXXepnoByH30HY — B Kanbgepy MyTHOB-
CKOro-3, B Kkpatepbl MyTHOBCKOT0-4, ero BHyTpeHHe-
ro KoHyca u Kk AKTMBHOW BOpOHKe; 3gecb cocpe-
JoToyeHa COBpPeMeHHas raso-rugpotepmalsibHas
aKTMBHOCTb BYJ/IKaHa; 2) B BEPLUIUHHYIO 30HY, C MocC-
neaywuwmMM CNyckoM K TOpPAYUM  WUCTOYHUKAM
CEeBEPHOro CkNoHa ByskaHa; 3) Bonb ogpara Onac-
Hblli, K BOgONagam Ha p. BynkaHHOW 1 03epam B ee
ponvHe. Mo ycnoBuam OCBELLEHHOCTU, Haunyyllein
B NepBOi MNOMIOBUHE [AHA, MapwpyT B Xep/oBYI
yacTb crnefyeT OCYLL,eCTBAATbL UMEHHO B 3TO BpeMms.
OH 3aHuMMaeT 5—6 vacos. B 3aBucumocTtu OT noja-
rOTOB/IEHHOCTU TPYNN M pe3epBa BPEMEHU BO3MOX-
Hbl T€ WIW WHble YCNIOXHEHUSA WAN COBMELLEHUA
MapLpyToB.

OKCKYpCUA BXEP/IOBYIO 30HY BYyJ/IKaHa
MyYTHOBCKWIA («B KpaTep»)

OTOT MapwpyT NPOXOAUT BBEpPX MO [LOJIMHE
p. BynkaHHoOli, apeHupyloweii KanbgepHo-kpaTep-
Hyl0 cucTemy. B 3anapgHoil cBoeli uyacTu, Huxe
BbICOKOTO BOogonaga, aTo rnybokoe yuenose (oBpar
OnacHblii), BCKpblBatWwee nopoabl yHAaMeHTa.
BepXxHWiN KaHbOHOOGPAa3HbIN y4acTOK AO/NHbI NMPO-
pe3aeT CK/OHbl By/fkaHa. MapwpyT 34eCb NMPOXO-
ANT N0 3anerawweMy Ha AHUWe nefHUKy,
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forming up to 80 % of its volume prevail absolutely.
According to the structures, chemical and mineral
composition they vary between three edge varieties:
relatively rare moderately-magnesial with pheno-
crysts of olivine, augite and calcic plagioclase (anor-
thite, bytownite-anorthite); widely-distributed high-
alumina, essentially plagioclase basalts; aphyric-
subaphyric (completely or almost not containing
phenocrysts) high-ferriferous basalts and andesite-
basalts. These edge varieties are more often found
in the structure of Mutnovsky-1 volcano, in younger
cones transitional, intermediate differences prevail.

Rocks of average-acid composition contain as
phenocrysts more sodic plagioclase (labradorite-
andesine), two pyroxenes (augite and hypersthene)
and titanomagnetite. Beginning of the crystallization
of titanomagnetite in high-ferriferous compositions
stops enrichment of rocks with iron, and direction of
evolution in a series changes to the aspect of silica
accumulation. Mutnovsky-1 volcano erupted episo-
dically hybrid quartz dacites which besides pheno-
crysts of mentioned «dry» minerals have also amphi-
bole and biotite containing hydroxyl.

Just crystallization of primary basaltic magma
with separation of crystals and residual liquors crys-
tallization differentiation, was the main process that
caused the observed variety of rocks. Mixing of
magma of different stages of differentiation, fea-
tures of which are widely shown in rocks of different
but especially intermediate, average compositions
with features of calcalkaline series was the second
important process.

Description of excursions

Sufficiently all-round acquaintance with Mut-
novsky volcano and nature of its surroundings is
provided by three excursion routes (Fig. 4): 1) to
vent zone — to caldera of Mutnovsky-3 volcano, to
the craters of Mutnovsky-4 volcano, its internal cone
and to the Active Funnel; here current gas-and-
hydrothermal activity of the volcano is concentrated,;
2) to the summit zone, with the following lowering
to the hot springs of the northern flank of volcano;
3) along Opasny ravine, to waterfalls on Vulkannaya
river and lakes in its valley. According to the light
which is the best in the first half of the day route to
the vent part should be carried out at this very time.
This route takes 5—6 hours. Depending on the
degree of group training and reserve of time compli-
cation or combinations of routes are possible.

Excursion to the vent zone of Mutnovsky
volcano («to the crater»)

This route passes upwards along the valley of
Vulkannaya river draining caldera-crater system. In
its western part, below a high waterfall, it is deep
canyon (Opasny ravine) stripping rocks of the ba-
sement. The upper canyon-like section of the valley
cuts through flanks of the volcano. Route passes
here along the glacier occurring on the bottom which
hides the river. In the upper part of the left (with the
current) side of canyon lava-pyroclastic strata of
Mutnovsky-3 volcano crops out with a group of wea-

KaHbOH p. BynkaHHOI y BXxoAa B Ka/bAepHO-KpaTepHyto 30HY. CnpaBa — paccekaemble galikaMu n3MeHeHHble nopogbl MyTHOBCKOro-1, Ha

ropu3oHTe—BysnkaH Onana

Vulkannaya river canyon at the entry to the caldera-crater zone. On the right side altered rocks of Mutnovsky-1 volcano cut by dykes, in the

horizon Opala volcano
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kly steaming solfataras at a bench, below the left
side and in the right side — deeply altered rocks of
Mutnovsky-1 volcano penetrated by a series of
parallel and obliquely-intersecting basaltic dykes.
Alterations are expressed by replacement and filling
of microcavities of original volcanites with clay mine-
rals, opal, alunite and gypsum. Slopes of the canyon
are dangerous because of collapses, and this part of
the route one should pass without undue delays.

From the upper point atthe end of this rectilinear
section of the canyon, in its range a well-proporti-
oned cone of Opala volcano looks effective. Then a
path turns to the south and the last steep part of the
rise lies through the flank of intracaldera extrusion.
From its surface a view of the inner part of caldera-
crater complex is revealed. Its largest part is occu-
pied with a glacier overhanging bottom sections with
fumarolic fields.

The more accessible Bottom fumarolic field
(Fig. 3) is located on a level 1450 m along the banks
of Vulkannaya river in its head, at the place of the la-
ke which existed up to 50 years of the past century.
It took a volcanic sink on the southern side of extru-
sion (explosion 4000 years ago); had been lowered
by deepened canyon of Vulkannaya river the field left
after itself a band of water saturated sulphurous gra-
velly-sandy lake deposits. This affects the character
of the field activity. Outflows of more high-tempera-
ture (150—180 °C) vapour-and-gas streams are
located on uplanded and relatively dry sections due
to periphery of the area. A great number of other
outflows are not hotter than vapour saturated at this

BepxoBbe kaHbOHa p. BynkaHHoW 1 BepxHee hymaponbHoe none. Bug c ceBepo-3anaga
Head of Vulkannaya river canyon and Upper fumarolic field. North-western view
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cKkpbliBalLWeMy peky. B BepxHeli yactu nesoro (no
TeyeHuno) 60pTa KaHbOHA 06HaXaeTcs naBo-NUpPoO-
Knactuyeckass Tosua MYTHOBCKOro-3 ¢ rpynnoi
cnabo napswmx conbcatap y kKapHusa, BHU3Y
NeBoro u B NnpaBoM 60pTy — rMy60KO U3MEHEHHbIE
nopogbl MYTHOBCKOro-1, npoHuW3aHHble cepueii
napannenbHblX W Koconepecekakwwmuxcs 6asanb-
TOBbIX AaeK. N3meHeHNns BbipaXeHbl 3amMel,eHnem
N BbINOSTHEHMEM MWKPOMOAOCTEW WCXOAHbIX BYJI-
KaHWTOB TNIMHUCTBIMW MWHepasamMu, onanaom, any-
HUTOM U rMNcom. CK/IOHbl KAaHbOHA 06BasI00NaCHbI,
M 3TOT y4acTOK MaplwpyTa ciegyeTt NnpoxoanTb 6e3
NVWHNX 3ajepxek. MouwHblii 06Ban, NPosOMUB-
WNin cBOEl KAMEeHHOW Maccoil BEPXHIOK YacTb AOH-
HOro NegHWMKa U BpeMeHHO nognpyanewunii p. Byn-
KaHHYl Yy ee BbIxo4a W3 KanbAepbl, npousowen B
ceHTab6pe 1993 r. c kKapHM3a npaBoro 6opta. O6py-
Wwunacb nNosioBMHA OTTOPraeMoro no TpeluHe
KpynHoro 6510ka nopog, ocTaBlascs 4acTb KOTO-
poro, 3aMeTHO CMelleHHas, rPoO3UT NOBTOPEHNEM
nofo6HoM kaTacTpodbl.

C BepxHeli TOYKM B KOHLLe 3TOr0 NPAMOJSIMHEN-
HOro yyacTka KOHbOHa, B €ro CTBOpPe NpeKpacHo
CMOTPUTCS CTPOWHbLIN KOHYC ByfnkaHa Onana. Janee
Tpona noBopayuMBaeT K KTy, U NoCNegHuUin KpyToW
y4yacToKk nogbema MNPOXOAWT MO CKAOHY BHYTpU-
KanbAepHOW 3KCTpy3uu, cpeamn rnbib6 nepenpob6ieH-
HbIX U onasM3npoBaHHbIX gauntoB. C ee NoBepx-
HOCTU OTKpbIBAEeTCS NaHopama BHYTPEHHeNR uacTu
KanbAepHO-KpaTepHOro komnsekca. bonbwasa ero
yacTb 3aHATa NIeAHNKOM, HaBMcalwLWMM Hapg ydacT-
KaMmy gHuwa ¢ pymMmaposibHbIMK NONSIMMU.

[loHHOe (bymaponbHoe nose. Bug ¢ 0ro-BocToka. Ha ropnsoHTe — BeplunHa BynkaHa Fopenblii

Bottom fumarolic field. South-eastern view
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height (94—96 °C). Gryphons of many fumaroles are
incrusted with condensed sulphur, periodically
whimsical sulphuric towers appear over them. In low
places fumaroles flooded with ground waters trans-
form into boiling mud pots sometimes hidden under
dome-like arches of sulphur. Approaching to them
is dangerous because of the possibility of a sink
(a memorable cross at a path in front of the entry to
the vent zone warns, in particularly, about it).

On more else lower sections of the field open
mud pots appear. Close to the bed of Vulkannaya
river, in the southern part of the field, a Black Pot of
5—6 m in diameter constantly changing its position
and shape was located. Itwas filled with spouting up
to 1,5—2 m mud which contained sulphur, pyrite and
silica. By the middle of 90-th it transformed into the
lake of opalescent hot water with plumes of ascen-
ding streams and periodically acted water fountain.

There are discharges, small pools and lakes with
hot transparent water at the just edge line. One sho-
uld have in mind, that neither cold, nor, all the more,
hot water in the whole caldera-crater zone of the vol-
cano are not suitable for drinking.

Volcanites of intracaldera cone of Mutnovsky-3
volcano crop out in banks of the Bottom field. In the
right (with the stream of Vulkannaya river) bank, in a
«window» in the middle of glacier, a bed (30-meter
thickness) of altered basaltic tuff which is over-
lapped by a 25-meter basaltic flow crops out. In the
left bank later part of intracaldera structure is obser-
ved: a fragment of cyathiform body of andesite-
basalts interbedded with clumpy material which en-
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YcTbe hymMaposibl C OT/IOKEHUSMU Cepbl
Fumarole mouth with sulphur deposits



Haun6onee poctynHoe [OHHOe dymapobHoe
none (puc. 3) pacnosaraeTcs Ha ypoBHe 1450 m. no
6eperam p. BynkaHHOW B ee BepxoBbe, Ha MecTe
o3epa, cyuiecTsoBasliero Ao 50-x rogoB NpoLIOro
Beka. OHO 3aHMMasno BMNaguHy Kpatepa Ha HXHOM
CKNOHe akcTpy3um (B3pbiB 4000 neT Hasan?); cnyLy-
eHHOoe yrnybumBWwWNMCA KaHbOHOM p. BynkaHHOM, OHO
ocTaBuIo nocne cebs nayky BOJOHACHIWEHHbIX Cep-
HUCTbIX TPaBUNHO-NECcYaHbIX 03€PHbIX OTIOXEHWNA.
JT0 cKa3blBaeTCA Ha XxapakTepe [eATeNlbHOCTK
nons. Bbixogbl Hanmbosee BbICOKOTEMNEPAaTYPHbIX
(150—180 °C) mapora3oBbiXx CTpyil pacnonarakwTcs
Ha BO3BbILWEHHbIX U OTHOCUTENIbHO CYXUX yyacTkax
no nepudepun nnow,afkun. BoNbWWHCTBO ApPYrux
BbIXOA,0B He ropsyee HacCbILWEeHHOro Ha 3Toli BbicOTe
napa (94—96°). N'pndgoHbl MHOTUX hyMapoa UHKPYC-
TUPYTCA KOHAEHCUPYEMOW Ccepoi, Mepmoamyecku
Haj HUMW BblpacTalT MPUYYAUBbIe CepHble 6alu-
HW. B NOHWXEHHbIX MecTax 3anvMBaemMble TPYHTOBbI-
MK BOoAaMu hymaposibl npeobpasyTca B kunfawune
rps3eBble KOT/bl, WHOT4a CKpblBaeMble Kynoso-
obpasHbiMK cBOAAMM U3 cepbl. MTpUBAMKEHNE K HUM
onacHo BO3MOXHOCTbIO nposBana (0 4yem, B 4acT-
HOCTW, NpeaynpexagaeT v NaMATHbIA KPecT y TpOonbl
nepepj BX040M BXEP/SIOBYIO 30HY).

Ha ewe 6o0nee MNOHMXEHHbIX ydyacTKax Mons
BO3HUWKaOT OTKPbITble rpsA3eBble KOT/Nbl. B6aM3u
pycna p. BynkaHHOli, B H0XHOI 4YacTu nons, pacno-
naranca YepHoli Koten gnametpom 5—6 M, nocto-
SAHHO MEeHABW U nonoxeHne n dpopmy. OH 6bIN 3a-
nonHeH oHTaHupylowen o 1,5—2 m rpasbio, co-
AepxaBlweli cepy, nUpUT n KpemHeseMm. K cepepunnHe

1990-x rogoB OH npeob6pa3oBasica B 03epo onane-
cumpyloweii ropsyeid BoAbl C NAKOMaxaMu BOCXO-
AAWNX CTPYRA W nepuoamyeckm p[eincTBOBaBLUUM
BOASHbIM (DOHTAHOM.

Y camoro ypesa peku pasmellanTcs BbIXOAbl,
NYXuubl W 03€pKU ropsvyeli Npo3payHoOil BOAbI.
CnepyeT umeTb B BUAY, YTO HU XON0AHAs, HU TeM
60nee ropsyas Boja BO BCel KaNbAepHO-KpaTepPHOW
30HEe BYy/iKaHa [ANA nNuTbsa HenpurogHbl. MNepeme-
waTbcsA Mo TepManbHbIM Niowagkam Mexay gyma-
ponamu M UCTOYHMKAMWU cnepyeT ¢ MakCUManbHOM
OCTOPOXHOCTbI0, /lyylle Mo YXe NMPOJSIOXEHHbIM Crie-
JaM 1 TponuHKam, nepecekas rasoBble LWAeAdbl
hymapos no HameuyeHHOMY 6e3onacHOMYy Hanpas-
JIEHUIO NO BO3MOXHOCTU ObICTPO U Ha 3a[epXke
AblXaHus.

B 6opTax [loHHOro nons o6GHaxawTca BYy/Ka-
HUTbl BHYTpUKa/bAEPHOro KoHyca MyTHOBCKOro-3.
B npaBom (Mo Te4yeHuto p. BynkaHHoOI) 60pTy, B «OK-
He» cpeaun negHuka, BbiIxoauT 30-MeTpPOBOI MOLY-
HOCTWU naacT M3MEHEeHHOro 6as3anbToBOro Tyda,
nepekpbiBaeMblii 25-meTpoBbiM 6a3anbTOBbIM
NOTOKOM /06ONBITHOTO MNAACTUHYATOr0 CTPOEHUS.
OH coCTOUT U3 5-6 MOHOMIUTHbLIX NAACTUH-NOPUNIA
naBbl, pasgensemMbix WIakoBo-rnbLI6oBbIM MaTepua-
NIOM aHasiorMyHoro coctaBa. B neBom 60pTy Habw0-
paeTca 6osiee NO34HAA 4YacTb BHYTPUKanbAepHOW
MOCTPOMNKKN: parMeHT MNPOC/IOEHHOTO [/1bIGOBbLIM
mMaTepuanom vaweobpa3HOro Tena aHAes3nTo-
6a3anbToOB, 06/1€KaLWEero KOPEHHON CK/IOH Kanbae-
pol (cnep naBoBOro o3epa?), U ocTaHely 3asnera-
BLUEro Bbile r1bi60BOro noToka YepPHbIX aHAEe3NTOB.
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velops the original flank of caldera (trace of lava ca-
uldron) and outlier of clumpy flow of black andesites
occurred above.

The Upper fumarolic field is located on the right
bank of Vulkannaya river, under a scarp of crawling
glacier. Its basement is formed by extrusion of daci-
tes marked above in the text. Surface of the field is
blocked up with clumpy material of collapses and mo-
raine, in some places it is covered with hydrothermal
clays, sublimates of sulphur, ammonium chloride and
other sulphates. On the surface of 3200 m a great
number of gas stream emissions is dispersed — from
the smallest to large fumaroles. Temperature of gas-
es is 320 °C, rate of escape — 160 m/s. Field is perio-
dically blocked up with ice blocks. Inthe side of cany-
on of Vulkannaya river cutting through the extrusion
under the Upper field a number of discharges-casca-
des of hot waters is observed. About 90% of all ther-
mal capacity of caldera is related to the Upperfield .

Considerable changes in activity of thermal fi-
elds occurred from the end of 90 , in apparent con-
nection with shifts and general glacier shrinking in
caldera-crater zone. Partly they could be connect-
ed with cyclic variations in climate, but following
events — eruption in 2000 — indicated to probability
of direct reflection of increase in heat flow of the vol-
cano inthis as a manifestation of its activation.

Glacier retreat in the bank of the Bottom field,
along the right bank of Vulkannaya river, cropped out
and dried a great number of gas stream emissions
earlier «crushed» by it. Now these streams get out
powerfully among crumbled clumpy and lake depo-



O3epo ¢ naMaxamun Kunsiweli Bofbl 1 BbIXOA U3-N0J NefHuKa
P- BynkaHHOI B 1OXHOW YacTu [JOHHOro nons.

Lake with plumes of boiling water and a way out from under the glacier
of Vulkannaya river in the southern part of Bottom field.

OcBO6OXAEHHbIE OT NIeAHNKa (PyMaposbl NpaBoro Gepera p. ByskaHHOW
Fumaroles of the right bank of Vulkannaya river released by the glacier

retreated
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sits cemented by sulphur. On the contrary, a con-
siderable area of the Upper fumarolic field turned to
be a blocked and shifted in 1997 part of glacier.
Larger fall of glacier occurred in spring 1999. It parti-
tioned the top of Vulkannaya river canyon and nor-
thern extremity of the Bottom field, almost up to its
western side, off with a dam from ice and stony ma-
terial. By the beginning of summer dam had been
already washed out, however, consequences of in-
crease in ground waters level caused by itturned out
to be much more inertial and continuos. In a dam
site, at its extremity, at the place of fumarole acted
earlier, a mud pot that had been spouting rapidly
during 1999—2000 occurred. Only by summer 2001
it had turned again into thick dry fumarole with
crater-gryphon encrusted with sulphur of 3 m in dia-
meter. Several mud-and-water pots formed in the
northern part of the Bottom field that had been cut
off, along the banks of small lake that had appeared.
In the southern part of the field a lake at the place of
the former Black pot underwent considerable tran-
sformations and turned into a narrow cleft with a
brook of hotwater and gryphons boiling up near.

To the Active Funnel way lies through the bottom
field, along glacier hiding the head of Vulkannaya
river, and along flank of the crater of internal cinder
cone of Mutnovsky-4 volcano eccentrically «set into»
its extensive crater-caldera (Fig. 3). After eruption in
2000 basin of the crater renovated by it is again
occupied with a lake, first freezing then heating with
the regular impulse of heat feeding. From here the
path rises to the narrow ground on the saddle of the
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southern crest of Active Funnel where from a view of
the largest fumaroles at volcano is revealed. Becau-
se of small size of the view ground travelers should
rise here in groups of not more than 3—4 persons ta-
king turns if necessary. Lowering to the Funnel is pos-
sible only having rope, protective means (helmets,
respirators) and corresponding alpinisttraining.

Fumaroles are located on the floor and walls of
Active Funnel, mainly, in its western sector. Part of
them is confined to the outcrop of basaltic dyke now
blown up by a new explosive funnel, other struggle
from under the gas-proof layers of altered rocks
screening fissured conducting ones. Gases escape
from fissures with a rate up to 100 m/s, there tempe-
rature reaches 560—580 °C being the evidence of
rather shallow occurrence of their magmatic source.
Fumaroles are characterized by abnormally high
loss of sulphur, their discharges are encrusted with
sulphur, sulphates, chlorides, sublimates carry mi-
neralization of thallium, cadmium, bismuth.

Besides prevailing water vapour CO , SO , H S,
HCI play the main role in the gas composition of
thermal manifestations of Mutnovsky volcano that
had been described (Table 2). Fumaroles of the Acti-
ve Funnel differ also in substantial portion of HF and
predominance of sulphurforms over CO indry gas.

With the condensation of caldera fumarolic ga-
ses acid mineralized thermal waters with a high con-
tent of chloride, sulphate, iron, aluminium form in the
near-surface waters.

Return from the excursion is carried out by the
same way with possible (depending on time reserve)



pA3e-BOAAHON KOTEN CO CNOoeM nnasatoLleit cepbl
Mud-and-water pot with a layer of swimming sulphur

FpndoH chymaporsbl Ha MecTe GbIBLUErO rPs3eBOro Kotaa
Fumarole gryphon at the place of the former mud pot

BepxHee dhymaposibHOe MnoJjie pacnosioXeHo Ha
npasom 6epery p. BynkaHHoli, nog ycTtynom Hanon-
3aowero negHuka. OcHoBaHue ero cnaraet OT-
MeyeHHas Bbllle 3KCTPY3uA AauntoB. [MOBEPXHOCTL
nons 3asasieHa rMbl60BbIM MaTepuasom o6BanosB U
MOPEHbI, ydyacTkaMu NOKpbITa rmapoTepMasbHbIMK
rMUHaMun, BO3rOHaMu cepbl, HawaTblpa W APpYrux
cynbpartoB. Ha nnowaaun okono 3200 m paccpepo-
TOYEHO MHOXECTBO BbIXOLOB rasoBblX CTPYi# — OT
caMblX Ma/leHbKUX A0 MOLHbIX chymapon. Temne-
patypa rasos gocturaet 320 °C, ckOpocCcTb ucrevye-
HUA — 160 m/c. Mone nepuoanyeckn 3asBanmBaeTcs
rnbibamun nbga. B 60pTy npope3atu,ero aKCTpy3nto
ywenbsa p. BynkaHHoi nog BepxHum nonem Habnio-
faeTca paf BbIXOA40B-Kackafos ropavnx sog. Ha go-
nw BepxHero nons npuxopgutca okoso 90 % Bcen
Tenn0BON MOLWHOCTY Kanbaepbl.

CywecTBeHHble W3MEHEeHUa B [eATesIbHOCTHU
TepManbHbIX NOAen npoucxoamnm c¢ KoHua 1990-x
rofos, B BUAMMONM CBA3M C NOABMXKAMW M 06 UM
coKpaluieHnem nefHUKOB B KaflbJepHO-KpaTepHO
30He. OTYyacTM OHM MOIMNU 6bITb CBA3AHbI C LUKNU-
YyeckuMun Bapuaumamu Knumarta, HO nocnefoBaB-
wune cobbITnA m3BepxeHne — 2000 r. — ykasbiBawT
Ha BEPOATHOCTbL MPAMOro OTPaXeHns B 3TOM Hapac-
TaHWs Ten/0BOr0 NOTOKA BYJ/IKaHa Kak MposBeHus
ero aktTueusauuu.

OTcTynaHue nefHuka B 6opTy loHHOrO nons, no
npaBomy 6epery p. BynkaHHoli, 06Haxunno v ocywu-
N0 MHOXECTBO paHee «3afaBfIeHHbIX» UM BbIXO40B
rasoBblXx CTpyil, Tenepb MOLLHO BblbMBaKwLWMUXCA
cpefun cCueMeHTUPOBaHHbIX Cepoli 06BanbHbIX bl-
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CocTaB naporasoBoii cmecu oymapon MyTHOBCKOro BynkaHa (no E A. BakuHy n ap.) Taﬁgwbﬂag
oy . able
Composition of vapour-and-gas mixture of fumaroles from Mutnovsky volcano
(according to Vakin E A et al.)
Ne  MecTomnosnoxeHne t°C CocrtaB rasa, 06. % Rn, R (ras/ pH
n/n Location Gas composition, vol % amaH KOHAeHcaT)
eT (gas/
H2S oo, 02 n2 OX, H2 condensate
1 AkTuBHas BopoHka 500 0.00 91.14 0.77 0.00 2.37 2.61 — 17 0.26
2 BepxHee none 300 0.00 93.64 0.00 4.72 0.33 0.75 10 77 1.6
3 [oHHoe none 94 0.00 76.50 2.30 19.20 0.20 0.40 14 62 14
O6uwas
No CocTtaB KOHJeHcaTa, Mmr/n MUHepa-
n/n Condensate composition, mg/I nmn3auna,
mr/n
KaTUOHbI AHNOHBbI HEQNCCOL,. MOJIEKY /bl Totalmine-
cations anions undissociatedmolecules raliza
H+ nh4 Nat K+ Cazx Mg~ Ff* ce <O F <o, Si02  tion, mgl/l
1 550.0 350.0 250.0 332 2645 804 50.0 78010 0.0 600.0 21471 77.8 31480
2 22.0 20.0 180 33 196 182 0.0 3546 586.0 0.0 260.8 - 1980
3 40.8 0.0 8.0 0.9 34.7 0.0 0.0 8510 221.0 0.0 232.0 24.3 1757

approach to waterfall in the head of Opasny ravine
which is lighted up well in sunny evenings. For the
groups having alpinist training and equipment it is
possible to complicate the route with going out thro-
ugh the glacier in the crater of Mutnovsky-4 volcano
and its steep eastern wall to the caldera crest of
Mutnovsky-3 volcano and then to the highest point of
the massif (2323 m) on the intracaldera cone of Mut-
novsky-2 volcano. From here return is possible along
the eastern and northern caldera crests of Mutnov-
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sky-3 volcano with the overcoming of dangerous ta-
lus part of the precipitous crest dividing caldera and
glacial cirque inthe head of Kuropatka river.

Excursion to the summit part ofthe volcano
and to the North-Mutnovskie hot springs

It is convenient to start ascending also from the
valley of Vulkannaya river along one of the south-
western spurs of Otkhodyashchy ridge and further



60BbIX 1 03EPHbIX OT/I0XEeHW . HaobopoT, 3aBaseH-
HOW caBuHyBLWelica B 1997 r. yacTbio NegHUKa oka-
3asacb 3HauyuTesnbHaa nnowanb BepxHero dyma-
ponbHoro nona. Ewe 6onee «kpynHbiii o06Ban
nepHvKa npousowen BecHon 1999 r., neperopogus
NNOTUHOM U3 NbJa U KAMEHHOTo MaTtepuana BepLm-
HYy KaHbOHa p. BynkaHHOIi 1 CEBEPHY OKOHEYHOCTb
[ oHHOrO nons, noutyM A0 ero 3anagHoro 6opTta. K
Hayany neTta NAOTMHA yxe 6blia pasmbiTa, 0fHaKo
nocneacTBnMsa BbI3BAHHOTO €0 MNoAbemMa YpPOBHA
TPYHTOBbLIX BOJ, OKasasnucb ropasfo 6onee uHep-
LMOHHBLIMU N ANNTENbHBIMWU. B cTBOpE NNOTUHBLI, Y ee
OKOHEYHOCTW, Ha MecTe paHee pJelicTBoBaBlei
ymaponbl BO3HUK rpsa3eBoil koTen, 6ypHo dhoHTa-
HWpoBaBWMNA B TeyeHne 1999—2000 rr. um ANWb K
nety 2001 r. BHOBb NpeBpPaTUMBLUUIACSA B MOLLHYHO
Cyxyl dymaposly C WHKPYCTUPOBAHHbIM Cepoli
KpaTepoM-rpupoHoM nonepeyHnkom 3 m. Heckosb-
KO rpA3e-BOAAHbIX KOT/I0B 06pa3oBasniocb BOTpe3aH-
HOW ceBepHoOli yacTu [loHHOro nonf, no 6eperam
BO3HMKWErO Heb60NbWOro o3epka. B 1XHOW yactu
noss cyw,ecTBeHHble NpeobpasoBaHnsa npeTepnesno
03epo Ha mecTe 6binoro YepHoro kotna, npespa-
TUBLWIEECA B Y3KYyl paccesinHy C pyybem ropsivei
BOAbl M PAAOM OYypnsAwmMX rpudOHOB; KPynHeWLW nii
M3 HUX pacnofiaraeTtca B pacCWMPEHHOl BepxHel
yacTuM paccCesiMHbl, BCKpbIBWEN TrpsA3eBOW KoTen,
paHee MW30/1MPOBAHO CyuU,eCTBOBWMWIA 34ecb nNof
CBOAOM Cy6nuMupoBaHHOl cepbl. PackpbiTue
TPewWnHbl-paccenInHbl B HanpasfeHnn AKTUBHONR
BopoHKN By/KaHa YykKasblBaeT Ha BEPOATHOCTb
uneTpauMn n n3 Hee aTMocepHbIX 0CafKoB W

O3epo B KpaTepe BHYTPEHHero koHyca MyTHOBCKOro-4 nocse nasepxenunsa 2000 r.
Lake in the crater of the internal cone of Mutnovsky-4 volcano after eruption in 2000
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Bua AKTnBHOW BopoHKkM ¢ BocToka. Baanu — BynkaH Onana
Eastern view of the Active Funnel. At a distance —Opala volcano

®ymMaposibl AKTUBHOW BOpOHKHM Pa6oTa BY/IKaHOMI0rOB — MOHUTOPWHT aKTUBHOCTU (hymapos
Fumaroles of the Active Funnel Volcanologist's work monitoring of the fumarole activity
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KOHOeHcaToB hymapon B cucTemy [JOHHOro nosns,
yepes 30Hbl TPeLWMHOBATOCTM B pasgenswweinn ux
nepemblyke.

K AkTuBHOV BopoHke nyTb mpget yepesd [JoHHOe
none, No NefHNKY, CKpbiBalLlWeMy BepxoBbe p. Byn-
KaHHOM, M MO CKAOHY KpaTepa BHYTPEHHero wna-
KOBOTO KOHyca MYTHOBCKOro-4, 3KCLLEHTPUYHO «BMO-
HTUPOBAHHOTO» B €ro O6LWKMPHBLIA KpaTep-kanbaepy
(puc. 3). Mocne n3sepxeHna 2000 r. o6HOBNEHHASA
UM BnajuHa kpatepa CHOBa 3aHATa 03epom, TO 3a-
Mep3awwnm, TO pasorpesawlWwumca npu oyepen-
HOM MMNynbCe TeNI0BOro nutaHua. OTcloga Tpona
nogHUMAaeTCs K y3KO naowagke Ha ceflOBUHE HOX-
HOro rpebHs AKTUBHOI BOPOHKM, C KOTOPOW OTKPbI-
BaeTCcA BWUJ CamblX MOLLHbIX Ha BYy/fkaHe cymapor.
N3-3a manoctn 0630pHOI naowankm nogHUMaTbCA
cloga cnegyet rpynnamMmum He 6onee 3—4 uyenosek,
CMeHAACk npu HeobxogmmocTu. Cnyck B BOPOHKY
BO3MOXEH NNWb NPU HaIU4YUN BEPEBKMU, 3aLLUTHbIX
cpencTts (Kacok, pecnuMpaTopoB) M COOTBETCTBYIO-
wein anbNMHUCTCKON NOATOTOBKN.

dymaponbl pacnonaralwTCAa Ha AHE M CTeHKax
AKTUBHOW BOPOHKKM, rnaBHbIM 06pa3oM B 3anajHoOM
ee cekTope. YacTb UX NpuypoyeHa K BbIxoay 6asanb-
TOBOW palikum, Tenepb NOAOPBAHHON HOBOI B3pbIB-
HOW BOPOHKOIN, Apyrne npo6uBalwTca uU3-nopg ra-
30HEeNpOHMNLaeMbIX C/I0EB W3MEHEHHbIX Nopoa,
SKpaHNpyLwmnx TpewmHoBaTble nposBogawmne. lrasbl
BbIpbIBAKOTCA U3 TPELWMWH CO cKopocTbio Ao 100 m/c,
Temnepartypa ux gocturaetr 560—580 °C, cBupge-
TeNbCTBYA O HErNMY6OKOM 3aneraHum nx marmatunye-
CKOTO UCTOYHMKA. PymMaposbl XapakTepusykTcs

aHoOMasibHO BbICOKMM BbLIHOCOM CeEpbl, WX BbIXOAbI
MHKPYCTUPOBAHbI CEPON, cynbatamu, xnopungamu,
BO3lOHbl HECYT MuUHepanusauuw Tanansa, Kagmus,
BucMyTa. AKTMBHaa BopoHka paccmaTpuBaeTca B
KayecTBe NepcnekTUBHOIO 06bekTa reoTexHos0ru-
4ecKOoro oCBOeHUA — nyTem GypeHus C Lenblo nepe-
XBaTta v yTuausauuy notoka glOUA0B Kak HocuTe-
nen tenna, MeTassioB U NOJIE3HbIX XMMUYECKNX COe-
OVHEHUN.

B cocTaBe ra3oB onMcaHHbIX TEPMONPOSABAEHNI
MyTHOBCKOrO (Tabn. 2), noMmumo npeobnagarLero
BOAAHOIO napa, OCHOBHYKW ponb urpawTt CO, SO ,
H S, HCI. ®dymaponbl AKTUBHOI BOpoHKM oT/inyaT-
Cs Takxe cyuwecTBeHHon goneir HF un npeobnaga-
Huem copm cepbl Hag CO B cyxom rase. Onsa [oH-
HOro 1 BepxHero nosieil COOTHOWEHNA o6GpaTHbIe.
Faszam BepxHero nons CBOMCTBEHHbI TaKXe BbICOKME
COoflepXaHna MeTaHa n aMmMuaka, 4To CBA3bIBAETCA C
yyactuem B (OpMUPOBAHUN XMMU3MA UX BOA MyT-
HOBCKOI rngpoTepMasnbHOW CUCTEMBI.

Mpn KoHAeHcaunn ymaposibHbIX ras3oB Kajb-
fepbl B MPUMNOBEPXHOCTHbIX BoAax QOpPMUPYHOTCA
KUCNble MWHepasnn3oBaHHble TepMasibHble BOAbl C
BbICOKMM cofepxaHnem xnopuga, cynbdarta, xene-
3a, antoMuHuA. Cyas no reoornYecknmM nos3nuUmnam u
no AaHHbIM W30TOMHbIX UCCNefoBaHUn, PymMapob-
Has [eATeNbHOCTb AKTUBHOW BOpPOHKM w Tepmanb-
HbIX MOfei kanbAepbl UMET He3aBUCUMblIe UCTOY-
HUKWN Tenna u pnongos. Ana dpymaposn BopoH-ku u
Kpatepa BHYTpPEHHero koHyca MyTHOBCKOro-4
370, MO-BUAMMOMY, MEPUOAMYECKM MONOMHAEMOEe
mMasnornyébnuHHoe marmaTtuyeckoe BHefpeHue (oyar)
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along its crest to the east. One who has an interest in
volcanic geology will be able here to getto know with
rocks of the volcano, mode of their occurrence and
latest gas-hydrothermal transformations in details.
Tourists will see a volcanic view in other, not less
interesting foreshortening. Picturesque are the
party-coloured rocks on the crest of the ridge where
from an excellent view of the ocean, rocky ruins of
ancient Zhirovsky volcano, Vilyuchinsky, Koryaksky
and Avacha volcanoes far in the north, Mutnovskoe
deposit of steam hydrothermae with constructions of
electric power station and plumes of steam from
wells is revealed. Near in north-west Gorely volcano
is revealed in its extensive caldera, far off in west —
majestic silhouette of Opala volcano, further to
south-west — multiple-cone Asachi massif and well-
proportioned cone of Khodutka volcano.

The way along the crest of the ridge leads to the
caldera edge of Mutnovsky-3 volcano where from
both the caldera itself and crater of Mutnovsky-4
volcano adjacentto itwhich are filled with the glacier,
and the whole zone of current activity of the volcano
are well seen. Ifone rises along the edge some more
further to east walking round the outlier of clumpy
flow of dacites, then it is possible to go out to the
brow of through valley of Kuropatka river and see a
severe view of the northern flank of Mutnovsky-2
volcano with gloomy walls and rocks overhanging
the glacier.

From the edge of caldera along the brook valley
between ridges Otkhodyashchy and Kleshnya one
can come down to the Eastern group of North-

56

Mutnovskie hot springs. Its thermal field is located at
the southern foot of the destructed adventive cone
of Mutnovsky-1 volcano, at the edge of the train of
ancient collapse. Two sections which are warmed
thoroughly are distinguished on the left side of the
brook valley and along its banks. At elevations
emissions of vapour-ana-gas streams are located,
lower — mud pots, at the brook line — boiling water
pots. In clay from the grounds mineralization of sul-
phur, pyrite(FeS )and realgar (AsS) is observed.

On the passage from the Eastern group of ther-
mae to the Western one it is interesting to go past one
of the unplugged prospecting boreholes. It is drilled
up to the strata of acid volcanites of Mutnovsky volca-
no basement and ejects a roaring stream of vapour-
water mixture saturated with silica; silica pre-cipitates
as gel on considerable area around the well, and its
head is covered with a pearl-grey crust of geyserite.

Western group of North-Mutnovskie steam hyd-
rothermae is located in chain along the western foot
of a number of ancient adventive cones and inclu-
des three thermal fields — Upper, Middle and Low.
These are clay grounds warmed thoroughly, here
and there covered with sulphur and gypsum, with a
great number of discharges of vapour-water mixture
(96—110°C), with mud volcanoes, pots and funnels
of boiling water in lows and at brook beds.

In gases of North-Mutnovskie thermae (Table 3)
carbon dioxide prevails, hydrogen sulphide, nitro-
gen, hydrogen and methane are present. Their con-
densates represent slightly mineralized solutions
with pH close to neutral.



Cpeay pynH MyTHOBCKOTO-1. BUTIOUMHCKMIA BY/IKaH Ha TOPU30HTE
Among the wrecks of Mutnovsky-1 volcano. In the horizon —Vilyuchinsky volcano

cocTaBa aHgesuto-6azanbTa — aHgesuta. Tepwmbl
BepxHero v [JOHHOro nonei, BepOsATHO, CBsA3aHbl C
HEOCTbIBWNM FNTYOUHHBIM «KOPHEM» 3KCTPY3UMU, XO-
T ANns [JOHHOro Nnons He MCK/KYeHa Takke CBA3b C
hunbTpatamn n3 AKTUBHOI BopoHknM. CyuwecTBeH-
HbIM haKTOPOM (POPMUPOBAHNSA XUMNYECKOTO M N30-
TOMHOrO cocTaBa MNaporas3oBbiX cmeceil [OHHOrO
nonsi MpuM3HaeTca LUKANYECKNii KpyroobopoT cepbl
M paccosioB, HacCblLWaLWmnX 0O3epHbIe OT/IOXEHUSA.

Bo3BpalweHne n3 3KCKYypCuMU oOcCylecTBiAeTcsH
TEM Xe NyTeMm, C BO3MOXHbIM (N0 pe3epBy BPEMEHMN)
noAaxoAoM K Bogonagy B BepxoBbe oBpara Onac-
HOro, XOpoLWO OCBeLW,aeMoOMYy B COJITHEYHbIE Beuepa.
[Ona rpynn ¢ anbNUHUCTCKON MOATOTOBKON M OCHa-
LWeHMeM BO3MOXHO YC/NOXHEHWe maplpyTa, C Bbl-
X04O0M 4yepes fiefHUK B Kpatepe MYTHOBCKOro-4 u
€ero KpyTyl BOCTOYHYI CTEHKY Ha rpebeHb kanbae-
pel MyTHOBCKOro-3 u gasiee K BbICLWIE TOYKe mac-
cuBa (2323 M) Ha BHYyTpuKanbgepHOM KoHyce MyT-
HOBCKOro-2. OTclofa BO3BpalleHWe BO3MOXHO Mo
BOCTOYHOMY M CEBEPHOMY rpebHAM Kanbaepbl MyT-
HOBCKOro-3, C Npeojo/ieHNeM OMacHOro OCbIMHOrO
yyacTka o06pbiBUCTOro rpebHsa, pasgenswowero
Kanbfepy W NegHWKOBbIA LUPK B UcToke p. Kypo-
natkn. loBTOpsAeMm, OfHaKo, 4YTO TaKoli MaplwpyT
TpebyeT cneynanbHO NOATOTOBKK.

DKCKYpCUS K BEPLUNHHOI YacTy BY/NKaHa U HA
CeBepo-MyTHOBCKME ropsiume UCTOUHUKM

BocxoxaeHue yoo6HO HayaTb Takxke U3 AOSUHBI
p. BynkaHHOI Mo of4HOMY U3 H0T0-3anajHblX OTPOTOB

Ha Bbicleli Touke xpe6Ta OTxoAswWero. Bua Hacesep. Ha nepegHem nnaHe — U3MEHEHHble MOPOAbI BHYTPUKabAepHoi nocTpoiikn MyTHOB-
ckoro-1, Ha cpefjHeM— BysikaH BuntounHckwii, npaBee BAanu— By kaHbl KOPSKCKNii 1 ABaUMHCKMI

At the highest point of Otkhodyashchy ridge. A view to the north. In the foreground altered rocks of the intracaldera structure of Mutnovsky-1
volcano, in the middle Vilyuchinsky volcano, to the rightat the distance Koryaksky and Avachinsky volcanoes
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The route ends with crossing the low pass be-
tween Mutnovsky volcano and destructed structure
of the ancientvolcano— Dvugorbaya mountain.

Excursion along Vulkannaya river to the
waterfalls and lakes

This route can be started from the upper, the
most famous waterfall in the head of Opasny ravine,
at the adventive cinder cone Krasny Obryv which is
cut through by it (Fig. 4). Foots of the volcano are
overlapped here with a covering of pumice tuff of
caldera-forming eruption of Mutnovsky-3 volcano.
The covering is distincted by erosion and is in its turn
overlapped with clumpy deposits of explosive erup-
tions and mud-and-stone flows (lahars), and on the
left coast of Vulkannaya river — with lavas from Mut-
novsky-4 volcano. Over all these formations like a
wide train clumpy deposits of lahar which accompa-
nied explosion of extrusion in caldera of Mutnovsky-
3 volcano spread with typical giant blocks of pallial
breccia of extrusive.

Here Vulkannaya river dashes down by a narrow
stream (53 m in height) from basaltic flow which
armours looser cinders and pumice tuffs of scarp
basement. Waterfall is seen best of all from the
ground on the top of Krasny Obryv cone. Canyon has
a depth of about 120 m here and it is impassible on
bottom.

Coming down further along the right bank and
passing vegetation zones from mountain tundra
through alder brushwoods and alpine lawns to the

Buj, akTMBHOI 30HbI BY/IKAHOB C CEBEPHOrO Kpasi Kanbaepbl MyTHOBCKOro-3
View of the active zone of volcanoes from the northern edge of caldera of Mutnovsky-3 volcano



xp. OTxo4swWero v ganee BAO/b €ro rpebHsA K BOC-
TOKYy. MIHTepecylouimecs ByJ/ikaHWYecKoli reonoruei
3fecb CMOryT nogpobHee 03HaKOMUTbLCA C nopoja-
MW BYJ/IKaHa, XxapakTepom ux 3ajsieraHuss 1 No3fHei-
WNX raso-rmapoTepmanbHbiX npeobpas3oBaHuin, Ty-
puUCTbl YBUAAT BY/NKAHWYECKWI neli3ax B WMHOM, He
MeHee MHTEePEeCHOM pakypce. )XMWBONUCHbI NecTpbie
ckanbl Ha rpebHe xpebTa, C KOTOPOro OTKpPbiBaeTCH
Be/IMKoNlenHaa naHopama C BWAOM Ha OKeaH, Ha
cKanncTble pyuHbl ApeBHero XMpOBCKOro By/iKaHa,
BYy/NiKaHbl BuntounHckuii, Kopsakckuid n Asavya Bganu
Ha ceBepe, Ha MyTHOBCKOE MeCTOpPOXJeHue napo-
TMOAPOTEPM C COOPYXEHUAMWU 3/IeKTPOCTaHuunm wn
cyntaHamMu napa M3 CKBaxuH. Psgom Ha ceBepo-
3anage OTKpbiBaeTcsA ByJikaH [openblii B cBOeil 06-
WMPHON Kanbgepe, Janeko Ha 3anage — Benu-
YeCTBEHHbIN cunyaT BynkaHa Onana, fanee K tro-
3anafy — MHOTOKOHYCHbI/i mMaccuB Acayu u CTpOWi-
Hbll KOHYC XO4YTKM.

MyTb BOONb rpebHsA xpebTa NpuMBOAMT Ha KpaWn
Kanbgepbl MyTHOBCKOro-3, ¢ KOTOpPOro MpekpacHo
HabnwpgalwTca U cama Kalbaepa, U CMeXHblli C Hell
kpatep MyTHOBCKOro-4, 3ano/IHEHHble /Ie4HUKOM, 1
BCA 30Ha COBPEMEHHON aKTMBHOCTW By/KaHa. Ecnu
BAO/Mb Kpas NOAHATbCA ewe Janee K BOCTOKY, 06-
X0 ocTaHel rN1bl60BOr0 NOTOKa AaLMTOB, MOXHO
BbINTU Ha 6POBKY TPOroBOi AONWHbLI p. KyponaTku n
yBMUAETb CYpOBbIl/i Meli3axX CeBEpPHOro ck/ioHa MyT-
HOBCKOr0-2, C MpayHO HaBucawWUMW Hag NnefHun-
KOM CTeHKamMu 1 ckanamm.

OT Kpas Kanbgepbl No JO/IMHE Pyybs Mexay xpeob-
TamMn OTxopAawmnii 1 KnewHs MOXHO CnycTUTbCA K

O6HaXeHUs1 NOPOA BHYTPUKa/IbAEPHOTO KOHYyca MyTHOBCKOro-2 B LIMPKE UCTOKOB p. KyponaTtkm

MopTtutca noroga
The weather becomes worse

Outcrops of rocks from the intracaldera cone of Mutnovsky-2 volcano in the cirque of Kuropatka river heads
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park birch woods underneath one can observe secti-
on of basement stratas of Mutnovsky volcano in the
left side of canyon. Under thick flows of basalts from
Mutnovsky-4 volcano, pumices layer, lahars and
lavas of Mutnovsky-3 volcano strata of pumice tuffs
and ignimbrites is stripped. The last ones were erup-
ted about 40 thou, years ago with formation of
caldera of Gorely volcano and overlapped here re-
mains of the ancient destructed basaltoide volcano.

Above the mouth of brook-affluent flowing into
Vulkannaya river from the right side for the tourists
having some experience of rock-climbing it is pos-
sible to come down to the canyon bottom which is
passable here for —1.5 km up and down along long-
term firn basin. In this place extrusion of biotite da-
cites outcrops in composition of mentioned outlier of
paleovolcano. Lower canyon-«pipe» is again impas-
sable. Edges of canyon are covered with dense alder
brushwoods, therefore, one should deviate from
here to the north and come down to the surface of
ancient cut terrace of Vulkannaya river along exten-
sive blossoming glades. In this cosy nook a group of
small lakes is located. Water in them, inspite of
remaining usually firn basins along the banks, gets
warmed thoroughly enough for refreshing bathing in
hotsummerdays.

From the lakes along swamped rear edge of
terrace along the brook, and then to the right of
waterfall on it, through the bushes at the right side of
the valley one can again come down to Vulkannaya
river which turns here to the south because of the old
dam by lava stream from Gorely volcano. Columnar



3anagHas rpynna CeBepo-MyTHOBCKUX rMapoTepM. Kunswmii BoasiHoW koTen
Western group of Severn-Mutnovskie hydrothermae. Boiling water pot

BocTouHoli rpynne CeBepo-MyTHOBCKUX FOPSAAYMX UC-
TOuHMKOB. Ee TepmasnbHOe none pacnosaraeTcs y
F0OXXHOTO NMOAHOXMWSA paspylleHHOro No6oYHOro KOHy-
ca MyTHoBCKOro-1, Ha kpato wneiicda gpeBHero o6sa-
na. BbigenawTca gBa nporpeTbiX yyacTka Ha J1IeBOM
CK/IOHe [O0NUHbI pyybs M no ero 6eperam. Ha BO3-
BbILLEHMAX pacnonaratTcs BbIXOAbl MaporasoBbiX
CTPY#, HUXe — rpaA3eBble KOT/bl, Y ypes3a pyybsd —
Kunawmue BOASHble KOTAbl. B rAnHe naowapnok Ha-
6nopnaetca MuHepanusauua cepol, nuputa (FeS ) u
peanbrapa (AsS ).

Ha nepexoge oT BOCTO4YHOI rpynnbl Tepm K
3anagHoli MHTEPEeCHO MPONTM MUMO OLHOWN M3 He-
3arnyweHHblX pa3BenoyHblIX CKBaXWH. Mo nyTn, Ha
noAbeme K Hell C CeBepPO-BOCTOKA, B TMraHTo-rNbli60-
BOM pasBaJsie fpeBHEero noToka MOXHO O03HaAKOMUTb-
CA C O4HUM U3 XapakTepHbIX TUNOB CMELIEHNA Marm
pa3HOro coctaBa B BY/IKAHMYECKOM ouare: KBaple-
Bble AalUuTbl NOTOKa coAepXaT MHOXEeCTBO BK/IHO-
YyeHuii, obpa3oBaHHbIX HeKOorga «BCMPbICHYTOW»,
OVCNeprupoBaHHOW W 3akaneHHOW B [auUMTOBOM
pacnnaBe 6a3anbTOBO Marmbl. OKpyrnble Wan yr-
nosaTtble, pasfiamMmbiBaBlIMeCs NP BA3KOM TeYeHUU
NoTOKa BKAKYEHWA npuaawT rMbépuaHoin nopoge
Buz rpy6oii naBo6pekunm.

CkBaxuHa npobypeHa [0 TO/LWM KUC/bIX BYIN-
KaHUTOB OCHOBaHUA MYTHOBCKOFO BY/KaHa W Bbl-
6pacbiBaeT peByLW Yyl CTPyl NapoBOASAHON cmecw,
HacCbllWEeHHOW KpeMHe3eMOoM; NociegHuin B Buge re-
NA ocaxfaeTcs Ha 3HA4YUTeNbHOW naowagu BOKPYr
CKBaXWHbI, a ee 0roJI0BOK NOKPbLIT XXEeMUYYXHO-CepOoW
KOpKOW rensepuTa.
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pA3eBOl BynkaH
Mud volcano



CocraB rasoBoi cmecu CeBepo-MyTHOBCKMX naporngpotepm (no E A. BakuHy n ap.) Tabnvua 3
L. . . Table 3
Composition of gas mixture of North-Mutnovskie steam hydrothermae
(according to Vakin EA. etal.)
Ne MecTononoxeHve t°C CocrtaB rasa, 06. % Rn, R (ras/ pH
Location Gas composition, vol % 3mMaH KOHAeHcar)
em (gas/
HS OO, 02 n2 CH4 H2 Ar He condensate)
1 BocTouHas 101 5.60 87.34 0.00 291 0.54 8,60 0.54 8.60 51 12 4.2
2 3anagHas 96 2.70 82.48 0.00 5.92 1.10 7.70 110 7.70 160 5 7.0
Ne CocTaB KOHAeHcarta, mr/n Obwasa mu-
Condensate composition, mg/I Hepann-
3auumsa, mr/n
KaTUOHbI aHVIOHbI HEAMCCOLL MOMEKY/ bl  Totalmine-
cations anions undissociatedmolecules raliza-
H nh4 Nat K+ Ca2 Mgd Fe3 Ce S024 CO023HCO3 F soZ3 Si02  tion,mgl/l
1 0.0 20.0 72.0 31 5.0 2.4 0.0 85.0 562.0 61.0 0.0 0.0 0.8 820
2 0.0 15.0 1.6 0.5 0.0 0.0 0.0 3.5 0.0 928.0 0.0 48.0 0.0 190

3anagHaa rpynna CeBepo-MyTHOBCKUX napo-
rmapoTepm pacnosiaraeTcs Leno4ykol BAONb 3anag-
HOro MOAHOXUA psAfa APEBHUX MNOGOYHBLIX KOHYCOB ©
BK/IlOYAET Tpy TepmanbHbIX Nonsa: BepxHee, CpeaHee
n HuxHee. OTO nporpeTble [MHUCTbIE NAOWafKu,
MecTamMu MOKPbITble CEPOA U TMNCOM, C MHOXECTBOM
BbIXOA0B naposoasHoi cmecu (96—110 C), c rpsase-
BbIMW BYJIKAHaMW, KOTNaMy ¥ BOPOHKaMu Kunswein
BOAbl B MOHWKEHUAX Uy pyCes pyybeB.

B razax CeBepo-MyTHOBCKMX Tepm (Tabnuua 3)
npeo6nagaeT yrnekucsaoTa, NpUCyTCTBYIOT CEPOBO-
gopopa, asoT, Bojopod W meTaH. KoHAaeHcaTbl MX
npeactasnaT cnabo MuHepanM3oBaHHble pacTBO-
pbl ¢ pH, 61M3KOM K HETPa/IbHOMY.

MapwpyT 3aBepwiaeTca NepexofoM 4epes3 He-
BbICOKMIA nepeBan mMexay BYy/iKAHOM MYTHOBCKUM W
pa3pyweHHONW nNOCTPOWKOW [ApPEBHEro ByJiKaHa
r. AByrop6oii.

B paiioHe nepeBana MHTepecywumecs rasorng-
poTepmMasibHbIM MeTaMop(U3MOM By/KaHWYECKMX
nopog MOryT 03HAaKOMUTbCA C €ro npoaykTamu Ha
naowagkax yxe oTMmepluiei pasrpy3ku naporugpo-
TepMm. VI3MeHeHUs BblpaxalwTcs aprunnusauuneit
(npeobpa3oBaHMeM B FMHbI) 6a3anbTONAOB U ona-
nuszaynen (3amew,eHnem onasaom) KpemMHe3emu-
CTbIX («KUCNbIX») BY/KaHUTOB. OXHee nepeBana,
nopg OCTpOBEPXOW ckanon Manbyuk Ha xp. OTXxoAs-
lwem n HMXe opoHTa HeBONbLWOro NefHKUKa, pacno-
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Bug, BepxHeli yactn opara OnacHoro
View of the upper part of Opasny ravine

Bepxnuii Bogonas Ha p. BynkaHHoii B Bepxosbe oBpara OnacHoro KaHbOH oBpara ONacHOro BHM3 M0 TedeHUto p. BynkaHHoM
Upper waterfall at Vulkannaya river in the head of Opasny ravine Canyon of Opasny ravine downwards with the current of Vulkannaya river
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naralTcsa ydyacTKu aprunnamsauunun, B CBETbIX [NKU-
Hax KOTOPbIX cogepXxaTcsa KpynHble, o 10—12 cwm,
Kpuctannbsl cepo-rony6oro runca, KonbeBuAHble C
dopmammn «acTouyknHa xBocTa». B Bblemke Begy-
wen Kk nepesany CTapoil [OPOrM BCKPbITbl SAPKO-
OKpalweHHble UuBeTHble T[/INHbl — OT Q)I/IOJ'IeTOBbIX n
KpacHbIX A0 JIMMOHHO-XEenNTbiX. A cCeBepHee nepe-
Basla BOCTOYHbIA CK/JOH BOAOpasgesia NOKPbIT OChI-
nblo 6GefbiX, PO30BbIX, KPEMOBbIX, MaTOBbIX WK
aManeBo-6necTAWMX ONannMToB, 06pas3oBaHHbLIX Mo
JaunToBbIM NaBam r. Byrop6oii.

Jkckypcusa no p. BynkaHHoOl/ K Bogonagam u
o3epam

OTOT MapwpyT MOXHO HayaTb OT BepxXHero, ca-
MOro M3BECTHOro Bojonaja B BepxoBbe oBpara
OnacHoro, y npope3aHHoOro uMm no6o4yHoro wnako-
BOro KoHyca KpacHbii O6pbiB (puc. 4). MogHOXMSA
By/ikaHa 3[eCb NepekpbiTbl MOKPOBOM MNEM30BOI0
Tydpa Kanbgepoobpasywuero u3BepxeHua MyT-
HOoBCKOro-3. MOKPOB pacysieHeH 3po3neil 1 B CBOKO
oyepelb MNepekpbiT T[1bI6OBbIMKU  OT/IOXEHUAMU
B3PbIBHbIX U3BEPXEHUIA U rpsA3eKaMeHHbIX NMOTOKOB
(naxapoB), a Ha neBobepexbe p. BynkaHHoli — na-
BaMn MYyTHOBCKOro-4. lNosepx Bcex 3Tux o6paso-
BaHWN WUPOKMM wWelihom pacnpocTpaHeHbl
rMbl60OBble OT/IOXEHWA naxapa, COnpoBOXAaBLUEro
B3pbIB 3KCTPY3uu B Kanbhepe MYTHOBCKOro-3, ¢
XapakTepHbIMU TUFTAHTCKUMU 670Kamyu MaHTUIRHOWN
GpeKk4nn aKcTpysuBea.

Peka BynkaHHas 3pecb Hu3BepraeTcs Yy3KOMH,

53-meTpoBOil  BbICOTbI CTpyeli C¢ 6as3anbTOBOrO
noTtoka, 6GpoHuMpylowero 60nee pbixable WNAKU U
nem3oBble Tydbl OCHOBaHuA yctyna. Bogonag nyu-
e BCero BUAeEH C niaowajgkM Ha BeplwuHe Kpac-
Horo O6pbiBa. Ywesnbe 34ecb UMeeT ry6unHy 0Koso
120 m 1 NOHM3Y Henpoxoanmo. Cnyckaach ganee no
npasomy 6epery u MMUHysa nosca pacTUTENbHOCTU OT
FrOpHON TYHAPbI Yepes 3apoC/n O/IbXOBOT0 CTNaHuka
C anbnNuMncKkMMKN nyxankamun [0 NapkoBbix 6epe3Hs-
KOB BHU3Y, MOXHO Habnwaate pa3pes 10/, OCHOBA-
HUA BynkaHa MYTHOBCKWiII B IEBOM OOPTY yuienbs.
Mon MOWHBLIMKM NoTokamMu 6a3anbToB MYTHOBCKO-
ro-4, cnoem nems, naxapamu u nasamMm MYTHOB-
CKOro-3 BCKpbIBaeTCs ToJiWa neM3oBbiX TY(oB u ur-
HUMOGPUTOB, U3BEPTHYTLIX 0KONO 40 ThiC. NeT Has3aj
npu obpa3oBaHWM Kanbaepbl BynkaHa Fopenoro u
nepekpbIBLINX 34eCb OCTATKN APEBHEr0 pa3pylleH-
Horo 6a3anbTOUAHOIO BY/IKaHa.

Bbiwe ycTbs py4ybs-npuToka, Bnajawwero B
p. BynkaHHylo cnpasa, 415 TYPUCTOB C HEKOTOPbIM
OMbITOM CKanosiasaHnua BO3MOXEH CNyCcK Ha [AHO
yuienbsa, npoxoagumoro 3gecb Ha 1-1,5 kM BBepx u
BHM3 MO MHOTO/IETHEMY CHEXHUKY. B aToM mecTe B
cocTaBe YNMOMSAHYTOroO OocCTaHua naneoBysiKaHa Bbl-
XOAMNT 3KCTPY3nsA BMOTUTOBBLIX AaLnToB. Huxe yue-
nbe-«Tpyb6a» BHOBb Henpoxoaumo. Kpasa yuenbs
NMOKPbITbl CAMIOWHbLIMW 3apPOCAAMU ONIbXOBHMKA, NO3-
TOMYy oOTclga Hafo YK/IOHUTbCA CeBepHee U No
OOWUNPHBIM UBETYLW MM NOJISHAM CMyCTUTBCA Ha No-
BEPXHOCTb APEBHEN CKYNbNTYpHON Teppachkl p. Byn-
KaHHON. B 3TOM YIOTHOM Yyroske pacnonaraetcs
rpynna HeboNblWMX 03ep, BOAA B KOTOPbIX, Hec-
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jointing and large gas pores-ventholes are well
expressed in lava of the flow. At this height parts of
park birch-woods begin. Waterfalls are the final pur-
pose of the route. They are located lower along the
valley: magnificent cascade on the left tributary of
Vulkannaya river and (1 more km lower) on the river
itself where it cuts through the mentioned flow of Go-
rely volcano and dashes down in new deep canyon.

Depending on the place of resting groups come
back either up along the Osvistannaya river valley
passing its presses by pass over «cape» of the high
left bank, with a passage to the right bank (by snow
bridge or wade) and further along berry glades on
the flow of Gorely volcano to the camp at the edge of
its caldera (Fig. 4); or they can rise to the «cape» and
pass along the watershed glades to the north-east to
the extensive firn basin, and then along it to the north
up to the stationary house of Research Geotechno-
logical Centre. From it, if necessary, itis not also dif-
ficult to pass to the camp site at the edge of caldera
of Gorely volcano — through the firn basin which hi-
des the head of Osvistannaya river and along tundra
of its right bank.

Kackag Bogonafos Ha NpuToke p. BynkaHHOW B HM30BbAX oBpara OnacHoro
Waterfall cascade on the tributary of Vulkannaya river in the lower parts of Opasny ravine
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MOTPSA Ha OO6bIYHO COXPaHAKLWMECS CHEXHWUKM MO
6eperam, B XXapkue AHU fieTa fOCTAaTOYHO Mporpe-
BaeTCs A/19 OCBeXalLwero KynaHus.

OT 03ep BAO/b 3a60N0YEHHOTO ThI/IOBOTO Kpas
Teppachl Mo pydyblo, a 3aTeM NpaBee Bogonaga Ha
HeM, yepes yyacToK KyCTapHUKa y npaBoOro CkioHa
[O/INHBI, MOXHO BHOBb CNYCTUTbCA K p. BynkaHHOM,
noBopaunBalLwell 34ecb K IOry 1U3-3a gaBHel nog-
npyabl NOTOKOM naBbl BysikaHa Fopenoro. B nase no-
TOKa XOPOLWO BblpaXeHbl cTonbyatas oTAE/IbHOCTb U
KpYnHble ra3oBble NOPbI-OTAYWMHBLI. Ha 3aToli BbICO-
Te Ha4YMHalTCHA y4acTKu napkoBbiXx 6epe3HAkoB. Ko-
HEYHOl Uenbl MaplwpyTa ABAAKTCA BoAOoNafbl,
pacnonoXeHHble HWXe MO [AONNHE: BEeJINKONENHbINA
Kackaj Ha neBoM nputoke p. BynkaHHoW un (ewe B
1 KM HMXE) Ha camoOil peke, rge OHa npopesaeTt
yNnOMsAHYTbIA NOTOK [openoro u Hu3BepraeTcs B
HOBOe rny6okoe yuenbe.

B 3aBucnumocTun oT mecta 6asmpoBaHunsa rpynnebl
BO3BpaljaloTcs NM6o BBepx no gonuHe p. OcBuc-
TaHHON, MWHYS ee NpWXUMbI MNepeBasioM uvepes
«MbIC» BbICOKOro nieBoro 6epera, ¢ nepexogomMm Ha
npasblii (MO CHEXHOMY MOCTY uam B6posa) u ganee
no Arof4HbIM MOJSISHAM Ha NoToke [openoro go nare-
psay kpas ero kanbgepsbl (puc. 4); nn6o, NOAHABLLNCH
Ha «MbIC», MO MNOJsfHaAM Bojopa3fena K CeBepo-
BOCTOKY 0 OGLINPHOTO CHEXHMKA, a 3aTeM MO HEMY
K ceBepy, 40 gomuka ctaumoHapa HUTTL,. OT Hero,
npu He06XoAMMOCTU, TaKXe HEeC/MI0XKHO nepenTn Ao
MecTa fiareps y kpas kanbgepbl [opesoro uyepes
CHEXHWK, CKpbiBalOUWNii BepxoBbe p. OCBUCTAHHOW,
U No TyHApe ee npaBob6epexbs.

HwxHWin Bogonag Ha p. BynkaHHOW, npope3atollei NoToK By/ikaHa [openbiii

Lower waterfall on Vulkannaya river which cut through a flow of Gorely volcano
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BynkaH MyTHOBCKMA
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Fopenblii — papyroin, 6nuxanwwnii Kk MyTHOB-
cKOMy AaeilcTBywwWwmnin BynkaH HOxHON KamuaTku.
PacctoaHue mexay Humu 15 km. [pu BnaMMOM
cxoAcTBe Ux xpebToo6pasHbiXx hOpM M TUMNOB Aes-
TEeNbHOCTM B WUCTOpuYyeckoe Bpema (hpeaTomar-
MaTuyecKkne n BYJIKAHCKWE WU3BEPXEeHUsA), 3TU BYI-
KaHbl CyW,eCTBEHHO pasfimyalTcsa npeabicCTopuei u
o6WNM XapakTepoMm pasBuTUS.

MocTpolika [openoro — fWHEelHbIA ByNKaHU-
Yyeckunin xpebeTt ANNHONK 3 KM N0 rpebHI0, BbITAHYTbIN
B CyOWIMPOTHOM, 3anafj-cesepo-3anajgHomM Hanpas-
neHun. OH COCTOUT W3 TpexX rNaBHbIX, ANINTENIbHO
pencteoBaBwux koHycoB (Fopenbiit-1-3 u, cooT-
BETCTBEHHO, KOMNnaekcbl G Ha puc. 2), n 6onee yem
Tpex AEeCATKOB KOHYCOB O HOAKTHbIX NPOpPbLIBOB. Bce
COOpYXeHne pacnosaraeTcs B 06WMPHON BYyNKaHO-
TEeKTOHMYeCKOl BMagunHe — Kanbaepe, UMelLlen
OBasibHYl0, YAJIMHEHHYIO K ceBepo-3anagy dopmy u
pasmepbl no ocam 9x13 kM. B oTnuuue ot MyT-
HOBCKOro, lNopenbiin, Takum ob6pasom, npogoskaeTt
pa3suTne 60siee APEBHErN0 BY/KAHWYECKOTO LIEHT-
pa. Ero oTnnyalT Takke CYWeCTBEHHO MeHblue
BbicOTa (MakcumasibHas oTmeTka — 1829 M), 06b-
eM MocTpoikn (~ 25 KM ), MHAEKC 3KCNAO3UBHOCTMU
(20-30 %) 1, COOTBETCTBEHHO, KpyTMU3HAa CK/IOHOB, a
TakKxe MnoBbllWeHHasa TeKyyecTb naB. 10 3TUM npu3-
Hakam cTpaToBy/ikaH Fopenbiii MOXeT ObiTb OTHECEH
K wnutoobpasHbiM, T. €. NepexoHbIM MO TUMNY K no-
NOrMM  WMNTOBbLIM, CYL,ECTBEHHO NaBOBbIM COOPY-
XEeHUAM.

MocTpoiikn MyTHOBCKOro U FOpesnioro opueHTu-
poBaHbl 6/1M3KO K O4HON IMHUKM CeBepo-3anafHoro

BynkaH openbiii
Gorely volcano

Hanpas/ieHWs, conpsrascb B KOPOTKWIA psf, none-
peyYHbIi OCHOBHOMY, CEBEPO-BOCTOYHOMY MPOCTU-
paHuio By/nkaHuyeckux ueneii KamuaTkum. 370 yka-
3blBaeT Ha WX CBA3b C HEKOEN 06U el CTPYKTypoi
MarmMaTtnyeckoi nNpoHMLAeMOCTM 3eMHOW KOpbl.
OpfHako Ha BEPXHUX ee YPOBHAX COBPEMEHHble
MyTHOBCKWUIA 1 Fopenbiii pasfeneHbl y3KOi Henpo-
HULaeMOiN, amarMaTuyHoil 30HOW, a 0COBEeHHOCTHU
cocTaBa M3BepraemMoro Mmu BeljecTsa CBUAeETENb-
CTBYIOT O CaMOCTOATE/IbHOCTU MNUTALWUX WUX rNy-
OGVHHbIX MarMaTu4ecKnx NCTOYHNKOB.

B npoTuBOBEC WCKAKYUTENIbBHO 3KCM03UBHOWN
HoBeliWwel akTMBHOCTM MYTHOBCKOro, NpakTuyecku
NOSTHOCTbIO COPMMUPOBABLUETOCA KO BpemMeHu 7-8
TbiC. NeT Ha3af, Fopenblii akTUBHO pa3BMBasICs 1 poc
[0 HacTosWwero BpeMeHW, 4yepeays 3KCNAo3Mm cC
U3NTNAHUAMWN MHOTOYUCAEHHBIX W Pas3HO06pa3HbIX
naBOBbIX NOTOKOB. bnarogapsa ux monofoctu u cee-
xecTtu, Fopenbiii, HECKONLKO NpourpeiBatwmnin Myt-
HOBCKOMY B OTHOLIEHWW NaHawadTHO-BUA0BOTO pas-
HooGpasns, ABNSAETCA MNPEeKPacHbIM BYJ/IKAHOJOIN-
YeCKMM NOJSIMTOHOM AN MOJIyYeHna npeactaBieHunii
0 XxapakTepe UctevyeHus nas pas/INYHON BA3KOCTH, NX
MUCTOYHMKAX U COOTHOLLEHMAX NOC/EAHNX C BYJIKAHO-
TEKTOHUYECKMMU CTPYKTypamu, O BHYTPEHHEM CTPO-
€HWUN NOTOKOB, penbede Ux NOBepPXHOCTN N T. 4.

Fopenbiii OTHOCMTCA K By/KaHam C uepTamu
raBanckoro v ucnaHACckoro TUNOB, rAe Hapagy c
Hanbonee 06bIYHLIMKM NOTOKaMu rAbI6oBON (aa) na-
Bbl UMEKTCS Y NOTOKM ManoBSA3KUX N1aB TMna naxo-
9X03, C yyacTKaMun XapakTepHbIX /19 HAX NOBEPXHO-
CcTell BONIHUCTOW, KULWIEYHOM’, KaHaTHOW, «BANHHOW»
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Gorely is the other active volcano in Southern
Kamchatka which is closest to Mutnovsky volcano.
Distance between them is 15 km. With an apparent
likeness of their ridged shapes and types of activity
in historical time (phreato-magmatic and volcanic
eruptions) these volcanoes differ considerably in
prehistory and general mode of development.

Structure of Gorely volcano is a linear volcanic
ridge of 3 km in length along the crest which stret-
ches in sublatitudinal west-north-western direction.
It consists of three main cones acted for a long time
(Gorely-1-3 and, correspondingly, complexes G in
Fig. 2) and more than three tens of cones of one-act
breakthroughs. The whole structure is located in ex-
tensive tectovolcanic basin — caldera having oval
extended to the north-west shape and dimensions
according to the axes 9x13 km. In contrast to Mut-
novsky volcano Gorely volcano, thus, continues de-
velopment of the more ancient volcanic centre. It is
also notable for considerably lower height (maximum
mark — 1829 m), volume of the structure (~ 25 km ),
index of explosiveness (20—30%)and, correspon-
dingly, steepness of flanks and heightened lava
fluidity. According to these features strato-volcano
Gorely can be referred to scutiform, i.e. transitional
by the type to gently sloping shield, substantially lava
constructions.

To counterbalance to exclusevely explosive
latest activity of Mutnovsky volcano which had for-
med practically completely by the time of 7—8 thou,
years ago, Gorely volcano developed actively and
grew up to the present time alternating explo
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sions with out-flows of numerous and various lava
flows.

Gorely volcano is referred to the volcanoes with
features of Hawaii and Iceland types where equally
with the most usual flows of block-lava there are also
flows of little viscous lavas as pahoehoe, with sec-
tions of typical for them surfaces of ropy, pahoehoe,
corded lava, with lava pipes, hornitoes (secondary
microvolcanoes on flows), warpings and whimsical
hummocks-kekurs.

Pre-caldera volcanic structure, caldera of
Gorely volcano and early Post-caldera
complex ofmonogene volcanoes

Caldera occurred in the summit part of the com-
plex pre-caldera volcanic structure — Pra-Gorely. It
was, to all appearance, extensive many-discharged
extrusively-lava complex (Fig. 2) with dimensions of
about 12x25 km stretched in north-eastern direction.
Peripheral parts of thick flows of andesitic and da-
citic composition, separate extru-sions, dykes and
necks of dacites-rhyodacites, a number of the an-
cient adventive cones and flows of basalts and ande-
site-basalts which are chopped off with a scarp of
caldera remained after it.

Caldera formed as a result of overhead stoping
of large magmatic reservoir (chamber) intruded in
the earth's crust, — as the reaction to its devastation
by a series of inmense eruptions of dacite-andesitic
magma saturated with gas. They occurred through



naBbl, C N1aBOBbIMU Tpyb6amu, ropHuTOCcamMmum (BTOpPUY-
HbIMW MUKPOBY/KaHYMKaMU Ha noTokax) , Banamu
KOPO6/eHMS M NPUYYAINBBLIMU TOpOCaMU-KeKypa-
Mu. TpekpacHO BblpaXeHbl annapaTtbl UX U3BEpPXe-
HUI: KPOME BEpLUNHHbIX KpaTepoB C 0BGHaXEHHbIMU
paspesamMun NpPWXKepnoBbIX YacTeidl By/skaHa, co cre-
Aamn NaBOBbIX 03ep W OT/IOXEHWA NaBOBbIX (POH-
TaHOB, MMeeTCs MHOXECTBO anmnapaTtoB NO6GOYHbIX
N3BEPXEHWUI — LWNaKOBbIX KOHYCOB, NaBOBbIX 6OKK U
3UAIWMX TPEeWwmnH C AaiKOBbIMUA «KOPHSAMMW» NOTO-
KOB. JlaBOBble TPpybbl Ha NOTOKax, 60MbLIEel YacTbio C
06BaIMBWIMMNCS KPOBMASIMWU, MECTAMU BblpaXeHbl B
BUAE apoK, OCTAHLOB W MPOTSXEHHbIX TAUHCTBEH-
HbIX MeLiep.

K coxaneHwuto, 3Tn ob6pasoBaHunA LWMNPOKO pac-
cpenoToYeHbl NO BCeil naowagn nocTpoinku Byn-
KaHa W TPYyLHO oOXBaTblBaeMbl OAHUM-A4BYMS
9KCKYPCUOHHBIMW MapLpyTamMmun BO BCEM CBOEM pas-
HooGpasuu.

[okanbaepHasa nocTpolika, Kanbgepa
BY/IKaHa [opesblii 1 paHHU NOCTKa/b-
AepHbIli KOMMNIEKC MOHOTEeHHbIX BY/IKAHOB

Kanbgepa BO3HMK/AA B BEPLWWHHOW 4acTu chno-
XXHOTO [AOKa/llbAEPHOT0 BYJ/IKAHUYECKOTO COOpYXe-
HMa — MNpa-lFopenoro. 3710 6bI1, N0 BCEN BUANMOCTMH,
06WNPHbIA MHOTOBbLIXOAHOW 3KCTPY3NUBHO-/1aBOBbIN
komnnekc (puc. 2) pasmepamu 0kono 12x25 km,
BbITAHYTbIi B CEBEPO-BOCTOYHOM HanpasneHun. OT
HEero coxpaHunncb 06pyb6eHHble YyCTYynoM KanbpAe-

pbl NnepudepuritHble 4YacTu MOLLHbIX MOTOKOB aHAe3u-
TOBOIO W AaLWUTOBOro coctaBa, OTAe/ibHble 3KCTPY-
3un, Jalkym W HeKKn [auuToB-puogauuToB, pPaf
ApeBHUX NOGOYHBIX KOHYCOB U NOTOKOB 6a3anbToB U
aHpesnTobasanbToB. B yacTtHoCcTM, K fokanbAep-
HOMY nepuogy OTHOCUTCA €AUHCTBEHHbIA 3NN30[
npopbiBa Marmbl B 30He Mexay Fopenbim un MyT-
HOBCKMM, o6pa3oBaBLUero ABe Ky/JmcoobpasHo cme-
LW EeHHbIe LLenoYkM LWNaKoBbIX KOHYCOB Ccyb6adpoBbIX
6a3anbToB. OHM BCKPbIBAKOTCA U3-MOL UTHUMOGPUTOB
y H0ro-BOCTOYHOro 6opTa Kasjbfepbl U Yy NOAHOXUA
ropbl fiByrop6ow (puc. 2).

Kanbfgepa o6pasoBanacb B pe3synbrare 06py-
LWEeHMUSA KPOB/IM KPYMHOTO MarMaTuyecKkoro pesep-
Byapa (o4ara), BHE4PEHHOI0 B 3EMHYI KOpYy, — Kak
peakuun Ha ero onycToweHuwe cepueli rpaHAMo3-
HblX N3BEPXEHUI ra3oHachbIWeHHON faunT-aHaesun-
TOBON Marmbl. OHM MPOUCXOAMNN Yepe3 CUCTEMY
Xepn v TpewunH B cBoge pesepsyapa. [lo ckopo-
TEYHOCTW BbIHOCA OTPOMHbLIX Macc mMarmMaTuyeckoro
mMaTepuana n3BepxeHusa nofobHOro pojga OTHOCAT-
CA K pas3psagy KpynHeWwmx reonornyecknx katacT-
poh. NMopoxAeHHble UMM nemsonagbl U NUpokiac-
TUYeckme MNOTOKM (BbICOKONOABUXHAA B3BeECb
paspbiBalLeiica MarmMmbl B BblAeSEMbIX €10 rasax)
cthopmmpoBanm MHOrFOCNOWHbLIA NOKPOB MEM30BbIX
TychoB W, rnaBHbiM 06pa3om, UTHUMOPUTOB — KX
NIOTHO CMNEKWMUXCHA, «CBAPEHHbIX» aHasoros, 0MNo3-
HaBaeMblX MO XapakTepHOW CTPYKType CO CTeKIo-
BaTbIMU JINH30BUAHbLIMU BblAENEHNAMU — «DbAM-
me». lMupoknactuyeckme notokm (Q Ha puc. 2)
pacnpocTpaHunncb Ha pacctosHue o 25—30 km oT
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the system of vents and fissures in reservoir. Ac-
cording to the high rate of loss of the enormous
masses of magmatic material eruptions of this type
are referred to the category of the largest geological
catastrophes. They gave birth to the falls of pumice
and pyroclastic flows (highly-mobile suspension of
breaking magma in gases exhaled by it) which for-
med a multilayer covering of pumice tuffs and, main-
ly, ignimbrites their tightly baked, «cooked» analo-
gues identified according to the typical structure with
glassy lens-shaped exhalations-«welded tuff». Pyro-
clastic flows (Q in Fig. 2) distributed to the distance
up to 25—30 km of eruption centre flooding and leve-
ling the ancient relief up to the level of 1100 m near
caldera, with gradual lowering when moving away.
The area of their spread areal is evaluated in
600 km ,thickness in lowerings of paleorelief— up to
400 m, volume — about 120 km . Over the surface of
slightly-inclined pumice-ignimbrite plateau outliers
of pre-caldera structures exceeding its level come
out like «islands».

Formation of caldera is dated by the time of
about 38—40 thou, years ago according to the ratios
between ignimbrites from Gorely volcano and ana-
logous and subsimultaneous to them deposits from
caldera of Opala volcano in the west. The last ones
have corresponding radiocarbon dating due to rema-
ins of vegetation buried by them.

Outburst of the large portion of dacitic pumices
(Q in Fig. 2) precipitated within caldera and on
external flanks at north-western half of its perimeter
was the last in a series of caldera-forming eruptions.
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Additional subsidence of north-west part of caldera
bottom is supposedly connected with their eruption.

For a long time newly formed caldera repre-
sented a lake reservoir, and later, in epoch of the last
glaciation (25—10 thou, years ago) — large ice re-
servoir.

A new (early post-caldera) stage of Gorelovsky
volcanic centre activity coincided with the epoch of
glaciation. Itwas expressed in polyorifice volcanicity
structurally bounded with a ring suture of caldera. Its
formations are presented with a broken chain of mo-
nogene (having acted in one-actway) volcanic appa-
ratuses — basalt-andesitic cinder cones with lava
flows or (more often) without them, dacitic extrusi-
ons, volcanic necks and flows located exactly on the
crest of caldera scarp, at its foots or at a small dis-
tance on external flanks of caldera.

CurrentGorely volcano

Gorely volcano began its activity in glacial time
also through a glacier. Evidently, a peculiar mounting
of its two early cones — western (Gorely-1) and mid-
dle (Gorely-2)—which have steep precipitous scarps
of 80-100 m in height at the foots and flooded with la-
vas of young eruptions is connected with this cir-
cumstance. It is supposed, that their origin is conditi-
oned by crawling of frontal parts of lava flows against
the glacier which spreaded slowly and took them
down, and with its melting — submersion of displaced
fragments and their burial by current lake deposits.



LeHTpa W3BEepXeHWin, 3aTtanaueas W HUBenupys
ApeBHU penbed Ao ypoBHA 1100 m B6M3N Kasib-
Aepbl, C NOCTENEHHbIM CHWXEHWeM Ha yAaneHuu.
Mnowanb apeana nx pacnpocTpaHeHUsa oueHnBaeT-
€A B600 KM , MOLLHOCTb B MOHWXEHUAX Nasieo-pesb-
ethba — go 400 m, o6bem — nopsgka 120 km . Hapg
NOBEPXHOCTbIO C€/1ab0 HAaKMNOHHOTO MNeM30-UTHUM-
6pMTOBOro NaTo «0CTPOBaAMU» BbICTYNalwT NPeBbl-
wakwwmne ero ypoBeHb OCTaHUbl AOKanbAepHbIX
COOpPYXEHUA.

O6pasoBaHune Kanbfepbl faTUPOBAHO Bpeme-
HeM 0Kosi0 38—40 TbIC. /IeT Has3ag Mo COOTHOLWEHNU-
AM TOPEesIOBCKUX UTHUMOPUTOB C aHaNOrMMYHbIMU 1
Cy60HOBPEMEHHBLIMU UM OTNIOXKEHUAMWN Kanbaepbl
By/nkaHa Onana Ha 3anage. locnegHne MMerT CO-
OTBETCTBYHLLYIO pajguoyriepofHylo faTtupoBKy nNo
ocTtaTtkam norpe6eHHOl UMU pacTUTeIbHOCTH.

MocnegHum B cepun KanbgepodopmMupyto-
LWNX W3BEPXEHU Obl1 BbIGPOC KPYMHOW nopuumn
fpauuntoBbix nem3 (Q Ha puc. 2), OT/IOKMBLUNXCA B
npegenax KanbAepbl W Ha BHELWHUX CKAOHAX Yy
ceBepo-3anagHoli NonoBuHbl ee nepumetpa. C ux
N3BEPXEHNEM MNpPeanoNIoKNTENIbHO CBA3blBaeTCH
JononHuTenbHas npocajka ceBepo-3anajHoi vac-
TV KanbhepHoro gHunuwa.

Kanbaepa, Kak oTMeyasnocb, UMeeT OBa/lbHYI0 B
nnaHe opmy n pasmepsbl 9x13 kM. BbicoTa orpaHu-
ynBalwllNX ee YCTynos Haf COBPEMEHHbIM YpPOB-
HEM 3ano/IHAKLWNUX BNagnHy OTNO0XEHUA gocturaert
250—300 M, WCTMHHaA xe raybuHa o6pyweHus,
HECOMHEHHO, 3Ha4YUTEe/IbHO NpPeBbIWAaeT 3TU BENUYN-
Hbl. paHuLbl CTPYKTYpbl, Npn 06LW e MX OKpyraoc-

TW, MecTaMy WUMEKT MPUXOT/MBble (EeCTOHYaTo-
3anmByaTble oyepTaHusa, oTanyawlme kanbgepy ro-
penoro oT MHOTMX NOAOGHbLIX CTPYKTYP C 06bIYHLIMMU
OKPYr/10-BOPOHKOOGPa3HbIMKU dopMamu; A8 HUX
MOXHO npegnonaratb KOMOUHUPOBAHHbBIN, B3PbIBO-
npoBasnbHbIAi MexaHusMm obpasoBaHusa. Kanbpepa
Ffopenoro — TUNMYHasa CTPyKTypa O6GpYyLlIeHnUs Tak
Ha3blBaemMoro tuna Kpakatay, orpaHuyeHHas Kpy-
TonagawwumMun [YyroBbiIMuW passioMamum-cépocamu.
[ 0BONbLHO peakuM NoATBEPXAEHNEM 3TOMY ABASAET-
CA onMucbiBaemMas Hux e marmatuyeckas npoHuuae-
MOCTb OTAEe/IbHbIX YyH4aCTKOB TPaHMYHOro LWBa Kab-
aepbl.

HoBooG6pa3oBaHHas kanbgepa A1uTenbHOe Bpe-
MS npeacTaBnsifa coboil 03epHbI BOAOEM, a MO34-
Hee, B aMOXy nocnegHero onegeHeHus (25—10 ToiC.
neT Haszaj) — KpynmHoe BMecTunuwe nbga. Yepes
NMOHWMXEHHble yYacTku 6opTa N1efoBblil naHUUpb pac-
Tekancs 4ANHHbIMY A3blKaMy M0 AO0/IMHAM, KPYMNHEeWn-
e 3 KOTopbIX Npopes3ann UrHMMGpuUToBOE NNaTo
K tory (obwasa gonvHa pek MyTHoin n OCBUCTaHHOW)
n cesepo-3anagy (ypouuwe Mbic KekypHblii) oT
Kanbgepbl.

C 3noxoil onefeHeHWsA coBMan HOBbI (paHHWIA
NnoCTKanbAEPHbIA) 3Tan akTMBHOCTU [OpPenoBCKOro
BY/IKaHM4YecKoro ueHTpa. OH Bbipa3unscs MHOTOBbI-
XOAHbIM BY/KAHU3MOM, CTPYKTYPHO CBA3a@HHbIM C
KONbLUEBbIM LWBOM Kanbfepbl. Ero o6pasoBaHus
npefcrtasB/ieHbl MPEPbLIBUCTON LENbld MOHOTEHHbIX
(ogHOAKTHO fgeicTBOBaBLIMX) BY/NKAHWYECKUX an-
napatoB — 6asanbT-aHAEe3MTOBbIX LIIAKOBbIX KOHY-
COB C /1aBOBbIM MOTOKamu wnu (Yawe) 6e3 Hux,
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Gorely-1 volcano

Gorely-1 volcano is formed by the rocks of
basalt-andesitic line. Its open western half is mod-
erately eroded, coeval to itapparatuses of adventive
eruptions are absent on flanks. Activity of Gorely-1
volcano ended with large pyroclastic eruption which
covered its flanks with toruiose mantle of bombblock
andesitic agglomerate with a thickness up to 25—30
m. Formation of the large (~ 0,7x1,4 km) oval crater
with the edge beveled to the east which crowns the
cone is connected with this eruption. Lower eastern
half of its crest and bottom are overlapp-ed with
volcanites from Gorely-2 volcano. Horseshoe-shap-
ed outlier of western part of the crestrises above the
bottom for 80—90 m, its maximum absolute height is
1763 m. In the scarp under covering of agglutinate
andesitic flows crop out in interbedding with a mode-
rate amount of pyroclastic material, in the middle of
«horseshoe» — intersecting body (volcanic neck) of
andesites, at the scarp foot — later destructed one-
act cone formed by cinders of andesite-basalts rich
in olivine.

Gorely-2 volcano

Vent of Gorely-2 volcano laid at the low eastern
edge of Gorely-1 crater described earlier. Its current
height is 1829 m. The most ancient flows of its main
cone which expose on the surface and some side
breakthroughs have an age of 9,2—9,5 thou, years.
Thus, Gorely-2 volcano formed at the end of the last
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stage of glaciation and in the beginning of post-
glacial, Holocene epoch. Further it periodically re-
newed its activity being active after formation of Go-
rely-3 volcano also, up to the current stage. With its
formation a tendency of reciprocating displacement
of centre of structure activity was formed in deve-
lopment of the whole structure. At late, mature stage
development of Gorely-2 volcano was accompanied
by a great number of side magma outbursts on its
flanks and at foots, and through died out structure of
Gorely-1 volcano also. Composition of rocks from
Gorely-2 volcano varies within wider range, from ba-
salts todacites.

Structure of Gorely-2 volcano is crowned with a
compact group of so-called nested craters which ap-
peared consecutively one inside the other or laid on
the previous ones with more or less displacement
(Fig. 2,5). According to the relations between sha-
pes of their crests and complexes of filling deposits
6 large explosive craters of 500—700 m in diameter
are distinguished, and a number of more shallow
funnels of collapse also. A narrow (90—100 m) well-
like explosive crater acting now which was gradually
filled with a hot lake is telescopically «put in» more
extensive early crater of sink. The most eastern cra-
ter with a depth of about 200 m contains a cold lake
waters of which have acid reaction.

Remains of complexes of filling of the earlier cra-
ters demonstrate obviously a cyclic character of Go-
rely-2 volcano activity at this stage. Flat-bedded
bands of fragmental product and lavas representing
remains of lava cauldrons which existed here in



[aunTOBbIX 3KCTPY3nii, XXEepPNoOBUH 1 NOTOKOB, pac-
nonarawwmxca npsAMo Ha rpebHe KanbAepHOro
ycTyna, y ero noAHOXwWit unm Ha HebGoNbW/AM yaa-
NIEHUN Ha BHELWHMX CKNOoHax Kanbaepbl (conka Kpac-
Haa n ap., Q Ha puc. 2). AKTUBHOCTb 3TOro atana
cnepoBania BCKOpe 3a M3BEPXEHWEM OMUCaHHbIX
Bbllle MemM3, MNOACTUNAKLWMUX MOHOTEHHHble nocC-
Tpolikn 6e3 cywecTBEHHOro 3P03MOHHOr0 pacune-
HeHus.

CoBpeMeHHbI ByJikaH [opesnbiii

BynkaH Fopenblii Hayan gelicTBoBaTb Takxke ewe
B /lefHNKOBOE BpeMs, CKBO3b negHuK. Bugumo, c
3TUM O0O6CTOATENLCTBOM CBfA3aHO CBOeob6pa3Hoe
odhopmaeHne ABYX €ro paHHUX KOHycOoB — 3anaf-
Horo (FTopenbiit-1) n cpegHero (Fopenblit-2), nMer-
WMX Yy NOAHOXWUI KpyTble, 06pPbIBUCTbIE YCTYMbl BbICO-
Toli 80—100 M, YaCcTUYHO 3anUTble NaBamMu MOOAbIX
n3BepxeHuin. NMpegnonaraetcs, 4TO UX NPOUCXOXAE-
HMe 06YyC/I0BNIEHO Hanon3aHuem POHTa/IbHbIX Yac-
Teli NaBOBbIX NOTOKOB Ha MeAJ/IEHHO pacTekaBLluiics
W CHOCUBLUUI MX NeAHUK, a C ero TagsHuem — Mnorpy-
XEeHNeM nepeMeLlLeHHbIX hparMeHToB M norpebe-
HMEM UX COBPEMEHHBLIMY O3EPHbLIMU OT/IOXKEHUSAMMU.

OCHOBHble COb6bITMS NO3AHENWen ncTopun Byn-
kaHa [openblii, B NOCTnegHNKOBOE, r0O/0LEHOBOE
BpeMs, AaTupoBaHbl TEPOXPOHO/IOTUYECKUM Me-
Toaom. OH OCHOBaH Ha BCKpPbITMM (packonax) y
NOAHOXWUI BY/IKAHOB OT/IOXEHWA Tedpbl (Nennos,
W1akoB, NeM3), HakananBaBLIEeWCSa 3a BCe BPEMS UX

[eATeNbHOCTN, W pafuoyrnepogHbiXx AaTupoBKax
norpe6eHHbIX UMW OCTATKOB 6biN0l pacTUTenbHOC-
M (06YyrneHHON gpeBecuHbl, NO4YB), pa3BMBaBLUEii-
cA B nepepbiBax Mexay vm3sepxeHusamu. Ha 6onee
MOJIOAbIX 3/1eMeHTax By/iKaHM4YeCcKkMx nocTtpoek (no-
TOoKax, KOoHycax W T. N.) KO/IMYECTBO MNPOC/IOEB B
TaKNX «MOYBEHHO-MUPOKIACTUYECKUX Yexsiax» okKa-
3blBae€TCA COOTBETCTBEHHO COKpalieHHbIM. Conoc-
TaB/ieHne pas3pes3oB yexsa Ha pasHbiX YacTaX By/ka-
HMYECKOW MOCTPONKM C 06WMM AN BCEro ByJ/iKaHa
Nno3BOJIAET BOCCO34aTb XPOHOJIOTUIO €70 PasBUTUA ”
U3MEHEeHUi pexnma geAaTesbHOCTM BO BpemeHn. K
coxaneHuto, B palioHax, nofsepraswnxca onege-
HEeHUAM, yexnbl ApeBHee nocnegHnx 10—11 Teic. ner
He coxpaHsalTCcA.

BynkaH [openbiin-1

lFopenbliti-1 cnoxeH nopogamu 6asanbT-aHge-
3UTOBOro paga. Ero otkpeiTaa 3anagHas MnonoBuMHa
yMepeHHO apojupoBaHa, O4HOBO3pacTHble eMy ar-
napatbl MOGOYHbIX W3BEPXEHWUWA Ha CKAOHAX OTCYyT-
CTBYIOT, 3a WCK/IIOYEHUEM BOPOHOK (hpeaTnyeckmnx
B3PbIBOB Ha aHAE3MTOBOM MOTOKE CeBepo-3anagHoro
noaHoXusa. JedatenbHocTb opesioro-1 3asepwunnach
KPYMHBLIM MUPOKIACTUYECKUM U3BEPXKEHMEM, NOKPbI-
BLWUMM €ro CK/MOHbl 6yrpuctelM nnawom 6om60BO-
rMbI6OBOro aHAe3nToBOro arfomepara MOLLHOCTbIO
Ao 25—30 M, mecTamu crnekwerocs o ob6pasoBaHus
TeKy4yux n1aBonofo6HbIX pasHocTein. Mo-sugmmomy, ¢
3TUM U3BEpXeHWeM CBA3aHO ob6pa3oBaHMe BeHYa-
lowero KoHyc kpynHoro (~ 0.7x 1.4 km) oBaNbHOrIO
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KpaTepa CO CKOLEHHOW K BOCTOKY KpoMKoli. Bonee
HU3Kas BOCTOYHASA MOJSIOBMHA €ro rpebHsa n AHule
nepekpbiTbl By/kaHuTamu Fopenoro-2. MoakoBoo6-
pasHblli ocTaHel 3anajHoli 4yacTu rpebHss BO3BbI-
waeTtca Hapg gHuwem Ha 80—90 M, ero makcmmalsib-
Hast abconoTHas BoeicoTa— 1763 M. B ycTyne nog no-
KpOBOM arritTmHaTa obHaxalTcsa aHAe3nToBble no-
TOKMW B nepecnamBaHUn Cc ymMepeHHbIM KOJZIN4YeCTBOM
NMPOKNacTUYEeCKOro martepuana, B cepefuHe «noj-
KOBbl» — ceKyllee Tesio (kepnoBuHa) aHAe3unToBs, ay
NoAHOXUA ycTyna — 605ee NO34HWIA pa3pyLleHHbli
OOHOAKTHbIA KOHYC, C/IOXEHHbIi wWwnakamu 6oratbix
O/INBMHOM aHAe3nTo-6a3anibToB.

BynkaH Nopenblii-2

XXepno Fopenoro-2 3as0Xniocb y HA3KOTO BOC-
TOYHOro Kpas onucaHHoro kpartepa [openoro-1.
CoBpemMeHHaa BbicOoTa ero cocrtasngetr 1829 wm.
[peBHeliwne M3 ob6HaxawLWMXca Ha MOBEPXHOCTH
NOTOKOB €ro OCHOBHOMO KOHYyCa W HEKOTOPbIX MoO-
604YHbIX NMPOPbLIBOB UMeT Bo3pacT 9,2—9,5 ThiC.
net. Fopensiii-2, Takum ob6pasom, hopmupoBascsa B
KOHUe nocnepgHeli hasbl onefeHeHWs W B Havane
nocnenefHNKOBOW, roNoLEeHOBOW 3noxu. B pganb-
HelillemM OH nepuoanyeckn BO30OHOB/IAN CBOK Aes-
TE/IbHOCTb, COXpPaHAs akTUBHOCTb W nocne o6paso-
BaHus T[openoro-3, BMNJAOTb OO COBPEMEHHOro
sTana. C ero chopmumpoBaHnem B pas3BUTUM BCEW
NOCTPONKN yCTaHOBW/ACb TEHAEHLUA BO3BpPaTHO-
NOCTynaTenbHOro NepemMeL,eHna LeHTpa ee akTuB-
HOCTM. DTO OTpasunocCb B 3aMeETHOl CyOLMPHON

KomMnekc BepLUMHHbIX KpaTepoB BysikaHa Fopenblil. Bug c 3anaga
Complex of the summit craters of Gorely volcano. Western view

BbITAHYTOCTM W €ro NOCTPOIKN, B KOTOPOA HEYeTKO
pasnnynmbl TpU cocTaBNALWNX ee KoHyca (puc. 5).
Ha nosgHei, 3penoi ctagum passutue Fopesoro-2
COMPOBOXAa/l0Cb MHOXECTBOM MOOGOYHbLIX NPOPbI-
BOB MarMbl Ha €ro CK/0Hax Wy NOAHOXWW, a Takxe
yepe3 oTMepwyk nocTpoliky Fopenoro-1. CocTaB
nopog lFopenoro-2 BapbupyeT B 60/€e WNPOKOM
AvanasoHe: oT 6a3asnbTOB 40 AALUTOB.

MocTpoiiky l[openoro-2 BeH4YaeT KOMMaKTHas
rpynna tak Ha3blBaeMmblX THE340BbIX KpaTepos, noc-
nepfosaTesibHO BO3HWKaBLWUX OAWH BHYTPU APYroro
WAN HanaraslWKNXCA Ha npejwecTeywlwmne ¢ 60Mb-
WMUM UAN MeHbW MM cMeweHnem (puc. 2, 5). Mo co-
OTHOWEHMAM dopM uUX rpebHell c Komnaekcamu
3anO/THAWMNX OTNIOXEHWIA BbIAENATCA 6 KPYMHbIX
B3pPbIBHbIX KpaTepoB gumameTtpamu 500—700 M, a
Tak-xe pag 6onee Menkux NpoBasibHbIX BOPOHOK.
HbiHe pelicTBylowuii yskuii (90—100 m) konopgue-
06pasHblli 3KCMMO3MBHLIN KpaTep, NOCTEMEHHO 3a-
NOMHABLUMIACA TOPAYMM 0O3€poM, TesleCKONnnuyecku
«BJIOXEH» B 60/1ee 06WNPHbLINE paHHWUI KpaTep npo-
Bana. CaMblii BOCTOUYHbI/ KpaTep rNy6MHON OKOJ0
200 m copepxnT xono4HOe 03epo, BOAbl KOTOPOTO
MMEIOT KUCYI0 peakuuio.

OTmeyeHHass TpexKoHyCHOCTb [openoro-2 yka-
3blBAET Ha BO3MOXHOCTb 3aMoJIHEHUA Kax[oro
npefwecTBYOLWEro Kparepa OT/I0OXEHUAMMN U3 pSA-
[OM BblpacTaBLIEro HOBOrO KOHYyca, 4YemMy, OfHakKo,
NMPOTMBOPEUYUT OTCYTCTBME COOTBETCTBYIOLLETO Hak-
NoHa 3anosIHA LW KX cNoeB. Bea rpynna BepLlINHHbIX
KpaTtepoB, Mno-suAMMOMYy, dQopMupoBanacb Ha
6onee no3gHel cTagun, No AOCTMXEHUN BYJIKAHOM
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Puc. 5

reonoro-mopdposiornyeckas cxemMa BepLINHHOW 30HbI B. FOpenbIii
1—un30nmHUKn penbeda; 2 — kpaTepbl B. FOpenblii-2 1 X HoMepa OT PaHHUX K
Nno3aHNM; 5— 6pOBKVI 3PO3MOHHbIX PbITBUH U 6appaHKocos; 6 — WakoBble KO-
HyCbl NO60YHbLIX MPOPLIBOB; 7 — KOMIN/IEKChI 3aM0/IHEHNA KpaTepos [opesoro-2;
8 — TepMasibHble MJIOWAAKM U 3HaYeHUs TemrnepaTyp ux pasorpesa B 1980 r.;
9 —TpeLlmHbI.

LLBeTOM n nHagekcamu G nokasaHbl KOMIM/IEKCbl BY/IKAHNTOB OCHOBHbIX
KOHYCOB, COCTaBASIOLLMX MOCTPOIiKY B. Mopesnbiii (Fopenbiii 1— 3) 1 Monoabix
V3/IMSIHWUIA, COOTBETCTBEHHO KapTe puc. 2.
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Fig. 5

Geologic-morphological scheme of the summit zone of Gorely
volcano.

1—relief isolines; 2 —craters of Gorely-2 volcanoes and their numbers from ear-
ly to late; 5— brows of the erosional grooves and barrancoes; 6 — cinder cones
of side breakthroughs; 7 — complexes of filling of the Gorely-2 volcano craters;
8—thermal areas and temperature values of their heating in 1980; 9 —fissures.
By colour and indexes G1-3 complexes of volcanites of main cones are shown
which form the structure of Gorely volcano (Gorely-1-3) and young outflows,
Fig. 2 according to the map.



npefenbHOW ANS HEro BbICOTbl M MCYepnaHun BO3-
MOXHOCTEW pocTa.

OcTaTku KOMMJIEKCOB 3anosiHeHWs 6onee paH-
HUX KpaTepoB HarnAagHoO AEMOHCTPUPYIOT LUKNnye-
CKuii xapakTep gedtenbHocTu Fopesoro-2 Ha 3Toi
cTaguu. MNMosepx cnoes, o6nekawWmxX gHuwa n oc-
HOBaHWS CTEHOK 3TWX KpaTepoB, 3aserakwT ropu-
30HTa/IbHO-CAIONCTble Naykm 06/10MOYHOTO0 MaTepu-
ana wn nas, NpeAacCTaBAAKWMX OCTaTkm Hekorga
cyuiecTBoBaBLINX 34eCb NaBoBbiXx 03ep (0AHO K3
HUX — B lOr0-3anagHoOM kKpaTepe — MOC/AYXWno, B
4aCTHOCTU, UCTOKOM MOCMEeLHEro KPpYnHoro usnusa-
HWUS Ha K0XHbI CKIOH nocTpoiku B XV B.). 3T0 cBU-
JeTenbCTBYeT O pe3Ko KOHTpPaCTHOM XapakTepe
OVHaMUKN By/iKaHM3Ma MNO34HEro aTana: Kaxablid
UMK Ha4YMHa/ACs MOLWHbIM B3PbIBHbIM WX MNMPO-
KnacTuyeckum Wu3BepXeHneMm, ¢QopMUpoBaBLINM
yalwy kpaTepa, nocne 4ero HacTtynan nepuopg 6onee
cnabow aKCNA03MBHOM M 4YNCTO 3(hy3NBHON akTUB-
HOCTU C NOCTENeHHbIM ero 3anosHeHuem. Mocneg-
Hee, 04HaKO, He TO/IbKO He BOCCTaHaB/MBasio nep-
BUYHYI0O BbICOTY KOHYyCa, HO faxe He pocTturano
KpaeB kpaTepa; 6osee TOro, ypoBeHb 3anosIHeHuA
Kaxporo nocrefyluero kparepa okasbiBasics
HUXe, YeM y npeabliayuiero (e4UHCTBEHHOE WUCKIO-
YyeHne — BOBCE He 3ano/IHABLIMNACA BOCTOYHbIA
Kpatep). Takum ob6pasom, B YC/IOBUAX NpedenbHOm
BbICOTbl KOHYCa BY/JIKAHW3M NPOAO/IXAEeTCHa Kak 4e-
pepoBaHue ero fecTpyKTUBHOW (paspylweHune yactu
NOCTPOIKN) N KOHCTPYKTUBHOW (4acTu4yHoe BOcCCTa-
HOBJIEHME) cocTaBnAwWNX. pyrMm cnocobom «Bbl-
XNBaHMS» ByJlIkaHa OKa3blBaeTCA CMeLeHue ero

MarMoBbLIBOASLWETO Xepsa Ha 6onee HU3KWUI Bbl-
COTHbI YpPOBEHb, T. €. MUTpaLusa KkaHana.

OnucaHHas UWKAMYHOCTb BYJ/IKAHWYECKON paes-
TeNbHOCTU OTpaxaeT KpynHomaclTabHoe nepepac-
npefeneHne razoBbiXx KOMMNOHEHTOB MarMbl B Nuta-
loweil cucteme ByfnkaHa, AeNCTBYWOLWEN Kak CBOeO-
OGpasHblii cenapaTop raso-marmMaTtuMyeckoli CMecwu.
B TeueHne AnNUTeNbHbIX NEPMOAOB NOKOSA rasbl 060-
raujarT ee BepXHMe YpOBHU, 06ycnioBnBasa 6ypHoe
3KCMN/I03MBHOE Hauyaso Kaxpnoro uukna, c nocnegy-
oWwnm 60nee CNOKOWHbIM WM3BEPXEHUEM HUXHUX,
06efHEHHbIX Ta3amMmn NOPLUA Marmsl.

Takoi BbIBOJ, B U3BECTHOW Mepe afbTepHaTMBEH
onpepesieHNio UCTOPUYECKUX BEPLUNHHBLIX WU3BEPXE-
HWIA Fopenoro Kak npenmyL,ecTBEHHO dhpeaTunyeck-
UX, ABWXKYL,EN CUMOA KOTOPBLIX ABASIKOTCA HE CTO/IbKO
COGCTBEHHbIE Ta3bl Marmbl, CKO/IbKO napoobpa3oBa-
HWe Npu ee KOHTAKTe C FPYHTOBbLIMUK Bodamu. Buagumo,
npasu/ibHee WX KBanu@uuuposaTb Kak YynbTpasyn-
KaHCkue, nMesi B BUAY OCHOBHYH pPOJib BCe-Taku Mar-
MaTuyeckmx rasoB. NoaTBepXAeHMEM 3TOMY SIBASIET-
CA 1 TOT (PakT, YTO NOBOYHbIE M3BEPXKEHUS, NPOUCXO-
OovBlWMe B Hanbosiee 06BOAHEHHbIX 30HAX MOAHOXNIA
BY/IKaHa, (DOPMMpPOBaIN O6bIYHbIE LINAKOBbLIE KOHYChI,
6e3 xapakTepHoro pgns rugpomarmaTv3aMa BblHOCA
pa3fpobrieHHbIX nopoj yHaameHTa M 6e3 o6paso-
BaHWsA TaKMX TUNWUYHbIX AN HETO DOPM, KakMaapbl.

BynkaH Mopenblii-3

Fopenblii-3 o6pa3oBancss Ha Kro-BOCTOYHOM
cknoHe [openoro-2 okono 6,5 Teic. NeT Hasag. 310
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former times occur over the layers enveloping the
bottoms and wall basements of these craters. (One
of these lava cauldrons— in south-western crater—
was, in particular, a source of the last large outflow to

the southern flank of the structure in XVIII century).
This is the evidence of distinctly contrasting charac-
ter of volcanism dynamics of the late stage: each cy-
cle began with a powerful explosive or pyroclastic
eruption which formed bowl of the crater, then a pe-
riod of poorer explosive and purely effusive activity
with its gradual filling came.

The cyclic recurrence of volcanic activity des-
cribed reflects a large-scale redistribution of magma
gas components in the feeding system of the volca-
no. During the long periods of rest gases enrich its
upper levels conditioning the rapid explosive beginn-
ing of every cycle with the following more calm erupti-
on of low portions of magma impoverished by gases.

Gorely-3volcano

Gorely-3 volcano formed at south-eastern flank
of Gorely-2 volcano about 6.5 thou, years ago. It is
the lowest (1698 m) and low-volume, as if under-de-
veloped, cone in common structure of the volcano.
On its summit there is a crater of 500 m in diameter
and up to 180 m in depth which contains a cold lake.
Cone is formed with lavas and pyroclastic of ande-
site-basaltic composition. A number of apparatuses
of side breakthroughs (cinder cones, lava boccas)
which were the sources of large lava flows is located
on its flanks.

BeplunHa Fopesioro. A3pocHMMOK C BOCTOKa. Ha nepegHem nnaHe — kpatep Fopesnoro-3
Summit of Gorely volcano. Aerophoto from the east. In the foreground crater of Gorely-3 volcano
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cambiil HU3KniA (1698 M) N ManOOOGBLEMHBLIN, KaK Obl
Hefopas3BMBLUMICS KOHYc B cocTaBe o6ueli no-
CTpOiiKM By/skaHa. Ha BeplwunHe ero nmeetcs kpatep
AnameTtpom 500 v rnybuHoit go 180 m, cogepxalimin
xonogHoe 03epo. KoHyc croxeH naBamMu U nNupo-
KnacTukoli aHAe3nTo-6a3anbTOBOro coctaBa. Ha ero
CKNnoHax pasmelwaeTca psag annapatoB MNO60YHbIX
NPopbLIBOB (W/1aKoBble KOHYCbl, /laBOBble 6OKKW),
ObIBLUMX MCTOYHUKAMUN KPYMHbIX TAaBOBbIX U3NUSAHWIA.

MarmonpoBoAsilias CTPYKTypa ByJ/iKaHa.
Mo60o4YHbIe NPOpPbLIBbLI U pUdTOBas 30Ha

MarmonpoBsogsuw,asa cTpykrtypa opesoro otHo-
CNTCA K CMelWwaHHOMY Tuny, co4dyeTawuw,emy TuMNbl
LeHTpPanbHbIA N TPELWMWHHbIA. MepBbli npegcTaBns-
eT cuctemy Tpyboo6pa3HOro kaHasa C BO3MOX-
HbIMW pasfgyBamMu-odaramu, copmupyrouyoca Ha
nepBMYHOM TPELWMHHOM Marmosoge. FABNSASACL Hau-
60nee ycToluNBOI K TENONOTEPSAM, Takass cuctema
OUTEeNbHOE BPEMS COXpaHsAeT U3MEHSAHLWYH CBOM
cocTaB MarmMy U cCnoCO6GHOCTb K ee NMpOBOAUMOCTMU.
Tem cambiM ob6ecneynBaeTCcss MHOTOKPATHOCTb W3-
BEPXEHUI M3 NPOCTPAHCTBEHHO CTAOW/IbHbIX LLEHT-
pOB M pPOCT BYJ/IKAHWYECKMX KOHYCOB A0 Mpepesib-
HOro (rMApocTaTM4yeckoro) ypoBHA nogbeMa Mar-
Mbl. C I'IpI/I6I'II/I)KEHI/IeM K HEeMY HOBble MONOJIHEeHUA
CUCTEMbl oyar-kaHan rnybuHHOl marmoli Bce valie
co3falT TpewmnHoob6pasyLw e HanpsxXeHnsa B Mo-
CTpolike, peanusyemble MNOGOYHLIMW MNPOPbIBAMMU.
M3-3a 6bICTPOro OTBEpPAEBaAHMSA MarmMmbl B TOHKMX

TPELWMWHHbIX NPOBOAHUKAX OHW, Kak npaswunio, Ae-
CTBYIOT OJHOKPATHO, N HOBbIE MPOPbIBbI MPOUCXOAAT
yepes HOBbIE TPELLUHBI.

Ha BynkaHe [openblii-1, Kak OoTMeyanocb, OT-
CYTCTBYKOT CUHXPOHHble eMy annapaTbl NO6OYHbI*
n3BepxeHuii. Bce Habnwgaemblie NpopbiBbl, B TOM
yucne n pacnosioXeHHble Ha cknoHax l[openoro-1,
OTHOCHATCH KO BpEMEHW AeATeNbHOCTU ABYX nocrnea-
HUX KOHYCOB BYJIKaHa.

Mo cBoeil CTPYKTYPHOR NO3MLMK BCE NPOPbIBL'
pasfensawTcsa Ha Tpu rpynnbl (puc. 2): 1) aKCLueHTpu-
YHble (He cBsiI3aHHble C KaHanoM By/kKaHa), npuy'
pOYeHHble K KONbLEBOMY LUBY Kanbaepbl U 6/510ka ee
OTMEYEHHOW [OMOJIHUTENIbHOI npocafku; 2) cob'
CTBEHHO MOGOYHbIE («MapasuTmyeckme»), pacnosno-
XEHHble Ha ckfoHax Fopenoro-2; 3) NnpuypoYeHHble
K nepecekalluieli By/ikaH pa3BeTB/eHHON Tpewulh'
HOl(pudTOBOIi)30HE.

MpopbiBbl NepBoOli rpynnbl 06pa3yT KOIbLEBOWA
aHcamb/b WNAKOBbIX KOHYCOB C /1laBOBbIMU MOTOKA'
MW, MNOBTOPSAKOLWMIA o04yepTaHMss ceBepo-3anagHomn
NOMOBUHbI KaNnbAepHOro yctyna v MapKUpyoLWmni,
BEPOATHO, FpaHuUy npeanonaraemoii 4ONOAHUTESb'
HOW Npocafku Kanbaepbl C Oro-BocToka. Cuntaercs-
4YTO Marma 3KCLEeHTPUYHbIX NPOPbLIBOB NogHMMaeTe
HenocpeAcTBEHHO OT nNuTalwero ByskaH manorny”
6uHHOrO pesepByapa (o4ara); B Takom cnydae W*
KONbLUEBO KOMMMEKC MOXET Npubn3nTenbHo coot'
BETCTBOBATb NPOEKLMMN 3TOr0 oYara Ha NOBEPXHOCTb-

NPOBOAHMKAMW MarMbl COGCTBEHHO MOOGOYHbI*
NPOPbLIBOB ABNAAKTCA TPELUHbI-OTBETBAEHUSA ueH'
TpasbHOro KkaHana BynkaHa. Ha Nopenom 6onbwmnH’
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Magma-conducting structure of the
volcano.
Side breakthroughs and riftzone.

Magma-conducting structure of Gorely volcano
is referred to the mixed type combining the central
and fissure types. The first type represents a sys-
tem of pipe-like canal with possible bulges-focuses
which forms on the primary fissure magma-conduc-
tor. Being the most resistant to heat losses, such
system for a long time preserves magma changing
its composition and capacity for its conductivity. So,
recurrence of eruptions from dimensionally stable
centres and growth of volcanic cones to the limit
(hydrostatic) level of magma rise are provided. With
approaching to it new replenishments of focus-canal
system with abyssal magma make more often fissu-
re-forming stresses in the structure realized by side
breakthroughs. Because of rapid magma hardening
in thin fissured leaders they, as a rule, act once, and
new breakthroughs occur through new fissures. All
observed breakthroughs, including ones located on
the flanks of Gorely-1 volcano, are referred to the
time of activity of two last cones ofthe volcano.

According to its structural position breakthro-
ughs are divided into three groups (Fig. 2): 1) eccen-
tric (not connected with a canal of volcano) confined
to the ring suture of caldera and block of its marked
additional subsidence; 2) side («parasitic») proper lo-
cated on the flanks of Gorely-2 volcano; 3) confi-
ned to the branched fissure (rift) zone crossing the
volcano.

YcTyn Kanbaepbl Fopenoro v Lenoyka NpopbIBOB B CEBEPO-3anaHoi BeTBU
PUITOBOW 30HbI

Caldera scarp of Gorely volcano and chain of breakthroughs in the north-
western branch ofthe riftzone



CTBO TaKMX NPOpPbLIBOB CBA3AHO C AEeATENIbHOCTbLIO €r0
Hanbonee BbLICOKOTO M 3penioro koHyca Fopenblii-2.
Ha ero cknoHax Ha6nwoalnTCcsA Kak OANHOYHbIE LWNa-
KOBble KOHYCbl C MOTOKaMu, Tak U rpynnbl NPOPbIBOB
OLHOr0 M3BEPXEHUA, CBA3aHHbIE C NMPOTSXKEHHbLIMU
paguanbHbIMK TPELWNHAMNU, — MHOTAA CO LW1AaKOBbI-
MW KOHycaMu B WX BEPXHEN yactum U BbIXoAaMu
(bokkamMu) o4HON NULW b N1aBbl BHU3Y.

MpopbIBbI, MPUYPOYEHHbIE K TPELWWHHON Ccuc-
Teme, pacnonaralTca Ha CKOHax HeagencTBYLWNX
By/nikaHOB lopenbiii-1 u 3, a Takxe 3a npegenamu
By/iKaHa u Kanbfaepbl. OHU /T0OKA/IM30BaHbl BAO/b Ne-
pecekalweli Becb BY/NKaH C loro-sanaja Ha oro-
BOCTOK Ayroo6pas3Holi CucTeMbl TPELLWH, a Takxe ee
KOPOTKOTO CceBepo-3anajHoro OTBETB/IEHUSA Ha
cknoHe openoro-1 (puc. 2) KOro-BOCTOYHbIN OTpe-
30K CUCTeMbl paHee KOHTpO/AMpOBaa CMelleHue
rMaBHOro KaHasna By/lkaHa, 006yc/loBMBLUEe ero
xpeb6Too6pas3Hyto hopmy.

Hauyano pa3BuTus TpeLWwMHHON 30HbI OTHOCUTCS K
[OronoueHoBoOMy, NeAHNKOBOMY BpeMeHu. Toraa, B
4acTHOCTM, BO3HUK/A XUBOMMCHAA NOCTpoiika npo-
pbiBa lMHO3aBp Ha BHELWHEM 10r0-3anafHOM CK/I0He
KanbAepbl — KPYTOCK/MIOHHasA nunoobpasHas rpsaja
13 By/nKaHnyeckux 6om6 n wnakos, chopmupoBaB-
wascs B pe3ynbrare TPELWUHHOTO U3BEPXKEHUSA
BHYTPX fefHUKOBOro nokposa. lMo3gHee B nonoce
TPELWMNHHON CUCTEMbI MPOU3OLI0 MHOXECTBO Cy-
LL,EeCTBEHHO 3P PY3MBHBIX N3BEPXEHMIA. VX annapa-
Tbl NpeAcTaB/leHbl W/aKoBbIMW KOHYCaMu, NaBOBbI-
MKW Kynosamu n 6okkamu Kak 3a npefenamu kanbpe-
pbl, TaK ¥ BHYTPW Hee, Ha 3anafHOM ¥ BOCTOYHOM

CK/I0OHax By/ikaHa. Ponb TPELWWUHHONW cucTembl Kak
3/1eMEeHTa MarmMonpoBOASALW el CTPYKTYypbl BysKaHa
BO3pacTasia C TeHeHUeM BpPEeMeHU, U ecnu Ha paH-
HUX 9Tanax M3BEepPXEeHUsa B HEN elle YepefoBaanChb C
He3aBuUcMMol 3hdy3nBHOW AeATENbHOCTbIO Bep-
LWWHHbIX KpaTepoB, TO ABa MNOCAE€AHMX B UCTOPUMU
Fopenoro anu3ofa 06MAbHLIX NABOBbIX WU3IUAHWUIA
CBSI3aHbl UCKNOYNTENBHO CTPELWNHHON 30HOIA.

Okono 3 TbiC. NeT Hasapg oAWH 3a APYTUM N3IU-
nucb KpynHeWlwmne aHae3nTo-6a3anbTOBbIE MOTOKU:
noTokK ypounwa Mbic KeKypHbIi U3 KOHyca Ha Tpe-
WnHe ceBepo-3anagHoro ckioHa fropenoro-1 n MHo-
ropyKaBHbIli NOTOK U3 NOAKOBOOGPA3HOr0 KOHyca Ha
BOCTOYHOM CK/10He [openoro-3.

MocnegHee rpaHAMO3HOE N3NUAHWE NlaB Ha BYJI-
KaHe Fopenom npousowsno, No TeppoxpoHonornye-
CKUM fAaHHbIM, okono 250 neT Hasag. Mo-snagmmomy,
3T0 oTMedyeHHoe C. . KpaweHWHHUKOBLIM W3Bep-
XeHue 1737 r. Ha aTOT pa3 akTtMBM3uMposanucb no
BCeli A/INHE ro-BOCTOYHAA W Kro-zanagHas BeTBU
TPewmnHHONn cuctembl. N3nnaHnamun naebl Gbina 0OX-
BayeHa BCHA MOCTpOlika BMECTE C BEPLWMHHbIM KpaTte-
pom lopenoro-2. 2T0 6bIIO ANNTENbHOE M3BEpPXe-
HMEe W3 pacC/I0OEHHOW MO cOoCTaBy MarmaTuyeckoli
Kamepbl. KpynHble MNOTOKM XapaKTepHbIX YEepHbIX
KPpYynHONOP(UPOBbLIX aHAE3UTOB BbiTEKaIn U3 3UA-
OWKUX TPELWWH Ha CK/IoHax By/ikaHOB lFopenblii-3 u 1,
3aTeM nofo6HOro xe 061uka aHae3nTo-6asanbTbl U3
NnaBoBOro o3epa, o6pa3oBaBLIErocss B BEPLUMHHOM
kpatepe lopenoro-2, HO 0CO6eHHO 06UIbHO — U3
NPOpbLIBOB B 3aKas/ib4epHOl YacTu Hro-3anagHoi
BETBW TPELLMHHON 30HbI. V3 WNakoBbiX KOHYCOB B €€
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MpeacTaBuTeNbHbIE aHa/IM3bl MOPoJ MOpPenoBCKOro BYIKAHUYECKOTO LieHTpa

Tabnuua 4
Table 4

Representative analyses of rocks of Gorelovsky volcanic centre

Bo3pacTHoi komnnekc Ne Si02 Ti02 AlD3 Fed3

Age complex n/n
JokanbaepHblii komnnekc 1 67.84 0.67 16.00 1.14
Pre-caldera complex 2 5200 136 17.49 3.38
KanbaepoobpasytoLpe
N3BEpMKEHVIS 3 6168 121 16.90 221
Caldera-forming eruptions 4 6521 114 1518 215
Fopenbiii-1 5 5332 142 1735 2.32
Gorely-1 6 5754 132 16.28 2.28
Fopenblii-2 7 5188 118 17.62 3.72
Gorely-2 8 59.78 143 1542 164
9 5540 125 17.04 2.18
ropensii-3
Go'?ely_?, 10 53.38 124 16.60 2.23
PudgtoBas 30Ha 11 5855 151 16.46 1.58
Rift zone 12 5298 116 17.14 2.82

1 — paumToBas nasa B OCHOBaHUM 3anafHoro 6opta kalbaepbl; 2 — 6asanbT
rpynnbl AOKabAepHbIX MOG0YHbLIX MPOPLIBOB Y Or0-BOCTOYHOTO 60pTa; 3 — aH-
[e3UTOBbIA UTHUMGPUT BTOPOro CHW3Y FOPWM30HTa TOANWWM, oBpar OnacHbIif;
4 — UrHUMGPUT AALMTOBOTO COCTaBa, CeBepo-3anafHoe MoJHOXMUE By/KaHa
MyTHOBCKWiA; 5 — NOoTOK aHAe3nTo-6a3anbTa B yCTyne 1ro-3anagHoro nogHo-
xusi Fopenoro-1; 6 aHAe3nTOBbIN arrTUHAT NPUBEPLLMHHON YacTu 3anaj-
HOro cknoHa Mopenoro-1;7 —6a3anbT BepLmnHbl By/kaHa (0TM. 1829 m); 8 —aH-
[le3nT ceBepo-BOCTOYHOTO CK/IOHA MOpenoro-2; 9 — aHAe3nTo-6a3anbT TONWM
3anosiHeHVs 3anajHoro kpatepa ropenoro-2; 10 —aHAe3nTo-6a3anbT BOCTOY-
HOro cknoHa Fopenoro-3; 11 — aHAe3wT TPELLMHHOO NpopbiBa 8 BOCTOYHON
BETBU pudiTa, BOCTOUHbIVA CKNOH Mopenoro-3; 12 — 6a3anbT NoToKa B 3aKaslb-
[lepHoVi toro-3anafHoli BeTBY puhTOBOV 30HbI.
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FeO

2.01
6.35

3.76
2.67

6.29
5.89

5.69
6.29
6.49

6.87

6.71
6.41

MnO MgO CaO NaX KD HXD HD pd5Cymma

Sum
0.08 0.60 242 5.02 3.26 0.24 0.25 0.12 99.65
0.18 5.19 9.18 3.23 0.96 0.12 0.12 0.37 99.63
0.18 1.84 3.64 4.73 0.15 0.50 1.05 0.42 100.27
0.15 110 3.40 4.76 3.05 0.20 0.30 100.41
0.14 448 8.88 3.18 1.78 0.04 0.14 0.34 99.68
0.15 2.64 6.40 3.99 221 0.44 0.30 0.34 99.78
0.19 548 8.68 3.14 129 0.28 0.15 0.27 99.57
0.15 2.06 5.20 3.81 3.05 0.23 0.13 0.44 99.63
0.19 4.08 6.80 346 197 0.25 0.22 0.43 99.76
0.19 6.24 758 324 172 034 — 0.32 99.99
0.15 256 6.14 350 2.70 0.16 0.47 100.49
0.15 5.66 850 3.08 1.29 0.02 0.12 0.28 99.61

1—dacitic lava inthe basement of the western flank of caldera; 2 —basalt of the
group of pre-caldera side breakthroughs at south-eastern flank; 3 — andesitic
ignimbrite of the second from the bottom rock mass horizon, Opasny ravine;
4 —ignimbrite of dacitic composition, north-western foot of Mutnovsky volcano;
5 — andesite-basalt flow in a scarp of south-western foot of Gorely-1 volcano;
6 — andesitic agglutinate of near-summit part of the western flank of Gorely-1
volcano; 7 — basalt from the summit of volcano (mark - 1829 m); 8 — andesite
from the north-eastern flank of Gorely-2 volcano; 9 — andesite-basalt from the
strata of filling the western crater of Gorely-2 volcano; 10 —andesite-basalt from
the eastern flank of Gorely-3 volcano; 11 — andesite from fissure breakthrough
inthe eastern branch of rift, eastern flank of Gorely-3 volcano; 12— basalt of the
flow in the south-western branch of rift zone which is beyond the bounds of
caldera.



caMOM HW3KOM MecTe (B 9 KM OT BepLUMHBbI BYJiKa-
Ha) W3WACA KPynHeMNWwwWin NOTOK 3TOr0 U3BEpXe-
HWS, pacnpocTpaHuBlIniica Ha 20 KM MO A4OAUHaM
pyy. Kntou KekypHblit n p. leeas Onana. B pesynb-
TaTe 0TTOKa Marmbl NPOU30LLIEN NPoBasa BEPLUNHHOIO
kpaTepa [openoro-2, a B paiioHe LWJ/AaKOBbIX KOHY-
COB — MnpocejaHne OoKpyxatlweih NOBEepPXHOCTU Ha
6—8 M B nonoce gnuHon 5,5 n wupuHon 0,2—0,5 km
(NMof06HbIE CTPYKTYPbI Y HA3bIBAOTCA BY/IKAHNYECKU-
My rpabeHamun, unu pudrtamm).

CocTaB nopog By/fikaHa Fopenblii

Mo XMMUYECKOMY 1 MUHEepasrbHOMY COCTaBy BY/-
KaHUTbl [Openoro NnpeacTaBAAT accoumaumnio reHe-
TUYECKN POACTBEHHbLIX NOPOA (3BOJIIOLUMOHHYK ce-
put) oT 6a3anbTOB 40 puogaunToB. Nogasnswowas
mMacca nopoj cpefHero-KMcnoro cocraBa cocpepfo-
TOYeHa B foKa/lbAepHbIX 06pa3oBaHNAX 1 B OT/IOXe-
HUAX Kanbaepoobpasylwmnx n3BepxeHunin. B coespe-
MEHHON MoCTpolike npeob6nagalT NPOMEXYTOUYHble
aHpe3nTo-6asanbTtoBble pa3HocTu. OT nopog MyT-
HOBCKOrO BYy/fkaHa nopofbl [openoro oTanyarTcs
NMOHWXEHHBIMU TJIMHO3EMUCTOCTBHIO, XENE3UCTOCThI0
M 3aMETHO MOBbIWEHHOW LWEMOYHOCTb (0COBGEHHO
cogepxaHnem K O), uTo BNUCbIBaeTCA B O6LL Y TEH-
OEHUUI0O U3MEHEHMS 3TUX NPU3HAKOB C yAasieHneM
BY/IKAHOB OT OkeaHa. Cepus Fopenoro He o6Hapyxu-
BaeT 06bIYHOTO ANA MPUMOKEAHCKMX BY/iKaHOB abco-
NIIOTHOTO HaKOMMEeHUs Xenesa B Nopojax 1 no aTomy
NPpU3HakKy OTHOCUTCA K TaK Ha3blBaeMOMY WN3BECT-

KOBO-L,E/04YHOMY Tuny. XapakTepHble cOCTaBbl MO-
poA4 13 pasHbiX BO3pPacCTHbIX KOMMN/EKCOB BYyJKaHa
npueepeHsbl BTabnuuye 4.

MwuHepanbHbIlA coCcTaB By/ikaHUTOB [openoro, B
60/IbWINHCTBE CBOEM MOPKUPOBLIX, COOTBETCTBYET
0COBGEHHOCTSAM UMX XumMuama. BkpanneHHukn B 6Ga-
3anbTongax npepcTaB/fieHbl KalbUWMeEBbIM Maarvmo-
K1a3oM, O/INBUHOM, KTMHONUPOKCEHOM (aBrMTOM) U
pefKoil xpomucTol wnuHenbl. B nopogax cpepg-
HEero-KMcaoro coctaBa cpegu nopdnpoBbIX Bblgene-
HU npucyTcTBYOT 60siee HaATPOBbLI naarnoknas,
ABa nupokceHa (aBrUT M TUNEpPCTeH) M TUTaHO-
MarHeTuT. BONbWKWHCTBO NOPOA MNPOMEXYTOUHbIX
coCTaBOB — aHAe3nTo-6a3anbTOB M aHAe3nToB —
0O6HapyXuBawT MUHepanornyeckme nNpuU3HakKn
NPOMCXOXAEHNSA 3a CYET CMELEeHNs MmarM KOHTpacT-
HbIX cOocTaBoB, 6a3anbTOBOr0O W aHAe3nT-gauuto-
BOro. 3TO BblpaxaeTcs COBMECTHbIM NPUCYTCTBUEM
OTMEYEHHbIX accoumnaynii BKpanJeHHUKOB 1 3a4ac-
TYl0 HEOAHOPOAHOCTbIO Hecyliero ux rmépuaHoro
pacnnasa (T. €. 0CHOBHOW Macchbl NOPOAbl).

COBOKYMHOCTb XWMWYECKMX U MUHepanoro-
neTporpacnyeckmx CBONCTB BY/IKAHUTOB cepun lo-
penoro nokasbiBaeT, 4YTO Habnwhaemoe B Hell pas-
Hoo6pa3ne nopog O6YCNOBMEHO TPEMS [NaBHbIMU
npoueccamu: Kpuctannmnsauymein NcxogHbix 6asanb-
TOB C pasfesieHMeM MUHEepasoB W OCTaTOYHbIX
pacnnaBoB (KpucTtannmsaunmoHHoin AudpdhepeHumna-
Lumein), conpoBoOXaemMoii, No BCeik BUAUMOCTM, Yac-
TUYHOW accumunsfunen, ycsoeHuem MOpojJ OCHO-
BaHWS By/lKaHa, a Takke CMelleHWeM MarM pasHbiX

cTagnii audppepeHymnaLum.
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Breakthroughs of the first group form a ring ens-
emble of cinder cones with lava flows which repeats
the contours of north-western half of caldera scarp
and marks, probably, the boundary of supposed
additional subsidence of caldera from south-east.
There is an opinion, that magma of eccentric bre-
akthroughs rises directly from the small-depth reser-
voir feeding the volcano.

Magma conductors of side breakthroughs pro-
per are fissures-branches of the central canal of vol-
cano. At Gorely volcano most part of such breakth-
roughs are connected with activity of its highest and
the most mature cone Gorely-2. Both single cinder
cones with flows, and groups of breakthroughs of
one eruption connected with extensive radial rifts —
sometimes with cinder cones in their upper part and
discharges (boccas) of lava only below — are obser-
ved on its flanks.

Breakthroughs confined to fissure system are
located on the flanks of inactive volcanoes Gorely-1
and 3, and besides, beyond the limits of volcano and
caldera. They are localized along arched system of
joints intersecting the whole volcano from south-
west to south-east and its short north-western
branch on the flank of Gorely-1 volcano (Fig. 2).

The beginning of the fissure zone development is
referred to Pre-Holocene glacial time. Atthattime, in
particular, a picturesque structure of Dinosaur bre-
akthrough appeared on external south-western flank
of caldera — steeply-sloped serrate ridge of volcanic
bombs and cinders which had formed as a result of
fissure eruption inside ice sheet. The role of fissure
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system as an element of magma-conducting struc-
ture of volcano increased with time. And if at early
stages of eruptions there were alternations in it with
independent effusive activity of summit craters, then
two episodes of abundant lava flows last in the histo-
ry of Gorely volcano were connected with the fissure
zone exclusively.

About 3 thou, years ago the largest andesite-
basalt flows flowed out one after the other: flow of
Mys Kekurny valley from the cone on fissure of
north-western flank of Gorely-1 volcano and many-
branched flow from the horseshoe-shaped cone on
the eastern flank of Gorely-3 volcano.

According to the tephrochronological data, the
last immense lava flow at Gorely volcano took place
about 250 years ago. Obviously, it is an eruption in
1737 marked by Krasheninnikov S. P. This time
south-eastern and south-western branches of fissure
system became active along the whole length. The
whole structure was enveloped in lava flows including
the summit crater of Gorely-2 volcano. It was long
eruption from magma pocket laminated due to com-
position. Large flows of typical black magnophyric
andesites flowed out from the gaping fissures on the
flanks of Gorely-3 and 1lvolcanoes, then — andesite-
basalts of the same look from lava cauldron that had
formed in the summit crater of Gorely-2 volcano, but
especially abundantly — from the breakthroughs in
the part of south-western branch of fissure zone
which was beyond the bounds of caldera. The largest
flow of this eruption which spreaded for 20 km along
the valleys of Klyuch Kekurny brook and Levaya



[asonennoBbIli Weid n3BepxeHns
Gas-ash train of the eruption

CoBpeMeHHasi akTUBHOCTb BYJiKaHa
Fopenbiii

B reorpadpuyeckoil, kpaeBefuyeckoii 1 BYnKaHO-
NOrMYecKon nutepatype OTMEYEeHbl W3BEPXEHUSA
[openoro 1828,1832,1855,1869,1929,1930,1931,
1947, 1961 rofoB. Pa3Hble Mo MOLWHOCTU, BCE OHU
nMenun 3SKCNMN03UBHbLIM Xapaktep ¥ 6blAM nNpuypo-
YeHbl K BepWWHHbIM KpaTtepam Ha l[openom-2. Nx
ra3o-nensioBble LWNendbl pacnpoCcTpPaHAIMCb Ha
pacctoaHua o 150—200 km, B 3aBUCUMOCTU OT
HanpaBneHWs W cuibl BeTPOB. B nepuofabl mexay
N3BEPXEHNAMMN BY/IKaH 0O6bIYHO HAXOAMWIICHA B COCTO-
AHUM YMEPEHHOW yMaposibHOW f[eATeNbHOCTH.
MocnefHune, NoApo6HO M3yyaBLIMECHA W3BEPXEHUSN
[openoro umenn mecto B 1980-e roabl.

Mi3BepxeHune, nponcxoameliee c nwoHa 1980 r. o
niona 1981 r., npeABapsanoch ycuaeHmem qoymaposnb-
HOW aKTMBHOCTU. MOLLHOE NCTEYEHME pacKasieHHbIX
rasoB U3 Xeps Ha gHe KonogueobpasHoro kparepa
BbICYLLUW/IO CyLleCcTBOBaBLUEEe B HEM 03epKo, a 3aTteM
cTasio ConpoBOXAaTbCa B3pbiBAMU C BbiBpocamun Ma-
Tepuana nocTpoWku. B panbHellwem uW3BepXeHue
npuobpeno ANVHHONEPUOLHO-NYNbCUPYOLWNI  Xa-
pakTtep, nNpu yepefosBaHUy naporasosBbiX U ppeartu-
YeCKMX B3PbIBOB C BYJIKAHCKMMW BblbpocamMu Ha aTa-
nax MakcumManbHOW aKTUBHOCTM. Ha noBepxHOCTb
BbIHOCWUCA, TNaBHbIM 06pa3oM, By/iKaHW4Yeckuii ne-
COK W pe3ypreHTHble Nensbl, NMOKPbIBWKWE Maowanb
A0 500 KM , B MEHbLUEM KONNYECTBE — KPYMHble 06-
NIOMKN CcTapblX MNopof By/iKaHa U 60MObl CBEXUX
(toBeHUNbHBLIX) aHae3nTo-6asanbToB. Ob6WeEe KoNwu-
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4eCcTBO W3BEPIHYTOro0 MaTepuasna OLEHEeHO npuob-
NN3NTeNbHO B 65 M/SH T, CyMMapHbIii BbIHOC 3HEP-
rmn -6-10 apr.

MocnegHee wn3BepxeHune [openoro passBuBa-
N0Cb CO BTOPOI NOMOBUHLI 1984 r. 1 NPOA0IXaNoCh
00 KoHua 1986 r. B uenom oHo nmesno xapakrep, no-
LO6GHBIN BblILLEONMCAHHOMY, U XapaKkTepn3oBanochb
lWecTb0 nepuogamMmun yCuneHuna, Korga sbicota apyn-
TUBHOI KOJIOHHbI Mopoi npesBbiwana 3000 m. 3Tu
napoKCcuU3Mbl NpepbiBaiuCb aTanamu cnaboli napo-
rasoBoli aMUCcun.

OCHOBHYI0O [ABWXYLYIO poOJib B 3KCMNIO3UBHbIX
n3BepxeHuax Fopenoro urpakwT BOAAHbIE Napbl U
rasbl, cpefin KOTOpbIX B Hambosee Cyu eCTBEHHbIX
KonuyecTtBax npucytcreywT HS, HF, HC1 n SO .
Boabl aTtmMocdepHbIX ocafkoB, punbTpoBaBLIMeCSH
yepes nensbl NOCNEAHNX U3BEPXEHUWA, NUMENun yib-
Tpakucnblli coctaB ¢ pH<1l. OrpomMHbie KonM4yecTBa
TOHKMX Nennos, afcopbupoBaBLINX aKTUBHble XU-
Mun4yeckue coefjMHEeHUsl, CHOCATCA CO CK/IOHOB BYIJI-
KaHa B p. MyTHyl0 1 ganee Kk nobepexblo okeaHa.

M3BepxeHnam [openoro npejlwectsyeTr paso-
rpeB BepLWHON YacTu By/iKaHa, NPOSABAAKOLWMIACA
NoBbIlWEHNEM TemnepaTypbl ra3oB W rpyHTa Ha cy-
LeCTBYOLWMUX TepmanbHbIX MJolWafKkax, pacwupe-
HVMEeM 3TUX NoLWafoK U NpossB/IEHNEM pasorpesa Ha
[0TONe XONOoAHbIX (paHee OCThLIBLWIMX) y4yacTkax. Ha
puc. 5 4ns npuMmepa nokasaHo NnoJsiIoXXeHne TenI0BbIX
aHomanuii BynkaHa, 3adukcuposaHHoe W. T. Kupca-
HOBbIM Ha O4HOM M3 MaKCMMYMOB WX aKTUBHOCTU, B
Ha4vane n3sepxeHnsa 1980 r. B BbiIxogax napa Ha toro-
3anajHoM CK/IOHe ByJikaHa, MOMUMO aTMocepHoro

Bup n3sepxeHna ropenoro u3 NetponassioBcKa-KamyaTckoro
View of Gorely volcano eruption from the city of Petropavlovsk-Kamchatsky

BO3J4yxXa M BOASHOTO napa, cogepxanucb, No AaH-
HbiM E. A. BaknHa c coaBTopamun, 88 % CO ,7 % H ,
2 % HS, ranoreHoBOAOPOAbI U CEPHUCTLIA ras oT-
CyTCTBOBaNu. XapakTepHo, YTo pa3pacTaHue Tenno-
BOro Nofs By/ikaHa nepej N3BEPXEHUAMMN LeHTpasb-
HOro Tuna (M3 BEPLIMHHOIO KpaTepa) nogynmHseTcs
NIMHENHOW OpPUEHTUPOBKE W /IOKann3yeTcss B nosoce
KpaTepoB 1 TpewmuH pudTOBON CUCTEMBI, yKa3biBas
Ha MNOCTOAHHOE B3aMMOAeNcTBME LEeHTpPasbHOro u
TPELWNHHOIO 3/IEMEHTOB €ro MarmonpoBojsLei
CTPYKTYpbl. MogbemM mMarMbl K LEHTPalbHOMY KaHany
COMPOBOXAaeTCsa pacTsHXXeHMeM NOCTPOKM U 06HOB-
NeHneM CcuUcTembl TpelwuH, BHOBb CTaHOBALMUXCSA
NPOBOAHUKAMW MarmaTuyeckmx aMaHaLmnii.

Co BpemMeHW nocfefHUX n3BepxeHuih obpaso-
BaHHbIA UMW KOMoALeobpasHbli KpaTep MOCTeNneH-
HO 3anosiHAeTcs BOAaMu aTMOCHepHbIX 0CafKOB.
MporpeTas qgymMaposibHbIMK FrazaMu U HacbllU,eHHas
Kmcnotamu, Bofa B HoBoob6pasoBaHHOM 03epe ume-
eT KpacuBblil 6UPO30BLIN LBET. YpOBEHb 03epa, on-
pefensiemblii 6anaHcoM ucnapeHus, unbTpayun
BOAbl U KONMYECcTBa 0CafKoB, rof OT roga MeaneHHo
noBblaeTcs.

OnucaHwne sakckypcuun

O3HaKOMUTbCA C 6ONblIEl YacTblo AOCTONpPU-
MeuyaTeNnbHOCTEN BynkaHa [openblii NO3BONSAET 3K-
CKypcusi yepes ero BeplnHHY YacTb (puc. 6).

MoabeM K BepwunHe ¢ 6a30BOro nareps ocy-
uecTBnaeTcsa Mo XHOMY Ck/oHY [openoro-3 B
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Puc. 6

CxeMa 3KCKYpCMOHHOTO MapLipyTa Ha BysikaH [openbliii
O630pHble NI0WAAKN: 1—Y TPeLyHbI NPOPbIBa OAHOTO U3 MOJObIX IABOBbLIX
MOTOKOB; 2, 3 —Y aKTUBHOrO KpaTepa By/ikaHa; 4 — Ha rpe6He Topesioro-1: 06-
Lwmii 0630p MOoAbIX U3NMAHWUI Ha CKIOHaX By/iKaHa v 3a npegenamu Kanbge-
pbl; 5,6 —MecTa TPeLMHHbIX MPOPLIBOB MOJOAbIX /TABOBbLIX U3/UAHWIA; 7 — 06-
30p Ka/lbAEPHOro ycTyna; 8 — Ha MOJIOZOM MOTOKe W3 3aCTbIBLUErO S1TaBOBOrO
03epa B BEPLUMHHOM KpaTepe; 9 —y 3KCTPy3umn B 6OPTY Kaslbaepbl.

OcTa/ibHble 0603Ha4YeHUs1 CM. B MOSICHEHWsIX K puc. 3

Fig. 6

Scheme ofthe excursion route to Gorelyvolcano

View grounds: 1 — at a fissure of breakthrough of one of the young lava flows;
2, 3 — at the active crater of volcano; 4 — at the crest of Gorely-1 volcano:
general view of young outflows on the volcanic flanks and beyond the bounds of
caldera; 5,6 — sites of fissure breakthroughs of the young lava flows; 7 — view
of caldera scarp; 8 —at the young flow from hardened lava cauldron in the sum-
mit crater; 9 —at the extrusion incaldera side.

Other symbols see inexplanations for Fig. 3

HanpasB/ieHUN KPYNHOro NO60YHOro KOHyca knaccu-
Yyeckn npaBunbHO hopmbl (KOHyC Kpyrnablii), no ke-
KYPHUKY ero aHpe3nto-6asanbToBoro notoka. Cam
KOHYC CO CBOUM KpaTepom byaeT XOpoLwo BUAEH Npu
fanbHeliweM nogbeme Ha ¢hoHe ByskaHa MyTHOB-
ckoro. 3anagHee Kpyrnoro BuaeH gpyroi, 6onee
paHHWn NOBGOYHbI/ KOHYC, N0 CamMoe Xepso 3a/nTbli
NnaBaMu BEPLIVMHHOIO Kpatepa u 6osiee BbICOKOrO,
cy6TepMuHanbHOro (NPUBEPLINHHOIO) TPELLMHHOTO
npopbiBa, PUKCMPOBAHHOTO LEMOYKOW HEOBONbLINX
W/1aKoBbIX KOHYCOB. [lanee K ceBepy MW Bbille MO
CK/IOHY pacnonaraeTcs ewe oguH annapaTt KpynHo-
ro No604YHOTO M3BEPXEHMWSA: WAAaKOBbIi KOHYC, BOC-
TOYHbI/i CEKTOP MOAHOXWSA KOTOPOro 6bl1 pacceyeH
packpbiBaBLEWCA KHU3Y TPELW,MHON N BbIHECEH Bbl-
TekaBlIEeNn 13 Hee naBoli. Becbma 06WMPHLIA, MHO-
rOpyKaBHbIn €e MNOTOK 3a/inl BOCTOYHbIA CK/IOH
Fopenoro-3 u yacTb gHuwa kanbgepbl. MNutaswasn
TpewwnHa B 4JaHHOM c/lyyae npowJsa ToO4HO no obpa-
3ylowel ckoHa Fopenoro-3, v 661100 BbIXO4 MarmMbl
ONO3HaeTCsa MO XxapakTepHOMY CUMMETPUYHOMY pu-
CYHKY BasioB KOpob6sieHns Ha naBe, C HANOPOM BbiTe-
KaBLlei no o6e CTOPOHbI OT UCTOKA.

Euwe ceBepHee, 3a ONUCaAHHbLIM MPOPbLIBOM, NOC-
Tpoliky Fopenoro-3 oT BEPLMWHbI 40 NOJIOBUHbI CK/10-
Ha paccekaeT 3uawlLaa TpewuHa, NnuTaBwas O4HO
M3 NocnefHUX NaBOBbIX U3/INSAHUA — MHOTOCTPYW-
Hbli MOTOK YepHbIX nAarnoupoBbIX aHLEe3UTOB.
310T packon l[openoro-3 opueHTUpoBaH napan-
NenbHO ONMCaHHOMY, HO KOCO MO CK/IOHY, MO3TOMY
naBa BbiTekasla B OCHOBHOM MO OAHY (CEBEPHYHO)
CTOPOHY TpelWmnHbl. N3BepxeHne 6b1s10 HNCTO AP dy-
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Opala river flowed out from cinder cones in its lowest
site (9 km of volcano summit). A sink of the summit
crater of Gorely-2 volcano, and subsidence of the
surrounding surface for 6-8 km in a strip of 5,5 m in
length and 0,2—0,5 km in width in the area of cinder
cones took place as aresult of magma with-drawal.

Composition of rocks from Gorely volcano

According to the chemical and mineral composi-
tion volcanites of Gorely volcano represent an as-
sociation of genetically related rocks (evolutionary
series) from basalts to rhyodacites. Overwhelming
rock mass of average-acid composition is concen-
trated in pre-caldera formations and in deposits of
caldera-forming eruptions. In the current structure
intermediate andesite-basaltic differences prevail.
From the rocks of Mutnovsky volcano rocks from Go-
rely volcano differ with lower aluminiferousness, fer-
riferousness and noticeably higher alkalinity (especi-
ally K O content). It blends with the general tendency
of changing these features with volcanoes moving
off the ocean. Series of Gorely volcano does not dis-
cover absolute accumulation of iron in rocks which is
usual for near-ocean volcanoes, and due to this fea-
ture the series is referred to so-called calc-alkali
type. Typical rock compositions from different age
complexes of volcano are given in Table 4.

Chemical and mineralogical and petrographical
properties of volcanites of Gorely volcano series
show that the observed variety of rocks is conditi-
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oned by three main processes: crystallization diffe-
rentiation accompanied, to all appearance, by partial
assimilation, assimilation of the rocks from volcano
basement, and mixing of magma of different stages
of differentiation.

Currentactivity of Gorely volcano

In geographical, volcanological literature and that
of regional studies eruptions of Gorely volcano in
1828,1832,1855,1869,1929,1930,1931,1947,1961
are marked. Different in power, all of them had explo-
sive character and were confined to summit craters at
Gorely-2 volcano. Their gas-ash trains are spread ata
distance up to 150—200 km depending on the direc-
tion and wind force. During the periods between
eruptions volcano was usually in a state of moderate
fumarolic activity. Last eruptions of Gorely volcano
studied in details took place in 1980 .

Eruption which took place from June 1980 to July
1981 was anticipated by increase in fumarolic activi-
ty. Powerful seepage of incandescent gases from the
vents on the floor of well-like crater dried out a lake
existing in it and then was accompanied by explosions
with outbursts of material from the structure. Further
eruption acquired long period-pulsing character, with
alternation of vapour-and-gas and phreatic explosi-
ons with volcanic outbursts at stages of maximum ac-
tivity. Volcanic sand and resur-gent ashes which had
covered an area up to 500 km were, mainly, evacu-
ated to the surface, in lesser amount— coarse wastes



3MBHbIM, Ha TpelwuHe MMeeTcHA NWWb Hebonblune
Ba/Nbl pa3bpbi3rmBaHusA. Ha yyacTkax 3usiHUMS Tpe-
WWHbI BWAHO, YTO 3TO CTPYKTypa pacTsxeHus, 3a-
MeTHbIX C6p0COo-CcABUTOBbLIX Aethopmannii No Hell He
HabnwgaeTcs.

OTMeueHHOe M3BEPXEeHWe, N0 BCEN BUAMMOCTH,
6bl/10 HavyaZloM OMUCAHHOrO BbllWe TPaHAMO3HOro
n3sepxeHua XVIII B., pa3suBaBLleroca gasee npo-
pbiBaMM B APYrnUx Toykax pUdTOBOWN 30HLI BYy/KaHa.
OueBngHO, coBnajawlive ¢ Hanpas/ieHWEM 30HbI
MarMoBbIBOASALLME TPELLNHBI ABYX 60/lee paHHUX 13
ONMCaHHbIX MPOPbLIBOB TAKXe OTHOCATCHA K pudTOBO
cucTeme, NpeAcTaBnaa pasHble aTanbl €ee pasBuTuA.

JanbHewnii nogbem NpMBOANT HA KPOMKY Kpa-
Tepa [openoro-3, Mel W ero NpaBubHYy0 Yalweo6-
pasHyt copmy. CTeHKM KpaTepa CM0XeHbl nmoToka-
MW aHfe3nTo-6a3anbTOB, MPOC/IOEHHbIX Maykamu
nupoknacTuyeckoro matepuana. BHyTpeHHue un oT-
YyacTn BHELWHWEe CK/IOHbI KpaTtepa no4yTyu CN/IOLWHbIM
nokpoBoM o6GnekaeT naact faBonogo6HOro aHpe-
3UTOBOTO arrawTnHaTa. 3710 nwbonbITHOe o6paso-
BaHvWe npepcrtasnsfeT pe3ynbrtart (QOHTAHWPOBAHUSA
naBbl NOCNeAHEero N3BepXeHns, CBA3AHHOTO C 3TUM
Kkpatepom. [lHuuie kpaTepa 3aHuMmaeT X0nogHoe
03epo, 0OflHaKO ero BOCTOYHas U CceBepHas CTEHKN B
BEPXHUX YacTAX NPOrpeTbl W BbIAENSAT U3 TPeLUuH
efiBa 3aMeTHble CTpyMm napa C TemnepaTtypoii
30-50 °C.

O6oias onucaHHbIN KpaTep MO CEBEPHON wUnM
I0XXHON KPOMKe, cnepyeT yepes3 CeflIOBUHY MexXAay
Ffopenbim-3 u FopenibiM-2 HaNpPAMY NOAHATLCA Ha
rpe6eHb rpynnbl €ro rHe3foBbIX KpaTepoB: B Npwu-

AKTUBHbI KpaTep ByskaHa [openblii. Bua c ceBepo-BOCTOKa
Active crater of Gorely volcano. View from the north-east
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of old rocks of volcano and bombs of fresh (juveni-
le)andesite-basalts. Total am-ount of erupted materi-
al is evaluated approximately in 65 min tons, total loss
of energy-6-10 erg.

Last eruption of Gorely volcano developed from
the second half of 1984 and continued till the end of
1986. In awhole it had a character similar to one des-
cribed above and was characterized by six periods of
increase when height of eruptive column exceed-ed
3000 m attimes. These paroxysms were interrup-ted
with stages of poorvapour-and-gas emission.

W ater vapours and gases among which H S, HF,
HCl and SO are present in more substantial amo-
unts play the main driving role in explosive eruptions
of Gorely volcano. Waters of atmospheric precipita-
tion filtered through ashes of last eruptions had ultra
acid composition with pH<1.

Since the last eruptions a well-like crater formed
by them is gradually filled with waters of atmospheric
precipitation. Warmed thoroughly with fumarolic ga-
ses and saturated with acids water in newly-formed
lake has beautiful turquoise colour. Level of the lake
determined with the balance of evaporation, water
filtration and amount of precipitates increases slowly
year after year.

Description ofthe excursion
Excursion trough the summit part of Gorely vol-

cano let us to acquaint with the most part of its sights
(Fig. 6).
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Rising to the summit from base camp is carried
out along southern flank of Gorely-3 volcano in the
direction of large adventive cone of classically right
shape (cone Krugly). To the west of cone Krugly the
other, earlier adventive cone is seen which is flooded
up to the vent with lavas from summit crater and hig-
her subterminal (near-summit) fissure breakth-
rough fixed by chain of small cinder cones. Furtherto
the north and above along the flank one more ap-
paratus of large adventive eruption is located: cinder
cone which eastern sector of foot was cut with a fis-
sure opening downwards and carried out by lava
flowing out of it. Its very extensive many-branched
flow flooded the eastern flank of Gorely-3 volcano
and part of caldera bottom.

Some more to the north, beyond the breakth-
rough described, structure of Gorely-3 volcano from
the summit to half of the flank is cut with a gaping
fissure which fed one of the last lava flows — many-
stream flow of black plagiophyre andesites. This
split of Gorely-3 volcano is orientated oblique along
the flank, therefore lava flowed out mainly on one
(northern) side of fissure. Eruption was purely effu-
sive, there are only small bars of splashing on fis-
sure. It is seen at the sections of fissure gaping that
this is a structure of stretching, noticeable fault-shift
deformations along it are not observed.

Marked eruption, to all appearance, was the
beginning of immense eruption of XVIIl century des-
cribed above which developed further by breakth-
roughs in other points of rift zone of the volcano.

Further rising leads to the rim of Gorely-3 volca-



BocTouHblli KpaTep By/ikaHa Fopenoro 2. Boann —BynkaH MyTHOBCKVII/I

BEPLWMWHHOW YacTu CKIOHbl [0penoro-2 MoKpbIThbl
1,5—2-MeTpoBO# Naykol FMUHUCTbIX PE3YyPreHTHbIX
nensioB MNOCNeAHUX MW3BEPXEHWUNR, 3aTPyAHSAOLLNX
OBUXEHWEe MN3-3a pacu/ieHeHUsa UX MeNIKUMWU KPYyTo-
CTEHHbIMU Nnox6uHamu (6appaHkocamu), a Takxe
npu pasmMoKaHuUn B CbIpylo noroay.

Bcio rpynny BeplwUHHbIX KpaTepoB [openoro-2
MOXHO 060liTK Mo MX 06LLEMY TPEBHI0 Kak Cc ceBepa,
Tak u c lora, o4HaKko NyTb N0 CEBEPHON KPOMKe npej-
noyTuTenbHee B Neli3axHoOM OTHoweHun. C Hee OT-
KpblBaeTca BE/IMKONENHbIW BUA HA cocefHue BYJiKa-
Hbl U TOpPHble coopyXeHnsa. Ocob6eHHO 3ameyaTesneH
pakypc B CTOpPOHY MYTHOBCKOro BYyJiKaHa, C Kpa-
TEepHbIM 03epoM W” pacuBeYeHHbIMU 0b6pbiBaAMM
KpaTepHbIX CTEHOK [Oopenioro Ha nepefHeM naHe.

He poxoga Ao nuka ¢ MakCMMalbHOWN Ha ByJikaHe

Eastern crater of Gorely-2 volcano. At the distance Mutnovsky volcano ACOJTIOTHOWN OTMeTKOW 1829 M, MOXHO CI'IYCTI/ITbCﬂ C

rpebHs Ha MOBEPXHOCTb S1aBO-NMPOKIACTUYECKOTO
KoMniekca 3anosIHEHWS OAHOIO0 W3 paHee cyuie-
CTBOBAaBLUNX KpaTepoB BEPLIMHHON FPynnbl U C ero
HOXXHOW KpoMKM, cobntopas OCTOPOXHOCTb, 3arns-
HYTb B HbIHE AEeNCTBYHOLWNA KonoaueobpasHbllii Kpa-
Tep. JoxaaBWwunch, KOorga BeTep OTHECET B CTOPOHY
CTON6 3aN0NIHAKLWMNX ero ra3os, MOXHO YyBUAETb Ha
[AHe HebGOoNblOe 03ep0o C BOAOI 6MPO30BOro LBeTa,
MOLHble (DyMaposibl Hajg ero ypesom U no Tpewm-
HaM B CTEeHKaX, BO6paMﬂeHI/II/I 3e/1eHOBaTO-XeNTbIX
BO3rOHOB Cepbl.

MapuwpyT no Kkpatw 3Toro obpbiBa NpUBOAUT Ha
3anagHolii rpebeHb KpaTepHOW rpynnbl, ob6neka-
€Mblii ONNBNH-623a/1bTOBbLIM LWAKOBbLIM arrtoTUHa-
TOM. OTO NPOAYKTbl W3BEPXEHUS, chopmupoBas-

3anagHblii rpe6eHb KoMMNekca Kkpatepos Fopenoro-2. BepwuHa MyTHOBCKOro Hag o6nakamu
Western crest of the crater complex of Gorely-2 volcano. Summit of Mutnovsky volcano above the clouds
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no crater having right cyathiform shape. Crater wails
are formed with andesite-basalt flows interbedded
with bands of pyroclastic material. A bed of lava-like
andesitic agglutinate with almost dense cover en-
velops internal and partly external crater flanks. This
curious formation represents the result of spouting
lava of the last eruption connected with this crater.
Crater bottom is occupied by a cold lake, however,
its eastern and northern walls in upper parts are
warmed thoroughly and fume slightly noticeable va-
pour streams with the temperature 30—50 °C from
the fissures.

Having walked round the crater described along
the northern or southern edge, one should rise
straight to the crest of the group of its nested craters
through a saddle between Gorely-3 and Gorely-2
volcanoes: inthe near-summit partflanks of Gorely-2
volcano are covered with 1,5—2-meter band of clay
resurgent ashes of last eruptions which make diffi-
culties for the movement because of their distinction
with small steeply-walled hollows (barrancoes), and
with soaking in damp weather also.

The whole group of summit craters of Gorely-2
volcano can be walked around along their common
crest both from the north and south, however way
along the northern rim is preferable in a view aspect.
From it a magnificent view of the neighboring volca-
noes and mountain structures is revealed. Foreshor-
tening to Mutnovsky volcano with a crater lake and
scarps of crater walls of Gorely volcano painted in
bright colours in the foreground is especially won-
derful.
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Before one reaches the peak with a maximum
absolute mark of 1829 m on volcano, he can come
down from the crest to the surface of lava-pyrocias-
tic complex of filling one of the earlier existed craters
of summit group and from its southern rim. Besides,
keeping to caution one can look into well-like crater
acting now. Having waited when wind carries away a
column of gases filling it aside, one can see a small
lake with water of turquoise colour on the bottom,
large fumaroles above its line and along fissures in
walls in the frame of greenish-yellow sublimates of
sulphur.

Route along the edge of this scarp leads to the
western crest of crater group enveloped in olivine-
basaltic cinder agglutinate. These are the products
of eruption which had formed the second crater from
the group of summit craters. Along the rim one can
come down to the ground covered with resurgent
ashes at the open southern edge of crater which
contains the active one and view it from the other
side and from closer distance. The ground itself rep-
resents the rest of hardened lava cauldron which in
XVIII century overflowed here to the southern flank
of volcano with formation of large andesite-basalt
flow.

By separate small crater and ground warmed
thoroughly at the south-western flank of Gorely-2
volcano excursion continues to the crest of preser-
ved part of Gorely-1 crater. Several lava flows in a
section of its horseshoe-shaped wall are overlapped
with a thick bed of andesitic agglomerate, inside
«horseshoe» a young cone of high-porous cinders of



AKTUBHbI KpaTep Fopenoro. Bug ¢ 3anagHoro rpe6Hs
Active crater of Gorely volcano. View from the western crest

Wwero BTOPOWN M3 rpynnbl BepLUHHbIX KpaTepoB. o
KPOMKE MOXHO CNyCTUTbCH Ha 3acbiMaHHYl pes3yp-
rEHTHbIMM NennamMmu naowanky y OTKpbITOrO KXXHOTO
Kpas kpaTepa, BMelawLw,ero gelicTByWwmnin, n oc-
MOTpeTb MOCNeAHWUIA C APYrOi CTOPOHbLI KU C 6onee
6nn3koro paccrtosaHma. Cama nnouiagka npeacras-
nset cob6oOi ocTaToK 3aTBepAeBLUIEro /aBOBOrO
o3epa, B XVIIl B. nepennBaBwerocsa 3gecb Ha lOX-
Hblli CK/IOH BYy/sikaHa C hopMUpPOBAHUEM KPYMHOTO
noToka aHAe3nTo-6a3anbToB. Pa3pes naBbl 6bI10r0
o3epa, Tenepb NepPeKpPbITON Naykoil NensioB Nocnen-
HUX N3BEPXEHWNIT, BUAEH B CTEHKAX HEGObLWION Npo-
Ba/IbHON BOPOHKM y BOCTOYHOIO Kpas naoLagku.
Xopowo HabnwparwTcsd COOTHOWEHUA OECTPYKTUB-
HbIX (DOPM BYJ/IKAHUYECKOTo penbeda (KpaTepos) c
KOMM/eKcamMn WX 3anoJIHEHUS W MapoBble CTpyw,
NpOHMKalLWMe Ha NOBEPXHOCTb KakK pa3 No KOHTaKTy
TaKoro kKoMnsjekca c 3anagHoli CTEHKON kpaTepa.
MynMO OoTAEenbHOro Heb6oNbLWOro KpaTepa n Npo-
rpeToin naowanku Ha ro-zanagHom cknoHe lope-
N0ro-2 3KCKypcusa npojosmkaeTcs K rpebHo coxpa-
HMBLIEelica 4YacTu kpaTepa lopenoro-1. Heckonbko
NaBOBbIX MOTOKOB B pa3pe3e ero noAkoBoo6pasHoi
CTEHKN NEepeKpbIBATCA MOLWHbIM N1acToM aHAe3u-
TOBOrO arsiomeparta, BHYTPU «MNOAKOBbI» pacnona-
raeTcsa pa3pylweHHblli 3po3uneli MOMOA4ON KOHYC u3
BbICOKOMOPMUCTHIX LIIAKOB OJSIMBUHOBBLIX aHAe3nTo-
6a3anbToB. C rpebHA KpaTepa XOopowo npocmartpu-
BaeTCH lro-zanagHas BeTBb pUPTOBONA 30HLI. B ee
6nmxanwen 3akanbfepHoOn dacTu BblgenseTcs
xpebeT npopbiBa ANHO3aBpP — OTMEYEHHOE Bbile
COOpYyXeHne MHOrokaHanbHOro cyb6rasynanbHOro
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olivine andesite-basalts which is destructed by
erosion is located. South-western branch of rift zone
is well seen from the crater crest. In its closest part
which lies beyond the bounds of caldera a ridge of
Dinosaur breakthrough is distinguished — a con-
struction marked above in the text of multi-canal
subglacial (englacial) breakthrough, and further, in
narrow graben in pumice field, a number of cinder
cones and largest andesite-basaltic flow from the
series of eruptions in XVIII century in rift zone of vol-
cano.

Intracaldera part of rift zone is represented by a
number of gaping fissures with two so young flows of
andesite-basalts at south-western flank of Gorely-1
volcano, where one should continue his route. Here
eruptions were merely effusive, without substantial
evacuation of pyroclastic material and without for-
mation even small cinder cones on fractures. A nar-
row flow which came down to the south-western foot
of volcano flowed out from the fissure located above
on the flank. From the breakthrough located below
many-stream flow outflowed which is spread whim-
sically between old cinder cones and along brook
beds to the south, west and north (Fig. 2).

From this point route turns to return. Passing
along the scarp edge of Gorely-1 foot, one can ob-
serve the structure of caldera scarp. Itis formed here
with lavas of andesite-dacites, pumices overlapping
them and with a chain of post-caldera cinder cones
from red-coloured subaphyric andesite-basalts
which crowns the section. Not coming down to the
caldera bottom which is usually occupied with deep
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melting snow, one can walk to the young flow con-
nected with a mentioned lava cauldron in summit
crater and traverse it in its wide part. Here one can
see details of its structure: flow structures expres-
sed by orientation of large phenocrysts of plagio-
clase, arched outliers of lava pipes, lava trenches,
whimsical kekur rocks.

Further one should come down to the caldera
bottom filled with sands along which Mutnaya river
still shallow here meanders which justify its name by
water saturation with ashes carried away abun-
dantly. On its right bank, in the projection of caldera
wall one can look round one of the comparatively
young dacitic extrusions, or, to be more precise, ef-
fusive dome: intersecting body of extrusion served
here as a conducting canal for powerful flows with
well-preserved forms of primary relief which spre-
aded to the south. Dacites of this structure contain
numerous so-called homogene inclusions of basal-
toids — result of basaltoid magma «injection» to
dacitic magma before eruption.

Further, along Mutnaya river and then across the
fields of old lava flows excursion comes back to the
base camp.



(BHYTPW/IEAHMKOBOTO) NpoOpbIBA, a fasee, B Y3KOM
rpabeHe Ha NemM30BOM MoJjie, pAf LWJ/IAKOBbIX KOHY-
COB UM KpynHenwuin aHpe3nto-6a3anbTOBbIN NOTOK
n3 cepuun unssepxeHunii XVIII B. B pudpToBOA 30HE
By/fkaHa. K coxaneHuto, c npensioxeHHoNn 6asbl aTn
BEJIMKOJIENHbIE «HArNsAHble Nocobusa» Ana uHTepe-
CYHLWNXCS BYJIKAHU3MOM U CTPYKTYPHOR reonoruei
JOCTVMXMMbI MUWb CNeunasnbHbiM MaplwpyToMm, Tpe-
6ylowmnm 4IUTEeNbHOTo NnoAgxo4a uan nogbessa Bes-
JexofoM No Jopore K 30/10TOPYAHOMY ACayMHCKO-
MY MECTOPOXAEHUIO.

BHyTpukanogepHas 4acTb pudpTOBOW 30HbI
npeacTaBsieHa PALOM 3MAKOWUX TPELWWH C ABYMSA
CTO/Ib XX€ MOJIOAbIMW NoTOKamMu aHpe3nTo-6asanb-
TOB Ha lOro-zanagHom cknoHe lopenoro-1, kyga u
cnepyeT NpoAO/KUTL MapLpyT. N3BepxeHnsa 3gech
O6blIN YNCTO 3P PY3MBHbIMU, 6E3 CKOMbKO-HUOYAb
CyL,eCcTBEHHOrO BblHOCA MMPOK/IACTUYECKOTro MaTte-
pvnana n 6e3 ob6pa3oBaHUS Ha TpewuHax XoTsd Obl
He6ONbLMX WIAKOBbIX KOHYCOB. W3 TpewnHbl, pac-
NOJIOXXEHHOW BbIlle Ha CK/I0OHe, BbITEK Y3KWA NOTOK,
CNyCTUBLWWIACA K tOro-zanafjHoMy MNOAHOXWUIO BYI-
KaHa. VI3 HMXe pacnosioXeHHOro NpopbiBa M3nucs
MHOTOCTPYMHbIA NOTOK, MPUXOTAIMBO pacTeKwuniics
MeXay CTapbiMWU LW/AaKOBbIMU KOHycamMu K No pyc-
nam pyuybeB K 10Ty, 3anafy u Ha cesep (puc. 2).

C aToro mecrta mMaplwpyT nosopayuBaeT K BO3-
BpaweHuo. Mpoxoas no kpaw o6pbiBa NOLHOXUSA
Fopenoro-1, MOXHO HabngaTb CTpoeHNe Kanbaep-
HOro yctyna. 34ecCb OH C/IOXEH faBaMu aHAe3nTo-
[auuToB, NepekpbiBalWUMmM UX NemsaMmn 1 BeH4a-
Iowen paspes ULENOYKON nocTKanbAepHbIX LWia-

KOBbIX KOHYCOB M3 KpaCHOLBETHbIX cyb6acunpoBbix
aHpes3uTo-6a3anbToB. He cnyckascb Ha AHuue
Kanbgepbl, OObIYHO 3aHATOEe T[Ny60KMM TawlWnm
CHEerom, MOXHO MO NOJIKe MOAHOXWUA By/KaHa Npoii-
TV 0O MOM0OA4O0r0 MOTOKa, CBA3AHHOIO C YNOMMWHAaB-
WKMMCS NaBOBbIM 03€pOM B BEPLIMHHOM KpaTtepe, u
nepeceyb €ro B WMPOKOIM YacTu. TYT MOXHO yBUAETb
JeTann ero CTPOEHUsA: CTPYKTypbl TeyeHus, Bbipa-
XXEHHble OPUEHTUPOBKOW KPYMHbIX BKPan/ieHHWKOB
nnarunoknasa, apoyHble oCcTaHubl NaBoOBbIX Tpy6, na-
BOBble Xenoba, NpuuyanmBble cKasbl KEKYPHUKA.

[Janee cnefyeT cnycTUTbCA Ha 3aHECEHHOE MNec-
KaMun OHO Kanbfepbl, N0 KOTOPOMY M3BMBAETCH ele
mMesnkoBogHas 3aecb p. MyTHas, onpaBAbiBatolias
CBOE Ha3BaHMWe HAaCbIWEeHHOCTbI BOAbl 06MABLHO
CHOCMMbIMW TOpPEIOBCKMMK nennamu. Ha npaBom
ee Gepery, B BbICTyne CTEHKM KasibAepbl MOXHO OC-
MOTpEeTb OAHY W3 CPABHUTE/IbHO MOMOAbLIX AALNTO-
BbIX 3KCTPY3Wil, nau, TouHee, 3P y3nBHbLIA Kynos:
ceKkyluiee Tesi0 3KCTPy3Wu 34eCb CAYXWUI0 NPOBO-
OALWMM KaHa/noM A9 pacTeKaBLUXCA K Iy MOLLHbIX
NOTOKOB C XOPOLWO coxpaHuswumMmuca dopmamu
nepBMyHOro penseda. fauntbl 3TOF0 COOPYXeEHUS
coaepXaT MHOTOYUC/IEHHbIE TakK Ha3blBaeMble r0-
MeOreHHble BKMOYeHNA 6a3anbTongoB — pesynbrar
«BMNpbiCKa» 6a3anbTOWAHON MarMbl B AaluUTOBYHO
nepefs N3BepXeHNeMm.

[Nanee Bgonb p. MyTHOIW K 3aTeM 4yepe3 nons
CcTapblX 1aBOBbIX NOTOKOB 3KCKypCUSA BO3BpalLaeTcs
B 6a30BbIii narepsb.



Shortglossary ofterms

Amphiboles — group of mainly dark-coloured mine-
rals of widely variable composition, among which usual
hornblende is the most widespread (Ca, Na, K) (Mg,
Fe, Al) Si AIO (OH, F) .

Biotite — K (Mg, Fe) AISi3010 (OH);, dark (from
reddish- to greenish-brown) mica.

Amphiboles and biotite are spread mainly in rocks of
average-acid composition crystallizing in magmas with a
higher content of dissolved water; comparatively rare in
rocks from the frontal (closest to the ocean) volcanic
zones.

Maars —comparatively low and sloping conical struc-
tures with wide craters, result of explosive (phreatomag-
matic) eruptions with magma breakthroughs at flooded
(near-shore, lake-swamp, flood plain) areas.

Geological map —is a main total of geological study
of the territory reflecting its structure. Rock masses out-
cropping to the surface (suites, series, complexes) of dif-
ferent age are shown on the map by colour and letter-and-
figure indexes, stroked signs indicate their composition
and nature (lavas, pyroclastic, etc.) — correspondingly to
the general geochronological scale and accepted system
of symbols. Principles of drawing and reading of geologi-
cal map can be understood from its comparison with secti-
ons according to indicated profiles.

Olivine — (Mg, Fe) SiO , yellow-brown, olive trans-
parent mineral typical for the main igneous rocks (ba-
salts), solid solution of purely magnesial (forsterite) and
purely ferriferous (fayalite) components.

Pyroxenes — greenish-, brownish-black minerals of
two the most spread varieties: calcic — Ca (Mg, Fe) SiO
(augite) and non-calcic (poor in calcium) — (Mg, Fe) SiO
(bronzite, hypersthene); according to the crystallographic
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and optical properties these varieties are also called clino-
and orthopyroxenes.

Plagioclase — colourless transparent mineral,
alumosilicate of natrium and calcium, solid solution of
sodic (Na AlSi O —albite) and calcic (Ca Al Si O — anor-
thite) components. The most spread mineral of igneous
rocks. Depending on anorthite content (plagioclases of
basic rocks are rich in it) the following plagioclases have
their own names: albite (0—10 % of anorthite), oligoclase
(10—30 %), andesin (30750 %), labradorite (50—70 %),
bytownite (70—90%), anorthite (90—100%).

Titanomagnetite — Fe O with impurity of Fe TiO ,
black shining mineral (in accumulatons iron ore).

Fumaroles — settled general name for vapour-and-
gas streams at volcanoes, in scientific classification it is
referred to the hottest (> 300° C) of them only; less hotter
ones are called solfataras. In all of them sulphur compo-
unds are the basic components, besides water vapour.
However, impurity of hydrofluoric- and hydrochloric acids
is substantial in fumaroles. More else cold (< 100° C)
streams have water-carbon dioxide composition and are
called morfettes.



KpaTkuii cnoBapb TEPMUHOB

AMAMO0NbI — rpynna npeMmyL,ecTBEHHO TEMHOOKpa-
LUEeHHbIX MWHEepanoB WNPOKO N3MEHYNBOIO cocTasa, Hanbo-
Nlee pacnpocTpaHeHHbIM M3 KOTOPbIX ABAAETCA 06bIKHOBEH-
HasA poroBas o6maHka (Ca, Na, K) (Mg, Fe, Al) Si AlO
(OH, F) .

buotut —K (Mg, Fe) AISi O (OH) ,TemHas (oT kpac-
HOBATO- 0 3e/IeHOBaTO Gypoit) cnaa.

AMn60nbl U BUOTUT pacnpocTpaHeHbl MNpenmylLecT-
BEHHO B Mopojax CpeAHero-k1caoro cocrasa, Kpuctannmsy-
ACb B MarmMax c NnoBbIlWEHHbIM COAEPXaHNEM PacTBOPEHHOA
BOAbl; CPaBHUTENbHO peakn B nopogax MpoHTasnbHbIX (611-
Xanlmnx K okeaHy)BYKaHNYECKUX 30H.

Maapbl —cpaBHUTENBHO HU3KWE M MONOTMe KOHNYeckne
NOCTPOIKN C LUMPOKUMW KpaTepamu, pe3ynbTaT 3KCNI03uB-
HbIX (ppeaTomarmMaTuyecknx) W3BEPXEHWIA MpuM MpPopbiBax
MarMbl Ha 06BOAHEHHbIX (NPUOPEXHbIX, 03€PHO-60/I0THbIX,
NOMMEHHBIX) yYacTKax.

KapTa reosiormnyeckast —0OCHOBHO UTOF re0/10TMYeCKo-
ro M3yYeHns TeppuTopun, oTpaxarwLwuii ee ctpoeHue. Lise-
TOM 1 6GYKBEHHO-LMMPOBLIMU NHAEKCAMYU Ha KapTe nokasbl-
BalOTCA BbIXOAALWME HA NOBEPXHOCTb TOMAWM (CBUTHI, cepuu,
KOMMNAeKCcbl) Mopof pas/fIMYHOro Bo3pacta, a LTPUXOBbIMMK
3HaYkamMu — Mx cocTaB ¥ xapakTep (naBbl, NUPOKNACTUKA, K
T. M.), COOTBECTBEHHO O6Leli reOXPOHOMOTNYECKON LWKane n
NPUHATON CcuUCTeMe YCNOBHbIX 0603HauveHwii. Hanpumep,
4YeTBEpPTUYHbI/i Mepuoj reonornyeckont uctopum (MHgekc Q,
Bpemsa oT 700 TbiC. N1eT Ha3aj), OT/I0KEHUA KOTOPOro Hambo-
nee pacnocTtpaHeHbl B MyTHOBCKO-IOpenoBCKOM paiioHe,
pasgensietca Ha nfaeictoueH paHHuin (Q , 700--380 ToIC.
n. H., cpegHnin (Q ,-380 ~110TbIC. N1. H.), Nno3gHuIA (Q ,-110
11 TbiC. N1. H.), nronoueH (0T 11 ThiC. NI. H. A0 HblHE). KaxAablii
M3 3TUX OTAEeNoB umeeT cob6CTBEHHOe 6osee A[pob6Hoe
pasgenenve (Q ,uT. n.). MPUHUMNBEI NOCTPOEHUS N YTEHUA
reosiornyeckoin kapTbl MOTyT 6biTb MOHATbI U3 ee conocTas-
NleHns c paspesamMu No 0603HaYEHHbIM NPOMUNAM.

OnuBuH — (Mg, Fe) SiO ,XenTo-KOpuYHEeBbIl, ONIMBKO-
Bbli NPO3payHblil MUHepasn, XapaKkTepHblli 418 OCHOBHbIX
n3BEPXEHHbIX nopog (6a3anbToB), TBEPAbIA PacTBOpP YMCTO
MarHesvasnbHOro (QopcTepuT) M YUCTO Xenesnctoro (cas-
NINT) KOMMOHEHTOB.

lMMpOKCeHbI — 3eneHoBaTo-, 6ypoBaTo-4epHble MUHe-
pasnbl ABYyX Hanbonee pacnpoCTpaHeHHbIX Pa3HOBUAHOCTEI:
kanbumesoit — Ca (Mg, Fe) SiO (aBruTt) n 6eckanbLmneBoit
(6epHoi kanbunem) — (Mg, Fe) SiO (6pOH3UT, rMNepcTeH);
no kpucrtannorpadmyeckum n ONTUYECKUM CBOWCTBaM 3Tu
pasHOBWAHOCTN Ha3bliBaKT TaKXe K/IVHO- U OPTONMPOKCEHA-
MU.

Mnarnoknas — 6ecuBeTHbIi Npo3payHbIii MUHepan,
anlmMocuanKaT HaTpUs 1 Kanbuusa, TBepAbli pacTBop HaTpu-
esoro (Na AISi O — anb6uTt) n kansbumnesoro (Ca AlI2Si O —
aHOpPTUT) KOMNOHeHTOB. Hanbonee pacnpocTpaHeHHbIN MU-
Hepan n3BepXeHHbIX Nopof. B 3aBucMMOCTH OT cofepxaHuns
aHopTuTa (MM 6oraTbl naarnoknasbl OCHOBHbIX MOPOA) B pAAY
nnarnoknasos nof CO6CTBEHHbIMU Ha3BaHWAMMW BbIAENAOT-
ca: anb6ut (0—10 % aHopTuTa), onuroknas (10—30 %),
aHpge3nH (30—50 %), nabpagop (50—70 %), OUTOBHUT
(70—90%), aHOpTHT (90—100%).

TutaHomarHeTutT—Fe O c npumecbto Fe TiO , YepHblii
6necTawmnii MUHepan (B CKONMeHNAX—Xene3Hasa pyaa).

dymaposibl — ycTonBleeca obuwee Ha3BaHWe napora-
30BbIX CTPY Ha By/JKaHax, B Hay4yHOW knaccudukaumn
OTHOCSILLeecs NuWb K Hanbonee ropaymm (> 300 C) 13 Hux;
MeHee ropsyune HasbliBalTCA conbdarapamu. M B Tex, U B
APYTMX OCHOBHbIMW KOMMOHEHTaMu, NOMWMO BOAAHOrO na-
pa, ABMAITCA COeAWHEeHUA cepbl, O4HaKo B hymaponax
cylw,ecTBeHHa npumechb PTOPUCTO- U X/TOPUCTOBOLOPOAHONA
kucnot. Ewe 6onee xonogHole (< 100 C) cTpyum umeroT
BOAHO-YINTEKMCNOTHbLIN COCTaB M Ha3biBAKTCA MOoheTamu.
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Xunuu, M. MNTuybmn 6asapsbl HeuvaeB, A. KamuaTka: MNMonyocTtpoB Measeaeli: PoToans60mM

Kapnos, I. Monbixatowwme ropbl Kamyatkn: Anb6om HeuaeB, A. napcTBO BYy/IKaHOB: Alb6GOM

NanbiTvH, A. Kamyatka: ®oToans6om MaceHtok, C. KomaHpopckme octpoBa: ®oToans6om

Nanbirvi, A. KpoHoukuii 3anoBegHuk: ®oToans60m Cwmbiwnses, A. 3anopoxbe KamuaTtckoe, cnasHoe... Anb6om

Naszapes, B. Kamuatka: ®oT0anL60M Cwmbiwnses, A. BunwuymHck: ropoj y nopora okeaHckux rnyouH: Anb6om

AnNb60MbI, NOCBSILLIEHHbIE cTtonunue KamyaTckoro kpas

BaiHwTeiH, L. Ha 6eperax ABaun: ®oToanb60m

AbskoB, A. NeTponaBnoBck-KamuaTckuii: ropog cpegy By/fiKaHoB: PoToasbo0OM
Komucapyk, A. NeTtponasnosck- Kamuatckuin: doToans6om

Nazapes, B. Haw gom — lMeTponaBnoBck-Kamuatckuii: ®oToaniL6om
MamaTHMKM MNeTponaBioBcka-KamyaTcKoro: MnnwcTpupoBaHHOe n3naHue

KHUTM no uctopuun, aKOHOMUKeE, 3THOFpaCbI/IVI KamuyaTtckoro kpas

benawos, A. Kamyartckoe npasocniaBue: TpexcoTneTHUi nyTb KpaBueHko, B. Cnep BeTpa: KHura o6 nctopun KynbTypbl,
BuTep, . Mona ot npupogbl: HaunoHasnbHaa ogexaa HapoAHbIX TpaguLUAX U TaNaHTANBLIX N0AAX KamyaTckoro kpas
Bornpock! nctopun Kamyatku: Bbin. 1,2,3 KpaBueHko, B. Ha 3cco pagyra ynana: Anb6om

aBpunos, C. ®noT Kamyatky (1928— 1945) MaceHtok, J1. Tuxoe yyno B okeaHe — KomaHgopbl

Ko3bMuH, H. Bonbliepevkaa 3emnsa: 3anucku Kpaesena Muparuc, A. OT HaraHa [0 KOMNblOTEpa

Komapos, B. lNyrtewecTtsene no Kamyatke B 1908— 1909 rr. MupaTuc, A. MpasButenn Kamuyatku

(Cepus: KamuyaTka B onvcaHusax nyTewecTBEHHNKOB) Cwmbilwnses, A. Acak 1 geHbrn

MATA3NHbI "HOBOW KHWTWX"
Aom KHUTM «HOpuandeckasl 1 fenosas nutepatypax»: yn. JleHnHckas, 34, ten. 41-21-93

AoM KHUTK «[pocBeLleHne»: yn. Atnacosa, 226, Ten. 42-27-54

AoM KHUTN «Brbmo Mnobyc»: yn. TywkaHoBa,l 7, Ten. 26-54-39

«HoBas LwKonax: yn. 3se3fHas, 28, ten. 22-42-84

«KHWXHaA naBka CTy[eHTax: yn. Knwouesckas, 56, ten. 42-75-74

«KaHnOdmce»: yn. MorpaHnyHasn, 60, ten. 43-20-02

«YyMapkeT»: yn. MorpaHunyHas, 60, Ten. 43-20-03

«LLIKonbHaA KHWKHaA ApMapka»: np-t Mobeapl, 6, Ten. 23-48-47

<KHWKHBIA MUP»: np. Tapaxua, 3/1, Ten. 49-69-80

«HoBas KHurax: r. Ennsoso, yn. B. KpyuuHsbl, 30 a, ten. 8(415-31) 6-41-92
«®akes»: yn. OkeaHckas, 119 a, Ten. 24-46-29, 24-03-06
«3HaHve»: r. BunwuunHck, yn. KpoHwTtagckas, 2, ten. 8 (415 35) 3-17-59

BEONIbLWLON ACCOPTUMEHT KPACOUYHbIX, BE3OMACHbIX, MPOYHbIX KAHLTOBAPOB
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