SRAEMYY;hMHA RAMYATRA — @

NOJNHA TEU3EPOB B

Poccus

HayuHo-nomy.sipubiii 0O4epK, IyTEeBOUTE.Ib

THE PEARL OF KAMCHATKA:
THE VALLEY OF GEYSERS

Popular science guidebook




BBK 26.89(2PS5)
K53

Asrtopsl: B. M. Cyrpo6oB, kaH]I. reol1.-MHH. HayK, JlaypeaT ['ocynapcTBenHoi npemuu Poccuiickoit @eneparnyu B 001aCTH HayKH
u texauky; H. I. CyrpoGoBa, HayuHbIi coTpynHuk; B. A. Jlpo3HuH, kaHa. TexH. HayK; [. A. KapnoB, TOKT. reoy.-MuH. HayK;
B. JI. JleoHOB, KaHA. re0JI.-MUH. HayK

B kHMre BCECTOPOHHE OXapaKTEPH30BAaHO YHHKAIbHOE SIBJICHHE NPUPOBI — rei3epbl U yciaoBus uX mossieHus B Jlomune reitsepoB Ha Kamuarke
1o pesynabTaTaMm Oosee yeM 25-JIeTHHX JeTalbHBIX UCCleoBaHUil aBTOpoB. KpaTko onuchiBaoTest pusnko-reorpaduyeckie yCioBus, TepMaIbHbIe MO
M MCTOYHMKH paifoHa, TeoIorHs U Tuaporeosnorust JonuHel, TepMaibHbIe MO U TOPSYne HCTOYHHKH B OKPY)KAIOLIEM UX JaHAmadTe, MEXaHU3M U PEKUM
JIeWCTBUS reif3epoB, COCTAB TePMAJIbHBIX BOJ M reid3epuToB. PaccMOTpPEHBI re0Iornueckue 1 ruporeoaornyeckue (hakropsl, MOBIUSIBLINE HA 00pa30BaHue
u cxo 7 utonsa 2007 . B fonuHe pexu [el3epHol rMraHTCKOro OMOJ3HS, aHATM3UPYIOTCS BHI3BAHHBIE MM H3MEHEHHMS THAPOTEPMAaJIbHOM JesITeIbHOCTH
U pexKuMa reif3epoB, JaeTcs IPOrHO3 BO3MOXKHBIX U3MEHEHUI B OyryIeM.

Kuura HanucaHa Ha pycCKOM U aHIIMMCKOM SI3bIKax, COACPXKHUT 15 kapt u cxeM, 5 Tabnun u 114 opuruHanbHbIX HBeTHBIX (oTorpaduii. Moxer ObITh
HHTepecHa reorpadam, reojaoram, rHAPOreosIoraM, CTyIeHTaM COOTBETCTBYIOLIMX CIELUAIBHOCTEH, BCEM JII0OUTEINsIM IpekpacHol mpupoas! Kamuarku,
a XKEJIaIUM ITIOCETUTh HOHl/lHy rei/iaepoa JAHHOE U3JaHUE MOKET CIIYKUTh JOCTYIIHBIM U IOCTATOYHO IMOJIHBIM IYTEBOAUTEIIEM.

Cocrasurens B. M. Cyrpo6Gos
Asrtop dororpaduii H. I1. Cmenos

B kHure Taxxe ucrons3oBansl Gororpadun . &. lenemens, B. A. Iposauna, M. 5. XKununa, B. A. 3nmotHukoBa,
S1. J1. MypasbeBa, A. U. Hukonbsckoro, B. M. Cyrpo6osa

OTBETCTBEHHBIN pelaKTOp AOKTOp reosioro-MuHepanoruueckux Hayk b. I. ITomsk
IlepeBon Ha anruiickuii s13b1k: A. @. Camenkosa, O. b. Bepeuna
®oro Ha obnoxke: c. 1 — reizep bonpmoi, c. 4 — Bynkan boxpmoi Cemstank. Bun ot momaku gecHoro kopoHa B Jlonune reiizepos

ABTOPBI BEIPQXKAIOT MPU3HATEIIBHOCTD aIMHHUCTPALIMH U COTpyIHHKaM KPOHOIIKOTo 3amoBeIHIKa 3a COACCTBHE B POBEACHNUH
HCCIICZIOBAaHNH HA TEPPUTOPHH 3aIIOBEIHUKA, PE3Y/IbTaThl KOTOPBIX HCIIOIb30BaHbI IIPY HAIMCAHUY KHUTH; BBILICHA3BaHHBIM KOJLIETaM,
HPEeOCTaBUBIINM CBOU (oTorpadun.

Authors: V. M. Sugrobov, Doctor of Geological-Mineralogical Sciences, Laureate of Russian State Award in the sphere of science and
technology, N. G. Sugrobova, Research Associate, V. A. Droznin, Doctor of Engineering Sciences, G. A. Karpov, Doctor of Geological-
Mineralogical Sciences, V. L. Leonov, Doctor of Geological-Mineralogical Sciences.

The book comprehensively covers the unique phenomenon of geysers and the conditions of their emergence in the famous Valley of Geysers on
Kamchatka based on an over 25-year period of study by the authors. The book provides brief descriptions of physical-geographic conditions, thermal fields,
hot springs, geology and hydrogeology of the Valley, regimes of geysers, composition of thermal waters and geyserites. Reasons for the 2007 huge landslide
are also dealt with and estimates of future changes are accounted.

The book is both in Russian and in English, and contains 15 maps and figures, 5 tables and 114 original color pictures. The book will be valuable for
geographers, geologists, hydrogeologists, students, all the interested in Kamchatka wilderness and potential visitors.

Compilation made by B. M. Cyrpo6os
Photographs made by H. I1. Cmenos

This book also contains the photographs made by 1. F. Delemen, V. A. Droznin, M. Ya. Zhilin, V. A. Zlotnikov,
Ya. D. Muraviev, A. 1. Nikolskiy, V. M. Sugrobov

Scientific editor: B. G. Polyak, Dr. Sci
Translation: A. F. Sashenkova, O. B. Vereina
Front cover: geyser Bolshoi; back cover: Bolshoi Semyachik volcano. View from a platform forest guard in a Valley of Geysers

Authors acknowledge to the administration and staff of Kronotsky reserve for co-operation in research work, results of which were
used in this book. Authors also thank their colleagues named above for some photos.

www.unkam.ru W3nanue ocyiiecTBiaeHo npu ¢uHancoBoit moaaepxkke [Ipoekra [IPOOH/I'D® «/lemoncTpa-

A )

\gl@ (./') IS yCTOHYMBOTO COXPAHEHHUs OMOIOrNYECKOro Pa3HOOOpas3us Ha IIpUMEpPE YEThIPEX OXPaHAEMBIX

=L MPUPOAHBIX TeppuTopuii Kamuarckoii oonactu Poccuiickoit @enepanuu, Bropas daszay.

A Iporpamma passurtus Oprannsanmu O6benunenHbix Hanuit (ITPOOH) sBnstercs mio6anbHO#
<y Thb H B o6nactu pa3Butus.

EE @E‘l cetbto OOH B obnactu pa3

COXPAHEHME MHeH¥ue aBTopa MyOIHKaiy He 00s13aTeNbHO oTpaxkaeT Touky 3peHus [IPOOH, npyrux yupesx-

Poccusi BWOPA3HOOBPA3US nennii cucremsl OOH 1 opraHu3zaryii, COTpyIHUKaMH KOTOPBIX OHH SBIISIFOTCS.
KAMYATKM

GEF

Pexomen0BaHO MUHUCTEPCTBOM IPHPOIHBIX pecypcoB Kamuarckoro kpas.

© IMPOOH, 2009
© Cyrpo6os B. M., Cyrpo6osa H. I, Ipo3uun B. A.,

ISBN 978-5-9610-0099-3 © Comon 1T 000>



VSlnompscen s count, noo

. C T g
WSlcrsnmNeyenen, a,—noKopen!)
T .-.1_--.‘.-_

) ’DBO30AHHOIL;}

Ml O ATy
5y 15

Oll' 0e8Y U KO, NJ1eHEH
PN O j

Y e .-'-ﬁ}lif -

=2 ' Donmanvl2enu3epos uzpusblx,
F SV AR S
;--lllm_wm;_e,ymecx 6 110
- iy ¥ f




Introduction

The one who reaches the shores of the Kronotsky Bay
near the Zhupanovo settlement, gets deeply impressed by
the view of the highland with volcano summits so different in
shape. Regular cone of the Karymsky active volcano is well
observed to the left. When a glance slides to the right, one
can notice a ridge-like volcano, Maly Semyachik, further on
to the right there stretches a summit chain of volcanic mas-
sif of Bolshoy Semyachik. To complete the picture, volcano
tops of Uzon and Kikhpinych appear at a distance. In fair
weather, during the periods of volcanic activity intensifica-
tion, steam-gas jets can be seen rising upright above the
volcanoes of Karymsky, Maly Semyachik and sometimes
over Bolshoy Semyachik. One can hardly keep the desire
to get the closest possible to these magnificent fire-spitting
mountains, to examine them and to learn everything about
them.

The history of exploration and studies in Kamchatka
goes back to the 18-th century. During the work of the First
Kamchatka Expedition of the Russian Academy of Scienc-
es (1737-1740), Stepan Petrovich Krasheninnikov was the
first to give a primary description of fumaroles and thermal
fields in the area of Centralny and Burlyashchy volcanoes
(the volcano group of Bolshoy Semyachik). Later on, these
sites were visited by K. Ditmar (1851-1854), Russian aca-
demician and naturalist V. L. Komarov (1909), volcanologist
B. I. Piip (1933) and other scientists and researchers. They
would have been greatly surprised, however, to learn that not
far from their routs to those threatening volcanoes, fumaroles
and hot springs, in a deep and relatively narrow valley of
a small river, there existed real geysers. People got to know
about their existence in April, 1941. Tatyana Ilvanovna Ustino-
va, a geologist from the Kronotsky State Biospheric Reserve,
first discovered a geyser at the Shumnaya River, and then
lots of them along the banks of its left tributary (nowadays the
river Geysernaya).

Sensational discovery of geysers has enriched the larg-
est in our country Kronotsky Reserve with one more bright
sight of the nature. Thus Russia was enlisted as one of the
few countries in whose territory there exist active geysers.
Frankly speaking, small geysers and signs of their activity
were noted even before the time of discovery of the Valley
of Geysers. They were observed in the valleys of such rivers
as Pauzhetka, Bolshaya Bannaya and Kirevna. But very few

BsedeHue

Heusrmagumoe BIieuaTieHHE OCTaBISIET IaHOpama
BO3BBIIIEHHOCTH C Pa3HOOOpa3HbIMH IO QopMe Bep-
IIMHaMU BYJIKaHOB, KOTOpas OTKpPHIBA€TCA IIyTHUKY,
nmocturiieMy OeperoB KpoHomkoro 3aimBa B paiioHe
noc. XXymnanoBo. CrneBa XOpOIIO 3aMETEH MPaBHIbHBIN
KOHYC JIEHCTBYIOIIETo BylkaHa KapeiMckoro, crpaBa OT
Hero — xpe0TooOpa3Hblil BynkaH Mabiii CeMsvuK, ere
IIpaBee TSAHETCA Lelb BEPIIMH BYJIKAHUYECKOTO MAacCCH-
Ba bonpmoit CeMsYMK ¥ HaKOHET] — BEPUINHBI BYJIKAHOB
VY30n u Kuxnuaerd. B scHyI0 moromy B MOMEHTHI akTH-
BU3aLIMU BYJIKAaHUYECKOH IESITEIbHOCTH Haj ByJKaHaAMH
Kapemmckum, Mansiv CeMsMMKOM W OY€Hb PEKO Haj
Bonpmyum CeMsunKOM BUAHBI BEPTHKAJIBHO MOJHUMAIO-
Imyecs: maporasoBsle cTpyd. HeBompHO Xouercst mpuoim-
3UThCA K 3TUM IIPUMEYaTeNbHbIM OrHEBIIIALINM TopaMm,
YBUJAETh U y3HATh O HUX BCE.

B mnuHHON mMcTopum ocBoeHHs u u3ydenus Kamaar-
KA MHOTHE HCCIEIOBaTell HEOEe3yCIENIHO IIBITaINCh
310 cnaenark. [lepBeiM Obi1 Creman IlerpoBuu Kparmie-
HUHHUKOB, BBIIIOJHUBIINN HadadbHOE omucanue ¢y-
MapoJI U TEPMAJIBHBIX MOJEH BYIKaHOB L[eHTpaibHOrO
u Bypnsmero (rpynma bonbmoro Cemsiunka) B mepHos
pabothl [lepBoit Kamuarckoii sxcnemuriu Poccuiickoii
Axanemnn Hayk B 1737-1740 rr. 3arem 3Tm MecTa 1o-
cermm: K. [lutmap (1851-1854 rr.), pycckwmii ectecTBo-
ucneitarens akagemuk B. JI. Komapos (1909 r.), Bynkano-
sor b. U. Tuiin (1933 1) u npyrue uccnenosarenu. OHU
HeMajo OBl YAMBIIINCH, €CITH OBl UM CKa3ald, 9To HeZa-
JIEKO OT UX MapLIPyTOB K I'PO3HBIM BYJIKaHaM, MOILHBIM
(dbymMaposaM M TOPSYUM HCTOYHHKAM B TIIYOOKOH M OT-
HOCHTEJIBHO Y3KOW JOJIMHE HEOONBIIOW PEKH CYIIECCTBY-
10T HacToduue reisepel. O HUX y3HAJIM HOCJE TOTO Kak
B anpenie 1941 1. reonor KpoHomnkoro rocyaapcTBeHHOTO
3anoBeqHiKa TaThsiHa MIBaHOBHA YCTHHOBA 0OHApYKHUIIA
reiizep Ha p. lIlyMHOM, a 3aTeM MHOXECTBO UX Ha Oeperax
ee JIeBoro IpuToKa (HbrHE p. [eizepHas).

CeHCallMOHHOE OTKPBITHE Irei3epoB 000raTuio KpyI-
HeWmuil B Hamed crpaHe KpoHOUKMiI 3armoBeHUK ere
OIHOM SIPKOH TOCTONPUMEUATEIbHOCThIO MpHUposl. Poc-
CHsI, TaKuM o0pa3oM, Iomaja B CKPOMHBIH IIepedeHb
CTpaH, Ha TEPPUTOPUH KOTOPBIX IEHCTBYIOT rei3epsl.
Ha Kamuarke, npaBna, kKo BpeMEeHU OTKpPBITHS JlOJIMHBI
reii3epoB OBLTH OTMEUEHBI HEOOIBIINE TEH3EPHI U CIIEIBI



XKemuyxunHa Kamuatkn — [lonvHa rensepos

HUX JIeATEIbHOCTH B JoiuHax pek Ilayxerku, bBonbmioit
Bannoit 1 Kupensl. Ho 006 ux cymecTBOBaHUHM 3HAIU
HEMHOI'E€, HCCMOTPA Ha TO, YTO «...KJIFOYU 6I>IOH_U/Ie KakKk
q)OHTaHI)I C BCJIMKUM IIYMOM...» B IBYX HEPBBIX MECTaX
onucai eute C. I1. KpamennnaukoB B cBoeil kuure «Onu-
canue 3eMau Kamuarkmy.

Yro ke Takoe reizepsl? I'ne onun BecTpeuatorcs? Ipe-
XJIe BCETO, CIEAYET 3aMETUTh, 4TO BO BCEX paifoHax pac-
MPOCTPAHEHUSI TEH3epOB OHU BCTPEYAIOTCS COBMECTHO
C JApYIruMH TOBEPXHOCTHBIMHU MPOABJICHUAMU TEILIO-
BBIX aHOMAJIUH: TOpAYUMU U KUIIAIIUMU UCTOYHUKAMU,
IMapoBbIMU CTPYSAMU, TOPSAIYMMHU BOAHBIMU U T'PA3CBBIMU
KOTJIaMH M 03€paMH, HarpeTod J0 pa3UYHBIX TeMIlepa-
Typ nouBoil. HaxoxeHue rerzepoB cpeau ApYrux Io-
BCPXHOCTHBIX TepMOHpOHBHeHI/Iﬁ HaBOAMWJIO Ha MBICIIb,
YTO rei3epsl He CYIIECTBYIOT caMu 1o cebe. Tak ke, Kak
H BCC€ ApYIru€ BUIbI TaK Ha3bIBAEMOM FI/IZ[pOTepMaJ]I)HOI;‘I
AaKTUBHOCTH, OHHU CBA3aHBI C Ooiee FJ'Iy6OKI/IMI/I HUCTOYHH-
KaMH TEIJIOBOM OHECPIruu — TUAPOTEPpMAJIbHBIMU CHUCTC-
mamu. IlocienHue xapakTepHBI 1L 30H COBPEMEHHOIO
Wi MOJIOAOI0 BYJIKaHW3MaA, HNPUYPOUYCHHBIX [MPEKIAC
BCEro K OCTPOBHBIM JyramM THXOOKEaHCKOTO KOJIbIIa,
ByJIKaHHU4ecKoMy mnosicy Cpeau3eMHOMOpPBS, MOJIOIbIM
OKECaHMYECKUM M KOHTHHEHTAJIBHBIM prudTaM. Uzyuenne
TUAPOTEPMAJIbHBIX CUCTEM B Ha3BaHHBIX PCTHOHAX, B TOM
gyucne u Ha Kamuarke, ¢ mOMOIIbI0 TITyOOKHX OYpOBBIX
CKBKMH OJTHO3HAYHO MOATBEPAMIIO TAKYIO CBsI3b. A U3y-
YCHUEC pEIKUMaA reﬁ3ep03 1 reoTCPMaJIbHbIX CKBAXXWUH I10-
Kazajo B CBOIO OYEpe.lb, YTO TCH3ephl MPEACTABISIIOT CO-
00# 0COOBIN BHJ KHIIAINX (MTAPOBOASHBIX) HCTOYHUKOB,
KOTOPBIC B OTJIMYME OT MOCICAHUX TEPUOJUICCKU U3BEP-
raroT ropsi4yIo BOAY M Iap BBIIIE IIOBEPXHOCTH 3EMIIH.

PexyM ux JeHCTBUS MOXET OBITh OXapaKTepHU30BaH
MOCJICIOBAaTEIbHOM CMEHOM CTaauil M3/IMBa BOMLI, W3-
BepkeHHs ((DOHTaHWUPOBAHMS) MAPOBOASHON CMECH, BBI-
JIeNIeHUs napa (MapeHus) U CTaiH TOJHOTOo TIoKost. Huxe
OyneT n3noxkeH Oojee MOAPOOHO MPHUHIUIT PAOOTHI Te-
3epoB. 37eCh K€ 3aMETHM, YTO JCHCTBHE HCTUHHOTO Iei-
3epa HEBO3MOXKHO 0e3 CYIIeCTBOBAHHS IOI3EMHBIX BOJ
C TeMIepaTypoii, MPEBHIIIAIONICH TOUKY KUIIEHHUs (Tpyoo
rosops, 100 rpaxycos no Llenscuo).

HasBanwme «reizep» mpummio u3 Uciaanauu, rae emie
B XIII B. ci1oBOM Qeysir (0CIOBHO — «BHE3AITHOE M3JIHsI-
HHUE») 0003HaYa M HM3BEPralolIuecs BpeMs OT BPEMEHH
(oHTaHbI KUIISIIEH Bozpl W mapa (dorto 1). Hacrosmme
rei3eppl KaKk YHUKaJIBHOE SIBJICHUE NPHUPOIBI IOJIYUMIH
LIMPOKYI0 H3BECTHOCTh IIOCJIE OTKPBITUS B CEpEeIUHE
20-ro crojeTHs MHOTIOYUCIIEHHBIX M BEIMKOJIEIHBIX
reitzepoB B CeBepnoit Amepuke u Hosoit 3enan-
JUY. YIUBUTEIBHYIO KapTHUHY HX [EATEIBHOCTH, pa3-
HOOOpa3We MeCT pacIOJOKCHHS, JIETCHIB IIPOHC-
XOXKJIEHUSI TEH3epOB MOXKHO HAWTH B SAPKHUX OMUCAHUIX
My TEIIECTBEHHUKOB, TeorpadoB, TEOIIOTOB M JaKe B Xy-
JIOKECTBEHHOM TMpHUKIIIOUeHYecKkor smreparype. Jlo-
CTaTOYHO BCIIOMHUTb, HAIpUMEp, ONHUCAHMUE TIeii3epoB
HoBoit 3enannun B momymspHoit kaure JKromst Bepra
«Jletn kammrtana ['panta». Hemb3s He Ha3Barh mMeHA

people knew about them, even though S. P. Krasheninnikov
described «the springs gusting forth with great noise» in their
two first locations in his book «The Description of the Kam-
chatka Land».

So, let us see what a geyser is and where it can be
found.

First of all, it should be noted that in all the areas of
geyser occurrence, they co-exist with some other surface
manifestations of thermal anomalies. Among such anoma-
lies we can mention hot and boiling springs, steam jets, hot
water and mud pots and lakes, soil warmed up to different
temperatures. Occurrence of geysers among other surface
thermal manifestations suggests that geysers do not exist
by themselves. It seems that like all the other types of the
so-called hydrothermal activity, geysers are connected with
some deeper sources of heat energy, that is, with hydro-
thermal systems. The last are characteristic for the zones
of recent or young volcanism, dated first of all to island arcs
of the Pacific Ring, a volcanic belt of the Mediterranean,
young oceanic and continental rifts. Studying of hydrother-
mal systems in the named regions including Kamchatka,
with the help of deep boreholes has unequivocally confirmed
such connection. And studying of the regime of geysers and
geothermal wells has shown in turn, that geysers represent
a special kind of boiling (steam-and-water) springs that as
against the last periodically throw up hot water and steam
above the ground surface.

The regime of their action can be characterized by con-
secutive change of stages of water outflow, eruption (spou-
ting) of a steam-water mixture, allocation steam (steaming)
and stages of full rest.

The principle of geyser operation will be considered in
details below. Here we’'d like to notice just that activity of
a true geyser is impossible without the existence of ground
waters with temperatures higher than the boiling-point (about
100 °C).

The very term «geyser» came from Iceland, where in
the XIlII century the word «geysir» (literally «<sudden outpou-
ring») denoted a fountain of boiling water and steam eject-
ing from time to time (photo 1). As a unique natural phenom-
enon, real geysers got widely known after the discovery of
numerous and magnificent geysers in North America and
New Zealand in the middle of the XIX century. The mag-
nificent picture of their activity, variety of their locations, as
well as legends about their origins, can be found in vivid de-
scriptions of travellers, geographers, geologists, and even
in adventure novels of famous writers. Take, for example,
New Zealand geysers in the book by Joule Vern «Children
of Captain Grant».

It is necessary to name known geologists, whose
professional researches have made the basis of modern
knowledge of geysers. It: E. T. Allen, A. L. Day, D. E. White,
T. F. W. Barth, T. Einarsson, J. Healy, E. F. Lloyd, T. I. Usti-
nova, S. |. Naboko, V. V. Averiev and many others.

The big and quite explainable interest to geysers pro-
voked many people to refer as such lots of surface thermal
manifestations vaguely resemling geysers. This name is



1. Tunuunsiii 6uo zeiizepa 6 MOMEHM U3GEPIHCEHUS

1. Typical view of a geyser in the moment of eruption

The pearl of Kamchatka: Valley of Geysers

U3BECTHBIX T'€0JOTOB, YbH MPO(ECCHOHAIBHBIC
UCCIICI0OBAHMsl 3aJI0KUWIM OCHOBY COBPEMEH-
HbIX 3HaHUM o reWzepax. Oro: E. T. Aunen,
A JL i, [0, E. Vaiir, T. @. B. bapr, T. Ditnapc-
coH, E. @. JInoiia, Tx. Xemu, T. . YcTuHoBa,
C. 1. Haboxko, B. B. ABepbeB 1 MHOTHE JIpyTHE.

Bonpmioil m BHomHEe OOBICHUMBIM HHTEpec
K reif3epaM IpuBes K TOMY, YTO K HUM CTaJld OT-
HOCUTh MHOTHE IIOBEPXHOCTHBIC TEPMOIPOSIB-
JICHUsI, OTJAJICHHO HAllOMMHAIOUINE HEOONbIINe
reiizepsl. YacTo reifzepamMu Ha3bIBaIOT TOPSIUUE U
JTaKe TeTLIble HICTOUHUKH MITH BOAHBIE KOTIIBI C ITy-
= 3bIpbKaMM BBIJIEIIAIONIEIOCS ras3a, a TO U IPOCTO
ra3onapoBble CTPYH, OOBIYHO COIIPOBOXKIACMBIC
3aI1axoM CepOBOJOPOAA. DTO OOCTOSTENILCTBO 3HA-
YUTEJIHO YBEIMYMIIO YUCIIO HA3bIBAEMBIX CTPaH
U PaliOHOB, I7i€, BO3MOXHO, CYLIECTBYIOT Ieii3e-
pBl. B neHCTBUTENFHOCTH MOMUMO YHOMSHYTBIX
| BBIIIIE CTPaH HACTOSIIHE Ieif3ephl Tak WM MHA-
Ye OTMEUCHHI U Oojiee MM MEHee M3YUCHBI eIle
B 33 ctpanax mupa. Cpeau HUX cieayeT Ha3BaTh
npexxzae Bcero Yunm, Ilepy, Mekcuky, Kurait, Un-
noHesuto, fnonuto, Ilamya — Hosyro I'Buneto,
D¢uommro, Kenuto, rae redsepsl AOCTATOUHO
4eTKO BhIpakeHBL. Ho Bce ke OyiicTBO »HEpruu
3eMHBIX HEApP NPU W3BEP)KCHUH OONBIINX UCTUH-

often given to hot or just warm springs, water pots with gas
bubbles, or even simple steam-gas jets, usually accompa-
nied by the scent of hydrogen sulfide. This fact increased
the number of countries, enlisted as territories where gey-
sers can exist. In fact, real geysers are found and more or
less studied in 33 countries beside already mentioned. Thus,
geysers are quite clearly expressed in Chile, Peru, Mexico,
China, Indonesia, Japan, Papua — New Guinea, Ethiopia
and Kenya. However, the real violence of the Earth’s heart,
that is the eruptions of true large geysers, can be observed
only in Iceland, in Yellowstone National Park of USA, at the
northern island of New Zealand and in the Kamchatka Pe-
ninsula in Russia.

Magnetic beauty of geyser eruptions, when for a few sec-
onds or minutes a fountain of boiling water and steam rises
up to dozens of meters, evokes everybody’s admiration. In
the Valley of Geysers (Kamchatka), one can observe geysers
erupting at the background of a wonderful mountain land-
scape decorated by peculiar thermal fields of hydrothermally
altered rocks, glaring multicolored clays, by a great number
of sputtering and noisy fountains of boiling springs and small
geysers, by greenish thermophile algae, by cold, warm and
hot streams and waterfalls. The Valley of Geysers is really
worth being called «The Pearl of Kamchatka».

Geysers attract different specialists, and first of all,
those dealing with the problems of Earth’s heat utilization.
Knowledge of the regime of surface thermal manifestations,
including geysers, is necessary for the study of hydrother-
mal systems and geothermal deposits, containing huge
resources of hot water and steam. When brought to the
surface through the bore wells, these resources are used

HBIX Tel3epoB ceyac MOXKHO BUJIEThH 10 00IIeMy
NPU3HAHKIO TObKO B Mcnanmun, B MemnoycTonckoM Ha-
nuoHansHoM napke CIIA, na ceBepHom octpose HoBoi
Semanauu u B Poccnn, Ha Kamuatke.

IIputsararenbHas KpacoTa U3BEpPIKEHUS Tel3epoB, Kor-
J1a B TCUHCHNUEC HECKOJIBKNUX CCKYH/] UJIU MUHYT U3-110/] 3€EM-
JIA IOJHUMACTCA Ha BBICOTY B JACCATKU METPOB (I)OHTaH
KHITAIICH BOABI W Tapa, BBI3bIBACT BCEOOIEe BOCXHIIE-
Hue. B Jlonuue reiizepoB Ha Kamuarke mbl HaOmromaem
MapOBOSIHEBIC (POHTAHBI M3BEPTAIOIINXCS TeH3epOB B CO-
YeTaHUH C MPEKPACHBIM TOPHBIM JaHgmadToM. YKpa-
IIaI0T €r0 CBOEOOpa3Hble TEePMaJbHBIC TMOJIS TUIAPOTEP-
MaJIbHO HU3MEHCHHBIX IIOpOJ, NECTPOLBETHBLIX TIJIMH,
MHOTOYHCIIEHHBIE OPBIIKYIINE U IIyMSIIHe GOHTAHINKN
KHITAIIMX WCTOYHUKOB M HEOOJBIINX T'eH3epOB, 3€JICHO-
BaThle TepMO(HUIBLHBIE BOIIOPOCIIH, )KypUaIllie XOJIOIHEIC,
TEIJIbIE W TOpSYNE pyderku, Bomonanbl. JlonnHa reiize-
POB 3aCiIy’KEHHO IOJIy4MsIa HaUMEHOBaHHUE >KEMUY>KHUHBI
Kamyarku.

leitzeppl Kak yOUBUTENBHOE SIBJICHHE IMPHUPONBI SIB-
JSAIOTCSL 0OBEKTOM TPHCTAIFHOTO BHUMAHUSI CIICIIHAIH-
CTOB W TPEXIC BCETO TEX, KTO 3aHMMAaeTcs mpobiema-
MH WCIIOJIB30BaHMS TIIyOMHHOTO TeIia 3eMIIH. 3HaHWe
peXHMa IOBEPXHOCTHBIX TEPMONPOSABICHUH, B TOM
qHCIIe TeH3epoB, HEOOXOAUMO UIS M3yUCHHS THIPOTEp-
MaJbHBIX CHCTEM U T'€OTEPMAJIbHBIX MECTOPOXKIEHUM,
coJiepKallliX OIPOMHBIE 3alachl ropsdyel BOABI U Iapa.
W3Bneuennrie w3 HeAp OypoOBBIMH CKBaXHHAMH, OHHU
obecrieuynBarOT pabOTy TeOTEPMAIBHBIX BIIEKTPOCTaH-
nuii. [lepBoii B Hamieid ctpane Obuia [Tayxerckas reorep-
MaJlbHas 2JeKTpocTaHuus Ha tore Kamuarku. 3ameTum,
KCTaTH, 4TO [0 Hayaja CTPOMTENIbCTBA CTAHLMM 37eCh
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JeHCTBOBAIM N1Ba HEOONBIIMX reizepa. bonee kpymHas
reorepManbHas JJEKTPOCTAHIMS TOCTPOCHA ceivac
BOmm3u T. [lerponasioBcka-Kamuarckoro B paiioHe BYJI-
kaHa MyTHOBCKoTO (¢oTo 2).

2. Mymnogéckas 2eomepmanbran 31eKmpoCcmanyus

2. Mutnovsky geothermal power plant

for the operation of geothermal electric power stations. In
Russia, the first such station was Pauzhetka Geothermal
Power Plant at the South of Kamchatka. By the way, before
the beginning of the station construction, two small gey-

IIpenynaraeMblil KpaTKHii WIIFOCTPUPOBAHHBIN pacckas
0 reiizepax MO3BOJHT JTIOOUTEISIM NMPUPOBI, HE ObIBaB-
MM B JoanHe rei3epoB, COCTaBUTh XOTS ObI YACTUUHOE
IpescTaBleHne 00 3TOM dapyromeM yroike Kamuarku.
i TeX, KTO MOCETUT €ro, JAHHOE U3JaHHE MOXKET, Kak
MBI HaJEeeMCs, MOCIYKUTb JOCTYIHBIM U JOCTAaTOYHO
IIOJIHBIM IIyTEBOAUTENIEM.

sers were active here. Larger plant is constructed now near
Petropavlovsk-Kamchatsky, in the vicinity of the Mutnovsky
volcano (photo 2).

The present illustrated edition will give a brief review
of the Valley of Geysers for those not able to visit this charm-
ing nook of Kamchatka. For the visitors, it can serve as an
accessible and quite profound guide.



Brief history

of discovery and studies
of the Valley of Geysers

The history of large geysers discovery in Kamchatka is
amazing as geysers themselves. Though in the XVII cen-
tury Russian pathfinders came to Kamchatka shore of the
Okhotsk Sea and then to the Pacific Ocean, it took almost
300 years to find geysers here. Krasheninnikov’s expedition
that had visited thermal fields of Bolshoy Semyachik (see
fig. 1), was quite close to the placed named the Valley of
Geysers afterwards. The same places were visited by K. Dit-
mar, who observed the caldera of the Uzon volcano, as well
as thermal fields and hot springs at the foot of Bolshoy Se-
myachik. The closest to the discovery of geysers were acad-
emicians V. L. Komarov and B. I. Piip. In 1909, passing the
Southern foot of the Kikhpinych volcano, V. L. Komarov saw
a river, streaming to the North-West. He called it «the River
of Great Fumarole», because of the powerful steam columns
rising at its head. In 1933, having expeditional investigations
at Uzon Caldera finished in a hurry due to early snowfalls,
B. I. Piip was also riding his horses to the shores of the Pacif-
ic Ocean along the Southern foot of the Kikhpinych volcano.
From there he saw white steam clouds, resembling the Uzon
steam jets, at the head of a small river, which was probably
«the River of Great Fumarole». He was too short of time and
weather conditions were too dangerous for him to be able to
examine those clouds. This fact, perhaps, did not let him see
geysers in the midstream waters of the same river.

It was only on April 14, 1941, when T. |. Ustinova (pho-
to 3), accompanied by a supervisor of the Kronotsky Reserve

3. Tamvsana Heanoena Ycmunosa, 1976

3. Tatyana lvanovna Ustinova, 1976

Kpamkasa ucmopus
OMKPbIMUA U U3yY4eHus
Jonunel 2etizepos

Uctopus oTkpeiTHs OOibIIUX TeiizepoB Ha Kamuarke
TaK K€ yOUBUTENbHA, KaK M camH rersepsl. HecmoTpst
Ha TO, 4TO pycckue rnepBomnpoxoansl B XVII B. Bemumm
K Kam4arckuM Oeperam OXoTckoro Mops U 3areM Tuxo-
ro OKeaHa, MoHamo0mIock emnle mouytd 300 JIeT 0OCBOSHUS
teppuTopun Kamuarku, mpexae ueM ObUTH 0OHAPYKECHBI
reizepbl. biamsko nmoaxonmna k Oymymien JlonuHe rei3se-
poB akcnienuius C. 1. KpameHnHHUKOBA, TTOOBIBABIIIAS
Ha TepMasbHBIX ToyisAx bosbmoro Cemsiunka (cM. puc. 1).
Ot ke mecta nocetwn K. JluTMap, KOTOpBIA MOOBIBAI
B KaJIb/Iepe ByJIKaHa Y30H U OCMOTpE TepMajlbHbIE M0JIs
U rops4yue UCTOYHUKU NMogHoxus Bosbmoro Cemsuuka.
brmxe Bcex mccienoBareneil K OTKPBHITHIO TEH3EpOB CTO-
s akagemuk B. JI. Komapos u b. U. ITuiin. B 1909 r.
B. JI. Komapos, npoxost 1o 10)KHOMY TTOJTHOXBIO BYJIKAHA
Kuxnunsiy, Ha3Baj peuky, CTEKaBIIYIO Ha CEBEpoO-3amiaj,
«peKoii OOBIIOH (PyMapoIbl» U3-3a YBUACHHBIX UM MOIII-
HBIX CTOJIOOB Mmapa B ee BepxoBbsaxX. B 1933 1. b. Y. ITuiim,
3aBEpIUIUB 3KCIIEAULIMOHHBIE MCCIEIOBAHUS KaJlbJephl
VY30H, CIIEIIHO, U3-3a PAHO BBIIABIIEIO CHETa, BHIXOIUII
Ha Jomasx K Oepery Tuxoro oxeaHa Takxke Mo IOKHO-
My HOAHOXUIO ByakaHa Kuxnuuera. OTcrona B BEpXOBBIX
HEOOJIBIIION pPEKH, BEPOATHO, TOH K€ «PEKH OOJIBIIOH
(dbymapoiel» OH BUaen Oeible KITyObl Mmapa, KOTOphIe Ha-
MIOMUHAJIM NapoBbIe CTpyH Y30HaA. Hemorona u HexBaTka
BPEMEHH HE IMO3BOJWIA HX OCMOTPETH U, OBITH MOXET,
YBHUJETh HUKE B CPEOHEM TEUEHUU ITOM K€ PEUKH Tei-
3€pBhl.

Tonbko B 1941 1., 14 anpens, T. U. Yerurosa (¢poro 3),
B CONMpoBOXIeHWH HabOmomarenss KpoHomkoro 3armo-
Bequuka A. I1. Kpynenuna unccnenyst monuny p. Llywm-
HOW, oOHapyxwuia reizep. Kak BcrmomuHana mo3mgHee
T. W. Ycrunosa, mpousonuio 3710 Tak. [lonyuus 3aganue
Ha oOcnenoBanue pp. Lllymuoit u Tuxoit, T. U. YcruHo-
Ba U A. [1. KpynenuH Bbiexaiiu Ha co0aubell yIpsiKKe 10
€l11e IPAaKTUYECKU HE TPOHYTOMY TastHUEM CHET'Y K yCThIO
p. lllymHO¥ ¢ TeM, 4TOOBI MOTHATHCS K €€ UCTOKY, K Y30-
Hy. JleroM mepenBUrathcsi 34€Ch CIOKHO M3-3a TOIIKOM
PaBHUHBI B HHU30BBAX U T'YCTOIO CTIAaHMKA Ha CKJIOHAX
rop. Ilocie nepeaBwkeHHs Ha HapTe IO BEPXOBbIM
CKJIOHOB INPHILJIOCH WATH Ha JIbDKaX BAOJIb pyclla PEKH,
TaK Kak Ipoexarb ¢ HapTOH 110 JOJMHE He3aMep3aroulen
[ITymHOM HEBO3MOXKHO. J[BUTasCh MO TOIUHE, YYACTHUKU
MOXOAa BHUIENU 32 KPYTHIMH MOBOPOTaMH PEKH OOJaKa
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mapa, IpUHUMasl UX 32 YK€ U3BECTHBIE (hyMaposbl ¥Y30-
Ha. OgHAaKo MoclieqHUE BCce He MosABisianchk. Hago ObL1o
BO3BpAIATHCS B Jarepb, BECEHHUN JIeHb OBUT HA UCXOJE.
T. WI. YcTHOBA CO CBOUM BEPHBIM CIIyTHUKOM IIPUCENIN
OTIOXHYTh Ha mpaBoM Oepery p. LllymHOH, Kak BOpyT
C MIPOTHUBOIIOJIOKHOTO Oepera B X CTOPOHY B3METHYIICS
(hOHTaH KUIISIICH BOIBI U Tapa.

«Omenomiennsle, — pacckasbiBana T. 1. Yerunosa, —
MBI C UCITYTOM CMOTPEJIN Ha 3TO HEBUAHHOC U3BEPIKCHUC,
HE 3Has, KaK CIacaTbCs, €CIM ropsiyasl BOAA JOCTUTHET
Hac: Ha KpyTOM CKJIOHe OexxaTh ObIIO Hekyna. M3Bepike-
HHUE U TPOXOT 3aKOHYMIINCH TaK K€ BHE3AITHO, KaK Haya-
nuck. Haj mmomankoi mogHUMAICs ¢ MUHYTY CTOJIO napa,
3aTeM W OH ucue3. Bee cTano THXo u CoKoHHO, Kak OyATo
HHAYEro U He ObT0. MBI CHUICIIN NEPEIyTraHHbIC U MOAaB-
neHHsble. [IpoIIo HECKOIBKO MUHYT, IPEXKAE YeM MEHS
OCEHMJIO, 4TO 3TO Belb reisep! I'eilzep, koToporo 1o cux
MOp HUKTO HUKOTAa He Bujen Ha Kamuarke». Jlo okoH4a-
HUSL 9TOTO XK€ JHS NEPBOOTKPBIBATENSAM yAAIOCh IPOMTU
HEMHOTO BBEPX I10 JIEBOMY TEIIJIOMY IIPUTOKY, BIIaJaOIIC-
My B p. lllymuyio B 30 M BbIlie 0OHapyKEHHOTO Tei3epa.
Ha sToM y4acTke He OBIIIO HUYEro HEOOBITHOTO.

Coobmienne 00 OTKPHITUH Tei3epa OBIIO OmyOInKo-
BaHO B razere «Kamuarckas npasga» u ObIIO mepemneda-
TaHo «M3BecTusAMu» HakaHyHe Benukoit OTedecTBeHHOU
BOMHBI. VI3MEHUBIINECS ¢ Ha4aJlOM BOWHBI yCIIOBUS pa-
OOTHI BCE K€ MO3BOJIMIIN OpraHu30BaTh jJetoM 1941 r. mo-
XOJ] JUISl CTICIIMAIBHOTO 00CIEOBaHMS TEIUIOTO IIPHTOKA
p- Wymnuoit. K gonune neussectHoit peuku T. . Yeru-
HoBa U A. II. Kpynenus tenepp cryCTUINCh
OT €€ MCTOKOB, C FOTO-3aMaJHOTO MOIHOXKHUS
BynkaHa Kuxnunera. Briedatnenue oT yBu-
JICHHOTO IIPH CITYCKE B CPEIHIOI0 YacTh JOJH-
HBI peKd ObUTO omenoMisitomuM. Ha eBom
CKJIOHE€ B/10JIb PEKHU OBLITH BUJHBI CIIIOIOb
O6Ha)K€HHLIe, JIMIICHHBIC PACTUTCIIBHOCTU
Y4aCTKH C MHOTOYHCJIICHHBIMU ITYJIBCUPYIO-
IMUMHU KUIIAIMUMU UCTOYHHUKAMH, IIPEpbIBac-
MBI€ TOJIBKO AaKTHBHBIMHU IIJIOIIaIKaMH 00J1B-
mux reizepos. HemssectHas 1o Toro remas
peka monyunia HamMmeHoBaHue [eilzepHOH,
a nepBbIi yBuaeHnsii T. M. YcTurOBOM reii-
3ep Ha Oepery lllymHoii 6611 Ha3BaH [1epBeH-
eM (doto 4).

[Mocnenyromme mocemenust T. Y. Yeru-
HOBOM JONWHBI p. [eil3epHOi COCTOSUTUCH
B 1945 u 1951 rr. (poto 5). B paborax mpu-
HUIM ydactue ee Myx Owonor 0. B. Ase-
puH, a B 1951 1. — W3BECTHBIE THAPOTEONIOTH
B. B. lBanoB u I A. T'onera (I'oHcoBckast). Pe-
3yJI6TaThl 3TOTO HAUAJILHOT'O IIEpHoa U3y 4EHHs
reizepoB T. U. YcruHoBa m3noxuna B KaHIU-
JIATCKOU MICCEePTALNU M 3aMeYaTeIbHON KHUTE
«Kamuarckue reizepsr», n3nanHon B 1955 .
B Heii BiepBbIe gaHa 00IIas XapakTepUCTHKA
JonuHB! TeiizepoB, MoApoOHO, O ydacTKaMm,
TOYHO OIIMCAHBI BCE KPYIHbIE Ieii3epsl, Ux pe-
JKUM, T€i3epUTOBbIE MOCTPOMKH, BBICKa3aHBI

A. P. Krupenin, first found a true geyser. As recollected after
T. I. Ustinova, it was as follows. Her task was to investigate
the rivers Shumnaya and Tikhaya. Ustinova and Krupenin
started on a dog-sledge to the mouth of the Shumnaya river.
Their final aim was to go to this river’s head, that is, to the
Uzon Caldera. It is quite difficult to travel here in summer,
because the lowland is swampy and mountain slopes are
covered by thick elfin wood. It appeared impossible to move
along the never-freezing Shumnaya on a dog-sledge. That’s
why Ustinova and Krupenin had to ski on. Passing by the
valley, the participants of this small expedition saw in a dis-
tance the steam clouds, which they recognized as already
known fumaroles of the Uzon Caldera. However, they could
not reach them. The spring day was coming to the end, it was
high time for them to get back to their camp. T. I. Ustinova
and her companion decided to take a little rest and sat down
on the right bank of the river. All of a sudden, a fountain of
boiling water and steam shot up towards them.

«Spellbound (T. I. Ustinova recalled), we watched that un-
believable explosion, having no idea how to escape, should
the erupting hot water reach us. There was nowhere to run
on the steep slope. The eruption and rumble seized suddenly
as they had started. For about a minute, a steam column was
rising above the ground, and then disappeared. It became
quiet and calm as if nothing had happened. We were sitting
frightened and depressed. A few minutes had passed before
it stroke me that what we had just seen was a geyser! A gey-
ser no one had ever seen before in Kamchatkay.

Until the end of that day, the pioneers managed to move

4. I'eiizep Ilepeeney. Ilepevti 2eiizep, yeuoennvii T. H. Ycmunoeoii ¢ anpene 1941 2.

4. «Pervenets» (First) Geyser. First geyser T. |. Ustinova saw in April, 1941




10

5. T. H. Yemunoea na nymu ¢ /lonuny zeiizepos, 1945 2.

5. T. . Ustinova on ways to a Valley of Geysers, 1945

The pearl of Kamchatka: Valley of Geysers

MIPETONOKEHUSI O MEXaHU3ME TeH3epHOro
npouecca. Ha3panus, nannsie T. Y. Yeruno-
BOW KPYIHBIM rel3epaM U IyJAbCUPYIOLIUM
HCTOYHUKAM, [IPOYHO 3aKPEMWINCh B HAIIEH
MaMsITH Oarogaps UX COOTBETCTBHIO HaOIIO-
JTaeMOM KapTHHE JAEATENbHOCTH TeH3epoB.
Hanpumep, Benuxkan, Xemuyxnsrii, Caxap-
Hbli, TpoitHoll, @OHTaH U T. A.
EctecTBeHHO, mocie BbIX0Aa B CBET CTa-
Ter v kauru T. Y. YCTHHOBOM 0 KaMYaTCKUX
reifzepax pocio ¢ KaXAbIM T'0JI0M YHCIIO UC-
cienoBateneil U MOOUTENEH MPUPOIBI, KO-
TOpBIE YCTPEMJISUIUCH B JOMUHY rei3epos.
Cpenn HHMX cieqyeT Ha3BaTh BYJIKaHOJOTa
C. U. HaboKo, TOTOTHUBIIYIO UCCIICIOBAHHUS
T. U. YCTHHOBO ONMCaHUEM HOBBIX HEOOIb-
LIMX Tel3epoB, 3alMChI0 peXxuMa rei3epos,
a TaK)Xe XapakTEepUCTHUKOM MUHepasoruye-
CKOTO M XMMHMYECKOTO COCTaBa I'el3epuTOB.
B pabote A. A. Paiik mpuBeneHbl JaHHBIC
oJPOOHOI 3aIiCH peXrMa KPYITHBIX Teii3e-

a bit up the left warm tributary entering the Shumnaya River
30 meters away from the discovered geyser. This site showed
nothing extraordinary.

The report on the geyser discovery was published in the
newspaper «Kamchatskaya Pravda» and then reprinted in
the «lzvestiya» not long before the Great Patriotic War. With
its beginning, the work conditions changed greatly. However,
an expedition was organized in the summer of 1941 to inves-
tigate in detail the warm tributary of the Shumnaya River. This
time T. I. Ustinova and A. P. Krupenin started to the unknown
river from its headwaters, that is, from the South-Western foot
of the Kikhpinych Volcano. They got deeply impressed by the
view of the middle part of the valley. At the left slope along the
river bank they saw lots of exposed sites, without any plants,
but with numerous pulsating boiling springs, and a number of
active areas of large geysers. The unknown warm river was
given a name «Geysernaya», and the first geyser T. I. Usti-
nova had seen on the bank of the Shumnaya River was called
«Pervenets» (First) (photo 4).

T. I. Ustinova later visited the valley of the Geysernaya
River in 1945 and in 1951 (photo 5). Her husband, Yu. V. Ave-
rin, and famous hydrogeologists V. V. Ivanov and G. A. Go-
leva (Gonsovskaya) took an active part in the researches.
T. I. Ustinova reported the results of the initial stage of gey-
sers investigation in her Ph. D. thesis and in the wonderful
book «Geysers of Kamchatka» published in 1955. This book
includes the first general characteristics of the Valley of Gey-
sers, detailed descriptions of all the large geysers, as well as
their locations, regimes and geyserites constructions. Some
suggestions on the geyser process mechanism are also given
here. The names given to the geysers by T. |. Ustinova have
stuck in our memory, because of their clear correspondence
to the picture of geyser activity. For example such names as
Velikan (Giant), Zhemchuzhny (Pearl), Sakharny (Sugary),
Troynoy (Triple), Fontan (Fountain), etc.

Naturally, after the issue of papers and book by
T. I. Ustinova about the Kamchatka geysers, the number of

pos B inetHue Mecans! 1960 r. B. H. Bunorpanos BnepBble
onucan B 1960—-1961 rr. reitzepsl bypnsamuii u Bepxuuii
1 3a(pHKCHPOBAN pEKUM HEKOTOPBIX TEH3EPOB B YCIOBHUSX
3uMbl. BTopoii aTan usydenus JlonuHel reii3epoB Hauaucs
B 1962 r., xorna 31ech paboTana SKCIeIUIUS TOJIBKO YTO
co3nganHoro B [lerponasnoBcke-Kamuarckom MHcTuTyTa
BynkaHonoruu u I'eonoruueckoro mHcTuTyTa Poccuii-
ckoii AkazieMuu Hayk noj pykosoncTsoM B. B. Aseprea
(doto 6). MccaenoBanus 3KCIIeAUIIAN ObLTH HAIIPABICHBI
Ha M3YYCHHE THAPOTEPMAIBHOW CHUCTEMBI B IICJIOM, CY-
LIECTBOBaHNE KOTOPON M IOPOXKIAET reisepsl. BriepBrie
OblIa ompezeNieHa TEIUIOBask MOIIHOCTh CHUCTEMBI, OXa-
PaKTepU30BaHbI TEOJIOTHYECKUE W THIPOreOIOTHICCKHE
YCIIOBUSL U TUAPOXMUMHYECKUU OONHMK XOJIOJHBIX U TO-
pAYMX MOJ3EMHBIX BOI. PesynbraThl yacTHYHO OIMyOJH-
KOBaHbl ydacTHUKaMu skcneannuu B. B. ABepneBbiMm,
B. U. benoycoseim, b. B. MBanossiMm, B. 1. KonoHOBEIM.

Crenyromuid 3tan oTHocHutes K Hadamy 1970-x rr.,
Korjga Onaromaps ycwinusM MHCTHUTyTa BYJIKaHOJOTHH
1 KpoHOIIKOTro 3aroBeHIKa H3yYEeHUE peKUMa Teid3epoB
Y COIYTCTBYIOIIEH UM T€OJIOTO-THAPOTEOIOTHYECKON 00-
CTaHOBKH CTaJO CHCTEMaTHYeCKHM. B 3T0 Bpems Opumn
COCTABJICHBI T€OJIOIHYECKAs], FEOTEPMUYECKasi, THIPOIeo-
JIOTHYECKas, THAPOXUMHUYIECKasT KapThl, 0a3HpyIOIIrecs
Ha BIIEPBBIC COCTABJICHHBIX TOIMOTPA(pHUCCKUX KapTax
macmrabos 1 : 10 000 u 1 : 2 000. ITocnequue ObLIH CO-
CTaBJICHBl HA OCHOBE I10JIEBBIX HA3€MHBIX U a3POCHEMOK
corpyanukamMu HOBOCHOMPCKOTO MHCTHTYTa a’poreoie-
3ud U Kaprorpaduu nox pykoonctsoM b. B. Cenesnesa.
KoHeuHo, Ha KapThl OBUTM HAHECEHBI TeH3EPHI, MYJIbCH-
pYIOLME HCTOYHUKH, YYaCTKU HarpeToi oYBkl U Apyrue
TEPMOTIPOSIBIICHUSI. XPOHOMETPAX MACHCTBHS TEH3EpOB
HayaJl I[POBOAUTHCS C IOMOILBIO CaMOIKCLEB YPOBHS
BOJIbl. MHOTONETHAS UHCTPYMEHTallbHas 3allUCh 1103BO-
JIUJ1a JOCTOBEPHO YCTAaHOBUTH CPEAHIONO MPOIOKUTENb-
HOCTB JIEWCTBHS MHOTHUX I€H3€POB U OTKJIOHEHUS OT 3TON
HOpPMBI, a TaKKe€ H3MEHEHHS UX PEKHMa, BbI3BAHHBIE



XKemuyxunHa Kamuyatkn — [lonvHa rensepos

CE30HHBIMH, BOCHOBHOM,
KOJI€OaHUSIMH THIPOME-
TEOYCJIOBUH U U3MEHe-
HUSIMH  THIPOTEpMAllb-
HOU neATelIbHOCTHU. B
pe3ynbpTare KOMIJIEKC-
HBIX MCCIEI0BAHMI ObI-
Jla IpeJIoKeHa MOJIEIb
¢dopmuposanus [eiizep-
HOM TruApoTepMalbHON
CHUCTEMBI M €€ TIeoJIo-
rudeckas UCTOPHsI, pas-
BUTHI IIPEJICTABICHUS O
MEXaHU3ME JICHCTBUS
reiizepoB. DT pabOTEI
BBITIOJTHIJIA TPYTIIa UC-
cnenoBareneit: B. U. be-

6. Banepuii Buxmoposuu Aeepuves,
uzeecmmuulii  uccneoosamenv Jlonu-
noycos, B. A. BOPOHKOB, nu 2eitizepos, 2UOPOMEPMAnILHbIX Cul-
E.H.Tpu6,B. A. Jlpo3auH, cmem u zeiizeprozo npoyecca

B. JI. Jleonos, B. M. Cyr-

poooB, H. I CyrpoOoBa, of the valley of Geysers, hydrothermal
1O. M. XarkeBu4 u py- systems and the geyser activity

6. V. V. Averiev, the famous researcher

e T0J PYKOBOICTBOM

B. M. Cyrpo6oga. PykoBogumeie P. A. I1lyBaioBbIM XHMU-
ku B. K. Mapsinosa, C. B. Cepreesa, H. A. Tropuna BbI-
IIOJIHUJIM MHOT'OYMCJIICHHBIC XHMHYCCKHE aHaJIM3bl BOIbI
rer3epos.

B xoze Ha3BaHHBIX CHEIMANBHBIX MCCIEIOBAaHUN Ha
TEPPUTOPHH, Ka3aJI0Ch OBl HCXOXKEHHOU BIOJB U TIOTIEPEK,
OBUTH CAETaHBI M MAJICHBKHE IreorpaduniecKnue OTKPBITHS.
Psin m3BecTHBIX reif3epoB OBUT MPOJOIKEH ONMCAHHEM
1 HAaHCCCHUEM Ha KapThbIl He6OJ'ILI_HI/IX, HO JOCTAaTOYHO SAp-
KHX HX IpenctaButencit (reiizepsr HemocTymueiid, Ase-
peeBckuii, Tepemok, IlsTumunyTtka, MBanymka, Kotisl,
BepxHuii B pycie u apyrue); oOHapykeHa CTpys Tepe-
rperoro mapa — «ymapoiay» ¢ remneparypoi 110 °C. Ho
CaMbIM HEOXHJIaHHBIM OBIIIO 0OHApYKEHHE B BEPXOBBSIX
p- TeiizepHoii cpenu TepMalbHBIX MOJIEH FOTO-3aaHOTO
TIOAHOXU BYyJIKaHa Kuxnuaeg moutu XOJIOOHBIX paccpe-
JOTOYCHHBIX BBIXOHOOB YIJICKHCJIOTO Ir'a3a U CEPOBOAOPO-
na. O6Hapyxwi ux Buepsbie B. JI. JIeoHOB, 00paTuB BHU-
MaHHe Ha HEOOBIYHOE CKOTUICHWE MOTHONINX KHUBOTHBIX,
MeZBEJEH, INC, MEJIKUX IPhI3YHOB U HECKOJIbKUX NTHUIL HA
HEeOOJIBIION IJIONIA/IKE B YCTHEBOW YacTH pyd. JKentoro.
BepositHo, nprunHOi uX rrdenu OBIIO0 YAYIIbE IPH BABI-
XAaHUU Ha3BaHHBIX T'a30B, HAKONUBUIMXCS B IPHU3EMHOM
CJI0€ BO3AyXa. DTO MECTO Cceildac MoIydnsIo U3BECTHOCTD
o HazBaHueM JlonuHbl cMepTu. MHOro I0JI€3HBIX CBE-
JICHUH O COCTOSHWM TeH3epOB [ajl MCCIEA0BATEISIM
B paccMarpuBaeMblil mepuoa Habronarenu B. H. Hewaes
(MucTuTyT Bynkanosiorun) 1 B. H. Hukonaenko (KpoHort-
Knii 3amoBeqHUK). OTAEIbHBIC UccaenoBanus B Jlommae
reiizepoB ObutK BeIMoOHEHB! Tpynmoi [ C. IteiinGepra
110 MOZEIIMPOBAHUIO Tei3epHoro mnporecca, . A. 3aBap-
3ud u [. A. KapmoB BBISIBUIIM POJIb MUKPOOPTaHU3MOB
B TUAPOTEPMAIHLHOM MHHEPAI000pa30BaHHH.

B momynsipuzarmm  JIonmiHB Teii3epoB  Ooiblas pob
TIPHHAICKAT Ky pHAIICTaM, KpaeBeiaM, (POTOXYIOKHUKAM.

1

researchers and fans of the nature, which directed towards
the Valley of Geysers grew every year. Among them was S. I.
Naboko, who had supplied Ustinova’s works with descriptions
of some new small geysers, records of regime of geysers, as
well as with the characteristics of mineralogical and chemi-
cal composition of geyserites. Besides, A. A. Raik gave some
data on the detailed record of large geyser operation regimes
during the summer months of 1960. V. N. Vinogradov was
the first to describe the geysers Burliashchii (Seething) and
Verkhenii (Uppermost), and to register the regime of some
geysers in winter conditions.

The second stage of the Valley of Geysers study started
in 1962, during the work of an expedition of the newly estab-
lished Institute of Volcanology in Petropavlovsk-Kamchatsky
and the Geology Institute of the Russian Academy of Scien-
ces, headed by V. V. Averiev (photo 6). The expedition was
aimed at the investigation of the whole hydrothermal system,
the existence of which gives life to geysers. Heat capacity
of the system was first determined, geological and hydro-
geological conditions were characterized, as well as the hy-
drothermal figure of cold and hot ground waters. The results
were partially published by the members of the expedition,
V. V. Averiey, V. |. Belousoyv, B. V. Ivanov and V. |. Kononov.

The next stage refers to the beginning of the 70-th,
when studies of geyser regimes and accompanying
geological-hydrogeological conditions became systematic
due to the efforts of the Institute of Volcanology and the Kro-
notsky Reserve. Geological, geothermal, hydrogeological
and hydrochemical maps were made based upon topograph-
ical maps scaled 1: 10 000 and 1 : 2 000. The latter had been
composed based upon the field and air photography carried
out by the members of Novosibirsk Institute of Air Geodesy
and Cartography under the direction of B. V. Seleznev. Natu-
rally, geysers, pulsating springs, sites of heated soil and other
thermal manifestations had been charted. Timing of action
of geysers started with the help of water level recorders.
Many-year’s record allowed to reliably determine the aver-
age duration of geyser activity and deviations from this norm,
as well as changes in their regimes caused by seasonal vari-
ations of hydrometeorological conditions and by the changes
in hydrothermal activity. As the result of complex studies,
a model of the Geyser hydrothermal system formation was
suggested, as well as its geological history, and some ideas of
geyser activity mechanism were developed. The above works
were executed by a group of researchers including V. |. Be-
lousov, V. A. Voronkov, E. N. Grib, V. A. Droznin, V. L. Leonoy,
V. M. Sugrobov, N. G. Sugrobova, Yu. M. Khatkevitch and
other, under a management and V. M. Sugrobova'’s participa-
tion. A great number of chemical analyses had been made by
chemists V. K. Marynova, S. V. Sergeeva, N. A. Tiurina, under
the leadership of R. A. Shuvalov.

In the course of the above studies, minor geographical
discoveries were made. A number of already known geysers
was supplied with the descriptions of some smaller ones
(geysers Nedostupny (Inaccessible), Averievsky, Teremok
(Fairy-Tale House), Pyatiminutka (Five-minutes), Evanushka,
Kotli (Pots), Verkhenii v rusle and others). A jet of overheated
steam — a «fumarole» — was revealed with the temperature
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of 110 °C. But the most unexpected was the discovery of al-
most cold disseminated discharges of carbon dioxide and
hydrogen sulphide in the upper reaches of the Geysernaya
River, among the thermal fields of southwestern foot of the
Kikhpinych volcano. They were first found by V. L. Leonov
who paid attention to the unusual number of dead animals,
bears, foxes, small rodents and birds over a small area at
the mouth of the Zhelty (Yellow) Stream. They had most pro-
bably died after inhalation of the mentioned gases that had
accumulated in the air near the ground surface. This place is
now known as the Valley of Death. Lots of valuable data on
the geyser state were obtained by V. N. Nechaev (Institute
of Volcanology) and V. N. Nikolaenko (Kronotsky Reserve).
G. S. Shteinberg and his group carried out some modeling
of the geyser process, G. A. Zavarzin and G. A. Karpov de-
termined the role of microorganisms in hydrothermal mineral
formation.

In popularization of the Valley of Geysers the big role
belongs to journalists, regional specialists, pictorialists.
V. T. Davydov was the first artist to render the unique views

7. . H. Yemunoea c zpynnoii uccnedosameneii /onunsl 2eitzepos
1970-x 22. Cnesa nanpaso: B. M. Cyzpoéos, B. H. benoycos, H. I. Cy-
epooosa, T. H. Ycmunosa, H. Baiioapsa, B. JI. /leonos

7. T. I. Ustinova with a group of explorers of the Valley of Geysers of
the 1970-th. From the left to the right: V. M. Sugrobov, V. I. Belousov,
N. G. Sugrobova, T. |. Ustinova, N. Baibarza, V. L. Leonov

Crnenyer HazBare B. T. J[aBbljoBa, OAHOTO W3 TEPBBIX
XYIIO’)KHUKOB, 3aredarieBmmx eme B 1950 r. HemoBropu-
MBI€ BUABI p. IeiizepHoii. 3aprucoBku OBUIH OITyOIHKOBA-
HBI B )KypHaje «lluoHep» U monanu Ha OOJMOXKKY KHUTH
T. Y. YcrunoBoit. M. f. JKunun cocraBuin HECKOJIBKO
HMHTEPECHBIX PENopTaxkel U 04epkoB o JlomHe rei3epos,
o T. U. Yerunogoii u A. I1. Kpyneanne. MHOTO mone3Ho#i
nHpOpMaILIUU O Tel3epax MPUBOAUTCA B pabOTe 3ameda-
TenbHOTrO Kpaesena B. M. CemenoBa. 3putenbHbie 00pa3bl
JlonHEI reii3epoB Yy MHOTHX CBS3aHBI C OPUTUHAIBHBIMH
¢doropaboramu B. E. I'mnnenpeiitepa, 0. 1. MypasuHa,
H. B. Baitimmreiina, B. H. IInomkoro, H. I1. Cmenosna,
1. E. JManenkoii, A. M. HeuaeBa u apyrux. B 3ToT *e
pAI BXOOWT HAyYHO-TIOMYJSApHBIH ¢rbM Kamuarckoit
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cTyauu TeneBueHus «Tam, rine 3uMyeT BeCHa», CHATBIN
B 1979 1. ABrops! ¢punema C. B. Bepuenko, B. 1. VBan-
yenko, I. . Henmunosuu, B. M. IllumkoB 3amedarienn
B HeM u T. . VeruHoBy, npuesxasiryto B JlonuHy reu-
3epos (¢oto 7).

Ha Bcex sramax u3ydyeHUs Irei3epoB HEOLCHUMBIM
BKJIaJIOM, KOHEYHO, OBLTa Tpy[HAas MOBCEAHEBHas pado-
Ta COTPYAHUKOB KpOHOLKOTO 3amoBeqHMKA, U IPEXKIAE
BCETO — I10 OXpaHe 3TOT0 YIAUBUTENbHOTO Kpast. B 1972 1.
B JlonuHe reitzepoB KpoHoukuii 3anoBequuk u MHCTUTYT
BYJIKQHOJIOTHM OPraHW30BajM paboTy CTaI[OHapa, OHOM
U3 3371a4 KOTOPOTo OBLIM CHCTEMaTHUECKUE HAOIIOICHUS
3a peKUMOM rei3epoB. O HEKOTOPBIX pE3yNbTaTax 3TUX
CHEIUANbHBIX HCCIIEA0OBaHUNA TOBOPUIIOCH BbIle. EcTe-
CTBEHHO, UTO, KaK U Ha JAPYI'MX y4yacTKax 3aIllOBEJHMKA,
OCHOBHBIE YCHJINSI HAIPaBISUINCh HA U3y4YCHHE cO0OIIIe-
CTBa PACTCHUIL, ’KUBOTHBIX M IITHII, B JTAHHOM ciIy4ae Gpop-
MHPYIOIINXCS B CHENN(UUECKUX YCIOBUSIX COBPEMEHHOM
rUApoTeEpMalIbHON AearenbHoCcTH. C 3ToM Lenbto B Jlonu-
HE reii3epoB yCIELHO IPOBOAUIM U IPOBOAAT CBOU HC-
cienoBaHus crniendanucTsl 3anmoBenHuka A. T. Haymen-
ko, E. I. JIoOokoB, A. Il. Hukanopos, B. A. HukomnaeHko
U MHorue apyrue. JMpeKIMH 3aloBEJHUKA IPHUILIOCH
pemars HeJIeTKyIo npodieMy mocemenus Typucramu Jlo-
JIMHBI FeW3epoB, SIBIAIOLIENCA COCTaBHON 4YacTblO 3arlo-
BeHOH TeppuTopuu. YacTHUHO BOMpOC OBLT CHSAT, KOTIA
OBUTH OPraHN30BaHBI BEPTOJICTHBIEC YKCKYPCHH, PEITIAMEH-
TUPYIOIIKME YUCIO OAHOBPEMEHHO HaXOISIUXCS 371€Ch
TypuctoB. IlepeaBukenue TypuctoB B JlonuHe reiizepos
OrPaHUYMBACTCS IEIIEXOJHBIMU TPOIAMHM U3 JOLIATHIX
HacTuioB. IlocnenHee, XoTd U U3MEHSAET HECKOJIBKO Xa-
pakTepHbIN A7st J{oMUHBI BUJ TUKOM TPUPOJIBL, TTO3BOJISIET
COXpPaHUTh HECMOTPsI Ha HECKOHYAaEeMBbIH [IOTOK TypUCTOB
nma"amadT, PaCTUTENBHBIN 1 )KUBOTHBIH MHP U IJIABHOE —
rei3epsl.
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of the Geysernaya River in 1950. His sketches were pub-
lished in the Journal «Pioneer» and got onto the cover of
the Ustonova’s book. M. Ya. Zhilin made several interes-
ting reports and esseys about the Valley of Geysers, about
T. |. Ustinova and A. P. Krupenin. Useful information on gey-
sers is presented in the work of remarkable regional special-
ist V. I. Semenov. Visual patterns of the Valley of Geysers
are associated with original photos by V. E. Gippenreiter,
Yu. Ya. Muravin, I. V. Vainshtein, V. N. Plotsky, N. P. Smelov,
I. E. Daletskaya, A. M. Nechaev and others. Here we should
also mention the film by the Kamchatka television studio ti-
tled «Where the Spring Spends the Winter» shot in 1979.
The authors of the film S. V. Verchenko, V. |. lvanchenko,
H. I. Nelipovich and V. M. Shishkov rendered some pictures
of T. I. Ustinova who visited the Valley of Geysers (photo 7).

Over all the history of the geyser study, a great contribu-
tion was the work of the members of the Kronotsky Reserve,
which first of all consisted in the preservation and protec-
tion of this unique area. In 1972, the Kronotsky Reserve and
the Institute of Volcanology organized the work of a perma-
nent field-base; one of its tasks was to observe the geyser
regimes. Naturally, major efforts were aimed at the study
of plants’, birds’ and animals’ communities, which develop
under specific conditions of recent hydrothermal activity. To
achieve this aim, specialists of the Reserve A. T. Naumenko,
E. G. Lobkov, A. P. Nikanorov, V. A. Nikolaenko, and many
others successfully carry out their researches. Administration
of the Reserve faced the problem of tourists’ visits to the Val-
ley of Geysers, which is a part of the reserved territory. This
problem was partially solved when helicopter excursions li-
miting the number of tourists were organized. Tourists’ travels
over the Valley of Geysers is also limited by plank-layered
footpaths that help to preserve the landscape, plants and ani-
mals, and, above all, the geysers, though they change a little
the usual wild view of the Valley.
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Brief physical-geographical
sketch of the region and general

characteristics of surface thermal
manifestations

The Valley of Geysers is located 180 km north-east of
Petropavlovsk-Kamchatsky, among the volcanoes that
stretch chain-like along the eastern coast of the Kamchatka
Peninsular within the so-called Eastern Volcanic Belt. In the
modern relief, this region presents a high plateau, with dif-
ferent in form and age volcanic construction towering above
it. Among those are active volcanoes Kikhpinych and Uzon
(fig. 1). Volcanogenic depressions and calderas are also typi-
cal for the local relief. The plateau extends along the shore of
the Kronotsky Gulf, about 10 km off it, and serves as a foot for
the volcanic construction above, which fashion this territory
as a typical mountain area (photo 8).

Kpamkuti pu3uko-2eoepagpuyec-
Kuli 0yepk patioHa u o6uwjas
Xapakmepucmuka nosepxHocm-
HbIX mepMonpoAseHul

Jonmmua reizepoB pacnonokeHa B 180 km cese-
po-BocrouHee T. IlerpomaBnoBcka-Kamuarckoro cpemu
BYJIKAHOB, MPOTAHYBIIUXCS IIETOYKON BIOJH BOCTOYHOTO
nobepesxnst KaMaarckoro moiyocTpoBa B IIpesieiax Tak Ha-
3pIBaeMoro BocTouHoro Bynkanmdeckoro mosica. B cope-
MEHHOM pellbed)e ITOT paiioH MPENICTABISIET COOOH BBICO-
KO€ IIOCKOTOphE, HAJT KOTOPHIM MOTHUMAIOTCS Ha PasHyIo
BBICOTY Pa3JIYHbIE TI0 ()OpPME U BO3PACTY BYJIKAaHUIECKHEC
COOpPY’KEHHSI, B TOM YHCIIE JIEHCTBYIOIINE BYJIKaHBI boib-
moit Cemstunk, Kuxmuaera u Y30H (puc. 1). XapakTepHbIM
AJIEMEHTOM penbeda SBILIOTCS TaKKe ByIIKAHOTEKTOHIYE-
CKHe JeTIpeccuy 1 KaJbaephl. [lmockoropse, 9acto UMeHy-

=257 e :
©lCyepobos™B: M./ SugrobovAViME

8. Bynkanuueckoe naamo — nyedecman 8yIKaHU4ecKux coopyscenuii. B yenmpe maccue Kuxnunviu—Kénmas, cnesa na 3a0nem naame 6yikan

Kponoyxuii

8. Volcanic plateau — pedestal for volcanic construction. In the center — massif Kikhpinych—Zheltaya, to the right in the background — the Kronotsky

volcano
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€MOe BYJIKaHMYECKUM JOJIOM WJIH JaXKe IUIATO, MPOTIHY-
J0Ch 371ech BIOIb Oepera KpoHoukoro 3amuBa mpuMepHO
B JE€CATUKUIIOMETPOBOM yAAJICHUN OT HETO U CIIYKUT KaK
OBl nbeACCTAIOM U1 BO3BBIIHAIOIUXCS BYJIKAHUYCCKUX
noctpoek (¢oro 8). IMEHHO OHM MPHUIAIOT 3TOH TEppH-
TOPUH BHJI TUIIMYHOI rOpHON 007acTH.

ITnaro nmeet abcomrotubie otMeTkH 600-900 M, a oT-
JCJIbHBIC BCPIIWHbBI (BCC BYJIKAHUYECKOI'0 IIPOUCXOKIC-
HI/IH) NOAHATBI HaJ €ro IMOBEPXHOCTbIO Ha HECKOJIBKO
cor MmerpoB. Hampumep, Bynkan Byprsammii umeer otT-
Mmetrky 1160 M, Llenrpansubii Cemsauuk — 1300, boib-
ot Cemsiuuk (3yOuarka) — 1720, Kuxnunaea — 1552,
VY301 — 1610 u HeckonbKO yHaNeHHBIN BynkaH TayHIIuI
Jocturaer BbIcoTsl 2353 M. B nenom 3toT paiioH xapax-
TEPU3YECTCA AKKYMYJIATUBHBIM BYJIKAHUYCCKUM TUIIOM
penseda, (hopMHpPOBaHHE KOTOPOTO CBSI3aHO B OCHOB-
HOM C HaKOIUIEHHWEM BYJIKaHOTEHHBIX OTiIokeHuil. Ha-
uboiee JPEBHUE HIDKHE-CPEAHE-TICHCTOICHOBEIE
3¢ Gy3UBHO-MIMPOKIACTHIECKHE TONIIIA BCKPHITHI, B OCHOB-
HOM, B OOpTax Jienmpeccuil U KajbJiep, a MOJIOZBIE, BEepX-
HEIUICHCTOIICHOBBIC U TOJIOIEHOBBIE, CIaraloT OOIIMPHBIE
IUIaTO, & TAaKXKe CTPATOBYIIKAHBI, IUTAKOBBIE KOHYCHI, SKC-
TPY3UBHBIE KYITOJIBL.

OTH reojornyeckue 00pa3oBaHMsI COCTABIIIOT BEPX-
HIOI0 YacTh MOIIHOTO KOMIUIEKCA OTJIOXKEHHUH, 3aroi-
HAIOIUX OOIIUPHBIA Tporud (rpabeH-CHHKINHAID)
Bocrounoit Kamuarku, KOTOpBIii IPOTAHYJICS COPOKaKu-
JIOMETPOBOM MOJIOCOM OT ABaYMHCKOM I'pYMIIbI BYJKaHOB
Ha tore 70 ['aMueHcKkoro psja ByJIKaHOB Ha ceBepe. Hau-
Oonee SPKUM 3JIEMEHTOM CTPOCHHS PacCMaTpHUBAEMOIO
paﬁOHa ABJIAIOTCA KPYIIHBIC KOJIBIIEBBIC BYJIKAHOTCKTO-
HUYECKHE JIETTPECCUH, U, B YACTHOCTH, Y30H-Iei3epHas
u Cemsamkckas (puc. 1). Ux ¢dopmupoBanne spiseTcs
TJIaBHBIM CTCPIKHEM re0JIOrnueCKOM HUCTOPHHU 3TOTO Kpasd
1 BOSHUKHOBEHHA €0 OCHOBHBIX I'€OJIOTHUYCCKUX CTPYK-
Typ.

HemocpencTeenno mnpemmecTByronme ¢GopMHpPOBa-
HUIKO BYJIKaHOTCKTOHUYCCKUX nenpeccnﬁ Iopoabl Tak
Ha3BIBACMOTO «JOKAIBICPHOTO KOMIUIEKCa) SIBIISFOTCS
NPpEeUMYIIECTBEHHO BYJIKAHOTICHHBIMU 06p3.30BaHI/IHMI/I,
CBA3aHHBIMH C U3BCPKCHUAMU JIPECBHUX BYJIKAHOB, B TOM
YHClIe OONBIITNX U TOBBIX 0a3aJbTOBBIX BYJIKaQHOB. Ha
OoJbIIel YacTH pailoHa OHU MEPEKPHITH MOJIOJABIMU OT-
JOKEHUSMH U ceyac BUIHBI B OOPBIBAaX JONUH KPYITHBIX
pek, Harpumep B cpenHeM tedenuu p. Craporii Cemsiank
(xp. bopt), Ha p. lllymHo# HWxke BrameHus IeizepHo
1 Ha CEBEPHBIX BHEIIHUX CKJIOHAX KaJbAephl Y30H.

Ocobasi cTpaHHIIa TEOJOTHMYECKOW HCTOPUU CBsi3a-
Ha ¢ KaipaepooOpazoBaHueM. B xozxe ero mpoucxoannn
MOIITHBIE IKCIUIO3UBHEBIC H3BEPKEHUS U (POPMHpPOBAHHE
OOIIMPHBIX MOJIEH MUPOKIACTUICCKIX OTIOKCHUH C TIpe-
o0ailaHreM TaK Ha3bIBaeMbIX HTHUMOPHUTOB. OHH 3aHSITH
3HAUUTEIBHYIO YacTh TEPPUTOPHH, BKIIOUAs TT0OEPEKbEe
okeaHa coast of ocean, u, 3aITOJTHIB HEPOBHOCTH PEIIbe-
(a, co3manu 1uratooOpa3Hple paBHUHBL. OJTHOBPEMEHHO
C BBIOPOCOM Ha IIOBEPXHOCTH OTPOMHOTO KOJIHYECTBA
MUPOKJIACTUYECKOTO MaTepuasa, MPUBEIIIEro K OlycTo-
LIEHUIO MarMaTUYeCKUX KaMep, IPOU30LLI0 NpoCelaHue

15

The absolute marks of the plateau are 600-900 m, while
some tops (all of volcanic origin) rise above its surface for a
few hundred meters. For example, the Burlyashchii volcano
has the mark of 1160 m, Central Semyachik — 1300, Bolshoi
Semyachik (Zubchatka) — 1720, Kikhpinych — 1552, Uzon —
1610, and a little bit isolated volcano Townshits reaches the
height of 2353 m. On the whole, this region is characterized
by the accumulative volcanic type of relief whose formation is
associated with the accumulation of volcanogenic deposits.
The oldest Lower-Middle-Pleistocene effusive masses are
outcropped mainly at the sides of depressions and calderas,
while younger, Upper Pleistocene and Holocene ones com-
pose an extensive plateau, as well as composite volcanoes,
cinder cones and extrusive domes.

These geological formations constitute the upper part of
a thick deposit complex that occupies an extensive trough
(graben-syncline) of eastern Kamchatka stretching in a forty
kilometers long chain from the Avachinskaya volcanic group
to the Gamchenskii volcanic range in the North. The most
vivid element of the region is a number of large ring-like
volcanic-tectonic depressions, and, in particular, Uzon-Geyser
and Semyachinskaya ones (fig. 1). Their formation is the ba-
sic stem of the history of this territory as well as of the origin
of its major geological structures.

Immediately preceding the formation of volcanic-tectonic
depressions, rocks of the so-called «pre-caldera complex»
are mostly volcanogenic formations associated with the erup-
tions of ancient volcanoes, including large shield basaltic
ones. Over the most part of the area, they are overlaid by
younger deposits and can now be observed in the steeps of
large river valleys, for example, in the middle current of the
Staryi Semyachik River (the Bort Ridge), at the Shumnaya
River and at the northern outer steeps of the Uzon Caldera.

A special page of geological history is connected with
the formation of calderas, during which large explosive erup-
tions took place as well as formation of vast fields of pyro-
clastic deposits, the so-called ignimbrites prevailing. They
had occupied a considerable part of the territory, including
the oceanfront, and formed plateau-like plains having filled
irregularities of the relief. Surface subsidence on ring faults
occurred simultaneous to the eruption of great volumes of
pyroclastic material onto the surface, which led to hollow-
ing out magmatic chambers. In that way, Uzon and Geyser
Calderas were formed, as well as the whole Uzon-Geyser
depression afterwards. It happened about 80—40 thousand
years ago, in the Upper Pleistocene. During the following
stage of the geological history, depressions and calderas
were filled up with water-pools and, accordingly, with lacus-
trine sediments. Volcanic activity continuing at that time in the
area of volcanic-tectonic depressions resulted in the forma-
tion of volcanic constructions different in shape and composi-
tion. Within the Uzon-Geyser depression, they were mostly
extrusive acidic domes, within the Bolshe-Semyachikskaya
structure, both composite volcanoes and extrusive domes
were formed. Off the depressions’ margins, large composite
volcanoes Townshits and Kikhpinych were formed, as well
as a number of smaller cinder and lava cones. Formation of
the «post-caldera» complex covers the second half of the
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MOBEPXHOCTH IO KOJIBIEBBIM pa3-
noMaM. Tak BO3HUKIIU KallbJe-
pel Y3oHcKas, IeilsepHas u 3areMm
V3on-Ieli3epHas fenpeccus B LIEI0M.
OT0 CcIydunoch NPUONU3UTETHHO
80—40 ThIC. 1eT Ha3a/ B BEpXHEIUIEH-
cronieHoBoe Bpems. CdopMupoBas-
HBIE JEMPECCHHM U KalbJephl B MO-
CIICAYIONMH 3Tall TeONOTHYECKOi
HCTOPUM 3alONHWINCH BOJOEMAaMHU
U, COOTBETCTBCHHO, O3€PHBIMH 0CaJI-
KamMH. B pesynpTrare ByakaHHUECKOMH
JCATCIBHOCTH, MPOXOAMBIIEH B 3TO
K€ BpeMs B paliOHE BYJIKAHOTEKTO-
HUYECKHUX JEeNpecCcuit, BOSHUKIHN
pa3HooOpasHble TIO0 cocTaBy U (op-
M€ BYJIKaHUYECKHE INOCTPOMKHU.
B V3on-Teitzepnoit nenpeccun 310
OBUTH IPENMYILIECTBCHHO SKCTPY3HB-

9. I'pynna g¢ynkanos Bonvuwozo Cemauuka. Buo c 1020-3anada

9. Group of the Bolshoi Semyachik volcanoes. View from the southwest

HbIE KYTIOJIbI KHCJIOTO COCTaBa, B Ipe-
nenax bompire-CeMsIInKCeKoi CTPyKTypBI () OPMUPOBAIIHCH
U CTPATOBYJIKAHBI M 3KCTPY3UBHBIE KYIIOJbl. 3a IPaHULIA-
MH Jlepeccruii 00pa30BaINCh KPYIHBIC CTPATOBYIKAHBI
Taynmun, Kuxnuaed U ceprst HeBBICOKUX IIUTAKOBBIX U
JIABOBBIX KOHYCOB. Bpems (OpMHpPOBAaHHUS «IHOCTKAIb-
JEPHOTO KOMIIJIEKCa» OXBATHIBAET BTOPYIO IMOJOBUHY
BEpPXHETO IUICHCTOIEHA-TONOIEHA, TO €CTh MOCIEIHNE
nipuMepHO 40 ThIC. JIET TEOJIOTUYECKON HCTOPHUH.
OTIUYUTENEHOM YepTOi 3TOTO BPEMEHHU OBLIO MPeoo-
JalaHue BHIHOCA M HAKOIUICHMS Ha MMOBEPXHOCTH BYIIKa-
HUYECKOTO MaTepHaa, 4To HallIo CBOE OTPaKCHHE B CO-
BpeMeHHOM penbede. OCOOEHHO ATO SPKO MPOSBHIOCH
B paiioHe coBpemeHHoro bombmoro Cemsiunka, rae nem-
30BBIC U UTHUMOPUTOBBIC TOJIIIA BMECTE C BO3HUKIINMU
ByJIKaHaMu: 3anagHbsiM U Boctounsim bapanbsum, [Tomko-
Ba, [IpobnemarnvHbIM, 3yO4aTKOM, IKCTPY3HUBHBIMH KY-
MIOJIaMH ¥ TABOBBIMH IIOTOKaMH 3aIIOTHIIIN KaJIbAEPY H €€
OKpYykeHHE U C(HOPMHUPOBAIIU COOCTBEHHO MaccuB boJb-
moro Cemsunka (poto 9). B Tom ciydae, korna BHyTpH

Upper Pleistocene-Holocene, that is, about the last 40 thou-
sand years of the geological history.

The specialty of that period was carrying out of volcanic
material and its accumulation on the surface, which had its ef-
fect on the modern relief. It is the most prominent in the area
of modern Bolshoi Semyachik, where pumice and ignimbrite
masses together with the originated volcanoes (Zapadny and
Vostochny Baranii, Popkova, Problematichny, Zubchatka),
extrusive domes and lava flows occupied the caldera and its
surroundings and formed the massif of Bolshoi Semyachik
proper (photo 9). In sites, where volcanism evolved insignifi-
cantly in the form of small dacitic and rhyolite extrusions, their
ring structure can be traced even nowadays. The example
to that — Uzon Caldera. Destructive processes of water and
glacier erosion strengthened the volcanic relief forms, ha-
ving left deep grooves on the slopes of the highest compo-
site volcanoes. Modern glaciers formed in such troughs can
now be observed at the volcanoes Zubchatka and Kikhpinych
(photo 10).

Puc. 1. Opozudpozpaguueckan cxema u ocnosnvle mepmonposnenenus CeMauuKcKoz0 2e0mMepmanbHO20 paiiona
Ikana BeicoT Hax ypoBHeM Mopsi: 1 — 0-100 M; 2 — 100-500 m; 3 — 500-1000 m; 4 — 1000—1500 m; 5 — Bbime 1500 m;

6 — 0OpBIBbI;

7 — spo3uoHHble ycTynbl CeMsIUHKCKOl Kalbaephl 1 Y3oH-I eif3epHoil nenpeccun;

8 — coBpemenHbie TepmonposBiieHus: | — HimkHe-CeMsSYNKCKHe ropsume U TeIible HCTOYHUKH, 2 — CpenHe-CeMsSYNKCKUe ropsule MCTOYHHUKH, 3 — Hapo-
ra3oBbIe CTPYH H TepMallbHblC MO BynkaHa IlenTpanbubni CeMsiumk, 4 — maporasoBble CTPYH TepMalIbHOTO IONS ByIKaHa Byprsmuii, 5 — TepMmanbHbIe
TI0JIs1, TOPsSYMe MCTOYHHUKH, Mapora3oBble CTPYH, TepPMalbHBIC 03€pa M KOTJIbI Kalbaepbl Y30H, 6 — JloniHa reii3epoB, 7 — MaporasoBble CTPYH U MCTOYHHKH
Bepxue-Ieiizeproro repmManbHoro mois, 8—10 — TepManbHbIe OIS, TApOra3oBble CTPYH U (hyMapoisl ByIKaHHIeckoro MaccuBa Kuxmnunsra—Kenras;

9 — reizepsl;

10 — GonpIIre yuacTKy HarpeToi mo4BEI ¢ TeMieparypoil 6onee 20 °C Ha rmybune 0,5-1 M;

11 — roxHast rpanuia KpoHOIKOro rocyjapcTBEHHOTO 3aM0OBEIHIKA (Ha BPE3KE BbIICICH KPACHBIM L[BETOM);

12 — cxema cTapoii menrexoqHoi Tponsl. [IpsAMOyronbHUK Ha KapTe — IpaHuna 0030pHOU KapThl JIomHHBI reif3epoB (M. puc. 2).

Fig. 1. Oro-hydrographical scheme and major thermal manifestations of the Semiachikskii geothermal region

Scale of altitude above sea level: 1 — 0-100 m; 2 — 100-500 m; 3 — 500—1000 m; 4 — 1000-1500 m; 5 — above 1500 m;

6 — precipices;

7 — erosion ledges of the Semyachikskaya caldera and Uzon-Geyser depression;

8 — modern thermal manifestations: 1. Nizhne-Semiachikskiye hot and warm springs, 2. Sredne-Semiachikskiye hot springs, 3. Steam-gas jets and thermal fields of the Central
Semyachik volcano, 4. Steam-gas jets of the Burlyashchii volcano thermal fields, 5. Thermal fields, hot springs, steam-gas jets, thermal lakes and pools of the Uzon caldera,
7 — Valley of Geysers, 8-10 — Thermal fields, steam-gas jets and fumaroles of the Kikhpinych-Zheltaya volcanoc massif;

9 — geysers;

10 — vast areas of heated ground with temperature above 20 °C at depth of 0.5-1 m;

11 — southern border of the Kronotsky State Reserve (marked red in the inset);

12 — the circuit of old foot track. Rectangle in the map — margin of the general map of the Valley of Geysers (see fig. 2).
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10. Bynxan bonvuioi Cemauuk (3youamka). B yenmpe neonux Kponomkuna

10. Bolshoi Semyachik volcano (Zubtchatka). In the center — the Kropotkin glacier

The shapes of volcanic mountains are also accentu-
ated by the valleys of the rivers deeply engraved into the
plateau-like basement of the upland due to their swift cur-

rent, high water-level (especially in the period
of snowmelt) and, naturally, due to the relative
«softness» of pyroclastic rocks composing the
basement. Rivers are not too long, reaching just
the first dozens kilometers in length. Two grea-
test water-ways are Stary Semyachik (47 km)
and Shumnaya River (40 km). In the mid-flow,
these rivers reach 20 m in width and up to 1.5 m
in depth. The current speed is variable, being
2-4 m/s in the mid-flow and 0.5-1 m/s in the
lower course. The rivers having steep and abrupt
banks abound in rifts, chutes, small and large wa-
terfalls. River valleys are 400—600 m deepened
relative to the plateau surface, being 1 to 3 km
broad, places of a valley get a kind canyon-like
gorges.

Volcanic constructions serve a sort of an ob-
stacle on the way of the water flow, and rivers
seem to skirt large elements of volcanic-tectonic
structures. Example — the rivers Stary Semyachik
and Shumnaya. The first, beginning in the cen-
tral part of a massif Bolshoi Semyachik, flows on
northwest, then, turning on the West and a south-
east and, bending around volcanic constructions,
lays a channel on the ring fault limiting Bolshoi
Semyachik caldera with southwest. The Shum-
naya river in the upper course smoothly flows on

The pearl of Kamchatka: Valley of Geysers

BYJIKAHOTEKTOHHUECKUX JETIPECCUI U Kallb-
Jiep BYJIKAaHM3M Pa3BUBAJICS HE3HAUUTEIHHO
B BU/E HEOONBUIMX JAlUTOBBIX M PHOIH-
TOBBIX JKCTPY3Uil, MX KOJbLIEBasl CTPYKTY-
pa 4eTko ImpociexuBaerca u ceivac. Ilpu-
Mep TOMY — KalipJiepa Y30H. Pa3pymatomiie
MpoLecChl BOJHOM M JIEIHWKOBOM 3PO3UH
ycuuian (opMBbl ByJIKaHHYIECKOTO penbeda,
OCTaBUB CBOM CJEBI Ha CKIOHAX Hambolee
BBICOKHX CTPATOBYJIKaHOB B BHUJE IITyOOKHX
PBITBHH, KapoB U OappaHKocoB. B momo0-
HBIX UM JIO)KOMHAX CYIIECTBYIOT COBPEMEH-
HBIC JICITHUKH, HAaOIIOJacMble B HACTOSIIEE
BpeMsl Ha ByJkaHax 3yOuarka m KuxmuHbrg
(doro 10).

Ouepranus BYJIKaHUYECKHUX TOp Mogdep-
KMBAIOT M JONHHBI PEK, KOTOPbIC TIIyOOKO
BpE3aHbl B IJIATOOOpa3HBIN (DyHAaMEHT Ha-
rophsi Omarogapsi CTpeMUTEIIBHOMY TEUECHHIO,
MHOTOBOJHOCTH (0COOEHHO B IIEPHO]] CHETO-
TassHHUsI) U, KOHEYHO, M3-3a OTHOCHTEIIbHOMN
«MSATKOCTIY MUPOKIACTHUECKUX TTOPOJ, Clla-
rafonmx QyHaameHT. [IpoTsikeHHOCTh pex
HEBEJIMKA M JOCTHIAET MIEPBBIX JECSTKOB KH-
JoMeTpoB. [[Be caMble GobIINEe BOAHBIE ap-
tepuu, Crapsiit Cemsiuuk u lllymHas, umeror
JUTMHY, COOTBETCTBEHHO, 47 1 40 kM. B cpen-
HEM TEUYCHHUM INUPUHA 3TUX PEK TOCTUTACT

20 M, myouna o 1,5 M. CKOpoCTh TEUCHUS M3MEHYH-
Ba, B cpenHell yacTu paBHsieTcs 2—4 M/C, B HU30BBE —
0,5—1 m/c. Pexwn, 3a HCKITIOUCHHEM yJacTKOB IIPUOPEKHON

11. Hu3zo6be cmomempo6ozo 6odonaoa na p. Lllymuoii évtuie crusnus c p. I'eiizeproi

11. Lower part of the hundred-meter waterfall on the Shumnaya River, higher than the con-
fluence point with Geysernaya River
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PaBHUHBI, U300MITYIOT IIepeKaTaMy, CTPEMHUHAMHE, MaJlbl-
MH U OOJBIIMMHU BOJOMAJAMU M OTPAaHUYEHBI KPYTHIMU
u OOpBIBUCTHIMU Oeperamu. JlOMHHBI peK yIIyOJIeHBI OT-
HOCUTENIBHO NoBepXHOCcTH Iu1aTo Ha 400—-600 M, mmpuHa
JIOJIMH U3MeHseTcst oT 1 10 3 KM, MecTaMu JOJITUHBI IPHO0-
peTaroT BUJ KaHbOHOOOPA3HbIX YIIETIHH.

Bynxanuueckue coopyKeHUs! HCTIONHSIOT POJIb CBOE-
00pa3HO# mperpajbl Ha MyTH CTOKA BOJBI U PEKH, KaK Obl
OOTEKAIOT KPYIHBIE 3JIEMEHTH BYIKAHOTEKTOHMYECKHUX
crpykryp. Hanpumep, pp. Crapeiii Cemsaunk u Iym-
Has. [lepBas, HauMHasACH B LIEHTPAIbHOM YaCTH MacCcHBa
Bbonsimoit Cemsiunk, TeUET Ha ceBEpO-3arnall, 3aTeM, IoBO-
padmBasi Ha 3amaj] U I0r0-BOCTOK M OruOasi BylIKaHHUYEC-
KHE TIOCTPOWKH, MPOKIAABIBACT PYCNIO IO KOJIBIEBOMY
pasioMy, orpaHuYMBaroIeMy Kanbiaepy bombiioir Ce-
MSYHK C roro-3zamnazaa. Pexa Illymuast B BepXxoBb€ IUIaB-
HO TEYET MO BHIPOBHEHHOMY IHHIINY KaJlbAEphl Y30H,
3aTeM, Mepei y4acTKOM IpOphIBa JPEBHETO 03epa ue-
pe3 1ro-BoCTOuHBI 60pT Y3o0H-IeiizepHoit nempeccuw,
CpbIBaeTcs BogomnaaoM BeicoToit moutu 100 m (doro 11)
U 4yepe3 y3Koe yIIEeiIbe HeceT CBOM BoAbl B KpoHoikmii
3anuB. BiusiHue BylkaHUYEeCKOH U THAPOTEPMaIbHON Jie-
ATENFHOCTH BBIPAXKAETCSI €IIie ¥ B TOM, YTO MHOTHE PY9IbU
U OTAETBbHBIE YYAaCTKH PEK, HOAMUTHIBASCH TEPMAaJIbHBI-
MH BOJaMH, UMEIOT TOBBIIICHHYIO TEMIIEPaTypy, CIICIH-
(bUYecKUii XUMUYECKHA COCTaB W MYTHOCTh BOJBI 3a
CUCT YBEJIIMYEHHOTO COJCP)KaHHsI B3BECEH, B YaCTHOCTH
CEpHBIX, MOMAJAIOMNX B BOJOTOKU IPU Pa3MBIBE HU3Me-
HEHHBIX MIMHUCTBHIX nopoA. J1o pyubu Kirou Iopsauwnii,
Bapmoruna, Xenteiii (BepxoBbe [eiizepHoii), Kucbrii,
p. T'eiizepnas u npyrue.

Hecmotpst Ha nmocratoyHo TycTyio rupporpadudec-
KyIO CEeTh B JICTHEE BPEeMS Ha TIOBEPXHOCTH BYJIKaHHUEC-
KOTO J0JIa PEIKO MOXKHO BCTPETHUTH PYUYbH M BOIOCMBL,
TaK Kak Tajble BOABI W JOXKACBBHIC
OCaJIkl IONIOLIAKTCS XOPOLIO IIpo-
HUIIAEMBIMH PBIXJIBIMU OTIOKCHUSIMH,
U MHOTOYHCJICHHBIC II0 BECHE BOJO-
TOKH MPEBPAIIAIOTCS B «CYXHE» PEKH.
Kpynueie o3epa, ecnmm HCKIIOYHTH
nuMaH CeMSYnK, UMEIOT BYJIKAHOTEH-
HYIO TIpUpoxy. X0JIOJHOE HerTyOoKoe
03. llentpanpHOoe B Kampiepe Y30H
yHacIeIoBaio OBIBIIHIA 37I6Ch OOIITHp-
HBIH BoZoeM, a 03. JlapHee BOSHUKIIO
Ha MecTe Maapa, BOPOHKU OHOAKTHO-
ro B3pbIBHOIO u3BepxkeHus. Ero miy-
ouna nocturaer 25 M. Boiee menkue
Oe3bIMSIHHBIC O03€pa IPEACTABIIOT
c000Ii, KaK TIPaBUII0, OECCTOYHEIC BIIa-
JUHBI, 3alI0JIHEHHBIE TaJbIMU BOJAMU
U ocaiKaMH, OOJBIIMHCTBO M3 KOTO-
PBIX MIEPECHIXAIOT K KOHILY JIeTa.

Pacnipenenenue pacrurenpHoro mo-
KpOBa 3aMETHO YBS3bIBAE€TCS C BBICOTOM
MecTHOCTH. [IpuOpekHbIe paBHUHEI 3a-
HUMAIOT Pa3HOTPAaBHBIE JIyTa, B JOJIMHAX

. lat
peK TIOMMEHHBIE JIeca MpEACTABIEHB F o oo-
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the leveled bottom Uzon Caldera, then through the southeast
board of the Uzon-Geysernaya depression, it is broken by
a fall almost 100 m in height (photo 11), and through a narrow
gorge carries its waters into the Kronotsky Bay.

In the result of volcanic and hydrothermal activity, many
streams and some rivers fed by thermal waters have in-
creased temperatures, specific chemical composition and
turbidity due to the increased content of dredges, sulfur in
particular, that ingress into water flows during the erosion of
altered clay rocks. This can be observed at creeks Klyuch
Goryachii, Barmotina, Zheltyi, Kislyi, at the Geysrenaya River
and others.

Though the hydrographical net is quite bushy, one can
very seldom see streams and pools over the volcanic dale in
the summertime, because snowmelt waters and rainfalls are
absorbed by permeable porous deposits, and numerous in
spring water-currents turn into the «dry» rivers. Large lakes
are of the volcanogenic origin except the firth Semyachik.
Cold shallow lake Centralnoye in the Uzon Caldera had in-
herited the former water pool, while the Dalnee Lake origi-
nated in a maar, within a crater of a single explosive eruption;
its depth is about 25 m.

Distribution of vegetation is notably linked to the altitude
of the region. Littoral plains are covered by motley-grass
meadows, while in the river valleys flood-plain forests are
presented by alder-trees, cedar elfin-woods and high grass.
Slopes of volcanic highlands up to 600 m are covered by
mostly Ehrmann’s birches with some plots of cedar and al-
der elfin-woods usually jacketing upper slopes of river val-
leys (photo 12, 13). Higher up, at the volcano foot, a zone of
bushes and elfin-woods with single meadows and mountain
tundra can be observed. Watersheds of the highland and
volcanic constructions themselves are characterized by poor
vegetation. Most typical is mountain tundra with trailers of wild

12. Kamennasn oepesa (0epeza Ipmana) Ha nepednem niamne u 016X06blii CMJIAHUK HA CKIOHAX
GYIKAHUYECKO20 NAAMO

12. Stone birch (Ehrman’s birch) in the foreground and alder elfin wood at the slopes of the volcanic
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©.Cyepobos B=M.:/:Sugrobov'V. M.

13. [lonuna pyu. bezvimannozo

13. The valley of Bezymyanny Creek

OJIbXOH, 3apOCIISIMH OJBXOBOTO U K-
POBOTO CTIaHUKA M BBICOKOTPABbS,
CpeAxd KOTOpOro mpeodnajaroT Ie-
JIOMalHUK, BEHMHMK, XBOIIU. CKIOHBI
BYJIKAHWUYECKOTO HAropbs N0 BBICOTHI
npubmuzutensHo 600 M OKPHITHL Oe-
PE30BBIM JIECOM, IPEUMYIIECTBEHHO
KaMeHHO-Oepe30BbIM (Oepesa Opma-
Ha), C yYaCTKaMH KEJPOBOTO M OJIbXO-
BOTO CTJIAHHUKA, 3aHUMAIOIIEro 0OBIYHO
BEPXHHUE YaCTH CKJIOHOB JIOJHMH PYYbEB
upek (poto 12, 13). Beimie y momHoXKHsI
BYJIKAHOB TIPOCIIEKHBACTCA TOSIC Ky-
CTapHHUKOBBIX 3apOCIICH CTIIAaHHKA C OT-
JISNbHBIMHU TTOJITHAMH JIYTOB U TOPHBIX
TyHap. BomopasnensHble mnpocTpaH-
CTBa HAaropbsi ¥ COOCTBCHHO BYJIKAHH-
YEeCKHEe MOCTPONHKN XapaKTEepPHU3YIOTCS
Pa3peKEHHBIM PACTUTEIBHBIM MTOKPO-
BoM. Hambonee wacto BcTpewaroTcs
TOpHBIC TYHAPBI CO CTEIIOIIUMHUCS
HHU3KOPOCIBIMH  3apOCIsIMH  Oaryib-
HHKa, TOTyOUKU CTIaHUKOBOH (opMBI
1 Pa3BUTHEM MOXOBO-JIUIIAHHUKOBOTO
MIOKPOBA, PEAKHUX KYCTOB KEAPOBO-
ro cmianuka. Ciemyer OTMETUTh, YTO
Ha 3ToM ydacTke Kponomkoro 3armo-
BEJHHMKA BCTPEYAIOTCS PEIKHE BHIIBI
PaCTUTENBHOTO MHpa, K KOTOPHIM OT-

rosemary, blueberries and moss-lichen herbage. It should be
noted that rare species of flora occur in this area of the Kro-
notsky Reserve, namely the grove of the Kamchatka silver fir
at the right bank of the Semyachik River mouth, and peculiar

Surface thermal

manifestations

Peculiarity of local landscape, together with active and
young volcanoes, consists in the existence of numerous
and various thermal manifestations. All of them are in fact
confined to three major areas of the development of recent
hydrothermal activity: volcanic massif of Bolshoi Semyachik,
Uzon Caldera and the Kikhpinych volcano. These centers of
the observed hydrothermal activity refer to three hydrother-
mal systems: Semyachikskaya, Uzon and Geysernaya ones,
grouped into the Semachikskii hydrothermal region.

So, whatis a hydrothermal system? At present, this term
defines areas of distribution of high-temperature ground wa-
ters within the limits of certain geological structures, heated
by shallow magmatic chambers. Heat flow 40—100 times ex-
ceeds the average deep one typical for usual conditions. Wa-
ter, heated up to 200-350 °C, is hydrostatically pressurized
according to its depth and in most cases presents the liquid
phase. Those are hydrothermal systems of the hot-water

HOCSITCA NMUXTa KaMuaTcKas (e pola pacloioxeHa Ha
npaBoOepekbe ycTheBOM vacTu p. Cemsiuuk) u ocoOble
pacTUTEIbHBIC TPYMIIUPOBKH BOIHM3M ITOBEPXHOCTHBIX
TEPMOIIPOSBICHUH.

[TosepxHocmHble
MmepmMonpoAs/IeHuA

CpoeoOpazue Janamadra palioHa BMecTe ¢ JIeH-
CTBYIOUIMMHM W MOJIOABIMHM BYJIKAaHAMHU 3aK/IO4yaeTcs
B CYIIECTBOBAaHHM MHOTOYHCIICHHBIX M Pa3HOOOPa3HBIX
MIOBEPXHOCTHBIX TepMoIIposiBiieHuil. Bece onu nmpaxruye-
CKU NPUYPOYEHBI K TPEM OCHOBHBIM y4acTKaM Pa3BUTHSA
COBPEMEHHOM THAPOTEpPMAaIbHOM NEATENIBHOCTU: K BYJ-
KaHn4deckoMy MaccuBy bompmroit Cemsidnk, Kaibiaepe
VY301 1 Bynkany Kuxnussea. T Mecta cocpeloTOUeHNs
HaOJTIOaeMON THAPOTEPMATBHON aKTHBHOCTH OTHOCST-
Cs K TpPeM TuApoTepMalbHbIM cucteMaM CeMSYUKCKOM,
VY3oHCcKOM M [ei3epHoii, kKOTOpble 00bearHEHBI B CeMsi-
YHUKCKHWWA F€0TepMaJIbHbBIN PailoH.

Uro xe Takoe ruApoTepmMalibHas cucrema? B HacTos-
mee BpeMs STHM TEPMHHOM O0O03HAYAIOT YYacTKH pac-
MIPOCTPAHEHUs] BBICOKOTEMIIEPATYPHBIX IOA3EMHBIX BOI,
3aKJIIOUEHHBIX B Npeeiax ONpeesIeHHbIX T€0I0THUeCKUX
CTPYKTYp M HarpeBaeMbIX TETUIOM HETYOOKO 3aJIeraroIinx
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MarMaryueckux odaroB. TermioBoil morok 3geck B 40—
100 pa3 npeBbIIIaeT NTyOHHHBIN CpeIHUI TEIIOBOM MOTOK,
KOTOPHBII XapakTepeH Iyl OOBIYHBIX yciaoBuidl. Harperas
10 BbIcOKOH Temmepatypsl (200-350 °C) Boma HaXomuTcs
IO/T COOTBETCTBYIOIINM INTyOHHE MX 3aJIeTaHuUsl THAPOCTa-
THYECKUM JIABICHHUEM, H TI03TOMY B OOJBIINHCTBE CITyJacB
MpejicTaBleHa KUIKON (a3oi. Takre CUCTEMBbI OTHOCSATCS
K THAPOTEPMAIIBHBIM CHCTEMaM C IpeoOnaflaHueM BOIbL.
B rugporepManbHBIX CHCTEMax C NpeoOiagaHHeM Iapa
BO/Ia HAXOJWUTCS IIPEUMYIIIECTBEHHO B IApoBOil (ase, Tak
KaK JaBJICHHE HEAOCTATOYHO BENMKO, YTOOBI MpPENOTBpa-
THTH TapO0OPA30BAHUE B BOJOHOCHBIX CIIOSIX.

JIBr>keHue BOJbl B CUCTEMAX OINpPENENIeTcs, C ONHOU
CTOPOHBI, II€penagoM TI'MIPOCTaTUYECKOIO JIaBJIECHUS
B 30HE BOAHOTO NMUTAHUS (OOBIYHO MPHUIOJHSTHIC YIaCT-
KU penbeda, B JACTHOCTH MOAHOXHE BYJKAaHUIECKUX I10-
CTPOEK) U B 30HE TaK Ha3bIBACMON Pa3rpy3KH, SIBIISFOIICH-
s, KaK TPaBHJIO, HOHIDKCHHBIMH YyYacTKaMH peibeda.
C apyroil CTOpPOHBI, Pa3IMYMEM B IMJIOTHOCTH HArpeTou
U MEHee HarpeToil MaccaMu BOIbl. B rupporepManbHbIX
CUCTEMax IEepBOr0 THUIIA HANOPHBIA YpPOBEHb IOI3EM-
HBIX BOJ B MOHIKEHHBIX y4acTKax penbega MpeBbIIIaeT
€ro OTMETKH, U [I03TOMY BOJZa IO TPELIMHAM B BEpXHEN
BOJOHEIIPOHUIIAEMOM KpOBJE NOJHMMAETCSA Ha IOBEPX-
HOCTb U IPOUCXOJUT, KaK I'OBOPSAT CIIELUAIUCTBI, pa3-
rpy3Ka IIOJ3eMHBIX BOJ. BrlcokoTemIepaTypHble BOAbI B
30HE pasrpy3Ky B YCIOBUAX NOHMKEHUS AABICHUS MOTYT
BCKHIIATh HA PA3JIMYHBIX ITyOHHAX, YTO IIPUBOUT K ITOSIB-
JICHUIO Ha IOBEPXHOCTH HE TOJIBKO BOJAHBIX FOPSUUX WU
KUIIALIMX UCTOYHUKOB, HO U I'el3epoB, MapoOBbIX CTpPYil,
IpA3EBbIX U BOAHBIX KUIISIIUX KOTJIOB, HArPETOIo JI0 pa3-
JUYHBIX TeMIeparyp rpyHra. OTMedeHHOe pa3sHooOpa-
3U€ TEPMOIPOSBICHUI CBONCTBEHHO MMEHHO CHUCTEMam
¢ mpeoOyialaHeM BOJBI, IPUMEPOM KOTOPHIX B HAIIEM
cilydae siBisieTcs leiizepHas rugporepMainbHas CUCTEMA.

Paccmorpum Buabl TepMomnpossieHUd. MeTouHnkH
BO/IHbIe — €CTECTBEHHBIH BBIXOJl HAa IIOBEPXHOCTbH IIOA-
3eMHBIX BoA. [lo Temmeparype HCTOYHMKH MOTYT OBITh
XOJIOZIHBIMH, TCIUTBIMH, TOPSIMMHU WIH KUISAIIMMHA (Ta-
POBOISIHBIMH), €CIIM TEMIIEpaTypa IMOA3EMHBIX BOJ y T10-
BepxHOCTH gocturaet 6omnee 100 °C. XapakTepHbIM IpH-
3HAKOM IOCJICHUX SIBJIIETCS HapsAAy C KUIEHUEM BOJbI
HMHTEHCUBHOE BBIJENIEHHE Mapa. Pa3HOBUIAHOCTb KuUIIs-
IIUX WCTOYHHUKOB — Zelizepsl. VICTOUHMKHM MOTYT OBITH
BOCXOIAILIMMH U HHUCXOAAWIMMH. Bocxonsiume HCTOUHH-
Ki 00pa30BaHBI BEIXOAAMH HA MOBEPXHOCTH HANOPHBIX,
HaXOMSIMXCS I0J JABJIEHHUEM MOA3EMHBIX BOJ, HHCXO-
ISIIIMe MICTOYHUKH — 9TO HCTEUYEHNEe Oe3HANOPHBIX IPYH-
TOBBIX BOZ. 1o XxapakTepy pexuMa pacxona WM AeOuTa
HCTOYHHMKH JIENIATCS HA IOCTOSHHBIE, IEPEMEHHBIE MM
ITyJIbCUPYIOLIHE.

ITapoBble cTpPyH — €CTECTBEHHbIE KOHLIEHTPUPOBAH-
HBIC BBIXOZBI [Tapa Ha MOBEPXHOCTh. OOBIYHO HAOMIOAA0T-
Csl Ha BO3BBIIICHHBIX YJacTKax penbeda M 9acTo COIMpo-
BOXJIAIOTCS BBIJEJIEHUEM ras3a. B ciyyae MHTEHCHBHOIO
€ro BBIJIENIEHHs CTPYH UMEHYIOTCS Iapora3oBbIMu. B ru-
JpOTEPMAIILHBIX CUCTEMAX 3TO MIPEUMYIIECTBEHHO BBIXO-
Jbl HACBHILEHHOIO apa, TO €CTh €ro TeMIeparypa paB-
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type. In vapor-dominated systems, vapor phase of water usu-
ally occurs, because pressure is not high enough to prevent
steam formation in aquifers.

Water migration in the systems is on the one hand con-
ditioned by hydrothermal pressure drop in the water-feeding
zone (usually elevated areas of the relief, especially the
foot of volcanic construction) and in the so-called discharge
zones at the lowered areas. On the other hand, it is influ-
enced by the difference between the density of heated and
cool water masses. In hydrothermal systems of the first type,
the pressure level of ground waters tops the relief marks,
and the water therefore ascends to the surface along the
fissures of the upper waterproof layer, and the discharge of
ground waters occurs. Conditioned by decreasing pressure,
high temperature waters in the discharge zone may boil at
different depths, which leads to the surface outbreak of hot
and boiling water springs, as well as to the emergence of
geysers, steam jets, mud and water boiling pots and heating
of the ground. Such a diversity of thermal manifestations is
typical only for such hot-water systems as the Geysernaya
hydrothermal system.

Let us consider the types of thermal manifestations.

Water springs — natural discharge of ground waters onto
the surface. Depending upon their temperature, springs can
be cold, warm, hot or boiling (water-steam), if water near the
surface reaches the temperature above 100 °C, for which in-
tensive steam emission is also typical. Geyser is a sort of
a boiling spring. Springs can be ascending and descending.
Ascending springs are formed by surface discharges of pres-
surized ground waters, while descending ones are the out-
flows of non-pressurized ground waters. By the nature of the
discharge regime, springs are distinguished as permanent,
altering or pulsating.

Steam jets — natural concentrated surface steam-outs,
typically observed at elevated parts of the relief and often ac-
companied by gas emissions. In case of intensive gas emis-
sion, the jets are called steam-gas. Within hydrothermal sys-
tems, those are mostly discharges of saturated vapor whose
temperature equals the boiling-point for the given altitude.
Strong steam-gas jets, especially ones with temperature ex-
ceeding the boiling point (overheated steam) are sometimes
called fumaroles, analogous to concentrated steam and gas
discharges from the fissures within craters or at the active
volcanoes’ slopes.

Mud pots — small surface micro-relief craters filled with
slurry presenting the mixture of surface waters with steam
condensate and clay particles. Temperature of the mixture
varies depending upon the ratio of surface water and steam
ascending from the depth along the fissures. Frequently the
temperature in them reaches the boiling-point, and in this case
one can observe typical bubbling and splashing of slush from
a usually drainless crater (photo 14). Mud pots are formed
in the areas where rocks chemically decompose exposed to
steam and transform into motley clays. Because of the varying
volumes of surface waters penetrating into the pots, their state
changes within one year. They are the most active, «hot» and
«dry» late in summer. In winter and spring, pots are often filled
with water of various turbidity and temperature.
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Water pots, hot or boiling, actually present a sort of mud
pots, whose sides are composed of solid rocks. There is no
slurry in them, and water filling the pots is also a mixture of
surface waters and steam condensate. Sometimes, several
adjacent pots are joint by common water surface thus forming
thermal lakelets and pools different in size and shape. Level
and temperature regimes are seasonal and depend upon the
volume of entering surface waters.

Heated and steaming ground is the upper ground layer,
including soil, heated up to the temperature exceeding the
temperature at the discharge of hot water and steam onto the
surface. Surface temperature of such areas is quite unsteady
and reaches the maximum of water boiling-point at a given
altitude. Areas of the heated ground are distinguished by the
temperature measured to the depth of 0.5-1 m, thus exclu-
ding the influence of yearly, seasonal and diurnal variations of
air temperature and other external factors (e. g. precipitates,
winds, etc.). Areas with the highest temperatures can be easily
recognized by surface steaming, especially notable when the
weather is calm and overcast; they are confined to the sites of
immediate surface steam discharge. Steam and hot water out-
flows (steam jets, boiling water and mud pots, boiling springs
and geysers) are often concentrated in the center of such
areas. Less heated zones surround those active centers form-
ing closed belts of temperature distribution. Heated ground is
mostly presented by red or motley clays formed in the result of
rock interaction with steam and hot water. Temperature zona-
lity typical for heated ground areas is well traced by the sur-
face nature. Zones with ground temperature below 20 °C at
the depth of 1 m, gradually turning to usual «cold» soil, are

14. I'pazesvie komnvi-onusneyst ¢ /lonune 2eiizepos — XapaKmepHuvlii RpuMep mepmo-
RPOAGNEHUI MUNA KUNAUWUX ZPA3EBHIX 6000EMO8

14. Twin mud pots in Geysers Valley — typical example of thermal manifestations of the

bubbling mud pool type

The pearl of Kamchatka: Valley of Geysers

Ha TOYKE KHUIEHUS BOJABI HA aHHOW BBICOTE MECTHOCTH.
MoliHbIe Tapora3oBble CTPYH, OCOOCHHO €CIIH UX TEeM-
neparypa IpeBbIIIaeT TOUKY KUIIEHHS (TIeperpeThlil map),
Ha3bIBAIOT MHOTAA (hyMaposiaMH IO aHAJIOTHUU C KOHIEH-
TPUPOBAHHBIMH BBIXO/IaMU Tapa W raza u3 TPEIlruH B Kpa-
Tepax WU Ha CKJIOHAX aKTUBHBIX BYJIKAHOB.

I'psizeBBIE KOTJIBI — BOPOHKH HAa MIOBEPXHOCTHU MHK-
popenbeda, 3aMoTHEHHBIE JKUIKOH TIIMHUCTOH Maccow,
MPEJCTABISIONIe CO0OH cMech TOBEPXHOCTHBIX BOJ
C KOHJIEHCATOM Tapa U TNMIMHUCTHIMH YacTUIlaMu. Temmepa-
Typa CMECH U3MEHSETCS B 3aBUCIMOCTH OT COOTHOILICHHSI
MMOBEPXHOCTHON BOJABI M MOCTYMAIOMIETO O TPEUIMHAM
13 TIyOuHBI Napa. Yacto TeMreparypa B HUX JIOCTHracT
TOYKHM KUIICHUS, M TOTJa MOXKHO HaOII0IaTh XapaKkTepHOE
Oy/nbKaHbe U BBIIUIECKUBAHKE KUAKON Ipsi3u U3 OeccTod-
HOI, KaK TpaBuiIo, BOpoHKH (poTo 14). I'psizeBbie KOTIBI
00pa3yloTcsi B MeCTax, Te MO JICHCTBUEM Tapa TOpHbIC
MOPOJIbl XUMUYECKH Pa3iaraloTcsl ¥ MPEeBPaIatoTCs B Tie-
CTPO OKpalleHHble TIHHBL. M3-3a U3MEHSIOIIErocs KO-
JINYECTBA MOBEPXHOCTHOM BOJBI, MOMAJAIONIEH B KOTIHI,
COCTOSIHME WX MEHsETCS B TeueHue rona. Hambomee ak-
THUBHBIN «TOPSYUID U «CYXOW» BUJ OHU UMEIOT MO3THUM
JIETOM. 3UMO# ¥ BECHOM KOTJIBI YaCTO 3aIlOJIHECHEI BOAOM
pa3Hoif MyTHOCTH U TeMIIEPaTypBblL.

Kotnbl BoaHble, ropsiuue WiId KUIsSIIHE, B CYII-
HOCTH, TPEACTABISIOT COOOW pPa3sHOBUIAHOCTH TPA3EBBIX
KOTJIOB, CTEHKH KOTOPBIX CIIOXEHBI TBEPJBIMHU MOPOIAMH.
B HUX OTCYTCTBYET IIMHKCTAs Macca, a 3all0THSIONIAs KOT-
JIBI BOJIA Yallle BCETO TakkKe 00pa3oBaHa CMEIICHHEM TI0-
BEPXHOCTHBIX BOJ U KOHJIeHcaTa napa. MHora HeCKOIbKO
PAIOM PACIIONOKEHHBIX KOTJIIOB OOBEIUHEHBI
o0I1Ieli BOJJTHOM TIOBEPXHOCTHIO, CO3/IaBast pas-
JIUYHBIX Pa3MepoOB TEPMaJbHBIC 03EPKH. YPO-
BEHHbII U TeMIepaTypHbIM PEXHUMbl HUMEIOT
CE30HHBIN XapaKTep W 3aBHCAT OT KOJIMYESCTBA
MOCTYTAIONMIEH B BOJOEMBl MOBEPXHOCTHON
BOJIBL.

HarpeTslii u napsimuii TpyHT — BEpXHUI
CJION TpyHTa, BKJIFOYAs MOYBY, HAIPETHIH IO
TeMIeparyphbl BBIIIE CPEIHETOIOBON TemIie-
parypsl IIPH BBIXOJIE TOPsIUEH BOJBI U Mapa Ha
MMOBEPXHOCTh. TeMmeparypa MmoBepXHOCTH Ha
TaKHUX y4yacTKax BeCbMa M3MEHYMBA U JIOCTH-
raeT MaKCUMaJIbHO TEMIIEpPaTypbl KHUIIEHUS
BOJIBI HAa TaHHOM BBICOTE. YYaCTKH HAarpeToro
IpyHTa BBIIEIAIOT 110 TEMIIepaType, U3MEpEH-
HOU Ha TiryouHe 0,5—1 M, 4TOOBI HCKITIOYUTH
BIIMSIHUE CE30HHBIX, CYTOUHBIX U TOJOBBIX U3-
MEHEHMH TeMIIEpaTypbl BO3yXa U IPyTUX IO-
BEPXHOCTHBIX (haKTOPOB (HAIPUMEp, 0CAIKOB,
BeTpa U T. A.). Camble BEICOKOTEMITEpaTypHBIC
30HEBI JIETKO 00HAPYKUBAIOTCS IO TUIOIIAIHO-
My MapeHnI0, 0COOCHHO 3aMETHOMY B Oe3BeT-
PEHHYIO NIaCMYPHYIO IIOTOAY, U NPHYPOUYEHBI
K MecTaM HEeNOCPEICTBEHHOI'O BbIXOZa Hapa
Ha MOBEpXHOCTh. Hepenko B LiEHTpe Takux
30H HaxoAATcCs COCPEJOTOUYEHHBIE BBIXO-
Jbl TOpAYeil BOABI M Iapa: MapoBbIE CTPYH,
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KUIISIIUE BOIHBIC U TPSI3€BbIE KOTIIbI, KUIISIIHE UCTOYHH-
KM U reiizepel. MeHee HarpeTble Yy4acTKH OKpPYKaroT 3TOT
LIEHTP aKTUBHOCTH, 00pa3ys 3aMKHYThIE, PaCIpecIeHHbIE
[0 TeMIepaType IMOoNochl. Yaie BCEro HarpeThlil IpyHT
TIpeJICTaB/IeH KPAaCHOM WJIM MECTPOIBETHOM IIIMHOM, KOTO-
pas Tak e, KaKk B CIIy4ae C IPsA3eBBIMH KOTIaMH, 00pa3y-
eTcs IIPU B3aUMOJIECHCTBUM TOPHBIX ITOPOJL C TApOM U TOpsi-
yeil Bogol. TemmeparypHasi 30HaAJILHOCTh, CBOMCTBEHHAs
y4JacTKaM HarpeTroro rpyHTa, AOCTATOYHO XOPOIIO IPo-
CIISKUBACTCS [0 XapaKTepy MOBEPXHOCTU. 30HA C TeMIIe-
parypoii rpyata MeHee 20 °C Ha mmyOune 1 M, mocTerneH-
HO TIEpPEXOAAIasi B OOBIUHYIO «XOJIOAHYIO» IOUBY, UMEET
Pa3BUTHIM TPaBSHON MOKPOB. 30HBI C TeMmIeparypoi 50—
70 u 6onee 70 °C Ha mryOHHE 1 M BBIAETISIIOTCSI OTKPBITOM
IIMHUCTON MOBEPXHOCTHIO C OTJACTBHBIMH MSATHAMH HU3-
KOTPAaBHON PACTUTENBHOCTH U IPEHMYIIECTBEHHO MXOB
(doto 15). Temneparypa MOBEPXHOCTH 37€Ch U3MEHSIETCS
ot 30 °C 10 mpaKkTHYECKN TeMIIepaTyphl KHIICHHUS (Ha ILI0-
MaAKax mapsiiero rpyHra). Ciemyer 3aMeTUTh, 4To SIBIIe-
HHE HarpeToro M Mmapsmiero rpyHTa He MEHee yIUBHUTEIIb-
HO, YeM BOJHBIC ¥ I'PSI3€BbIC KUIIAIINE TEPMOIPOSIBICHUS,
1, KOHEYHO, HAOJIOIaeTCsl OHO TONBKO B Mpefesiax THIPO-
TEpMAaJIbHBIX CHCTEM U aKTHBHBIX BYJIKAHOB.

['pynmel TepMomposiBICHUH, PACHOIIOKEHHBIE Oonee
WM MEHEe KOMIIAKTHO, 00pa3yloT TepMaJjbHble IOJIS.
[IpocTpaHcTBEeHHOE MOJOKEHHUE TEPMATBHBIX IOJICH, UX
4yHucIo, KOHQUTYypanus, pasMepsl U MpeoOIagaroInui BUI
TEPMOIIPOSIBIICHUH ONIPEIEIISIOTCS TUIIOM THAPOTEpMAalb-
HOW CHCTEMBI, €€ MOIIIHOCTBIO H OCOOCHHOCTSIMU T€0JIO-
THYECKOTO CTPOCHUS. TepMasbHBIE IMOJSI BCEX CHCTEM,
numMest 001IIe XapaKTepPHbIEC YepTHI, 00yCIIOBIEHHBIE OHO-
TUIHOCTBIO TEPMOIIPOSIBICHHUH, BMECTE C TEM OTJIMYa-
IOTCSI IPYT OT JpyTa 3a c4YeT Mpeo0Iaaromiero pa3BuTHs
OIHOTO WJIM HECKOJBKUX BUAOB MOBEPXHOCTHOW THIPO-
TepMajbHOM akTUBHOCTU. Tak, B ominuue ot ['eiizepHoii
TUIPOTEPMAJIBHOM cHCcTeMbl TepMmaibHble noisi Cems-
YHKCKOH CHCTEMBI (C peodiafaHueM Hapa) XapaKTepHBI
TEM, YTO 3/1eCh OCHOBHBIMU TEPMOIIPOSIBICHUSAMH SIBIISI-
FOTCSI MOIIIHBIC Ta301IapOBEIE CTPYH, MAPSIIHE IIOMIAAKH,
TpsI3eBBIC ¥ BOAHBIC KUIISIINE KOTIBI, HO TOJHOCTBIO OT-
CYTCTBYIOT HCTOUHHKH TITyOMHHBIX MTOJ3€MHBIX BOI.

TepmanpHBIC TONST B COYETAHWH C OPUTHHAIBHBIMU
(hopMamu ByJIKAHUYECKOTO peiibeda U OKpyKarotei pac-
TUTETFHOCTBIO CO3MAI0T HETOBTOPHMBIA JaHMAPT Ha
y4acTKax KaKJOW M3 THAPOTEPMAIIbHBIX CHCTEM panoHa:
Ieitzepnoii, Y3oHCKON 1 CeMSTUNKCKOI.

TepmarnbHele Nosid U 20payue
UCMOoYHUKU (eMAYUKCK020 patioHa

Tepmonposesnenun gynkanuueckozo maccuea bono-
woii Cemauuk (Cemauuxckou cucmemsl). Bce wus-
BECTHBIE 3/IECh IOBEPXHOCTHBIC TEPMOTIPOSIBICHHUS
MPUYPOUYCHBI K TPYIIE Pa3HOOOPa3HBIX BYITKAaHUIECKUX
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15. Yuacmku nazpemozo zpynma xXopouwio 6b10e1A10MCcA N0 KOHUYEH-
mMpu1ecKoii 30HANbHOCHU PACIMUMENbHO20 NOKPOGA U €20 ONCYM -
cmeuro

15. Areas of heated ground are well distinguished by concentric zonality
of vegetation or its absence

covered by thick grass. Zones with temperatures of 50—-70 °C
and more at the depth of 1 m, are distinguished by open clay
surface with separate spots of small grass and mosses (pho-
to 15). Surface temperature here varies from 30 °C to almost
boiling-point (in the areas of steaming ground). It should be
noted that the phenomenon of heated and steaming ground is
just as amazing, as boiling water and mud thermal manifesta-
tions, and can also be observed only in the areas of hydrother-
mal systems and active volcanoes.

Thermal fields are formed by groups of thermal manifes-
tations, more or less closely located. Spatial location of ther-
mal fields, their number, shapes, configurations, sizes and
prevailing types of thermal manifestations are predetermined
by the type of hydrothermal system, its capacity and peculi-
arities of geological structure. Having some common features
due to the similarity of thermal manifestations, thermal fields
still differ from each other by the prevailing development of
one or several types of surface hydrothermal activity. Thus,
in contrast to the Geysernaya hydrothermal system, thermal
fields of the Semyachikskaya system (vapor-dominated) are
notable in the way that major thermal manifestations here are
powerful steam-gas jets, steaming grounds, mud and water
boiling pots, without any springs of deep ground waters.

Thermal fields, along with peculiar shapes of volcanic
relief and plants, create a unique landscape in the areas of
each hydrothermal system of the region: Geysernaya, Uzon
and Semyachikskaya ones.

Thermal fields and hot springs

of the Semyachiksky region

Thermal manifestations of the Bolshoi Semyachik
volcanic massif (Semyachikskaya system). All ther-
mal manifestations here are confined to a group of vari-
ous volcanic constructions forming the Bolshoi Semyachik
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massif. They are presently considered to be connected with
a vapor-dominated hydrothermal system developed beneath
the massif. Detailed characteristics of these thermal fields
are given by V. |. Volodavets, V. V. Averiev and E. A. Vakin.

The most popular springs of the group, Nizhne-
Semiachikskiye Hot Springs, are located at the South-Eastern
foot of the Bolshoi Semyachik massif, 3 km inland from the
Pacific shore and 14 km north of the Zhupanovo Settlement.
First mentioned by C. P. Krasheninnikov, they were studied in
1933 and described by B. I. Piip. Hot water outflows occur at
the head of a small valley. Running water forms a tiny brook
that gradually turns into a deep typically mountain stream with
lots of beautiful warm thermal waterfalls. Bathing under the
streams of a warm waterfall is a real pleasure.

By its chemical composition, spring waters are
hydrocarbonate-sulfate, magnesium-calcium with total mi-
neralization of 1.6 g/I. Discharge water temperature is 49 °C,
in the creek — 38—40 °C decreasing with the current. Flow
rate of some springs reaches 5 I/s, that of the head-stream
being about 70 I/s.

In the area of Nizhne-Semiachikskiye Springs (1 in fig. 1),
there are some more thermal springs with lower temperature
and mineralization: within the valleys of the Teply (Warm)
and Limanny creeks, adjacent to the Goryachy Klyuch (Hot
Spring); within the beach zone of the Kronotsky Gulf, between
the outfalls of the Pervaya Rechka River and the Goryachy
Klyuch creek.

Sredne (Middle) Semiachikskiye Springs are located in
a bit flattened valley of the mid-current of the Stary (Old) Se-
myachik River, 2.5 km South of the Plosko-Kruglenky volcano
top. The springs occurring on both sides of the river (photo 16),
were discovered and described not so long ago (in 1984) by
O. N. Egorov and Ya. D. Muraviov. The uppermost water vents
were found on the left bank under a precipice presenting
a part of an extrusion. From here, the springs can be traced
down the river for about 350 m. A band of water vents is distin-
guished by the occurrence of green algae, whitish spots of new

The pearl of Kamchatka: Valley of Geysers

MOCTpOeK, oOpasytouux maccuB bonpmoit Cemsuuk.
B nHacTosmee Bpemsi cuMTaeTCs, YTO OHU CBS3aHBI C
THAPOTEPMATIBHOM CHCTEMON ¢ mpeobiagaHueM mapa,
copmupoBaHHOW B HeApax MOJ BYJIKaHHYECKUM
MaccuBoM. IlogpoOHast XapakTepUCTHKa TepMalib-
HbIX nosek nana B. V. Banonasuewm, B. B. ABepreBsiM
u E. A. Bakunbim.

V 1010-BOCTOYHOTO NOAHOKHA MaccuBa bospiioi Ce-
MSYHK, B 3 kM 0T TuxookeaHCKOro mobepesxps u B 14 km
ceBepHee moc. JKymaHOBO HAXOMATCS camble MOIMYJsp-
Hbl€ UCTOYHUKHU JaHHOU rpynnsl — Huoicne-Cemauukckue
eopauue xmouu. Brnepssle ynomsanyteie C. IT. Kpame-
HUHHUKOBBIM, OHHM TOAPOOHO uccienoBansl B 1933 T
u onucanbl b. Y. TIuitnom. Beixoas! ropsiueit Bonbl Ha-
OnromaroTCs B BEpXOBhe HEOOMbIION AonuHbl. CTeKaro-
mas Bojga oOpasyeT BHaJalle MaJCHBbKUI ropsuuii py-
YeeK, CTAHOBSCH MOCTEIIEHHO MHOTOBOJHBIM, TUIIUYHO
TOPHBIM PY4YbeM, M300UIYIOIIUM KPaCHBBIMHU U, TJIaB-
HOe, TEIJIBIMU BojonaiaMu. Ha npoTtsokeHun Ooee yem
150 M BUHBI IO CJIA0OMY TAPEHUIO BBIXOJIBI BOJIBI B PY-
9be, MOJYYUBIIEM H COOTBETCTBYIOIEE Ha3BaHue — [o-
psunii Kirou. Kynanue B MHOrouncieHHbIX BAHHAX U 110]1
CTPYSIMHU TEIUIOTO BOAOMNAAA JOCTaBIsSET UCTUHHOE Ha-
ciaxeHue. Boa HCTOUHUKOB IO XUMUYECKOMY COCTa-
By — THAPOKapOOHATHO-CyNb(haTHAS, MATHUEBO-Kallb-
nueBas ¢ obmeit Munepanusanuei 1,6 r/n. Temneparypa
BOZBI Ha BbIXozie cocTaniseT 49 °C, B pyune — 38—40 °C
C YMEHBIICHUEM I10 TEYCHUIO pyubsi. Pacxox (1e6uT) oT-
JIeITbHBIX HCTOYHUKOB JIOCTHTAET 5 JI/C, a py4bs B BEpXO-
Bbe — okouto 70 J/c.

Ha yvactke Huxae-CeMsuukckix ucTodyHUKOB (1 Ha
puc. 1) uMeeTcs elmie HeCKOJIbKO BBIXOJIOB BOJ C MEHbB-
el TeMmrepaTrypodl W MUHEpalU3alHMei: B COCEIHUX
¢ I'opstuum Kirouom nonunax pyu. Tertoro u Jlumanzo-
r0; B IUISDKHOU 30He Oepera KpoHOIKOTO 3ammBa MEXIY
ycTbsiMu p. Ilepas Peuka u pyu. T'opsunii Kirou.

Cpeone-Cemauuxckue ucmounuxu (2 Ha puc. 1) pac-
MOJIOKEHBI B HECKOJIbKO BHIPABHEHHOH 3/1€Ch
nonuHe cpenHero tedenus p. Crapwiii Ce-
MSAYUK, B 2,5 KM IOKHEE BEpIIMHBI BYJIKaHA
[Tnocko-Kpyrnenbkoro. OOHapyKEeHBI U BIIEp-
BbIC ONHCAaHBI COBCEM HemaBHO, B 1984 1,
O. H. Eroposeim u f. I. MypasbeBbsiM. Hc-
TOYHUKHU HAOIONAIOTCS B IIPHPYCIOBOIM YacTH
pekun Ha obomx Oeperax (¢oro 16). Cambie
BEPXHHUE BBIXOJbl BOJAbI OTMEYEHBI Ha JIEBOM
Oepery Tom OOpBIBOM, TPEACTaBISIONIEM
c000if yacTh 3KkcTpy3un. OTCloIa OHH MPOCIIe-
KHUBAIOTCSA BHU3 110 TEYEHUIO PEKH HA pacCTosl-
HuY npubmmsutenbHo 350 M. [Tonoca BeIXos0B
BOJIbl 3aMETHA I10 IIOSBJICHHUIO 3€JICHBIX BOJO-
pocieii, 6eneckx HaJeTOB MHHEPANBHBIX HO-
BOOOpAa30BaHMIA M CTAPBIX TPABEPTHHOB. JeOuT
HCTOYHHUKOB HEOOJBIION, CyMMapHas pasrpys-

16. Ilo oboum Oepezam peku Cmapuui CemAuuk pasepyyicaromca mepmanvHvle Ka OLEHUBACTCA HaMu B 14 i1/c, neOUT OTIENb-

60061 — Cpeone-CemauukcKue ucmoyHuKu

HBIX BBIXOIOB cocrtasisieT Bcero 0,3-0,5 i/c,

16. Thermal waters discharge along both sides of the Staryi Semyachik river — yarcpymanpHas TeMIeparypa (98 OC) IOCTU-

Sredne-Semiatchikskiye springs

racT NPaKTUYCCKHU TOYKH KHUIICHHA Ha HaHHOﬁ
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BBICOTE€ MECTHOCTH OTHOCHTENBHO YPOBHS MOPS (OKOJIO
270 m). CoctaB BOABI — XJOPHIHO-TUAPOKApOOHATHO-
HaTpHUeBBIH ¢ oOmelt MuHepamuzanuei 1,1 r/n. Bénusu
HCTOYHHKOB Ha JIEBOM O€pery, y>keé Ha BEIPOBHEHHOM TI0-
BEPXHOCTH BYJIKAaHUYECKOTO JI0J1a HAXOAUTCS] HEOOBIION
JoMUK KpoHOIIKOTO 3a110BETHHKA, PSAIOM C KOTOPBIM IIPO-
XOIIUT Tpora oT JuMaHa CeMsIYuK K Bylkany Byprisimemy
u CuHemy J01y.

Tepmanvuvie nona eyaxana Llenmpanvuwiti Cemauux
(3 Ha puc. 1) 3aHUMAIOT ceBepo-3aMaJHYI0 YacTh BYI-
KaHa, Pacloiarasch B pa3pylICHHOM CEBEPHOM Kparepe
Y IKHOM CTapoM KpaTrepe ByJKaHa. TepMOmposBIeHHS
MPEJCTABIEHBI TPA3EBHIMU U BOIHBIMU KHIISIIIUMH KOT-
JaMH, HEOONBIIMMH CTPYHKaMH Mapa, ydacTKaMH Hapsi-
IIETO ¥ HarpeToro rpyHTra. TepMaibHOE MoJie CEBEPHOTO
Kparepa npotaHynoch nourd Ha 500 m. C ceBepa Ha 10T
€ro mepecekaeT HEOONBIIOW pydeeK, KOTOPhIH BMecTe
C MNPUTOKaAMU PACHIICHACT MOBEPXHOCTL IIOJIsA, HpuUaa-
Bass €My BHJ CJIETKa BCXOJIMJIEHHOW paBHMHBI. JlaH[-
madT 3TOr0 y4yacTKa MMEET CBOEOOpas3HbIM, KaKoil-To
TPEBOXKHBII, HE3EMHOU Xapakrep. SIpkue >kenTble MATHA
TUAPOTEPMAJIbHO-U3MCHCHHBIX INIMH, MECTaMH OXBa4CH-
HBIX O€NoW JBIMKOW BBIICISAIONMICTOCS Mapa
C 3aIlaxOM CEPOBOJOPOAA, KUIIAIINE BOJAHbBIE
KOTJIBL, IIOJJTHOE OTCYTCTBUE PACTUTEIIBHOCTH,
U BCE 3TO — Ha (POHE >KUBOIMUCHBIX CTCHOK
paspyuienHoro kparepa (¢porto 17, 18). Oaun
U3 IEMEHTOB TEPMAJIBHOIO IOJIA — 3HaMe-
HuToe YepHoe 03epo, BOJOEM pPa3MEpPOM
50 x 20 M, 3amoJHEHHBIH Topsyedl BOAOH,
HaJ NOBEPXHOCTbIO KOTOPOIO B3JbIMAOTCs
Kursmye GoHTaHIUKH. YepHBIH 1BET BOIBI
OOyCIIOBJIEH COIEpaHUEeM TOHKOIUCTIEpC-
HOIo IupUTa. OTO YAUBUTEIBHOE SIBICHUE
npupoas! Buepssie onucan C. I1. Kpamenun-
HUKOB: «CHHU KIIIOYH B TOM OT BCEX APYI'HX
OTMEHHBI, YTO 10 OBEPXHOCTH MX IUIaBaeT
YepHas KHUTAHCKUM dYepHWIaM IO0J00Has
MaTepus, KOTopas C BEJIMKUM TPYyIOM OT
pPYK OTMbIBaeTcsa. BrpoTueM HaxomuTcs Tam
U CBOMCTBEHHAsI BCEM IOPSIYUM KJIHOUaM pas-
HOLIBETHasl TJIMHA, TAaKOXX H3BECTb, KBACIIbl
U roprodas cepa. Bo Bcex BBILIEONMCAHHBIX
KJIIO4ax BOJa I'yCTa, U MPOTYXJIBIMU SIMLIaMU
naxHeT». B 1oxHOM Kparepe LlentpanpHoro
CeMsumMKka TUApOTEpMalbHas AaKTUBHOCTb
MIPOSIBJIAETCS B IIPOTPEBE OTIEJIBHBIX ydyacT-
KOB IPyHTa, MaKCUMaJIlbHasl TEMIEpaTypa Ko-
toporo gocruraet 70-90 °C Ha rmyoune 1 M.

Tepmanvnvie noas eyakana bypnawe-
2o (4 Ha puc. 1) Hanbonee APKO BHIPAKAIOT

mineral formations and old travertines. Flow rate of the springs
is not high, total discharge is estimated as 14 I/s, discharge
of some springs being only 0.3-0.5 I/s; maximum tempera-
ture 98 °C almost reaches the boiling-point for the given al-
titude above the sea level (about 270 m). Water composition
is chloride-hydrocarbonate-sodium with total mineralization of
1.1 g/l. Near the springs, there is a small house of the Kronot-
sky Reserve, and a path from the Semyachik silted estuary to
the Burlyashchy (Bubbling) volcano and the Blue Dale.
Thermal fields of the Central Semyachik volcano (3 in fig. 1)
occupy the North-Western part of the volcano covering its col-
lapsed Northern crater and old Southern crater. Thermal mani-
festations are presented by mud and water boiling pots, small
steam jets, areas of steaming and heated ground. Thermal
field of the Northern crater extends almost over 500 m. It is
intersected by a small streamlet dividing the surface and mak-
ing the field look like a bit hilly plain. Landscape of this area
seems perturbed and even supernatural. Brisk yellow spots of
hydrothermally altered clays, randomly hazy due to white gas
emissions with hydrogen sulphide smell, boiling water pots and
total absence of plants seem strange against the background
of vivid sides of the collapsed crater (photo 17, 18). One of the

T

17. Ilone zuopomepmanvno-usmenennvix ziun u Yepnoe ozepo 6 Kpamepe gynkana
Lenmpanvnoiit Cemauuk

17. Field of hydrothermally altered clays and lake Chernoe (Black) in the crater of the Central
Semyachik volcano

ceifyac MOBEPXHOCTHYIO THAPOTEPMAIBHYIO
nestenbHocTh CeMAunKcKkoil cucremsbl. bonbiias yactb
TEPMOIIPOSIBIICHUI 00bEMHCHA B IBA TEPMAIGHBIX TOJIS:
Bepxnee u [lapsimas nonuna. [lepBoe pacronokeHo HA
JICBOM CKIIOHE PYYbsl, SIBIIAIOMICTOCS MPaBBIM HCTOKOM
p. Crapsrit Cemsiauk (Goto 19). Pazmeps! ero nipu temre-
parype 6omnee 20 °C Ha TiryOHMHE 0JJHOTO METpa IIPUMEPHO

elements of the thermal field is the famous «Black Lake», a pool
sized 50 x 20 m, filled with hot water with boiling fountains rising
above it. Water is black due to the presence of fine pyrite. In
the Southern crater of Central Semyachik, hydrothermal activity
manifests itself in heating some ground areas, where maximum
temperature reaches 70-90 °C at the depth of 1 m.
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cocrasisatoT 200 x 500 m. B oTnuuue ot npy-
TUX I0JIeH THIPOTEPMAIILHON CUCTEMBI 3[ECH,
HapsAy C TPA3EBBIMU U BOAHBIMH KHUIIIIUMHU
KOTJIaMU, CTPYSIMU HACBIIIEHHOIO [1apa U ma-
PSIIUM TPYHTOM, UMEIOTCS MOIIHBIE «IIepe-
IpEThIE» IIAPOBBIE CTPYH C TEMIIEPATYpol Ha
Beixone 10 137 °C. TepmansHoe mone [laps-
masi JOJIMHA HAXOAUTCS B PACLIMPEHHOM ya-
CTH JIOJIMHBI 3TOTO K€ Pyubsl U MMeeT Oolee
WM MEHEE U30METPUIHYIO (hOpMy pazmMepoM
250 M B fuamerpe. MakcumainbHas TeMIepa-
Typa napa Ha [IOBEPXHOCTHU JOCTUTaeT TOUKU
KuneHus Ha JaHHou Beicote — 97 °C. Kpome
TOTO, Ha BBINICHA3BAHHBIX TEPMAJBHBIX IIO-
1ax [lenTpansHoro Cemsuunka, Byikane byp-
JSIEM U BOJIM3M HUX BCTPEUAIOTCS TEIUIBIE,
peke TropsuMe HCTOYHHUKH, OOpa3oBaHHBIC
IIpY CMEIIEHUY KOHJEHCaTa Iapa U IOBepX-
HOCTHBIX BoJ. MIX OTIIMYAET OT «HACTOSIINX»
HUCTOYHUKOB, CBS3aHHBIX C pasrpy3kod Iny-
OMHHBIX MOJ3EMHBIX BOJ, MaJIEHLKHI OOBIY-
Ho neburt (0,2—-0,5 11/c), HU3Kasi MUHEpaTu3a-
IUsT ¥ KUCITBIHN CYINIb(haTHO-HATPUEBBII COCTAB
BOJbl. 3aMETUM, KCTaTu, YTO UHOTJA TEPMO-
nposisienus bypisamero u Ilentpansaoro Ce-
MsAYMKa Ha3blBaloT BepxHe-CeMsIuuKCcKuMu
HUCTOYHUKAMH, 4YTO, BEPOATHO, HE COBCEM

18. ITapozazoevie cmpyu (hymapons) ¢ kpamepe gynkana Llenmpanvnstit Cemauuk

18. Vapor-gas jets (fumaroles) in the crater of the Central Semyachik volcano

TOYHO.
Thermal fields of the Burlyashchii (Bubbling) volcano (4 in Crenyer OTMETHTh, 4YTO HampoTuB Bepxuero tep-
fig 1) the most expressively reflect nowadays’ surface hydro- MasnpHOTO ToNs bypnsamero Ha meBoM Oepery pydbs

thermal activity of the Semyachikskaya system.
Most thermal manifestations are joined into two
thermal fields. The first one is called Verkhnee,
and is located at the left slope of the creek, which
is the right tributary of the Old Semyachik River
(photo 19). A 20 °C area at the depth of 1 m is
200 x 500 m in size. In contrast to other fields of
the hydrothermal system, powerful overheated
steam jets with the discharge temperature up to
137 °C can be observed here. The second field,
called the Paryashchaya (Steamy) valley, is lo-
cated in the broader part of the same creek val-
ley and has more or less isometric shape, 250 m
in diameter. The maximal temperature steam on
the surface reaches the boiling point at the given
altitude — 97 °C. Besides, the above thermal fields
of Central Semyachik volcano, as well as the Bur-
lyashchii volcano, and adjacent areas host warm,
less often hot springs formed in the result of steam
condensate mixing with surface waters. Such
springs are distinguished for their usually low flow
rate (0.2-0.5 I/s), low mineralization and acidic
sulfate-sodium water composition.

It should be noted that the small house of
the Kronotsky Reserve is located opposite the
Verkhnee thermal field, at the left bank of the 1‘5-‘1-1; ) P - 5
Creek, as We” as the fOOtpath to the UZOI"I Cal- . ipocasoesle cmpyu (¢1)yzuapwzbt) €PXHE2O0 MEPMAIbHO20 NOJIA 6)/IKAHA Dypiauieco

dera and the Blue Dale.

19. Steam-and-gase jets (fumaroles) of the Upper thermal field of the Burlyashchii volcano
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pacrnonoxeH HeOoubIIoi oMUk KpoHOIKOro 3amoBeaHu-
ka. OTcrofa MpoAoKaeTCsl MelexXo Has TPOIla K Kajb/e-
pe Y3oH u CuaeMy nodmy.

Tepmonposenenus kanvoepvl Y3on (Yzouckou cu-
cmempal). PactionoxkeHsl TepMomnposiBieHus (5 Ha puc. 1)
Ha OTHOCHTEIBHO IUIOCKOM JHE €€ yaleoOpasHoil KOoT-
JIOBMHBI, UMetoniel pazmepsl 8 X 12 km. Ilo orHOmIEHMIO
K IOBEPXHOCTH BYJIKAaHHYECKOTO IUIATO OHO OILYIIEHO
Ha 400-500 M u umeer ormetku 650—700 M. I'maporep-
MaJIbHasl JEATCIBHOCTh COCPEJOTOUeHa B paifoHe o03.
HentpansHoro. IlepBoe cucremarnueckoe OMUCaHUE
TepMoIposiBieHuit 6pu10 caenano b. U. [Nuitnom B 1934—
1937 rr., HO HauOojee IONHAas XapaKTEPUCTHKA IaHa
no3auee, B 19661976 rr., I'. ®. [ununenxo, C. 1. Ha6o-
ko u I A. KapnossiM. TepManbHble 101151, CpEAU HUX Ca-
Mble KpynHble BocTounoe u @yMaposibHOE, IPOTSHYIUCH
MI0JIOCOM IIMPOTHOTO HAIIPaBJICHUS Ha pacCTOSTHUE 2,5 KM.
Hanbonee xapakrepHbie TEPMOIPOSBICHUS — 3TO PAa3HO-
06p3,3HI>Ie ropsA4ne€ BOAHBIC U KUIIAIINE KOTJIbI, BOPDOHKH,
KOTOpBIE MECTaMH OOBEIMHEHBI 001l BOJHON MOBEPX-
HOCTBIO B TepMalibHBIE 03¢epa ((hoto 20). Camoe Gonbiioe
n3 HEX — OymaponabHOE, 3aM0NHAIONIee KOTIOBHHY Pa3-
mepom 300 x 600 m. Bopnas mmane ero u Apyrux osep
CKPBIBAET IUAPOTEPMAIbHEIE BODOHKH IHaMETPOM OT He-
ckonbkux A0 100-150 M, Xopo110 BUAMMBIE C HEKOTOPOH
BBICOTHI IO pa3IMYHOMY IIBETY BOABI. Bonwmias yacte BOI-
HOU Macchl 03ep ¥ KOTJIOB 00pa30BaHa MpU CMELINBAHUN
XOJIOOHBIX MOBCPXHOCTHBIX BOJ M KOHACHCATA Iapa. He-
KOTOPBIC 03epa U KOTIBI CIY)KaT TaKKe MECTOM Pasrpys-
KU TopsAInX UK NEPETPETHIX XJTTOPUIHO-HATPUCBLIX IO/~
3€MHBIX BOJ. BOIIOCMI)I, IUTaCMBIC
MU, MOKHO OTJIMYMUTH 110 60J'II)HJ€My
CTOKY (pacxofy) U, KOHEUHO, C TIOMO-
IIPI0 XMMHUYECKOTO aHaln3a — BOJA
B HUX HMEET CYIIECTBEHHO XJIOPHI-
HBII cocTaB. Bo3MokHOCTH cMmerlie-
HUSL BOZ, XapaKTEPHU3YIONINXCS pas-
JIMYHBIM COCTaBOM U TeMIIEpaTypoi,
SBIISICTCSL TIPUYMHON pa3zHooOpasus
THUIIOB Ha6HIOZIaeMLIX Ha MOBECPXHO-
CTH BOJ — OT XJIOPUAHO-HATPUEBBIX
¢ MHUHepalu3anueil 1o 4 1/m u 1o
TUAPOKapOOHATHO-CYIb(aTHBIX
u  cynb(aTHO-HATPHUEBBIX. 3/ECh,
y ceBepo-3alaHoro OoAHOXKUA I. be-
JIOW MMEEeTCsl UCTOUYHUK MUHEpasb-
HOH BOJIBI TUTIA Hap3aHa.

MaxkcumainpHas TeMIieparypa Tep-
MOIIPOSIBJIEHUM JAOCTUTAET TeMIlepa-
Typbl kurieHus (okoino 98 °C), xo-
TA MHOIME HMEIT TeMIepaTypy
B JMamna3oHe OT MaKCUMaJlbHON
o 10-20 °C. OOwwuii BBIHOC Tel-
Jla TEPMONpPOSABICHUAMH Y30HA —

Thermal manifestations of the Uzon Caldera (Uzon
system) (5 in fig 1) occupy the relatively flat bottom of its
bowl-shaped basin 8 x 12 km in size. That bottom is 400—
500 m lower than the volcanic plateau and its marks are
650-700 m. Hydrothermal activity is concentrated in the area
of the Centralnoye Lake. First systematic description of the
area had been given by B. |. Piip in 1934-1937, but was ex-
tended and updated later by G. F. Pilipenko, S. |. Naboko
and G. A. Karpov. Thermal fields form latitudinal strike over
2.5 km. Most typical thermal manifestations are various hot
and boiling water pools, occasionally joint by common wa-
ter surface thus forming thermal lakes (photo 20) Fumarol-
noye lake being the largest of them (300 x 600 m). Water
surface of this and other lakes hides hydrothermal craters up
to 100-150 m in diameter that can be clearly distinguished
by different colors of water, if to look at them from some
height. Most water mass of lakes and pools is formed by
mixing of cold surface waters and steam condensate. Some
lakes and pots serve as discharges for hot and overheated
chloride-sodium ground waters, which can be defined by high
outflow rates and, naturally, by means of chemical analysis
revealing essentially chloride composition. Ability for mixing
waters different in composition and temperature is a good
ground for the diversity of water types observed at the sur-
face — from chloride-sodium with mineralization up to 4 g/,
to hydrocarbonate-sulfate and sulfate-sodium. A Narzan-type
source of mineral water is located at the foot of the Belaya
(White) Mount.

Maximum temperature of thermal manifestations reaches
the boiling point (about 98 °C), though many of them have

268 MBT.
MHoOrounCIEeHHbIE 03€epa C pas-
. . 20. Kanvoepa gynkana Y3on
JIMYHOM  TEeMIICpaTypoH, IapOBbIC

20. Caldera of the Uzon volcano

CTpyu MW MHCTOYHHUKH, TPA3CBbIC U
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temperatures from maximum to 10-20 °C. Total heat efflux in
Uzon makes 268 MW,.

Numerous lakes, steam jets and springs, mud and water
pools interleaving with spots of grass, cedar elfin woods and
small spinneys of birches, all that at the background of the
caldera sides’ steeps, make this unique nook of Kamchatka
picturesque and magnificent.

Not far from a small Bannoye thermal lake, one can find
a field house that belongs to the Institute of Volcanology and
the Kronotsky Reserve.

Thermal field and geysers of the Geysernaya hydrother-
mal system are further considered in details. So for now, let
us just name them: geysers and major thermal fields of the
Valley of Geysers (6 in fig. 1), Verkhne-Geysernoye field (7),
springs of the upper Geysernaya River (8), thermal mani-
festations of the Zheltaya (Yellow) Hill (9) and those of the
Kikhpinych volcano (10).

The pearl of Kamchatka: Valley of Geysers

BOJHBIC KOTJIBI, UEpeAyIOUIHecs C YJacTKaMU pa3HO-
TPaBbs U 3apOCISIMU KEIPOBOTO U OJIBXOBOTO CTIAHUKA,
OTAETBbHBIMU POLIMIIAMH KaMEHHOH Oepesbl, U BCE 3TO
B 00paMJICHUN OOpPBIBOB CTCHOK KaNbICPHl IPUIAET KU-
BOIIMCHBIH, HETIOBTOPUMBIA OOJIMK 3TOMY NpHMEYaTeib-
HOMy yroaky Kamyarku.

Henmanexo ot HeOombIIOT0 TepMaIbHOTO 03epa — baH-
HOTO — PACIHONOXKEH JOMUK, cTannoHap MHcTUTyTa Byn-
KaHosnoruu 1 KpoHoukoro 3amoBefHuKa.

W, nakoHen, TepManbHbIe MO U reizepsl [ eizepHoit
THIPOTEPMATIBHOM CHCTEMBI, SIBIISIOIIUECS IPEIMETOM
JAHHOTO HM3JaHMs, HOApoOHO paccMoTpeHs! Huxe. Ceil-
yac JIUIIb Ha30BeM uX. ['eii3epbl U OCHOBHBIE TEPMaJIbHBIE
nonst lonunet reiizepos (6 Ha puc. 1), Bepxue-IeiizepHoe
none (7), ICTOYHUKH BepXoBbeB p. leiizepHoit (8), Tep-
MorposiBieHus conku JKenroii (9) n Bynkana Kuxnuabda

(10).
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06was xapakmepucmuka
HonuHel 2etizepos

UtoObl yBHIIETh TEH3EpBI, COCPENOTO-
YeHHbIC B HU30BBIX p. [ei3epHoii, HEOOX0-
VMO TPUOIN3UTHCS K HAM BIUIOTHYIO, CITy-
CTHBIINCH C BEPXOBUI PEKH I 110 KPYTHIM
CKJIOHaM JIONIMHBI ¢ OKpyxaroumx rop. Ca-
MBIN JIETKWH MyTh, KOHEYHO, MPHJIETETh Ha
BEpTOJETE, KaK 3TO JIENAIOT ceifyac MHOTHE
CUACTIIMBBIE NTOCETUTENH J{OIMHBI rei3epoB.
Moxno nonacte B JloJduHY reii3epoB U me-
IIMM XOJIOM IO TPOIIaM, KOTOPBIE MPOJIOKHU-
nu nepsble, nocie T. Y. YerunoBo#, uccie-
JIOBAaTeNIN TEW3epoB W TYpPHUCTHL. MapuipyT
HayMHAeTCs B OBIBIIEM mocenke JKymaHoBo
(cm. puc. 1). OgHa U3 Tpon UAeT mo depery
Tuxoro okeana, a TOCIE TEpENpaBhl dYepes3
p. UlymHyI0 moBopauynBaeT K TOpHOMY ILTATO
(doto 21). Tpoma 3aKkaHYMBAETCS CIOKHBIM
CIIyCKOM K JIeBoMy Oepery p. [eit3epHoii 1o
nonuHe pyd. Bomomamuoro. Jlpyras Tpoma
uner or CeMAYHKCKOrO JIMMaHa Ha CeBep
k Hmxne-CeMAYMKCKMM HCTOYHUKAM U 3a-
TEM K IIepeBally MEKIY ByJIKaHamu 3yOdat-
ka u llenrpanbubnii Cemsauk. O0Xozs ¢ tora
BynkaH byprnsmiuii, oHa BemeT K Y30HCKOH
Kajpaepe. [amee Tpoma maer mo jeBodepe-
xkpto [lymuaON Mexmy comkoit [eizepHoit

General characteristics

of the Valley of Geysers

o

e

© Cyepobos B. M. /' Sugrobov V. M.

21. Cmapas mpona ¢ /lonuny zeizepos uoem no depezy Tuxozo oxeana

21. Old path to Valley of Geysers along the coast of Pacific ocean

u miaro KpymisiM U BBIXOAMT K IpaBOMY
Oepery [eiizepHON. DTUM MENIEXOIHBIM ITyTEM IOJIH30Ba-
nack SKCIennus, pykoBoaumasi B. B. ABepbeBrim, B 11e-
puoxa ee pabotel B 1962—-1966 rT. (doto 22). B atu xe
TOIBI IO ATOMY IIYTH OBLI IPOJIOKEH TETIEXOHBIA KOJb-
11eBOH TypucTckuit MapuipyT: JKymanoBo — CeMsanKCKui
IMMaH — ByJkaH bypmsimuii — JlonnHa reiizepoB — ycThe
[Iymuoit — XKymanoBo. B HacTosiiee Bpemst nepenBmke-
HUE 110 HEMY TYpPUCTOB BO3MOMKHO B HCKJIIOYHMTEIBHBIX
Cllydasix ¢ pa3pelleHus alMUHUCTPpalM1 3all0BEJHHKA.

Bri6epem nopory, kotopoii nponura T. U. YeruHoBa,
COBepIIIasi CBOM BTOPOH MOXOJ K Tei3epam B utonne 1941 1.
OT BepxoBHil p. ['eli3epHON BHH3 MO €€ TEYEHUIO, U TIO3HA-
KOMHMCSI ¢ OKpeCTHOCTsIMH J{oNUHBI rei3epoB, Oacceii-
HOoM [eitzepHOI.

Pexka IefizepHas OepeTr cBoe Ha4ajo0 Ha I0T0-3arma HbIX
CKJIOHaX CJIO)KHO HOCTPOEHHOIO BYJIKAaHHYECKOIO Mac-
cuBa Kuxmuaera—XKentas (dporo 23). Ecim B3mIsSHYTH

e

. /A "\_'-.Sugrobov V M.

22. Ha Cemauukckom nepesaie mponsl ¢ /lonuny zeiizepos, enepeou
kanvoepa Y3zou u /lonuna zeizepos. Bnuszy cnpasa B. B. Asepves,
1966 2.

22.The pass to the Valley of Geysers: Semyachik pass; Uzon Caldera and
Valley of Geysers ahead. Right lower corner — V. V. Averiev
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23. Buo oonunsl p. I'eiizeproii om ycmyegoii wacmu K éepxoevam. Ha 3a0nem nnane
eynkanuueckuit maccus Kuxnunviu—Kenmas

23. View of the Geysernaya river valley from its mouth to the upper course. In the back-

ground - volcanic massif Kikhpinych—-Zheltaya

The pearl of Kamchatka: Valley of Geysers

Ha KapTy paifioHa, TO MOXHO YBUAETb, YTO
B IUIAHE pEeKa HAIlOMUHAET JIATMHCKYIO OyK-
By S, 0Cb KOTOPOH BBITSHYyTa M Halpasile-
Ha Ha toro-3anan (puc. 2). [IpoTsKeHHOCTD
p. T'elizepHoii, mpuHKUMas 32 OCHOBHOM HC-
TOK pyd4. IIpo3padHblif, COCTaBIsSET OKOJIO
12 kM, a nepenaj BeIcOT — no4ytu 750 M mpu
cpeanem ykione 0,06. Ilnomans Gacceitna
peku paBHa npudinsutensHo 40 kM2, Pacxon
B MEXEHb B ycThe coctasisieT 1,5-2 m/c,
B JICTHE-OCEHHEE BpeMs YBEJINYUBAsICh
B moaTopa pasza. Pacxom peku 3HaYUTENBHO
BO3pacTaeT B IEPUOJ] CHETOTasHHUS U BBINA-
JICHUSI OCCHHUX, 0COOCHHO IUKIOHMYECKHUX,
noxnaeil. Hanpumep, B 1981 1. 3a cuet uHTEH-
CUBHBIX OCAaJIKOB, CBSI3aHHBIX C IIUKIOHOM
«O1b3a», MPOU3OLIET OIHEM YPOBHS BOJBI
B peke Ha 2,5-3 M, a pacxop (1o pacyery) Jo-
cruran 15-20 m*/c. I'mybuna u mmpuHa peku
u3MeH4uBbl. HaumOonblnass mupuHa peku
B MexkeHb (10—12 M) oTMeuaeTcst B yCTheBOM
4acTH. 3/1eCh ke HabmonaeTcd MUHIMAIbHAs
ckopocts okoio 0,6 mM/c u rmy6una 0,5-0,6 m.
B neiictBuTensHOCTH MIyOMHA pyciia U3Me-

To see the geysers located along the lower Geysernaya
River, one should approach them very close. The easiest
way to do that is to take a helicopter, which is used by most
visitors of the Valley of Geysers. It is also possible to get to
the Valley of Geysers on foot by the tracks laid by the first (af-
ter T. I. Ustinova) researchers of geysers and tourists (photo
21). A route begins in the former settlement of Zhupanovo
and passes through the Uzon Caldera (see fig. 1, photo 22).
Now, tourists trips here are only possible in special cases by
the sanction of the Reserv administration.

But we are taking the rout T. I. Ustinova had chosen un-
dertaking her second expedition to the geysers, that passing
from the upper Geysernaya River and down it, thus having
an opportunity to get acquainted with the river basin and the
vicinity of the Valley of Geysers.

Geysernaya River originates at the Southwestern slopes
of the complex Kikhpinych-Zheltaya volcanic massif (photo
23). Glancing at the map of the area, you can see that the
river resembles the Latin letter S whose axis is stretched and
directed South-West (fig. 2). The river is about 12 km long,
altitude differential being almost 750 m given the average in-
cline of 0.06. The river basin occupies area of about 40 km?;
flow rate at mean water makes up to 1.5—2 m?s increasing
significantly in the periods of snowmelt and rainfalls. For ex-
ample, in 1981 due to the intensive precipitation connected
to cyclone «Elzay, rise of a water level in the river on 2,5-3 m
vtook place, and the flow rate (by calculation) reached 15—
20 m3c. The river is widest at its mouth where its minimum
speed about 0.6 m/s and depth (0.5-0.6 m) is observed. In
fact, the depth changes depending upon the width and incline
of a certain site; but it seldom exceeds 1-1.5 m, the speed
reaching 1.5-2 m/s. Rifts and waterfalls can be observed all
over the river.

HACTCS B 3aBUCMMOCTU OT IIMPHUHBI, YKJIOHA
KOHKPETHOTO y4YacTKa, HO peako mpesblmaer 1-1,5 w,
CKOPOCTS ke pocturaet 1,5-2 m/c. Pexa u3obunyer mpak-
TUYECKN Ha BCEM IIPOTSHKCHUU NEpEKaTaMu, MOoporamu,
BOJIONIA/IaMH.

I19Th MOIIHBIX PYdYbEB, 3apOXKJIAIOIIMXCA HA CKIO-
HaxX BYJIKaHa KI/IXHI/IHLI‘I, COCAMHUBIINCH B OAUH ITOTOK
y TMOHOXBSI HA IPEATOPHOM ILIaTo, 00pasyioT p. Jleryio
Ieitzepryto. UeTbipeM U3 HUX, HEKOT/Ia OE3BIMSIHHBIM PYy-
YbsiAM, YAAYHBIC, XOTI U 6C3I>ICKyCHI)Ie Ha3BaHUA aajl u3-
BecTHBIN kamuarckuil kpaesea B. V. Cemenos. Camplii
npaBblif — [Ipo3paunslii, min YeTBepThIi, COOMpAET BOIY
CO CKJIOHOB HEINIOCPENCTBEHHO BynkaHa Kuxnunsid. Py-
4eil HaloJTHEeH XOJIOIHOM YHCTOM BOIOH, 00pa3oBaHHON
B OCHOBHOM IIpU TasHUU CHEKHUKOB. B mpuycrbeBoi
qacTu pyqeixi CTAaHOBHUTCSA MHOI'OBOAHBIM, HaIlIOMHWHAasA
TOPHYIO PEUKy, Ipope3aeT 31ech Ty(oiaBsl U 00pasyer
HeryOokoe ymienbe. JKUBOMUCHBIN ero BUJ MOJCKa3all
B. JI. JleonoBy Ha3zBanue — Komopano (¢poro 24). Hacto
pyu. Ilpo3paunslif uMeny10T p. I'eiizepHoii.

UYerblpe Apyrux pyubs IPOTEKAIOT II0 3alaJHOMY
U ceBepo-3anagHoMy ckioHam conku JKentoi. OnuH U3
HUX, pyd. XKentsrit (Tperuii), B cBoeM HU30BbE IIepeceKa-
€T IOJIA THAPOTCPMAIIbBHO-U3MECHECHHBIX ITOPOI, IJIA KOTO-
PBIX XapaKTEPHO COAEP)KaHUE CaMOpOIHOM cepbl. Takue
«OCCpHEHHBIEY YIaCTKHU CO3JAI0T JKENTHIH (hOH pycia py-
9bs, YTO OTPA3MIOCh B €T0 Ha3BaHUH. YCTHEBOH y4acTOK
JKenroro pyuss u3BecteH ceiiuac kak Joauna cmepmu (XII
Ha puc. 2). Cnenyromuii pyueit — Kpacasriii (vn Bropoit)
XapakTepeH TeM, UTO B IOJIHHE U €To pyciie HabmonaTcs
HeOOJIbIIINE HUCXOJISINE XOJIOAHbIE HCTOUHUKH, 00pasy-
IOIITME 0CAJIKK OKUCIIOB XkKelle3a KpacHoro 1Beta. ['omyooi
pyueit (IlepBerif) 3aHuMaeT DIyOOKYIO IyrooOpasHyIO
pacuienMHy Ha [OrO-3alaJHOM CKJIOHE comku JKenroit
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U MECTaMHU IPOTEKAaeT MO y4acTKaM pPacIpOCTPAHCHHUS
THAPOTEPMANIBHBIX IVIMH C IPe00IaaHueM CHHETO LIBETa.
Hakonen, caMblil JIeBbIM, caMblii I0XKHBIA — pyd. beinblii
(umu Kucnelit). B ero BepXoBbe pacmoioxKeHbl 1apora3o-
BbI€ CTPYU U KUITAIIUE T'PA3EBBIC KOTJIbI, CTCHKH KOTOPBIX
OKaliMJIEHBI OTJIOKEHUSIMU cephl. BhITekaromas u3 MHO-
TOYHMCJICHHBIX KOTJIOB BOJa C MeJIBYaUIITUMU TTIMHUACTBIMH
Y CEpHBIMH YaCTHUIIAMHU II0TI3JIaeT B py4eil, BoJja KOTOPOTO
mproOpeTaeT MyTHOCTh U Oerechlif nBeT. Huoke cnusaus
Ha3BaHHBIX PYy4beB OOLIMi, YK€ JOCTaTOYHO MHOTOBO-
JHBI MYTHOBAaTBhIA MOTOK M3BECTEH Kak pyd. MyTHBII.
Ha ero neBoM Oepery MoXKHO BHIETH TEPMOIPOSIBICHHUS
TaK Ha3bIBAEMOT0 3anaono-KuxnuHulue8ckozo mepmans-
Hozo nona (X Ha puc. 2).

Brlena3paHHbIC pydbd MOYTU OO0 CIHAHHUA B OOWH
pyd. MyTHBIH IPOKIIaIBIBAIOT CBOII Iy Th, C11a00 Bpe3asich
B MOBEPXHOCTH NMMOAHOXUA MacCHUBa Kuxnunasra—Xenras.
Uckmouenne cocrasnseT pyd. [omy6oit. Ho yxe pydeit
MyTHBIll U nepen causHUEM ¢ HUM pyd. IIpo3paunsiii
Bpe3atoTcs Ha 50—70 M B BylKaHHYECKOE TUTIaTO B 00pa-
3yI0T Y3KHE YIIEnbeoOpa3Hble MOMUHBL. MBI YIOMHHAIN
BBIIIE O TAKOM JOJMHE B yCTheBOU yacTu pyd. [Ipo3pau-
Horo — ymense Konopano.

Bonee mHorosoausiil pyu. IIpo3paunsiii nopasisieT
CBOEH UMCTOH BOJOMN pyd. MyTHBIN, U YyTh HUXKE UX CO-
eauHeHus Boja p. Jlepoii ['elizepHoil Takske po3pavyHa mo
Bcel ee mupuHe. Peka 31ech nMeeT IpsMoe pycilo U TeYeT
B 3aIlaIHOM HallpaBJlIeHUH B y3koM (mmpuHa 200-300 M)
yIIENbe, CTEHKH KOTOporo Bo3peimatoTcs Ha 100—-150 m
Haj pexoil. IIporsaxeHHOCTh 3TOr0 0Tpe3ka pexu — 900 M.
ITocne Bnagenus cnpasa pyd. IlpaBoro pexa nosopauu-
BaeT Ha I0T0-3amal, IpeooneBas IyTh 0oJee 4eM B OJMH
KuiIoMeTp. Pycio pexu taxke crpsmieHHoe. JlonuHa mo-
CTEIEHHO pacIupsieTcs u yrryossiercs. B koHIle JaHHOTO
ydacTka mupuHa ee nocrturaet 800 M, a ryOmHa Bpesa —
200-250 m.

3necy npoucxomut ciausHue pp. Jlesoit u Ilpasoii
leiizepHOii, M, €CTECTBEHHO, YBEIMUYHUBACTCS PACXO
pexu. HampaBnenue peku usMeHsercs Ha
I0)KHOE U COXPAHSETCS] Ha PaCCTOSHUH MOY-
T4 B 2,5 kM. ['eiizepHas TedeT 1O 3aMETHO
pacmupsIoneics A0 OXHOTO KHJIOMETpa
nonuHe. JleBoOepexHass 4acTh JOJTHHBI 00-
nee mupokas. OHa HauMHaeTcsd KPyThIMH
oOpeBaMu ['opHOTO MIaTO, HEAOCTYITHBIMU
JUIsl TIOABbEMa U CIIyCKa, U 3aTeM IUIaBHO
MOHMXaeTcsa K pyciay. Oco0eHHO XOpomio
3TO BUAHO Ha ydacTtke Bepxmue-Ietizeprozo
mepmanvroeo noaa (1X Ha puc. 2). Ipassrii
Oeper HampoOTHB MPEACTABISACT COOOU Kpy-
TBI€ CKJIOHBI BIUIOTH O OOpPBIBOB BBICOTOM
10 70—-100 M, mOMHUMAIOIINXCS HEMOCPEI-
CTBEHHO OT PEKH, IOCTENEHHO IOBBILIAIO-
muxcst K BepmrHam conk [ eitzeproit. B ot1-
nuuue ot Jlesoii [eitzepHoii p. ['eiizepHas Ha
3TOM y4acTKe UMEeeT U3BUIIUCTOE PYCIIO0, OT-
MEYaroTCsl KpYThle IIOBOPOTHI, B TOM YHCIIE
mox npsiMeIM yrioM. [ryOnna Bpe3a pexu

24. /lonuna pyuoa

Five brooks, originating at the Kihkpinych volcano slopes
and joint into one torrent at the foot, form the Levaya (Left)
Geysernaya river. V. |. Semeonov gave names to four of the
creeks. The right brook — Prozrachny (Clear), or the Fourth
one collects its waters immediately from the Kikhpinych vol-
cano slopes. Its waters are cold and pure, mostly due to the
melt of snowfields. At the mouth, the brook becomes full,
resembling a mountain river, pierces tuff-lavas, and forms
a shallow gorge, whose picturesque view prompted V. L. Le-
onov to name it Colorado (photo 24). The Prozrachny brook
is often called the Geysernaya River itself.

The other four brooks run over the Western and North-
western slopes of the Zheltaya Hill. One of them is the Zheltyi
(Yellow), or the Third brook. In its lower course, it crosses
fields of hydrothermally altered rocks, for which presence of
native sulfur is typical. Such «sulfurized» plots create the yel-
low background of the streambed, reflected in its name. The
mouth area of the Zheltyi brook is now known as the Death
Valley (XII in fig 2). The next brook — Krasnyi (Red), or the
Second one, is notable for small descending cold springs de-
positing red iron oxides over its basin. The Goluboi (Blue) or
the First brook fills a deep bow-shaped crevice at the South-
western slope of the Zheltaya Hill, and occasionally runs over
the spots of blue hydrothermal clays. Finally, the left and the
southernmost brook is called Bely (White) or Kisly (Acidic).
At its upper course, gas-steam jets are located, as well as
mudpots whose sides are banded by sulfur deposits. Run-
ning from numerous pots, water with tiny clay and sulfur par-
ticles enters the stream thus increasing its turbidity and giving
it a whitish color. Down the confluence point of the above
creeks, over the banks of the high-water dimmed torrent
known as the Mutny (Turbid) brook, thermal manifestations
of the so-called Zapadno (Western)-Kikhpinych thermal field
can be observed (X in fig. 2).

The mentioned brooks make their way slightly carving
the surface of the Kikhpinych-Zheltaya massif foot. But
the Prozrachny brook, and then the Mutny one incise into
the volcanic plateau to 50-70 m forming narrow gorge-like

o ey e
Ilpo3paunozo (Konopaoo)

24. Valley of the Prozrachnyi brook (Colorado)
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OTHOCHTENBHO NMOBepxHOCTH [opHOTO Mia-
TO mocturaet 350-400 m.

Hmxe pexka mnoBopauMBaeT BHOBb Ha
I0T0-3aMa/l ¥ TeYET B TOM HalPaBICHUH OKO-
1o 1,8 kM. [IpuMeuarensHbIM, 4TO XapakTe-
pusyeT gonuny l'elizepHOl 31€Ch, SBIAIOTCS
TPH BOJOIA/IA, CICAYIOIINE OAUH 32 APYTUM
1 o0pasyrolnue o0Iuii, TpeXKacKaJHbIH, BO-
Jloraz BBICOTOM 29 M, U miepBbIe rei3epsl co
CTOPOHBI BEPXHETO TeUCHUS pekH (PoTo 25).
Ha BepxHeil kpoMke BoJoNaza NEPUOIU-
yecku paboTaer rekzep BepxHwmii B pycie,
a 4yTh HIDKC Ha NpaBoM Oepery MOXHO Ha-
OroaTh Oosee CTaOUIIBHOE AEHCTBUE Teli3e-
pa Bepxuuii (poto 26). Otcrona HauynMHASTCS
(c BepXOBbsI pEKH) HITH 3/I€Ch 3aKaHUYHUBACTCS
(c Hm30BBs peku) Jomuna reitsepos. Ilpu-
OMM3UTENBHO 10 ycThsl pyd. Urpymka xa-
pakrep nonunbl Ieii3epHoll coxpansercs,
TO €CTh HPaBBIf OOPT MpENCTAaBISIET COOOM
KpyTOil, MECTaMi OOPBIBUCTBHIA CKIIOH, JIe-
BBIIl — MOJIOTHH CKJIOH BOJIM3HU pycCia, KPyTO
MOJHUMAIOIINICA 3aTeM K OpoBke [opHOTO
mnaro. JJonuna pacumupsiercs o 1,5 km.

Huxe yctbst pyu. Urpyiika, KoTopslid Ma-
JICHBKUM, HO M3AILIHBIM BOJONAJOM CIIpaBa
BimBaetcs B [ elizepHyto, JIeBbIl 1 TipaBbIi Oe-
pera B IpUpPYCIOBON YacTU BBIIOJIAKUBAOT-
cst. B ynanenuu ot pycia 6epera Tax ke Kpy-

25. Pexa I'eiizepnasn, nuzogve 6ooonada Tpexxkackaonozo

25. Geysernaya river, lower part of the Trekhkaskadnyi waterfall

TO TIOMHUMAIOTCA K OOpTam, 0COOCHHO Ha JIeBOOEpexXbe.
BpoBka j1eBoro 60pTa JOIMHKI 31eCh IPUOIMKEHA K PEKe,
U JIONMHA HECKONBKO cyxaercs a0 1-1,2 km. imenHno Ha
9TOM y4acTke peka Oolee Bcero Bpezana (Ha 500 M) B OKpy-
JKaromme nonuHy [opHoe miato u conky [eizepHyto.
[Tocne Bnapenus cnesa B I'eizepryto pyu. Ctynenya-
TOTO peKa PEe3Ko, MOA MPSIMBIM YITIOM ITOBOPAYMBACT Ha
ceBepo-3amaj u 3areM yepes 300 M TeueT B 001eM 3amai-
HOM HaIpaBIICHUH, U3MEHSS €ro0 Ha OTACIBHBIX KOPOT-
KHX oTpe3kax myTu. Jlanmee Ha mpoTsbkenun 1,5 kM pexa

Puc. 2. O630pnas kapma paiiona /lonunvi zeiizepos:

1 — reiizepbl, KUISIIINE ¥ TOPSYUE HCTOYHUKY (TeMieparypa 6oiee 70 °C);
2 — TopsIYHe U TeIIble HCTOUHUKH (Temmeparypa 20-70 °C);

3 — MCTOUHMKH ¢ TemIeparypoit Bozbl Menee 20 °C;

4 — ropsiame rpsi3eBbIC M BOAHBIC KOTIIBI;

5 — maporasoBbl€ CTpyH;

valleys, one of which — Colorado — was mentioned earlier
in this paper.

The deeper Prozrachny brook suppresses the Mutny one
by its clear water, and further on, after their junction-point,
water of the Left Geysernaya River is pure all over its course.
Here, the river goes straight westwards along a narrow (200—
300 m) canyon, whose sides rise 100—150 m above the river.
This sector of the river is 900 m long. After confluence with
the Right stream, the river turns South-West making its way
for more than 1 km in a straightened channel. The river valley

6 — xapakTepHbIe TepMalbHbIC YUaCTKH W IpHMedaTelbHbIe MecTa HOoiuHEI p. 'eitzeproit: 1 — VIII — Tepmanbhble yuacTku (cM. Takke puc. 5), IX —
Bepxue-TeiizepHoe TepmaiibHoe none, X — 3anagHo-Kuxnunsraesckoe tepmansHoe noie, XI — KOxHo-KuxnuueueBckoe TepmaiibHoe noie, XII — Jlonuna
cmeptH, XIII — 0OpbIBEI TeM30BbIX Ty(hoB JKenTsle CKabl H XOIOAHbIE HCTOYHUKH (IIACTOBBIH BBIXOJ XOJIOMHBIX TPYHTOBBIX BOJ);

7 — u3onuHUM penbeda;
8 — 0OpBIBBL, YCTYIEI OOPTOB HOIUHEI p. [ei3epHOii;

9 — nomuku necHuka: 1 — B JlonuHe reitsepos, 2 — B BepxoBbe p. [elizepHoit

Fig. 2. General map of the Valley of Geysers area:

1 — geysers, boiling and hot springs (temperature above 70 °C);
2 — hot and warm springs (temperature 20-70 °C);

3 — springs with water temperature below 20 °C;

4 — hot mud and water pots;

5 — steam-gas jets;

6 — characteristic thermal sites and notable places of the Geysernaya river valley: I-VIII — thermal sites (see also fig. 5); IX — Upper-Geyser thermal field; X — Western-Kikhpinych
thermal field; XI — Southern-Kikhpinych thermal field; XIl — Death Valley; XlII — precipices of pumice tuffs Yellow Cliffs and cold springs (bedded discharge of cold ground wa-

ters);
7 — relief isolines;
8 — precipices, ledges of the Geysernaya river valley;

9 —ranger’s houses: 1 — in the Valley of Geysers, 2 — in the upper course of the Geysernaya river



34

26. Bepxnaa wacmep 6o0onada Tpéxxackaonozo u zeizep Bepxnuii

26. Upper part of the Trekhkaskadnyi waterfall and the Verkhnii geyser

gradually gets broader and deeper, reaching the sizes of 800
and 200-250 m, correspondingly.

At the end of the previous sector, confluence of the Left
and Right Geysernaya rivers occurs, which naturally increas-
es the flow rate. The river turns south and keeps to that direc-
tion for about 2.5 km, running along the widening valley. Left
side of the valley is much broader. It starts from the steep
slopes of the Mountain Plateau, inaccessible for climbing, and
then smoothly lowers toward the river-bed. This is most clear-
ly observed at the area of the Verkhne (Upper)-Geysernoye
thermal field (IX in fig. 2). The right side, in contrast, presents
steep slopes right up to precipices rising up to 70-100 m
above the river itself and gradually elevating to the tops of
the Geysernaya Hill. Here, the Geysernaya river has a mean-
dering channel, with sharp turns and depth up to 350—400 m
with respect to the Mountain Plateau.

Further down, the river turns Southwest again, and runs
in this direction for about 1.8 km. Notable features of the Gey-
sernaya valley here are three waterfalls following one another
and forming a single, «three-stage» waterfall 29 m high, as
well as the first geysers at the upper course of the river (pho-
to 25). At the upper edge of the waterfall the Verkhenii v Ru-
sle geyser periodically operates, while a bit lower, at the right
bank, one can observe more stable activity of the Verkhenii
geyser (photo 26). This is the place, from which the Valley of

The pearl of Kamchatka: Valley of Geysers

IUIABHO TEYEeT Ha I0r0-3amajl U crpasa BrajaeT B p. Lllym-
ny1o. [locneanuii 2,5-kunoMeTpoBeli yuacTok I 'elizepHoi
COCTaBJISIET LEHTPaAJIbHYIO YacTh Jl0JMHBI TeH3epoB, ONU-
chIBaeMoii HIDKe Oonee netanbHo. Jonmuna p. [eitzepHoii
3[€Ch JOCTUraeT MaKCUMaJbHOHU IIUPUHBI — 3 KM. JIeBbIii
Oeper Tak ke, Kak U Ha JIPyTrUX y4dacTKax PeKH, 3Ha4IH-
TEJIFHO INUpE NPaBOTO M HMEET BHJ IHUPKOOOPa3HOTO
MOHIDKCHHUS, TOBEPXHOCTh KOTOPOTO H3pe3aHa MHOTIO-
YIUCICHHBIMY IpUTOKaMu pyd. Bonomagnoro. Pydei
Boponagneiii B mpuycTheBOi yactu onuHsl p. [eitzep-
HOU Hu3Bepraiycs 10 onoi3Hs 2 utoHs 2007 . KpacUBBIM
TEIUIBIM BOAOIAaIoM BbIcOTOM 28 M B 110 M OT BnajeHus
B p. ['eiizepnyto.

ImaBencTBytOmMME BepiimHaMu OacceitHa p. [eit-
3€pHOI sBJIsAETCS BylaKaHMYecKUM MaccuB Kuxnusbry,
BBITSHYTHIM C CEBEPO-BOCTOKA HA FOr0-3amaj MOYTH Ha
8 kM, conka I'eiizepHas u mnaro Kpyrioe (mpassrii 60pT)
u 'oprHoe mraro (aeBsiit 60pt). Maccus Kuxnuusg co-
CTOUT W3 HECKOJIBKHX BYIKAaHHYECKHX COOPYKCHHH.
Campiii Mosonod nedcTByromui ByidkaH KuXnuHbBIY,
MpeNCTaBISIONINI co00i 1Ba 6a3anbTOBBIX KOHYca: 3a-
nagaeii 1 Casuya. IlocieaHuil BBIJEISETCS YETKUMHU
JUHUAMH TIPAaBUIBHOTO KoHyca. HOHee pacmonoxeH
NOTyXIUH cTpaToBynakaH — Crapeiii Kuxnuneid, cuMBo-
JIOM KOTOPOTO CIIyXHuT I. [TuK, 1 erle 10kHee JalluTOBbIN
ByjKaH conka XKenrad. Konyc Casuua BeicoToi 1 552 M
uMeeT HeOOoIbIIoNH Kparep nuamerpoM 60 u TryOmHON
30 M. B kparepe u Ha TpebHE oTMedaeTcs cnabas ¢y-
MapoibpHas JesATeNbHOCTh. B ceBepHOM HampaBiIeHHU
0T KOHYyCa paclpoCTPaHEHBI MOJIOJBIC JIABOBBIE TIOTOKH,
YETKO BBIpa)KEHHBIC B COBPEMEHHOM pefbede, a BOCTOU-
Hee BBIJCINSETCS YepHOH Hamnuienkod 3¢ ¢y3uBHBIN Ky-
non Kpab. [pesuss nmocrpoiika BynkaHa Crapsiit Kux-
MUHBIY BBIISIAT HE MEHEE )KUBOMUCHO, YeM CTPOUHBIN
KOHyC MoJjozoro Kuxmunbpva, OGnmaromapsi rIaBHOH ero
BEpIIMHE W BCEMY MAacCHBY ocTpocTonbuaroi r. Iluk,
uMeroIei BeIcoTy 4yTh Oomee 1 600 M (¢poro 27). Ykpa-
IIaeT MAacCHUB M €ro I0KHOE OKOHYaHWe comka JKemras,
W37aMy  BBIACISIONIAsCS CBOMMHM MSATKHMH OdYepTa-
HUSIMH CKJIOHOB M JKEJITHIM I[BETOM CJIarafolINX COIKY
THIPOTEPMAITBEHO-U3MEHEHHBIX TTIOPOI.

JleBoGepexbe p. TeiizepHoil mpencramiser coboid
KPYTEI€, B BEPXOBBE OOPHIBUCTHIE CKIIOHHI [ OpHOTO 1II1aTO,
OpoBka kotoporo umeeT ormetkn 800-900 M. Han oOpkI-
BaMU BO3BBILIAIOTCA OT/EJIbHbIE BEPIIUHKU C OTMETKAMHU
1 050-1 090 M, KoTOpBIE B TE€OJOTUIECKOM OTHOIICHUH
SIBJIAIOTCS. DKCTPY3USAMH JALIUTOB, HAIpUMEP 3KCTPY3Hs
BoproBas. Bonbmmasi, cpenuHHasi, 4acth mpaBoro Oepera
OTHOCHTCA K KPYThIM, HO PaBHO IIOHM)KAIOLUMCS CKJIO-
HaMm corniku [eitzepHoii (Beicota 1 085 M) 3a HCKITIOUEHHU-
eM HeOOJBIIOro ydJacTKa BEpXoBbs pyd. JlaBoBoro, rme
HaOJIOAIOTCS YAMBUTENBHBIE OOPBIBBI TIEM30BEIX TY()OB
XKenteie ckansl. BepxoBbst [IpaBoii 'elizeproit mpunan-
nexar conke OcraHel, a NPUYCThEBasi 4acTh — CKJIOHAM
maro Kpyrioro.

Crapeiii KuxnuHed 3HAaMEHUT COBPEMEHHBIMHU TH-
JIPOTEPMaJIbHBIMU  NPOSABIEHUAMU, MHOIO IIPEBbIIIA-
IONMMH 110 MOIIHOCTH M OONHKY clia0ble (hyMapoiibl
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27. Cmaputit Kuxnunwiu, 2opa ITux. Ha nepeonem nnane — /lonuna cmepmu (ycmoe

pyu. Kenmozo)

27. Staryi Kikhpinych, the Peak Mountain. In the foregound — Death Valley (the month area

of the Zheltyi creek)
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Geysers starts (if to approach it from the upper
course of the Geysernaya River), and where it
ends (if to take the opposite direction).

At the place where the Igrushka (Toy) brook
runs into the Geysernaya river, its both banks
become flattened and the valley gets narrower
(1-1.2 km). Here the river is to the greatest ex-
tent (500 m) «incrusted» into the surrounding
Mountain Plateau and the Geysernaya Hill.

After the inflow of the Stupenchaty (Stepped)
brook from the left, the Geysernaya river turns
Northwest at a right angle, and passing 300 m
takes general western direction with some small
changes at separate short plots. Further on, the
river runs Southwest for 1.5 km, and flows from
' the right into the Shumnaya (Noisy) river. The
. last 2.5 km long part of the Geysernaya river
forms the central area of the Valley of Geysers
that will be in detail described below. The basin
of the Geysernaya river here reaches its maxi-
mum width of about 3 km. The left bank is much
broader than the right one and has the shape
of a cirque-like valley whose surface is wrinkled
by numerous tributaries of the Vodopadny (Wa-

koHyca CaBruya. OCHOBHOE TepMalbHOE TOJE TPUYpPO-
yeHo Kk kparepy Craporo Kuxnunbl4a modru B LIEHTpE
MaccuBa Kuxmmusra. KpyTele, mecramu OOpBIBHUCTHIC
CTCHKH, UCHCIIPEHHBIC MHOTOYNCIICHHBIMU ITOBEPXHOCT-
HbIMHU BOJOTOKAaMM, JEJIAI0T Kparep TPYAHOILOCTYNHBIM
IUISL TIEpeIBIDKCHNS. BMmecte ¢ TeMm, mpudyuiuBse Gop-
MBI MHKpOpebeda, CBETIO-KENTHIN U JTaXKe 30JI0THUCThINA
Ha COJIHLIE LBET IOpOJ, ClAararmolIuX CTEHKH Kparepa,
CO3IIAIOT CBOEOOpa3HBINA, OYCHb MPUBICKATEILHBIA BH]I
3TOro ydyacTka BylkaHa. Kparep umeer pasmep B more-
peunuke okoio 1,5 kM, riryOunHy moutr 600 M, a KPOMKH
kparepa gqocturator | 400 M BBICOTHI HaJ] YPOBHEM MODSI.
CoOuparomuecss B Kparepe arMOoc(epHbIE OCAJKH 00-
pa3yloT pyd4eiKd, KOTOpPHIE COENUHSIOTCS Y BOCTOYHOM
Ppa3pylIeHHOM CTeHKH Kparepa B pyd. Kucnbli (hoto 28).
TepmansHOE TI0NIE py4bsi KHCIOTO HA3BIBAIOT TaKXe IO-
neM Bocrouno-KuxnuabsraeBckux napoBsix ctpyi (10 Ha
puc. 1).

I'upporepmanbHast akTHBHOCTb COCPEOTOUEHA IIpe-
HMYILECTBEHHO B CEBEPHOM YacTH Kparepa, II€ BbI-
JETSIOTCS OTHENbHBIE HEOONBIINE TEepMalIbHBIC ITOJIS.
B ocHOBHOM 37€CH HAOMIOMAIOTCS MApOTa30BBIE CTPYH
C MAaKCHMaJlbHOW TEeMIIEpaTypoOu, MPUOIHKAOIIEHCS
K TOYKE KHIEHUsS BOALI Ha naHHO# BeicoTe — 97 °C. Ha
OJJHOM M3 y4YacCTKOB, B y3KOM YUIEJbE Ha JIEBOM CKJIOHE
B BepxoBbe pyd. Kucinoro ormeyarorcs aBe MOILIHbIE Ia-
porasoBsie cTpyu. Habiromaemple MHOTOUHCIICHHBIE TEP-
MaJIbHBIE «UCTOYHHKINY» HUMEIOT HEeOONbIION NeOuT, Tak
KaK BC€ OHHM — DPEe3yJIbTaT CMELICHMsI KOHJEHcaTa mapa
u arMoc(epHBIX OCamKoB. TeMmeparypa BOIBI H3MEHS-
€TCcsl B IIMPOKHUX Ipelenax, BoAda MMEeT XapaKTepHBIN
Cynb(aTHO-HATPUEBEIH COCTaB, HENPHUATHBIN IPHBKYC
C JIETKMM 3aIlaxoM CEpPOBOIOPO/A.

terfall) brook dashing down as a beautiful warm
waterfall 110 m prior to entering the Geysernaya river.

Main tops of the Geysernaya river basin are the Kikhpinych
volcanic massif stretching from Northeast to Southwest for al-
most 8 km, the Geysernaya hill, the Krugloye (Round) plateau
(right side) and the Gornoye (Mountain) plateau (left side).
The Kikhpinych massif consists of several volcanic construc-
tions. The youngest active volcano is Kikhpinych presenting
two basaltic cones: Zapadny (Western) and Savich, the latter
notable for its regular shapes. To the South, an extinct strato-
volcano of Stary (Old) Kikhpinych is located, whose symbol
is the Peak mount; and a dacitic volcano named the Zheltaya
(Yellow) hill. The Savich cone 1 552 km high, hosts a small
crater 60 m in diameter and 30 m in depth. Poor fumarole
activity is recorded within the crater and over its edge. Re-
cent lava flows clearly distinguished against the modern relief
stretch Northward, whereas to the East one can see and ef-
fusive dome named Crab. Like a well-proportioned cone of
the young Kikhpinych volcano, the ancient edifice of Stary
Kikhpinych looks quite picturesque due to its main top pre-
sented by a pointed Peak mount, with the height of hardly
more than 1 600 m (photo 27). The massif and its southern
ending are decorated by the Zheltaya hill, allocated from afar
by the soft outlines of slopes and yellow color of hydrother-
mally altered rocks composing the hill.

Left bank of the Geysernaya River present steep slopes
of the Mountain plateau, whose ringes have marks of 800—
900 m. Some separate tops, 1 050—-1 090 m high, present, in
geological respect, dacitic extrusions, for example, the Bor-
tovaya (Board) extrusion. A large central part of the left bank
refers to steep but equally descending slopes of the Geyser-
naya hill (1 085 m high), with the exception of a small plot of
the Lavovy brook lower course, where magnificent precipices
of pumice tuffs called Yellow Rocks can be observed.
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Stary Kikhinych is famous for its modern
hydrothermal manifestations surpassing weak
fumaroles of the Savich cone in power and ap-
pearance. The main thermal field is confined to
the crater of the Stary Kikhpinych located almost
in the center of the Kikhpinych massif. Steep,
occasionally abrupt sides freaked by numerous
surface flows make the crater hard-to-reach. At
the same time, a bit fantastic and queer shapes
of the microrelief and light-yellow rocks com-
posing the crater walls fashion this part of the
volcano quite peculiar and attractive. The crater
has a cross size of about 1.5 km, depth of al-
most 600 m and edge height of about 1 400 m
above the sea level. Atmospheric precipitates
accumulating in the crater form small streamlets
that merge at the eastern eroded wall forming
the Kisly (Acidic) brook (photo 28). Thermal
field of the Kisly creek is also called the Field of
Eastern-Kikhpinych Steam jets (10 in fig. 1).

Hydrothermal activity is mostly concen-
trated in the northern part of the crater where
separate small thermal fields are distinguished.
Vapor-gas jets occur here, with maximum

The pearl of Kamchatka: Valley of Geysers

28. Ilone zudpomepmanbHo-usmMeHeHHbIX NOPOO 6 6epx06bax pyy. Kucnozo

28. Field of hydrothermally altered rocks in the upper course of the Kislyi creek

temperature close to the boiling-point for this
altitude (97 °C). At one of the sites, within a narrow gorge
at the left slope of the Kisly brook upper course, two po-
werful steam-gas jets can be observed. Numerous thermal
«springs» have small flow rates, because all of them are the
result of vapor condensate mixing with atmospheric precipi-
tates. Water temperature widely varies; the water has typical
sulfate-sodium composition and unpleasant taste with a slight
smell of hydrogen sulfide.

Other sites of the Kikhpinych hydrothermal activity refer

OcTasibHble yYacCTKU TMAPOTEPMabHOM aKTUBHOCTH
MaccuBa Kuxmuuera otHocsitcss k conke JKentod u ee
3aMaJHOMYy TIOJHOXKHIO M HaXOJATCs Yyxke B OacceiiHe
p. leitzepHoii. B rpynmne oTnenpHBIX TEPMOMPOSBICHUHI
B HU30BBe pyd. XKenroro, Kpacuoro, ['omyboro, a Tak-
’Ke B JI0JIMHE pyd. MyTHOro, U3BECTHBIX IO/l Ha3BaHUEM
3ananHo-KuXnuHBIYeBCKUX MApOBBIX CTPYH, BBIIEIS-
I0TCSI yYacTKH B JonuHE pyd. MyTtHoro u JlonnHa cmep-
™1 (XII Ha puc. 2). TepmanbHas miomanKka Ha TEPBOM
yYacTKe pacroJioKeHa Ha JEeBOM Oepery pyd. MyTHoro,
npumepHo B 200 M BbIlIe CAUSHUS
ero ¢ pyd. [Ipospaunsim (dpoto 29).
XapakTepHOe TEpMOIPOSBICHUE —
HeOOJIBIIION BOJHBIN KOTEN, uepes
MIOBEPXHOCTb KOTOPOI'O HHTEHCUBHO
BBIZIEJISIETCA Ta3 € 3allaxoOM CEpOBO-
nopona. Bona umeer temmneparypy
54 °C u u3-3a TpUMECH COEquHE-
HUI cepbl — TeMHO-CEPBIi 1IBET (UCT.
Yepnsiit). Hemopaneky HaxomuTcs
naporasoBasi CIpys C TeMIepary-
poit 93 °C u HHUCXOASMINANA HCTOY-
HUK Cc Temneparypoit Boasr 75 °C.
B HeOoipmuX ynIyOIeHUsSX MOXHO
JIETKO OOHAPYKUTBH JKENITHIE CKOTLIE-
HUS caMOpPOIHOM cepbl. TepmanbHas
monaaka JlonrHa cMepTH paciosno-
’KE€Ha B YCTHEBOM yacTu pyd. JKenro-
ro 4 OTINYAETCA OT APYTUX OTCYT-
CTBHEM  BBICOKOKOTEMIIEPATYPHBIX

29. Tepmanvnasa naowadka — ucmounuk 4épuoiii na neeom oepezy pyu. Mymnozo. Ha 3a0nem TEPMOTIPOSABICHHH. XapaKTePHBIM

naaune IKcmpysus conka Kénmasn

3/IECH SIBIITIOTCSI BBIXO/IBI Ta3a (TeM-

29. Thermal ground — the Tchernyi spring on the left side of the Mutnyi brook. In the background — ex- meparypa 19 OC) U IpOrpeThie

trusion of the Zheltaya hill

Y4YacTKU I'pyHTa C TeMIEparypoil
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HemHoruM 6onee 20 °C. YyacTok XOpOII0 3aMETeH I10 KeJl-
TOM OKpacKe IOBEPXHOCTU MU3-3a CKOIUIEHUM CaMOpPOAHOU
Cepbl, B YACTHOCTH TaK Ha3bIBAEMbIX CEpHBIX OyrpoB. Oco-
OEHHOCTH HTOTO TEPMAIIBHOTO ITOJIsI PACCMOTPEHBI HIXKE.

CaMBIMU MOUIHBIMU U 3(Q(PEKTHBIMU TEPMOIPO-
SIBIIEHUAMU 3TOr0 ydacTka conku JXKenaToil sBaAOTCA
IOsxHO0-KuXn1HbIUEBCKHE NAPOBBIE CTPYH M COIyTCTBY-
IOIIMe UM APYTHE BHUIBI THAPOTEPMAIBLHOM aKTUBHOCTH.
TepmanbHOe MOJEe PACIONOXEHO Ha NPaBOOEPEXKbE BEp-
x0Bbs pyd. benoro (doro 30). 3neck Ha IOmAAN pa3Me-
pom 170 x 400 M HaOMIOMAIOTCSI TepMaNbHBIEC ILIOLIAKH
C MHOTOYHUCIICHHBIMU MEJIKUMU IPSI3€BBIMU, KaK MPaBHUIO
KUILIIUMH, BOPOHKaMH U KOTJIAMH, TEMIIEpaTypa B KOTO-
pbix pocturaer 96 °C. bonbluas 4acTh UX pacloioKeHa
B pycJI€ U BIOJIb OEPEroB JIBYX PyUeHKOB, BIAAIOIIIX CIIe-
Ba B pyu. benblil. BonHble KOTIIBI UMEIOT JKEITO-3€EHBIN
IIBET M3-3a IPUMECH CEpBI, OTIOKEHHS KOTOPOH 0COOCHHO
3aMETHBI 10 KpasM OTBEPCTHI C BBIXOAAMH Iapa M Tasa.
MHorue KOTIbl 3aII0JTHEHBI O€JI0H ITIMHNUCTOM MacCoi C my-
3BIPSIIEHCS] TOBEPXHOCTBIO OT BBIICNCHUS Tapa M Tasa.
MOXHO BUETh TaKXKe MUHHATIOPHBIC OCTIBIC M KEITOBA-
ThIC TPS3CBHIC BYJIKAHUMKH. Kak U Ha IpyTrux TepMaIbHBIX
TOJISIX, OIIYINACTCS CIAOBIi 3amax CepoBOAOPOLIA.

30. F0sxcno-Kuxnunviuesckoe mepmanvnoe none. Boanu — bonvuwioit Cemauuk
30. South-Kikhpinych thermal field. In the distance — Bolshoi Semiachik

37

to the Zheltaya hill and its western foot, being located already
within the Geysernaya river basin. In the group of separate
thermal manifestations at the lower course of the Zheltyi
(Yellow), Krasnyi (Red), Goluboi (Blue) and Mutnyi (Turbid)
brooks, also known as Western-Kikhpinych Steam vents, sin-
gled out are the sites within the Mutnyi creek valley and the
Death Valley (XII in fig. 2). Thermal area of the first site is
located at the left bank of the Mutnyi brook, about 200 m up
its confluence point with the Prozrachnyi brook (photo 29).
Typical thermal manifestation is a small water pool with in-
tensive surface gas emissions having the smell of hydrogen
sulfide. Water has temperature of 54 °C and dark-grey color
due to admixtures of sulfur compounds (the Black spring).
Not far off, there is a 93 °C steam-gas jet and a descending
spring with water temperature of 75 °C. In small deepenings
it is possible to easily find yellow congestions of native sulfur.
Thermal ground of the Death Valley is located at the mouth of
the Zheltyi brook and differs from the others by the absence
of high-temperature thermal manifestations. Here, typical are
gas discharges (19 °C) and heated grounds with the tem-
perature slightly above 20 °C. The area is well recognized
by its yellow surface due to accumulation of native sulfur,
especially of the so-called sulfur knolls. Peculiarities of this
thermal field are considered below.

The largest and the most effective thermal
manifestations of this area of the Zheltaya hill
are the Southern Kikhpinych Steam jets and
other types of hydrothermal activity attributed
to them. The thermal field lies at the right side
of the Belyi (White) brook upper course (pho-
to 30). Here, thermal sites with numerous small
mud (as a rule bubbling) funnels and pools
whose temperature reaches 96 °C, occur over
the area of 170 x 400 m. They are mostly dis-
tributed over the basin and along the banks of
two streamlets entering the Belyi brook from
the left. Water pools are colored yellow-green
due to admixtures of sulfur whose deposits are
especially notable around the holes discharging
vapor and gas. Many pools are filled with white
clayey substance with the surface bubbling from
gas and vapor emissions. On can also observe

CB0ecOOpa3HBIM 3aBEPUICHUEM THAPOTECPMANbHOM
JesATeNbHOCTU conKuU JKenTol ABIAI0TCA TEIIble HCTOY-
HUKHM y MeCT ciausHus pyd. IIpospaynoro u MytHoro.
B nonune nepsoro, Boiuie ymenabs Konopano, orMedeH
ucrouHuk ¢ temneparypoit 37 °C, a B 150 M Huxke ux
CIIMSHUS Ha JIeBoM Oepery p. [eif3epHoil — HCTOUHUKHU
¢ Temneparypoid 27 °C (Heoxunanusie). Bepxuuii BbI-
XOJ BOJIbI HaxonuTcs Ha Bbicore 60 M OT ypesa peku
U XOpOLIO 3aMETEH II0 P’KaBO-KPACHOMY LIBETY pyciia
pyueiika, OKpallleHHOTO IIPU OCaXKIAEHUM U3 BOJbI OKHUC-
710B >kene3a. K ocTalbHBIM TEpMOTIPOSIBICHUSAM Oaccei-
Ha p. ['eli3epHOil, pacnoIOKEHHBIX HIDKE IO €€ Tede-
HUIO, MBI BEpHEMCs IIpU onucaHuu JloauHbl reizepos.
Ho npexne nomonHUTENBHO OCTAaHOBUMCS Ha Xapak-
TEPUCTUKE YIIOMSHYTOH BBINIE TEPMaTbHOU IIJIOIIAIKA
Jonunsl cmepTH.

tiny white and yellowish mud volcanoes. Like at the other ther-
mal fields, slight smell of hydrogen sulfide is felt.

To complete the picture of the Zheltaya hill hydrothermal
activity, we should note warm springs located at the conflu-
ence points of the Prozrachnyi and Mutnyi brooks. In the basin
of the first brook, over the Colorado gorge, a 37 °C spring is re-
ported, and 150 m below their confluence point, at the left bank
of the Geysernaya river, there exist several springs with the
temperature of 27 °C (Neozhidannye (Unexpected) springs).
The uppermost water outflow is located 60 m above the river
brink and is well distinguished by rust-red color of the streamlet
basin due to iron oxides precipitation from the water. Further
on, when describing the Valley of Geysers, we shall in detail
consider other thermal manifestations of the Geysernaya river
basin, located down its course. But first let us characterize the
above-mentioned thermal area of the Death Valley.
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The Death Valley and the causes

of animals’ death in the upper
course of the Geysernaya River

In 1974, a great number of dead animals and birds were
found beside the Southwestern foot of the Zheltaya mount,
at the absolute mark of 850—-900 m, within the basin of the
Zheltyi brook that is a left tributary of the Geysernaya river.
Positions in which animals were found pointed to the sudden-
ness of their death. There is nothing gloomy or dangerous in
the picture of this valley. In contrast, a tired tourist would be
anxious to come down the quiet river and have a little rest
here. Perhaps, the same feeling draws animals to this place.
According to the reports of the members of the Kronotsky
State Reserve, the following animals perished in the Death
Valley for the five years’ period (1974—-1979): 13 bears, 3 glut-
tons, 9 foxes, 1 hare, 86 mice, 1 sea-eagle, 19 ravens and
more than 40 small birds. Continuous monitoring of the area
revealed that the period when animals die in most cases co-
incides with the period of snowmelt that lasts here from May
till the middle of July.

Members of the Institute of Volcanology FEB RAS,
V. L. Leonov and V. A. Voronkov paid attention to thermal
spring vents in the area of the Death Valley. Free gases
of these springs contain much carbon dioxide with some
admixture of hydrogen sulfide. Accumulation of carbon di-
oxide over the lowered areas of the valley was suggested
as the reason for animals’ death. Similar cases have also
been reported at other areas of volcanic activity. So, the
Dead Canyon is known near the Yellowstone National Park,
where dead grizzly bears were found. Suffocated wild boars
and other animals were seen near discharges of carbonic
gas jets (mofettes) in the Death Valley at the Java Island. In
all the instances, the cause of death was considered carbon
dioxide accumulating at the relief lowerings given the ab-
sence of convective air mixing.

The Kikhpinich volcanic massif to which the Kam-
chatka Death Valley is confined, is now at the stage of
fumarole-solfatara activity. Young Savich cone with an ac-
tive fumarole at its near-top zone rises at the Northeastern
part of the massif. Over the solfatara fields of the Southern
and South-western slopes of the Kikhpinych volcano, com-
posed of multicolor clay-alunite rocks with sulfur veinlets,
one can observe numerous steam-gas vents in whose
composition CO, and H,S prevail, containing also SO, and
other gases. At the same time, the Death Valley lies in the
area of a deep fault stretching westward across the Uzon
Caldera, whose hydrothermal system is known as a sulfide

Honuna cmepmu u npuyuHel
2U0esnu XUBOMHBIX 8 BEPX0BbAX
p. [etizepHoli

V roro-3anamHoro mogHoxus . JKenroi Ha aGcomOT-
Hoit otmeTke 850-900 M B nonuue py4. XKentoro, siBisro-
IIerocs JICBBIM NpUTOKOM p. [eiizepHoii, B 1974 1. Ob110
oOHapy>XeHO MHOTO MOTMOmuX 3Beped W nrTull. [1o3bI
3Bepeil roBOpWIM O BHE3amHOW cmeptu. Huvero mpau-
HOTO W TPEABEIIAIOIETO OMACHOCTh HET B OOJIHKE 3TOH
HEIMPOKOW JoMMHKH. Hao0opoT, mocie yToMUTEIIEHOTO
JIa3aHys 110 yBajlaM XOYETCsl CILyCTUThCA B HEE U OTHOX-
HYTb Yy peuyliku. Bo3MoxHO, Takoe jKelaHue BO3HUKAeT
u y 3Bepeit. 3a math net (¢ 1974 nmo 1979 1.) B Jlonune
CMEPTH, 110 JaHHBIM COTpyAHUKOB KpoHoLkoro rocynap-
CTBEHHOTO 3ar0BeIHNKa, Toruomu 13 Measeneit, 3 poco-
Max#, 9 mucu, 1 3asim, 86 mbimeit, 1 opnan, 19 BopoHOB
u 6onee 40 menkux nTUl. PexMMHBIMUA HaOIIONEHUIMU
YCTaHOBJIEHO, YTO BPeMs TMOENH KPYIHBIX >KHBOTHBIX
yallle BCEro COBIAJaeT ¢ NEePUOIOM TasiHUA CHera, KOTo-
PBIN ATUTCS 31€CHh C Masi 10 CEPEIUHbI UIOJIS.

Corpynaukn UMHctutyta Bynkanomormu [IBO AH
CCCP B. JI. JleonoB u B. A. BopoHkoB oOparwiii BHH-
MaHHE Ha BBIXOIbl TEPMAJIbHBIX MCTOYHUKOB B paioHe
JomuHbl cMepTH. B cocTaBe CITIOHTaHHBIX Ta30B 3THX HC-
TOYHUKOB MPe00IaIaeT YIIIEKUCIIBIN Ta3 ¢ HeOOIBIIIOH pH-
MECBIO CEpoBOJOpOa. bbulo BBICKa3aHO MPEATIOIOKEHUE,
YTO IPHYHHON THOEIH KUBOTHBIX MOXKET OBITh CKOTUICHHUE
YIJIEKUCIIOTO T'a3a B IIOHWKEHHBIX yyacTKax JoiuHbL. [Tpu-
Mepbl TaKUX COOBITHH OIUCAHBI U TIO JPYTUM paiioHaM
BYJIKAHMUECKOH nestenbHocTH. Tak, 6mus MennoycTon-
ckoro HannoHanbHOTO mMapka B CIIIA m3BectHo MeptBoe
yIIenbe, rae ObUTH HalIeHbl TOTHOINe MEBEAN-TPH3ITH.
B lonunae cMeptr Ha 0. SIBa OKOJIO BBIXOAOB YIIEKHACIBIX
Ta30BBIX CTPYH — MO(ETT MHOTOKPATHO HAXOIWIN 330X~
HYBIIUXCS KabaHOB U IPYTHX KUBOTHBIX. B 3THX cirydasx
BUHOBHUKOM THOCITH TPU3HABAIHN YIIEKUCIBIN a3, HaKa-
TUTMBAIOIINIICS B TOHIKECHHUSX peibeda IMPH OTCYTCTBHU
KOHBEKTHBHOI'O II€PEMELLINBAHUS BO3LyXa.

Bynkannuecknii MaccuB KUXnuHbBIY, K KOTOPOMY TIPO-
CTPAaHCTBEHHO NpHUypouyeHa Kamuarckas JlonmHa cMepTH,
HAXOIUTCS B CTAUU (PyMapoIIbHO-CONTb(aTapHOM AeATeIh-
HOCTH. B ceBep0-BOCTOYHON 4aCTH MAacCHBA BO3BBIIIACTCS
Morofo konyc CaBuua, B IPUBEPITUHHON 4aCTH KOTOPOTO
JI0 CHIX TIOp AekcTBYeT hymapora. Ha conbdarapHbIX MOIsX
F0KHOTO M 10T0-3aIlaJHOTO CKJIOHOB BylkaHa KuxmuHbld,
CJIOKEHHBIX Pa3HOLBETHBIMU [JIMHUCTO-aTYHUTOBBIMU T10-
pomaMu ¢ MPOKIIKaMHU CEephl, HAOMIOOAaeTCss MHOKECTBO
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BBIXOJIOB TTApOra30BBIX CTPYH, B COCTaBE KOTOPBIX OCHOB-
Hoe mecto 3anumaror CO,, H,S, B Menbuieii crenenn SO,
u Japyrue rasel. B To xe Bpems paiioH [lonuHbl cMepTH
JISKUT B N0JI0CE NTyOMHHOTO pa3jioMa, TPACCHPYIOLIETOCS
Ha 3amaj uyepe3 Kanpaepy Y3oH. Kak nzBectHo, ruipoTep-
MaJIbHasl CUCTEMA KalbAepbl Y30H SBISAETCS CyNb(HUIHOM,
U CEpOBOIOPOJ 3aHMMAET B COCTABE CIIOHTAHHBIX I'a30B,
10 HAIIUM JaHHBIM, 10 8 00.%

VYdacTok, rje HabmonaeTcs rubeb KUBOTHBIX, MPH-
YpPOYEH K JJOBOJBHO Y3KOH JONMHE NPOTSHKCHHOCTBIO HE
6onee 2 kM u mupuHoi ot 100 1o 500 M. Ha aToM yuactke
BBIIENsAETCs TUiomaaka pasmepoM 100 x 30 M, rie yamie
BCEro OOHapy>KUBAIOT MOruOImmXx 3Bepei u nruil. Ilmo-
aJKa HaxXOJUTCSl Ha HIDKHEW BalyHHO-TaJIEYHHKOBOM
Teppace pyubs Bbicotoi 0,5-0,7 M. Bopra pyuss cio-
JKCHbI UBMCHCHHBIMU [0 INIUH IOpOJAaMHu C OOMITBHBIMU
BKITtoueHUsIMU cepbl (hoto 31). B BepxoBbAX MeNKHX
PY4beB, CTEKAIOIIMX K IJIOIMIAAKE C BOCTOKA, HAOIIO-
JAI0TCsl OTIOKEHMsI MOYTH YMUCTOW CaMOPOIHOW CEpBI.
BanyHHO-rameyHuKOBOE HO MEJIKOTO Pydbs MPAKTH-
YECKH CIUIONIb TOKPBITO OENBIM HAJEeTOM KOJUIOMIHOM
ceprl. Brime mo pydsio, Ha JeBOM Oepery, OTMEUCHO
CHJIbHEHIIIEE CEPHOKHCIIOTHOE BBIIICIAUYMBAHUE CEPO-
HOCHBIX ITOPOJI, 0OYCIIOBICHHOE OKHUCIEHHEM CEepBl THO-
HOBBIMHU OaKTepusIMH, CHIDKarommMu pH pacTBopoB 1o
3HaueHH MeHbIne 2. Hike ygacTka rudenu >KHBOTHBIX
pyueil ¢ Kucioil BOJOM CIMBAETCs C IPUTOKOM TaJIbIX BO[,
U B €r0 pycie OOMIBHO OTIAraroTcs OXPUCTHIE OKUCIIBI
xenesa. Jlajmee BHU3 MO TEYCHHUIO IO o0ouM Oeperam py-
Ybs Ha6J'IIOHaIOTC$I BBIXO/IbI MO(beTT C 3aMCTHBIM 3al1aXoOM
CEpOBOZOPOJA, HO 3[€Ch OTMEYEHBI TOJIBKO €JUHUYHBIE
HaXOJKH! TYIICK MEJIKUX IITHUII.

HemocpenctBenno B 30HE J[0IMHBI CMEPTH OKHCIIH-
TCJIbHasA OCATCIBHOCTh THOHOBBIX
OakTepuii ojaBlieHa W KOHIICHTPA-
1S MX Ha 00pasiiax cepbl COCTaBIsIA
B aBrycre 1982 r. ums 103 kneTku/T,
T. €. ObITa HAa HECKOJBKO ITOPSAKOB
HWKE OOBIYHOW JJISl YCIIOBHH CEpHO-
KHCIIOTHOTO BEIenaunBanns. Ciraboe
pasBuTHe OaKTepHaIbHBIX IpOIEC-
COB OKHCJICHHUS CEPHl Ha 3TOM ydacT-
K€ U HaJIM4He CEpOBOIOPOMA B rasax
MO(beTT HaTaJIKMBAJIU HAa MBICJIb O €I0
perIaromei posiu B THOEIIH KUBOTHBIX
B Jlommne cmepru. MuTepecno, uTto,
HaXOMsICh B OOOTAIIEHHOH CEpPOBOIO-
porom armocdepe, Tyl TOTHOMIHX
JKUBOTHBIX U ITHUI IOJI0 HE pazjara-
much. UToOBI HE MPUBIEKATh K MECTY
THOCTH JPYTHX 3BEpPEH, COTPYIHHKH
Kponouxkoro 3anosennunka B 1978 1.
yOpayu Tpymbl U3 30HBI THOETH. B Ha-
yayie Masg 1979 r. mpu odepenHoM 00-
cienoBaHuu JloduHBI cMepTU 34€ECh
ObuTa OOHApY’KEHA IMOTHUOIIAS JIUCHTIA.
[To cnemam Ha cHeTy, KOTOPBINA BHIMAI
HaKaHyHe, OBUIO XOPOIIO BHIHO, YTO
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one, with up to 8 vol.% of hydrogen sulfide in the composi-
tion of free gases.

The zone where animals die is confined to quite a narrow
vale not more than 2 km long and 100-500 m wide. Here,
a 100 x 30 m ground is singled out, where dead animals
and birds are found most often. The ground is located at the
lower boulder-pebble terrace of a stream 0.5-0.7 m high.
The stream sides are composed of altered to clay rocks with
abundant inclusions of sulfur (photo 31). Deposits of almost
pure native sulfur occur at the heads of the streams running
onto the ground from the East. Boulder-pebble bottom of a
shallow streamlet is practically all over covered by the white
film of colloidal sulfur. Up the stream, at its left bank, strong-
est leaching of sulfur-bearing rocks takes place, caused by
sulfur oxidizing by carbothionic bacteria reducing the pH
level of solutions to values far below 2. Down off the zone
of animals’ death, the acidic stream confluences with a flow
of snowmelt waters, and abundant iron oxides are depos-
ited over its bed. Further down the stream, at its both sides,
hydrogen-sulfide-smelling mofettes also occur, but only some
single bird bodies were found here.

Immediately in the Death Valley, oxidizing activity of car-
bothionic bacteria is suppressed, and their concentration
in sulfur samples collected in August, 1982 made up only
103 cells/g, that is, a few orders below that usual for sulfu-
ric acid leaching conditions. Poor development of bacterial
processes of sulfur oxidation at this area, as well as the pres-
ence of hydrogen sulfide in mofettes gases, hinted to its dra-
matic role in causing death of animals here. Remaining in the
environment enriched in hydrogen sulfide, bodies of animals
and birds did not putrefy for quite a long time. In 1978, mem-
bers of the Kronotsky Reserve took the dead bodies away
from the area in order not to attract other animals. At the be-

31. Tepmanwvuas nnowjaoka /lonuna cmepmu

31. Thermal ground the Death Valley
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JMCUIIA CITyCTUNIACh K PYUYBIO C KPYTOTo 60pTa 1 morutna
BHe3anHo. [lepen Hel nexana MepTBas MyHo4Ka. B atom
MeECTe HaJ| 3aCBIIaHHBIM CHETOM pydbeM 00pa30oBajioch
MPOBaJIbHOE OKHO, BO3HUK CBOe0Opa3HbIit konozen. Cy-
CTHUBLIKUCH B HETO, Mbl OLIYTUJIU 3al1aX CEpOBOAOPOJA, IO~
JyBCTBOBAB T'OJOBOKPY)XEHHE M YCHJCHHOE cepiielue-
HUE, Mbl HAACJIN IPOTHUBOIa3kl.

Bosnyx, orobpansslii B 10—-15 cM oT 3epkaia BOIBI
pyuss, coxepkan 21, 23 mr/n (1,41 00.%) cepoBomo-
pona u ObLT pe3ko obenHeH KuciopoaoM (tabm. 1, mpo-
6a 10/79). Ha Beicote 50 cM cepoBoopoaa ObUIO yke
10,2 mr/1 (0,69 06.%). B Bozme X0moaHOTO pydbst onpese-
neHo 105,4 mr/a cepoBojoposia; BCe KAMHU B HEM ObUIH
MOKPBITHl TOJICTBIM HAJIETOM KOJIJIOMJIHOM cepbl. CHer
B paifoHe «KOJOAIA» TAKXKEe OKa3aJICsl HACHIIICHHBIM Ce-
poBogopooM. [Ipu MOBTOPHOM MOCEIIEHUH 3TOTO MECTa
0CeHbI0 1979 T. MBI OOHAPYKUITH, YTO pyUeH BBICOX, CEP-
HOT'0 OoCaJika B py4b€ HCT, 1 B OKPCCTHOCTAX OTCYTCTBY-
I0T COCPEIOTOUEHHBIC CTPYH T'a3a WM Tra3upyronme uc-
TOYHMKH. B TO ke BpPEMs BO3AYX B HUIIIAX IMOJ CEPHLIMU
OyrpaMu cofiepaJl T€ e MOBBIIICHHbIC KOHIICHTPAIUN
cepoBozopoza. Ha OTKpBITEIX MPOIyBaeMbIX MECTax ce-
POBOIOpO/Ia B BO3IYXE YKe HE OBLIO.

O6cnenosas [lonmuny cmeptu B aBrycre 1981 t., B mie-
pUoA MOJIHOTO CX0Jla CHE)KHUKOB U CUJIBHBIX BETPOB, IIPO-
AyBarOmux JOJHMHBI, Mbl HE 06Hapy>i<1/1n1/1 31€Ch HOBBIX
MIPU3HAKOB THOEH KPYITHBIX )KUBOTHBIX. Broms Tpemun-
HBIX 30H MOCTYIJICHUA T'a30B OBLTH HaﬁI[CHLI TYIIKHA MEJI-
KHX TTUIl U Mblmed. OcoGeHHO 4eTKo (PUKCHpOBAIUCH
BBIXO/IbI Ta30B 110 MHOTUM COTHAM MCPTBBIX HACCKOMBIX.
CBUICTEIBCTBOM IIOCTYIUICHHS CEPOBOIOPOZA IO 3TUM
30HaM ABUJIOCb MHTCHCHUBHOC MOYCPHCHUEC OOKOBBIX nopona
BCJIEACTBHE 00pa3oBaHus TUCYIb(uIa skene3a. B mpobe
Bo3ayxa 00beMoM 80 MII, OTKAYaHHOTO PE3UHOBOU Tpy-
Iei M3 TaKOU 30HBI B 3apSIJIKY C alleTaToM KaMusl (Tapai-
JenbHOM npobe 2106), 6but0 onpeneneno 1,3 06. % H.S.
B 10 xe Bpems B AByX mpobax Bosmyxa (Tabm. 1, mpoOst
2101, 2107), oToOpaHHOTO B TOM K€ CAMOM MECTE JJICK-
TpoHacocoM (mpokadaBimM 4epe3 S00-MUUTHIUTPOBYIO
eMKocTbh 30 11 Ta3a B TedeHue 1 yaca) cepoBoiopo He ObLT
00Hapy>KeH, 4TO, HO-BUIUMOMY, CBSI3aHO C €TI0 OCIEAYyI0-
MM OKHCJIEHHEM KuciopomoM. B mpobax 2103 u 2105,
OTOOpaHHBIX M3 OJHOTO U TOTO K€ MECTa U MPOAHATU3H-
POBaHHBIX B pa3HbIX JTa0OPATOPHSX, a TakoKe B Ipode 2106
OOHAPYKHJICS HEKOTOPBIM M30BITOK KHCIOpPOAA OTHOCH-
TEIBHO BO3IYLIHOTO COOTHOILICHUS a30Ta U KHUCIOPOJa,
YTO, MO-BUJIUMOMY, CBSI3aHO C MOCTYIUICHHEM KHCIOPOAa
U a30Ta C TPYHTOBBIMU METEOPHBIMU Boziamu. IIpu comnpu-
KOCHOBCHHH C TOPAYUMU CTPYAMU I'a3a IMMPOUCXOAUT JCra-
3alus BOABI U, COOTBETCTBEHHO, MCHSACTCS COOTHOILICHHEC
N,/O, B mOTOKe ra3a Ha BBIXOJIE, TAK KaK PaCTBOPUMOCTh
(1 comepskaHue) a30Ta U KUCIOPOJa B BOZIE 3aMETHO Pa3-
JINYHBI. AHAJIOTMYHOE SIBJICHUE OTMEYaIOCh U paHee, Ha-
IpUMep Ha ByJKaHe DOeKo.

J71st pOBEepKH MPEATIONOKEHHS O BO3MOXHOCTH TeHEPH-
pOBaHUsI T'a30B TONILEH CEPHBIX OTIIOKEHHM TPU €€ Mporpe-
Be ObLTH CACJIaHbl aHAJIU3bI OKKITFOAUPOBAHHBIX (HOFJ'IOHICH—
HBIX [IPY 00Pa30BaHKM) TA30B B IBYX 00pa3iiax caMOpOIHON
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ginning of May, 1979, during a regular inspection of the Death
Valley, a dead fox was found here. Judging by its tracks that
were seen on the fresh snow, the fox came down to the
stream and died all of a sudden. A dead snow-bunting was
lain before her. At that place, over the snow-covered stream,
a collapse gap had appeared, forming a sort of a well. Getting
down into the well, we smelt hydrogen sulfide and, feeling
giddiness and tachycardia, we put on our respirators.

Air sampled 10—15 cm above the stream water contained
21.23 mg/l (1.41 vol.%) of hydrogen sulfide and was quite
poor in oxygen (table 1, probe 10/79); while 50 cm above
the water, hydrogen sulfide amounted 10.2 mg/l (0.69 vol.%).
105.4 mg/l of hydrogen sulfide was determined in the cold
stream water, and all the stones within it were covered by a
thick film of colloidal sulfur. Snow around the «well» was also
saturated with hydrogen sulfide. In Autumn, 1979 we found
the stream dried out, no sulfur sediment on stones and no
gas jets or degassing springs around. However, air beneath
the sulfur knolls contained the same high concentrations of
hydrogen sulfide. The latter was not found in the air at open
ventilated spaces.

Having examined the Death Valley in August, 1981, at
the time of complete removal of snow and strong winds
blowing the valley through, we did not find any new signs
of death of big animals. However, along the fissure zones
of gas supply, dead mice and small birds were discovered
again. Gas vents were especially marked by hundreds of
dead insects. Deep black color of the wall-rocks due to ac-
cumulation of iron disulfide indicated the supply of hydrogen
sulfide along those zones. 1.3 vol.% of H,S was determined
in the air probe (80 ml) pumped out using a rubber pump
from such a zone into the charger with cadmium acetate
(parallel to the probe 2106). However, hydrogen sulfide was
not detected in two air samples collected at the same site
using electric pump (pumping 30 | of gas through a 500 ml
vessel for 1 hour), which is probably due to its consequent
oxidation. Probes 2103 and 2105 collected at the same
site and analyzed in different labs, as well as probe 2106,
showed some excess of oxygen relative to the air ration of
nitrogen and oxygen, which is likely to be associated with
the supply of oxygen and nitrogen with ground atmospheric
waters. When contacting with hot gas streams, water de-
gassing takes place, and, accordingly, N,/O, ratio in the
gas outflow changes, because solubility (and contents) of
nitrogen and oxygen in water are notably different. Similar
phenomenon had been reported earlier, for example, at the
Ebeko volcano.

To test the hypothesis on the possibility of gas genera-
tion by the mass of sulfur deposits when heating, occluded
(absorbed at the formation) gases were analyzed in two
samples of native sulfur collected from a sulfur knoll in the
area of animals’ death. Table 2 shows that the composition
of the resulting gas is to some degree intermediate between
usual air and free gas probes from the springs of the Death
Valley. Such a composition was likely formed in the result of
diffusion of fumarole gases and atmospheric nitrogen and
oxygen into the sulfur body. Notable is the presence of sulfur
dioxide and carbonyl-sulfide (COS) in occluded gas compo-
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Taonuya 2. Cocmag oKK100UpPOSAnHbIX 2a306 (00.%)

Table 2. Composition of occluded gases (vol.%)

The pearl of Kamchatka: Valley of Geysers

Cepbl, OTOOpaHHBIX M3 CEpHOro Oyrpa Ha
[UIOLIAAKE THOeIu >KUBOTHBIX. Kak BHUIHO
H3 Ta6J'[I/IIH>I 2, COCTaB BBIACIIMBIICIOCA ra3sa

Homep mposr SIBIICTCS. TPOMEKYTOUHBIM MEXTY OOBIU-
Probe number N, 0, Ar | €O, | SO, | COS | CS, | HS |y BO3/yXOM M TIPOOaMH CIIOHTAHHOTO ra3a
U3 UcTouHUKOB JlomuHbl cMepTH. BeposTHo,

1044/1 56,9 | 16,6 | 0,69 | 23,9 | 0,16 | 0,16 | 0,45 | 0,21 TAaKoH COCTaB rasa c)OPMUPOBAICS BCIIC]-
cTBHe AU(Qy3UHN B CEPHYIO 3aJIeXKb II0TOKA

1044/2 S10 | 14,1 | 0,65 | 30,6 | 037 | 0,14 | 038 | 0,19 | dhymMaponBHBIX ra30B H ATMOCHEPHBIX KHCIIO-
pona u azora. OOpariaer Ha cebs BHUMaHHE

Boszyx (o1anon) | 26 o | 509 | 093 | 00 | - - - - K

Air (standard) ) ) , . HaJIMYKE B COCTaBe OKKITIOMUPOBAHHBIX Ta30B

IIpumeuanue. IIpoObl aHATN3UPOBAHEI Ha Macc-crekTpoMerpe Tua MU-1201. Obmee xomu-
YECTBO Ia3a ONpeeNsioch ¢ IPUMEHEHUEM BO3IYIIHOTO cTaHaapra. AHaauTHk 0. M. Mun-

nep (MuctutyTt Mukpobuonorun PAH, . Mocksa)

Note: Probes were analyzed using mass-spectrometer of the MI-1201 type. Total amount of gas was deter-

NBYOKHCH cepbl U KapOonuncynbpuna (COS),
orMeueHHoro eme B 1960 r. JI. A. bamapu-
HOW Ha MHPOKJIACTHYECKUX MOTOKAX BYJIKa-
Ha Be3bIMsSHHOrO, a Takke paHee HUKOTA He

mined using the air standard. Analyst Yu. M. Miller (Institute of Microbiology RAS, Moscow)

sition, which had been reported in 1960 by L. A. Bosharina,
and carbon disulfide never before detected at volcanoes.
Thus, along with rather high contents of carbon dioxide,
H,S, SO,, COS and CS, were found in the air of the Death
Valley. They refer to the substances pernicious for the cen-
tral nervous system: 0.1% of H,S in the air causes serious
poisoning and extremity paralysis in animals; 0.2 % of sulfur
dioxide causes loss of consciousness and fainting; 0.5 % of
CS, affects the central nervous system and other organs.
However, results of inhaling do not show up immediately;
toxic effect of COS is similar to that of H,S, but it also acts
slowly.

It should be taken into account, that in August, 1981,
air probes were collected at a strong wind ventilating the
valley. Evidently, in calm weather, concentrations of heavy
and toxic components (CO, H,S, SO,, COS and CS,) in the
near-ground air would be much higher. Formation of stable
stratification of gas strata with quite different compositions
(the so-called «chemical meromixy») is due to the pecu-
liarities of local microrelief and weather conditions. This
phenomenon in the Death Valley was most probably trig-
gered by the inversion of atmospheric temperature during
the snowmelt, which is followed by accumulation of carbonic
acid and sulfur compounds in the near-surface air.

OIPENIENIEMOr0 Ha BYJIKAHAX CEPOyLIEpOAa.
TakuMm oOpasoM, B cocraBe Bo3ayxa Jlomu-
HBbl CMEPTH TOMHMO JOCTaTOYHO BBICOKHX COJICPKaHUH
ymIekucoro rasa oonapyxensl H,S, SO,, COS, CS,. Ounn
OTHOCSTCSl K BEIIECTBaM, I'yOUTENbHO ACHCTBYIOIIUM Ha
LEHTpaJIbHYO HepBHY!O cuctemy: 0,1 % H,S B Bo3nyxe BbI-
3bIBaeT TSDKEJIOE OTPaBJICHHE U TTapaInd KOHEYHOCTEH Y JKH-
BOTHBIX; 00,2 % JIByOKHCH CEpbI BBI3BIBAET TOTEPIO CO3HAHUS
1 00Mopok; 0,5 % CS, mopakaeT UEHTPAIbHYHO HEPBHYHO
cucTeMy U Jpyrue opranbl. Ho mocnencTBusl BAbIXaHHS T10-
sBistoTca He cpasy; COS mo Tokcuueckomy dhQeKTy cxo-
JIEH C HZS, HO AEUCTBHE €T0 MPOSIBIISIETCS] MEAJICHHEE.
Crnenyer yudecTsb, uTo B aBrycre 1981 1. mpoOsI Bo3y-
Xa OTOMpasu MpH CHIBHOM BETpe, mpoayBatomieM Jlomu-
Hy cMepTu. [lo-BuaumMomy, B 6€3BETPEHHYIO IIOTOY KOH-
LIEHTPALMU TSKENBIX U TOKCUYECKUX KOMIIOHEHTOB CO2,
H,S, SO,, COS u CS, B npu3eMHOM CJI0€ BO3/yXa ObLiu
05! BhIIIe. BO3HUKHOBEHNE YCTOWYIMBOM cTpaTuduKanum
CJIOEB ra3a pe3Ko pa3IMyHOIO XMMUYECKOTO COCTaBa — TaK
Ha3bIBAEMOM XMMHUECKOH MEPOMHUKCHU — OOYyCIOBICHO
0COOCHHOCTSIMH MHKpOpenbeda MECTHOCTH U MOTOAHBIX
ycinoBuid. ToTdkoM K 3TOMY sBIIEHUIO B [loMHE cMepTH
CIIy’)KUT, CKOpee BCEro, BOSHUKHOBEHHUE MHBEPCHHU TEM-
neparypsl arMoc(epsl B MEPHOJ CHETOTAsHU, BCIIEH 32
KOTOPOM U MPOUCXOIUT HAKOIUICHHWE B NPHU3EMHOM CJIO€
BO3/IyXa YIJICKUCIOTHI U CEPHUCTHIX COSTUHEHUH.
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Knumam, pacmumerbHoll
U XUBOMHbIU MUp

KimMatndaeckne 0COOCHHOCTH TEpPUTOPUU OIpene-
TSIOTCS TIOJIOKEHWeM BOMM3n THXOOKeaHCKOro mode-
pexbs Kamuarku, [uid KOTOpOro xapakTepHa aKTHBHAs
OUKIOHUYECKash ACATeIPHOCTh W CMEHa arMochepHon
LUPKYJALUN HaJl MaTepPUKOBOM YacThIO U MpUJIETAIOLIeH
akBatopueil Tuxoro oxeana. CiencTBHEM pa3iIHMYHOTO
MporpeBa BO3MyXa HaJ CyIIeH U OKEaHOM SIBISIETCS O0H-
JIM€ OCalIKOB, OOJAYHOCTh U BBICOKAs BJIAXKHOCTb, YTO
CBOWCTBEHHO OCOOCHHO MPUMOPCKUM palioHaMm. Ymaie-
Hue JlomuHEI Teif3epoB OT moOepexkbs modtd Ha 40 kM
1 TIpeBBINIEHNE Haj ypoBHEM Mops Ha 600—1 400 M mpu-
BOOUT K OoJiee KOHTPACTHBIM TEMIIEpaTypaM BO3IyXa
U MeHbleld obmagHocTH. OOIIee KONMYECTBO OCAIKOB
nocturaer 2 000 MM B rofi, 60bINAas 9acTh KOTOPBIX Ma-
Jaer Ha 3uMHee Bpems. CpeaHeronoBas TeMmIepaTypa
Bo3ayxa npuommkaercs k 0 °C, caMblil TEIUTBIA MeCSI] —
aBTYyCT, CaMbIi XOJIOJHBIA — STHBaph. [Ipu OombIION Mpo-
JOJDKUTENIBHOCTH 3UMHETO IepHuo/ia (CHET BbINaJaeT B ca-
MOM Havajie HoI0ps U CXOIUT B KOHILIE Mas), 3MMa MsTKas,
0e3 cuIIbHBIX MOP030B. OCEeHbIO U B Hayalle 3MMbl palioH
JonuHbl reif3epoB momnagaeT MoOA BIMSHHE LUKIOHOB,
COIPOBOXKAAEMbIX CHIIBHBIMHU BETPaMH FOT0-BOCTOYHOTO
U CEBEepO-3alaHOTO HANPAaBICHUH M OOWIBHBIMHU OCa-
KaMd. B 3Tu MOMeHTBI oTMeuaercsi Ooiblias CyTOYHAs
HOpMa ocaakoB — 10 60-80 mMm. M3-3a kopoTkoro (Ha-
YaJio MIoJIs — MepBast OJOBUHA CEHTAOPs), MPOXJIATHOTO
U BIIQXKHOTO JIETa, Ha BBICOKMX OTMETKAaX U MHKPOIOHH-
XKEHUX penbeda CHET, He YCIIeBasi pacTasTh, COXPaHICT-
sl 10 Hauaja HOBOTO CHErOCTOSHHUSL.

PactutenbHblii MOKpoB B Oac-
ceiiHe lelizepHOil oOTpaxaer Bce
OCOOCHHOCTH PaCTUTENBHOIO MHpa
ByJIKAHUYECKOro Jnoja Bocrounoit
Kamuarku. B BepxoBbe Oacceiina Ha
CKJIOHaX BYJKAaHMYECKOIO MacchBa
Kuxnuaera—XenTas Bellle OTMETKH
1 000 M pacTUTENBHOCTH MpPENCTaB-
JieHa HeOOJIBIIMMU IISITHAMHE KyCTap-
HUYKOB BEPECKOBOTO COOOIIECTBA B
OOJIBLIMHCTBE CBOEM CTJIAHUKOBOM
(hopmbl (barysabHUK, OpyCHHUKA), MXa
U JumailHuKoB. CKJIOHBI JTOJMHBI
pEKH HIDKE THICSYEMETPOBOM OT-
METKHU 33JIepHOBAHbI U CILIOUIb TO-
KPBITBI, 332 UCKIIIOUEHHEM CKAJIbHBIX
OOpPBIBOB, OJIbXOBBIM CTJIAHHUKOM C
OTAENBHBIMU OCTPOBKAMHU KEAPOBO-
ro CTIaHvKa. B cpemgHell u HMKHEN
yacTax OacceliHa, 0COOEHHO B J0O-

(limate,

flora and fauna

Climate of the considered territory is conditioned by its
location close to the Pacific coast of Kamchatka, for which
typical is active cyclonic activity and changes of atmospheric
circulation above the continental part and adjacent waters of
the Pacific Ocean. Different degrees of air heating above the
ground and ocean result in the abundance of atmospheric
precipitates, cloudiness and high humidity, especially for the
coastal areas. Located almost 40 km inland and 600—1 400 m
above the sea level, the Valley of Geysers is characterized by
even greater differences in air temperature and lesser cloudi-
ness. Total rainfall reaches 2 000 mm yearly, most of which
falls on winter periods. Annual air temperature is close to 0 °C,
August being the warmest month, January — the coldest one.
Given the duration of winter (snow covers the valley at the
beginning of November and melts at the end of May), it is still
mild, without nipping frosts. In autumn and early winter, the
Valley of Geysers is influenced by cyclones accompanied by
strong Southeastern and Northwestern winds and abundant
precipitation. Summer is short (early July — mid September),
cool and damp which leads to preservation of snow over the
tops and micro-lowerings of the relief all year round.

Flora of the Geysernaya river basin mirrors all the peculiari-
ties of the volcanic dale flora of Eastern Kamchatka. In the up-
per basin, over the slopes of the Kikhpinych-Zheltaya volcanic
massif (above 1 000 m), vegetation is presented by pure spots
of small shrubs of Ericaceae (mostly elfin-woods like rosemary
and mountain cranberries), moss and lichen. Slopes of the
river valley below the 1 000 m mark are almost all over turfed
and covered by alder and cedar elfin-woods. In the middle and

nuHe pyd. BomonmanHoro, Ha oTMeET- 32. Bepesa Jpmana «npudicunacsy paoom ¢ 6bICOKOMEMNEPAMYPHBIMU NAOWAOKAMU 6 UeHmpe

kax Hike 700 M B pacTHTeIbHOM Al07unbl 2eiizepos

TIOKPOBE TMOABIAIOTCA OTACIIBHO pa-

32. Ehrmann’s birch having taken roots beside high-temperature grounds in the center of the Valley of Geysers
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lower parts of the valley, at the height below 700 m, individual
stone-birches or even their small spinneys appear in the plant
covering (photo 32). For this zone, characteristic is growth
of underbrush typically presented by ashberry, dog-rose and
honeysuckle, as well as blooming sally, cow-parsnip, ground-
sel, shavegrass, damsons, ferns, and others.

Hydrothermal activity does not affect general picture of veg-
etation in each landscape zone. However, peculiar verdure
groups are formed in certain sites of thermal manifestations.
These groups are distributed in separate zones in the middle
of which, open area is observed due to high temperature of the
ground (40-100 °C). Mosses filmed by blue-green algae grow
over the periphery of such zones, and finally, a band of worm-
wood that is occasionally surrounded by high grasses as it is
seen in the middle and lower parts of the Geysernaya river basin.
Immediately at the thermal grounds near water flows and vari-
ous hot water pools, thermophilic algae and bacteria develop,
as well as some species of flowering plants (photo 33). Abruptly
changing temperatures and ground compositions here give rise
to the formation of brisk and mosaic diversity of flora species.

R T o ’ Tl

33. IleéemKosvie pacmenus cocedCmeyrom ¢ mepmonpoAGIeHUAMU

33. Flowering plants neighbor thermal manifestations

The pearl of Kamchatka: Valley of Geysers

CTyIIME KaMEeHHbIe Oepe3bl MM UX HEeOONBIUINE POIIUIIBI
(oto 32). Jlns 3T0i 30HBI XapaKTEPHO pa3BUTHE MOATIE-
CKa, OOBIYHO TPEACTABICHHOTO PSAOWHON, HIMITOBHUKOM,
PEKE XKUMOJIOCTBIO, 4 B TPABAHOM SAPYCE BbIACIIACTCA 1IC-
JIOMailHUK, MBaH-4al, OOPIIEBUK, KPECTOBHUK, XBOIIH,
yepeMila, aropOTHUK, IUTOBHUK H JIP.

FI/I,Z[pOTepMaJH)HaH AKTUBHOCTb HC BJIMACT Ha CyIE-
CTBYIOIIMH B KaXJIoH JlaHAmA(PTHOI 30HE (OH pacTu-
TEIBHOTO MOKpoBa. OJHAKO Ha KOHKPETHBIX Yy4acTKax
TEPMOTIPOSBICHUN (OPMUPYIOTCSI 0COOBIE PACTHTEIb-
HBIE TPYNTUPOBKH. [IpudyeM pacTUTENBHOCTh pacmpee-
JIACTCA IO 30HaM, B HCHTPC KOTOPBIX OOBIYHO 3a CYET
BBICOKOH Temmieparypsl rpyHTa (40—100 °C) Habmrogaet-
Cs1 OTKpBITasi TOBEPXHOCTh. [10 KpaeBbIM 4acTAM MOCIe-
JIOBaTENIFHO Pa3BUBAIOTCS MOX, (PUMOPUCTHIINC, TOKPHI-
THIA TIJIEHKOM CHHE3EJIEHBIX BOJOpOCIEH U, HAKOHEIl,
MOJIOCA TIOJIBIHU, KOTOPast MOXKET OBITh OKPYKEHA BBICO-
KOTpaBbEM M3 NIETIOMallHWKA, KPECTOBHHUKA, BOJDKAHKH.
Ot1o HabnrOMaeTCs B CpelHEl M HIKHEH YacTsIX JOJTUHBI
p. T'eitzepnoii. HemocpencTBeHHO Ha TEPMaJIbHBIX TUIO-

: agkax BOJMM3H BOJOTOKOB U Pa3IUYHBIX
BOJIOEMOB TOpsiYed BOJbI pPa3BUBAIOTCSA
TEPMOQUIBHBIE BOIOPOCTH U OaKTCpUH
" OTACJIBbHBIC BUbBI IBETKOBBIX paCTeHI/Iﬁ
(dboto 33). Pe3ko m3MeHsIOMUECS TEM-
IeparypHble YCJIOBUSA U COCTaB I'pyHTa
o0ycroBiMBaeT 31ech (HOPMUPOBAHHE
IECTPOT0 M MO3aWYHOTO BHJOBOTO CO-
CTaBa PacTUTEIHLHOTO MHUPA.

Jaxe Ha orpaHHYeHHOHN IUIONIAAN
Oacceifna p. ['eif3epHOIt MOXXHO BCTPETHUTD
TUIIUYHBIX Hpe)ICTaBHTCHCﬁ KHBOTHOT'O
mupa Kponomkoro 3anoBenHuka. Pan-
HEl BECHOW Ha 3aCHEKEHHBIX CKJIOHAX
JOJUHBI TIOSABIIAKOTCA 6yp]:l€ MEABCIH,
CIeIIalie K 3apOCHINM 3€lCHBI0 Tep-
MaJIbHBIM IIIOIaaKaM. BOIM3H HUX 4acTo
BCTPEYANOTCA M 3aWIBI-OCISKU, XOTS HX
MOYKHO 3aME€THUTH IMOBCIOAY Ha CKJIOHaX H

In spite of the limited territory of the Geysernaya river valley,
typical representatives of the Kronotsky Reserve fauna can be
met here. In early spring, at the snowy slopes of the valley, there
appear brown bears hurrying down to thermal grounds covered
by some vegetation. Lepuses inhabit practically all the territory
of the valley. A lucky visitor can see a wild deer at the slopes of
the Kikhpinych-Zheltaya massif. Their small groups sometimes
appear here, migrating from the east coast to extensive spaces
of the volcanic dale of volcanoes Uzon and Unana. Foxes and
various field-mice often scurry about the area. As for the birds,
we should name willow grouses, cedarbirds, different tomtits,
chiffchaffs, wagtails and some others. Naturally, in the period of
migration, the number of species considerably grows up, and
many other birds can be met in the area, for instance, bram-
blings and woodcocks-berry-pickers. Notable is also the diver-
sity of insects yearly inhabiting thermal grounds and areas near
water pools and vents of hot water, where they can always find
food and favorable living conditions.

B BepxoBbe OacceitHa. Ha ckioHax mac-
cuBa Kuxnunera—Kenras, ecnmm O4eHb MOBE3ET, MOXKHO
BCTPETHUTH TUKHUX OJICHEH, HEOOJBIINE TPYIIIBE KOTOPHIX
MHOT/IA TIOSIBIISIFOTCS 311€Ch, MHTPUPYS C BOCTOYHOTO II0-
Oepekbs Ha OOLIMPHBIC MPOCTPAHCTBA BYJIKAHUYECKOTO
JloNia BYJIKAHOB Y30H M YHaHa. Hepeako MOXXHO BUIETh
JIMCUI] M, KOHEYHO, Pa3INYHOTO BHIa IoJeBOK. Cpemn
NITUI] BCTPEUYAIOTCs OeNble KypoIaTki, 0COOCHHO B Bep-
XOBbe OacceifHa, KelpOBKH, pa3HOOOpa3HbIC CHHUIIBI, TTe-
HOYKH, TPSICOTY3KH, I10 OeperaM pydbeB KyJIUIKH, HHOTIA
MoMaIaoTcs KaMeHyIkn. Pasymeercs, B meprop mpode-
Ta NTHI] pa3sHOOOpa3ue BUIOB YBEINUNBACTCS U CITydaii-
HO MOXKHO HaOMIOnaTh MHOTUX APYTHX IITHI, HallpuMep
IOPKOB, KYJUKOB-STOJHHUKOB B BEPXOBbe p. [eH3epHOM.
Crnenyer OTMETHTh CBOCOOpa3ne HACCKOMBIX, >KHUBYIIUX
KPYIJIOTOIMYHO HA TePMaIbHBIX TUIOMIAIKaX ¥ BOIN3H BO-
JIOEMOB W BOJJOTOKOB TOPSTYCH BOABI, TJI€ OHH IIOCTOSIHHO
HaXOIAT KOPM U TJE CO3JaHBI OJIaromnpHsTHEIE TeMIepa-
TYpHBIE YCIOBUS OOMUTAaHNUS.
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Ha puc. 33 nmokasana ymnporiieHHasi cxema reojiorude-
ckoro cTpoeHust 6acceiina p. [eitzepHoii. [IpoTekas mo Boc-
TOYHOMY Kpato Y30H-I eif3epHOi ByJIKaHO-TEKTOHHYECKOMN
Jenpeccur (pacroiioKeHHe ee BUJHO Ha puc. 1), peka
BPE3aETCs B 03EPHBIC OTIIOKEHUSI, 3AITOTHSIOIHE JICTIPEC-
CHIO, @ B CpETHEM M HIDKHEM TEUEHHH IIPOpe3acT MX Ha
BCIO MOIITHOCTh U BCKPBIBAeT HaNOOJIEEe APEBHAE OTIIOKE-
HUs, OTHOCSIIHECS K ee ¢pyHaamenTy. Ha kapre (puc. 3)
MTOKa3aHbl OTIIOXKEHUS pa3HOTO BO3pAcTa, 0ObEANHCHHBIC
B IIATH KOMIUICKCOB. JlOKaibaepHBIH KOMIUIEKC (TIOKa3aH
3eJIeHBIM [IBETOM) OOBEIMHSET Pa3HOOOpa3HbIC MOPOIIBI
(IperMyIIIeCTBEHHO JaBHI U Ty(hBI aHIC3UTOBOTO U JTAITH-
TOBOTO COCTaBa), C(HhOPMHUPOBABIIUECS JO OO0pa3OBaHHS
VY3on-TeizepHoit aenpeccun. DT MOPOABI UMEIOT pas-
Hb1# Bo3pact ot 40 go 140 TrIc. neT.

Crenyronume qBa 0ojee MOJIOABIX KOMILIeKca (IoKa3a-
HBI KPACHBIM H PO30BBIM IIBETOM ) CBSI3aHBI C 00pa30BaHUEM
VY3om-Ieii3epHoii nenpeccuu. boree panHuii u3 HUX — 60p-
TOBOM (TTOKa3aH KPacHBIM IBETOM) IMPEICTABICH MHOTO-
YHUCIICHHBIMH JallKaMH, SKCTPY3UBHBIMH TENIAMH H JIABO-
BBIMH ITOTOKaMH, H3MEHSIOIIIMHUCS TI0 COCTaBY OT JAIlTOB
10 puomanuToB. IIprMepom Ten BHEAPESHUS MOXKET OBITH
naiika muk CiustHAs Ha JieBoOepexkne p. IlIymHOM Harpo-
TUB yCThs p. [elizeproii (poto 34). Bonpias yacTh 3THX
TeNl BHEIPWIACH IO IYTOBBIM TPEIIMHAM, BO3HHUKIINM
[0 Kparo BBIMICHA3BAaHHOU NETPECCHH, M CHOpMHpOBaIa
ee Oopra. Bropoii komruieke (TIoKka3aH PO30BBIM IBETOM)
TIPE/ICTaBIICH PEUMYIIECTBEHHO B3PHIBHBIMHU OTIIOKEHHS-
MH — 1eM3amu, 60MOOBBIMHU Ty(amu, ITHUMOpUTaMu. Ero
(hOopMHIpOBaHUE CBI3aHO C MOITHBEIMHU B3PBIBAMH, KOTOPBIE
HETIOCPEACTBEHHO IPEIIECTBOBAIN 00Pa30BaHMIO BYIIKa-
HOTEKTOHUYECKON Aenpeccud. Bo3pact oTiokKeHH 3TOro
KOMIDIEKCa ONpeneieH PagrOyIIepOAHBIM METOIOM IO
MoYBe, MOrPeOCHHON 1O/ HITHUMOpUTaMH B paiione Kpo-
HoIkoro o3epa B 39 600 + 1 000 ner (TMH-1369).

Haunbonee wMomomple OTIOKEHHUS, BCKPBHIBAIOIIHECS
B Oacceitne p. [eiizepHol, 3anonHsAOT Y30H-Iel3epHyto
JETIPECCUI0 W YaCTUYHO PacHpOCTpaHeHBl Mo ee Oop-
tam. OHM OOBEAMHEHBI B JBa KOMIUIEKCA, KOTOPBIE II0-
Ka3aHbl Ha PUCYHKE 3 JKENTHIM M OPAHKEBBIM IIBETAMHU.
[epBbIii KOMITIEKC (MTOKa3aH JKEITHIM [[BETOM) ITPEACTaB-
JIEH O3€pHBIMH OTIOKEHHSMH, KOTOPBIE HMEIOT OYCHb
IIMUPOKOE pAacpocTpaHeHne 1o Oopram p. [elizepHoit
(doto 35). D10, B OCHOBHOM, CIIOMCTBIE MTEM30BbIC TY(DBbI,
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Geological structure and

history of the Valley of Geysers

Figure 33 shows a simplified sketch of the geological
structure of the Geysernaya River basin. Running over the
eastern margin of the Uzon-Geysernaya volcanic-tectonic
depression (its location can be seen in fig. 1), the river cuts
into lacustrine sediments filling the depression, and in its

" = SR

34. Tpuympanvusie sopoma 6 ycmuesoit uacmu I'eiizeproiu — oaiika,
npopesannasn pexou. Boanu oaiika nux Cnuanusn

34. Triumphal Gates in the mouth of the Geysernaya river — a dyke
cut through by the river. In the distance — the dyke named The Peak
of Junction
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Puc. 3. Cxemamuueckasn zeonozuueckasn kapma u paspesul oacceiina p. Ieiizepnoii:

1 — o3epHsie oTI0XKeHHs (Bo3pacT 9—12 ThIC. JeT); 2 — 1aBBl aHJE3UTOBOTO, JIAIIMTOBOTO, PHOJAIMTOBOIO COCTABOB; 3 — 03€pHBIE OTIOKEHMs (Bo3pacT 20—
35 ThIC. 71€T); 4 — @) B3pBIBHBIC OTIIOKEHHS: Te(pa, IeM3bl, HTHUMOPHTHI (Bo3pacT 39—40 ThIC. J1€T), 6) JTaBBI AALUTOBOTO, PHOIALIMTOBOTO COCTaBOB (60PTOBOI
KOMIIJIEKC); 5 — I0KaJIb/IepHBIE OTIIOKEHNUS (HepacuIIeHEHHBIE); 6 — 9PO3MOHHBIE YCTYIIBI, OTPAaHNUYMBAIOIINE C BOCTOKA Y30H-I eif3epHYr0 ByTKaHOTEKTOHHYEC-
KYIO ICTIPECCHIO; 7 — TepMallbHbIe HCTOYHUKH: a) Ha KapTe, 0) Ha paspese

Fig. 3. Schematic geological map and profiles of the Geysernaya river basin:

1 — lacustrine sediments (aged 9—12 thousand years); 2 — lavas of andesitic, dacitic and rhyodacitic compositions; 3 — lacustrine sediments (aged 20-35 thousand years); 4 —
a) explosive sediments: tephra, pumices, ignimbrites (age 3940 thousand years), b) lavas of dacitic and rhyodacitic compositions (edge complex); 5 — pre-caldera deposits
(whole); 6 — erosive ledges bounding the Uzon-Geyser volcanic depression from the East; 7 — thermal springs: a) in the map, b) on the profile
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COZIeprKalllie MHOTAA CIOM OpeKuri M KOHIJIOME-
paroB. M3ydeHne ux cocTaBa U pacHpOCTpaHECHHS
MoKa3ayno, 4To B mpenenax Y3oH-IeizepHoil ne-
MIPECCHUH CYLIECTBOBAJIO HECKOJIBKO O3€pHBIX Oac-
CEMHOB, KOTOPBIE MMENU PA3JIU4YHBIE OYEPTaHMs
Y DIyOHMHBI ¥ TIOCTETIEHHO CMEIANUCH K 3amajay |
K ceBepy. OOImas MOIIHOCTh 3TUX OTIOXKECHHUH IO
6opram Teizeproit mpepbimaer 400 M. Btopoii
KOMIUIEKC, OTHOCSIIMMCS K IOCTKANbACPHOMY
9TaIy, MPECTaBiICH JaBaMU, U3MEHSIOIIMHUCS O
COCTaBY OT AHJE3UTOB /IO PUONUTOB (TIOKA3aHBI
OpamKeBBIM I1BeTOM). Hambonbimum pacnpoctpa-
HCHHEM II0JIb3YIOTCSI JIaBBl PHOJALIUTOBOTO COCTa-
Ba, KOTOpBIE CJIArarOT KPYyNHbIE BYIKaHUYECKUE
nocrpoiiky, conku Xenryro u IelizepHyto B ToM
YyHCJie, UMEIOLINE LIEHTPAJIbHBIN KYIIOJ U pacripo-
CTpaHAOIHUECA OT HETrO0 B CTOPOHBI MOIIIHBIC (,Z[O
100-150 M) naBoBBIC NOTOKH. BHEpeHNE 3THX JT1aB
MIPOM30IIIO YKe mocne (GopMHUpOBaHHS OCHOBHOM
TOJIIX O3€PHBIX OTIOKECHUM, U JIaBBl PACTEKAIUCh
[0 POBHOI HX IOBEPXHOCTH, 00pa3ysl MOILIHEIE,
OOPBIBUCTHIE CO BCEX CTOPOH ILTATo. AOCONIIOTHBIC
BBICOTHI 3TUX IIJIaTO CPABHAIUCH UIIN JAXKE IPEBbI-
CHJIM BBICOTY OOpTOB Y30H-I eii3epHoii nenpeccuy,
TakK 4To B penbede OHA K ITOMY BPEMEHH IepecTa-
JIa CYIIECTBOBATh KaK JICTIPECCHS.

q)OpMI/IpOBaHI/Ie ONMCAaHHBIX MOJIOABIX 3KCTPY-
SUBHBIX KYIIOJIOB M CBA3aHHBIX C HHUMH ITOTOKOB
MIPOUCXOHIIO HETIOCPECTBEHHO TEpesl 1, BO3MOXK-
HO, B IEPHOJ TIOCJICTHETO OJICTICHEHUS], TO €CTh OKO-

o P eY2pos i .
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35. ZKueonucHsle 00pbl6bl NeM306bIX U WUIAKOBLIX MYPOE 03EPHBIX OMI0IHCEHUL
Kénmuie Cxkanvt — na npagom cknone p. Ieiizeproi

35. Picturesque precipices of pumice and cinder tuffs of lacustrine sediments at the

710 15-20 ThIc. T Hazan. K 5TOMy BPEMEHH BYIl- et slope of the Geysernaya river — Yellow Cliffs

KaHH4YECKas OCATCIIBHOCTH B paﬁOHe TIPaKTUICCKU
MpeKpaTuiiach, AeHpeccust Obla IOTHOCTHIO 3allOIHEHA
O3€PHBIMU OTIIOXKCHUAMH U JITaBaAMU.

JanpHelimas uctopus paiioHa u GopMHUPOBaHUE COO-
CTBEHHO J{oNMMHBI reii3epoB B TOM BHUIE, B KAKOM MBI €€
CETO/IHSI 3HAEM, CBS3aHBI C TIPOIECCAMHU 3PO3UH, Pa3-
MBIBa ONKCAHHBIX BBIIIE MOPOMI. DTH MPOILECCHl OBLIH,
Oo-BUAUMOMY, HaI/I6OJ'IeC AKTUBHBI B IEPUO OTCTYIIAHUA
JIETHUKOB TIOCJICTHETO OJIC/ICHEHNS1, KOTJIa MOIIIHBIC PEKH,
BBITCKABIIINE U3-TI0]T JISTHUKOB, MOTIIN TITyOOKO Bpe3aThCs
B O3€pHBIC OTJIOKEHUS, 3amoHstonme Y30H-IeiizepHyo
nenpeccuio. BoaMoXHO, CHITPaio poiik U 3aJI0KEHUE HO-
BEWIIIEH CHCTEMBI Pa3jOMOB CEBEPO-CEBEPO-BOCTOUHOTO
MIPOCTHPAHUS, KOTOPOE IPOU3O0NNUIO B Hayaje TOJOILCHA
(oxonmo 9-12 TeIc. neT Ha3am). DTH COOBITHA TPUBEIN
K TOMY, YTO FOTO-BOCTOYHBIH OOPT Jempeccuu ObLT pas-
pYLIeH ¥ B HEM o0pa3oBaics IIyOOKuid KaHbOH. [louTH
BCE O3EpHBIE OacceifHbl, CYIIeCTBOBABIIME B IIpeesiax
VY3on-Ieit3epHoii aenpeccuy, ObIIM CIYIICHEI, a 10 Kpa-
SIM €€ 3aJIOKIIINCH TTyOOKHE JTOJMHEI PEK, KOTOpPHIE B Ha-
cTosiiee BpeMst Mbl Ha3biBaeM [ eiizepHoit u LllymHOM.

Jonpie BCero COXpaHsICs HEOOJBIIOW O3EPHBIH
OacceliH B CEBEpPO-BOCTOYHOW YacTH Y30H-IelzepHOU
nenpeccun. OH c(hopMUPOBAIICS TP BHEAPEHUN IKCTPY-
3UBHBIX KYIIOJIOB comok [eizepHoit u XKenroii. JlaBoBbIe
MTOTOKU WX COMKHYJINCH, I MEXKTy HUMH H CEBEPHBIM 00Op-
TOM JICTIPECCHU 00pa3oBalIiCs HEOOIbIOW 000COOICHHBIH

middle and lower current, it cuts them through disclosing the
most ancient deposits that refer to its basement. Deposits
of various ages joint into five complexes are depicted in the
map (fig. 3). Pre-caldera complex (green color) hosts dif-
ferent rocks (mostly lavas and tuffs of andesite and dacitic
composition), that had developed prior to the formation of the
Uzon-Geysernaya depression. Age of those rocks vary from
40 to 140 thousand years.

The other two younger complexes (red and pink) are
associated with the formation of the Uzon-Geysernaya de-
pression. The earliest of them, the board one (red), is pre-
sented by numerous dykes, extrusive bodies and lava flows
of dacitic to rhyodacitic composition. The dyke called Pik
Sliyaniya (Confluence Peak) at the left bank of the Shum-
naya river, opposite the mouth of the Geysernaya river, is
a typical example of an intrusion body (photo 34). Most bo-
dies intruded through arc fissures that had formed along the
edge of the above depression, thus constructing its sides.
The second complex (pink) is presented mainly by explosive
sediments — pumices, bomb tuffs, ignimbrites. Its formation
is associated with severe explosions immediately preceding
the development of the volcanic-tectonic depression. The
age of the deposits of this complex (39 600 + 1 000 years)
was determined using radiocarbon method, by the soil bur-
ried beneath the ignimbrites in the area of the Kronotskoye
lake.
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The youngest deposits disclosing in the Geysernaya
river basin fill the Uzon-Geysernaya depression and are
partially distributed along its sides. They are joint into two
complexes depicted in fig. 3 by yellow and orange colors.
The first one (yellow) is presented by lacustrine sediments
widely spread at the sides of the Geysernaya river (pho-
to 35) including layered pumice tuffs, occasionally con-
taining beds of breccias and conglomerates. Studies of
their composition and distribution showed that within the
Uzon-Geysernaya depression, there existed several lake
basins that were different in shape and depth and gradually
shifted westward and northward. Overall thickness of those
sediments along the Geysernaya sides exceeds 400 m. The
second complex referring to the post-caldera stage, is pre-
sented by lavas varying in composition from andesites to
rhyolites (orange). The most widely spread are the riodacitic
lavas constituting large volcanic construction, including the
Zheltaya and Geysernaya hills, having a central dome and
thick (up to 100—150 m) lava flows running from it. Intrusion
of those lavas took place after the formation of the main
body of lacustrine sediments, and lavas spread over their
plane surface forming large precipitous plateaus. Absolute
altitudes of the plateaus equaled or even exceeded those
of the Uzon-Geysernaya depression sides, so that by the
time, it did not exist as a real depression in the local relief
any more.

Formation of the above young extrusive domes and asso-
ciated flows took place immediately prior, and perhaps during
the period of the last glaciation, that is, about 15-20 thousand
years ago. By that moment, volcanic activity in the area had
in fact seized, the depression being completely filled up with
lacustrine sediments and lavas.

Further development of the area and the formation of the
Valley of Geysers in the way we know it today, are connected
with the processes of erosion and wash-out of the described
rocks. Those processes were evidently the most active dur-
ing the glacier contraction, when full-water rivers running
from under the glaciers could deeply cut into the mass of
lacustrine sediments filling the Uzon-Geysernaya depres-
sion. Significant might also be the origination of the young-
est North-Northeastern fault system in early Holocene (about
9-12 thousand years ago). As the result, the Southeas-
tern side of the depression was ruined, and a deep canyon
formed within it. Almost all the lake basins that had existed
within the depression got drained and lowered, and along its
edges deep valleys of the rivers (now called Geysernaya and
Shumnaya) were formed.

A small lake in the northeastern part of the
Uzon-Geysernaya depression remained for the longest pe-
riod of time. The sediments generated in this lake, are mainly
slag tuffs, which were delivered, apparently, from the erupting
Southern cone of the Krasheninnikov volcano located 15 km
north of described area.

Thermal manifestations in the middle part of the river
Geysernaya valley — Verkhne-Geysernoye thermal field —
are confined to the lavas of the pre-caldera complex, ex-
plosed at the left bank of the river. Lacustrine sediments,
used to be filling the Uzon-Geysernaya depression, here are

The pearl of Kamchatka: Valley of Geysers

OacceliH, KOTOPBIH CyIIECTBOBAJ €Ille B Hadajle ToJIoIeHa
(8—12 TthIC. 11T Ha3a1). OTIIOKEHUS, CHOPMUPOBABIINECS
B 3TOM 03€pe, IPEICTABICHBI IPEUMYILECTBEHHO IIIJIAKO0-
BbIMH Ty(baMI/I, KOTOPBIC MNOCTABJISIMCH, IMMO-BUAUMOMY,
HauyaBIIUM U3Beprarbcs B 3TO BpeMsa IO>KHBIM KOHYycOM
BynkaHa KpallleHHHHUKOBA, PacIIONOXKEHHBIM B 15 kM ce-
BEpHEE OIUCHIBAEMOIO palioHa.

K cepenune rononena (5—6 Toic. et Hazax ) p. [eii-
3epHasi pa3pylnia IxKHbBIH 00pT 3TOoro OGacceitHa U, Mpo-
JIOJKast BPEe3aThCsl B TONITY O3EPHBIX OTIOKEHMH, 3a110I-
HAOIMX Y30H-lel3epHylo aenpeccuto, mpuodpena TOT
00JIMK, KOTOPBIM MBI BHIUM ceifuac — IIyOOKOro KpyTo-
CTCHHOI'0 KaHbOHA, IIPOTATUBAIOIICTOCH Z[yl"Oﬁ BIOJIb
BOCTOYHOTO OopTa Y30H-I eli3epHoii nenpeccun u BCKPHI-
BAIOIIIETO BECh KOMIUIEKC 3aMONHSIOMINX €€ OTIIOXKECHHUH.

TepmonposiBiieHUs1 B CpefHE yacTu 1oiauHbl p. I'eil-
3epHoil — Bepxne-IelizepHoe TepMasbHOE 110J1€ — IPUYPO-
YCHBI K JIaBaM JOKaJIbJICPHOI'0 KOMIUICKCA, BCKPBITHIM Ha
neBodepexbe pekd. O3epHbIe OTIOKEHHUS, HEKOTIA 3aII0JI-
HaBIIKE Y30H-I eli3epHyt0 nenpeccuro, 31ech yHUITOKEHBI
spo3uel nonHocThro. Hike I'eif3epHas TedeT o o3epHbIM
OTJIOKEHUSIM, U B 3TOM YaCTH JJOIHMHBI KPYITHBIX TEPMOIIPO-
siBJieHUH HeT. OHU BHOBB ITOSBIISIIOTCS B HUKHEM TCUCHHUU,
I7Ie peKa Mpope3aeT 03epHBIC OTIOKEHMS, 3aMOTHSIIONINE
JACTIPECCUI0, U OITATH BCKPBIBACT KOMINICKC JOKaJIbJACPHBIX
OTIOKEHUH. B 3TOM MecTe Ha NPOTAKEHUM IIPUMEPHO
2,5 KM cocpeloToueHa IIOIaBIIAOIAs YacTh KPYIIHBIX Ieii-
3€pOB U TCPMAJIbHBIX UCTOYHHUKOB, U UMEHHO 3TOT Y4aCTOK
U3BECTEH BceM Kak JlonuHa reisepos.

®opmupoBanue Y30H-Ieii3epHOI BYJIKaHOTEKTOHUYEC-
KOH JICTIPECCHHU U PACTIONOKCHHBIX B €€ Tpefieiax U BOIH3H
HEC TEPMAJIbHBIX UCTOYHUKOB CBA3aHO C CYHICCTBOBAHUEM
Ha HeOombImol nryoune (10—15 kM) B Heapax 3TOTO paiio-
Ha KPYIHOTO MarMaTtudeckoro odara. [lnomans mpoeximn
oJara Ha MOBEPXHOCTB, CyAS IO pa3sMepaM BYIKaHOTEK-
TOHMYECKOW Jenpeccur, cocrapisieT mopsaka 100 kw2
Ha ocHoBaHMM HaOMIONAOLIETOCS YBENUUCHUS AUAMETpPa
KOJIBLIEBBIX CTPYKTYp M aCUMMETPHH CTPOCHUS HX OOPTOB
MPE/IIoIaracTcsl, YT0 KPOBJIs 04ara MorpykaeTcst B 3amai-
HOM HampasneHuH. Ee miyOuna oneHnBaeTcs 1yIsl BOCTOU-
HOW 4acTH JeTIpeccru B 7—8 KM, Jutst 3anagHoi — B 10 kM.

B mnosmHem mueiictoniene (okono 40 ThIC. JieT Ha-
3a]1) MpoU30NUIa O0Ias akTHBU3AIWs BylkaHum3Ma B Ky-
puno-Kamuarckom peruoHe. B 310 Bpemss Bo MHOIHX
paiioHax, TJie CyIIeCTBOBaJIM ONHM3IIOBEPXHOCTHBIE Marma-
THYECKUE OYard, MPOU3OLLIM KDPYIHBIE HM3BEPIKEHUS IIH-
POKJIaCTHYECKOro Marepuaia. JlecaTku KyOWdecKux Ku-
JIOMETPOB MarmMbl OBLTH BI)I6pOHIeHI>I B BO3AYyX, a HajJ
oJyaramu IMPOU3OLUTH MPOCaKu U cHOPMUPOBAIUCH BYJI-
KaHOTEKTOHMYECKHE Jenpeccuu. Tak ke oOpasoBanach
n Y3ou-leizeprnas memnpeccusi. Ilocne KpymHOOOBEMHBIX
KaJIbIepO00Pa3yIOINX M3BEPKESHUH MarMaTHYeCKUi odar
B Helpax c(hOopMHpOBaBIIEiics AENPECCHH HE IepecTal
CYILECTBOBaTh. BIIOTH 70 rojoneHa, TO €CTh B TEUCHHE
25-30 ThIC. NIeT, U3 0Yara MPOUCXOAWIN TIEPUOIMUECKUE U3-
BCPIKCHUS U HA ITOBEPXHOCTD U3JIMBAJIUCH JIaBbI NI BLI6pa—
CBIBAJIUCH IIEM3bI, UMCHOIIINEC KHUCIBIM cocTaB. B To ke BpeE-
MsI KOJIMYECTBO KHUCIOIO MarepHajia YMEHbIIAIOCh, U 3TO
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CBHJICTENILCTBOBAJIO O TOCTENIEHHOM OCTBHIBAHUM Oyara.

B nauane rononeHa (okoino 9-12 Teic. ner Hazan)
Mpou30Illjla HOBasi akTWBM3alusl BynkaHu3Mma. Ha Boc-
touHoii Kamuatke BOMm3m Y3on-leiizepHoil mempeccun
B 3TO BpeMs Hadasu (popMUpOBaThCs ByIKaHbl KusnMeH,
Kpamenunnukosa, Mansiii Cemsiunk. B Henocpencrsen-
HOW ONMU30CTH OT JICTIPECCHH, Ha ee OOpTax, B TOJIOLIEHE
chopMHPOBATIMCH IUIAKOBBIE KOHYCHL. BHYTpH fenpeccuu
JaHHas aKTUBU3alUs BYJIKaHW3Ma HUKAK HE MPOsIBUIIACDH,
YTO MOXET YyKa3bIBaTb Ha TO, YTO MarMaTU4ecKHil odar
3[IECh U B TOJIOIIEHE €Ille CYIIECTBOBAN U SIBISUICS Oyde-
POM, NPETIATCTBYIOIINM ITPOHUKHOBCHHUIO K IMMOBEPXHOCTHU
FJ'Iy6I/IHHI>IX 6a3aHLTOBI>IX pacIiiaBoB. Onu MoOIIH JOCTHUYb
HOBEPXHOCTH JIMIIb N0 nepudepun odara. Broixe Bepo-
ATHO, YTO EPUOANICCKOC BHEAPCHUC FHy6I/IHHI>IX BBICOKO-
TEMITePaTyPHBIX PACIUIABOB B OJIM3IMIOBEPXHOCTHBIN Marma-
TUYECKUI ouar B ToJIONEHE MPOUCXOAUIIO HEOJHOKPATHO,
1 o4dar npoaonKaeT U CEroaHs COXpaHATb JOCTATOYHO BbI-
COKYI0 TeMIIepaTypy. BricTynas kak akkyMyJsTop Teluia,
OH 00ecCIeYnBaeT TEIUIOBOE NMHUTaHHE THIAPOTEPMAIIbHBIX
cucteM JlonrHBI Teii3epoB U KaJIbJephl Y30H.

[TonpoOyeM B 3aKiTtO4EHUE T€OJIOTUIECKOTO pasJiea
JUIS HETEOJIOTOB NPEACTaBUTh CyXHe JaHHBIE O COCTaBE
MOPOJI, YCIOBUAX WX 3aJieTaHMs, pa3ioMax, dKCTPY3HUAX
Y IPOYHX MaTepHajax 1o reoJIoTHH B BHJIE CBOCOOPA3HOM
CKa3Ku O TOM, KaKH€ ITPOLECCHI MPUBCIN K ITOABJICHUIO
JonuHel rei3epos.

Korma paccka3piBaloT O dYelnOBEKe, 4acTO BCIIOMH-
HAIOT, KeM OBUIM €ro OTell, MaTh, 0a0yIIKH, JCTYyIIKH...
Torma ctaHoBUTCS 00jiee MOHSATHOM M JTMYHOCTH CAMOTO
yesoBeka. [1onb3ysch 3Toi aHaIoruei, mocrapaemMcs pac-
CKa3aTh, KeM ObUIH Npenkd (B KaBbIUKaxX, KOHEYHO) [lo-
JUHBI Tei3epoB. Hamo ckazarh, 4To pa3BUTHE HEKUBOM
npUupoabl, B JaHHOM CJIyda€ — BYJIKAHOTCKTOHUYCCKUX
CTPYKTYD, U pa3BUTHE OMOIOTUIECKIX BHJIOB TIOPOH MPH-
YyUIMBO NMEPEIUICTAOTCA, U MCXKAY HUMHU MOKHO HAWUTH
MHOTO o0rmiero. B 4acTHOCTH, Te€ MPOIECCHI, KOTOpHIC
MPUBCIIA B KOHCYHOM UTOTC K IMTOABJICHUIO HOHI/IHBI remse-
POB, TIPOUCXOAMIM CHHXPOHHO C Pa3BUTHEM YeJIoBeUeC-
KOTO POJ/ia — JBOJIIOIUEH OT MEPBBIX YEIOBEKOOOPA3HBIX
00€3bSIH-TOMUHHUJIOB JIO YEJIOBEKA.

Bepuémcs nazan Ha 16 MiTH JIeT — 9TO HE TakK YK MHO-
TO, €CIIM yYEeCTh, YTO BO3pacT Hameil 3emmn — 4—4,5 Mapz
net. Tak BOT, 16 MuH JeT Ha3aq emEé He CyIIECTBOBAJIO
Hu Jonunel reizepo, Hu Kamuarku. Ho B TO Bpems Ha
3emMJie TIPOM30IUI0 HECKOJBKO 3aMeyaTelbHBIX COOBITHIA.
Adpuka coequHmIach ¢ EBpasueli u Ha MecTe pasJeisaB-
LIEr0 UX OKeaHa T3THC MOTHIIUCH BHICOKUE TOPbI — AJlb-
1, TaBpel, 3arpoc. B 310 Bpems B Toil ke Adpuke Brep-
BBIC MOSIBIUICEH YEJIOBEKOOOpa3HbIe 00E3bsIHBI — Ta BETBb
00€e3bsIH, U3 KOTOPOU MOPKE MOSBUIICS YETIOBEK Pa3yMHBIH.
Ha BocToke A3um B 3TO Bpemsl y>Ke CYIIECTBOBAIM 3a4ar-
ku Kypuno-Kamyarcko#t ocTpoBHOM IyTH, U B FOXKHOU €€
YacTH UIMEHHO 16 MITH JIeT Ha3a/1 HAa4aJI0Ch JOPMUPOBAHHUE
obmmpHOM Kypritbckoit KOTIIOBHHBL. MarMa ycTpeMuiiach
BJOJIb IyI'M Ha CEBEp, U €CJIM Ha Iore Iyr'd IpPOUCXOIU-
JM MPOCAAKH, TO HA CEBEPE B 3TO BPEMs HAUaJICs IOIb-
€M, BCIUTBIBAHWE TPOMAIHOTO Yy9acTKa 3eMIIH, KOTOPBIA
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completely destroyed by erosion. Further down, the Geyser-
naya river flows over lake sediments and in this part of the
valley, large thermal manifestations do not occur. They ap-
pear again in the lower current where the river cuts the la-
custrine sediments filling the depression, and again reveals a
complex of pre-caldera sediments. In this place most of large
geysers and thermal springs are is concentrated extending
for about 2,5 kms, and this is the place everyone knows as
the Valley of Geysers.

Formation of the Uzon-Geysernaya hydrothermal
volcanic-tectonic depression and thermal springs located
within and near it is connected with the existence of a large
shallow (10-15 km) magmatic chamber in this area. Judg-
ing by the sizes of the depression, the area of the cham-
ber projection onto the surface makes up about 100 km>.
The observed increase of the ring structures’ diameter and
asymmetry of their sides suggest that the roof of the cham-
ber is subsiding westward. Its depth is estimated as 7-8 km
for the eastern part of the depression, and 10 km for the
western one.

In Late Pleistocene (about 40 thousand years ago), gene-
ral activation of volcanism took place in the Kurile-Kamchatka
Region. At that time, large pyroclastic eruptions occurred in
many areas hosting near-surface magmatic chambers. Do-
zens of cubic kilometers of magma were ejected into the
air, subsidence took place above the chambers, thus form-
ing volcano-tectonic depressions, and the Uzon-Geysernaya
depression as well. After voluminous caldera-forming erup-
tions, magmatic chamber beneath the new depression did
not vanish. Up to Holocene, that is for 25—-30 thousand years,
occasional eruptions brought out onto the surface lavas and
pumices of acidic composition. At the same time, volume of
acidic material was reducing, which indicated gradual fading
of the chamber.

In early Holocene (about 9-12 thousand years ago),
volcanism activated again. Such volcanoes as Kizimen,
Krasheninnikov and Maly Semyachik began forming near
the Uzon-Geysernaya depression at that period. It is quite
probable, that periodic introduction of deep high-temperature
melts into the magmatic chamber in Holocene occured re-
peatedly, and the chamber can still show high temperature
today. Acting as the accumulator of heat, it provides its supply
to the of hydrothermal systems of the Valley of Geysers and
Uzon caldera.

In the conclusion of the geological unit, we present the
data on the structure of rocks, their stratification, about breaks,
extrusions and about other materials on geology as a sort
of a fairy tale on what processes have led to the formation
of the Valley of Geysers. When speaking about a person, one
often recollects his grandmothers, grandfathers, his father
and mother... Then, the personality of the person described
becomes more clear. Using this analogy, we shall try to tell
about the «ancestors» of the Valleys of Geysers.

Let us go back for 16 million years, not so much given
the age of our planet (4—4.5 billion years). So, neither the
Valley of Geysers, nor Kamchatka existed 16 million years
ago. However, several extraordinary events took place at that
time. Africa jointed with Eurasia, and at the place where the
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Tatice Ocean had separated them before, lofty mountains
rose, among them the Alps, Tavras and Zagros. During the
same period, anthropoid apes first appeared in Africa — the
species from which homo sapiens developed afterwards. Ru-
diments of the Kurile-Kamchatka island arc already existed in
the East of Asia, and the formation of a vast Kurile depression
began 16 million years ago. Magma flooded North along the
arc. Subsidence occurred in the South, whereas in the North,
there began the elevation of an immense part of the land that
had emerged from the Ocean and appeared before us in the
form of a peninsular now called Kamchatka. It happened
6—8 million years ago. If to consider the human history again,
at that time in Africa, a group of apes developed named the
«human family».

At the same time, 6-8 million years ago, a vast dome
(100-120 km in diameter) began developing in the Southern
Kamchatka, approximately in the area of modern cities of
Petropavlovsk-Kamchatsky and Elizovo. Its formation was
connected with a diapir — a gigantic drop-shaped magma
body that had lost contact with its deep roots. Hydrostatic
forces drew the magma body up, and in the result, it elevat-
ed its overlaying rocks. This dome, nowadays called Naly-
chevsky, is closely related to the Valley of Geysers, being
its «great-grandfathery, if to draw parallels with the human
relations.

Powerful surface volcanism started manifesting itself in
Kamchatka about 3 million years ago. Within the Nalychevsky
dome, large basaltic volcanoes were formed at that period,
whose ruins (lava-plateaus) can be seen today in the upper
course of the Avacha River.

One more million years had passed and a new large
volcanic center — Karymsky — began forming at edge of the
Nalychevsky dome, to northeast from it. The most ancient
lavas of the new center are estimated to be 0.8—2 million
years of age. This center can be considered a direct rela-
tive of the Nalychevsky dome and, as we shall further learn,
«grandfather» of the Valley of Geysers. Its development
was quite continuous and intricate. The most immense
events took place here about 150—180 thousand years ago,
when enormous eruptions brought out hundreds of cubic
kilometers of rocks and caused extensive subsidence: cal-
deras of such volcanoes as Polovinka (Half), Stena (Wall)
and Sobolinyi (Sable). It should be noted that the above
period was remarkable for the human history as well, for
a first human being called Homo Sapiens appeared then.
Really hard and even dramatic was the origination of both
young geological formations and new biological species.

So, we have come to the Grandfather of the Valley
of Geysers. Let us see who was its immediate ancestor.
Father of the Valley of Geysers can be considered the
Bolshe-Semyachiksky volcanic center. It had appeared at
the edge of the Karymsky center, a bit north-east off it,
and continued the trend of volcanic activity that had started
within the Nalychevsky dome 3 million years before. The
oldest rocks in this center are dated 300-500 years, while
the climax of its development, that is magma outburst onto
the surface and formation of calderas, took place here about
90-120 thousand years ago. At that time, volcanic activity
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«BBIHBIPHYI» U3 OKEaHa U MpeicTal Iepes HaMH B BUJE
noimyoctpoBa. Ero Mel cerogus n HasbiBaeM Kamuarkoil.
IMpowusorwio 310 6—8 MiH sieT Ha3az. Eciu onsite 06paTuTh-
Cs1 K MICTOPUH Y€JIOBEKa, TO B A(pHKE B 3TO BpeMsI BIIEPBbIE
MOSIBUINCh TOMHHU/IBI — BETBb YEJIOBEKOOOPA3HBIX 00e-
3bsIH, KOTOpasl IIOJIy4uJla HA3BaHUE «CEMEMCTBO JIIONCH».

B »10 XK€ BpeMs 6—-8 MIIH JIeT Ha3al B IOXHOM dac-
i Kamuarky, npumepHo Tam, L€ ceiiuac Haxomsarcs
rT. Ilerponiasnosck-Kamuarckuii u Enu3oBo, Hagancs poct
OOIIMPHOrO KyIona, JUaMeTp Koroporo pocturan 100-
120 xm. PopMHpOBaHUE €ro OBUIO CBSI3aHO C AUAUPOM —
TpPOMAJHOM «KaIljIei» Marmbl, OTOPBABLIEHCS OT CBOUX
DTyOMHHBIX KOpHEH. Marma 6narozfapsi THAPOCTaTHUECKUM
CHJIaM BCIUTBIBAJIA U TOJHSJIA IEPEKPBIBAIOIIIE €€ Opo-
J6I. DTOT KyIOJI, KOTOPHIH B HAIIM JTHU MOTYyYHJI HA3BAHUC
HanprueBckuii, uWMeeT HEMOCPEACTBEHHOE OTHOILIEHHUE
K JlonuHe rei3epos, SBISISICh, €CIU OISITh EPEHTH Ha aHa-
JIOTHIO C UCTOpUEH Jitoniei, €€, JIonuHbl, «I1page y Koy,

Ilpumepno 3 muH siet Haszax Ha Kamuarke Hauan nposis-
JIIThCSL MOILHBINA Ha3eMHbIH BylkaHu3M. B npenenax Hasbi-
YEBCKOTO KyTIONia B 3TO BpeMs ObUIM COPMHUPOBAHBI KPyII-
Hble 0a3aJIETOBBIC BYJIKAaHBI, OCTaTKW KOTOPBIX (JIABBI-ILIATO)
CEeroHs MOXHO HAaOMIONaTh B BEpXOBBsX p. Asaum. IIpo-
iel ené MUWUIMOH JIET, M Ha Kpato HanbrdeBckoro Kymona,
K CEBEPO-BOCTOKY OT HET0, CTaJI (POpMHpPOBATHCS HOBBII KpyII-
HbIM BynkaHudeckuit 1ieHTp — Kapeimckuil. CaMble peBHUE
JIaBbI 3TOTO IIEHTpa Aarupytotcs B 0,8—2 MITH JIeT. DTOT LIEHTP
MOYKHO CUHTATh IPSMBIM POJICTBEHHHKOM HasbraeBckoro Ky-
T0JIa M, KaK OyZieT BUTHO JAJIBIIIE, «IeAyIKoi» JloMMHbI rei-
3epoB. Pa3BuTre ero 6bUT0 JUTHTEIBHBIM U CJIOXKHBIM, a HAH00-
Jiee sIPKUE U MOIITHBIE COOBITHS B HEM IPOH3OIILTH IIPUMEPHO
150-180 TbIC. JIET Ha3af, KOLja B pe3yibTare I'PaHIUO3HbIX
W3BEP)KCHUI OBLUIH BRIOPOIIICHBI B BO3MYX COTHH KyOMYIECKHX
KUJIOMETPOB TOPHOM MOPOIBI B ¢(hOPMHUPOBAITHCH OOIIMPHEIC
MPOCAJIKK: KalbJiepbl ByikaHoB [lonosunka, CreHa, Cobomu-
Hb1i. Hayo ckazarp, 4To A7t HaC, JMIONEH, 3TOT MEPUOIT TOXKE
3HAMEHATeJIeH, TaK KaK B 3TO BPEMs HOSBHIICS Ha CBET Tiep-
BBIH yesioBek 13 poga Homo sapiens. JInuTenbHBIM U OO
JIpaMaTHYHBIM OBUTO POKACHHE KaK HOBBIX T€OJOTHYECKHX
00pa30BaHMiA, TAK ¥ HOBBIX OMOJIOTHYECKHIX BHIIOB!

Urak, Mb1 qonum 10 «aeaymkm J{omuHBI rei3epos,
a KTO ke OBLT e€ HEelOCPEACTBEHHBIM «pomuTenem»? m
MOXKHO cuHTarh bonbiie-CeMsYuKCKUN BYJIKaHUIECKUI
neHtp. OH Bo3HMK Ha Kparo KapeiMckoro meHTpa
K CEBEPO-BOCTOKY OT HET'O Y HEIIOCPEACTBEHHO IPOIOIIKIIL
Ty BETBb BYJKaHWYECKON aKTMBHOCTH, KOTOpasl Hayajlach
emé 3 MuH JieT Hazag Ha HamberaeBckom kynose. HanGo-
niee apeBHUE opoasl B HEM natupytorcs B 300-500 Thic.
JIeT, a KyJbMUHALUA B pa3BUTUU — IPOPHIB MarMel Ha I0-
BEPXHOCTH M (DOPMHUPOBAHNE KAIIBIEP — IPOM3OIILTH 31ECh
okono 90-120 Tteic. et Hazazn. B 310 Bpems BIiepBEIe Ha-
Yajia pa3BUBaThCs BYJIKAHUUYECKask aKTUBHOCTb U B palioHe,
rae pacnonoxena HeiHe JlonmHa rerizepoB. Ho 310 ObLIO
eIe TONIBKO caMoe Hadasio (OpMHPOBAaHHS Ha €€ MecTe
KPYIIHOT'O BYJIKaHHYECKOI'O LIEHTPa, KOTOPBIN MbI B HACTOSI-
mee BpeMs Ha3biBaeM Y30H-IeizepHpiM. Amoreil B ero
pa3BuTuM HacTymui okoso 40 TeIC. JIeT Ha3ag — TaK ke,
Kak B cBOE BpeMsi B bombie-CeMsSYMKCKOM LIEHTpE, a 110
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3T0ro — B KapeiMckoM LieHTpe. 31€Ch IIPOU30LIUIN KPYIIHbIE
U3BEPXKCHUS] TIMPOKIIACTHKH, BCIEH 3a 4eM C(OpMHpOBa-
nack o0mupHas npocanaka — Y3oH-I eifzepHast BylnkaHOTEK-
TOHUYECKas aenpeccus. W onsTh Xouy BEpHYTHCS K UCTO-
pHUH YeJIOBEKa — UMEHHO B 3TO Bpemsl, 40 ThIC. JIeT Ha3a/,
IO IAaHHBIM ITAJICOAHTPOIIONOTOB MOSBIISIETCS] AaHATOMHYE-
CKH COBPEMECHHBIH BH/I 4EJIOBEKA, TO €CTh HAIll C BAMH MPsI-
Moii ipenok! Y, mo-BuauMomy, B 3TO k€ BpeMsi, OKOJIO 35—
40 TbIC. NIET Ha3aj, B BOCTOYHOM uactu Y3oH-IelizepHoil
JICTIPECCHH BIIEPBBIC MPOSIBUIIACH MOIIHAS THAPOTEPMAIIh-
Hasl IeSITEIBHOCTB, CIIEIbI KOTOPOI MBI MOXKEM OOHAPYKHUTh
B HACTOsIIIEE BpPeMsI Ha TPEOHSAX OOPBIBOB, OKPY>KAFOIINX
Honuny reizepos ¢ Boctoka. Ho camoit [{ouHb! reizepon
TOI/Ia BCE CILE HE CYIIECTBOBAJIO — HA €€ MECTE IIJIIECKAIOCh
DIyOOKOe 03€po, TOCTENEHHO 3alojHABINEECS MEeM30H
¥ 00JIOMKaMH MOPOJI, MOCTYIABIINMH CIOA TIPH U3BEpIKe-
HUSX ONM3IIeKAIMX ByNKaHOB. U yxe coBceM HelaBHO (TI0
T€OJIOTUYECKUM MEpKaM), IOCJIEe OTCTYIUICHHUS JICIHUKOB
[IOCJIEMHETO OJIEEHEHHST — a OHO ObL10 Ha Kamuarke 20—
21 ThIC. IET Ha3a/1 — B I0TO-BOCTOYHOM yacTu Y30H-I eiizep-
HOI Jierpeccuyl IpoM3oLIeT MPOphIB ee 0opTa, M 03epo
65110 crymieHo. W, mo Bcei BepositHocTH, 10—12 ThIC. €T
Hazan JlonmuHa redzepoB mpuoOpena TOT BHI, KOTOPBIH
BCEM HaM TeIeph TaK XOPOIIO 3HAKOM — IIIyOOKHH KaHBOH,
MIPOPE3aBIINii TONIITY 03CPHBIX OTIIOKEHHUH, 3aITOTHSBIINX
HEKoTna oOmupHyto Y30H-I efi3epHyto Aenpecchro.

Wrak, JlonuHa reii3epoB — 3T0 HE MPOCTO PAIOBOE
SIBJICHHE, KOTOPOE MOXKET BO3HHKHYTH BeE3JE, IJe €CTh
BYJIKAHUYECKasl IeATENILHOCTh. B Hel kak Obl chokycH-
poBaics OYeHb JJIUTENbHBINA BYIKaHHUECKUH Iporecc,
MIPOTEKABIIKI HANPaBICHHO M 3aKOHOMEPHO Ha TPOMaJ-
HOM myomaau, oxBarbiBatoiedl Bcio Bocrounyio Kawm-
gatky. U 6e3 «mpanenymkm» — HamprgeBckoro menrpa,
0e3 «menymku» — KapesiMckoro 1ieHtpa, 6e3 «ormay —
Bonbie-CeMaYnKCKOTo 1eHTpa He ObuTo Obl U JloMuHBI
reizepoB. JTo emié pa3 MOJUYEPKUBACT €€ YHUKAIBLHOCTh
yKe KaK T€0JIOTHIeCKOro 00beKTa.

BosMoxxHO, HeciydaiiHO U To, 4TO Tporecc e€ ¢dop-
MHUPOBaHUS MIET MapauIeIbHO C SBOJIONMEH YeToBeKa.
Mosxet OBITh, y HE€, KaK 1 y UeJIOBEKa, B Pe3yNbTaTe 3TON
SBOJIONUH TOSBWIOCH YTO-TO AYXOBHOE — TO, YTO Hac
B HEHl Tak 04apoBbIBaeT... Kak Ob1 Tam HE OB1JI0, a JlomiHa
rei3epoB OCTAaeTCs MPEKPACHBIM U CaMbIM IPUTSraTeib-
HBIM YT'OJIKOM HAalllero I0JIyOCTPOBa, U XOUETCs HaJlesTh-
cs, UTO OHA TAKOW OCTaHETCs HaBcerya!
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first started manifesting itself in the area where the nowa-
days Geyser Valley is located. But that was just the begin-
ning of the formation of a large volcanic center here, which
we now know as the Uzon-Geysernaya one. It reached
the peak of its development about 40 thousand years ago,
when voluminous pyroclastic eruptions were followed by
extensive subsidence later called the Uzon-Geysernaya
volcanic-tectonic depression. And again, we should ad-
dress the human history. By the paleo-anthropological
data, it was 40 thousand years ago, when the anatomical
euhominid appeared that is our direct ancestor! Evident-
ly, at the same time (about 35-40 thousand years ago)
powerful hydrothermal activity first started in the Eastern
part of the Uzon-Geysernaya depression. That activity can
presently be traced along the steep ridges surrounding
the Valley of Geysers from the East. But still the Valley
of Geysers itself did not exist; a deep lake was located in
its place that was gradually filled with pumice and various
clasts brought in as a result of nearby eruptions. And not
so long ago (from the geological point of view), after the
melt of the last ice age glaciers (that took place in Kam-
chatka about 20-21 thousand years ago), a break of the
border of the Uzon-Geysernaya depression occurred in its
southeastern part, and the lake was drained. So, about
10-12 thousand years ago, the Valley of Geysers acquired
the form that is so familiar to us today — a deep canyon cut-
ting the mass of lacustrine sediments that used to fill once
extensive Uzon-Geysernaya depression.

Thus, the Valley of Geysers is not just an ordinary for-
mation that can appear wherever volcanic activity occurs. It
seems to have concentrated in itself a continuous volcanic
process, systematically and regularly progressing over the
vast area covering the whole Eastern Kamchatka. And there
would be no Geyser Valley without its «great-grandfather,
Nalychevsky Center, its «grandfather», Karymsky Center,
and its «father», Bolshe-Semyachinsky Center. This ones
again stresses its uniqueness as a geological object.

Perhaps, it is not an occasion that the process of the
Valley of Geysers formation progressed parallel to the hu-
man evolution. As a human, it might have acquired some-
thing mental and spiritual, something that is so charming
for us. Whatever it might be, the Valley of Geysers is the
most wonderful and attractive nook of our peninsular, and
there is nothing left but hope that it will remain so for-
ever.
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Hydrogeology and

the model for the Geysernaya
hydrothermal system

The above brief definition of a hydrothermal system shows
that its development suggests the presence of a powerful
heat source and geological structure that provides generation
of ground waters. The heat source of the Geysernaya hy-
drothermal system is evidently a magmatic chamber existing
for a long time beneath the Uzon-Geysernaya depression.
Eastern part of the chamber immediately affects the heating
of the ground waters. Water component of the hydrothermal
system is formed by a certain pattern of the formation of typi-
cal ground waters.

At the elevated areas of the relief (Kikhpinych volcanic
massif, hills Geysernaya, Otkrytaya Ostanets and Gornoye
Plato), atmospheric precipitates dropping out as a rain and
snow infiltrate through the soil to various depths into the
pores and fissures of the rocks, thus forming aquiferous lay-
ers (horizons). Near-surface permeable rocks contain free
(nonpressurized) ground waters. Underlying permeable
rocks are separated by less permeable (waterproof) depo-
sits (for example, clays), and, as a rule, are completely filled
with the water under pressure. These are pressure or arte-
sian underground waters. Due to the alternation of perme-
able and impermeable rocks, several aquiferous horizons or
complexes are formed.

If to consider the conditions of the Geysernaya river ba-
sin, five aquiferous complexes are distinguished here. Four
of them present ground water horizons. Waters of the first
water-bearing complex are hosted by extrusive deposits of
the left and right sides of the Geysernaya valley (Geysernaya
hill, Gornoye Plato (Mountain Plateau)). The rocks are cha-
racterized by high fissure permeability, which is favorable for
penetration and accumulation of infiltration waters. Nume-
rous cold springs are associated with this horizon. Thus, the
largest cold springs are located on the left bank, at the up-
per steep of the Yellow Rocks, in the place of the contact
between the Geysernaya extrusion lavas and the underlying
tuffs (photo 36). Their flow rate reaches 100 I/s, while water
temperature is only 2 °C. Waters of the complex are formed
in the result of infiltration of atmospheric precipitates. Their
chemical composition is hydrocarbonate-sodium-calcium-
magnesium, with mineralization up to 100 mg/l, and practi-
cally corresponds to the composition of atmospheric precipi-
tates (table 3).

The second aquiferous complex is close to the first one in
composition of water-hosting rocks presented by riodacites,

[uopozeonoaus
U Modesb [elizepHoli
2UOpoMepManbHoU cucmemsl

N3 kparkoro BBINICIPUBENCHHOTO  ONpEACTICHUS
THJIPOTEPMAIILHOW CHCTEMBI CIIENyeT, YTO €€ Pa3BUTHE
IpEeAIoyaraeT HaJW4Yhe MOIIHOTO WCTOYHHWKA TeIlia
1 TE€OJIOTUYECKON CTPYKTYpHI, oOecrieunBarommei (hopmMu-
poBaHMEe TON3eMHBIX BoA. OUYEBUIHO, YTO MCTOYHUKOM
Terura [eli3epHOl CHCTEMBI MOXET OBITh MarMaTHyec-
KU Oodar, CylecTBYIOUIUI ATUTEIBHOE BPEMS B HEApax
VY3on-TeiizepHoii aenpeccu (0 YeM TOBOPHIIOCH BBIIIE),
BOCTOYHAsI YaCTh KOTOPOTO HEMOCPEACTBCHHO BIMSET Ha
HarpeB MOI3EMHBIX BoA. BomHas cocrapisromas Tuapo-
TEepMaJIbHON CHUCTEMBI 00pa3yeTcs 10 M3BECTHOW CXeMe
(dhopMHUpOBaHUS OOBIYHBIX TTOJA3EMHBIX BO/I.

Ha BO3BBIIIEHHBIX yYacTKax penbeda, a UMH SIBISIOT-
cs BXojsmue B OacceitH p. [elizepHON ByJKaHUYECKHA
MaccuB Kuxmnmnaera, conku ['eiizepnas, Octanen, OTKpbI-
tas, [opHoe maro, arMoc(epHBIe 0CaIKH, BBIIAJAIOIIIe
B BHJE AOKAS M CHETa, MPOCAYNBAIOTCS (MHPMIBTPYIOT-
cs1) 4epe3 MOYBY Ha pa3HbIe ITyOWHBI B ITOPHI M TPEIIUHBI
TOPHBIX TOpoz. [OpHBIE TOPOABI, TOPHI U TPEUTUHBI KOTO-
PBIX 3aIlOJTHEHBI BOAOH, 00pa3yroT BOJOHOCHBIE TUIACTHI
(ropuzonTsl). IlepBBIe OT MOBEPXHOCTH 3eMIIM TIPOHH-
[[acMbIe TOPHBIC MOPOXIBI COAEPKAT BOABI CO CBOOOTHOMN
MMOBEPXHOCTBhIO WJIM TPYHTOBBIC (OE3HAIOpPHBIC) BOIBI.
Hmkenexxamue mpoHUIaeMble TOPHBIE MOPOIBI, pasze-
JICHHBIE IUIOXO MPOHHIIAEMBIMHU (BOIOYTIOPHBIMHE) OTIIO-
JKCHUSIMH, HalIpIMep THHAMH, KaK IIPaBHJIIO, TOJTHOCTEHIO
3aIlOJIHEHBI BOJOM, HaXOIsIIeHcs Ioa AaBIICHHEM. OTO
HaIOpHBIC WM apTe3NaHCKUE TOI3eMHBIe BOIbL. Tak Kak
00BIYHO HAOTIOMACTCS YepeaOBaHKE MPOHUIIACMBIX U He-
MPOHUIAEMBIX TIOPOA, TO 00pa3yeTcss HECKOJIBKO BOIO-
HOCHBIX TOPU30HTOB HJIM KOMIIJICKCOB.

KoHkpeTHO B ycnoBusx OacceiiHa p. [ei3epHoii BbI-
JeNSeTCs AT BOIOHOCHBIX KOMIUIEKCOB. [IepBBIX UeTHI-
pe U3 HUX IPENCTABIIIOT COO00I TOPU30HTHI TPYHTOBBIX
BOJI. BonbI mepBoro BOMOHOCHOTO KOMITIIEKCa COAEPIKaTcst
B 3KCTPY3UBHBIX 00pa30BaHUsIX JIEBOTO M MPaBOro OOp-
ToB nonuHkl [eitzepHoii (comnka [eizepnas, [oproe mia-
TO, IKCTPY3HH JIeBOro 6opra). [lopoabl xapakTepu3yroTcs
BBICOKOM TPEIIMHHON NPOHHUIIAEMOCTBIO, YTO CO3JAET
YCIOBUS Ul NMPOHUKHOBEHUS W HAKOIUICHUS WHQIIIb-
TpauuOHHBIX BoA. C 3THM TOPH30HTOM CBSI3aHBI MHOTO-
YICJICHHBIE XOJIOAHBIE NCTOYHHWKH. Tak, Ha mpaBoM Oe-
pery B BepxoBbe oBpara JKenThIX CKall Ha KOHTaKTe JIaB
9KCTpy3uM [ei3epHoii ¢ HIDKelexame Toimed Tydos
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HaXOJMSATCSI CaMble MOILHBIE XOJIOAHBIE UCTOUYHUKHU ((OTO
36). Jebut ux nmocruraer 100 i/c, Temneparypa BOIbBI
paBHa Bcero 2 °C. Boasl komIuiekca (GOpMHUPYIOTCS 3a CUET
UHQUIBTPALK aTMOC(EpHBIX 0caaKoB. XUMHYECKHIl CO-
CTaB UX — THIPOKapOOHATHO-HATPHEBO-KAIbLIUEBO-MAaTrHU
eBBIil ¢ MuHepanu3anueil 1o 100 MIr/m ¥ COOTBETCTBYET
MIPAaKTHUECKU COCTaBY aTMOC(EpHBIX ocankoB (Tabm. 3).

BTopoif BOJOHOCHBIM KOMIUIEKC OMM30K K MEPBOMY
[0 COCTaBy BOJOBMEILIAIONINX MOPOJ, NMPEACTABICHHBIX
pHonanurTamu, 0a3aJbTaMi U PHIXJIBIMU JETIOBHAIBHBI-
MU OTJIOKEHUSIMU CKJIOHOB ByJlKaHa KUXITMHBIY U CONKH
Kentoit. Boapl 3TOro koMIuiekca Takxke O€3HAIOPHEIE,
MPEUMYIIECTBEHHO TPEIINHHON LUPKYISALIUH, KOTOpPHIC
00pa3yloT Ha CKJIOHAaX MaccuBa KMXNUHBIY HUCXOAAIINE
HWCTOYHHMKH, 00JIaJaronre HeOOIbINMHU Ae0uTamMu. Xu-
MHUYECKHH COCTaB XOJNOAHBIX BOA — T'MAPOKApOOHATHBIN
MarHU€BO-KaJbLIUEBbIM C MHUHEpalu3alueil, HE IpPEBbI-
nraromeit 200 mr/n. Hapsiny ¢ XonmogHBIMH BOJaMH Ha
ydJacTKax TEPMOAHOMAIIMH OTMEYaIOTCsI pa3HOOOpa3HbIE
TEPMOIIPOSIBIICHNUS, CBA3aHHBIC C IMMOJBEMOM Iapa U rasa
K TIOBEpXHOCTH, KOHAEHCALMEH Mapa M pPacTBOPEHHEM
rasza B IPyHTOBBIX BOJlaX. XUMHUYECKHUN COCTaB BOJIbI TO-
PSUMX BOTHBIX U IPSI3EBBIX KOTIIOB CY/Ib(aTHBIN ¢ pa3iIiy-
HBIMH KaTHOHAMM, BKITIOYasi aMMOHHUH U BOJOPOI, U MH-
Hepamuzanuein 500—700 mr/n (Hanpumep, uct. YepHbIid),
a BOJHBIE HCTOUYHUKH UMEIOT Cylb(aTHO-THApoKapOoHaT-
HO-MarHHEBO-HATPUEBBIH COCTaB ¢ MHUHEpAJIM3aLUCH 10
900 mr/n (uct. HeoxxuaanHeie).

TpeTuit BOZOHOCHBIM KOMILJIEKC O3€PHBIX OTIOKECHHH
3aHMMacT B OCHOBHOM CKJIOHBI JOJHHBI p. ['eiizepHoii,
Ipr4eM Ha JeBoOepekbe — TONBKO OacceiH pyd. Bomo-
nazgHoro. [IcednuToBBIe U arioMepaToBbIe Ty()bI KOMITIEK-
ca colep)KaT NMPEHMYIIECTBCHHO XOJIOAHBIE I'PYHTOBBIC
BoAsl. OHM HarpeBaloTCs TOJBKO B 30HAX PA3JIOMOB M HA
ydJacTKaxX MPHUCIOHEHHUS O3€PHBIX OTIOKEHHIH K 3KCTPY3H-
SIM JIEBOTO OOpTa JTONUHBI, Ile HaOIOIal0TCs aporaso-
BBIE CTPYHU. 3/1€Ch OTMEUYAIOTCS UCTOYHUKHU C ITOBBIIICH-
HOU TemrepaTypor U MUHepaiu3anruen Bobl. THITHYHbIE
K€ WCTOYHHMKH KOMIUIEKCA HMMEIOT T'HIpOKapOOHATHBIN
KaJBIUEBBII COCTAaB 1 MUHEPAIN3AINIO, KaK PABUIIO, HE
6oinee 100 mr/it u HEGoOIBIION nebuT — 1o 0,5 n/c.

UYerBepThblil BOJOHOCHBII KOMIUIEKC I'PYHTOBBIX BOJ
CBf3aH C JIOKaJIbJEPHBIMU OTJIOKEHUSAMH, PaclpocTpa-
HEHHBIMHU B CpellHEl YacTh JieBoOepexbs p. [eiizepHoil.
Bona nupkynupyer no TpemuHaMm U IopaM JallMTOBBIX
JIaB ¥ 00BAJIEHO-OCHITTHBIX OTIIOKeHMH. Ha mmomanu pac-
MIPOCTPaHEHHUs] BOJOHOCHOTO KOMIUIEKCA IpeodanaroT
TEIUIBIE W TOPSYME MCTOYHUKH, 00pa3oBaHHE KOTOPHIX
CBSI3aHO CO CMEUIMBAHUEM XOJIOAHBIX BOJ C IOJHUMAIO-
mmMcsl U3 TryOmHBI mapoM. CaMBIMH SIPKHMH  TIPE-
CTaBUTEISIMM KOMIUIEKCA SIBISIIOTCA TEPMOIIPOSIBIECHUS
Bepxue-I'eiizeproro moss.

[IsTBIiT BOJOHOCHBIN KOMIUIEKC HANOPHBIX TEpMallb-
HBIX BOJI CBSI3aH C Ty(aMy 03€pHBIX OTIOXKEHHUH ITepPBOTO
JTara KajibaepooOpa3oBaHMs U TPEIINHOBATHIMH JIABAMH
u Tybamu JTOKalbAEpHBIX 0oOpa3oBaHuii. OT BOJOHOC-
HBIX KOMIUIEKCOB TPYHTOBBIX BOJ TE€pMaJIbHbIE BOJIBI
OTIEJCHbl OTHOCHUTENBHO BOAOYHNOPHBIMU IUIOTHBIMU

36. Xonoonvle ucmouHuKu Ha KOHMAKMe MpeuwjuHOBAMbIX J1A6 IKC-
mpy3uu u nem308six myghoe 6 yuienve JKenmoix ckan

36. Canyon of Yellow Cliffs. Cold springs at the contact-point of fractured
extrusion lavas and pumice tuffs

basalts and loose dealluvial deposits at the slopes of the
Kikhpinych volcano and the Zheltaya hill. Nonartesian, mainly
fissure circulation waters of this complex form low-discharge
descending spring at the slopes of the Kikhpinych massif.
Chemical composition of cold waters is hydrocarbonate-
magnesium-calcium, with mineralization below 200 mg/I. Be-
side cold waters, in the areas of thermal anomalies, various
thermal manifestations occur, associated with the ascent of
steam and gas to the surface, steam condensation and gas
dissolution in ground waters. Chemical composition of wa-
ters in hot water and mud pots is sulfate with various cati-
ons including ammonium and hydrogen, and mineralization
of 500—700 mg/l (for example, the Tcherny (Black) spring);
while water springs have the sulfate-hydrocarbonate-magne-
sium-sodium composition, with mineralization up to 900 mg/I
(the Neozhidannye (Unexpected) springs).

The third water-bearing complex of lacustrine sediments
occupies mostly the slopes of the Geysernaya valley; at the
left side including only the basin of the Vodopadny (Water-
fall) Stream. Psephitic tuffs of the complex contain mainly
cold ground waters that are heated only in the fault zones
and in the areas of lacustrine sediments’ contact with the
extrusions of the left side of the valley, where steam-gas
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(anmeBpomenuToBBIMH) Ty(pamMu M jnaBamMH. BwIcokoTeM-
nepaTrypHble HATIOPHBIE BOABI TaK K€, KAK U OOBIYHBIC
MOA3EMHBIC BOABI, MOAHUMAIOTCS K IOBEPXHOCTU IIOX
JEUCTBHEM TUAPOCTATUYECKOTO JaBJICHUS U BBIXOIST
Ha MOBEPXHOCThH IO TPEIIMHAM B BOAOYIOPHOH KPOBIE
B BHUJI€ MHOTOUHCIICHHBIX T'€H3€pOB U KUILAIIUX HCTOY-
HUKOB (poTo 37). Xumuueckuil cocTaB BEICOKOTEMIIEpa-
TYPHBIX BOJ — XJIOPUJHO-HAaTPHEBLINH ¢ oOmell MuHepa-
nm3anueit 1,8-2,2 r/n. Temneparypa Boabl Ha ITyOuHE Ha
y4acTKe pasrpy3KH, PaCCUMTAHHAS 110 XUMHUYECKOMY CO-
CTaBY BOJIbI HCTOYHHUKOB C TOMOIIIBIO TAK HA3BIBAEMBIX T'€0-
XMMHUYECKUX reoTepMoMeTpoB, gocruraer 150-180 °C.
Tak kak TeMIeparypa KUIICHUS BOJBI HA IOBEPXHOCTHU HE
MoxeT npessimarh 100 °C, To H30BITOUHOE TETIOCOAEP-
’kaHue Bonbl ¢ temrieparypoit 150-180 °C mpespaiaet
9acTh BOABI B 1ap, KOTOPBIH M BBLACIIETCS BMECTE C BO-
JIOM KUTISAIIUX UCTOYHUKOB U reiizepoB. Bo3amoxkHa 1 uu-
CTO TapoBasi pPasrpy3Ka, €CNU BhIIICyKa3aHHAsl BBICOKAs
TeMIIepaTypa Ha NIyOMHE OyAET BBIIIE TEMIEPaTyphl Ku-
MICHHS TIPH TAHHOM THAPOCTAaTHYECKOM JAaBieHuH. B Ta-
KOM cJIydae 1mapooOpa3oBaHHE HAUMHACTCS 3HAYUTEIHEHO
HIDKE TOBEPXHOCTH, OoJsiee JETKHH map, OTICIHBIINCH

jets occur. Springs with high temperatures and water mi-
neralization are observed in this area. Typical springs of this
complex have hydrocarbonate-calcium composition, mine-
ralization not exceeding 100 mg/l, and low discharge — up
to 0.5 I/s.

The fourth aquiferous complex of groundwater is connect-
ed with pre-caldera the sediments distributed in the middle of
the left bank of the Geysernaya valley. Water circulates along
cracks and pores of dacitic lavas and landslide deposites.
In the area of the aquiferous complex distribution warm and
hot springs prevail, whose formation is connected to mixing
cold waters with the steam ascending from the depth. The
brightest representatives of the complex are thermal mani-
festations of the Verkhne-Geysernoye field.

The fifth aquiferous complex of artesian thermal waters
is associated with the tuffs of lacustrine sediments of the first
caldera-forming stage, as well as with the fractured lavas and
tuffs of pre-caldera deposits. Thermal waters are isolated
from ground water complexes by relatively waterproof (aleu-
ropelitic) tuffs and lavas. High temperature pressure waters
ascend under hydrostatic pressure, and discharge onto the
surface along the fissures in the waterproof upper boundary

© fApo3HuH B. A."/ Droznin V. A.

37. Pazzpy3ka évlcokomemnepamypuuix 600 V 600onocnozo (mepmanvnozo) komnnekca. Kunauwjue ucmounuxu u zeizeput Llenmpansnoii wacmu

[onunw zeiizepos. Ha 3a0nem nnane cneea zeiizep Berukan

37. Discharge of high-temperature waters of the V aquiferous (thermal) complex. Boiling springs and geysers in the Central part of the Valley of Geysers.

On the background, at the left-geyser Velikan
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in the form of numerous geysers and boiling springs (photo
37). Chemical composition of the high-temperature waters is
chloride-sodium, with total mineralization of 1.8-2.2 g/I. Dis-
charge water temperature at depth, calculated by the chemi-
cal composition of the spring waters, using the so-called
geochemical geothermometers, reaches 150-180 °C. Sur-
face boiling point of water can not exceed 100 °C, therefore
exess heat content of waters with temperature 150-180 °C
are transforms some portion of water into steam discharging
together with waters of boiling springs and geysers. Purely
steam discharge is also possible, if the mentioned high tem-
perature at depth goes beyond the boiling point at a given
value of hydrostatic pressure. In that case, steam formation
starts considerably below the surface, more volatile steam
comes off the water, ascends and discharges onto the sur-
face along the fissures. Steam-outs mostly occur in the up-
per Geysernaya valley, over its slopes and at the foot of the
Kikhpinych volcano, where piezometric (pressure) level of
the thermal aquiferous complex lies below the surface. In the
areas of mostly water discharges, steam jets are recorded in
the elevated parts of the microrelief.

Judging by the disposition of various surface thermal
manifestations, from steam-gas jets and acidic sulfate wa-
ters of the Kikhpinych volcano foot to chloride-sodium boiling
springs in the lower Geysernaya basin, this aquiferous com-
plex is spread almost all over within its limits. There seems
to exist a single hydrotherm flow moving from the Kikhpinych
volcano foot towards the lower current of the Geysernaya ri-
ver (discharge zone). Temperature of its up flow branch from
a tentative heat source (magmatic chamber) is also estimat-
ed by the chemical composition of spring waters and gases,
and on the average, makes up 250 °C (maximum 330 °C).
General flow rate of high-temperature waters is determined
using the so-called hydrochemical method, showing the val-
ue of about 300 I/s. The method is based upon the detec-
tion of the river supply and removal of a chemically stable
component of high-temperature water (in this case, chlorine).
Concentration of chlorine in thermal water much exceeds its
content in the river before the discharge zone. Chlorine dis-
charge was calculated by its content in the mouth of the Gey-
sernaya river and its flow rate. The flow rate was determined
by the measurements of the coring winch velocity and river
cross-section. Since chlorine content in the upper waters is
quite low (about 0.7 mg/l), it is possible to assume, that prac-
tically all chlorine in the mouth is supplied with discharging
thermal water. So, its flow rate can be calculated dividing all
the estimated chlorine to its concentration in thermal water.
For instance, in September 1989, flow rate of the Geysernaya
river made up 3 340 I/s, chlorine content in the river waters
being 85 mg/l. Consequently, chlorine consumption (carrying
out of chlorine) was 283 900 mg/s. As maximum chlorine con-
tent in the discharging thermal waters in the form of boiling
springs and geysers reaches 900 mg/I, total discharge rate of
thermal water will make: 283 900 mh/s : 900 mg/l = 315 I/s.
This value includes the apparent discharge, which is the total
of springs and geysers yields — about 100 I/s. This is the larg-
est rate of natural discharge of high-temperature waters onto
the surface, ever known in Kamchatka.

The pearl of Kamchatka: Valley of Geysers

OT BOJbI, IOJHUMACTC BBEPX U MO TPEHIMHAM BBIXOAUT
Ha MOBEPXHOCTh. BBIXOBI Tapa HAOIIOAAIOTCS B OCHOB-
HOM B BEPXOBBAX JONUHBI p. ['eii3epHOii, Ha €€ BBICOKUX
CKJIOHAax 1 MOJAHOXXbC BYJIKaHA KI/IXHI/IHLIH, TaM, I'A€ IIbC-
30MeTpUYECKuil (HallOpHbIH) ypOBEHb TEPMATBHOTO BOJIO-
HOCHOTO KOMIUIEKCa HAaXOAWUTCSI HIKe MoBepxHocTu. Ha
y4acTKe MIPEUMYIIECTBEHHO BOIHON pa3rpy3KH IapoBbIe
CTPYH OTMEYAIOTCS Ha BO3BBIIIEHHOCTSAX MUKpOpenbeda.
Cyns 1O pacloJOXEHHI0 Pa3sHOOOPA3HBIX IOBEPX-
HOCTHBIX TEPMOIIPOSIBIIEHUI — OT Napora3oBbIX CTPYH
U KUCIBIX CyNb(aTHBIX BOJX MOAHOXbs BynkaHa Kuxmm-
HbIY 0 XJIOPUAHO-HATPUCBLIX KUIIAINIUX HCTOYHHUKOB
HWKHeH dactu OacceiliHa p. [eif3epHOid, 3TOT BOJOHOC-
HBII KOMILJIEKC MOJIyYuJI B €ro rpaHuviax npakKTUYCCKH
MIOBCEMECTHOE pacnpocTpaHeHne. Ou4eBUIHO, CyIECTBY-
€T €IMHBIN I0TOK FMAPOTEPM, ABUKYIIUICS OT OAHOXKbS
BynkaHa Kuxnuuerd x Hu30BbIO p. [elizepHoii (30He pas-
rpy3kn). Temneparypa BOCXOISIIEH ero BETBH OT Ipea-
MOJIaraeMoro MCTOYHHKA TerJia (MarMaTu4eckoro ovara)
OILICHEHA TAKXXE C TIOMOIIBI0 XUMHIECKOTO COCTaBa BOJBI
HMCTOYHHUKOB M COCTaBa ra3oB M paBHa, B cpeaHem, 250 °C
(makcumainbHas — 330 °C). O6mias pa3rpy3Ka BBICOKOTEM-
NEPaTypHbIX BOA, OIPCACIICHHAsA TaK Ha3bIBAEMbBIM TI'H-
JPOXMMUYECKAM METOJOM, COCTABISCT BEIHUUHY OKOJIO
300 n/c. B ocHOBE MeTOzIA JICKHUT OIpENEICHHE MOCTYTI-
JICHHUA U BBIHOCA peKOfI XUMHUYCCKH yCTOfIQHBOFO KOMIIO-
HEHTa BBICOKOTEMIICPaTypHOIl BOABI (B JAHHOM CIydae
xJyopa). KoHIeHTpamus xmopa B TepMaJbHON BOjE Ha-
MHOTO TIPEBBINIACT €T0 COAEPKaHNEe B PEKE /10 30HBI paz-
rpy3ku. Pacxon Xjopa pacCcuMTHIBAJICS IO COAEPKAHUIO
XJIOpa B yCTheBOM HacTu p. I'elizepHoil u ee pacxony. Pac-
XOJI OTIPEIEIUICS IMyTeM M3MEPEHHUS] CKOPOCTH THIPOIIO-
TMYECKON BEPTYILIKON U MOIEPEUHOro ceueHus pexu. Tak
KaK B BEPXOBBC PEKU COACPKaHME XJIOpa B BOJIE OYCHBb
Hu3koe (okosio 0,7 MI/I), MOXKHO CUMTATh, YTO MPAKTH-
YEeCKH BECh XJIOP B YCThE IMOCTYIALT C Pa3TpyKaromiencs
TepMasbHOM Boj0M. Torma ee pacxon MOKHO pacCUHUTaTh,
pas3acius BBIYHCJICHHBIN pacxon Xjiopa Ha KOHIICHTpAIUuio
XJIopa B TepMajbHOH Bojie. Hanpumep, B cenTsiope 1989 1.
pacxon p. I'efizepHoit coctaBun 3 340 n/c, comepkanue
XJIOpa B pedHoM Bome — 85 mr/m. Otcionma ciemyeT pac-
xo11 (BeIHOC) XJ10pa B 283 900 mr/c. Tak kak MakcHMab-
HOE COZIepKaHUE XJI0pa B Pa3rpy’KaromIencs: TepMaTbHON
BOJIC B BHJIC KUILIIINX NCTOYHUKOB U Tel3epoB HOCTHTA-
et 900 mr/i, To obmmid pacxox (pasrpy3ka) TepMalbHOM
BOJIbI cocTaBUT: 283 900 mr/c : 900 mr/m = 315 xi/c. B aty
BEJINYMHY BXOIUT BUIUMAs pasrpy3ka, TO €CTh CyMMa Jie-
OMTOB MCTOYHUKOB M Tei3epoB — okoso 100 ii/c. Do ca-
MBI KpyTHBIN, U3BeCTHBIN Ha KaMmuaTke, ecTeCTBEHHBIN
BBIHOC Ha ITOBEPXHOCTH BEICOKOTEMIIEPATYPHOM BOAEI.
HanopHnslit TOTOK BBICOKOTEMITEPATYPHBIX BOI, B CYIII-
HOCTH, OTIPEACISICT BCE OCOOCHHOCTH THAPOTEPMAaIbHON
CHCTEMBI, IT0J] KOTOPOH MOYKHO TIOHUMATh B TAHHOM CITydae
COBOKYTTHOCTB MPOSIBIICHUN TUAPOTEPMATIBHON IEATEIBHO-
CTH, HaOITIOIAaeMOM Ha TIOBEPXHOCTH ¥ MPOTEKAIOIIEH B €
Henpax. ['maporeonornyueckasi MOJENb THAPOTEPMATHHON
CHCTEMBI WM Oojiee y3KO — MOJIEb (JOPMHPOBAHUS BBICO-
KOTEMIIEPaTypHBIX BOJ MOJKHO MPEICTABUTH CIEIYIOIIIM
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obpazoM. [lomzemHble BOABI TIIYOMHHOW IUPKYIISAIIH, Pressure flow of high-temperature waters virtually con-
oOpasyronyecs: pu UHPUIBTPALUN aTMOC(HEPHBIX 0CA- ditions all the peculiarities of the hydrothermal system that,
KOB B 00JIaCTH BYJIKaHWYECKOTO MaccuBa KuxmnuHbIY, Ha- in this case, can be defined as a total of manifestations of
rpeBaoTCs 3a CYET TeIlla MarMaTHYecKoro odara u ¢op- hydrothermal activity observed on the surface and going on
MUPYIOT BOCXOISIIMNA MOTOK THAPOTEPM C TEMIIEPaTypoit beneath. Hydrogeological model for the hydrothermal sys-
250-330 °C. Jlpurasich K MOBEPXHOCTH, K 30HE pasrpy3KH, tem, or the formation pattern for high-temperature waters,
OHHM CMEIIMBAIOTCS B PA3sHBLIX MPOIMOPLMAX C XOJIOIHBIMU can be presented as follows. Deep circulation ground waters,
BOZJAMH U, OXJIAXKIASCh, B TOM YUCIIE 3a CYET IIOTEPHU I1apa, formed in the result of atmospheric precipitates infiltration in
MpUOOPETAIOT XapaKTep JaTepalbHOTO MOTOKA C TeMIlepa- the area of the Kikhpinych volcanic massif, are heated by the
Typo# Bonsl 180 °C (puc. 4). magmatic chamber and generate an ascending hydrotherm

B 30He pasrpysku Harperas 0 BBICOKOW TeMIlepary- flow with the temperature of 250-330 °C. Ascending to the
pB! BOAA MOAHUMAETCS K MOBEPXHOCTH 4YEPE3 TPELIUHBI surface discharge zone, they mix with cold waters and being

Byakanu4eckuii MaccuB
IJIATO HIHMPOKOE KUXIIMHBIY-KEJTAA

PLATEAU SHIROKOE Volcanic massif
KIKHPINYCH-ZHELTAYA
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Puc. 4. lIpunyunuanwvnaa mooens I'eiizepnoii zudpomepmansnoil cucmempl:

1 — naBbl, JaliKK aHAE3UTOBOTO COCTaBA — OTHOCHTEIHHO BOJOHEHNPOHUIIaeMble (BOZOYIOPHbIE) OTIOKEHUS; 2 — TY(dbl, TYGHHUTH — OTHOCHTEIEHO BOJIO-
HETIPOHHIIaeMbIe (BOLOYIIOPHBIE) OTIOKEHUS; 3 — Ty(bl, JIaBbl, HTHUMOPHUTHI — OTHOCHTEIHFHO BOJZOHEIIPOHHIAEMbIE (BOLOYIIOPHBIE) OTIOXKEHUS; 4 — mmepe-
crnavBaHue Ty(OB pa3IMYHON [NIOTHOCTH, TPELIMHOBATHIE JaBbl H Ty()OIaBbl — OTHOCUTENIBHO BOIOIPOHUIIAEMbIE (BOJOHOCHBIE) OTIIOKEHHS; 5 — pa3ioMBl;
6 — HarOpHBIH (Tbe30MeTPUYECKHIi) YPOBEHD IIOA3EMHBIX TePMAIIbHBIX BOJ; 7 — H30TEPMBI; 8 — METEOPHBIE BOJbL, 9 — HalpaBIeHHE JBIKCHUS TePMaTbHbBIX
BoJ; 10 — BBIXO/IBI ITApa, Mapora3oBoii cMmecu; 11 — reif3epbl, KUINAIIKE U FOpsSYUe UCTOUHUKHU (pa3rpy3Ka TepMajbHbIX BOJ)

Fig. 4. Principal model for the Geysernaya hydrothermal system:

1 - lavas, dykes of andesitic composition — relatively impermeable (waterproof) deposits; 2 — tuffs, tuffites — relatively impermeable (waterproof) deposits; 3 — tuffs, lavas, ig-
nimbrites — relatively impermeable (waterproof) deposits; 4 — interlayering of tuffs of various density, fissury lavas and tuff-lavas — relatively permeable (aquiferous) deposits;
5 — faults; 6 — pressurized (piezometric) level of underground thermal waters; 7 — isotherms; 8 — meteoric waters; 9 — direction of thermal waters migration; 10 — discharges of
steam and steam-gas mixture; 11 — geysers, boiling and hot springs (discharge of thermal waters)
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cooled (also due to the loss of steam), acquire the nature of
the lateral flow (out flow) with water temperature of 180 °C
(fig. 4).

In the discharge zone, high-temperature water ascends
to the surface through the fissures in the waterproof upper
layer not only driven by hydrostatic pressure, but also due to
the difference between the volume weights of hot and sur-
rounding cold waters. For instance, at water temperature of
200 °C, water volume weight is approximately 0.86 g/cm?,
that is, its weight is 14 % less than that of 0 °C water. Hot
water as if floats to the surface, pushed by cold waters. Stu-
dies of the distribution of hydrogen isotope — tritium — within
natural waters of the Geysernaya basin have shown that the
water of hot springs and geysers has been circulating in the
bowels at least for 600 years. For comparison, interchange of
cold ground waters comes about only for 4—6 years, which is
the evidence of their surface formation. Wide variety of ther-
mal and water manifestations in the Geysernaya river basin
is accounted for by the fact that the river creates the condi-
tions for the deep drainage of all the aquiferous complexes
by intersecting aqueous rocks and disclosing the upper part
of the hydrothermal system from the ascending flow zone to
the zone of lateral hydrotherm flow discharge.

Geysernaya hydrothermal system is characterized by one
of the largest heat efflux in Kamchatka. As it was mentioned,
the total flow rate amounts about 300 I/s of water, with av-
erage depth temperature about 250 °C. Heat efflux makes
314 MWt with respect to the annual air temperature (approxi-
mately 0 °C). Given the losses of heat in the upper Geyser-
naya river that are not included into the value of water dis-
charge rate, the total size of heat efflux will make 321 MWHt.

It is obvious, that hot waters bring various chemical com-
pounds onto the surface (into the Geysernaya river and other
currents). Some numbers can be given to show the scale of
the substance removal by modern hydrothermal systems.
Given the high-temperature waters discharge of 300 I/s,
62 tons of dissolved substances daily penetrate into the Gey-
sernaya river, including 23 tons of chlorine, 17 tons of so-
dium, 1.5 tons of potassium, 0.6 tons of calcium, 0.6 tons of
boron, 9 tons of silica acid and 0.3 tons of sulfur.

The pearl of Kamchatka: Valley of Geysers

B BOJIOHENPOHUIIAEMOM KpPOBJIE HE TOJIBKO MOA JEHCTBU-
€M rUAPOCTaTUYECKOTO IaBIECHNUS, HO U 3a CUET Pa3Inuus
B OOBEMHBIX BECAX TFOPAYUX M OKPYXKAIOIIMX UX XOJOA-
HBIX Bozl. Harmpumep, pu Temneparype Bozsl 200 °C 00b-
eMHBII Bec BOAIbI paBeH npubmmkerHo 0,86 r/cm?, To ecTb
oHa jierue Ha 14 % Bonel ¢ Temneparypoi 0 °C. I'ops-
Yasi BoJla Kak Obl BCILIBIBAET, BHITAJIKUBAEMAast XOJIOMHOM.
Bona ropsiuux MCTOYHHMKOB U Iei3€poB, Kak I10Ka3ajo
U3y4eHHUE pacIpeleseHs] U30Tola BOAOPONA TPUTHUS
BIIPUPOIIHBIX BoJlax Oacceitna p. [eii3epHoii, TUPKYyIUpyeT
B Hepax He MeHee 600 neT. J{ns cpaBHEHUSI CKa)KeM, UTO
BOJIOOOMEH XOJOIHBIX I'PYHTOBBIX BOJ OCYILECTBIISICTCS
BCETO 32 4—6 JeT, CBUICTENbCTBYS 00 ux hopmMupoBaHUN
B IOBEPXHOCTHBIX ycIoBUsAX. PasHooOpasue Tepmo- 1 Bo-
JomnposiBiacHUi B Oacceline p. I'eiizepHoil 00BsicHsACTCA
TEM, YTO peKa, Ipope3asi BOJOBMELIAIOIIUE TOJIIY IIOPOJ
Y BCKPBIBAsi BEPXHIOIO YACTh I'MAPOTEPMATBHOIN CHCTEMBI
OT 30HBI BOCXOZSILETO OTOKA A0 30HBI Pa3rpy3KH JiaTe-
PaJIBHOIO IMOTOKA TUAPOTEPM, CO3AET YCIOBUS I IIy-
OOKOro JPECHUPOBAHNUS BCEX BOJOHOCHBIX KOMIIJICKCOB.

I'eiizepHas ruaporepMaibHas CUCTEMA IIO BBIHOCY
TEeIyia SIBJISIETCS OAHOM M3 caMbIX MOIIHBIX Ha Kamuar-
ke. Kak yka3pIBaoch BBIIIE, BETMIMHA 00IIEH pasrpy3Ku
cocrtapisieT okoio 300 J1/c BOIIBI ¢ TEMIIepaTypoi Ha TITy-
oune B cpegHeM 250 °C. OTHOCHTENBHO CPEIHETOI0BOM
Temreparypsl Bo3ayxa (mpubmmsurensHo 0 °C) BBIHOC
terya coctaBuT 314 MBT. C yueTom TemnonoTeps B Bep-
X0Bbe p. I'elizepHOl, HE BXOAAIIMX B BEIMYUHY BOIHOM
pasrpy3Ku, CyMMapHas BeJIMYMHA BbIHOCA TEIlIa COCTa-
But 321 MBT.

IToHATHO, UTO BMECTE € ropsiueii BOAOH BBIHOCSTCA Ha
MOBEPXHOCTH (B p. [eli3epHyt0 U Ipyrue BOJOTOKH) U CO-
JIeprKaluecs B HEll B BUJIE PA3MYHBIX COCIMHEHUN XU-
MHYECKHE AIEMEHTH. MOXXHO Ha3BaTh HECKONBKO UG,
9TOOBI MMOKa3aTh MacmTad BRIHOCA BEIIECTBA COBPEMEH-
HBIMH THAPOTEPMAIBHBIMU ccTeMaMu. 1Ipu pacxorne BeI-
cokoreMiieparypHseix Box 300 1/c B p. I'eitzepHyto B cyT-
KU TonaiaeT 62 T pacCTBOPEHHBIX BELECTB, B TOM UUCIIE
23 T xnopa, 17 T marpus, 1,5 T kanus, 0,6 T kaneius, 0,6 T
0opa, 9 T KpeMHHEBOH KUCIOTHI, 0,3 T cephl.



[elizepobl u dpyeue
MmepmonpoAe/IeHUs 00/UHbI
p. letizepHou

Brelie Mb1 TOBOPUWJIM O TOM, YTO BBIXOAAIIHUC HA I10-
BEPXHOCTH B BUJIE UICTOYHHUKOB U IAPOBBIX CTPYH BBICOKO-
TeMIlepaTypHas BoJa U Iap I'MIpOTepMaIbHONH CHCTEMBI
00yCIIOBIMBAIOT TAK)KE HATPEB TPYHTA M TOBEPXHOCTHBIX
BOJ ¥ BEAYT K 00pa30BaHHUIO TCPMOAHOMAJIHH, TAK HA3bI-
BaeMbIX T€pPMaJIbHbIX MOJIEH.

B cpegnem teuenum p. IeilzepHOi pacmonokeHO
Bepxne-leiizepnoe none (IX, puc. 2). OHO 3aHUMaeT
B OCHOBHOM JIEBOOEPEKBE PEKH, IPOTAHYBIINCH HA pac-
crostHue Oosee 1,5 kM. DopMupoOBaHKE TEPMATILHOTO TIOJIS
CBSI3aHO C BO3JCHCTBHUEM Iapa, OTAEIMBILIETOCS OT BBICO-
KOTEMIIEPaTypHOI'0 BOAOHOCHOI'O KOMILJIEKCa, U MO03TOMY
37IeCh HET Irei3epoB 1 KHILIIUX MCTOYHHUKOB, a HaOmona-
FOTCSI MHOTOYHCIIEHHbBIE MEJKHME BBIXOIbl Iapa, y4acTKU
NapsIIEero U HarpeToro rpyHTa, rpsi3eBble KOTIIBL.

Tetisepnoe mepmanvhoe none, caMmoe OONBIIOE, HAYH-
HaeTcs y Brmajenus p. [eizeproit B p. lllymuyto u Henpe-
PBIBHO TIPOCIIEKHUBAETCS 10 oOouM Oeperam IeitzepHoii
Ha MPOTsDKEHUM 4 KM BBepX 10 ee TeueHuro. [locnennue
TEPMOIPOSBICHUS B BEPXOBhE 3a(DUKCHPOBAHBI HA YIACT-
Ke pacrojiokeHus reiizepa Bepxuero BOmm3um Tpexka-
ckagHoro Bomonaaa u B 200 m Beimie ero (I-VIIL, puc. 2).
HmenHo B 3TOM YacTH NOIHHEI p. [eli3epHOl, a0COTIOTHEIC
OTMETKH KOoTOpOoi m3Mensrorest ot 350 mo 580 m, mpowc-
XOIUT OCHOBHAS pa3rpy3ka (BBIXO[ Ha TIOBEPXHOCTH) BEI-
COKOTEMIIEpaTypHBIX HOA3EMHBIX BOI. biaronmaps stomy
3[1€Ch INIABHBIMU U APKUMU ITOBEPXHOCTHBIMU TEPMOIIPO-
SIBTICHUSIMH SIBJISIFOTCST Pa3HOOOpa3HbIe NCTOYHHUKH, TOPSI-
yKe, KUIAIIKeE, TIOCTOSHHbBIE U IYJIbCUPYIOIINE, U, KOHEY-
HO, Tei3epsl. YUacTOK JOJHHBI p. [ei3epHOM, 3aHATHIN
l'elizepHBIM TEpMaNBHBIM MOJEM, III€ COCPEAOTOUYEHEI BCE
rei3epsl, MOIyYrI COOCTBEHHOE Ha3BaHMe — J{omvHa reii-
3epoB (oto 38, 39). bonbInas yacTh caMbIX 3PHEKTHBIX
reiizepoB, B ToM uuciie 19 u3 20 oOHapy)XEHHBIX U BIIEp-
Bble onucaHHbIX T. M. YCTHHOBOW rer3epoB, HAXOOSATCS
B JBYXKUJIOMETPOBON MPHYCTHEBOU MOJOCE — LIEHTPAJIb-
Holt yactu JlonuHel reitzepos (puc. 2, 5). 3neck pacmono-
JKEHBI W HawOoyee KPYyIHBIC KUIIIUE ITyITbCHPYIOLIHE
HCTOYHUKH U IpsI3eBble TepMallbHbIE KOTJIBL. Beero ke Ha
3TOM I0JIe MOKHO HaOIonaTh padboty 6omnee 60 relizepoB
u 6oree 30 KPyIHBIX KUTSIIIX HCTOYHHKOB, YETKO BBIJC-
JISIOIIUXCSI CBOCH HHANBUAYAIHLHOCTHIO M IMEIOIINX CO0-
CTBEHHOE Ha3BaHHE, a TaKKe MHOKECTBA MUHHATIOPHBIX
reii3epoB, UICTOYHUKOB U I'PSA3EBBIX TEPMaJIbHBIX KOTJIOB.
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Geysers and other thermal

manifestations
of the Geysernaya river valley

As mentioned above, high temperature water and steam
of the hydrothermal system emerge onto the surface in the
form of springs and steam jets, conditioning the heating of the
ground and surface waters and resulting in the formation of
thermal anomalies, the so-called «thermal fields».

Verkhne-Geysernoye (Upper Geyser) Field (IX in fig. 2)
occupies the left bank of the middle current of the Geyser-
naya river, and stretches for about 1.5 km. Its formation is
associated with the influence of the steam that had separated
from the high-temperature aquiferous complex, that is why
no geysers or boiling springs can be observed here, only
numerous minor steam vents, areas of steaming and heated
ground and mud pools.

Geysernoye Thermal Field, the greatest one, starts at
the confluence point of Geysernaya and Shumnaya rivers,
extends four kilometers up the Geysernaya current, along
its both banks, and ends in the vicinity of the Verkhny (Up-
permost) geyser, near the Trekhkaskadnyi waterfall and lat-
est thermal manifestations located 200 m up (I-VIIl in fig. 2).
This is the place where the major discharge (surface outflow)
of high-temperature ground waters occurs, due to which, the
most vivid surface thermal manifestations here are various
springs (hot, boiling, permanent and pulsating) and gey-
sers. The area within the Geysernaya river basin, occupied
by the Geysernoye thermal field, where all the geysers are
concentrated, had got its own name of the Valley of Geysers
(photo 38, 39). Most effective geysers, including 19 from 20
discovered and first described by T. I. Ustinova, are mainly lo-
cated in a two-kilometer near-mouth zone — the central part of
the Valley of Geysers (fig. 2, 5). The largest pulsating springs
and mud thermal pots can be also observed here. More than
60 geysers and over 30 large boiling springs operate in this
area, with brisk personalities and individual names, as well as
numerous tiny geysers, springs and mud thermal pots.

In spite of the diversity of geysers, a common feature is
known to be the periodicity of all their operation stages. Gey-
ser operation starts when the water (cooled in the course of
its previous eruption) flows out of the upper part of a chan-
nel. Quiet at the beginning, the outflow is then interrupted
by single splashes of water and release of vapor bubbles,
often followed by short pauses in the outflow, though, on
the whole, its intensification is observed with time. The mo-
ment of vapor bubbles emergence in the outpouring water
indicates the beginning of steam formation within the geyser



60

The pearl of Kamchatka: Valley of Geysers

gy

38. Oowquir 6uo lonunsi 2eizepos na Lllenmpanvnom yuacmee. B yenmpe Inowjaoka gponmanoe (Bumpaosic), na oanvhem nnane: cieea — yuje-
Jive JKenmuwix ckan, cnpaea — 06pwiesl 1€6020 6opma oonunst p. Ietizepnoi

38. General view of the Valley of Geysers at the Centralnyi site. In the center — the Fountain Plateau; in the background: to the left — the canyon of Yellow

Cliffs, to the right — precipices of the left side of the Geysernaya river valley

channel. When steam formation (induced by the decreasing
pressure and increasing temperature due to the influx of hot-
ter water) affects most part of the channel, the second stage
starts, during which intensive boiling turns to the spouting
of steam-water mixture, that is, the geyser eruption itself takes
place. In the course of a usually brief eruption, the channel
ejects huge volumes of steam and water, if compared to
their discharge rates during the calm outflow. After the erup-
tion, steam is emitted from the emptied channel for some
time (the steaming stage), and then goes the fourth stage,
during which the channel is filled with new portions of hot
water. Further, we can observe the repetition of the above
picture of geyser’s operation.

Though the nature geysers’ operation is quite similar
for all of them, manifestation of each stage of every single
geyser is exceptionally individual. First of all, it concerns the
duration of a complete operation cycle called periodicity and

Kak u3BecTHO, B eATENILHOCTU TeH3epOB NPU BCEM
UX Pa3HOOOpa3uH OOIIUM SIBISIETCS TIOBTOPSIEMOCTD BCEX
ctaauid paboThl. JlelicTBUE rei3epa HAYMHACTCS H3JIHBOM
U3 BEpXHEM 4acTu KaHajla BOABI, OXJIAXJIEHHOW B Xoje
MpebIAYLIero ero u3Bepxenusa. CIIOKOWHBIA BHaYaIe U3-
JIUB TIOCTENIEHHO HAPYyILAETCs OTAEIbHBIMH BBIILJIECKAMH
BOJIBI U BBIJICJIEHUEM Iy3BIPHKOB Iapa, 3a KOTOPHIMHU Ya-
CTO CJIEAYIOT KOPOTKHE MEPEPHIBBI B U3JIHBE, XOTA C Te-
YeHHEM BPEMEHHU B IEJIOM HaOIIOMAeTCsl €ro YCHICHHUE.
MoMeHT nosIBIEHUS IMy3bIPHKOB Iapa B M3JIHMBAIOIICHCS
BOJIC CBHICTENILCTBYET O Hayaye Mapoodpa3oBaHus B Ka-
Haue reifsepa. Korga mapooOpa3oBanue, CTUMYIHPYEMOE
YMEHBIICHUEM JABJICHUS M MOBBIIICHUEM TEMIIEPATYPhI
3a CYeT NMPHUTOKA Bce OoJiee Topsiaeii BOIBI, OXBATHT OOJIb-
IIVIO YacTh KaHaJa, HAYMHACTCS BTOpasi CTamus — OypHOe
KUTICHUE, TepeXoasiee B (POHTAHUPOBAHUE TAPOBOASIHON
CMECH, TO €CTh POUCXOAUT U3BEPIKEHHUE reifzepa. 3a Ko-



KemuyxuHa KamyaTkn — [JonvHa rensepos

61

POTKH, KaK IIPaBUIIO, IEPUOJ U3-
BEPXKECHUS U3 KaHajJa BHIOpachIBa-
€TCs OTPOMHOE KOJIMYECTBO BOJBI
U Tapa IO CPaBHEHHIO C PACXOI0M
Bonbl npu u3nuse. Ilocie ussep-
YKEHUS U3 OIIOPO’KHEHHOTO KaHajIa
HEKOTOPOE BpeMs BBLACISIETCS Tap
(cTagus mapeHus) ¥ 3aTeM CIeAyeT
YeTBepTast CTajusl — HAIOJIHEHUE
KaHaJa HOBBIMU MOPLHUSMHU TOPs-
yelt Bojbl. Jlanee Mbl HaOMIOMaEM
MMOBTOPEHNE OMUCAHHON KapTHHBI
paboTsI reifzepa.

Hecmorpss Ha cxomublii Xa-
pakTep AEWUCTBUS I'ei3€poB IMpo-
SIBTICHUE KaXXJOH CTaanu pabOTHI
KOHKPETHOTO reizepa cyryoo HH-
JUBUyalbHO. DTO KacaeTcs mpe-
XJIe BCETo IPOJODKUTEIBHOCTH
HOJIHOTO ILHKJIAa IEUCTBHUA Tei3e-
POB, HA3BIBAEMOIO HEPHOIUYHO-
CTBIO U H3MEPSIEMOTO BPEMEHEM,
KOTOpOE TPOXOAUT MEXIY OIH-
HAKOBBIMH CTaJIUSMHU HACTOSIIETO
U TIOCJIEAYIOIIETO ITUKIIOB, HAIIPH-
Mep MEXAy cTaausMu (hoHTaHU-
poBanus. I'eitzepsl B JlonuHe reii-
3€pPOB 3aMETHO OTIMYAIOTCS JPYT

. 39. Ilenmpansvnas wacmo /lonunvl 2eizepos. 3umoii Haubonee akMugsHble MEPMAIbHbLE NOUAOKU
OT ipyTra CBOCHU IICPUOANIHOCTBIO,  xopouio 3amemnst no npomanunam é cnezoeom nokposge
KOoTOpass U3MCHACTCA OT HECKOJIb-

KHX 4acoB (redsep Bemukan) 10 by thawed patches in the snow cover

39. Central part of the Valley of Geysers. In winter, the most active thermal grounds are well distinguished

HECKOJIBKUX MHUHYT (reizep [lsatu-
MUHYTKa).

OllHaKO CaMbIC SICHBIC BHIVWMBIC pPA3JINYIUA IIPOSAB-
JIAIOTCSL B XapaKTepe WU3BEPXKEHUs MapOBOASHON cMecH
U CTPOECHUU BEpXHEH yacTH KaHaja reisepos. 3Bepike-
HHE 3aHUMAaeT OOBIYHO BpEMA OT HECKOJIBKUX CEKYHJ 10
HECKOJIBKUX MUHYT. Ho kxakue Pa3HbIC 3TU CEKYH/bI U MU~
HYTHI B IEUCTBUH KaXA0T0 reizepal Y ogHUX — 3TO IUIIH
cirabble BBITUICCKH KUTISIIEH BOMBI, Y IPYTHX — MOIIIHBIC
MHOTOCTpYHHBIC (OHTAHBI KHILIIEH BOABI, ObIOIICH Ha
BbIcOTY 10-25 M, U CTOJNIOBI TIapa, MOMHUMAFOIIETOCS Ha
BeicoTy 100-300 M (Hanpumep, Benukan, bonbmioit, Ma-
neiid, TpotiHoH, [lepsenemn). CTpoeHHe BBIXOAHOH YacTH
KaHAJIOB Irei3epoB HACTOIBKO pa3HOOOPa3HO U )KUBOITHC-
HO, YTO JIEVIO B OCHOBY WX OPHUTMHAJIBHBIX Ha3BaHUIL.
OCO0CHHO 3TO XapaKTEePHO ISl Te3epoB, KaHAIBI KOTO-
PBIX Ha MOBEPXHOCTH MMEIOT BHJ JOCTaTOYHO OONBIINX
BOPOHOK (BaHH) HJIH CJIOKEHBI TeH3ePUTOBBIMH TTOCTPOH-
KaMH, OTIMYAIOMIUMICS pPa3MepoM, IIBETOM, (HOpMOii.
Taxkoss! reiizeps! XKemuysxusiii, Konyc, Po3ossriit Konyc,
Caxapusbiii, Banna, bonpmoi.

Crnenyer OTMETHTH, UYTO MOJABISAIONIEE YHCIIO Tei-
3€pOB, KPYIHBIX MOCTOSHHBIX U MYJIBCUPYIOIINX HCTOY-
HUKOB pAacIIOJIOKEHBI Ha JieBoM Oepery p. [elizepHoii,
MpUYEeM CaMble MOIIHBIE M3 HUX NPHOIMKCHBI K PEKe.
Ha 0oiiee BBICOKHX OTMETKaX BCTPEYAIOTCS HEOOJBIIIHE
HCTOYHUKH U Tei3ephl, BBIIIE KOTOPBIX HAXOASTCS TONb-

measured by the time that passes between the same stages
of the present and the consequent cycles, for instance, be-
tween the stages of eruption. Periodicity of geysers operation
in the Valley of Geysers is quite different, ranging from a few
hours (the Velikan (Giant) Geyser) to a few minutes (the Pya-
timinutka (Five-Minutes) Geyser).

However, the most distinct visible differences manifest
themselves in the nature of the steam-water mixture eruption
and in the structure of the upper parts of geyser channels.
The eruption usually takes from a few seconds to the first
minutes. But how different those seconds and minutes are for
each geyser! Some of them are just some poor splashes of
boiling water, while the others shoot voluminous multi-stream
fountains of boiling water to the height of 10-25 m and col-
umns of steam rising up to 100—300 m (for instance, such
geysers as Velikan (Giant), Bolshoi (Large), Maly (Small),
Troynoy (Tripple), Pervenets (First)). Diversity and vivid-
ness of the outer parts of geyser channels prompted their
original names. It is especially typical for geysers whose
surface channels form rather large craters (pools), or are
composed of geyserite constructions different in shape, size
and color: geysers Zhemchuzhny (Pearl), Konus (Cone), Ro-
zovyi Konus (Pink Cone), Sakharnyi (Sugary), Vanna (Bath),
Bolshoi (Large).

Notable is that most geysers , as well as large perma-
nent and pulsating springs are located at the left bank of the
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KO BbIXOJbI Iapa. HeTpynHo 3amMeTuUTh, 4TO B Npeaenax
obmupHoro ['eli3epHOro moss rei3epsl U Apyrue TepMo-
MIPOSIBJIEHUS COCPEAOTOYEHBI Ha OTAEIBHBIX Y4YacTKax.
B cBoe Bpems nepBooTKpbIBaTeNnb JloauHBEI reifzepos
T. W. YcruHoBa BbIAENMIa 8 TaKUX ydacTKoB. Bermen
3a HEIO HUIKE MBI BEJIEM OIIMCAaHUE TEPMOIIPOABICHUI 110
9THUM XK€ ydacTKaM, HadMHas OT yCTbeBOM uacTu p. ['eil-
3EPHOM.

Yaacmok
[puycmeoesoli (1)

EnuHCTBEeHHBI TEpMaNbHBIN yYacTOK, JEKalui 3a
TpeieNIaMu JOMUHEI p. [ efi3epHOM, pacoiokeH Ha JIEBOM
oepery p. lllymHo#, B 60 M HWke BnajeHus B Hee [eii-
3epHO# (poTo 40). Ha TepmanbHO# miionianke, pa3mepsl
koTopoii o nzorepme 70 °C Ha METPOBOW IITyOHHE BCETO
10 x 30 m, HaxonuTcs omuH reizep — [lepBenen. Jto nep-
BBIH reizep, Bcrpeuennsiit T. U. Yerunosoit B 1941 r, ort-
Yero M MOoJy4yuil cBO€ Ha3BaHue. JIpyrux akTHBHBIX Tep-
MOTIPOSIBJICHHUH 37ech HeT. OTMeUaroTCs UMb MPU3HAKH
pasrpyKaroliuxcs TepMaJIbHBIX BOJ: IOBBILIEHHbBIE TEM-
mepaTypsl TpyHTa, 3eJIeHBIE BOOOPOCIH B pyciie y Oepera,
Oenple KPEeMHICTHIC HAJIETH Ha KAMHSX.

Teiizep Ilepseney pacionoXxeH B 5 M OT PeKH B OTHOM
METpe BBIIIE €€ YPOBHsA. BbIXoAHOE OTBEpCTHE KaHana

Puc. 5. Tepmonposenenun u mepmanvuvie yuacmxu /{onunsl zeizepos:

1 —reiizep; 2 — KUISIIMI UCTOYHUK; UCTOYHUK C TEMIIEPATypOI:
3 —-50-100 °C, 4 —20-50 °C, 5 — rps3eBblit KOTEN;

Geysernaya river, whereas the largest of them are set just
beside the river. Small springs and geysers occur at higher
altitudes, only steam vents being above them. One can easily
find that within the vast Geysernoye Field, geysers and other
thermal manifestations are grouped at separate sites. T. I.
Ustinova used to distinguish 8 sites. Following her descrip-
tions, we shall further consider those sites of thermal mani-
festations, starting from the mouth of the Geysernaya river.

Priustjevoi Site (1)

(Nearriver mouth)

The only thermal site lying beyond the bounds of the
Geysernaya river valley, is located at the left bank of the
Shumnaya river, 60 below the place of its confluence with
the Geysernaya river (photo 40). One geyser — Pervenets
(The First) can be found in this area sized 10 x 30 m, with
the 1 m depth isotherm being 70 °C, that had got its name
because it was the first geyser discovered by T. |. Ustinova
in 1941. No other thermal manifestations are observed
here, and only some signs of discharging thermal waters
can be traced, such as increased ground temperatures,
green algae at the estuary sides, white siliceous films on
the stones.

The geyser Pervenets is located 5 m off the river, 1 m
above its level. Outlet of the channel of a geyser can be

6 — maporasoBasi CTpys; y4aCTKH HarpeToil MOYBBI C TEMIIEPATypoii Ha TTyOuHe 1 M:

7 —menee 20 °C, 8 —20-50 °C, 9 — 50-70 °C, 10 — 6onee 70 °C;

11 — Tpoma ¢ nomateiM HacTwiIoM; 12 — Tpona; 13 — nomuk JiecHuKa; 14 — BepToieTHas IWIomaaka; 15 — yeryn eBoro 6opra KoiUHEI p. IefizepHoii;

16 — rpanunbl KapThl yyactka Lientpansaoro (VII).

KpacHblii myHKTHp — rpaHUIA OTIOI3HS U TPI3EKaMEHHOM JIaBHHBI, pousomenmux 3 urons 2007 I, CIUIONIHAS CHHSS JTMHUS — KOHTYD 3alIpyAHOTO 03epa.

Hudpamu Ha kapTe 0003HAUCHBI:

reiisepei— 1 —Cocen; 2—reiizepy Bononana; 3—Mamotka; 4—Tekyunii; 5—bonbsmas ITeuka; 6—byparuno; 7—KpacHslii; 8 —rpyrna kapIuKoBbIX Fei3epoB CTEHKU
Mwniina; 9—11lens; 10—I'poruk; 11 -IIatumunytka; 12—bactuon; 13—Hossiit @onTan; 14—Henocrosuusiii; 15— JBoiiHoit; 16— ABepbeBckuid; 1 7—KeMuyKHBIN;
18 — T'opusonTanbuelif; 19 — Po3osslit Konyc; uctounnku — 20 — Tepemok; 21 — Pomeo u [Ixynberra; 22 — Manas Ileuka; 23 — Manaxurosslit I'pot; 24 —
Msuoroctpyitnbiid; 27 — KoBapusiid; 29 — [lapsimuii; rps3eBbie KoTisl — 25 — Bonbinoit rpsi3eBsiii koten (KpacHslit); 26 — mynbCHpYIOIIMI HCTOYHHK B IMax
(Bpara Ana); 28 — maporasosas ctpys (Dnrorep)

Fig. 5. Surface thermal manifestations and thermal sites of the Valley of Geysers:
1 — geyser; 2 — boiling spring; 3 — spring with temperature of 50-100 °C;

4 — spring with temperature of 25-50 °C; 5 — mud pot;

6 — steam-gas jet; areas of heated ground with temperature at a depth of 1 m:

7 —less than 20 °C; 8 — 20-50 °C; 9 — 50-70 °C; 10 — more than 70 °C;

11 — plank layered pathway; 12 — pathway; 13 — ranger’s house; 14 — helipad;

15 — ledge of the left side of the Geysernaya river valley;

16 — margins of the Central (VII) Site map.

Red dotted line denotes the boundary of the landslide and mud-and-rock slump occured on June 3, 2007; blue firm line denotes outline of the barrier lake.

Numbers in the map denote:

Geysers: 1 — Sosed; 2 — Geyser U Vodopada; 3 — Malyutka; 4 — Tekutchii; 5 — Bolshaya Pechka; 6 — Buratino; 7 — Krasnyi; 8 — The Piip’s Wall of Diminutive Geysers; 9 — Shchel;
10 — Grotik; 11 — Pyatiminutka; 12 — Bastion; 13 — Novyi Fontan; 14 — Nepostoyannyi; 15 — Dvoinoi; 16 — Averievskii; 17 — Zhemchuzhnyi; 18 — Gorizontalnyi; 19 — Rozovyi
Konus.

Springs: 20 — Teremok, 21 — Romeo and Juliet; 22 — Malaya Pechka; 23 — Malakhitovyi Grot; 24 — Mnogostruinyi, 27 — Kovarnyi, 29 — Paryashchii; Mud pots: 25 — Bolshoi
Gryazevyi Kotel (Krasnyi); 26 — pulsating spring in holes (The Gates of Hell); 28 — Flyuger steam-gas jet
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40. [onuna p. Lllymuoii y chuanua c Ieiizeproii. B yenmpe — noposicucmoe pycno pexu

nocne 6ooonaoa

40. Valley of the Shumnaya river at the place of its confluence with the Geysernaya river. In the

center —rapid bed of the river after the waterfall

reffizepa MOXKHO 3aMETUTh CpPeAU OOJIIOMKOB
U OTJENBbHBIX IO TOPHBIX MOPOJA, BbIjE-
JISIOIIMXCS Ha OTHOCHUTENBFHO POBHOHM TO-
BEPXHOCTH IUIOMAAKU. OKpy’Karollue ero
TOpHBIE MOPOABI MOKPBITHl KOPOUYKAMHU Tei-
3eputa. OHA U3 IIBIO0 KO3BIPHKOM HABHCAET
HaJl BOPOHKOM. [lelicTBue reiizepa mporekaeT
Tak. V3Bep)KeHHEe HAYMHAETCS CTPEMHTEIIb-
HO, MouTHO (¢oto 41). [TapoBozsiHEIE CTPYH,
CMEHSIA IpYT APYTa, B3bIMatoTcs Ha 15 M1ion
yrom 45° x peke. [lap B 6e3BeTpeHHYO TO-
Tolly MOJHUMAETCs Ha BbIcOTy Oomee 150 m.
DOoHTaHUPOBAHHUE JUTUTCS OKOJIO TPEX MUHYT,
IIPUYEM B TIOCJICTHIONO (ha3y B TApOBOASHOM
(oHTane mpeodnanaer mnap. 3a GOHTAHUPO-
BaHMEM CIIElyeT CTaius MapeHHs, XapaKTe-
pu3yemasi BbIIISICHHEM Tlapa U OTASIbHBIMHU
BBIIJIECKAMH BOJIBI U TIIYXHM POKOTOM YXO-
JAIIUX B DIyOWHY OXJIQXKIACHHBIX BOITHBIX
cTpy#H (karenp). Hagapmmiicst mepephIB B U3-
BEpKEHUH TIPOJIOIKACTCS 3AIIOJTHEHUEM Ka-
HaJla HOBBIMHU TIOPIIUSIMH BOABI (CTaIusl Ha-
TIOJIHEHUSI), TIOCIIE Yero HauMHAeTCS W3JIMB
BOJIbI M HACTYTIAET OOJIee aKTUBHASI BUIUMAS

noticed among the clasts and single rock bodies standing
out against the relatively smooth surface of the site. Sur-
rounding rocks are covered by geyserites, one of the blocks
beetling over the vent and having the shape of a cap. The
geyser operates as follows. The eruption starts swiftly
and violently (photo 41). Steam-water streams, changing
each other, rise for 15 meters at a 45° angle to the river.
In calm weather, steam columns reach 150 m in height.
This spouting lasts for about 3 minutes, steam prevailing
in the fountain during the last minute. The eruption is fol-
lowed by the stage of steaming, characterized by steam
emissions, as well as occasional splashes of
water and some hollow rumble absorbed by
the depth of cooled water streams (drops).
The pause is continued by the channel fill-
ing with new portions of water (the stage of
filling or replenishment of water in the chan-
nel); and then follows the outflow of water
and more active visible operation of the gey-
ser starts. The outflow is quiet at the begin-
ning, then accompanied by intensive boiling
leading to a new eruption. The stage of filling
lasts for about 18—20 min, while the outflow
stage takes 31-33 min. Long-term observa-
tions have shown that in spite of the stable
nature of the geyser eruptions, duration of its
cycle varied within a wide range. Occasion-
ally, the geyser Pervenets had been working
in the pulsating regime, that is, continuously,
without any breaks.

whose waters rush right beside the vent of the

JIesITeNbHOCTD Tei3epa. CHauana u3jianB UaeT
CIIOKOWHO, 3aTeM C HHTCHCUBHBIM KUIICHHUEM, KOTOPOE
CMEHSIETCSl HOBBIM M3BepkeHueM. CTaaus HAmOTHEHUS
nponomxkaercs 18—20 muH, cranus uznuea — 31-33 muH.
3a MHOTOJICTHUI MeprO HAOMIONEHHIA 3aMEUeHO, UTO TIPH
HEM3MEHHOM XapaKTepe M3BEPXKEHHUs Tei3epa MpoIoInKH-
TEJILHOCTH ITUKJIA H3MEHSUIACh B IIUPOKUX Tpeiesiax. JIu-
3onu4ecku [lepBeHelr paboTai B MyIbCUPYIOIIEM PEXXKUME,
TO €CTh TIOCTOSIHHO, O€3 TIepephIBOB.

Kpacory reiizepa noguepkuBaeT >KUBOIMCHAS TOJIMHA
p- LlymHO#, BOIbI KOTOPOH CTPEMUTENHHO MPOHOCSTCS
y caMoro BbIxojia kursiero (ortana. Kpyteie, Mmectamu

41. flonuna p. Illymnonu na yuacmee 2eiizepa Ilepeenya. Ha 3a0nem nnane ocmaney

The beauty of this geyser is underlined by 0@éxu Llapesna Incywxa
the picturesque valley of the Shumnaya river, 41. Valley of the Shumnaya river at the area of the Pervenets geyser. In the background —

remnants of the dyke Tsarevna Lyagushka
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OoOpBIBUCTHIE Oepera oOpa3yroT BhIIIe BraacHUs [eizep-
HOU TECHUHY, Yepe3 UepPHBIE CKAJIbI KOTOPOU MPOPHIBACTCS
p. lllymHas B 6enoM o6madke OPBI3T MaJaroIiei ¢ BBICOTHI
Bozsl. CripaBa BUAEH HOJIOTHH BOAOIIAI-BOIOCIHB B YCThE
p- Cecrpenku. Ecnu cmotrpers Ha IlepBenen ¢ mecta
HiKe 1o TedeHuo p. IlymMHOH, TO HEMb3s HE 3aMETUTh Ha
JICBOM OOPBIBUCTOM CKJIOHE IIPHUIYIIMBEIA OCTaHEI] 03ep-
HbIX oTnoxeHud [lapesHa Jlsrymika (doto 41).

Yauacmok Tpodinod (1)

Mexay HepBBIM M BTOPHIM YYacTKaMH B JOJIMHE
p. I'eii3epHOll HET aKTUBHBIX TepMolposABiIeHU. Tosb-
KO y3Kasl TI0JI0Ca HAarpeToro TpyHTa ¢ TEMIIepaTypoi Ha
rrybune 1 M, pasHoit 20-50 °C, npoTsiruBaeTcs Ha pac-
crosinue Oonee 400 M Bronp OeperoB IeiizepHoii. Ilo-
BEPXHOCTHBIE TEPMOAHOMAJINH, MECTaMHU C HapsIIUM
IPYHTOM, IIPOCIIEKUBAIOTCS €Il U 110 JoIHuHE pyd. JKen-
ThIii OBpar, Bnajaaromiero ciesa B Ieiizepuyio B 150 m
oT ee ycThbs. Oco00i JOCTOMPUMEUYATEIbHOCTBIO ATOTO
ydacTka JoiauHbl I'eii3epHOl ABISETCA MECTO, I peKa
mpopes3aeT JaiKy JanuToB, 0Opasysl OTBECHBIE CKalb-
HBIE Oepera — «IeKu» BBICOTON okoio 35 M. EcrecTBen-
HOE CY>KEHHE CIIyXHT CBOETO pojia BOPoTaMHu B JlomuHy
rei3epoB, KOTOPOE CO BPEMEHEM IOJIyUUIIO HACTOSAIIEEe
HasBaHue — Tpuympansvrvie sopoma (poto 34). B 100 m
BBIIIIE 10 TEUEHHUIO Ha JIEBOM Oepery BO3BBIIIACTCS CKala
C BEPTUKAIBHBIM OOPBIBOM K peKe, IPEICTaBIMIONIast Co-
00#1 Taxoke aiiKy, IMEHyeMasi HHOT/Ia BTOPBIMH BOPOTa-
Mmu B JlonuHy reiizepoB. 3aMeTHM, YTO TPOIa K reizepy
[lepBeHity mponokeHa HaJ peKol Ha YPOBHE BEPXHETO
Kpasi yIOMSIHYTBIX CKaJBHBIX OOPHIBOB. 3a IMOBOPOTOM
peKH, eme BhIlEe MO TeueHuto, B 120 M, HauumHaeTcs
coOCTBEHHO TepMallbHBIN yuacTok TpoitHou. [anee, no
ydyacTka reizepa BepxHero, mpociexuBaroTcs MOYTH
OecnpepbIBHO, CMCHSS IMOCTOSHHO APYT JIpyTa, HeOOb-
IIMe UCTOYHHKH, KPYTHbIE Tei3ephl, IPA3EBhIC KOTIBI U
JIpyTUE TEPMOIPOSBICHHUS.

Ha II yuacTke HaxonmaTcs TpU U3BECTHBIX TIeiizepa:
Tpoiinoii, Caxapuslii u Cocen. I'eitzepsl Caxaphsiii u Co-
cen cupasa U TpoliHOH ciieBa pa3eiseT ropsunil pydeex
Tpoitao#t, Bnanatomuii B ['eitzepayro. JlonuHa pexku 31ech
UMeEeT KpyTble, JIMIICHHBIC PACTUTEIFHOCTH CKIIOHBI,
CJIOKCHHBIC HA IOBEPXHOCTH IIMHUCTHIMU IOPOIaMH.
Temmeparypa rpyHTa Ha mryoune 1 m npessrmaet 70 °C.
B 6Gacceiine pyu. TpoiiHOro, KpoMe Ha3BaHHBIX T'eH3EPOB,
OTMEYAIOTCSI HEOONBIINE MYIBCHPYIOMNE HCTOUYHHUKH,
IUTOIA/IKY TTAPSIIIETO TPYHTA.

Teuizep Tpotinoti pacnionoxkeH B 30 M OT peKku Ha BbI-
cote 11 M Han ee ypoBHEM. JlesITenbHOCTH Tei3epa npu-
BeJla K OOpa30BaHMIO MOIIHOTO TI'eH3epHUTOBOTO MIHTA,
TOJIOTO CITYCKAIOMIETOCS OT rersepa K peke. ITo camasi
KpacuBasg W camas Oospmas (miomans 6omnee 100 m?)
reiizepuroBas nocrpoiika. OHa BbIIENSIETCS pa3HO-
o0pa3HbIM pHCYHKOM, (OpPMOH W IIBETOM Tel3epura.
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boiling fountain. Steep banks form a gorge, and the Shum-
naya river bursts through its black cliffs clouded by splashes
of falling water. To the right, a gently sloping waterfall-gole
can be seen at the mouth of the Sestreonka (Sister) river. If
to look at the Pervenets from a place down the Shumnaya
current, one can not but notice a queer remnant of lacus-
trine sediments called Tsarevna Lyagushka (Frog-Princess)
(photo 41).

Troynoy Site (1) (Triple)

There are no active thermal manifestations in the area
between the first and the second sites of the Geysernaya
river basin, beside a narrow strip of heated ground with tem-
perature of 20-50 °C (depth of 1 m) stretching for more than
400 meters along the Geysernaya banks. Surface thermal
anomalies, occasionally with steaming ground, are also
traced over the valley of the brook of the Yellow Ravine, en-
tering the Geysernaya river from the left, 150 away from its
mouth. Peculiar curiosity of this part of the Geysernaya basin
is the place where the river cuts the dacitic dyke, forming
plumb rocky banks, the so-called «cheeks» about 35 m high.
Natural narrowing forms a sort of the gates into the Valley of
Geysers now called the Vorota Triumfalnuye (Triumph Gates)
(photo 34). A vertical rock towers above the river 100 meters
up its current, which also presents a dyke sometimes called
«the Second Gates into the Valley of Geysers». Note that the
path to the Pervenets geyser runs above the river, at the level
of the upper edge of the mentioned rocks. The Troynoy ther-
mal site starts even higher up the river course. From here,
alternating small springs, large geysers, mud pots and other
thermal manifestations can be almost uninterruptedly traced
up to the area of the Verkhny (Uppermost) geyser.

Three geysers are known within the second site: Troynoy
(Triple), Sakharnyi (Sugary) and Sosed (Neighbor); a hot
brook also called Troynoy separates the Sugary and Neigh-
bor geysers from the Triple one. Here, the river has steep
sides without any vegetation, composed of the clay rocks
at the surface. Ground temperature at the depth of 1 meter
exceeds 70 °C. Small pulsating springs and areas of steam-
ing ground are also reported within the basin of the Troynoy
streamlet.

The Troynoy (Triple) geyser is located 30 m away from
the river, 11 m above its level. In the course of its operation, a
thick geyserite sheet was formed gently descending from the
geyser down to the river. It is the largest (over 100 m?) and
the most magnificent geyserite construction, distinguished for
its manifold pattern, shape and color of the sinter. Impressive
is also the eruption of the geyser occurring as a simultane-
ous ejection of thick steam-water streams oblique to the river,
from three vents to the height of 7—10 m (photo 42, 43). This
action lasts for 4-6 m, being the most intensive at the begin-
ning; first, the ejection is stronger from the right vent (if to look
at it from the riverside), and then from the central one. Short
eruption and also short steaming stage (about 5 min), are
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42. Tpu napoeooansix cmpyu nOOHUMAIOMCA HAO 8ENUUECHIEEHHOU
2eii3epumosoil noCmpouKou 60 épema useepicenusn 2euzepa Tpoii-
HO20

42. Three steam-water jets rising above the majestic geyserite construc-
tion during the eruption of the Troinoi geyser

followed by a durable period of the channel replenishment
and outflow. The complete cycle of the Troynoy geyser rang-
es from 2 h to 3 h 40 min.

The Sakharnyi (Sugary) geyser occupies the top of a gey-
serite cone with flattened surface. Its crater is fringed with
rock blocks consolidated and covered by pink-pale geyse-
rites (photo 44). Geyser operation is quite un-
stable. Its periodicity changes from 2 to 24 min,
average duration of the cycle being 3 min. Af-
ter the eruption, the channel is filled irregularly,
jump-like, and sometimes boiling water splits
over the vent edges, which can be taken for
a new burst-out, but it is false. During a short
(a few seconds) ejection, steam-water mixture
is shot up to the height of 2—-3 m, thus emptying
the geyser crater.

The Sosed (Neighbor) geyser is settled up
the streamlet, 4 m away from the Sugary one, at
their common geyserite basement (photo 45).
Grey and pinky sinters of the Neighbor stand
out at the background of red and yellow clays
and green grass surrounding the geyser area.
Hot water pools also hide in the grass. The
channel vent of the geyser looks like a crack
sized 0.5 x 1 m. The cycle of the geyser opera-
tion is also unstable. One can distinguish the

Bnewarnser u wu3BepkKeHue reisepa, MPOUCXOAAIIEE
B BHUJI€ OJHOBPEMEHHOTO BHIOpOCAa M3 TPEX OTBEPCTHM
Ha BBICOTY 7—10 M MOIIHBIX MAapOBOISHBIX CTPYH, KOCO
HampaBlIEHHBIX B CTOPOHY peku (poto 42, 43). Donra-
HUpPOBAaHME AIUTCS 4—6 MUH, IPUYEM B MEPBYI0 MUHY-
Ty OHO HambOonee MHTeHCHBHO. CHa4aja BBEIOpOC mapo-
BOJSHONH CMECH HJAET aKTUBHEEC U3 NPAaBOTO OTBEPCTHUS
(ecyu cMOTpPETH OT PEKH), 3aTeM M3 IeHTpanbHoro. Ilo-
cJIe KOPOTKO# CTauu U3BEPKEHUS U CTOIB K€ KOPOTKOH
CTaJuu MapeHus (OKOJIO 5 MUH) HACTYHaeT MPOIOIIKH-
TENbHBIM TEpUOA 3aI0THEHUS KaHala reif3epa U U3/IuB.
Bpems nonnoro nukina TpoliHoro usmeHseTcs or 2 4 110
3 4 40 MuH.

T'etizep Caxapneiti HaXOOUTCS Ha BEpIIMHE reizepu-
TOBOI'0 CO CIVIAKEHHOH IIOBEPXHOCTBHIO KOHyca. Boponka
reiizepa okaifMIIeHa IIBI0AMH TOPHBIX TIOPOJ, CLIEMEHTH-
POBaHHBIMHU U IOKPBITHIMH TeH3epUTOM OJIETHO-PO30BOTO
useta (¢oro 44). Putm paboThl relizepa oTiHyaeTcs He-
nocTossHCTBOM. [leprmogndHOCTh, M3MEHsieTCs OT 2 10
24 MuH 1pU cpegHEM NPOAOIDKUTEIBHOCTH LHUKIA —
3 muH. HanonHenue kaHajna 1nocjie U3BEPAKEHUS IIPOUC-
XOAUT TOJYKAMU, HEPOBHO, KUIIALAs BOAA [IEPUOIUIECKHU
BBIIUIECKUBACTCS 33 Kpasi BOPOHKH, CO3/aBasi BIIEYATIIC-
HUE JIOXKHOTO u3BepkeHus. IlapoBoasHas cMech BO Bpe-
MsI KOPOTKOTO (HECKOJIBKO CEKYHJ) M3BEPKCHHUS MOTHH-
MaeTcsl Ha BBICOTY 2—3 M, IMIOCJIE Yero BOpOHKa reizepa
OILyCTOIIAETCsl.

Tetizep Coced pacrionokeH B 4 M BBIIIE 110 TEYCHUIO
pyueiika ot CaxapHOro Ha o0IIeM ¢ HUM Tei3epUTOBOM
ocHoBaHu (poto 45). Cepslii u po3oBaThiii reiizeput Co-
cena BBIIENsICTCS Ha (DOHE KPACHBIX U JKENTHIX TIIHH U 3€-
JIEHOM TpaBbl, OKPYKAIOIIMX IJIOMAAKY Teiszepa. 3aech
’KE Cpelu TPaBbl MOXKHO BUJETH TOPSIYNE BOJHBIE KOTIIBL.
BrixonHoe oTBepcTHE KaHalla UMEET BUJ LIIEJIU pa3MeEPOM
0,5 x 1 m. Luxut paGoThI Teiizepa Takke HepaBHOMEPHBIA.
B HEeM MOXXHO BBIJETUTH CTaaui0 ()OHTAHUPOBAHUS JIJIH-
TEIBbHOCTBIO B JIBE€ MUHYTHI, B TEYEHUE KOTOPOH MapoBo-
JISTHAsI CMECh BEIOpAckIBaeTCsl HAKIIOHHO BIOJb CKIIOHA Ha

43. Kpacounwtit zeiizepum zeiizepa Tpoiinozo

43. Vivid geyserite of the Troinoi geyser
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44. I'eiizep Caxapnbtit
44. Sakharnyi geyser

45. H3eeparcenue 2eiizepa Coceda padom ¢ Caxapuwvim (cnesa)

45. Eruption of the Sosed geyser beside the Sakharnyi one (to the left)

BBICOTY Oosiee 3 M. 3amoJHEHHE KaHaJla BOJAOW JUTHTCS
HECKOJIbKO MHUHYT, 3aT€M MPOUCXOIUT U3JIHUB (HECKOIb-
KO CEKYHJ) W KHIICHHE, MepeXOisinee B H3BEPKECHHUE.
3a JUIATENBHBIN MTepHo HAOTIONEHUH OTMEUCHBI 3HAYH-
TeIbHbIC U3MCHEHUS B TIPOJIOJDKUTEIILHOCTH IIMKIIA JeH-
cTBUs — OT 3 MUHYT 70 | u 40 MuUH TIpU cpeqHEel Belu-
quHEe 25 MHUH.

Yaacmok
mepmonpoABeHul
pyyea Bodonaorozo (Il)

B 100 M Bbiie ot pyd. Tpoiinoro B I'eii3epHyto Bra-
JlaeT caMblil KpyIHBIH J€BBIN €€ IPUTOK — pyd. Bononan-
Heli. [IpubnusutensHo B 110 M 0T ycThs Boja pyuss, HE
yCIIEB IPOTOYUTH TBEPABIC IOPO/BI, CPBIBACTCS C BHICOTHI
28 M kpacuBbIM BogponazoM (¢doto 46). Ha nanHOM OT-
pe3ke ponuHsl [eli3epHoil 310, MOXKAIYH, caMoe IIpuMe-
YaTeNbHOE MECTO. Y TOIHOXKbS BOIONAAA CIIPaBa BHIHA
MapOBOJISTHAS CTPYS HEOOIBIIOTO IMyIbCHPYIOIIETO HCTOU-
HUKa, OBIOIIAs B CTOPOHY Py4bsi, @ B HECKOIBKHUX METpax
HWKE MOXHO HaOItoaTh paboTy reifzepa Y Bomomasa.

TepmanpHbIl y4acTOK, HAUMHAsCh C IPUYCTHEBOU
yacTi BononanHoro, npoTsruBaercs y3Koil MOJOCON Mo
€ro JOJIMHE 10 CPEeIHEro Te4eHus Ha paccTtosiHue 750 M.
OTMedeHHbIE 3/1€Ch BCE BHJIbI MOBEPXHOCTHOM THAPO-
TEPMaJIbHOM aKTUBHOCTH MMEIOT MHHHUATIOPHOE HCIIOJ-
HeHHe. Tak, MO)XKHO BCTPETUTH €/1Ba 3aMETHBIE CPEAU
TpaBbl, TIMHBl WK OOJIOMKOB Teii3epuTa Melpdaulime
KUIISIIIME MCTOYHHUKH, 9acTO OOHapyKUBaeMbIE TOIBKO
MO JIETKOMY NAapeHHI0 MM XapaKTepPHOMY 3BYKY Oyilb-
Karoleil Boapl. B M300mimu HAOIMIONAIOTCS HEOOJIBIINE
rpsA3eBbIE KOTIIBI, PA3JIMYHOTIO POJIa BODOHKH M BAHHOYKH,

stage of spouting lasting for 2 min, during which steam-water
mixture is shot obliquely along the slope to the height of more
than 3 m. The channel is filled up with water in a few minutes,
then the outflow occurs (a few seconds), followed by the boil-
ing resulting in a new ejection. Long-term monitoring of the
geyser revealed significant changes of the operation cycle:
from 3 min to 1 h 40 min, 25 min on the average.

Thermal manifestations of the

Vodopadny (Waterfall) Brook
Site (Ill)

100 m above the Troynoy Streamlet, the Geysernaya river
confluences with its largest left tributary, the Vodopadnyi brook.
Some 110 m away from the mouth, the brook water that could
not cut through solid rocks skips down from the height of 28 m
forming a beautiful waterfall (photo 46), which seems to be
the most attractive area in this part of the Geysernaya valley.
Steam-water jet of a small pulsating spring can be seen at the
foot of the waterfall, while a few meters down, there operates
the geyser called U Vodopada (Near-Waterfall).

From the near- mouth area of the Vodopadnyi brook, the
thermal site extends as a narrow band along the basin for
750 m and reaches the mid-current of the brook. All types of
surface thermal activity are characterized by their diminutive
form. Thus, hardly visible tiny boiling springs conceal them-
selves among the grass, clays and geyserite fragments; the
springs can often be discovered only by slight steaming or
typical sound of bubbling water. Numerous are little mud pots,
various craters and pools with hot and boiling water bounded
by low geyserite rims. Sometimes, they occupy typical gey-
serite of clay domes inclined to the brook. Hot water, running
over their surface and surrounded by thermophilic algae and
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colored stones and sin-
ters, makes them look
amazingly vivid. Natu-
rally, of certain inter-
est are some separate
large springs and gey-
sers, among which the
above mentioned U Vo-
dopada geyser, as well
as Malyutka (Baby),
Plosky (Flat), Teremok
(Fairy-Tale House) and
Vorota v Geysernuyu
(Gate into Geyser-
naya).

Geyser U Vodopada
(Near Waterfall) is lo-
cated at the left bank
of the brook. It can be
easily recognized by a
vee-type geyserite con-
struction, 1.5 m high.
Three vents in its side
are connected with the
geyser channel sup-
plying heated water.
Middle and upper vents
are set close to each
other and water arrives
to them simultaneously,
though steam-water mix-
ture first comes out of the
lower vent. 4 min long

o0 el
46. Booonao na pyu. Booonaonom
46. Waterfall on the Vodopadnyi brook

eruptions are quite inexpressive. Irregular shots of steam-water
mixture reach only 0.5 m in height. Stages of steaming and im-
poundment take 18 min, followed by 5 to 9 min of outflow. Aver-
age periodicity of the geyser is 27 min.

220 m up the creek after the large waterfall, one of the
most amazing pulsating springs is settled, called Averii. It
was named after a volcanologist, V. V. Averiev. On the way to
this spring, one can come across a small waterfall (only 1.7 m
high), as well as some minor thermal springs and mud pots.
The form of this spring changed with time. First, it was located
within the river-bed. Hot water spilled from under the pebbles
heating the brook water in this area. Nowadays, dispersed
outflow of water (whose temperature reaches 95 °C) occurs
from the ruins of a travertine construction on the right bank.
The highest temperatures of water in the Vodopadnyi brook
are reported a bit down of this spring, reaching 30-35 °C, and
even 41 °C (in winter).

Further up the brook basin, unremarkable pulsating boil-
ing springs take place, and 100 m away from the last named
spring, the Malyutka (Baby) geyser is distinguished. Its ope-
ration lasts only one minute, the eruption taking 20 s, with
40 s of the pause. Right after the brook bend, there goes
a wide white strap of a nice waterfall, about 3 m high. Be-
side it, on the left bank of the brook, a notable Fakel (Torch)
spring can be found, whose steam-water column, in the form

3aT0JTHEHHBIE TOPSYEeH W KHUILIIEH BOMOM, OTTOPOXKEH-
HbIC HU3KUM 000JIKOM Teiizeputa. MIHOTIa OHU pacioio-
JKEHbI Ha XapaKTEPHBIX, Pa3IMYHOIO pa3Mepa OKPYITIBIX
I‘eﬁ3epHTOBLIX WA TIIMHUCTBIX KYTIOJaX, HAKJIOHCHHBIX
K pyubto. CTekaromias 1o ux IMOBEpXHOCTH Topsidasi Boja
B OKPY>XCHHH TepMO(UIBEHBIX BOIOPOCIEH U pa3HOIBET-
HBIX 00JOMKOB KaMHEH U reif3epura mpuaaeT UM yIUBH-
TETFHO Kpaco4HbIN BHA. Pasymeercsi, HHTEpEeCHBI 3/1€Ch
U OTZIETIbHBIEC KPYTTHBIE HCTOYHHUKH | Teii3eprl. Cpenu mo-
CIIeTHMX Ha3BaHHBIHN BBIIIC Y BOJONA/A, a TaKyke MalroT-
ka, [nockuii, Tepemok, Bopora B ['eitzepryto.

Tetizep YV 6o0onaoa pacnonoxeH Onu3 ypesza IeBO-
ro Oepera pyuns. OH JIleTKoO OOHapyXHBaeTCs IO Tei3e-
PHUTOBOI TIOCTPOHKE TparerueBUIHON (HOPMBI BBICOTOM
B 1,5 M. B cTenke mocTpoiiku UMEIOTCS TPU OTBEPCTHS,
COCAMHSIOIINECS C KaHAJIOM Teif3epa, 13 KOTOPOTo MOCTy-
naet Harperas Boga. CpeaHee 1 BepXHee OTBEPCTHS HaX0-
ISITCS PSAIOM, M BOAA B HUX ITOSIBIISIETCS OMHOBPEMEHHO,
XOTSl M3 HIDKHETO OTBEPCTHS MApOBOISHAS CMECh BEI-
peIBacTcsl mepBoi. M3BepikeHHME NMPOTOIDKUTEIHHOCTEHIO
OKOJI0O 4 MUH TIPOMCXONUT HEBBIpa3uTenbHO. HepaBHo-
MEPHBI BEIOPOC TAPOBOMISTHOM CMECH JIOCTUTAET BHICOTHI
Bcero 0,5 m. [lepepbiB (CTamuyu MapeHUs] U HAITOHEHWS)
mutest 18 muH, m3muB — 5-9 muH. CpenHsis nmepuoand-
HOCTB Tei3epa — 27 MHH.
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Beriie o pydsto, 3a GONBIIMM BOJOMA-
JoM, B 220 M OT HEro HaXOIUTCS OJUH M3
CaMbIX MHTEPECHBIX NYIbCUPYIOWUX UCTIOY-
Hukoe — Aeepuii. Ha3BaH OH B 4ecTb ByJIKa-
Honora B. B. AepneBa. Ilo nytu k Hemy
MO>KHO BHJIETh CKPOMHBIH BOZOIA]] BBICOTOM
Bcero 1,7 M u HebobIINE TEpPMaJIbHBIC HC-
TOYHHKH U TPsI3eBbIe KOTIBL. Bua nctounnka
MEHSUICA C TeYeHHEeM BpeMeHU. B mepBbie
ro/ibl HAOMIOEHMIA OH pacIioniarajicsi B pyc-
ne. I'opsiyas Boja BBIIUIECKUBAJIACh H3-TIOJ
rajieyHuKa B pyciie, IPOorpeBasi BOAY PyUbs
B 9TOM MecTe. B HacTosee Bpems paccpe-
JIOTOYCHHBI BBIXOJ] BOJBI, TEeMIIeparypa
KoTopoil nocturaer 95 °C, nmpoucxoaurt u3
pa3BaJIiH TPaBEPTHHOBOM IOCTPOWKH Ha
npaBoMm Oepery. Huwke ncTouHHMKa OOBIYHO
(uKcHpyeTcss camasi BBICOKas TeMIeparypa
BozibI pyd. Bononaagnoro — 30-35 °C u naxe
41 °C (B 3uMHee BpeMmsi).

[anee, BbIIIE 10 JOTUHE PYyUbsi, HAOIIO-
JaroTcst 6113 pycia HENPHMETHBIEC IyIbCHU-
pyIoIIye KUIsAme UCTOYHUKH, a B 100 M
OT TIOCJIETHETO HA3BAaHHOTO MCTOYHHKA Ha
mpaBoM Oepery BeIaemnsieTcs eetizep Maniom-
Kd, IPOOIKUTENBHOCTD JCUCTBHS KOTOPOTO

47. Kunawuit nynscupyrowjuii ucmounuxk @aken na neeom oepezy pyu. Booonaonozo

47. Boiling pulsating spring Fakel on the left side of the Vodopadnyi brook

COCTaBIISICT BCErO ONHY MHUHYTY, M3BEpKe-
Hue — 20 c, nepepsiB — 40 c. Ot 3TOTrO reiizepa cpasy 3a
MTOBOPOTOM Py4bsi BUAHA Oeliasi IUPOKasi JICHTA U3SIIHOTO
BOJIOMaJ1a BBICOTOM okoio 3 M. [lepen HuM Ha JieBoM Oe-
pery pyubsl HaXOAUTCS IPUMEYaTeNbHbIN ucmounux Pa-
KeJl, TApOBOJISTHAS CTPYS KOTOPOTO B BUJIE BEPTUKAIBHOTO
MyJIbCUpYIONIero (JOHTaHYHMKA BBIOPACKIBACTCS HA BBHICO-
Ty 2 M 13 OTBEpPCTHS B KPYTOH CTEHKE CKIIoHA ((oTto 47).

Crnenyromasi akTHBHAsg TPYIa TEPMONPOSIBICHHUHA
[pUypoueHa K MecTy BlajeHus B BonmomangHslii crpasa
pyu. TepemkoBoro. BepxHss yacTb CKJIOHA 0 BBICOTHI
40 m mexxny Bononamasim u teBoGepeskseM pyd. Tepem-
KOBOTO OOHa)keHa ¥ CIIOKEHA PAa3HOIBETHBIMH IIIHAMH.
31mech MOKHO BCTPETHTBH TUIOIIAJKU TAPSIIEro TPyHTA,
Mapora3oBbie CTPYH, TPA3EBBIE U BOJHBIC KOTIEL. B ycThe
py4. TepeMKOBOTO pacrojoKeH OXHOWMEHHBIN ITyJTbCH-
pyromuil kunsmmid ucmounuk Tepemxoswiti (Poto 48).
HeGonbmas ocHOBHAs CTpyS KHITALICH BOIBI TIEPUOIH-
YECKU BBIIUIECKUBAETCSl U3 OTBEPCTUS B CEPEAMHE KO-
HYCOBH/IHOM TOCTPOWKHM HCTOYHHKA W BMECTE C BOJOM,
BBIXOZSIIIEH M3 Oojiee MENKHUX OTBEPCTHH, CTEKaeT IO
J0KOMHKAM, OKPY>KeHHBIM Pa3HOIBETHBIMU TEPMODHUIIB-
HBIMH BozopociisiMu. [1oqo0OHbIe TPHCIOHEHHBIE KOHYCHI,
CBETJIO-CEpPbI€ OT KPEMHMCTBIX HATEKOB, HO C OYEHb Ma-
JIEHbKUMH, KallelIbHBIMM BBIXOJAMHM TE€PMaJIbHON BOAbI,
OTMEYAIOTCSl W BEHINIE BIOJH Oepera BomomamHoro Ha
npotsbkeHnn 20 m. HampoTtus, Ha npyroi cTtopoHe py-
Ybs, B HM3IydHHE, Ha IOBEPXHOCTH KyIOJIOOOPa3HOTO
TIOAHSATHS OTMEYAIOTCsl HEOONBITNE KUTISIIIE HCTOYHUKA
Y KOTJIBI U MUHHUATIOPHBIN 2etizep [lnockuii. Topsuas Boga
B CTa/IMIO M3JIMBA MOSABISAETCS U3 OTBEPCTUS AUAMETPOM
10 cM, OTOPOYEHHOTO OOPTHKOM M3 OOJIOMKOB Tei3epuTa

of a vertical pulsating fountain, is shot up for 2 m from the
vent in the steep wall of the slope (photo 47).

The next group of active thermal manifestations is con-
fined to the confluence point of the Vodopadnyi and Terem-
kovyii brooks. Upper part of the slope, to the height of 40 m
between the Vodopadnyi brook and the left side of the Te-
remkovyi brook, is outcropped and composed by multicolor-
ed clays. Areas of steaming ground, steam-gas gets, mud
and water pots occur here. At the mouth of the Teremkovyi
brook, the analogous Teremkovyi spring is located (photo
48). Small major stream of hot water periodically splits from
a vent in the middle of the cone-shaped construction of the
spring, and runs along the hollows surrounded by multicolor-
ed thermophilic algae. Similar leaned cones, light-brown due
to silica leakages, with tiny vents of thermal water, have also
been reported further up the Vodopadnyi brook. On the other
side of the brook, the surface of a dome-like elevation is oc-
cupied by small boiling springs and pots, and the diminutive
Ploskii (Flat) geyser. During the outflow stage, hot water runs
out of a vent (10 cm in diameter), banded by a skirting of gey-
serite fragments and clays. Its eruption starts from a poorly
manifested boiling whose intensification results in water split-
ting over the edges of the crater. In quiet periods, the channel
is emptied for a few seconds. Average duration of the cycle is
2 min, while the eruption itself takes 50 s.

Further up the brook course, past its zigzag-like turn,
about 100 away from the Ploskii geyser, there occurs the last
area of quite vivid thermal manifestations. On the left bank,
a 1.2 m high cone covered by a crust of geyserite is leaned
against the steep composed by ledge rocks (tuffs). lts upper
part opens in a rounded vent 40 cm in diameter and 85 cm
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48. Ilynscupyrowjuit ucmounuk Tepemroeniit 6 donune pyy. Booonaonozo

48. Pulsating spring Teremkovyi in the Valley of the Vodopadnyi brook

U IHHBL M3BepkeHne HaunHaeTcs co cabdo
BBIPAKCHHOTO KUIICHHUS, KOTOPOE, YCUIHNBA-
SICh, TIPUBOIUT K BBITAJIKMBAHUIO BOIBI 3a
Kpasi BOpOHKH. B miepros mokost KaHaj OIy-
CTOLIAETCSl Ha HECKOJIBKO ceKyHI. CpenHss
MPOJOKUTENBHOCTD IIUKJIA 2 MMH, U3BEp-
xenus — 50 c.

Janplie BBEpX MO TEYCHUIO Pydbs, 3a
€ro 3Ur3arooOpasHbIM IOBOPOTOM, IIpH-
MepHOo B 100 M oT MecTonooXkeHus reise-
pa Ilnockoro HaumHaAeTCsl MOCIENHSS WIN
nepBas (0T BepxoBbeB BopomamHoro) mio-
IIajKa C JOCTAaTOYHO SIPKUMH TEPMOIIPO-
sBieHusIMH. Ha neBom Oepery BbLaenseTCS
MIPUCIIOHEHHBIH K OOPBIBUHKY, CIOKCHHOMY
KOPEHHBIMH TOPHBIMHU ITOpOAaMH (Tyhamu),
KOHYC BBICOTOM 1,2 M, IOKPBITHIN KOPOUKOi1
reifzepura. BepxHsisi ero yacte OTKpHIBaeT-
cs1 OKpyIIbIM oTBepcTueM 40 cM B JuaMerpe
U mIyOmHO# 85 cMm. D10 eetizep Tepemox.
JelicTBue reiizepa B OCHOBHOM IIPOXOIUT
B peXXHMe MyJIECUPYIOIIEro UCTOYHNKA, Xa-
PaKTEpPHOTO TeM, YTO OTJCIbHBIC BBIIICCKU
MOAHUMAIOTCS Ha BBICOTY 40 cM, BBIOpacHI-
Basi BOAY 3a Kpas BOPOHKH. Penxue m3Bep-
JKEHMsT HauuHaroTcs HeoxuaaHuo. Ilo Bcent
MIOBEPXHOCTH BOPOHKH B3METAIOTCS CTPYH

in depth. This is the Teremok (Fairy-Tale House) geyser. It
mostly operates in the pulsating spring regime, characterized
by separate splashes reaching up to 40 cm and splitting water
over the crater edges. Infrequent eruptions start all of a sud-
den; boiling water is shot up to 0.5 m all over the crater sur-
face. Spouting usually lasts 50 s, the complete cycle taking
about 80 min. 10 m away from this geyser, pulsating spring
Vorota v Geysernuyu (Gate into Geysernaya) is located, with
a flat crater containing boiling water that is periodically tossed
up to a few centimeters.

Finally, opposite the above spring, a geyser of the same
name operates. Both the spring and the geyser are located
along the old path running beside the Vodopadnyi brook, from
the Mountain Plateau to the Valley of Geysers. They were
the first to be seen by anyone entering the magnificent world
of geysers, due to which V. N. Vinogradov named them this
way when first characterizing their operation. Geyser Vorota
v Geysernuyu is placed near the brookbed, within a small
crater whose walls are composed by rock fragments sintered
by siliceous deposits. Eruption of this geyser occurs as inten-
sive boiling, with water splashes up to 30 cm high. Duration
of its cycle is unsteady. Presently, the geyser operates with
alternating periodicity of 13 and 50 min. The smaller cycle
includes a short, 1 minutes’ eruption, while that of the larger
one lasts 32 min.

The thermal site ends 100 m up from the spring and gey-
ser Vorota v Geusernuyu. Further on, Vodopadnyi becomes
a typical cold mountain stream, without any supply of thermal
waters. No visible thermal manifestations can be noted in the
upper part of its basin.

KHIISIIEH BOIBI Ha BRICOTY OoJiee oTyMeTpa.
®doHTaHNpOBaHUE 0OBIYHO TIpoaonkaeTcs 50 ¢, a MOTHbIH
uuki — 1 g 20 muH. Psitom, B 10 M BbIIIIE OT 3TOTO reiizepa,
Ha JIEBOM Oepery pactoyioxeH IyTbCUPYIONHN UCHOYHUK
Bopoma 6 I'etizepnyto. ICTOUHUK UMEET TUIOCKYIO BOPOH-
Ky, B KOTOPOH KHUIINT, IIyJbCUPYET BOAA U NEPUOJUYECKH
noj0paceIBacTCA Ha HECKOJIBKO CAHTUMETPOB BBEPX.

W, HakoHell, HaNpOTUB HCTOYHUKA IEHCTBYET Ieil-
3ep ¢ TeM ke Ha3BaHueM. U reifzep, U UCTOYHUK JiexkKaT
Ha cTapoil Tpome, uaymed BAOAb pyd. BomomamgHoro
oT TopHOTO 11aro B JlonuHy rei3epoB. OHu ObLIH TIEp-
BbBIMH UIA BCCX, KTO IIO 3TOMY NYTHU CHEIIUJI IMONACTh
B YAUBUTENBHBII Mup reiizepoB. OTcroa U Ha3BaHUE,
koropoe nan B. H. Bunorpanos, BrnepBele xapakrepu-
3ys UX JEATENbHOCTD. [ etisep Bopoma 6 [etizepnyro Ha-
XOIHUTCS BOJNM3H pyciia, B HEOONBIIOW BOPOHKE, CTEHKH
KOTOPOH CJIIOKEHBI 00JIOMKaMH OO, CIICMEHTHPOBAH-
HBIMH KPEMHHCTBIMU oOcajgkamu. W3BepkeHue remse-
pa IPOHMCXOIUT KaK MHTCHCHBHOEC KHIICHHE C BBICOTOM
BcruieckoB Boabl 10 30 cMm. IIpomgomkuTenbHOCTH €ro
IIUKJIa HEMTOCTOsIHHA. B HacTosmee Bpems reiisep pado-
TaeT ¢ Yyepenyrouencs nepuoandHocThio B 13 1 50 MmuH.
Manblii IUKIT BKITIOYAET KOPOTKOE U3BEPKEHHUE TPOA0JI-
XHUTEIBHOCTBIO B OJJHY MHUHYTY, TOTAa KaK M3BEPKCHHE
OOJIBIIIOTO IUKJIA JJIATCS 32 MUH.

Brime no tewenuto, B 100 M OT reiizepa u HCTOUHUKA
Bopora B I'elizepHyto, 3aKkaHYMBACTCS] TEPMATBHBIN y4a-
crok. [lanee pyd. BomomaaHelil, MTHIIEHHBIN TPUTOKA TEP-
MAaJIBHBIX BOJ, CTAHOBUTCSI OOBIYHBIM XOJOIXHBIM TOPHBIM
pyubeM. B BepxHeli uacTu ero 6acceiiHa OTCYyTCTBYIOT 3a-
METHBIE TEPMOTIPOSIBIICHHS.
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Yyacmok Ckanucmeiti (1V)

BBepx mo teuenuro ot ycrbs BopomanHoro nonuHa
I'eiizepHOli CHOBa Cy)Kaercs, KPyThle CKJIOHBI IIOJHU-
MaroTca o oboum Oeperam cpasy OT ypes3a Boabl. Ha
npsiMoM, TouTu 150-MeTpoBOM OTpe3Ke peKH, TEKYIIeH
3/I€Ch B I0XKHOM HAIIpaBJICHUM, Haubosee SIPKUMH Tep-
MOTIPOSIBJICHUSIMU SIBIISIIOTCA HAa JIGBOM Oepery Kuns-
wuti ucmounux CKko8opoOka W HEOOJbIINE BBHICAYMBA-
HUS BOJBI HA IPOTHUBOMONOKHOM Oepery. TepmanbHbIN
y4acTOK HauMHAETCS Ha CJIEAYIOIIEM 33 TOBOPOTOM IIOJ
npsiMeIM yrioM 100-MeTpoBOM OTpe3Ke peKU 3amaiHo-
TO HalpaBJICHUSA C IMOSBJICHUSA Ha JICBOM H IIPAaBOM Oe-
perax HeOONBUINX MO ASOUTY KHUITSIIIUX MYyJIbCHPYIOIINX
HCTOYHHKOB. HOBCpXHOCTHLIe TEpMOAHOMATIUU C TCM-
neparypoi rpyHTta Ha ryoune 1 M 6oxee 70 °C mpo-
TATHBAIOTCS Y3KOH IOJIOCON BIOJB PEKH, 3aMETHO pac-
HIMPSISICH HA JIGBOM CKJIOHE B Ha4aJIe y4acTKa, y reifzepa
CxayucToro, ¥ B KOHLE, HAIIPOTUB IIyJIbCUPYIOIIETO HC-
tounuka Pomeo u Jxynberta. Ha IV yuacTke Haxonarcs
onucannsie T. U. Ycrunonoii reizepst Konyc, Ckanuc-
Tl ¥ bonpmas Ileuka, a Takke 3aperucTpUpOBaHHBIE
no3aHee reisepsl Hemoctynusiii, Texyuuii, Byparuno
U KapJIMKOBBIE Iei3ephl.

[lepBeIM Ha yuacTKe BcTpedaeTcs eetizep Heoo-
cmynnvui, onucanusii H. I Cyrpo6osoii B 1976 . Ha
mpaBOM CKIJIOHE€ OOJIMHBI, Ha n3ruoe PEKU Ha BBICOTC
10 M Hax ype3oM BOABI MOXHO BHJIETh (DOHTAH 3TOTO
reizepa. Breicora ero gocturaer 1 M. ®oHTanupoBanmne
qurest 40 ¢, uznuB ¢ kunesueM — 90 ¢, nepepsiB B U3-
BepkeHnH 13—-16 muu. CpenHuii TUKI ero padoTHI Co-
ctaBisieT okoyo 14 muH. Ha mpoTtuBononoxxuom depery
pacronoxeHa akTHBHas TepMallbHas IUIOIIagKa C He-
CKOJIBKMMH TITIOCTOAHHBIMHU KHIIAIIMMH HNCTOYHUKAMU.
Cpenu Hux JIByxpyueinslii. Boga, BEIX0/s U3 11€1€BOr0O
OTBEPCTHS B CKIOHE Ha BRICOTE 1,5 M OT pekw, pacrte-
KaeTcst AByMs pydbsmu. OOmui pacxon pydyerdkoB co-
crasiser 1,5 a/c.

Berimire o pexe Ha neBoM Oepery HaxOmUTCS 2etizep
Ckanucmuuii (hoto 49). On pacnionoxeH B 10 M Hax ypoB-
HEM PEKH B CKaIIMCTOM 4acTH CKIIoHA. [elizep paboraer
KaK B IyJbCUPYIOLIEM, TaK U B IPEPHIBUCTOM DPEKUME.
W3Bep:keHue MouTy He OTIMYaeTCa OT U3JIMBA KUIALIEH
BOABl. B MOMEHT (pOHTaHUPOBAHUS MAPOBOISHEIE CTPYH
B3JICTAIOT Ha BBICOTY O METpa, M BBIACIACTCS OOINbIIe
rapa 1o CpaBHEHHIO ¢ U3MUBOM. [10TOKM KUTIsIIIEeH BOAEI,
CTEKaIoIIKe TI0 TOCTPOIKE Ter3epa, MPaKTUIECKH HEeTpe-
PpBIBHBL. JIMIIb HA HECKOJBKO CEKYyHJ A€ATEIbHOCTD Iei-
3epa npekpainaercs. IIpogomKuTeNbHOCTh HUKIA U3Me-
HseTcs oT 7 o 15 mun. Pacxon pydsst B MaKCHUMaIbHYIO
craauro u3imsa nocturaer 20 Ji/c.

VYV nmomHOXbsS Ted3epuTOBON MOCTpoKn CKaIMCTOrOo
BONU3M ype3a PeKW HAaXOAWTCS MOIIHBIA Kumswyuti uc-
moynuk [loockanvroiti. ETo pacxon cOCTaBISIET OKO-
1o 5 si/c. Ha mpaBom Oepery, B 20 M BBIIIE 1O peKe OT
reifzepa CkalaucToro, B HECKOJIBKUX CaHTUMETpax OT

Site Skalistyi (Rocky) (IV)

Further up the course of the mouth Vodopadnyi brook,
the valley of the Geysernaya River becomes narrower again,
steep slopes rising over its both sides. Along a straight area,
almost 150 m long, the most outstanding thermal manifesta-
tions are small water seepages on the right bank, and a boil-
ing spring named Skovorodka (Pan) on the opposite side.
The thermal site starts from small-discharge boiling pulsating
springs on both banks. Surface thermal anomalies with the
temperature over 70 °C at the depth of 1 m, stretch in a nar-
row line along the river, notably widening at the left slope at
the beginning of the site, beside the Skalistyi Geyser, and at
its end, opposite the pulsating spring called Romeo and Juli-
et. Site IV hosts geysers Konus (Cone), Skalistyi (Rocky) and
Bolshaya Pechka (Large Oven), described by T. I. Ustinova,
as well as first reported geysers Nedostupni (Unacceptable),
Tekutchii (Floating), Buratino and some diminutive geysers.

The first geyser to be met in this site is geyser Nedos-
tupny, described by N. G. Sugrobova in 1976. The fountain
of this geyser can be seen at the right slope of the valley,
about 10 m above the water level. Its height reaches 1 m. Its

49. Hzeepcenue zeiizepa Ckanucmozo

49. Eruption of the Skalistyi geyser
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spouting period lasts 40 s, outflow with boiling — 90 s, interval
between the eruptions being 13—16 min. Its mean cycle takes
about 14 min. Active thermal ground hosting several steady
boiling springs is located on the left side of the valley. One of
those springs is Dvukhrucheinyi (Double-Stream). Running
out of a slot in the slope, water spills in two streamlets whose
total discharge makes 1.5 I/s.

Further up the river, on its left side, geyser Skalistyi can
be observed (photo 49). It is located 10 m above the water
level, in the rocky part of the slope. The geyser
operates both in pulsating and interrupted re-
gimes. The eruption can hardly be distinguished
from the outflow, accompanied by the boiling of
water. In the moment of spouting, steam-water
streams soar up to 1 m, and more steam is emit-
ted, if compared to the outflow period. Boiling
water almost uninterruptedly flows down the
geyser construction. Pauses in the geyser ope-
ration take only a few seconds. Duration of its
cycle varies from 7 to 15 min, the flow rate being
20 I/s at the maximum outflow stage.

At the foot of the Teremkovyi geyserite con-
struction, one can see a powerful boiling spring
called Podskalnyi (Under-rock) with about 5 I/s
of discharge. On the right bank, 20 m up the
river from the Teremkovyi geyser, a slot has
remained resembling an aperture of a stove.
This used to be the vent of the geyser named
Bolshaya Pechka (Large Oven) that stopped
operating after a powerful cyclone Elza in 1981,
due to which the geyser channel was stuffed by
solid weighted particles of the Geysernaya river.
When the geyser was still erupting, its almost
vertical streams of water and steam, gushing
above the river, made a rare beautiful picture
(photo 50).

Geysers Konus and Tekutchii occupy the left

The pearl of Kamchatka: Valley of Geysers

ype3a BOJbI COXPaHMIIACH IIETIh, TOXO0Xas Ha IIEYHOE OT-
BepcTHe. JTo OBIBIIUI BBIXOJl HAa TIOBEPXHOCTh eetizepa
bonvwas Ileuka. OH TpeKpaTusl CBOIO NESITENbHOCTh
rocjae MOIIHOro HukiaoHa Jas3a B 1981 1., BO Bpems
MIPOXOXKICHHSI KOTOPOTO KaHal reizepa ObLI 3a0UT TBEP-
JIbIMU B3BENICHHBIMM YacTULaMu p. leizepHoil. Korma
reif3ep emie HM3BEprajicsi, ero MoYTH TOPU3OHTAJIbHBIC
CTPYH BOZBI M TIapa, ObIOIIKE HAJl PEKOU, ObLTH HEOObI-
qaitHo kpacussl (poto 50).

Lo P

50. I'eiizep bonvwasa Ileuka. Cuamo 0o ezo ucuesnogenus 6 1981 2.

50. Geyser Bolshaya Petchka. Photo made before its collapse in 1981

side of the Geysernaya river, just opposite the
geyser Bolshaya Pechka. Konus (Cone) is remarkable for its
beauty and proportionality of the boiling fountain and geyser-
ite construction. The latter looks like a cone 1.5 m of height,
whose truncated top is the channel vent itself. The surface
of the cone is covered by elegant geyserite (photo 51). Mag-
nificent view of the construction is accomplished by the ex-
citing geyser eruption, particularly by the powerful shots of
steam-water mixture to the height of more than 2 m, large
drops of water scattering all around (photo 52). Duration of
a complete cycle of the geyser operation ranges from 18 to
25 min, mostly often being 24 min. The outflow stage takes
2-3 min, while the stage of filling (quietness) — 19 min.

Not far from the Konus geyser, 15 m down the river course,
a hardly noticeable geyser Tekutchii (Floating) is settled, first
reported in 1976. Boiling water runs out of a triangular slot
sized 10 x 10 x 10 cm located in a rut of the grassy slope.
The hem of dark-green thermophilic algae frames the slot. In
the operation of this geyser, we distinguish water outflow with
boiling during 15 min, that results in the increasing discharge
rate and splashes of water from the crater, which lasts 2 min.

Ha neBom Oepery [eiizepHoii, HampoTHUB rei3epa
bonbmas Ileuka pacnonoxens! reisepsl Konyc u Teky-
yuil. [etizep Konyc oTnu4aeTcsi KpacoTol U copa3MepHO-
CTBIO KHUISIIEro (oHTaHA M TeH3epUTOBON MOCTPOUKH.
ITocnenHsis Gojee Bcero HalOMHHAET KOHYC BBICOTOMN
okoino 1,5 M, cpe3aHHasl BeplIMHAa KOTOPOIO U Ipea-
cTaBIIseT co00i oTBepcTHE KaHama. M3smHbIi refi3eput
MOKPBIBAET BCIO MOBEPXHOCTH KoHyca (¢oto 51). [Tpu-
BJIEKATENbHBINA BHUJ MOCTPOUKHU JOMOJHSAETCS HE MEHEe
KpPacHBBIM 3peJHIIeM H3BEPKEHHs reizepa, 0COOCH-
HOCTBIO KOTOPOTO SIBIISICTCS SHEPTUYHBIA BBHIOPOC Ha
BBICOTY OoJiee 2 M MapOBOJSHOW CMECH C KPYIMHBIMH,
JETALNIMMH BO BCE CTOPOHBI KaIUIIMU BOXEI (hoTo 52).
[IponomKUTENbHOCTD TOJIHOTO IHUKJIA JIEUCTBUS reise-
pa u3MeHseTcs B npeAenax 18—25 muH, yaiie paBHASICH
24 muu. Ctanus n3IMBa 3aHUMaeT 2—3 MUH, CTagus Ha-
nosHeHus (TIokost) — 19 MuH.

Bo6muszu Konyca, B 15 M HUXe O TEYCHHUIO OT
HEro, Ha TOW € OTMETKE HaXOJUTCS MaJIONMPUMETHBIHI
eetizep Texywuii, BepBble HamMu 3apUKCUPOBAHHBIN
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B 1976 r. Kunsmas Boga BBIXO-
JIUT U3 TPEYTOJIbHOU (POpPMBI IIenu
paszmepoMm 10 x 10 x 10 cm B phIT-
BHHE 3apOCIIET0 TPaBOH CKIO-
Ha. OTBepcTHE 0OpaMIIsieT CBOJ
U3 TEMHO-3€JIEHBIX TepMO(UIb-
HBIX Bogopociuei. B nelictBun
refizepa BBIACNACTCS WU3ITUB BOJBI
C KUIICHHEeM B TeueHue 15 MuH,
B XOJZI€ KOTOPOTO B KOHIIE OTMe-
yaeTcs HapacTaHUe pacxona M 3a-
TEM DPE3KUH Nepexoj] B U3BEpKe-
Hue. IlocrmenHee oTan4aeTcs OT
W3JIMBA YBEJIMYCHHBIM DPacCX0I0M
Y BBIIUIECKAMU BOJIbI U3 BOPOHKH U
qnutcs 2 MuH. [ToJHBIN UK geii-
CTBUS reiizepa cocTaBisieT 22 MUH,
XOTSl OTMEYAIIUCh U 00Jiee MPOJI0JI-

JKATENIbHBIE UKL 10 30—47 MUH. 51. I'etizepumosas nocmpoiika zeiizepa Konyc
Brons pycna pyueiika reifzepa Ha- 51. Geyserite construction of geyser Conus

OJr0JIal0TCS KOPOYKH Teiizepura.

B 50 m ot reiizepa Konyc, Bbllie 110 peke, Ha IpaBoM
Oepery OoTMEYeH elle OJHUH MYIbCUPYIONIUN Kunauuil
ucmounux — Kamenxa. BBIXOI HUCTOYHHKA TepsieTCs
B TPyZ€ KPYNHBIX 00JIOMKOB FOPHBIX ITOPOJ, PACIIONO-
KEHHBIX BOJIM3HM ype3a BOABI peku. Boma mcrounuka,
pacxox KOTOPOTO MEPUOJUICCKH YBEINYUBACTCS, CTe-
KaeT MeXIy KaMHSIMH B peky. Han HUM MOCTOSIHHO
moxHUMaloTcst KiyOsr mapa. Uyts Beime Kamenkn Ha
MpaBoOM Oepery pacrioyiaraeTcs psAll MEIKHX BBIXOI0B

The geyser operates a complete cycle for 22 min, though more
durable cycles up to 30—47 min were also reported. Geyserite
cores can be observed along the course of the streamlet.

On the right bank, 50 m up of the Konus geyser, another
pulsating boiling spring is called Kamenka. Its vent is lost
among large rock fragments, straggling beside the river. The
water of the spring whose flow rate occasionally increases,
flows among the stones down into the river. Puffs of steam
are constantly curling above it. A number of tiny vents of
boiling water can be noticed on the right bank,
a bit up of the Kamenka spring. Among them
we distinguish a pulsating spring Nechaevskii,
hidden under a big stone. Further up the river,
80 m away from Kamenka, the geyser named
Buratino is set on the left bank. From this gey-
ser and till the Teremkovyi one, the river runs
southwards for about 200 m. This part of the
river is peculiar, because here steep slopes
of the valley locally approach the river in the
form of precipices 1—4 m high, to which all the
springs found in this area are confined. This is
especially true for the left side; as for the right
one, the precipice is pronounced in the zone op-
posite Buratino, where diminutive geysers and
the spring of Romeo and Juliet are located.

Geyser Buratino sits in the scroll of the Gey-
sernaya, 4.5 m above the river. In the flattened
lower part of the slope, 8 m off the river, a chink
is visible, which is the vent of the geyser channel.
The construction looks like a heap of disorderly
stacked stones covered by geyserite crusts. In
the moment of eruption, the geyser ejects a little
bit inclined steam-water streams to the height of

52. Kpynnsle kannu zopaueii 600bl ¢ ponmane naposodsanoii cmecu omauuaiom us- up to 2.5 m. The spouting lasts one minute, the

eeporcenue Konyca

52. Large drops of hot water in the fountain of steam-water mixture characterize the outburst

of the Konus geyser

complete cycle taking 6—10 min.
Opposite Buratino, in the near-channel part
of the right slope of the river valley, one can
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mounux Pomeo u /[rcynvemma

53. Pulsating springs of Romeo and Juliet are singled out on the right
bank of the Geysernaya river

observe typical for the Valley of Geysers thermal water dis-
charges in the form of tiny springs and geysers whose sur-
face is constituted by geyserite or siliceous leakages formed
in the result of dissolved silica precipitation from thermal
waters. T. |. Ustinova calls them the Walls or Slopes of Di-
minutive Geysers. In the case considered, such a wall, 10 m
long and about 4 m high, hosts three miniature geysers and
a number of tiny springs. Eruptions of those three occur in the
form of outflows or poor splashes of water from the vents. For
the first one, mean cycle takes 8 min, for the second one —
a few seconds, while for the third one it lasts about 31 min.
Their neighbors are two close pulsating springs located 7 m
off the river, on the right side of a cold streamlet. Both wa-
ter discharges are at the height of 2.5 m from the streamlet,
in its abrupt slope; two steaming water paths run on its sur-
face. V. N. Nechaev called these springs Romeo and Juliet
(photo 53).

From the lower border of the next site (V), that is from the
mouth of the Putevodnyi (Guiding) Brook outlying 160 away
from the springs of Romeo and Juliet, the river runs south-
west, abound in riffles most frequent at the left bank littered
with large rock fragments. Small boiling springs can be found
here. Surface thermal anomaly with the temperature above
70 °C at the depth of 1 m stretches in a narrow line along
the river.

kursimeid Boabl. Cpeln HUX BBIACISICTCS MyIbCUPYIO-
WA UCTOYHUK O] OOJIBITUM KaMHEM, BOPOHKA KOTO-
pOro HallOMHMHAE€T OTBEPCTHE IE€YKU, — Heuaesckuii.
Eme Brime no pexe, B 80 M ot Kamenku Ha 1eBoM Oe-
pery pacnoznoxeH reitzep byparuno. Ot byparuno no
Cxanucroro p. I'eii3epHas TeueT B H0>)KHOM HallpaBlle-
HUU Ha NpoTskeHuHu okoso 200 m. JaHHBIA OTpe3ok
PEKH XapakTepeH TEM, YTO KpPyThI€ CKIIOHBI JOJIUHBI
MeCTaMM MOJIXOMAAT K peKe oOpbIBaMU BBICOTOH 1-4 M
U K HUM NIPUYPOUEHBI BCE HAXOIAILIUECs 34€Ch UCTOU-
HUKU. OCcOOEHHO 3TO OTHOCHTCS K JieBoMy Oepery. UTo
K€ KacaeTcsl IpaBoro Oepera, To OOpBIB BRIPAXECH Ha
y4JacTKe HalpoTWB reisepa bypaTuHo, rne oTMEdYeHBI
KapJIUKOBbIE Ireii3epbl U ucTouHuk Pomeo u Jxynber-
Ta. 31eCh IPUPYCIIOBAsl 4acThb JOJHUHbBI HECKOJIBKO BbI-
MOJIaXKUBETCS.

Teiizep Bypamuno HaxoguTcs B u3inyuuHe I eizepHoit
Ha BbIcoTe 4,5 M Haj pekoi. B BbINOIOXEHHONW HUXHEH
4acTU CKJIOHA, B 8§ M OT pPEKM BUJHA LIEIb, SABIAIONIAsICA
BBIXOJIOM KaHasa reisepa. [locTpoiika ero BRIIISIIUT Kak
rpyfa OecHopsIOYHO CIOKEHHBIX KaMHEH, MOKPBITHIX
KOpoduKaMH Trei3zepura. B MOMEHT M3BepxKeHuUs reisep
BBIOPACHIBACT HEMHOTO HAKJIOHHBIC BAOJB CKJIOHA Mapo-
BOJIIHBIE CTPYH Ha BBICOTY 110 2,5 M. DOHTaHUpOBaHUE
IIPOZIOJIKAETCS OAHY MMHYTY, ITOJHBIN LMK AEUCTBUS —
6—10 MuH.

Hanporus bypaTtuso, B IpupycioBoil 4acTu paBoro
CKJIOHA JOJHMHBI PEKH MOXXHO BHJETh XapaKTEpHbIC IS
JonuHbl reiizepoB BBIXOABI TEPMAJIbHON BOABI B BHUIAE
O4YCHb MaJICHbKHX HCTOYHHKOB U Teii3epoB B 0OpHIBaX,
MIOBEPXHOCTH KOTOPHIX CJIOKEHA FeH3epUTOM HIIH KpeM-
HUCTBIMH HaTeKaMM, OOpa30BaHHBIMH IIPH BBINAJE-
HUHM PAacTBOPEHHOTO KpEeMHE3eMa M3 TePMaJbHBIX BOJ.
T. U. YcTuHOBa Ha3bIBAaeT UX CIMEHKAMU WU CKAOHAMU
Kapaukoewvlx eeuzepos. B 1aHHOM cilydae B TaKOM CTEHKe
IPOTSKEHHOCTBIO 10 M U BBICOTOM 0KOJI0 4 M IIOMHMO
MeNbYAiIINX MCTOYHUKOB HAXOATCS TPH MHUHHATIOP-
HBIX Teizepa. M3Bep)keHne uxX MPOUCXOAUT B BUIE U3-
JIMBa WM CIa0bIX BBITUIECKOB BOIBI M3 OTBEPCTHH. s
[IEPBOr0 CPeAHMM LMK paBeH 8 MHH, BTOPOIO — He-
CKOJIBKUM ceKyHAaMm, TpeThero — 31 mun. [1o cocencTBy
C HAMH, BBIIIIE TI0 TEICHUIO Ha ITPABOM Oepery XOJIOIHO-
TO pyderKa B €ro yCThEBOH 4acTH, B 7 M OT PEKH MOKHO
HaONMIONAaTh JBa PSIOM PACIONOKCHHBIX ITYILCHPYIO-
mux ucroyHnka. O0a BBIX0Ja BOABI HAXOAATCS Ha BBI-
core 2,5 M OT pyueiika B OOpBIBUCTOM €ro CKIIOHE, IO
KOTOPOMY B 00paMIICHIH KPEMHHCTHIX HATEKOB CTEKAIOT
JIBa MapsAIKX pydyeiika. DT HCTOYHUKH YAa4YHO Ha3BaHBbI
B. H. HewaeBbim Pomeo u [ocyrvemma (poto 53).

Ot HwkHEW TrpaHdlbl ciexyromiero (V) ydacTka,
ycThs pyu. [lyTeBogHOrO, yaaieHHoro OT HCToUYHNKa Po-
meo u Jlxxynserta Ha 160 M, peka TedeT B I0T0-3a1maiHOM
HAINpaBJICHUH, PYCIO HM300MIIyeT IepeKaTaMu, IPeuMy-
IIIECTBCHHO Ha JICBOM Oepery, yCessTHHOM KPYIMHBIMH TITbI-
0aMH TOPHBIX MTOPOI, BCTPEUYAOTCSI HEOOIIBIITHE KUTISIIIHE
UCTOYHUKU. [ToBEpXHOCTHAs TepMOaHOMAJIUS C TEMIIepa-
Typoii 6oee 70 °C Ha miyOuHe 1 M TSHETCS Y3KO# To-
JIOCOM BIOJb PEKH.
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Yuacmok Jlazeproiti (V)

BepxHss o peke TpaHHWIA y4yacTKa MPOXOTUT IO
yCThIO pyd. J[BymiaBoro, cripaBa BHajaawoiero B leizep-
Hyto. OT 3TOro pyubsi peka TeueT Ha npoTsukeHun 100 m
B IOT0-3allaJIHOM HAINpaBJIEHUH, 3aTEM KPYyTO IOBOpa-
YUBAeT Ha ceBepo-3amaj U Toibko depe3 100 M, mepen
pyd. IlyTeBogHBIM, CHOBa MEHSET CBOE HAIlpPaBICHHE Ha
foro-3anagHoe. CKJIOHBI JJONUHBI TO-TIPEXHEMY KPYThIC,
BOJIHM3H pycia TaKKe OTMEYAIOTCSI HEBBICOKHE OOPBIBHI.
[loBepxHOCTHAsT TeMIeparypHas aHOMAJHS, HECKOJb-
KO PacIHINpSAChH, TAaKXKe OTME4aeTcsl Mo 00ouM Oeperam,
a IpUOIM3UTENFHO B CEpeIMHE YIaCTKa 110 JIEBOMY OOpTY
€€ IpaHulla MOAHUMACTCA BBICOKO, MOYTH AJOCTUTrad J0-
MHKa JIECHUKA U BEPTOJIETHOM Tiomaaku. CaMbpIMU 3Ha-
YUTCJIbHBIMU reﬁ3epaMH y4dacCcTka, HECOMHCHHO, ABJISAIOT-
¢ Manbiii u bonbliol, BepBble OXapakTepU30BaHHbIE
T. Y. YcTunoBoii.

Tetizep Manwiii pactionoXeH NMPUMEPHO HA CEpelHE
BBIIIEONMCAHHOTO oTpe3ka p. ['eilzepHOit, HA KpyTOM ee
n3rube, Ha JIeBoM Oepery. BopoHka kaHana reifzepa Buj-
Ha Ha HeOOJNBIION IUTOmIaIKe Hepen Pe3KUM HOIXBEMOM
CKJIOHA Ha BBICOTE 6 M U Ha pacCTOssHUM 15 M oT peku. OHa
HUMeET OKpYyTIyIo (popMy pasMepoM 1 X 2 M Ipu BUAUMON
mryouse B 1 M. OT BOPOHKH B CTOPOHY PEKH TSHETCS Ce-
poBaThIif nUIeii( KPEMHHUCTHIX U TeH3EpPUTOBBIX HATEKOB,
OOBOJIAKMBAIOIINX OYyTPUCTYI0 HEPOBHYIO IOBEPXHOCTH
CKOIUICHHH TBI0 TOpHBIX mopox (¢dorto 54). OcoOwrit
3¢ dexT u3BepkeHuss Masoro 3aKio4aeTcs
B MOIIHBIX CTPEMHUTEIBHBIX BEIOPOCAX CTPYH
MapoOBOASIHOW CMECH, TOAHMMAIOIINXCS Ha
BBICOTY OoJiee 10 M M KOCO IMaJaroIInX K pexe
(doto 55, 56). Beigenstommiics mpu 3TOM
nap TUIOTHBIM OEJBIM CTOJIOOM B3IIBIMAETCS
Ha BeIcOoTy 40—-100 M 1 Gonee B 3aBHCHMO-
CTH OT IOTOAHBIX yclIoBUi. Bo Bpems uznmsa
1 U3BEPXKEHUSI PyUEHKH ropsideil BOABI CTe-
KAaroT I10 BCEW MHMPUHE TeH3epUTOBOTO MINTA.
OO0mmii pacxox BoAbI B CTauI0 (DOHTAHUPO-
BaHMA cocrasisieT 70 J/c.

W3BepxxeHue, cONpoBOXKIAEMOE ILEje-
CTSILIUM ULIYMOM, IIPOMCXOAUT B TEUEHHE
4-6 muH. B mocrnenytonme 6—7 MUH Ha-
OromaeTcss MHTEHCHBHOE BEHIIENICHHE Tapa,
B KOHIIE KOTOPOTO M3 OCYLIEHHOH BOPOHKH
JIOHOCHUTCS INIyXON POKOT IBUXKEHHUS BOABI HA
mryoune. Uepes HEKOTOpoe BpeMs Ha THE BO-
POHKHU TOSIBIIIETCS] BOAA U 3aIIOJHSET €€ 10
KpaeB. DTOT mepuoj AIUTcs okono 20 MuH.
3areM HaYMHAETCS W3JIUB, MPOAOKATOIIHIA-
Csl OKOJIO 4 MHH Y 3aKaHYMBAIOIIUICS DHEP-
THYHBIM KUIIEHHEM C BBIJIEJICHHEM OO0JIBIIOTO
KOJIMYECTBA Iapa M MEPUOAUYECKUMH BBbI-
IJIeCKaMM BOJbI 3a Kpasi BOPOHKU. BHOBB Ha-
yuHaeTcs (oHTaHupoBaHue. [lomHBINH MK
paboTsI refizepa MO MaHHBIM MHOTOJETHUX

Site Lagernyi (Camp) (V)

The upper (river) border of the sector goes along the
channel of the Dvuglavyi brook, flowing into the Geysernaya
from the right. From this brook, the river runs southwest for
100 m, then suddenly turns northwest, and takes its previ-
ous direction only 100 m further, just before the Putevodnyi
brook. Slopes of the valley are still quite steep, short preci-
pices occurring beside the channel. Somewhat widening sur-
face temperature anomaly is also reported on both sides, and
approximately in the middle of the site, along its left side, the
margin of the anomaly rises high, almost reaching the house
of the forester and helipad. The most significant geysers of
the site are undoubtedly Malyi (Small) and Bolshoy (Large),
first described by T. I. Ustinova.

Geyser Malyi is set in about the middle of the above men-
tioned part of the Geysernaya, at its sharp turn, on the left
bank. The vent of the geyser channel is notable within a small
ground just beside the abrupt rise of the slope, at the height
of 6 m and 15 m away from the river. The vent has a rounded
shape sized 1 x 2 m, with an apparent depth of 1 m. Gray-
ish plume of siliceous and geyserite sinters stretches in the
direction of the river, enveloping bumpy and uneven surface
of rock block clusters (photo 54). Peculiar effect of the Ma-
lyi eruption is manifested in violent ejections of steam-water
spouts up to 10 m high (photo 55, 56). The steam rises up to
40-100 m and higher, depending upon the weather. During
the outflow and spouting, hot water trickles run all over the

54. Boponka xanana zeiizepa Manozo nepeo Ha4anom u3eepyucenus

54. Vent of the Malyi geyser channel before the initiation of eruption
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55. U3zeeporcenue zeiizepa Manozo

55. Eruption of the Malyi geyser

HaOMoeHuit OBLT OCTATOUHO CTAOUIBHBIM
U paBHsIcsa 32—-37 MuH.

Teiizep Bonvuwioli HaAXOMUTCS B JIOXKOUHE
JIEBOTO CKJIOHA JOJMHBI Ha BBICOTE Oolee
11 M or pexu, B 40 M OT Hee U Ha TakOM
’Ke ylaJeHHH OT reiizepa Masoro Bble Mo
TeueHuto leisepHoil. OtBepcrue KaHaia
reiizepa HAXOJUTCS Ha HEBBICOKOM KyIIONIO-
BUHOM IOAHSATHM B IIGHTPE BepXHEil yactu
JIOKOMHEI, TI0 KOTOPOIl B MEPUOABI H3JIMBA
U U3BEP)KEHMS UJET CTOK BOJBI. Tak ke, KakK
Ha reiizepe Masom, BEICTyTatoIue 00JIOMKU
TOPHBIX TIOPOJ, MOKPBITHIE KPEMHHUCTHIMU
HaTeKaM{ U TeH3epuTOM, 00pa3yioT HEpOB-
HyI0, OyrpHUCTYI0 IOBEPXHOCTH JIO)KOMHBI.
OToT NOKOMHOOOPa3HBI CIYCK K peKe,
uMes. HECKONBKO NEepPern00B U MHOXECTBO
MHHHATIOPHBIX BBICTYIIOB, B MOMEHT CTOKa
BOJIBI IMIPEBpaIIaeTCcsl B MOA0OHME MHOTOKa-
CKaJIHOTO BOZAOINAJa, a Ha BBINOJOKEHHBIX
ydacTKax Iepern00B BO3HUKAIOT 3(emep-
HBIC TOpsilYMEe BAHHOYKH. BepxHsas Buam-
Masi 4acTh KaHaja rei3epa HpenCTaBISIET

geyserite shield. Total water flow rate in the stage of spouting
makes 70 I/s.

The eruption accompanied by rustle takes 4 to 6 min. The
next 6-7 min are marked by intensive steaming, at the end
of which a subdued rumble is heard induced by water move-
ments in the depth. Some time later, water appears at the
bottom of the crater and then fills it up, which takes about
20 min. Then the outflow starts that lasts about 4 min and re-
sults in active boiling, great volumes of steam being emitted
and water being randomly splashed over the crater edges.
Then spouting starts again. Many-years’ observations have
shown that the cycle of this geyser has been quite stable and
equals 32—-37 min.

Geyser Bolshoy occupies a hollow in the left slope of the
valley, more that 11 m above the river, 40 m off it and about
the same distance away from the Malyi geyser up the cur-
rent. The vent of the geyser channel is a bit elevated form-
ing a dome-like construction in the center of the top part of
a hollow on which during the stages of outflow and spouting
drain of water occurs. Rock debris covered by siliceous sin-
ters and geyserite also form uneven and bumpy surface of
the hollow. In the moment of water outflow, the slope to the
river with several inflexions and lots of tinny juts turns into
a sort of multi-step waterfall, transient hot pools appearing
in flattened areas. Upper visible part of the geyser channel
forms quite a voluminous bowl! with uneven edges, outlined
as an irregular lens sized 1.5 x 3.5 m and over 1.5 m in
depth. The dome and edges of the bowl (crater) used to
be covered by geyserite, now gray-green tuffs are seen on
the surface (photo 57). Difference between the sizes of the
upper part of the channels of geysers Bolshoy (Large) and
Malyi (Small) probably prompted T. |. Ustinova to give them
such names.

Active period of the Bolshoy geyser operation starts from
the outflow of nearly boiling water of the crater, which lasts

. . '.
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56. IIpuuyonuevie cmpyu 600bl 6 uzeepzaiouieiics NApoGOOAHOI cme-
cu 2eiizepa Manozo

56. Queer water streams in the overshooting steam-water mixture of the
Malyi geyser
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co00il 10CTaTOUHO OOBEMHYIO Hally C He-
POBHBIMH KpasMH, HMEIOIIYI0 B IIJIaHE
OYepTaHHe HEIPaBUIBHON JIMH3BI Pa3MepoM
1,5 x 3,5 M u mybuny Oonee 1,5 M. Kymnon
U Kpas 4amu (BOPOHKH) HEKOIna ObUIH IIO-
KpBITBl T'€H3epUTOM, celuac Ha IIOBEPXHO-
CTH BUJHBI cepo-3eneHble Tydsl (poTo 57).
Otuune B pa3Mepe BepxHeil yacTu KaHaja
PSIOM PacTIONOKEHHBIX 3((EeKTHBIX reise-
poB Bompmoro u Majoro mociyXuio, Be-
POSITHO, OCHOBOH JJIs1 Ha3BaHUM, TAHHBIX UM
T. K. YcTUHOBOM.

AKTUBHBIN TIEpUOA ACUCTBUA reii3epa Ha-
YHHACTCS C N3JIMBA U3 BOPOHKHU MPAKTHUCCKH
CTOTPAIyCHOM BOABI, TNPONODKAIOIIETOCS
10-15 muH. B x0me u3nnBa, 0COOEHHO B 3a-
KITIOUNTENbHBI MOMEHT, BoAa OypHO KHIIUT,
U HaJI €€ TOBEPXHOCTHIO BCE YaIlle MOSBISICT-

57. Bonvwasn eoponxa éenuaem Ha nogepxnocmu kanan zeisepa bonvuiozo

57. Large crater crowns the Bolshoi geyser channel on the surface

cst cOOKy BaHHBI TpU(OH BBHICOTOH 0 MOINIY-
MeTpa. Boja mpu 3TOM BBITUIECKHBAETCS U3 BOPOHKU BO
BCE CTOpOHBI. Bo3HuKaro1iee 3aTeM H3BepKEHNE KPaCHBO
MOIIBIO BBIOpPACHIBAEMOM IO BCEMY CEUCHHIO BOPOHKHU
napoBozsHOI cmecH ((oto 58, 59). Ctpyu ropsiueit Boas!
JocTuratot BeicoThl 10—15 M, a map moguumaetcs Ha 100—
200 M. M3BepkeHne 00bIYHO TposoibkaeTcs 4,5—6 MUH,
IIpUYEM B NIEpBbIE 2—3 MHUH OHO JOCTUIaeT MaKkCUMyMa,
3aTeM CTAHOBHUTCA MYJIbCUPYIOIIUM W, HAKOHCH, CMCHA-
€TCA OTACIbHBIMH BBIIIJICCKAMU BOJBI Ha BBICOTY 34 wm
1 MHTCHCHUBHBIM BBIACIeHUEM ITapa. Bo Bpems ponTaHm-
POBaHUS MO CKJIOHY TE€H3EpPHTOBOTO IIMTa CTEKaeT Oyp-
HBII TIOTOK Topsiuerd Boabl (porto 60). Ko-
JIMYECTBO BLI6paCI:IBaeMOI71 BOAbBI B MOMCHT
H3BCPIKCHUA, CyAsl IO M3MCPECHHOMY HaMU
00bEeMY OIYCTOIICHHOW KaMephl, COCTABIISICT
17,7 M3, T0 ectb mpumMepHO 60 J1/C.

IlepeppiB B M3BEp)KEHHMH HaYMHAETCA
¢ ocnaOyeHusl BBIJICTICHUS T1apa U OIyCKaHUs
BOZIBI B BOPOHKE Ha YPOBEHb, NP KOTOPOM
BBITUIECKH YXOJSIIEH BOIBI HE JOCTAIOT €€
KpaeB. Boma, mocTeneHHo onyckasich, CKpbI-
BaeTCs B KaHAJlE ¥ BHOBH IOSIBIISCTCS TIOCTE
HEBUJIMMOTO HAONIONATEII0 HATIOJHEHHS Ka-
HaJla CBSKUMH €€ TOPIMAMH. 3aTeM HaOIIro-
JlaeTcs IOJbEM YPOBHs BOABI B BOPOHKE U Ha-
YaJI0 U3JIMBa HOBOTO IIMKJIA ACUCTBUS Ter3epa.
[lepepbIB amuTcs HEMHOTUM OoJiee yaca. Xa-
pakTepHbIM st reizepa bonbioro sensiercs
HE3aKOHOMEpHas CMEHa KOPOTKOTO U JJIMHHO-
ro 1UKJIoB aeiictBus. [IpomomkuTensHOCTD
niepBoro coctasisieT 80-90 MuH, JTUHHOTO —
125-140 mun. HaGmroneHust MoKa3bIBaroT, 4TO
BpeMs JJIMHHOIO IMKJIA YBEJIMYEHO 3a CYET
YIUTMHEHUS TIepephiBa B JIEHCTBUM Tei3epa,
NIEPUOIbI XKE U3JIMBA U U3BEPIKEHUS OCTAIOTCS
MIPAKTUYECKU HEU3MEHHBIMU.

I[TomuMoO BhIIEHA3BAHHBIX T€H3E€POB
Ha yJacTKe OJH3 pyclla peKu BCTpedaeT-
Csl MHOXKECTBO JPYTHMX MENKHX M KpPYMHBIX

10—-15 min. In the course of the outflow, especially in its fi-
nal moments, water is boiling violently, and a gryphon about
0.5 m high often rises at a side of the pool. The consequent
eruption is magnificent by the power with which steam-water
mixture is shot all over the section of the crater (photo 58,
59). Spouts of hot water reach 10—-15 m in height, while the
steam rises up to 100—200 m. The spouting usually takes
4-6 min, being maximal in the first 2—-3 min, then getting pul-
sating and finally being replaced by random splashes up to
3—4 m and intensive steaming. During the spouting, a rapid
hot water torrent runs over the geyserite slope (photo 60).

’
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58. I'etizep bonvwou. Hauano ussepcenus

58. Bolshoi geyser. The beginning of eruption
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59. I'eiizep Bonvwou. Cmpyu zopaueit 600l 6 MOMEHM U3gepiceHUA oOviom Ha eviconmy 15 m

59. Bolshoi geyser. Jets of hot water at the moment of eruption rise on height of 15 m

Amount of water ejected, judging by the volume of the emp-
tied chamber, makes 17,7 m? that is approximately 60 I/s.

The pause in the eruption is marked by reducing of the
volume of steam emitted, and, within the crater, by gradual
lowering of the level of water that disappears in the channel
and then emerges again, after the channel is filled by new
water portions. The water level in the crater rises again, and
a new operation cycle starts. The interval takes a bit more
than an hour. Bolshoy geyser is characterized by random
alteration of short (80—90 min) and long-term (125—140 min)
operation cycles, the latter being due to the prolonged
pause, while stages of outflow and eruption remain almost
constant.

Beside the above geysers, lots of other small and large
boiling springs can be met in the area close to the river

KUITALIUX UCTOYHUKOB. [Ipexie Bcero, cieayeT OTMETUTh
nyibcupylowjue UCmoYHuKY y OCHOBaHMS Iei3epUTOBBIX
muToB reizepoB bombimoro u Mamnoro — ato Cexpemap
Bonvuwozo n Cexpemaps Manozo. B mnockux BOPOHKaXx,
3aIIOJHEHHBIX TaJCIHUKOM, KHUITUT BOJA, B3METast OpbI3-
T BOKpYT Ha paccrosgHue a0 3 M. Huke mo TeueHuro
peKu oT Telzepa Manoro mmeercs HECKOJIbKO HeOOIb-
IIMX WCTOYHUKOB M Tel3epoB, paBHOYNAJIEHHBIX IpYyT
ot apyra. Bce onu Haxomsarcs B 3—4 M OT pekH, cpeau
TPyl 00BaJIBHO-OCHIITHEIX TOPOJ U TAJIEYHIKA, HA BEICO-
te 1-1,5 M Hax ype3om Boabl. Pacxon ux He mpeBbIIIaeT
1 n/c. K 3TO# rpynimke OTHOCSATCS TPH reisepa.

Campiii maneHuit — eetizep Kpachwii. Ero BopoHka
OKpYy’k€Ha M3MEHEHHBIMU IO/l BO3IEHCTBHEM TUAPOTEPM
opoJiaMu KpacHoro LBeTa. KpacHOBaThli OTTEHOK UMEET



KemuyxuHa KamyaTkn — [JonvHa rensepos

U TeH3epuT, MOKPHIBAIOIINI pa3OpocaHHbIe
00JIOMKH TOpoABL. BricoTa BbIXOmA KaHa-
Jla refzepa HaJl PEeKOl He MPEBBILIAET 2 M.
HeiictBue reitzepa KpacHoro HaunHaeTcs
C M3JIMBA BOJBI U3 BOPOHKH, IEPEXOIIETO
B ()OHTAHUPOBAHHE, BO BPEMs KOTOPOTO MPo-
HUCXOOUT BCIUIECK KHUIIAIIEH BOABLI IO BCEU
IIOBEPXHOCTH BOPOHKU Ha BrIcOTy 4050 cM.
IIponomKUTENbHOCTE IIMKIIA U3MEHSIETCS OT
17 ¢ no 3 muH 40 c.

Brime o peke B 20 m ot KpacHoro pac-
TIOJIOKEH JIpyrol eeuzep — Ilewepnuoiii. OT-
BEpCTHE KaHala Teif3epa MOXHO YBHJICTb
Cpenu OTPOMHBIX (OIUH METP B MONEPEUHU-
Ke) b0 KOpeHHbIX mopon. B cramuio us-
BEPKEHHUS M3-TI0OJ KaMHEil BBIOPACHIBAIOTCA
B Pa3HbIE CTOPOHBI BOASHBEIC CTPYU B Teue-
Hue 35-90 c. [lepepsIB IIUTCS OKOJIO 2 MUH,
n3nuB Boasl — 1 muH. B 1,5 M ot [emepHo-
ro B BOpOHKe auameTrpoM 20 cM HaxXoguTcs
MUHUATIOPHBIN ecetizep — Kpyenenvxuii. Ero
(DOHTAHUYMK TOAHMUMACTCS BCETO JMIIb Ha
50 cM, HO OTJIMYAETCsl KPYNHBIMU KallJsIMU
pasopesruBaemMoii  Bomsl. [Ipomormkurens-
HOCTB ITHKJIA Teii3epa HeBEINKA U COCTaBIIA-
eT 9 MuH, B ToM yucine: u3nus — 30 ¢, u3Bep-
xeHnue — 80 ¢, nepepbIB — 7 MUH.

Ha npaBom 6epery ['eiizepHoit BEIIETSIOT-
csl 3 KUIMIIMX ITyITECUPYIONIMX HCTOYHUKA:
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60. Bo eépems uzeepiicenus zeiizepa bonvuiozo no noxcoune, nosepxnocmes Komopou
HOKpbLIMA 2eli3epumossim niaawjoM, CIeKaom nomoku 2opsauei 6o0vt. Ha nepeonem
naame 2eiizepumogasn nocmpoiika zeuzepa Manozo

60. During the eruption of the Bolshoi geyser, hot water runs over the trough whose sur-

VereeBoit, 'nom u Mamnast Ileuka. Memounux  face is covered by geyserite shield. In the foreground — geyserite construction of the Malyi

Yemvwesoti pacnionokeH Ha HUKHEH TpaHHLE —geyser

ydacTka B ycThe pyd. [TyreBonHoro. Berxog ku-
TISICH BOMBI IPUYPOYEH K IIEJICBOMY OTBEPCTHIO B Ty(ax
u mmeet pacxox 0,5 n/c. Ucmounux I'nom HabMIONACTCS 32
moBopoToM pekH B 40 M Hipke reiizepa Masoro (goto 61).
Bona Beixoaut u3 mienu pasmepom 10 x 30 cm y ocHOBaHUS
KpYTOro CKJI0Ha Ha BbIcOTe 0,4 M OT pEKH U CTEKAET JBYMsI
pydeiiKkamMu TI0 TIOYTH BEPTUKAIBHON cTeHKe. OOpamirsiio-
M€ BBIXOJ BOIBI M PyUYCHKH TEpMOQMIBHBIE BOIOPOCIH
YEepHOTO, TEMHO-3EJICHOTO, KEJITO-3EJICHOTO U PO30BATOTO
[BETOB HAIIOMUHAFOT IIATKY U OOpOy THOMA.

Hanporus reitzepa bonbiioro, Tounee ncrounuka Cexk-
petaps bonbiioro, pacrionoxen ucmounux Manas Ileuxka
(doto 62). Ero BopoHKka BMecTe ¢ HEOOIBIIMM TPpU(OHOM
KUIAIIEH BOABI U Iapa HAIIOMUHAET IBIMALLIEECS OTBEp-
ctue nneur. OHa OTAeNeHa OT pycila peKU CKOIIEHHEM KaM-
HEHl U Haxo#uTCs 4yTh BBILIE ype3a pexu. Bona Beixoqur
ceifyac HEMpEepHIBHO, HO TONYKAMHM, C HEOONIBIINM Pacxo-
JoM — okoito 1 5i/c. B cBoe BpeMst HCTOYHUK OBLIT BBIICIICH
T. N. YcrunoBoit kak reizep. Hag HUM 10 CKIIOHY ITOTHU-
MaeTcsl TUIOCKUN KOHYC M3 Tei3epuTa, BepIInHa KOTOPOro
BEHYAET MUKPOCKONINYECKUHN KUITAINUN HCTOUHUK.

Berimme o pexe 3a Manoii [leukoii MO>KHO BUAETH MEJTb-
yaiflliie UCTOYHUKU B OTBECHOMN YacTH CKJIOHA, PacIolo-
JKEHHbIE Ha pa3HbIX YpoBHAX. OT HUX IO CTEHKE TAHETCS
IO ITyTH CTOKA TOpsTYeii BOABI NUTEi( KPEMHUCTHIX HaTe-
KOB M reizepurta. M3-3a HEPOBHOCTEH CTEHKA, TOKPHITAs
UMH ¥ YKpaIlleHHAs Pa3HOUBETHHIMU TEPMOQMIBLHBIMA

channel. The first to be mentioned among them are two pul-
sating springs placed at the foot of geyserite shields of the
geysers Bolshoy and Malyi, the two named Sekretar Bolsho-
go (Large’s Secretary) and Sekretar Malogo (Small’s Secre-
tary). Water is boiling in flat funnels filled with pebbles, spilling
the drops around to about 3 m away. Down the current from
the Malyi geyser, several smaller springs and geysers can be
found 3—4 m away from the river, among the collapse-slough
rocks and shingle, 1-1.5 m above the water level. Their deb-
its do not exceed 1 I/s. The following three geysers are con-
fined to this group.

The crater of the Krasnyi (Red) geyser is framed by the
rocks altered under the effect of hydrotherms. Geyserite
covering scattered debris is also tinted reddish. The height
of the geyser channel vent is not more than 2 m. Geyser
operation starts from water outflow from the crater, procee-
ding to the spouting, in the course of which, splash of boil-
ing water occurs all over the surface of the crater to the
height of 40-50 cm. The cycle duration varies from 17 s to
3 m40s.

20 up the river from the Red geyser, another one is lo-
cated called Peshchernyi (Cave), whose vent can be seen
among huge (1 m in diameter) blocks of original rocks. Du-
ring the eruption stage, water spurts are shot from under the
stones for 35-90 s. The pause lasts about 2 min, the out-
flow — 1 min. 1.5 m away from Peshchernyi, a tiny Kruglenkii
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(Round) geyser occupies a crater 20 cm in di-
ameter. Its fountain rises only to 50 cm, but is
notable for the large drops of splashing water.
Its cycle is not very durable, making about 9 in,
including the outflow (30 s), eruption (80 s) and
the pause (7 min).

3 pulsating boiling springs are distinguished
on the right bank of the Geysernaya river, ones
named Ustievoi (Small Mouth), whose hot wa-
ter discharge of 0.5 I/s is confined to a slot in
the tuffs; Gnom (Gnome) and Malaya Pechka
(Little Oven). Gnome is set 40 m down the river
from the Malyi geyser (photo 61). Water comes
out of a slot sized 10 x 30 cm at the bottom of
a steep slope, 0.4 m above the river, and runs
over the almost vertical wall forming two small
streamlets. Black, dark-green, yellow-green and
pinkish thermophilic algae framing the vent and
the streamlets resemble the cap and the beard
of a gnome.

Opposite the spring of Sekretar Bolshogo,
the spring of Malaya Pechka is located (Photo
62), whose crater, together with a small gryphon
of boiling water and steam resembles a smok-
ing aperture of a stove. It is separated from the
channel by a mass of stones, and is set a bit
above the river brink. Nowadays, water dis-
charges uninterruptedly, but by jerks with a small

62. Boiopoc kunsaueii 6006l u napa u3 neunozo omeepcmusa ucmounurka Manas Ileuxa

62. Ejection of boiling water and steam from the slot of the spring Malaya Petchka

61. Kunawuii nynscupyrowguii ucmounux I'nom

61. Bubbling pulsating spring Gnom

BOJIOPOCTISIMH, TIPHOOpETaeT OTHOBPEMEHHO
MPUYYIUTUBBIA | >kuBonucHBIN Bua. Co Bpe-
MEHEM 3TO CKOIIJICHHE KapJIMKOBBIX Tei3epoB
W HUCTOYHUKOB TOJYYHJIO HA3BaHUE CMeH-
ka [luiina B 4eCTh U3BECTHOTO BYJIKaHOJIOTA
b. W. TInitna. OHa npoTsHyaach Ha paccTos-
HUE 25 M BJIOJIb PEKH, BO3BBIIIASACH HaJ HEH
Ha 8-10 M (doto 63). Cpenu KapIUKOBBIX
reif3epoB camblii HUKHHUM, Ha3BaHHBIA HaMHU
Cmapux, ¥MeeT MOCTPOWKY B BHUJAE KOHY-
ca, clerka OTOABMHYTOTO OT CKJIOHAa. B ak-
TUBHYIO CTaJHI0 €ro Tropsudid (OHTaAHUUK
neiictpyet B TedeHue 40 c¢ mpu oOmiel mpo-
JIOJKUTENIbHOCTH LIKMKJIa okoJio 7 muH. 1o co-
CEJICTBY C HUM PacCIOJIOKeH eetizep bopooa,
OT OTBEPCTHsI KOTOPOTO IO CTEHKE CITyCKaeT-
Cs1 IBETHOM re3epuTOBBIN HUIeH(, pacmmps-
IOIIMICS BHU3Y. XapakTep padoThl TakoH xe,
KaK y TpebIAyIIero rei3epa, HO OTMevaeTcs
Oosiee MPOAOIDKUTETHHBIA LUK — 28 MUH.
Hwuxe o cTeHke ot 3THUX ABYX rei3epoB HAMH
BBIICTIEH NYAbCUPYIOUWULL UCTOYHUK JK)TbeH.
XO0Tsl NICTOYHUK HeOOJBIIOH, BOAa BEIOPACHI-
BaeTCs MEJKUMH CTPYWKaMU ¢ HE3HAYUTEIb-
HBIM pacxoioM, HO HHTepeceH (opMoii cBoei
MOCTPOMKK, HAIOMHHAIONICH 00e3IaBIIcH-
HYIO 4yenoBedeckyo ¢urypy. Boma Beixomut
W3 OTBEPCTHSI Ha BEPIIUHE 3TOTO OPUTHHAIb-
HOTO COOPYKEHHS.
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63. IlIneiigh kpemnucmuix HAMeEKOS U 2eli3ePUMa HA YUACMKe PACHONOHCEHUA MUHUA-

MIOPHBIX KURAWUX UCHOYHUKOG U 2eli3zepos — cmenka b. U. ITuiina

63. Trail of siliceous sinter and geyserite in the area of tiny boiling springs and geysers —

B. I. Piip’s wall

flow rate of about 1 I/s. However, this spring was
in its time reported by T. I. Ustinova as a geyser.
Aflat cone of geyserite rises above it, whose top
crowns a microscopic boiling spring.

Further up the river, tiny springs are distrib-
uted at different levels of the vertical part of the
slope. Plume of siliceous leakages and geyser-
ite stretch along the pathways of hot water flows;
due to its unevenness, the wall covered by them
looks queer and picturesque. In the course of
time, this assemblage of tiny geysers and
springs got the name of Piip’s Wall, after a fa-
mous volcanologist, B. I. Piip. The wall extends
25 m along the river, towering 8—10 m above
it (photo 63). Among the tiny geysers, the low-
est one, named Starik (Elder), has a cone-like
edifice, put a bit aside of the slope. In its ac-
tive stage, it spills a fountain of hot drops for
about 40 s, complete cycle taking about 7 min.
Its neighbour is the Boroda (Beard) geyser,
from whose vent a colored geyserite trail crawls
down the wall. The operation nature is the same
as that of the previous geyser, but the complete
cycle is more durable and takes 28 min. Fur-
ther down the wall, we distinguish the pulsating
spring of Zhulien. Though this spring is not very
large, and water is ejected by tiny trickles, it is
attractive by the form of its construction, remi-
niscent of a headless human figure. The water

B 80 M BrImIe MO TeUeHHUIO peKH OT cTeHkH [lwitma Ha
MpaBoM Oepery HaOIIONACTCs €lie OAMH NYIbCUpyouull
UCMOYHUK C XapaKTEPHON NOCTPOUKON B BUAE YCEUCHHO-
ro KOHyCa, pa3lIelIeHHOTO IIOTOJIaM XEJIOOKOM CTEeKaro-
el BOABI M Ha3BaHHOTO HaMU [lepcuk. 31ech IPOXOIUT
YCIIOBHAS BEPXHISI TpaHUIia V yJacTka.

Yyacmok llenesod (V)

OroT ywacTok u nocienyrouwmii — VII npeacraBnsior
co0Ol LEHTpajbHYIO, INIaBHYIO 4YacTh JlONWHBI reiise-
POB, Ille COCPENOTOYEHO HAMOOJIbLIEE YUCIIO KPYMHBIX
U 3pPEeKTHBIX Tei3epoB M BCTPEUYAIOTCS BCE BHIIBI I10-
BEPXHOCTHOM THAPOTEPMAIIBHON aKTUBHOCTU. VIMEHHO
C HUMH 3HAKOMSATCSI BCE TIOCETUTENH JONMHBI reii3epos.
OT BepTONETHOH TUIOIIAIKU U JIOMHKA JIECHUKA K reii3e-
paM U ApYTUM TEPMOIIPOSBICHUSAM IPOJIOKEHBI IEIIe-
XOJIHBIE TIOPOXKKHU B BUJIE AOIIATOrO HacTHiaa. B Hanbomee
HWHTEPECHBIX MECTAX YCTPOEHBI CMOTPOBBIE TUIOIIAIKH.

Ecnu nmpuBbIYHO mpuBs3bIBaThCS K p. leiizepHOil, TO
VI ydacTox HauMHaeTcsi MPUOIM3UTENBHO OT MecTa Ha-
XOXK/IEHHS Ha TIpaBoM Oepery peku reizepa [lonepeunoro,
a BBIILIE M0 €€ TEYEHUIO OXBATbIBAET B OCHOBHOM TEPMO-
nposiBiieHnst JeBoOepexkbs pyd. LlleneBoro. CkpomHBIA
10 KOJMYECTBY KPYMHBIX IEH3€pOB, y4acCTOK OTIMYAETCS

discharges from an opening at the top of this
distinctive structure.

80 m up the current from the Piip’s Wall, another pulsating
spring is located on the right side, with a peculiar edifice in
the form of a truncated cone, divided in two by a fillet of flow-
ing water. We call it Persik (Peach). Here passes the conven-
tional upper border of Site V.

Site Shchelevoy (Slot) (Vi)

This site, together with the next (VII) one, presents the
central, main part of the Valley of Geysers, where most large
and effective geysers are concentrated, as well as all types
of surface hydrothermal activity. This is the place first shown
to all visitors of the Valley of Geysers. Planked paths lead
from the helipad and ranger’s house to the geysers and other
thermal manifestations. Observation platforms are arranged
at the most exciting places.

If to typically attach to the Geysernaya River, Site VI
starts around the place where, on the right bank, geyser
Poperechnyi (Transverse) is located. Though hosting quite
a few large geysers, this site is notable for the diversity of
types of surface hydrothermal activity. Only here, over the
relatively small area, one can observe co-existing a typical
geyser (Shchel, Crack), a wall of tiny geysers beside the
Poperechnyi brook, geysers Vanna (Bath) and Kotly (Pots),
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so peculiar in the structure of the mouth parts of their chan-
nels, as well as mud and water hot and boiling pots, and pul-
sating springs and steam jets hidden in small depressions
of microrelief. For instance, this site hosts geysers whose
discharge vents have the form of bays in the walls, called
by T. I. Ustinova «stoves». One of such geysers (Grotik) is
placed on the left bank of the Shchelevoi Brook, 3 m from
its steep descent to the Geysernaya River. Surface thermal
anomaly with ground temperature exceeding 70 °C at the
depth of 1 m can be traced not only in the near-channel part
of the river, but it also occupies a flattened terrace-like slope
of the left side of the Geysernaya River and Shchelevoi
Brook. In site V, it almost reaches the helipad and ranger’s
house (photo 64).

From here, excursion trips start around the Valley of Gey-
sers, and in this case, it is better to begin the description of
thermal manifestations from this very place. The timber deck,
turning into the stairs at the steep slopes, first leads to the in-
cline of a natural hill, where the house is set, and there splits
in two paths. The right path comes out to the flattened part
of the left slope of the valley, while the left one goes down to
the Geysernaya river and to the observation platform of the
Bolshoi geyser. Before descending to the observation plat-
form, it makes a turn and stretches up the river course along
the edge of its flattened slope, and, 150 m away, it goes in
a staircase manner down to the Geysernaya river. Here, in
the middle of the slope, an observation platform is arranged,
from which one can see the Shchel geyser (to the right), and
opposite it — a group of thermal manifestations with a small
geyser called Pyatiminutka (5 min).

Geyser Shchel is located in a depression above the shelf
of the left bank, at the height of 6 m. Ilts name and first descrip-
tion were given by T. I. Ustinova. Three vents of the geyser
channel are visible within a crack, cutting a small upswell in
the depression (photo 65). Beautiful fine- and coarse-grained
geyserite covers its surface and edges of the crack. Gey-
ser eruption occurs in the form of simultaneous shots of
water-steam mixture out of the three vents in the direction of
the slope, at an incline of 50°. Boiling water fountains to the
height up to 2 m. Eruption proceeds one minute; the periodic-
ity making 35-37 min.

Opposite the Shchel geyser, almost at the edge of
a steep right slope, a rounded crater hides the vent of the
geyser Pyatiminutka, ejecting small steam-water spouts a
few centimeters high. The spouting takes 50 s, the whole
cycle taking 4,5 min. A bit up the slope, a pulsating spring
named Krepost (Fortress) is set, with a peculiar construc-
tion composed of debris cemented by siliceous deposits
(photo 66). Down the river course, about 80 m away from
the above springs, a group of tiny geysers is observed in the
near-channel part of the slope also called the Wall of Site
VI. Three tiny geysers are notably singled out among them.
The first one is located near the river. Water comes out of
a crack at the top of the cone slightly declined from the sur-
face of the wall and being 1 m high. The eruption, consist-
ing in some splits of boiling water a few centimeters high,
lasts 65 s, the complete cycle taking 18 min. A bit above it,
the second geyser’s construction presents a leaning cone

The pearl of Kamchatka: Valley of Geysers

pa3Ho00pa3reM BUAOB MOBEPXHOCTHON THAPOTEPMAIIBHON
AKTUBHOCTU. TONBKO 3/1€Ch MOKHO HAOMIONATh HA CPABHH-
TEJIbHO HEOOMBIION TUTOMAIU ¥ TUTTMYHBIH reizep (LLens),
U CTEHKY KapiMKOBBbIX reWzepoB y pyd. Ilomepeunoro,
U CBOEOOpA3HbBIC 10 CTPOEHMIO YCTHEBOM YacTH KaHAJIOB
reiizepsl Banna u Kotibl, U rpsi3eBble U BOAHBIE TOpAYMe
U KHILIIHE KOTIBI, U CKPBIThIE B YIIyOJICHUSIX MUKpOpe-
nbea MyIsCHPYIOIINE HCTOYHUKH, U TTapoBble cTpyu. Ha-
IpUMeEp, Ha 3TOM yJacCTKe HAXOAATCS Ief3ephl, BEIXOIHBIC
OTBEPCTHsI KOTOPBIX O(OPMIICHBI B BHJIE HHUII B CTEHKAX,
Ha3BaHHBIX T. W. YcTuHoBOM neukamu. OQuH U3 HUX — 2eli-
3ep I pomux, pacnionoxeH Ha ieBoM Oepery pyd. Ll{eneBoro
B 3 M OT KpyToOro ciycka ero k p. I'eiisepnoii. [loBepxHocT-
Hasl TEpPMOAHOMAJIHS ¢ TeMIieparypoii rpyHra 6omnee 70 °C
Ha ITyOuHe 1 M POCIIeKUBACTCS HE TOJIBKO B TPUPYCIOBOH
9aCTH PEKH, HO 3aHMMAET U BHINOJIOKCHHBIH TEPPacoBUA-
HBIH CKJIOH JieBoOepexbs p. [eitzepHoit u pyu. lleneBoro,
U TaK e, Kak Ha V ydJacTke, IOYTH JIOCTHI'aeT BEPTONeT-
HOU IJIONIAJKY U JOMHKA JiecHHKa ((hoto 64).

Orcroga HaYMHAIOTCS AKCKypcuu 1o JlonuHe reiize-
POB, M B JJaHHOM CIIyyae OIMCAHHE TEPMOIPOSBICHHUH
y4acTKa JIydlle BECTU C 3TOM Touku. Jlomareli HacTHII,
MepexXoIInil Ha KPYTHIX CKJIOHAX B JICCTHHILY, BEICT
CHaJaja K CIyCKy C €CTECTBEHHOTO XOJIMa, TIIe PacIoio-
’KEH JIOMHK, ¥ HETIOJAJICKy Pa3AeisIeTCs Ha ABE TOPOKKH.
ITpaBast BBIXOAXUT HA MOJIOTYIO YACTh JICBOTO CKJIOHA JIOJIH-
HbI, a JIeBas UAET BHU3 K p. ['eiizepHoif 1 cMOTpOBOH T1I0-
majke reizepa bossmoro. Ilepen cryckoMm kK cMOTpOBOH
IUTOIA/IKE OHA IIOBOPAYMBACT U UACT BBEPX IO TCUCHUIO
PEKU 110 Kparo BBIIOJIOKEHHOIO €€ CKJIOHA U uepe3 150 m
CIIyCKaeTCsl JIECTHUYHBIMU MapuiaMu K p. I'eilzepHoil.
3nech, Ha CepemuHE CKJIOHA, 000pyaoBaHa CMOTpOBAs
IUIOIIAKa, OTKYAa MOXHO BUJETH crpasa reisep Illens u
Ha MIPOTUBOIIOJIOKHOM Oepery — IpyHIly TEpMOIpPOsBIIe-
HUH ¢ HeObompInM reiizepoM IlsTnMuHyTKA.

T'etizep [l]enb pactonoXeH B JOKOWHE BBINIE yCTyIIa
neBoro Oepera peku Ha BbicoTe 6 M. Ha3BaHue u mepBoe
onucanue naxno T. . Yerunosoii. Tpu oTBepcTHs KaHAIA
refizepa BUIHBI B TPEIIMHE IEIe00pa3HOTO BHAA, pac-
cekaronieil HeboIbIoe B3AyTHE B JIOKOMHE (POTO 65).
KpacuBblii KpynHO- M MEJIKO3EPHUCTBIA TeH3epuUT II0-
KPBIBAET €ro MOBEPXHOCTh M Kpas Imenu. M3BepikeHne
refizepa MPOUCXOANUT B BUAE OJHOBPEMEHHOTO BBEIOpOCa
MapOBO/ISIHOW CMECH W3 TPEX OTBEPCTH IO Harpasie-
HUIO K CKJIOHY mox yrtom 50°. Kursiiast Boga poHTaHU-
pyeT Ha BBICOTY 110 2 M. M3BepikeHre mpo1omKaeTcst OTHYy
MUHYTY. [leprnoau4HOCTh Masio U3MEHSETCS U B CPEIHEM
cocrasiuseT 35-37 MUH.

Hanporus Illenu, moutu Ha OPOBKE KPYTOTO CKIIOHA
mpaBoro Oepera, B OKPYIIOH BOPOHKE HAXOAWTCS BBI-
XOHO€ OTBEpCTUE eeuzepa [lamumunymka, N3Beprao-
merocss HEOONBIINMH ITAPOBOISHBIMU CTPYSIMH BBICO-
TOM B HECKOJIBKO CaHTUMETpOB. [IpomomkuTenbHOCTD
¢donranupoBanus — 50 ¢, Bcero nukina — 4 muH 30 c.
Henopnanexy, Bbillle 10 CKJIOHY, PACIIONOXEH NYAbCUPYIO-
wuti ucmoynuxk Kpenocms ¢ xapakTepHOW MOCTPONKOMN
13 OOJIOMKOB IOPOJ, CIIEMEHTHPOBAHHBIX KPEMHHCTHI-
MU oTIOKeHUIMH ((HoTo 66). Hrke 1o TEUeHHIO peKH,
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npuOIM3uTeNnbHO B 80 M OT HUX HAOMIONAeTCs epynnd
Kapiukoewlx 2elizepos B IPUPYCIOBON YaCTH CKJIOHA, TaK
Ha3bpiBaeMoii creHke VI yuactka. Cpeau HUX 3aMETHO BbI-
JeTISIFOTCS. TPU MUHUATIOPHBIX Teifsepa. [1epBoliif HaxonuT-
cs1 BONH3H pycia. Boga BEIXOIUT U3 IIETEBOTO OTBEPCTHUS
Ha BEpIIMHE KOHYyCa, cJeTKa OTKIOHEHHOTO OT IOBEpX-
HOCTH CTE€HKHM W HMMeroliero BeicoTy 1 M. U3BepkeHue,
3aKJIIOYaroNeecs B BRIIUIECKAX KHUIAIIEH BOJBI HA BEICOTY
JI0 HECKOJIBKUX CAHTUMETPOB, NIpopokaeTcs 65 ¢, BpeMs
MoJIHOTO 1UKJa — 18 MuH. UyTh BbIIIE HETO HAXOAUTCS
BTOPOH rei3ep, MOCTPOMKa KOTOPOrO MPEACTABISAET CO-
0011 MPUCIOHEHHBII KOHYC MOIYMETPOBOM BBICOTHI. M3-
BEPXKCHUE MIPOMCXOANT B TEUCHHE 55 ¢ ¢ 00pa3oBaHHEM
(ontanynka B 30 cM BeicoTOH. [lepnoguunocTs reii3epa

0.5 m high, whose fountain rises up to 30 cm for about 55 s,
periodicity making up 19 min. 30 m away from the latter two
geysers, another one is located (Poperechnyi), whose erup-
tion lasts 40 s while complete cycle takes 2 m 45 s.

To visit the other places of hydrothermal activity of Site
VI, one should climb up the stairs passing by the Shchel
geyser, and turn left by the timber deck. And, just a few
meters further on, there opens a real Kingdom of outstand-
ing peculiar thermal manifestations, mud and water hot
and boiling pots. One of them called the Bolshoi gryazevyi
kotel (Large mud pot) is located to the right of the path-
way, among the high-grass. Not far from it, beside the ac-
tive thermal manifestations, stands in beauty a single Ehr-
mann’s birch — the Birch of the Valley of Geysers. Amidst the

e S

64. Paznooodpa3snsie mepmonposnsnenus meppacoéuonozo cKkiona neeooepexcoa Ieiizepnoil na yenmpanvHom yuacmee

64. Various thermal manifestations of the terrace-like slope of the Geysernaya left bank on the central site
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65. Kanan zeiizepa Illens 6 cmaouro napenus

65. Vent of the Shchel geyser channel in the stage of steaming

herbage, striking are two large dark hollows of deep holes,
at the bottom of which there exists a pulsating spring Vrata
Ada (Gates to Hell). Separating from water, steam forms
a light white cloud, more prominent = 3
above the larger hole.

The Large mud pot is the largest
one in the Valley of Geysers. Its oval
is sized 17 m along the longer axe,
and 12 m along the shorter one, be-
ing 2 m in depth. The bottom and the
sides are composed of red clay, due
to which, it is often called The Red
Pot. The state of the pot changes
depending on the volume of surface
waters entering the pot. It can be dry
to the very bottom with just some ac-
cumulation of liquid mud, periodically
tossed by bubbling steam. During dry
seasons, its clayey sides are freaked
by deep cracks dividing the surface
into blocks. In the period of snowmelt
and rainfall, water level within the
pot rises up to its edges, and it turns

cocrapnsieT 19 MuH. 31€ch ke, B CTEHKE, Ha PaCCTOSHUH
30 M OT 3THX JABYX reii3epoB pacIoJIOKEH €Ille OJIMH Kap-
nuKoBsIii Teitzep ([lonepednslii) ¢ TPOIOIKUTENILHOCTHIO
nukia 2 MuH 45 ¢ u BpemeneM usseprkenus 40 c.

YToOBI MOCETUTH APYrue MeCTa aKTMBHOW THAPOTEp-
MaJIbHOM aesaTenbHOcTH VI yuacTka, Hajgo NOTHATHCA
BBEpX M0 JeCcTHUIE MUMO reisepa Illens u noiitu Hane-
BO IO JIOLIATOMY HACTHIy. ByKBasbHO 4epe3 HECKOJIBKO
METPOB HAYMHAETCS IAPCTBO 3aMEYaTeIbHBIX CBOCOOpas-
HBIX TEPMONPOSBICHUN, TPA3EBBIX M BOIHBIX TOPSYUX H
KUISIIIUX KOTIoB. OnuH W3 HUX — BonbLIol rpsi3eBbIi
KOTEJI, PacHONOXKECHHBI ClIpaBa OT JTOPOXXKKHM Ha POBHOM
IUTOIIaIKe CpPey BBHICOKOTpaBbsi. Hepnaneke, BIUIOTHYIO
MPUOTU3UBIINCH K aKTUBHBIM TEPMOIPOSBICHUSAM, Kpa-
cyeTcs OT/AeTBbHO cTosmas odepesa Dpmana — bepesa Jonu-
Hol eetizepos. Cpeny TPaBIHUCTOTO TIOKPOBa OpocaroTcs
B I1a3a JiBa OOJIBIIUX, TEMHBIX, ITyTAIOIIAX CBOCH TaWH-
CTBEHHOCTBIO OTBEPCTHS ITYOOKHX SIM, Ha JIHE KOTOPBIX
HAXOAMTCS nyabcupyrowutl ucmounux Bpama Aoa. Otae-
TISIOIIANACS OT KUIISIIEH BOABI Map o0pa3yeT jerkoe oenoe
o0auko, 6oree 3aMeTHOE HaJl IMOH OOJIBIIIETO pa3mepa.

bonvwou epsasesvii komen — camblii KpyIHBIN Tpsize-
BbIid KoTen B J{onmHe reiizepoB. Pasmeps! ero oBana 6omnee
17 M 1o JUIMHHOM M 12 M TI0 KOPOTKOM OCH TpH TITyOHHE
2 M. Jlauie u OopTa CIOXKEHBI KPAaCHOW IIMHOW, OTYETO
€r0 4acTo Ha3bIBAIOT KPAaCHBIM KOTJIOM. B 3aBrcuMOCTH OT
KOJIMYECTBA MOCTYMAIOIIUX B HETO MOBEPXHOCTHBIX BOJI M3~
MEHSIETCS COCTOSIHUE KOTIa. OH MOXKET OBITh JI0 THA CyXUM
C HEOOBIIMM CKOTUICHHEM JKUJIKOU TPS3H, MEPUOANICCKH
noadpackIBacMOid MPOOYITEKUBAIOIINM TTapoM. B cyxue mie-
PHOIBI TO/Ia TIIMHUCTBIE €ro 00pTa MOKPHITHI TITYOOKUMH
TPEUIMHAMY YCBIXaHUs, Pa3NeISIIONIMMHU TIOBEPXHOCTh Ha
Onmoku. Bo BpeMsi CHETOTastHUSI U WHTEHCHBHBIX JOXICH
YPOBEHb BOJIbI B KOTJIC TIOMHUMACTCS JI0 KpaeB, U OH CTa-
HOBHUTCSI MQJICHBKHUM TEPMAaJIbHBIM O3€pPKOM, Ha CIIOKOM-
HOW TIOBEPXHOCTH KOTOPOTO SIH30IUYECKU TOSBISIOTCS
My3BIPHKY Mapa 1 rasa.

— i

66. Munuamiopnuoiii Kunawjuii nynscupyrowjuit ucmounux Kpenocms

66. Tiny boiling pulsating spring Krepost

into a small thermal lakelet, with
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67. Bonvwoun zpazeewtit komen (Kpacnotit)

67. Large mud pot (Krasnyi Red)

68. Bonvuwiou zopayuuii 600nsiii komen I'onyoou

68. Large hot water pot Goluboi (Blue)

3nech ke HAXOMATCS KOTJIBI M BOPOHKH MEHBIIETO
JIaMeTpa ¢ Pa3IMYHBIM XapaKTEPOM IPOSBICHHS THIPO-
TEpMaJIbHOM aKTHBHOCTH — OT OypHOTO KHIICHHUS >KU-
KOW TIMHUCTOM MAcChl JIO CHOKOWHOTO CTOSIHUSI BOJIBI
(doto 67). D10 CBsI3aHO € TEM, UYTO I KAKIOTO TEPMO-
MPOSIBJICHUST CBOWCTBEHHO HHIMBHUIYAJIFHOE COOTHOIIIC-
HUE MEXIY MOCTYIUICHHEM M3 [IyOWHBI mapa, ropsdei
BOJIbI M BEJIMYMHON CTOKA TOBEPXHOCTHOW BOJBL. B TOM
clly4ae, ey IOCTYIUICHHUE BOJBI IPEO0IaIaeT, Ips3eBhie
KOTJIBI TIPEBPAINAIOTCS B BOAHBIC (Hampumep, komei 1 o-
y6oti) nnu Temsie o3epku (poto 68). Boma B HUX umeer
Pa3IMYHYI0 TeMIepaTypy U XUMHUYECKUI cocTaB. B 3a-
BHUCHUMOCTH OT IBE€TA IJIMH, CJIararoumx JHO U 60pTa, KOT-
JIbl UIMEIOT KPACHBIN, 3eNIeHbIH, TOy00l U ApyrHe IBEeTa
u orTeHKU. Camoe O0NbIIoe TEMI0e 03€PKO TAKOTO TUIIA,
MOJTyYUBIlIee Ha3BaHUE YmuHoe, paclojoKeHO CrpaBa OT
JIOPOXKKH, KOTOpAst 10 JAPYroMy Kparo TepMaibHOU MOJIs-
HBI BeJIET K JIOMHKY JecHHKa. C I0ro-3amagHoi CTOPOHBI
o Oepery o3epka HaOTIOIAIOTCS U TOPSYHE, COBCEM MU-
HUATIOPHBIC, I'PA3CBLIC KOTJIBI.

Yaacmok Llenmpaneneiti (Vi)

31ech cOCpeloTOYEHO HauOOoNIblIee KOINYEeCTBO H3-
BECTHBIX KPYHHBIX reizepoB (oro 69). OH Hemocpen-
CTBEHHO NpPUMBIKAET K VI y4acTKy U B OCHOBHOM 3aHH-
MaeT HIDKHIOIO 4acTh CKJIOHOB JOJUHBI p. ['eiizepHoii,
IJe TaKXKe OTMEUaeTcsi MOBEPXHOCTHAS TEPMOAHOMAIIHS
¢ temneparypoii 6oiee 70 °C Ha MeTpoBOH IIyOHHE.
YcnoBHOM TpaHUIel y4acTka (puc. 5, 6) ABISIETCS YCThE
pyu. llenesoro, mocTtuk uepe3 p. [eitzepHyro u pacno-
JIOKEHHBIM 32 HUM BOJIM3M ypes3a BOIBI Ha JIeBOM Oepe-
Iy KUILIIUE DyJIbCUPYIOIIMN ucmoynuk Manaxumoewii
I'pom (¢poto 70). Boga ucTouHuKa pa3OpeI3TUBAIONICHCS
cTpyei ObeT Ha BbICOTY A0 1,5 M. NCTOUHUK MOCTOSTHHO
OKpy>keH oOnakamu mapa (¢oto 70), pexuM H3BEPKESHUS
HCTOYHUKA — HEPOBHBIN, Myabcupyomuil. Pacxon pyubs
oT MamnaxurtoBoro I'pora cocraBnser oxono 2 n/c. a-
Jee, BBEpPX IO PeKe, y MOJHOXKUS OOPBIBHCTOTO CKIIOHA,

occasional bubbles of steam and gas appearing on its
quiet surface.

Smaller pots and craters also occur here, with vari-
ous character of manifestation of thermal activity, from
intensive boiling of liquid clayey matter to the state of
ditch-water (photo 67). It is associated with the fact that
each thermal manifestation is characterized by a peculiar
ratio between the steam and hot water supply from the
depth and the rate of the outflow of surface water. In the
case when water supply predominates, mud pots turn into
water ones (for example, the Goluboi (Blue Pot)) or warm
lakelets (photo 68). Water in them varies in temperature
and chemical composition. Depending upon the color of
clays composing their bottom and sides, pots can be red,
green, blue and other colors and hues. The largest among
such warm lakes, named Utinoye (Duck’s), is located to
the right of the pathway that leads to the Ranger’s house
along the other margin of the thermal field. Tiny hot mud
pots are distributed alone the shore of the lake from the
south-west.

Site Centralnyi (Central) (VII)

Most known large geysers are concentrated in this area
(photo 69). It borders Site VI and occupies lower part of the
Geysernaya valley slopes, where surface thermal anomaly
with temperature over 70 °C is also recorded at the depth of
1 m. Conventional margin of the site (fig. 5, 6) is the mouth
of the Shchelevoi brook, a small bridge over the Geysernaya
river and a boiling pulsating spring named Malakhitovyi Grot
(Malachite Groto) located on the left bank, close to the water
edge. Splashing water jet rises up to 1,5 m. The spring itself is
always enveloped in steam puffs (photo 70); its operation re-
gime is unstable, pulsating. The flow rate from the Malakhitovyi
Grot makes about 2 I/s. Further up the river, at the foot of an
abrupt slope, a boiling pulsating spring Mnogostruinyi (Multijet)
discharges its waters out of a vertical hole just by the river
brink. The fountain of steam-water mixture shots at an angle
of 30—45° in the direction opposite to the river-course. Streams
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©'Cy2po6oeB.iM%/-SugrobovAViM:

69. Oowuii 6uo yuacmka Llenmpansnozo. B yenmpe — Ilnowaoka honmanos, uzsepeaemca 2eiizep @onman, napam Muozocmpyinwiii u Ma-

Jnaxumoewiii I pom

69. General view of the Centralnyi site. There is Ploshchadka fontanov in center; Fontan geyser is erupting; Mnogostruynyi and Malakhitovyi Grot are

steaming

of steam and water are ejected in the pulsating regime for up
to 2 m (photo 71).

Further up the current, the lower left slope is covered by
geyserite formations, thermophilic algae, pulsating springs
and tiny geysers. One can get better acquainted with local
thermal manifestations while walking along the familiar path
to the observation plateau at a low terrace in the scroll. From
here, the picture opens uniquely beautiful, even for the Val-
ley of Geysers, scenery of the activity of pulsating springs
and geysers so different in character and power. Recently
this surprising and popular site of a slope has received the
name — Vitrazh (Stained-glass window) (photo 72). To the
right, one can see just mentioned and constantly spouting
springs Malakhitovyi Grot and Mnogostruinyi. Above their left
coast, begins low breakage of the low terrace up to 30 m
wide, swamped and covered by bright-green grass. Behind
the terrace, there rises a steep precipice-wall, over whose
surface columnar geyserite burls are distinguished tracing
from numerous holes. Boiling water runs from those holes
over the wall forming small hot streamlets that seem multi-
colored due to the surrounding motley thermophilic algae. On
the background white steam curls here and there, changing
the general picture as a kaleidoscope. All in movement. Sud-
denly there appear almost vertical fountains of hot water and
steam — in that manner geysers Fontan (Fountain) and Novyi
Fontan (New Fountain) start their eruptions. They are located
in a leveled area sized 10 x 20 m called the Ploshchadka
Fontanov (Fountain Area).

y caMoro ypesa peKu HaxXOAWTCS KUISIIHUN MyJIbCUpPYIO-
it ucmounux Muoeocmpytinsiti. Kunsimas Bomga BEI-
XOIIUT M3 BEPTHKAIBLHOIO OTBEPCTHS B OOpBIBE Oepera y
camoro ypesa Boabl. DOHTaH MapoOBOATHONW CMECH ObeT
HakKJIIOHHO 1o/ yritom 30—45° B cTOpoHY, MPOTUBOTIOIOXK-
HYIO TeueHHI0 peku. CTpyH BOIBI H ITapa BEIOPACHIBAIOTCS
B MYJIbCUPYIOLIEM PEKUME, TOTUKAMH, Ha PACCTOSTHUE 110
2 M (coro 71).

Brlme 1mo Te4eHWIo0 BeCh HWKHHN JIEBBIM CKIJIOH IIO-
KPBIT TeH3epUTOBBIME 00pa30BaHUAMH, TEPMOPHIHHEIMA
BOJIOPOCIISIMH, IYJIbCUPYIOIIMMHU HCTOYHUKAMH, Kapiu-
KOBbIMH Teizepamu. C pacnojoKeHHBIMU 3/1€Ch TEPMO-
MPOSIBJICHUSMH JIydllle MO3HAKOMHUTBCA, MPOUIS MO0 MO-
CTHKY Ha TpaBblid Oeper I'eii3epHON M MOTHSIBIINCH IO
W3BECTHOM YK€ NOPOXKKE Ha CMOTPOBYIO IJIOLIAJIKYy Ha
HU3KOW Teppace B M3ilyunHe peku. OTcroma OTKpbIBa-
€TCsl PEeAKOCTHAs MO KpacoTe aaxke i JloNMHBI reise-
POB KapTHHA NEHCTBUS pa3sHOOOpa3HBIX MO XapakTepy H
MOIIIHOCTU IYJbCUPYIOIIMX HUCTOYHUKOB U rerzepos. B
MocCJieIHee BpEMsI ITOT YAMBHUTENbHBIM M MOMYJSPHBINA
Y4acTOK CKJIOHa NOJIY4YMJ HauMEHOBaHME — Bumpasw
(poto 72). CnpaBa BHIHBI OecIpepbIBHO (POHTAHUPYIO-
LIM€ TOJBKO YTO YINOMSHYTble HCTOYHUKH MaaaXUTOBBIH
I'por u MHorocTpyiiHbIA. Brinre ux neBrblil Oeper Hauu-
HAETCsl HEBBICOKUM OOPBIBOM HH3KOW TEppachl MIUPHHON
1o 30 M, 3a0004E€HHON U 3apocIieil SpKo-3eJICHOH Tpa-
BOM. 3a Teppacoii B3IbIMaeTCsl KPYTOH OOPBIB-CTCHKA, Ha
MOBEPXHOCTH KOTOPOTO BBIIEISIOTCS CTOJIOUATHIC reii3e-
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70. Heobviunas ¢hopma u Kpacku nocmpoiiku nynscupytowjezo ucmounuka Manaxumoeuwtit I pom nocmoanno npuenekarom eHumanue noce-
mumenei /[onunel zeiizepog

70. Unusual shape and colors of the construction of pulsating spring Malakhitovyi Grot constantly attract attention of visitors of the Valley of Geysers

PUTOBBEIC HATEKH, UAYIIUE OT MHOIOYMCIICHHBIX OTBEp- Almost all geysers and springs of the slope have not re-
CTHii, OTKyla BBITEKAeT WJIM BbIOpachIBaeTCA KHUIIAIIas mained concealed to T. I. Ustinova and were first reported
Bona. Ctekas 1o JIOKOMHKAaM B CTEHKE, OHA 00pas3yeT He- by her: Grot, Fontan, Novyi Fontan, Nepostoyannyi, Dvoinoi,

Oosnple ropsiure pydenky, Kaxymuecs pas- '
HOLIBETHBIMU H3-32 MECTPO OKPAIICHHBIX HUX E
OKaUMIISIOMINX TEPMOGUIBHBIX BOIOPOCIEH.
Ha ¢one sToro nectpousetusi MOCTOSIHHO, TO
B OJTHOM, TO B IpyTOM MecCTe KIyOuTcs Oenblit
nap, U3MeHss, Kak B KaJlelJoCcKome, OO0IIyIo
kapTuHy. Bce B nBwxeHuu. BHe3anHo nosiB-
JISIFOTCS TIOYTH BEPTUKAJIbHBIE (DOHTAHBI TOPs-
yell BOJBI M Mapa — 3TO Hayalu U3BEPrarbCs
eetizepvl @onman n Hoeviii @onman. OHN
pacrosyio’)KeHbl Ha BBIPOBHEHHOW IUIOIIAJIKE
pasmepom 10 x 20 M, koTOpas Ha BeICOTE 25 M
OT ype3a peKH CTYNEHBKOH Bpe3aeTcs B Cy-
KAIOIIUHCS KBepXy OOPBIBUCTHIN CKIOH. DTO
NpUMeyaTelbHOE MECTO HasbliBaeTcs [lno-
Waoxou hoHMaHos.

IToutn Bce reiizeprsl 1 UICTOUHUKH CKIIOHA
He ocTajnuch HezameueHHbiMu T. . Yctu-
HOBOM M BIIEpBbIE BBIJEIEHB €0 — [poT,
®onran, HoBeiit ®ontaH, HemocTosHHBIM,
JBoitnoil, ManaxutoBslit I'pot. Co cTOpOoHBI
CMOTPOBOM IUIOIIAIKK MEPBBIMU CIIpaBa Mbl  71. Bénusu Manaxumosozo Ipoma Oeiicmeyem, pazopuizcusas 60 6ce Cnopomnsl na-
YBUIUM MYJILCUPYIONIAE UCTOYHUKH Maja- PO60OSHYIO checs, nyrbcupylowuii ucmounux Muozocmpyinoti
xUTOBBIN ['poT 1 MHOTOCTpYHBIN. Hag HuMu 7. Splitting steam-water mixture all around, pulsating spring Mnogostruinyi operates not
BhilIe npasee [lnomankyu pOHTAHOB B CTeHKe @ from Malakhitovyi Grot
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72. ITnowaoka gponmanos, cnpasa napum zeuzep I'pom

72. Ploshchadka Fontanov, Grot geyser, steaming — to the right

Malakhitovyi Grot. From the observation plateau, to the right,
we can first see pulsating springs Malakhitovyi Grot and
Mnogostruinyi. Above them, further to the right of the Fountain
Area, in the wall of an abrupt slope, a group of small geysers
and springs can be observed, among which we distinguish
one named Bastion (photo 73). Its geyserite construction
presents a ledge of bedrocks in the form of a wall 3 m high,

73. Hebonwvwoii zeiizep bacmuon

73. Smal geyser Bastion

OOpBIBUCTOTO CKJIOHA HaOmrofaeTcs rpymmna HeGOIbIIUX
Treii3epoB M HCTOYHHUKOB, CPEAM KOTOPBIX BBIAEISIETCS
OJIVH, Ha3BaHHBEI HaMu bacmuon (poto 73). Ero reii-
3epHUTOBasl MOCTPOIKA MPEACTABIAET COO0I BBICTYI KO-
PEHHBIX IOPOX B BUJE CTEHKH BBICOTOH 3 M ¢ 3y04aThiM
BEpXHUM KpaeM. Kurrimas Boga TOMYKaMu BBIOpachIBa-
€TCsl U3 LIENIM Ha BEPIINHE ITPUCIOHEHHOTO K CTEHKE KO-
HyCa U B TEM3EPHOM PEXUME — U3 OTBEPCTHUS
B HIDKHEH €ro 4acTH.

JleBee, BbIme bacTHOHA, MNOCTOSHHO
Kiyoutcst map. OH BBIXOOWT U3 HEnTy0oO-
KOH TelIephl, BXOJ B KOTOPYIO OOpalleH Ha
IInomanky donraHoB. OHa CIyKUT BMe-
CTUIIMILIEM eetisepa [ pom W MEIKHUX MyJb-
CHPYIOIIMX HMCTOYHHKOB. B myOuHe HUIIU
TuTemeTcs Kumsmas Boga. OHa cobupaercs
nepen HUIIEH B MJIOCKOM OacceifHe, oTae-
JICHHOM OT CKJIOHA HEBBICOKUMHU OOPTUKAMH.
Ilepuonuuecku mocTymieHHe BoAbI B Oac-
CElH YBEJINYMBAETCS, BUINMO, B COOTBET-
CTBUM C PUTMOM paboOTHI reif3epa, U Tak e
HU3MEHSETCS PACXOJ BOABI Pydbsl, CTEKAOLLE-
ro no ckioHy. Ilo n3mMenenuro ero pacxona
MOXHO CyOUTBb O COCTOSHHUU reisepa Ipor,
JEeSITEeNBHOCTh KOTOPOTO CKpPbITa OT HaOM0-
JIeHUH CTeHKaMu HUIIY. Pexxum reifzepa Obu1
YCTaHOBJIEH C IIOMOIIBIO ABTOMAaTHYECKON
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3allMCH YPOBHS BOIBI B Py4be, TO €CTh IO-
SIBIICHUSI, U3MEHEHHS U TPEKpAIlleHUs] CTOKa
Bonbl. [lepuognyHOCTh Teii3epa konedanach
ot 31 o 48 muH (doto 74, 75).

B 1987 1. u netom 1990 u 1991 rr. ObuH
OTMEUEHBl MOIIHbIE TOPU3OHTAJbHBIE BhI-
OpoCHI MApOBOASHON cMecH U3 IpoTa Ha (hoHE
OOBIYHOW CKPBITOM TeW3epHON NesATeNbHO-
ct. DOHTAaHUPOBAHUE MPOUCKOJUIIO CEPHEN
BBIOpOCOB cMmecH. [lepen HavanoMm ¢oHTaHU-
poBaHUs HaOMIoMaNCs OOBIYHBIA TeH3epHBI
PEXUM HCTEUEHUS BOJBI U3 OacceifHa. 3arem
CJICIOBAJIM BHE3AITHOE YBEIMYCHUE PACXona
Pydbs M BBIOPOC TOPH3OHTAIBHOW CTPYH
BOJIBI U TIApa, C CHJIOW ObIOIIEH B MPOTHBO-
MOJIOXKHBIN 0T I'poTa CKIIOH, B CTOPOHY TI'eli-
3epoB @onTtana u Hosoro ®onrana. U3sep-
JKEHHE COIPOBOXKIAJIOCHh CHIBHBIM PEBOM,
BBIJICTICHHEM TUIOTHBIX KIyOOB mapa, IMof-
HUMAIOIIMXCS Ha cOTHU MeTpoB. Cpasy xe
MOCJIe U3BEPIKEHUS TOpsAYas BOJa MIMPOKHM
TTOTOKOM ITOYTH 110 BCel Tel3epruTOBON CTEH-
K€ CTeKajla BHU3 K peke. DOHTaHUpOBaHUE
reifzepa orMmevasniock 7-9 pa3 nmo 2-3 mMuH
U C IepepblBaMU TOH K€ MPOJOIKHUTEIb-
HOCTH, IIPUYEM C KaKIbIM IOCIEAYIOLUIUM
H3BEp)KEHHEM €T0 MOIIHOCTh OciadeBaia.
OpueHTHPOBOYHBII pacxojl BOJABI Teisepa,
pacCUMTaHHBIM 110 NOABEMY YPOBHS PEKH,
Obi1 paBeH 160 n/c. TlpuOMU3HTENHHBIN
00beM KaMepbl T0CJIe MOJIHOTO €€ OMyCTO-
menus coctasun 30 M. ITo aTum mapamer-
pam reizep ['por 3aHmMMaer nepBoe MecTo
B JlonuHe reizepos.

Ha Toii ke mnomasake, mpuOIH3UTEIBHO
B 18 ™ ot I'pota, Haxogutcs cetizep Hogwiii
@ouman. Boma u nap BeIOMBalOTCA U3 TPeX
HEOOJIBIINX, PSIOM PACIIOIOKEHHBIX OTBEP-
CTUH B BUJI€ BEPTUKAIBHBIX CTPYH BBICOTOM
1-3 M. JlesTenbHOCTH Tel3epa XapakTepu-
3yeTCsl HENOCTOSAHCTBOM PEXHMMa U 3HAuYu-
TEIbHO OONBIICH MPOAOIKUTEIHHOCTHIO
(DOHTAaHUPOBAHUS 110 CPABHEHUIO C MEPUO-
JoM nokod. Harmpumep, B 0fHOM U3 ITUKIIOB
reifzepa U3BEp)KEHUE NPOJOJKAIOCH B Te-
yenne 39 MUH, a TEpepHIB UIHIICS BCETO
9 MuH.

B 2 m or HoBoro ®onTtana pacmonoxer
eetizep @ouman (poto 76) — OMMH U3 CaAMBIX
KpacUBBIX M PUTMHUYECKH JEHCTBYIOIIHUX

74. H3 neznyookoii newepsl, oopawennoii Kk Ilnowaoke ghonmanos, evipvieaemcs
MOW{HAA RAPOBOOAHAA cmpyA. Imo peoKo nHabnooaemoe uzgeprcenue zeizepa I'pom

74. Powerful steam-water jet rushing out of a shallow cave facing the Ploshchadka Fon-
tanov. This is ararely observed eruption of the Grot geyser

C

75. I'etizep I'pom 6 nokoe. Ileped 6xo0om ¢ neuijepy ceiizepa 0OUWIUPHAA 6AHHA, Yepe3
KOmopy1o udem ciue Kunaujeii 6006l

75. Grot geyser in the quiescence. In front of the entrance to the grave there is a large bath
through which there occurs the outflow of boiling water

reiizepoB. Bo BpeMsi m3BepikeHHs CTOJIO KHIIAIICH BOJBI
MTOJITHUMAETCS] BEPTHKAIILHO Ha BhICOTY Oosiee 10 M 3 oT-
BepcTus kaHana auamerpoM 60 cm. [IpomomkurenbHOCT
IUKJIA JOCTaTOYHO MOCTOSIHHA M U3MEHSIETCS B IPEIeax
13-24 mun. W3Bepxenne mmrcs 3—4 MUH, TPOJOIKU-
TENFHOCTH OT/ENBHBIX CTAANI N3MEHSETCS B 3aBUCHMOCTH
OT TIOTIaIaHMs B BOPOHKY OXJIQXKACHHBIX H3BEPTHYTHIX BOJ,
B OoIbIIIeH cTerneHu cocenero reiizepa Hoporo donrtana.

with cogged upper edge. Boiling water is by impulses ejected
from the fissure at the top of the leaning cone and in the gey-
ser regime from the vent at its bottom.

To the left, higher than the Bastion, constantly puffing
steam comes out of a shallow cave, whose entrance is facing
the Fountain Plateau. It hosts the Grot (Grotto) geyser and
a number of small pulsating springs. Boiling water is splash-
ing deep in that niche. It is accumulated in front of the niche
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Hecxkonbko HIke reiizepa GoHTaHA NEHCTBYET celizep
Henocmosnnwvui (hpoto 77). B MOMEHT M3BEp:KEHUS KHU-
MsAIast BOAa BBIMJIECKUBAETCS] HAa BBICOTY 10 3 M M3 OT-
BEPCTUH B TEH3EPUTOBOM IMOCTPOHKE HEONPENEIEHHOU
¢opmel. HazpaHme reif3epa COOTBETCTBYET XapakTepy €ro
pexxuma. [IpogomKUTen HOCTD IIUKIIa U3MEHSIETCS OT He-
CKOJIBKUX MUHYT 10 4aca u Ooisee. Eme Hike u jeBee
HenoctossHHOTO B CKIIOHE BBIAETSETCS pelbe(HBIN BbI-
CTYIl OPUTHMHAIILHOW, BBITSHYTOW BJOJb CKIOHA (DOPMBI,
HalmoMUHaIMH OonbmIMX pasMepoB cemno. Kcrarw,
y TYPUCTOB 3TO CJIOBO CTaJI0 COOCTBEHHBIM, MOMYSPHBIM
Ha3BaHUEM eetizepa /{eotinozo, nanueiM emy T. U. Yeru-
HOBOH. [TOBEepXHOCTh BBICTyNa MOKPBITA TEMHO-CEPHIM
reiizeputomM. BricTynm mmeeT nBa IIENEBbIX OTBEPCTHS,
OJTHO M3 KOTOPBIX HaxXOIUTCS Ha €ro BepiumHe. Boxa,
BCKUIIasl, BBIIUICCKUBACTCA MONMEPEMEHHO U3 OTUX OTBEP-
ctuii (poto 78, 79). Pexxum reitzepa J{BoitHOTO Takxke Xa-
paKTepu3yeTcsi HeCTaOMIBHOCTEIO. M3BepikeHHe INTCS
HECKOJIBKO CeKyHA. BbicoTa Hambonee CHIBHBIX CTpyH
pocruraer 0,5-1 M. IlepuoanyHOCTh U3BEPKEHUS U3ME-
HseTCs OT 4 10 23 MUH.

W, HakoHen, B 25 M neBee eetizepa /{gotino2o, mpuOIu-
3UTENBHO Ha ypoBHE [Inomanku (pOHTaHOB PacHONOXKCH
eetizep Asepwvescxuil (dporo 80). BeixogHoe oTBepcTHe
B BUJIe BOPOHKH quameTrpoM 0,5 M MpUypodYeHO K OOJb-
IOW PBHITBUHE B CKJIOHE. [ei3ep Ha3BaH HaMU B YECTh
WU3BECTHOTO BYJIKaHOJIOTa U rujporeosiora Banepus Buk-
TopoBHYa ABepbeBa. MHOTrOJETHUI Tepuoa HaOmrome-
HUH [OKa3a]x Ha 3HAUUTEIBHBIC M3MEHEHUS B XapakTepe
JesTeNbHOCTH Telizepa. BHavane oH paboran B pexume
MIOCTOSTHHO JICHCTBYIOIIETO HEOOJBIIOTO KHUIISIIETO HC-
TOYHHKA. 3aTeM (YHKIIMOHUPOBAJT B TEH3EPHOM PEKUME
CO cpeAHel mepuoAnYHOCThIO 13—14 MUH npu H3MEHEHUH
B npeaenax 12-31 MuH, npuyeM B MOMEHT W3BEPKECHHS
BO3HUKAJI MOIITHBIN BePTUKAJIbHBIN (POHTAH TAPOBOISHOM
cmecu BeicoTo 10—15 M. B mocnennee Bpemst reiizepHbIi
PEXUM CMEHMIICS PEKUMOM ITyINECHPYIONIET0 KHIIIIIETO
ncrounuka. Ero nebut Hactonpko Oonpmoi (1o 10 n/c),
YTO CTOK BOJBI HCTOYHHKA 00pa3yeT OTACNBHBIN TOpSIui
pydeH, U3BUIIMCTON JIGHTOW CITyCKAIOUIUICS MO CKJIOHY
Y BIaJaronuii cnesa B p. [eitzepHyto.

[Tyabcupyromnyii UICTOYHUK (Tel3ep) ABEpPbEBCKHI KakK
OBl 3aMBIKaeT TPYIITY TePMOMposiBIeHHH Butpaxa. Kpo-

76. H3eeporcenue zeiizepa @onman

76. Eruption of the Fontan geyser

in a flat pool separated from the slope by short sides. Water
supply to the pool increases occasionally, probably according
to the geyser operation mode; the flow rate of a stream run-
ning over the slope changes as well, by which we can judge
about the state of the Grot geyser whose activity is hidden
from observations by the sides of the cave. Regime of this
geyser was determined by automatic recording of the water
level in the stream, that is the appearance, variation and sei-
zure of water flow. Periodicity of the geyser varied from 31 to
48 min (photo 74, 75).

In spite of usually hidden geyser activity, powerful hori-
zontal ejections of steam-water mixture from the Grot geyser

Puc. 6. Pacnonoscenue zeiizepog, mepmanbHulxX UCHIOUHUKOE U Opy2ux mepmonposaenenuil Ha yuacmke Llenmpansuom (VII):

1 —reiizep;
2 — KUISIIMA WIK TOPSYUil HCTOYHUK;
3 — rps3eBblil KOTE,

4 — oTzenpHas MapoBasi CTPys; YYaCTKU IPYHTA C TEMIEPaTypoil Ha nryOune 1 M:

5—70-100 °C,

6 —20-70 °C,

7 —menee 20 °C;

8 — MOpOKKA C JTOIIATHIM HACTHIOM

Fig. 6. Location of geysers, thermal springs and other thermal manifestations in the Centralnyi Site (VII)

1—geyser;

2 — boiling or hot spring;

3 — mud pot; individual steam jet; grounds with temperature at a depth of 1 m:
5-70-100 °C,

6 —20-70 °C,

7 —less than 20 °C;

8 — plank layered pathway
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were recorded in 1987, 1990 and 1991. The
spouting occurred by a series of mixture ejec-
tions. Before the spouting, usual geyser regime
of water outflow from the pool was observed.
Then came the sudden increase of the flow rate,
and emission of a horizontal jet of water and
steam, with force beating in an opposite slope
from the Grotto, aside geysers the Fountain and
the New Fountain. The eruption was accompa-
nied by loud roar and release of dense steam
puffs rising up to hundreds of meters. Immedi-
ately after the eruption, hot water was running
down to the river almost over the whole geyser-
ite wall. Spouting of the geyser was observed
7-9 times for 2—-3 min, with pauses of 2-3 min
either, and every following eruption was a bit
weaker than the previous one. Estimated dis-
charge rate of the geyser, calculated by the rise
of the river level, was 160 I/s. The approximate
volume of the chamber after its emptying made
30 mé. By these parameters, the Grot geyser
takes the first place in the Valley of Geysers.

At the same ground, about 18 m away from
the Grot, the geyser Novyi Fontan is located.
Water and steam are released from three neigh-
bouring vents in the form of vertical streams
1-3 m high. Geyser activity is characterized by
irregularity of the regime and much more pro-
longed period of spouting in comparison to the
period of quietness. For instance, within one of

78. I'euzep /leounoi

78. Dvoinoi geyser

=8 ©lCyepobos B..M. / Sugrobov V. M.

i s

77. Cpeou pasnoysempa zeizepumosozo wyuma Ilnowaoku ponmanoe moxcno ygu-
Oemp u cKkpomnoe usgepiicenue zeiizepa Henocmosannozo (6 yenmpe)

77. Modest spouting of the Nepostoyannyi geyser (in the center) can be seen amidst the
polychromy of the geyserite field of the Ploshchadka Fontanov

Me 0XapaKTepU30BAHHBIX KPYITHBIX [ei3epOB
Y UICTOYHHKOB, HA Te3epUTOBOM CKJIOHE Ha-
OMIomaeTcss MHOTO MEJIKUX MyJbCHPYIOIIUX
HUCTOYHUKOB U MUHHUATIOPHBIX I'eii3epoB Ha-
MoJ00Me ONMUCAHHBIX BBILIE CTEHOK Kapiu-
KOBBIX TeifsepoB. Hipke, Ha NMOBEpXHOCTH
Teppachl, BCTPEUAIOTCA TAKXKE HUCTOYHUKHU,
BOJIa KOTOPBIX BBIXOJUT U3 HEOOJBIIUX BO-
POHOK U KUIISIIUX KOTJIOB U CKPBITO CTEKAET
B l'elizepHyI0 Mo1 MOKPOBOM 3a00I04EHHOM
TTOYBBI.

B u3nyduHe peku, BbIIE MO TEUEHHIO,
B 80 M OT reifzepa ABepbeBCKOr0 pacmoio-
JKEH [IaBHBIA reizep Jlonunbl — Beauxan.
Ero BemuuecTBEHHOE W3BEP)KCHME JIydIle
HaOmoaTh cO CMOTPOBOM IIIOIIAAKH, pac-
MOJIOKEHHOM HaJ| CIyCKOM KO BTOPOMY MO-
CTHUKY uepe3 p. ['elizepHylo, BbIlIE IPEAbIAY-
miero myHkTa HaOmogeHus. OTciona MOXHO
BHUJETh B JIPyI'OM pakypce u reisepst Ilno-
magkd (GOHTAHOB. BenukaH BblAENSIETCS
Cpeau IpyTUX Treil3epoB CaMbIM MOIIHBIM
U KpacuBbIM u3BepikeHueM (¢oto 81). Ceit-
4yac TOJIbKO I'pOT mocie 3Tana HOBON aKTu-
BU3AIUU CBOCH MAEATEIBHOCTH MOXET CO-
nepHu4ath ¢ HUM. Haxonutcs Benukan Ha
TUIOCKOW TuTommanaKe pasmepom 35 x 40 wm,
HEOONBIIMMU ~ YCTYNaMH  CIyCKarolieics




KemuyxuHa KamyaTkn — [JonvHa rensepos

93

79. Bepxuasn uacmo nocmpoiiku zeiizepa /[60iinozo ¢ ujenesblm omeepcmuem, noiy-
uyuewan nazeanue Ceono

79. Upper part of the Dvoinoi geyser construction with a slot named the Saddle

the geyser cycles, the ejection was continuing
for 39 min, while the pause took only 9 min.

Two meters away from the Novyi Fontan, one
of the prettiest and rhythmically operating geysers,
named Fontan, is located (photo 76). During its
eruption, a column of boiling water rises vertically
to the height of more than 10 m from the chan-
nel vent 60 cm in diameter. Its cycle periodicity
is quite stable and varies from 13 to 24 min. The
eruption itself takes 3—4 min, while the duration of
certain stages varies depending upon the supply
of cooled ejected waters mostly coming from the
neighbouring Novyi Fontan geyser.

Geyser Nepostoyannyi (Unsteady) (pho-
to 77) operates a bit lower than Fontan. In the
moment of eruption, boiling water is splashed out
to the height of up to 3 m from the holes in the
irregularly shaped geyserite construction. The
geyser got its name due to character its regime.
Duration of its cycle changes from a few minutes
to an hour and even more. Further down and
left from Nepostoyannyi, a vivid prominence is
distinguished in the slope, of quite an outstand-
ing form resembling a big saddle and named the
Dvoinoi (Double) geyser by T. |. Ustinova. lts
surface is covered by dark-grey geyserite. The
prominence has two slots one of which is located
at its top. Boiling water splashes alternately from

K peke. Ha ruiomajike MHOXKECTBO KHUIISAIIMX MYJIbCUPYIO-
[IMX UCTOYHUKOB U JIBa HEOOJBIINX Teii3epa ¢ KOPOTKHM
uKIIoM paboTsl. Beixos kanana Bennkana npeacrasisier
co0oii BaHHy pazmepoM 1,5 x 3 M u ryounoii 3 m (poto
82).

U3BeprkeHne HAYMHACTCS CTPEMHUTEIBHBIM U IyMHBIM
BBIOPOCOM IO BCEMY CEUCHHUIO BaHHBI CTOJIOA MAapOBOI-
Hoit cmecH (¢poto 83). Bricora GponTana okosno 20 M, Kity-
Ob1 mapa noxuuMatorcs Ha 300 M u Beimie. M3BepxkeHue
JUTUTCSL OKOJIo 2 MuH. Best Macca Bojibl HU3Bepraercsi Ha
IJIOIIAJKY U, COOMPAasCh, OYPHBIM PyUbeM YCTpeMJIsieTcs
1o CKJIOHY B peky (¢oro 84). Hekoropas yacte ee cpazy
e TO0MaJaeT B OIyCTOLICHHYI0 BOPOHKY. DOHTaHUpPOBa-
HUE CMEHSIEeTCA HHTEHCUBHBIM MapOOTAEICHUEM, IPOIOI-
xarommMcest 0koso 30 muH. Cnegyromuil 3a U3BEpKEHH-
€M TIepUOJl HAMOJIHeHUs popospkaercs 2,5-3 4. Craaus
KHUIICHUS, MPEIIIeCTBYIOMas U3BEPIKEHUIO, UMEET pas-
JIUYHYIO IJIUTEIBHOCTh, 3aBUCAIIYI0 IIaBHBIM 00pazoM
OT METEOpPOJIOTHYECKHUX YCIOBUIM, U MOXET JOCTHUraTh
2 u 6onee yacoB. KuneHnue mpoucXoauT ¢ OMEePEeMEHHBIM
PUTMOM HapacTaHHs UHTEHCUBHOCTHU M cmaja. B makcu-
MaJbHYIO CTAIHI0 KHUIIEHUS BBITUIECKU KHUIISAIIEH BOJBI
JIOCTUTaoT BBICOTHI 1—1,5 M M YacTo MpUHUMAIOTCS Ha-
OroaTessIME 32 HAYaJl0 U3BEPIKEHHs. 3aTeM MPOUCXOAUT
craj akTUBHOTO KUTIEHHS, Ha TIOBEPXHOCTH BaHHBI OTME-
yaeTcs psa0b U ClIerKa MOHIKAETCS yPOBEHb BOJBL. Takux
MOBTOPOB TMOSIBIICHUS KUIISIIUX IPU(OHOB C MPOMEXKYT-
kamu B 30 MHH J0 U3BEP>KEHUSI MOXKET OBITh HECKOJIBKO
(06b1uHO 5-8), MOKa MOCJIEAHUM U3 HUX HE IepepacTeT

those slots (photo 78, 79). The geyser regime

£ -y

¥

80. I'eiizep Asepvesckuii

80. Averievskii Geyser
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81. Mowsnaa naposooanan cmpys 2eizepa Benuxana

81. Powerful steam-water jet of the Velikan geyser

is also quite unstable. The eruption takes just a few seconds,
the largest streams reaching 0.5-1 m in height and periodi-
city varying from 4 to 23 min.

Finally, 25 m left of the Dvoinoi geyser, approximately at
the level of the Fountain Area, geyser Averievskii is located
(photo 80) whose vent 0.5 m in diameter is confined to a large
pot-hole in the slope. The geyser was named after a famous
volcanologist and hydrogeologist Valerii Victorovitch Averiev.
Long-term observations have revealed significant changes in
the nature of the geyser activity. First, it operated in the manner
of a constantly active small boiling spring. Later on, it was func-
tioning as a geyser, with average periodicity of 13—14 min ran-
ging within the limits of 12—31 min, with a powerful steam-water
fountain rising up to 10—15 m in the moment of eruption. Re-
cently, its geyser regime has changed into the mode of a pul-
sating boiling spring. Its discharge rate is so great (up to 10 I/s)
that the water flow forms a separate hot stream running down
the slope and entering the Geysernaya river from the left.

Averievskii pulsating spring (geyser) as if closes the group
of thermal manifestations of the «Vitrazh». Beside the de-
scribed large geysers and springs, the geyserite slope hosts
lots of small pulsating springs and tiny geysers much like the
above mentioned walls of tiny geysers. Below, at the surface
of the terrace, one can also observe some springs whose

82. Banna Benukana 3anonnena HO8bIMU ROPYUAMU 20pAYEIl 600bL,
HauUHAemcs KUnenue u u3nue

82. The bath of the Velikan geyser is filled with new portions of hot water,
initiation of boiling and water outflow
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B MOIIIHOE (DOHTAHUPOBAHUE.

Cpennuii nukn Benukana B mocienHue
roabl COCTaBIIIET 5—6 4 WU, CIIEHOBATEIILHO,
IpeTepres HeKOTOphIe H3MEHEHHUS B HAIIPaB-
JICHUH YBCJINYCHUA NEPUOJUIHOCTH, TAK KaK
B 1940-x rT. cpenHsAs NPONOKUTENBHOCTD
ero pabotsl Ob11a 3 4. O6BEM KaMepsl Teiise-
pa, U3MEPEHHBIN Cpasy MOCie M3BEPIKCHHUS,
okazasncsi paBHbIM 20 M. COOTBETCTBEHHO
pacxoql BO BpeMsI M3BEpP)KEHHS COCTABISIET
okoio 160 n/c. C yueToM BCETo KOJIMYECTBa
BBUTUTON BOJIBI 32 CYTKH (BO BpeMs H3BEp-
JKCHUS U U3JIMBA) pacxo] BennkaHa HeBeInK
U paBeH JIUIIb 2 JI/C.

C mocnenHed CMOTPOBOM TUIOIIAJKU
BBIMLIC IO TCUCHU IO PEKU 3aMETHO BBIACIIACTCA
IO TIJIOTHBIM OeNbIM KiIyOaM Iapa BO BpeMsI
AaKTUBHOM JEsTeNbHOCTH cetizep llapswuil,
pacrosokeHHbI 3a noBoporoM p. Ieifsep-
HOM HanpoTuB ycTbs pyd. JlaBoBoro, mpu-
Omu3uTensHO B 120 M OT MOCTHKA B 55 M OT
Benukana. BeixogHoe oTBepcTHE €0 KaHama
MIPEJCTABISAET COOOKH HEOPOPMIICHHYIO BO-
POHKY cpeny IpyAbl KaMHEH HaJl MaJeHbKUM
OOpPBIBYMKOM, MOAHUMAIOIIMMCS OT pycia
pexu. 3a mepuoa HaOMoIeHuH (a cucTeMaru-
YecKH OHM TpoBoaMiKch ¢ 1970 1) Hekoraa

83. I'eiizep Benukan. Hauano ussepicenusn

83. Velikan geyser. The beginning of eruption

aKTMBHBIN MYJIBCUPYIOMNI UCTOYHUK ¢ aebutom 1,5-1,9
n/c Havai ¢ 1972 r. u3nuBartkCs ¢ nepepeiBamu, a ¢ 1974 .
cTaj paboTaTh B TeM3epHOM PEKUME C TIEPHOTUIHOCTHIO
B 30 u Gonee wacoB. Ilepuon (GoHTaHMPOBAHUS TaKXKe
n3MepsieTcs YacaMH, a caMoO H3BEp)KECHHE NPAKTHYECKU
HE OTIIMYACTCA OT HHTCHCHUBHOI'O KHIICHUS C p336pLI3FI/I—
BaHUEM Ha OIUH METP B pa3Hble CTOPOHBI CTPYH BO.BI,

water comes out of small vents and boiling pools and secretly
flows to the Geysernaya river hidden by a cover of swamped
ground.

80 m up the current away from Averievskii, the main gey-
ser of the Valley is located — Velikan. lts majestic eruption is
better observed from the observation ground settled above
the slope to the second bridge across the Geysernaya river,
higher than the previous observation site. Ve-
likan is distinguished among the others for the
most powerful and beautiful eruption (photo 81).
At present, only the Grot geyser, after the new
stage of its activity, can compete with it. Velikan
is placed at a flat ground sized 35 x 40 m also
hosting a number of pulsating boiling springs
and two small geysers with short operation cy-
cles. The vent of the Velikan’s channel presents
a bath sized 1.5 x 3 m and 3 m deep (pho-
to 82).

The eruption starts with a rapid and noisy
ejection of a steam-water mixture column all
over the bath section (photo 83). The fountain is
about 20 m high, steam puffs rising up to 300 m
and higher. The eruption lasts about 2 min. The
whole water mass dashes onto the ground and
rushes down the slope to the river (photo 84),
some portion of it immediately getting into the
emptied crater. Spouting is followed by inten-
sive steaming lasting for about 30 min, period

84. Hzsepocenue Beruxana saxanuusaemces, u OypHulii NOMOK 20paueii 6006l ycmpem-  ~f impoundment taking 2.5-3 h. The stage of

Jiaemcs K pexke

84. Velikan’s eruption is seizing and a rapid hot water flow rushes to the river

boiling preceding the eruption varies in its
duration depending mainly on atmospheric
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85. Oowuii 6uo nnowyadxu zeiizepa Kemuysncnozo 6 MomeHnm ezo u3geeprcenus

85. General view of the Zhemchuzhnyi geyser area in the moment of its spouting

KOTOPOE OTMEYAJIOCh B MEPHOJ €r0 AeATEIb-
HOCTH Kak ucToyHHMKa. OOMIBHOE MapeHue,
COIIPOBOXKIAIONIEE AKTHBHOCTh MCTOYHHKA
U Temepb reisepa, MOACKA3aJI0 HaM €ro Ha-
3BaHMHE.

B 35 m Beime no peke ot Ilapsiero, Ha
J1eBOM Oepery, IPUMEPHO B 6 M BBIIIE YPOBHS
BOJIBI B PEKE paACIONIOKEH ecetisep Kemuyorc-
Houi. BbIXOA KaHana reii3epa CKpbIBaeTcs
00JIOMKaMH nopon, CHEMEHTUPOBAHHBIMH
U NOKPBITBIMM TeiizepuroM. Ero kpacuBblid
y30p CO3/1aH HEOONBIINMHY [IApUKAMHU U3 Ha-
TEYHOTO KpEeMHe3¢eMa, HAlIOMUHAIOIIIMU Ce-
phii sxemuyr. OTcrona U Ha3BaHuUeE reisepa,
nanHoe emy T. WM. Yerunosoil. U3BepikeHue
JKemuyKHOTO HayMHAETCS BHE3AITHO, KOTJa
KHIIAIIasi BOJa KpacHWBBIM, IMOHadany Oec-
IIYMHBIM (DOHTAHOM B3METAETCSl Ha BHICOTY
okoio 10 M, paccelnasi MO CKJIOHY KacKaj
KpynHbIX OpsI3r (oto 85, 86). M3BepxeHue
JUIUTCS 4 MUH, TIOCJIE Yero B TeUCHHUE 7—8 MUH
kiyoutcst map. [TomHbIH UK B CpeHEM 3a
BeCh MEPHON HaOMIONEHW cocTaBiseT 4 d
C MaJIbIMU OTKJIOHCHUSIMH B Ty HJIW HHYIO
CTOPOHBI.

Beire JXemuy»HOTO Ha 3TOM e JIeBOM Oe-

conditions, and may take 2 h and more. Boiling occurs with
alternate rhythm of increasing intensity and fading. In the maxi-
mal stage of boiling splashes of boiling water reach the height
of 1-1,5 and are often considered by observers to be the begin-
ning of eruption. Then occurs fading of active boiling, ripples ap-
pear on the bath surface and water level slightly lowers. There
may be several (usually 5-8) such recurrences of appearances
of boiling griffons with 30 min intervals before the eruption itself,
until the last of them turns into vigorous spouting.

For the last years, average cycle of Velikan makes 5-6 h,
and, consequently, has undergone certain changes towards the
increasing periodicity, because in the 40-th average duration of
its operation was 3 h. Geyser chamber volume measured im-
mediately after the eruption was 20 m®. Accordingly, discharge
rate during the spouting makes about 160 I/s given the whole
volume of water discharged for 24 h (during the outburst and
outflow), Velikan’s debit is not great and makes only 2 I/s.

From the last observation area, further up the river current,
geyser Paryashchii is distinguished by dense white steam
puffs rising during its intensive activity. The geyser is located
in front of the mouth of the Lavovyi brook, about 120 m away
from the bridge and 55 m away from Velikan. Its channel vent
presents an unshaped funnel among the mass of stones
above a small precipice rising from the river-bed. For the pe-
riod of observations (systematically conducted since 1970),
once active pulsating spring with the debit of 1.5-1.9 I/s, from
1972 started to outflow with intervals, and from 1974 be-
gan operating in geyser regime with periodicity of 30 h and
more. Its spouting period also takes hours, and the eruption
itself is almost undistinguishable from intensive boiling with
splashing of water all around to the height of 1 m, which
could be observed during its operation as a spring. Plentiful

86. @onman zeiizepa Kemuysrcrnozo 630simaemcs na éviconty 6onee 10 m

86. Fountain of the Zhemchuzhnyi geyser shots up to the height of more than
10m
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pery mpsiMO HaJl ype3oM BOJbI OJHUMACTCS
rei3epUTOBBIN KOHYC Ha BBICOTY UyTh OoJiee
metpa (hoto 87). D10 eetizep Huorcnuui Ll]e-
negoti. KoHyc kak OBl IPUCIIOHEH K OOPBIBU-
CTOMY CKJIOHY M KakeTcsl IIOCKUM. OTCro-
Jla ero Bropoe HazBaHue — [lnockuii Kouyc.
Kunsimast Boga npu U3BEp KEHHM BHIOPACHI-
BaeTCs TONYKAMHU M3 HEOOJBIIOrO IIEICBO-
TO OTBEpPCTUSl Ha BEPIIMHE KOHyca. Bricota
¢onTanumka nocruraet 30 cM. M3BepxeHue
JuUTCa oKoslo 3 MuH. IIpogomkuTensHOCTD
LUK, B KOTOPOM OTCYTCTBYET CTaI¥sI U3JIU-
Ba, COCTABJIACT MPUOTU3UTEIHHO 27 MHUH.
Eme omuH wu3BecTHBIM reifzep 3TOrO
ydacTka — eetizep I opuzonmanbHulll pacto-
JIOKEH Ha JIeBOoM Oepery Bhlme JKeMdykHO-
ro, B 35 M or Hero. Bokpyr Hero rpynnupy-
I0TCSI HeOOJIBIINE Teif3ephl, MyIbCUPYIOIINE
HUCTOYHHUKHU, 3aHUMAIOIIMEC HHWKHIOI 4YacCTb
OOPBIBUCTOTO CKJIOHA JOJIHHBI peku. B cBoe
Bpems 3To MecTo Obuto HazBaHo T. U. Yeru-
HOBOM «CKJIOHOM KApIUKOBBIX 2eli3epo8y.
KpynHbIX HCTOYHUKOB U TeH3epoB 3/1€Ch HET,
Kpome reizepa ['opuzonransHoro. OH uMeeT

. 87. I'eiizep Huoicnui Il]enesoii (Ilnockuii Konyc) u eco npumeuamenvnasn zeizepumo-
TPUCIIOHEHHYIO K CKIIOHY TeH3EPHTOBYIO MO ¢4 nocmpoiixa

CTPOMKY HENpaBWILHOW (OPMBI, YaCTHIHO

87. Nizhnii Shchelevoi geyser (Flat Cone) and its notable geyserite construction

MOKPBITYI0 KOPOYKaMH CEpOr0 C PO30BBIM
OTTEHKOM Teli3epuTa. BepxHss 4acTh MOCTPOUKH C 00-
e BEICOTON 1,5 M monypaspyiieHa U B Heil HaOmrona-
eTcs BRIXOIHOE OTBEPCTHE rei3epa B BUIE BOPOHKHU Pa3-
mepom 0,5 x 0,4 M (poto 88). [opr30HTANBHBII — ONWH U3

S

88. Hzeeporcenue zeitzepa I'opuzonmanvnozo

88. Eruption of the Gorizontalnyi geyser

steaming accompanying the geyser operation prompted us to
give it such a name: Paryachshii (Steaming).

35 m up the river from Paryashchii, geyser Zhemchuzhnyi
(Pearl) is settled on the left bank, about 6 m from the river

brink. Its channel vent is camouflaged by rock
debris, consolidated and covered by geyserite.
Its beautiful ornament is composed by small balls
of leaking silica, resembling grey pearls, which
suggested the name of the geyser given it by
T. I. Ustinova. Eruption of Zhemchuzhnyi starts
all of a sudden, when a magnificent and at first
noiseless fountain of boiling water shoots up to
10 m, spilling large drops all over the slope (pho-
to 85, 86). The eruption lasts for 4 min, followed
by 7-8 min of steam puffs occurrence. On the
average, for the whole period of observations,
complete cycle of this geyser makes 4 h.

Further up the same bank, a geyserite cone
1 m high rises just above the river (photo 87).
It is the Nizhnii Shchelevoi (Low Crack’s) gey-
ser. The cone seems to be leaning against the
abrupt slope and looks flat, which prompled its
second name — Ploskii Konus (Flat cone). During
the eruption, boiling water is by impulses ejected
from a small slot at the top of the cone. The foun-
tain reaches 30 cm in height. The eruption lasts
for about 3 min, the whole cycle missing the out-
flow stage takes about 27 min.

Another known geyser of this site is geyser
Gorizontalnyi (Horizontal) located on the left
bank 35 m away from Zhemchuzhnyi. Small
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geysers and pulsating springs are grouped around it occupying
the lower part of the abrupt slope of the river valley. T. I. Usti-
nova once called this place the «Slope of Tiny Geysers». The
area does not host any large springs or geysers beside Gori-
zontalnyi. Its irregularly shaped geyserite construction is lean-
ing against the slope and is partially covered by geyserite crusts
of grey color with pinky shade. Upper part of the construction,
1.5 m high, is half-collapsed, with a geyser vent in the form
of a funnel sized 0.5 x 0.4 m (photo 88). Gorizontalnyi is one
of the most stable-mode geysers. For the whole observation

Haubosnee CTaOMIIBHBIX MO PEXUMY PaOOTHI reif3epoB. 3a
Bech HaOmomaeMsiid iepuox (¢ 1951 ) craguu ero aes-
TEIBHOCTH MPAKTUUECKU HE U3MEHUINCH. [10THBINA KA
JieficTBUs Teizepa Haxonutcesa B npexaenax 90-100 munH
C IPONOIDKUTEIBHOCTBIO U3BepkeHus 2 MuH. Hamoin-
HEHUE BOPOHKM mpoucxoduT 3a 70 muH. M3nuB BOABI U
kunenue nponpoirkatorcs 30 muH. [eitzep Bo Bpems us-
BEPXKCHUS BHIOPACHIBAET MOIIHYIO CTPYIO MapOBOASHON
cMmecH (doto 89), neTsuryro noxa yriaom 45° k peke Ha pac-
crosaue 10 M.

Ha ckioHe KapiMKOBBIX Teif3epoB cpe-
I TYJIbCUPYIOIIUX HCTOYHUKOB M BHICA-
YUBaHUI TOPSIYUX BOJ HAXOAATCS elle TPH
KapJIMKOBBIX reisepa. Camblii BepXHUU IO
TEUEHHUIO PEKH XapaKTepU3yeTCsl MepuoIy-
HOCTBIO B 6 MUH U pacxoioM Boasl 1,5 n/c.
OcTaspHBIC [1BA MMEIOT HEOIPEAETICHHBIN
UK padotel. B 20 M Beime ['opuzonTais-
HOTO PACIOJIOXKEH KUISIUN IyIbCUPYIO-
IIUH HCTOYHMK, BBIAEISIONUNACS CTPOCHU-
€M BBIXOHOTO OTBEPCTHUS, IIEUKH, Pa3MEPOM
10 x 20 cM. OHO HAXOXUTCS B OOPBIBUHKE
Oepera Ha BBICOTE 1,5 M OT peKH, U3 KOTO-
poro dYepe3 IOIU CEKYHIbl PUTMHUYHBIMH
TOJTYKAMH BBIIIJIECKUBACTCSI TIOYTH TOPU30H-
TaJbHO B CTOPOHY BOJHOTO IOTOKA KHUIISIIIIAs
BoJa. Mcmounuk yaoCTOMICS COOCTBEHHOTO
Ha3BaHUs — Moii0o0bip.

3a MOBOPOTOM PEKH, BBIIIE «CKJIOHA Kap-
JIMKOBBIX TeH3E€pOB», 3aMETHO BBIICIACTCS
B KPYTOM CKJIOHE JIeBoro Oepera [eifzepHoii
BBICOKHMM TeH3epUTOBBIN KOHYC, B BEpXHEH
TOYKE KOTOPOTO IEPHOANICCKH TOSIBISCTCS
(hoHTaH MapOBOJSHON CMECU. DTO ICUCTBY-
et reizep Pozoewiti Konyc. OH Haxonmurtces
B 80 M or reifzepa I'opusonransHoro. I'eii-

89. Ianyups u3 z2eiizepumosvlx u KpemMHUCIMbIX HAMeKo8 Ha npasobepedicve Ieizep- SepI/ITOBLIﬁ KOHYC JOCTHTaeT 8—MeTp0BOI71

Houi. Ha nepeonem nnane napum zeiizep I'opuzonmansHutii

89. Shield of siliceous sinters on the left side of the Geysernaya river; geyser Gorizontalnyi

steaming in the foreground

BBICOTBI IIpU IIMpUHE OCHOBaHus 2 M. OT-
BEPCTHE KaHaJa PaCIHONIOXKEHO BOIHM3H Bep-

period (since 1951), its operation stages practically have not
changed. Complete cycle of the geyser operation ranges from
90 to 100 min, the eruption taking 2 min. The filling of the ba-
sin occurs for 70 min, water outflow and boiling taking 30 min.
During the eruption, the geyser ejects a powerful stream of
steam-water mixture (photo 89), shooting at an angle of 45° to
the river to the distance of 10 m.

Three other tiny geysers hide among pulsating springs
and seepages of hot waters at the slope of tiny geysers.
The uppermost of them is characterized by periodicity of
6 min and debit of 1.5 I/s; the other two have unclear op-
eration cycles. 20 m away from Gorizontalnyi, the boiling
pulsating spring allocated by a structure of an exhaust out-
let, oven is located, sized 10 x 20 cm. It is settled in a small
break of the bank, 1.5 m above the river brink. Rhythmical
pushes splash boiling water out of the vent almost horizon-
tally towards the water flow. The spring got its own name
of Moidodyr.

IIMHBI, TPEACTABISAsT COOOW IIENEBUIHOE
yrryonenue pasmepom 8 x 30 cM. Ceprlii rei3epuT ume-
€T PO30BBIi OTTEHOK M Pa3HOTO pa3Mepa «TOPOIIHHBD).
W3BeprkeHNe MPOUCXOANUT B BHJIEC BHE3AITHO BO3HHKAIO-
ero MeTpoBoro (poHTaHa KUMsIIeH BOAbL. LIuKiI rei-
3epa CTa0WICH B TeUeHHE BceX HaOmomaembix jet. OH
paBen 14-15 muH, craaus u3Bepxenus — 35 c¢. B Huxk-
HEW 4YacTH TeH3epUTOBOTO KOHyca MOXKHO BHJIETH JIBA
orBepctus. OHUM MIPENCTABISAIOT COOOW BEpXHHE YaCTH
KaHaJIOB JIBYX Tei3epoB. BepxHuil U3 HUX UMEET LMK
B 36 MUH ¢ (GOHTaHHpPOBaHHEM MeHee | MHH, IPU KOTO-
POM TapOBOASIHAS CTPYS ObET MOJ YITIOM K CKIOHY Ha
BBICOTY JI0 OJJHOTO MeTpa. V3BepkeHne HIKHETo reise-
pa mmTcst okoo 16 MuH.

B Heckonmpkmx MeTpax OT OCHOBaHHUS T'€H3EpUTOBOU
noctporiku PozoBoro Konyca BrIliie Mo pexe oTMeqaroTcst
JiBa HeOOJIbIINX Tel3epa: Hopa n Tpaesrotl ¢ IPOIOIKU-
TenbHOCTHIO mkia 9 n 1 mua. He mmes reitzeputoBoit
TIOCTPOMKY, OHU HE BBIpaXEHHI B penbede. Brrxomnsre
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OTBEPCTUS UX KAHAJIOB TEPAIOTCA CPEJU COUHOU 3€/IeHON
TpaBbl B ckiloHe. I'eiizep Hopa, pacnionoxennsiii B 10 M
BBILLIE 10 TeueHHIO peku oT Po3zoBoro Konyca u B 5 M
HIDKE €r0 IO CKJIOHY, BBIAGNSAETCS B CTAAMIO IOKOS IO
MATHY CBETJION OKpEMHENION MOPObl K BOPOHKHU B LIEHTPE
ero quamerpoM 15 cm.

Ha mpaBom Gepery pexu, HampoOTHB OXapaKTepH30-
BaHHBIX BBIIIE TEPMOIPOSBICHUN aKTHUBHAs THIPOTEp-
MaJIbHasl IeSITETbHOCTD MIPOSIBISIETCS. B BUAE HEOOIBIINX
MyJIBCUPYIOIINX MCTOUYHHUKOB, KHUIAIIUX BOAHBIX KOTJIOB
U Teif3epoB YuCIoM Ooliee IBYX AecsATKOB. [loBepxHOCTH
Oonpiol TepManbHO# miomanku (60 x 50 m) 3aech mo-
CTENEHHO IIOJHUMAeTCA OT PeKH Ha BbIcOTy 10-15 M,
MOYTH TIONHOCTBIO JIMIIEHA PACTUTEIBHOIO MOKPOBA
Y HallOMUHAeT COPOIICHHBINA MaHIUPh (PAaHTACTHIECKOTO
cymectBa. [1o ee MOBEPXHOCTH CTEKAIOT TEIJIBIC M TOPSI-
qHue pyderku, coOMparomye BOAy OT MHOTOYHMCIECHHBIX
MHHHUATIOPHBIX ITYJIBCUPYIOMNX KHUIBIINX HCTOYHHUKOB,
KUILIIIX KOTJIOB M Teif3epoB. PasHouBeTHBIE M3-32 00-
PAMIISIIOIINX MX TePMOQIIBHBIX BOAOPOCICH pydeiikw,
KaK HUTH NIPUIYUINBOTO y30pa, TAHYTCS OT BEpXHEH 4a-
CTH TIJIOIIAJKU K peKe. Y caMoll peku Kpasi MaHIups UMe-
0T BHUJ KOHYCOOOPa3HBIX HAIUIBIBOB, HAaIIOMHHAIOIINX
KOHYCBHI BBIHOCA CYXHMX PEUEK W BPEMEHHBIX BOJOTOKOB
(doto 89).

OnvH U3 yNOMSHYTHIX TOPSYUX Py4eHKOB HauMHa-
€TCs C BBIXOA KUIISIIEH BOJIBI B BUAC ITYIbCHUPYIOIIETO
HWCTOYHUKA B HEOONBIIONH BOPOHKE, 3aIIOTHCHHOW KaM-
HAMHU. Ha ImyTH cTOKa BOJIBI 3TOTO UCTOUHUKA HAXOIATCS
enle 1Ba. BepxHuil UCTOYHUK PACIOIOKEH B BOPOHKO-
o0pa3HOM noHMKeHnU. Kusimas Bojia BRIIIIICCKUBACTCS
B pyueeK, KOTOPBIM IPOTEKAET Yepe3 HUAKHUI UCTOUHUK,
PacIOJIOKEHHBIHN B 7 M OT BepxHero. B oiinuue ot Hero
HIKHUH HCTOYHMK HPEACTABIsACT COOOM BOAHBIN KOTEI
quamMeTpoM okoio 1 M u rmybuno# 1,5 M ¢ ene 3ameT-
HBIM CTOKOM BOJBI. AKTUBHOCTH MCTOUYHHKA BHIHA IO
My3BIppKaM Hapa, o0pas3yronmmcs Ha BOTHOH IOBEpX-
Hoctu. OOmMii pacxoJ Tpex UCTOYHHMKOB — 1-1,5 1/c.
W3 Tpex reiizepoB, HaONIOAAEMBIX 31eCh, celizep Cno-
KOUMbI PACIIOJIOKEH PSAZOM C BEPXHUM NYJIbCUPYIOIIHUM
HCTOYHHKOM. BBIXOmHOE OTBEpCcTHE €r0 HAXOAWTCS Ha
nHe HEOONBIIONH BOPOHKH, CTEHKH KOTOPOH CIIOXKEHBI
KkpacHO# ruHON. [lo3TOMYy TOHKHE «IIETOYKW» Trei3e-
pUTa Tak)ke OKpalleHbl B KpacHBIM 1BeT. [Ipomomxu-
TENBHOCTh IIMKJIA Teli3epa OKOJO 2 MWH, H3BEPIKCHHE
muarcesa 30 c.

Bbrlmie 1o TedyeHu1o, 3a KPyThIM IIOBOPOTOM PEKU Ha
mpaBoM Oepery — emie ofHa KpyTas CTCHKa BBICOTOU
12 M ¢ cepueil MeNKuX MYIbCUPYIOIIHNX HCTOYHHUKOB
1 KapJIMKOBBIX Te3epoB. BBIXO/IbI HCTOUHNUKOB U Tei3e-
pOB pacmojararoTcs Ha BbICOTE 4—8 M OT ypesa BOJBI.
Cpenu TpaBbl ¥ INIMHUCTOM MOYBBI UX XOPOLIO BUJHO Ha
CKJIOHE IO CJIeJlaM CTEKarolle BOJbl — Pa3HOLBETHBIM,
[IPEUMYILECTBEHHO 3€JIEHOBAThIM U XKEJITO-KOPUYHEBBIM
MoJI0caM KPEMHUCTBIX M TeH3epUTOBBIX HATEKOB, 00-
paMIIeHHBIX TePMOQIIEHEIMA BotopocisiMu. [Ipumeua-
TEJICH, HAIlpUMEP, CaMblil BEPXHUM IO TEYEHHUIO BBIXOJ
KUIISIIIEH BOJABI B BMJE ABYX MYJbCUPYIOLUIUX HCTOY-
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Behind the river bend, further up from the «Slope of Tiny
Geysers», a high geyserite cone is clearly distinguished in
the steep slope of the left Geysernaya bank, a fountain of
steam-water mixture periodically emerging at its top, charac-
terizing the operation of the Rozovyi Konus (Pink Cone) gey-
ser. Geyserite cone reaches 8 m in height, given the base-
ment width of 2 m the channel vent is settled close to the top,
presenting a slot-like cavity sized 8 x 30 cm. Grey geyserite
has pinky shade and «pea-stains» of different sizes. The
eruption occurs in the manner of a suddenly emerging foun-
tain of hot water 1 m high. Geyser cycle has been stable for
the whole observation period; it takes 14—15 min, the erup-
tion lasting for 35 s. 2 vents can be seen in the lower part of
the geyserite cone, which are the upper parts of two geysers’
channels. The uppermost of them has the cycle of 36 min,
spouting taking less than 1 min, during which steam-water
stream shoots up for 1 m at an angle to the slope. Eruption of
the lower geyser lasts about 16 min.

A few meters away from the basement of the Pink Cone
geyserite construction, we distinguish two smaller geysers:
Nora (Hole) and Travyanoi (Grassy), with the duration of cycles
being 9 and 1 min, respectively. Having no geyserite construc-
tions, they are not pronounced in the relief. Their channels’
vents are lost in lush green grass on the slope. Nora geyser is
recognized in the stage of quietness by a spot of light silicified
rock and a funnel in its center, 15 cm in diameter.

On the right bank of the river, opposite to the above de-
scribed thermal manifestations, intensive hydrothermal ac-
tivity manifests itself in the form of small pulsating springs,
boiling water pots and geysers, over twenty in number. Here,
the surface of a vast thermal ground (60 x 50 m) gradually
ascending from the river to the height of 10-15 m, almost
completely lacks any vegetation and looks like a shed shell
of some fantastic creature. Hot and warm streamlets run over
the surface collecting waters from numerous tiny pulsating
boiling springs, pots and geysers. Multicolored by envelo-
ping thermophilic algae, the streamlets, like some threads of
a queer ornament, stretch from the upper part of the ground
down to the river. Just by the river, edges of the shell are
shaped as conic slaps, resembling the offset cones of dry
rivers and temporal waterways (photo 89).

One of the mentioned hot streamlets originates from the
hot water discharge presenting a pulsating spring located in
a small basin filled with stones. On their way down, its waters
come across two other springs. The upper one is settled in
a funnel-like cavity. Boiling water is splashed into a streamlet
running through the lower spring located 7 m away from the
first one and presenting a water pot about 1 m in diameter
and 1.5 m deep with hardly notable water flow. Activity of the
spring is noted by steam bubbles formed on the water surface.
Total debit of the three springs is 1-1.5 I/s. Geyser Spokoinyi
(Quiet), one of three geysers found in this area, is located be-
side the first pulsating spring. Its vent is placed at the bottom
of a small funnel whose sides are composed of red clay, that is
why thin «brushes» of geyserite are also colored red. Geyser
cycle takes about 2 min, spouting lasting for 30 s.

Another steep wall, 12 m high, with a number of minor
pulsating springs and tiny geysers is found further up the
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river course, on its right bank. Discharge vents of springs and
geysers are located 4-8 m up from the river brink. They are
clearly distinguished among the grass and clay soil by the
trails of running water — multicolored, mainly greenish and
yellow-brown stripes of siliceous and geyserite leakages, en-
veloped by thermophilic algae. For instance, remarkable is
the uppermost discharge of boiling water in the form of two
pulsating springs settled 4 m away from each other. Boiling
water is ejected by streamlets up to 10—20 cm.

5 m below, 2 tiny geysers are located. One of them — Ko-
richnevyi (Brown) (named by the color of its geyserite con-
struction) — operates in a mode typical for all geysers (water
outflow, spouting, steaming, quietness). The other one, located
1.5 m away and named Zmeika (Snake), is notable by the ap-
pearance and vanishing of the streamlet running in a winding
channel among siliceous leakages and evidencing the geyser
activity. Its periodicity makes only 4—6 min, the eruption taking
10-20 s. Two more geysers can be found in the lower part of
the wall described, 4-5 m up from the river. Their streamlets run
onto the floodplain terrace that reaches here the width of 5-6 m
the lowest of them, with the cycle of 25-30 min, is spouting for
15 s in the form of small streams of boiling water shooting at
the river. The second one is similar to the Zmeika geyser. In the
moment of outburst (lasting only 30 s), it forms a small stream-
let of hot water that immediately vanishes afterwards.

Further up from the above described thermal manifesta-
tions, 600 m along both banks of the Geysernaya river till
the beginning of Site VIII, small boiling and hot springs are
observed close to the river brink, characterized by quiet water
outflow . Integrity of surface thermal anomaly (with ground
temperature above 70 °C at the depth of 1 m), traced along
the Geysernaya river, is broken. Isolated spots of altered
rocks and steaming ground with steam vents in the upper
parts of the slope and minor springs at the river channel, are
found further up the course, mostly at the left bank.

Site Verkhnii (Uppermost) (VIl)

This site opens with a group (more than ten) of boiling
and hot pulsating springs in the near-channel part of the Gey-
sernaya river. They are located approximately 100 m further
down from the confluence of the river with the Malyutka brook,
by a steep turn of the river. The largest and most clearly ma-
nifested boiling springs occupy a ground sized 25 x 10 m on
the left bank of Geysernaya. The uppermost spring is found
1.5 m away from the river in a small pothole and presents
a concentrated steam-water stream, shooting almost vertical-
ly to the height of 1-2 m. Lower spring named Bolshoi (Large)
is divided into 4 streams and confined to a fissure in the solid
rocks. Total debit of the left bank springs, according to visual
determination, makes up to 3 I/s. This group of thermal mani-
festations is well distinguished from the distance, especially
in winter, by steam puffs rising above it (photo 90).

The following (further up the current) group of springs
and geysers occupies the left bank and includes geysers

The pearl of Kamchatka: Valley of Geysers

HUKOB, OTCTOSIIIUX JIPYT OT Apyra Ha PacCTOSHUU 4 M.
Kunsimas Bozna BeIOpachIBaeTCs CTpyilkaMH Ha BBICOTY
10-20 cm.

B 5 M Hmxe UX Haxo[sATCs 1Ba MUHUATIOPHBIX Ieilze-
pa. OnuH u3 HuX — Kopuuteswiil (Ha3BaH 110 KOPUYHEBOMY
L[BETY Fe3epUTOBOM MOCTPOIKHN) — paboTaeT B THITHIHOM
JUTSL BCEX Tei3epoB pexxuMe (M3JIMB BOJbI, (DOHTAHUPOBA-
HHe, MapeHue, Mokoi). Bropoii, pacmonoxenHsit B 1,5
M OT NEPBOTo, — 3MeliKd, 3aMETEH IO TOSBIECHUIO U HUC-
YE3HOBEHUIO pydeliKa, TEKYIIEro 110 U3BUIUCTOMY PYyCILy
B KPEMHHUCTBIX HAaTEKaX U CBHJCTEIbCTBYIOIETO 00 ak-
TUBHOCTH reiizepa. [lepuonudHocTs reiizepa cocTapiser
Bcero 4—6 muH, a u3Bepxkenue anurcs 10-20 c. B Huxk-
HEM 10 TEYEHUIO PEKU YacTH ONMUCHIBAEMON CTEHKH MOX-
HO BCTPETUTH €l1Ie JIBa reri3epa Ha BbICOTE 4—5 M OT peKH.
Pyueiiku oT HUX CTEKalOT Ha MOWMEHHYIO Teppacy, KOTo-
pasi 371ech focTUraeT IupuHbl 5—6 M. CaMblil HUKHUHN U3
HUX ¢ 1ukioM 25-30 MuH u3Bepraercs B TeueHue 15 c
B BHJIE CTPYCK KHUIISIIEH BOABI, BRIOPACHIBAEMBIX B CTOPO-
Hy pexu. Bropoii mogobeH reiizepy 3meiika, B MOMCHT aK-
THUBU3ALMU 00pa3yeT HEeOONMBIION pydyeek Topssuei BOMbI,
HCUE3a0LIUI NOCIIe U3BEPIKEHUS, KOTOPOE MPOJOIIKAET-
cst b 30 c.

Beimie onmcaHHBIX TEPMOMPOSBICHUH M0 00ouM Oe-
peram p. I'eiizepHoii 1o Hauana VIII yuacTka Ha mpoTsbke-
Huu 600 M 0OTMEUArOTCA OTAEIbHEIE HEOOJIBIINE KATIAIINE
U Topsiurie UCTOYHHUKU. OHH PacHoIOKeHbI O3 ypesa
BOJIBI M XapaKTEPU3YIOTCS CIIOKOWHBIM €€ U3JINBOM. 3/1eCh
I[EIOCTHOCTH ITOBEPXHOCTHOM TepMOaHOMAJIHH (C TeMIIe-
parypoii rpyHTa Ha Tiryonse 1 M 6onee 70 °C), mpocie-
xuBaemMoil mo p. I'eiizepHoii, oOpbiBaeTcs. OTaenbHBIC
MSITHA W3MEHEHHBIX MTOPOJI, HapsIIero rpyHTa ¢ HapoBhI-
MH CTPYSIMH B BEPXHHX YaCTAX CKJIOHA, C MEIKHUMH HC-
TOYHMKAMH Y pycjla BCTPEYAIOTCS BBIIIE IO TECUYCHHIO,
B OCHOBHOM Ha JIeBOOEpEKbE.

Yuacmok Bepxnud (VIII)

OH oTkpbIBaeTcs rpynmnoi (bonee AeCATH) KUMSIIUX
U TOPSYMX MyJTbCUPYIOLINX HUCTOUHHKOB B IMPUPYCIOBOM
gacTH p. ['eif3epHoil Ha 1eBOM U IpaBoM ee Oeperax. OHu
pacrmosiokeHbl Tpuoa3uTensHo B 100 M HUXKE BiaJieHUs
crpaBsa B p. [ elizepHyto py4. MaitoTka, 3a KpyThIM I1OBO-
poTtoM peku. HanGosnbImme 1 XOpoIIo BEIPaXKEHHBIE KUTIS-
M€ UCTOYHUKH HAXOJITCS Ha JICBOM Oepery Ha IIIOoIaj-
ke pazmepoM 25 x 10 M. Camblif BEpXHUI [0 TEUYEHUIO
MyJTbCUPYIOIIHMHA UCTOYHUK HaOIronaercs B 1,5 M OT peku
B HEOOJIBIIION PHITBHHE U MPEACTABIAET 000 cocpeno-
TOYEHHYIO TTAPOBOASIHYIO CTPYIO, OBIOIIYIO TIOUTH BEPTH-
KaJbHO Ha BbICOTY 1-2 M. HuHMI MCTOYHUK, HOCAIIMH
HasBaHue bonvuwioi, pasneneH Ha 4 CTpyd, IPUYpPOYEH
K TpEIIMHE B KOPEHHBIX MOPOJaX M PACIIONIONKEH HIDKE
BEPXHETO MCTOYHMKA 1O BbicoTe. CyMMapHbBIN 1eOUT UC-
TOYHHUKOB JIEBOTO Oepera Mo BU3yalbHOMY ONpPECICHUIO
cocTasisieT 3 Jji/c. DTa rpyImna TepMOIPOSIBICHHUM 3aMeTHA
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U37aJH, 0COOEHHO B 3UMHEE BPEMsl, 10 MOJHUMAIOIIMCS
BBepx Kirybam mapa (¢poto 90).

Cremyromas BBIIIE IT0 TEYCHUIO PEKH Py HCTOYHU-
KOB M Teif3epoB HaX0AuTCs Ha paBoM Oepery. Cpenu HUX
reifzepsl Bypnsamuii, Bocbmepka, MBanymika, Bepxuuii,
ucroyHuk Ilmauynmit. XoTs 3TH reifzepsl ycTynaroT MO
MacmTady JeSTeNbHOCTH, KPacoTe U BEIUYUIO Tei3epoB
LIEHTpaIbHON YacTu [[OMMHBI, OHU TaKXe OPUTHHAIIBHBI,
HWHTEpECHBI U KpacuBbl. [euszep Bypnawuii BCcTpedaeTcs
IIEPBBIM Ha 3TOM OTpe3ke peku. OH pacnonoxeH B 120 M
BBIIIIE BNAACHUS pyd. MajroTka Ha MPaBoOM CKJIOHE B HU-
meoOpazHoM yrryonenuu pasmepom 5 x 10 m. [lepBona-
yanbHO onucad B. H. BunorpanossiM B 1961 1. ¢ nponoi-
HUTEJIIFHOCTBIO IIUKJIA OKOJIO Yaca U CTaANeH H3BEPIKCHHUS
10-11 muH. B mocnennee Bpems reifzep yacto paboTan
B MYJIBCUPYIOIIEM PEKUME C TIOTIEPEMEHHBIM yCUIEHHEM
1 ocnabJIeHneM aKTHBHOCTH.

Teiizep Bocwbmeprxa, BIEpBbIE OXapaKTEPU30BAHHBIN
T. W. YeTtuHOBO#, HaX0AUTCS HAa TOM ke Oepery, B 350 m
BBILLIE 110 TeUeHUIO peku oT bypsmero. IlocTpoiika rei-
3epa B BHJIE YCEUEHHOI'0 KOHYCa BBICOTOM 2 M BO3BbI-

Burlyashchii, Vosmeorka, Ivanushka, Verkhnii, and the
Platchushchii spring. Though these geysers can not compete
in their beauty and loftiness with geysers of the central part
of the Valley, still they are also quite extraordinary and at-
tractive. Burlyashchii (Seething) geyser is the first one to be
met at this part of the river. It is settled 120 m further up the
current from the river confluence with the Malyutka brook,
in a niche-like hollow sized 5 x 10 m. V. N. Vinogradov first
described it in 1961 as having a cycle about an hour long, the
eruption stage taking 10-11 min. Recently, the geyser has
often operated in pulsating mode with alternate increasing
and decreasing activity.

Geyser Vosmeorka (Eight-shaped), first characterized
by T. I. Ustinova, is located on the same side, 350 m away
from Burlyashchii. Its construction in the form of a truncated
cone 2 m high towers above the river for almost 8 m. Dis-
charge vent at the top of the cone forms a figure of eight.
Its eruption occurs by streams rising up to 3 m, and lasts for
about 1 min. For the whole period of observations, its com-
plete cycle varied from 27 min to one hour and more, inclu-
ding stages of spouting, steaming, quietness, outflow and
boiling (photo 91). 100 m
up the river course, a boi-
ling spring named Platch-
ushchii (Crying) is ejecting
its waters from a fissure
located 5 m above the
river brink. From time to
time, streams of boiling
water turn into inclined
fountains of steam-water
mixture. The debit of the
spring ranges from 0.1 to
11/s.

40 m up from the pre-
vious spring, the vent of
a small geyser Ivanushka
is located 30 m above the
level of the river. Duration
of its cycle is unstable. Wa-
ter outflow and ejection of
steam-water mixture take
2 min, followed by a pause
in operation for 20-25 s,
during which the channel
chamber is refilled with wa-
ter.

The right steep slope
of Geysernaya, 10 m up
from the upper rapids of
the Troinoi waterfall, hosts
geyser Verkhnii (Upper-
most). Steam-water mix-
ture rushes out of the vent

90. I'pynna kunawux ucmounuxos u zeiizepog VIII yuacmra na nesom depezy I'eiizeproii. Cpeou nux ucmou- at an angle of 50°, located

Huk bonvwioi

at the extension of almost

90. Group of boiling springs and geysers of Sector VIl on the left bank of Geysernaya. Among them — the Bolshoi vertical fissure, clea rly

spring

traced in the tuffs of the
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91. IToumu na kpomke Tpexxkackaonozo 6000nada pazmecmunca
2eiizep Bepxnui

91. Geyser Verkhnii is located almost at the edge of the Trekhkaskad-
nyi waterfall

river-bed. In 1961, V. N. Vinogradov first described it with
the complete operation period of 16 min, pulsating spouting
taking 8 min. Our occasional observations (in 1984—1994)
showed that boiling water was flowing out almost uninter-
ruptedly, with minor pulsations and debit of 2-3 I/s. Water
outflow is accompanied by intensive steaming without any
visible spouting of steam-water mixture (photo 90). Below
it, down the slope, periodical outpouring of steam-water
mixture can be noticed from a fissure, forming a sort of
mini-geyser often sunk by the river when its level rises.
10 m up the current, we distinguish three more discharges
of steam-water mixture in a fissure stretching perpendicular
to the river-bed. Two of them form the channel vent of a gey-
ser we named Verkhnii V Rusle (Uppermost in the Channel).
Steam-water mixture is ejected with irregular periodicity and
debit. Its operation mode is apparently conditioned by the
volumes of cold river waters injected into the geyser chan-
nel. Further up from these geysers in the Geysernaya val-
ley, deep thermal chloride-sodium waters discharge only in
the form of springs. The last and the uppermost of them
was found 200 m from the Verkhnii geyser on the left bank.
It is a boiling ascending spring with debit of 0.2 I/s. Actually,
the spring (Verkhnii Chloridnyi, Uppermost Chloride) marks
the upper margin of Site VIII. We could say that from here,
the Valley of Geysers becomes merely the basin of the Gey-
sernaya river.

maeTcsl Haj pekod moutyd Ha & M. Ha BepiinHe koHyca
BBIXOZIHOE OTBepcTHe oOpasyeT popmy BochbMmepku. M3-
BEpKEHME reli3epa IPOUCXOAUT CTPYSIMHU A0 BBICOTHI 3 M.
Ono npopomxkaetcs okono 1 muH. IlonHbIi IUKIT paboTHI
3a MHOTOJIETHUM IEPHO U3MEHSICS OT 27 MUH J10 OJTHOTO
qaca u Oosee. ['eifzep umeer craguu (pOHTAaHHUPOBAHMSA,
napeHusi, okos, u3nuea, kuneHus (goto 91). B 100 m
BBEPX IO peKe, TaKXKe Ha MpaBoM Oepery, pacIoyIoxeH
KUMSIANA ucmounux Ilnauywuii. Bona BbITEKaeT HEPOB-
HBIMU CTPYHKaMU M3 TPEUIMHBI Ha BBICOTE 5 M Haj ype-
30M BOJIbI, BHAUaJIe Majas ¢ HEOONIBIIOTO yCTyla U 3aTeM
py4yeiKkoM cTekas IO CKJIOHY. BpemeHamu cTpylku Ku-
TSAIeH BOABI MPEBPAIIAIOTCS B HAKJIOHHBIC (POHTAHUMUKH
MapoBO/SIHON cMecH. Pacxos HCTOUHMKA HEBEIHK U KOJIe-
onercs ot 0,1 1o 1 a/c.

Hanee, B 40 M BbImIe ncTounuka [Inavymiero, HaxoauT-
cs1 HeOOMBINOW eetisep Meanywika. BexogHoe oTBepCcTHE
pacnosioxkeHo B 30 M Hax ypoBHeM peku. [Ipogomxkurens-
HOCTB ITMKJIA €TO HEeTIOCTOsIHHA. VI37IMB BOZIBI M M3BEpXKE-
HUE TapOBOJASHOM CMECU IPONOJDKAETCS 2 MHUH, 3aTeM
nepepsiB B padore Ha 20-25 ¢, B TeueHHE KOTOPOTO HPo-
HCXOIUT 3aTI0JIHCHNE KaMephl KaHaja.

Ha mpaBom kpyTom ckione p. I'erizepHoii, B 10 M BbI1Ie
BEpXHETro nopora TpoiiHoro Bojonaaa, Ha BbICOTE 5 M OT
ype3a BOJbI PaCIIONIOKEH ceuzep Bepxnuti. [lapoBoasiHast
CMeCh BBIOMBACTCS M3 OTBEPCTHSA MO yriioM 50°, Haxoxs-
IIerocs Ha MPOJOJIKCHUU TOYTH BEPTUKAIBHOW TPEIH-
HBI, XOPOIIIO IIPOCIISKUBACMOM B Tyax B pycie peku. I1lo
nepsomy onucanuio B. H. Bunorpanosa nosnsstii nepuon
nesitenbHOCTU JJeToM 1961 1 cocraBnsan 16 muH, a myins-
cupylolee u3Bepxkenne — 8§ MuH. [lo HammM 3nHU301U-
yeckuM HaOmroneHusM (B 1984—1994 rr.) kunsimmas Boza
W3JIMBANACh TNPAKTUYECCKH IOCTOSHHO € HEOOIBIINMU
MyJIBCAUSAMHE C pacxonoM 2—3 ji/c. MI3nmuB Boms! conpoBo-
’KJIaeTCsl MHTCHCUBHBIM BBIJICIICHHEM TTapa 0e3 3aMETHOTO
(doHTaHUpoBanus napopomsHoi cMmecu (poto 90). Hinke
€ro IO CKJIOHY B IIPHUPYCJIOBOW YacTH PEKH MOXHO Ha-
OMronaTh MEePHOAMYECKOE BHITNICCKUBAHUE MTAPOBOASHON
CMECH U3 TPEILIMHBI, CBOETO POJla MUHU-TEN3€ep, KOTOPBIH
4acTO 3aJIMBAETCS] PEKOH NPH IOIBEME BOJHOTO YPOBHSL.
B 10 M BpIlIIe Mo TeUEHUIO PEKU OTMEUYEHBI eIlle TPU CMe-
IICHHBIE K MpaBoMy Oepery BbIXOJa MapOBOASHON cMe-
CU B TpEIIMHE, TaKXe IPOXOIilleH NepHeHIUKYIIpHO
pyciy peku. /IBa kpallHUX M3 HUX MPEACTABISAIOT COO0M
BBIXOZIHOE OTBEPCTHE KaHaja reiizepa, Ha3BaHHOTO HAMH
Bepxnuii ¢ pycne. TlapoBojsiHas cMech BBIOPACHIBAETCS
C HEpErylsIpHOM NMEPUOAUYHOCTHIO M PacXonoM. Pexum
€ro JeicTBus, BUJUMO, ONPEAEIAETCS CTENEHBIO Moma-
JIaHUsI XOJIOMHOM PEeYHOW BOABI B KaHAI reizepa. Brimie
3THX Tel3epoB B gosnHe [ eli3epHOl IITyOHMHHBIC TEpPMalb-
HBIE€ XJIOPUJIHO-HATPUEBBIE BOJBI PasrpykKaroTcs TOJIBKO
B BHI€ UCTOUYHUKOB. llocimequuii 1 camblii BBICOKH IO
abcouoTHOM BeIcOoTE BeTpedeH B 200 M ot BepxHero reii-
3epa Ha JIEBOM Oepery. DTo KUK BOCXOASIIUI UCTOY-
HUK ¢ nebutom 0,2 11/c. [To cyiecTBy, HCTOYHUK (BepxHuti
Xnopuonwiii) o603Ha4aeT BepxHioto rpanuily VIII yuact-
ka. MOXXHO cKa3arb, 4To 3a Hel JlonmHa reifzepoB cTaHo-
BHTCSI POCTO AOIHHOM p. ['eiizepHOn.
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Yuacmoxk Bepxre-[etizepHbix
ucmoyHukos (IX)

PacnonoxeHo npakTHYeCKH TOJIBKO Ha JIEBOM CKJIOHE
JIonuHbl p. ['eli3epHOi, B 5 KM BbILIE €€ YCThs. TepMalib-
HO€ TI0JIe 0053aHO CBOUM MPOUCXOKIEHHEM BBIXOAAM Ha
MOBEPXHOCTh Mapa. XapakTepHOH ero O0COOCHHOCTHIO
SIBIISIETCSL OTCYTCTBUE BOCXOAALIMX KHIALIMX HCTOYHH-
KOB U Treif3epoB, CBUAETENbCTBYIOIUX O Pa3rpy3Ke BOA
XJIOPUAHO-HATPUEBOro cocTaBa. OCHOBHbBIE TEPMOIPO-
SIBIEHUs] — MOILHBIE CTPYM HACBILIEHHOTO Mapa, KUIs-
LI1€ WIK Tpsi3eBble O€CCTOUHbIE KOTIIBI, BOAA B KOTOPBIX
MpeJCTaBIseT COOOM KOHAEHCAT, CMELIaHHbIH C BOIOM
MOBEPXHOCTHOTO cToKa. [louTn B camoil BepxHeil 1o Te-
YEHHUIO PEKU YacTH MOJsl HaOIIoHaeTcss eIWHCTBEHHBIH
BbIXOZ Iieperperoro napa (temmneparypa 110 °C), conpo-
BOXKJA€MbIil BbIIEJICHUEM ra3za. XapakTepHbIM JUIs 3TO-
IO MOJIsL  SABJSIETCA TAaKKe Pasrpy3Ka TEIUIBIX U TOPSUUX
BOJl B BUJIE HUCXOAALIMX HCTOYHUKOB. DOpPMUPOBaHUE UX
OYEBHJIHO CBA3AaHO C KOHAEHCAIMel napa.

Bepxne-IeiizepHoe — BTOpoe 110 BETUUMHE TEPMAIBHOE
nosie. OHO BBITSHYTO B BUJIE OTAEBHBIX MATEH M0 T0JUHE
l'eiizepHoit moutn Ha 1 800 M u umeer mupuny go 300
M. OOmias 1iomaab rpyHTa, HarpeToro 10 TeMIeparypsl
20 °C na mryoune 1 m, 3neck cocrasusier 0,34 kM2, a OT-
JeapHbIX maTeH — 10 0,1 xm?. OHo HaumHaercs B 350 M
BBIILIE 110 TEYEHHUIO PEKH KHUIISILIEro UCTOYHHKa BepxHuii
XJIOpUIHBIN MOSABICHWEM Ha JIEBOOEPEKHOM CKIIOHE Ha
BbicoTe 6onee 100 M Hax pekol TepMasIbHOM IUIOIAAKH.
BusyanbHOo OHa BbIAENSIETCS IO OETIECHIM U JKEJITHIM TS T-
HaM M3MEHEHHBIX MOPOJ U OTAEIHHBIM MapOBBIM CTPYSIM
u umeet pazmepsl 600 x 250 M. Jlanee BBepx 10 peke Tep-
MaJIbHOE MOJIe OIyCKAaeTCs BHHU3 MOYTH A0 CaMOM peKH
U MPOTATUBAETCA 10 JIEBOOEPEKHOMY CKIIOHY Ha PaccTosi-
Hue B 600 M ipu mmpune 100-200 M. B nepBoii momoBuHe
TEPMaJILHOTO TIOJS CaMble MpUMeYaTesbHbIe TePMOIPO-
SIBIICHUS TIPUYpOUYeHBbl K OacceitHam pyd. Terutoro u [o-
psYero, B OCHOBHOM — K UX BEpXOBbsAM. Pyueit Teruibrit
HaYMHAETCs C BBIXOJA Ha MOBEPXHOCTh BOABI C TEMIIepa-
Typoit 26-31 °C B BUe HUCXOAALIMX HUCTOYHHUKOB, IPO-
CJIEKHMBAEMBIX IMOYTH HAa CTOMETPOBOM OTpPE3KE PYy4bsl.
Camblii BepXHUH BBIXOJ] BOJBI HAXOAUTCS YyTh HUXKE MO~
HOXbs1 0OPBIBOB, CIIOKEHHBIX Y€PHBIMU aHI€3UTOAALIUTO-
BBIMH U JAlIUTOBBIMU JIaBaMH. VICTOYHHMKH Jar0T Ha4daao
HeOonpIIMM pyueiikam (c pacxomoMm okoio 20 j/c), co-
CTaBJISIIOIIMM JIEBBIN U TpaBblii BeTBH Teruoro. Mecra-
MU py4YeHKH pa3nuBaroTcs, o0pasys TeIible KPOIIeUHbIE
03epKHU Ccpelu KPYIHBIX TIIbIO JaBbl. B cpennem TeueHun
pyu. Teroro Ha mpaBoM Oepery HaxOJUTCs MOIIHAS Ma-
poBas ctpy4 (doto 92). Pacxon pyuss B ycTbe JOCTUTAET
180 11/c mpu cpenneit Temneparype 25,5 °C.

Pyueii I'opstaumit Takske CBOUM HCTOKaM 00513aH TEIIBIM
ucrounukam. Jlo 1986 r. pyueil neficTBUTENBHO OBLT T0O-
psAunM Onaronapst BBIXOY B €ro BEpXOBbE MOIIHOH Ia-
pOTra3oBo# CTPYyH, pacloOIOKEHHON B BOPOHKE, 110 opme
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Site Verkhne-Geysernye

(Upper-Geyser) Springs (IX)

This area stretches almost exclusively over the left slope
of the Geysernaya river valley, 5 km up from its mouth. This
thermal field owes its origin to surface steam discharges. lts
peculiarity is absence of ascending boiling springs and gey-
sers that might evidence the discharge of chloride-sodium
waters. Major thermal manifestations here are powerful
streams of saturated steam, boiling internal-drainage water
or mud pots whose waters present condensate mixed with
waters of surface drainage. The only discharge of overheated
steam (temperature of 110 °C) accompanied by gas emis-
sions is observed in the uppermost part of the field. Typical
is also discharge of warm and hot waters in the form of de-
scending springs, whose origination is evidently associated
with condensation of steam.

Upper-Geysernoye is the second in size thermal field. It
is extended in isolated spots along the Geysernaya basin for
almost 1 800 m, with the width up to 300 m. Total area of
the ground heated to the temperature of 20 °C at a depth of
1 m here makes 0.34 km?, that of some spots being up to
0.1 km?. The field begins 350 m up the river course from the
boiling spring Verkhne-Chloridnyi and is marked by the ap-
pearance of a thermal ground (600 x 250 m) at the left bank,
more than 100 m above the river. Visually, it is recognized
by whitish and yellow spots of altered rocks and individual
steam jets. Further up the river, the thermal field comes down
almost to the water edge and stretches along the left bank
for 600 m, the width being 100—200 m. Within the first part of
the thermal field, the most remarkable thermal manifestations
are confined to the basins of Teplyi (Warm) and Goryachii
(Hot) brook, mainly to their headwaters. Teplyi brook origi-
nates from the surface discharge of water with temperature of
26-31 °C in the form of descending springs traced for almost
100 m along the brook. The uppermost water vent is located
a bit lower than the foot of the precipices composed of black
andesitic-dacitic and dacitic lavas. The springs give rise to
small streamlets (with flow rate of about 20 I/s), constituting
left and right branches of the Teplyi brook. Here and there,
the streamlets flood forming tiny warm lakes among large
blocks of lava. In the middle course of the Teplyi brook, on
its right side, there is a powerful steam jet (photo 92). Flow
rate of the brook in its mouth reaches 180 I/s, given average
temperature of 25.5 °C.

Goryachii brook also owes its origin to warm springs. Till
1986, the brook was really hot due to the discharge at its head-
waters of a powerful steam-gas jet located in a funnel shaped
lentil-like with the longer axe of 7 m, and the shorter one of
3 m. The basin was filled with water from a warm streamlet
running into it, hot water of surface drainage and steam con-
densate. Water was heated the to 70 °C. Bubbling gryphons
formed by steam and gas bursting through the water could be
seen on its surface, thus prompting the spring’s name Burl-
yashchii Kotel (Seething Pot). In cold weather, steam column
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92. Ilaposwie cmpyu u cudpomepmanvHo-uzmeHenHle nopoost Bepxue-Ieiizepnozo nons

92. Steam vents and hydrothermally altered rocks of the Upper-Geyser field

rising up to 200—300 m could be observed even from the cen-
tral part of the Valley of Geysers. Most probably, this very
column steam saw in due time V. L. Komarov and B. I. Piip
when crossing the northern foot of the Kikhpinych volcano.
The hot stream was actually presented by water leaking from
the basin by the underground way, through a narrow (about
20 m) feedthrough. Water in the basin and in the brook below
it acquired peculiar whitish color, turbidity and smell of hydro-
gen sulfide caused by dissolution of hydrogen sulfide compo-
nent when condensing. Total debit of the brook made 193 I/s,
water temperature in the near-mouth part being 40-45 °C. In
1986, Burlyashchii Kotel collapsed, Goryachii brook turned
into a small warm streamlet, while the surface of the thermal
field was littered with crumbling sediments, mainly by the de-
bris of lava rocks of the upper part of the slope (photo 93).
Change of hydrothermal activity and collapse were probably
the consequence of a strong earthquake that had taken place
shortly before it.

Up the river current from the Goryachii brook, the thermal
field approaches the river-bed occupying terraced surface of
the left bank. Most part of the field is located at the highest
level with respect to the river. Its width is 30—40 m, and it
stretches along the river for 150 m. Small lake, whose water
is boiling due to numerous steam-water streams, forms pe-
culiar center of the field. By the end of summer, it boils away
leaving a ground of dispersed steam discharges. Beside the
lake, there is a small hill of hydrothermally altered clay with
crusts of sulfur and spots of steaming ground, the so-called
«sulfur moundy. Besides, boiling mud pots and single steam
outlets are found within small scours. Water formed in the

MOXOKEW Ha YEUEBUILY C JJIMHHOM OCBIO B 7 M, KOPOTKOM —
3 M. Boporka Obljia 3armoiiHeHa BOJIOH CTEKAIOIIETO B HEe
TEIJIOTO pyyelKa, XOJ0AHON BOJAON MTOBEPXHOCTHOTO CTO-
Ka ¥ KOH/IeHCcaToM napa. Boza B BOpoHKe HarpeBanach ma-
pom g0 Temnepatypsl 70 °C. Ha moBepXHOCTH BOABI B BO-
POHKe ObLIM BUIHBI Oypisine rpuoHbl, 00pa30BaHHbIC
MIPOPBIBAIOIIMMHICS Yepe3 BOAy mapom u raszom. OTcroma
ero HazBaHue — byprawuii komen. B xomonuyro moroay
nojgHuMarouiics Ha Bbicoty 200—300 M cTob napa Mox-
HO OBUTO HAOTFONATH JIaXKe C IICHTPAIbHOM YacTH J{oNHMHBI
reiizepoB. Ckopee Bcero, IMEHHO 3TOT CTOJIO Tapa BUJIe-
mu B cBoe Bpemst B. JI. Komapos u b. U. [uiin, nepecexast
ceBepHOe TMOAHOXKbe BynkaHa Kuxmunbsrd. BeiTekarommast
M3 BOPOHKH IOA3EMHBIM ITyTE€M 4Yepe3 Y3Kylo (mpumep-
HO 20 M) IepeMbIUKy BOJIa ¥ MPEICTABIISIA, B CYIIHOCTH,
ropstauii pydyeit. Boga B BOpOHKE U pydbe HUXKE €€ MpH-
oOpeTana XxapakTepHbIi OeJieChIil IBET, MyTHOCTb U 3aIlax
CEepOBOIIOPO/IA, CBI3AHHEIN C PACTBOPCHUEM IIPU KOH/ICH-
caluy KHCJIOH CEepOBOOPOTHON KOMITOHEHTHI. OOmiwmid
pacxonm pydbs coctaBisul 193 i/c, Temreparypa BOIBI
B mipuycTheBoit yactu — 4045 °C. B 1986 r. Bypmsimii
Koten ucyes, [opsumii pydeil mpeBpaTuics B MaJICHbKHUI
TEIUTBIN pydeeK, a OBEPXHOCTh TEPMAIBHOTO TIOJIs ObIIa
ycesiHa 0OBaJIbHBIMU OTJIOKEHHUSIMH, B OCHOBHOM O0JIOM-
KaMH JIaBOBBIX MOPOJT BepXHel yacTu ckiioHa (¢orto 93).
H3meHeHne ruapoTepManbHON ACATEIBHOCTH U 00Ba,
BO3MOJKHO, SIBUJINCH CIEACTBHEM IIPOM3OLICIIIECTO He3a-
JIOJITO JI0 3TOTO CHIIBHOTO 3eMJICTPSICCHUSI.

3a pyd. [opsanm BBEpX MO TEUEHUIO PEKH TEPMaJIbHOE
TIOJIE TIOAXOIWT K PYCITy, 3aHHMasi 31eCh TeppacHpOBAHHYIO
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MOBEPXHOCTH JIEBOTO Oepera. bombiast yacTe moss pac-
MOJIOKEHAa Ha CaMOM BBICOKOM OT PEKH YPOBHE, HUMe-
et mupuHy 3040 M U BRITSIHYTa BIOJb peku Ha 150 M.
CB0cOOpa3HBIM IIEHTPOM TMOJSL SIBISETCS HEOONIbIIOE
03epKO C KHILAIIEH OT MHOTOYMCICHHBIX TMapora3oBbIX
cTpyii Bojoi. K KOHITy JieTa OHO BBIKHITAET, IPEBPAIIasiCh
B IUIOINAJKY PaccpeIOTOYEHHBIX BBIXOAOB mapa. Psamom
C 03€PKOM — XOJIMHUK THAPOTEPMATbHO-U3MEHEHHOH TIIH-
HBI C KOPOYKAMHU CEPhI U MATHAMH MAapsIIEero rpyHTa, Tak
Ha3bIBaEMbI «cepHBIil Oyrop». Kpome Toro, B HeOOIb-
[IMX MPOMOUHAX HAOIOAI0TCS TPA3EBbIE KHUIAILINE KOT-
JIBI, OTJIETIbHBIEC BBIXO/BI ITapa. Boma, oOpa3sytommascs npu
KOHJICHCAIIUY TIapa B KOTJIaX W pydelkax, OOBIYHO KHUC-
Jasi 1 UMEET CyNb(aTHO-KaJIbIIMEBO-HATPHUEBEIN COCTAB
¢ muHepanm3anue 0,7-1,5 r/n. OTcroma XopoIio BUIHBI
TepMaJbHbIE TUIOMAAKK 10 000UM OOpTaM B BEPXOBBAX
pyu. HO}I’I)CM, BBIICJIAIOINCCA APKUM KEJITBIM IIBETOM
1 AByMs MOIIHBIMH IMapOBbBIMU CTPYSAMU.

Ha mpaBom Gepery IeiizepHoii UMeeTcsi TOJIBKO OIHO
MECTO THIpOTEpMaIbHON akTUBHOCTH B 250 M BbIe
yCThsl pyd. Temoro: BeICTYN-IbI0a (Y CaMOTo pyciia peKu)
NECTPO-UBETHBIX THUAPOTEPMATIBHO-U3MEHEHHBIX TIOPOJ
C TIITHAMMU Tapsiero rpyHra. Peka IeiizepHas 00XomuT 31oT
BBICTYTI, JieJiast KpyToil oBOpoT BiieBo. 1 HakoHell Ha JieBo-
Oepesxne p. [eitzeproii, B 300 M BbIIIIE YIIOMSHYTOTO BBICTY-
a, B pycie Maio3ameTHoro pydeiika B 100 M OT ero ycThbs
HAXOAUTCS TIPUMEYaTeIbHBIN KOHIICHTPUPOBAHHBIM BBIXO
TIEPErpeToro napa, Ha3BaHHbI HAMHU U3-32 BHICOKOH TeMIie-
parypst (110 °C) @ymaponoii. Dymaporna 1 OKpyKaroliue
ee KUILIIIME BOPOHKH U KOTIIBI ¢ Temneparypoit 95-98 °C
1 HeOOIbIIINE CepHBIC OyTOPKU PaCIONOXKEHBI B BOPOHKO-
00pa3HOM TTOHIDKEHHH BEPXOBBEB pydeHKa, CTEHKU KOTO-
POTO CIIOKCHBI JKENTHIMH THAPOTEPMAILHO-N3MEHEHHBIMI
mHaMU (oto 94). [lanee BBepX 10 TEUSHUIO PEKH (10 pyY.
KpoBaBoro) HaOmonatoTCs JHIIb OTACIBHBIC, €Ba Pa3ii-
YUMBIE TePMAJIBHBIC TUTOIIA KL

Bce ocranpHBIE TEpMONpPOSIBICHHS BEpXHEW da-
ct OacceiiHa [el3epHOil KpaTKo oOXapaKTepH30BaHbBI
B IPEABIAYIINX pa3aenax IMyTeBOIUTEIS.

94. Buvixoo nepezpemozo napa (memnepamypa 110 °C) na Bepxne—F eli3epHoM none —
Dymapona

94. Discharge of overheated steam (temperature 110 °C) at the Upper-Geyser field — Fumarole

93. Hemoxu pyu. I'opsauezo — Bypnawuii komen nocne 1986 2.
93. Heads of the Goryachii brook — Burlyashchii pot after 1986

result of steam condensation in pots and streams is typically
acidic and has sulfate-calcium-sodium composition with sa-
linity of 0.7-1.5 g/l. From here, thermal grounds over both
sides in the headwaters of the Podjom brook are clearly
seen, remarkable for their brisk yellow color and two powerful
steam vents.

At the right bank of the Geysernaya river, there exists only
one area of hydrothermal activity, 250 m up from the mouth of
the Teplyl brook: that is the ledge-block (just by the river-bed)
of brightly colored hydrothermally altered rocks with
patches of steaming ground. Geysernaya bends
round this ledge, steeply turning left. Finally, on the
left bank of the Geysernaya river, 300 m away from
the mentioned ledge, in the channel of a hardly vi-
sible streamlet 100 m away from its mouth, a remark-
able concentrated discharge of overheated steam is
located. Because of its high temperature (110 °C),
we called it the Fumarole. Fumarole and surround-
ing boiling pots with temperature of 95-98 °C, as
well as small sulfur mounds, are located within the
funnel-like depression of the streamlet headwaters
whose walls are composed of yellow hydrothermally
altered clays (photo 94). Further up the river course
(till the Krovavyi brook), only isolated hardly distin-
guishable thermal grounds can be found.

All the other thermal manifestations are briefly
characterized in previous chapters of the present
manual.
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Sediments of thermal waters —

geyserites
and thermophilic algae

There is no Heaven on Earth.
Unless its small pieces
dissipated all over the World
Joule Renar

GEYSERITES

Those lucky ones who managed to visit the Valley of
Geysers in Kamchatka and see, for example, spouting of the
Velikan geyser, will certainly never forget their impressions.
Amazing combination of two feelings — delight and fear are
simultaneously experienced by people when watching this
violence of nature.

Geysers! Unique natural boiling fountains. However, it is
not fresh water that boils within them, but solutions contain-
ing up to a few gram per liter of various salines, among them,
sometimes, up to half-gram of silica. Silica may be present
in waters in four states: 1) dissolved — ionic and molecular;
2) aggregative — colloid, ashy and gel-like that can transform
into dissolved one; 3) dredge of particles with adsorbed on
their surfaces silicates and the same silicon aggregates;
4) silica-organic compounds. Silica is present in geyser wa-
ters mainly in dissolved and, to a lesser extent, colloid form.
As it is known, solubility of most salines decreases with de-
creasing temperature. When boiling solution is poured out
from the depth of a geyser channel onto the ground surface,
there occurs abrupt decrease of temperature and pressure,
as well as intensive steam formation, and consequently, loss
of dissolved carbon dioxide and certain decrease of solution
alkalinity. Besides, about 10 % of distillate is removed togeth-
er with steam, thus making remaining solution more minera-
lized. So, cooled geyser water becomes oversaturated with
respect to silica, and the latter precipitates in the form of pe-
culiar scales of silica oxides named geyserite.

Geyserite is colloid, amorphous (that is not yet crystal-
lized) substance consisting of silica and water molecules.
Siliceous sediments are naturally deposited from two wa-
ter types — subalkaline and alkaline overheated waters of
chloride-sodium composition and acidic waters enriched in
silica acid. In the areas of modern volcanism, practically all
geyserites are deposited from subalkaline thermal waters,
that is, with geyser outflow regime. Geyserite constructions
of various configurations are usually formed around channels
of frequently spouting geysers. They are often presented by

OmioxeHuA mepmasbHbIx
800 — 2elizepumel
U mepmo@usibHble 8000pOC/IU

Ha 3emne nem pas.
Pazee umo Kycouku ezo,
pazbpocannsle no ceemy.
Kions Penap

TEM3EPUTHI

Te cyacTIMBIBI, KOTOPBIM YIAIOCh MOOBIBaTh B [lo-
nuHe reiizepoB Ha Kamuarke u HaOiromatrh, HampuMep,
U3BepXKEeHUe reizepa Bennkana, HUKorna He 3a0yayT CBO-
WX OLIYIIEHUH. YIUBUTEIBHOE COYETAHUE IBYX UYBCTB —
BOCTOpra M CTpaxa OZHOBPEMEHHO BBI3BIBACT Yy JIIOAEH
HabJIr0eHue ATOTo OyiicTBa MPUPOIBI.

Ieiizeprl! YHUKaANbHBIE NPUPOIHBIE KHUIIALIME (HOHTA-
Hbl. Ho B HUX KMIIUT HE IIpecHasi Bofa, a pacTBOp, COEp-
JKaIIUi O HECKOJIBKUX IPaMMOB Ha JINTP BCEBO3MOKHBIX
coJiel, B TOM YHUCJIE MHOTI/IA 0 NoJIyrpaMma KpeMHe3eMa.
Kpemuesem MoxKeT HaXOAUTHCS B BOJIE B YETHIPEX (hopMax:
1) pacTBOpEHHOI — MOHHOW M MOJEKYIAPHOH; 2) arpe-
TaTHOM — KOJIJIOWJHOM, 30Jie- U refneo0pa3Hoil, KoTopas
MOXET MEPEXOIUTh B PaCTBOPEHHYIO; 3) B3BECH YACTHII
C aJCOpOMPOBAHHBIMHM Ha X MOBEPXHOCTH CHIIMKATaMH
U TeX XKe arperaroB KpeMHHA; 4) KPeMHEOPraHUYECKUX
COoeIMHEHUH. B rel3epHbIX Bogax KpeMHHUH MPUCYTCTBY-
€T, IJIaBHBIM 00pa3oM, B PacTBOPEHHOW M B MEHBUIEH
cTeneHn — B koiutougHou (opme. Kak m3BecTHo, pac-
TBOPUMOCTH OOJBIIMHCTBA COJNEH MajaeT ¢ MOHWKEHH-
eM temnepatypbl. [Ipu BeIOpoce KHISIIEro pactBopa ¢
rTyOMHBI KaHajla reif3epa Ha MOBEPXHOCTh 3€MJIM MPO-
HCXOJIUT PE3KOE CHIKEHUE TEMIIEpaTyphbl, 1aBJICHUS, UH-
TEHCUBHOE NMapooOpa3oBaHUE U, KaK CIEICTBUE, — 1OTEPS
PacTBOPEHHON YIIIEKUCIOTHI U HEKOTOPOE MOHMKEHUE
HIeJI0YHOCTH pacTBopa. Kpome Toro, ¢ mapoM yxonut Io-
psaaka 10 % aucTUIsATa, U OCTAIOLINICA pacTBOp Oyaer
Oosee MuHepanu3oBaH. Takum o0pasoM, oxmaxaEHHAs
BOJIa reii3epa CTaHOBUTCSA IIEPECHILIEHHON OTHOCUTEIBHO
KpeMHe3éMa, U OH BhINAJAeT U3 He€ B BUJIE CBOEOOPa3HOM
HaKWIH OKUCIIOB KPEMHHUS — ref3epuTa.

I'eifzeput npeacrasiseT coboil KomIOUaAHOE, aMopd-
HOe, T. €. €lé He PacCKpPUCTaJLIM30BAHHOE BEILECTBO,
cOCTosIIeE U3 KpeMHe3éMa U MOJeKyl Boabl. KpemHu-
CThI€ OTJIOXKEHMSI B MPHUPOJE OTIIAraroTCs U3 JBYX TH-
MOB BOA — CYOILIENOYHBIX M IIEIOYHBIX IepPerpeThiX
BOJl XJIOPUAHO-HAaTPUEBOIO COCTaBa M M3 KUCIBIX BOJ,
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00OraméHHBIX KpEeMHEKUCIOTOH. B 00-
JIACTAX COBPEMEHHOTO BYJIKAHW3Ma Ipak-
TUYECKH BCE TEU3EpUTHI OTIAralTcs H3
CyOILIEIOUHBIX TePMaJIbHBIX BOJ C TaK Ha-
3BIBAEMBIM T€U3EpHBIM PEKUMOM H3IIMBA.
Bokpyr kaHaloB 4YacTo W3BEPrarolIuXxcs
reii3epoB OOBIYHO 00pa3yrTCs Tel3epUTO-
BbI€ IOCTPOUKH pa3HOH KoHpuryparuu. Ya-
CTO 3TO MOKPOBHI, MJanieo0pa3Hble MOBEPX-
HOCTH, TIOKpBIBaIOIME CKIOHHI ((oTo 95).
Hepenko Bokpyr kaHaJIOB reii3epoB 00pasy-
FOTCSL TIPUYYJUIMBEIE OalllHU, CBOEOOpas3HbIe
MbeIecTalbl, CTOJNOBI, KOHYCHl Tel3epuTa
(doto 96, 97). IHoTHA OHU JIETIATCS K CKIIO-
Hy 10 TUILy JJACTOYKUHBIX THE3N.

OdyeHb HHTEpPECHBI MOP(OIIOTHYECKHE
pa3HoCTH reiizepuToB. Tak Kak KpeMHE3EM
BBITIaJIaeT B BUJE KOJUIOUAQ, TO €ro IUIEH-
KM OOBIYHO 00pa3yloT chepuuecKkue Mu-
KPOTIOYKOBUHBIE CTPYKTYpHI (poro 98).
B ciyuae rmaakoi mnoBepXHOCTH CTOKa, MO
KOTOpO# cOeraioT reif3epHble BOABI, I'eii-
3epUT TaKxke OydeT MMEeTh IIAIKYyI0 II0-
BepxHOCTh. IIpu cmaboM HaKIIOHE IIOCKO-
CTH CTOKa BOJBI 00pa3yloTCs T'€H3epUTEHI

95. I'eiizepumoswiit nnawy 2eiizepa Tpoiinozo

95. Geyserite shield of the Troinoi geyser

C BOJIHUCTOM MOBepXHOCTHbI0. Ha KpyThIX
CKIIOHaX BONMM3M rpudoHa 00pa3yrTcs delryiddarbie
ref3epHUTHl, MAaCCUBBI KOTOPBIX COCTOAT W3 IIEPEKPHI-
BAIONIUX JPYT Apyra TOHKHX CJIOEB, YEIIyH KpEeMHE-
3éma. Baanmu ot rpudoHa 3TH Yenrylku mproOpeTarT

96. Geyserite cone of the Sakharnyi geyser

coverings or shield-like surfaces coating the slopes (pho-
to 95) and forming queer towers, pedestals, columns and
cones around geyser channels (photo 96, 97). Sometimes
they stick to the slope like «swallow’s nests».

Of great interest are morphological diffe-
rences of geyserites. Since silica is precipi-
tated in the colloid state, its films typically form
spherical micro-nodular structures (photo 98).
In case of flat surface of geyser water drain,
geyserites will also be flat. Wavy geyserites are
formed if the drain surface is a bit inclined. On
steep slopes, close to the gryphon, scaly gey-
serites are formed whose masses consist of
overlapping thin layers, scales of silica. Away
from the gryphon, those scales obtain the form
of thin-laminated formations (laminar differen-
ces). In the zones of steam-formation, botryoi-
dal geyserites are usually formed at the external
walls of geyser gryphons, small-nodular gey-
serites with velvety surface coating the internal
walls. Of special interest are coral-like types of
geyserite resembling colonies of sea-corals.
Their «branches» and knurls are formed at flat
surfaces, at some distance from the vent of the
geyser gryphon, within the area of spilling of
water ejected during the eruption. Occasionally,
given the absence of macro-admixtures or any
local colorants, pearl-like geyserite grows un-
der the same conditions. Its spherical pea-like
micro-nodular aggregates of white color with
pearly glare make geyserite shield amazingly
beautiful. In case of junction of several big
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97. I'eiizepum zenzepa Coceoa

97. Geyserite of the Sosed geyser

spherules, peculiar «roses» are formed, balls with surfaces
resembling cauliflower, and so on (photo 99). Pigment sub-
stances (thin dredge of clay minerals, hydroxides of iron and
aluminium, copper oxides and other compounds) dye gey-
serites in different colors (photo 100, 101). Water splashes
form geyserite with honeycomb, noose-like surface morpho-
logy around minor vents — so-called «tiny geysers» that are,
in fact, small pulsating springs.

It has been noted that in the zones of geyserite construc-
tion with temperature below 55 °C, blue-green algae de-
velop. If water splashes get onto wind-brought stems, plant
leaves or pieces of moss, the latter are fossilized and, being
consolidated by the same silica, take part in the formation
of geyserite construction. Geyserite age can be determined
by such fragments of buried organics. So, in the basement
of the Troinoi geyser edifice, we found a fragment of fossil-
ized branch of cedar with still preserved organic filaments.
Radiocarbon dating method revealed that the construction
was about 800 years of age. Thickness of lamellar geyserite
reached 30 cm in that site. It appears, that formation of 1 mm
of geyserite layer takes 2.5 years. Consequently, crystal-
lization processes should have inevitably taken place within
the geyserite construction for such a long period of its exist-
ence. Really, in the mass of silica, quite inhomogeneous in
its structure, texture and chemical composition, assemblages

00JIMK TOHKO-JIUCTOBATHIX HACIOEHUI (JINCTOBBIE pa3-
HOCTH). B myxwurmax c¢ 3acToiHOI BOROH U NMPHU PEeIKUX
U3BEPKEHUSIX 00pPa3yloTCs KOPOUKH C «TaKbIPOBOM»
CTPYKTYpOH 3a CYET MOJIUTOHAJIBHBIX TpeluH. B 30He
napooOpa3oBaHUs Ha BHEIIHUX CTCHKaX I'pu¢oHa rei-
3epa OOBIYHO 00pa3yOTCA TeH3EePUTHI TPO3IbEBUIHOTO
obnmka. Ha BHyTpeHHel MOBEpXHOCTH TPUGOHA B ITHX
ciaydasx oOpa3yeTcs MENKOIOYKOBHJIHBIH TeH3eput
¢ Oapxaructoil moBepxHOCThI0. OcoOBIN HHTEpPEC MPE-
CTaBISIIOT KOPAJNIOBHUAHBIC PAa3sHOBHIHOCTH TeH3epu-
Ta, HAIIOMHMHAIONINE KOJOHUM MOPCKUX KopamioB. Mx
«BETBU» U HApOCTHI 00pa3yroTCs HA IUIOCKOI MoBepX-
HOCTH, Ha HEKOTOPOM YAAJICHUH OT YCThs ITpuOHa Tei-
3epa, B IIpesieax MajgeHusi CBEpXy BOABI, BEIOpackiBae-
MO npu u3Bep:xeHuu. MHoraa, npu oTcyTCTBUU B BOJIE
MakpornpuMeceil 1 KaKuxX-Tu00 MECTHBIX KpacHTEleH,
B 3THX X€ YCIOBHUAX oOpasyercs XKeMUyTromomoOHBIIH
reiiseput. Ero cdepuueckue TOpoOXOBHIHBIE MHKPO-
MTOYKOBHJIHBIE arperarsl 0eloro IBeTa C JKEMUYKHBIM
0JIeCKOM MpEeBpAaIAlOT TeU3EPUTOBBI MOKPOB B 00-
pa3oBaHME HU3YMUTEIBbHON KpacoTel. B ciyuae cnus-
HUS HECKOJbKUX TAKUX KPYMHBIX chepyn oOpasyroTcs
CcBOCOOpAa3HBIC «PO3bD», MAPHl C MOBEPXHOCTHIO THIIA
IIBETHOM KamycThl U T. 1. (¢oto 99). [IurmenTupyromue
BelecTBa (TOHKAs B3BECh MIMHUCTBIX MHHEPAJIOB, TH-
JIPOOKHUCIIOB XKele3a, aJIOMUHIS, OKHCIIOB MEIH U APY-
TUX COEAMHEHUH) OKpaIlWBalOT TeH3epUT B pasHbIC
nBeta (poro 100, 101). Bokpyr MeIKuX BBIXOJOB — TaK
HA3BIBAEMBIX «KapJIUKOBBIX TeH3epOBY, KOTOPHIE MpakK-
TUYECKHU SIBJISIOTCS] MEJIKIMH ITYJIbCHPYIOIUMHU UCTOY-
HUKaMHU, OPBI3TH BOIBI (POPMHUPYIOT TEH3EPUT C COTO-
BHJIHOH, MeTeNbuaTO MOp(HOIOruei MOBEPXHOCTH.
[MogmedeHo, 4yTO B 30HaX rel3epUTOBBIX MOCTPOEK
¢ Temmneparypoii menee 55 °C pa3BHUBaIOTCS KOJIOHHUH
cuHe3en€HBIX Bonopociiei. Ecimu OpwI3ru BOabl TO-
najjaloT Ha 3aHECEHHBIE Ha MOCTPOWKY BETPOM CTeO-
7Y, JINCTOYKH PACTCHHMH, KYCOYKH MXa, TO IOCIETHHE
(hoccunu3upyIoTCs, U, IEMEHTUPYSICh TEM K€ KpeMHe-
3¢MOM, y4acTBYIOT B ()OPMHUPOBAHUU MOCTPOIHKHU Teii-
3epuTa. briarogaps TakuM KycoukaM 3aXOpOHEHHOH Op-
TaHUKHU yAa€Tcs ONpelNeNuTh Bo3pacT reisepura. Tak,

DT

98. Cepepuueckue muxkponouxosuonsie pasnocmu zeiizepuma. Ieii-
3ep Tpoitnou

98. Spherical micro-nodular differences of geyserite. Troinoi geyser
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99. I'eiizepumoeslit Hanvl6 6 Ue YEENHOU KANYCHbL

99. Geyserite burl in the form of «cauliflower»

B OCHOBAHUU Te€W3€pUTOBON MOCTPOMKH reitzepa Tpoii-
HOTO HaMH OB 0OHApY>KeH 00JIOMOK (POCCHIIN3UPOBaH-
HOW BETKH KEAPOBOrO CTJIAHWKA C €Hl€ COXpPaHHUBLIU-
MHUCA OpraHMYEeCKMMHU BOJIOKHaMH. PannoyrneponHslii
METOJ AaTUPOBKHU MO3BOJIWJI ONPENETUTh BO3PAcT 3TOM
reiizeputoBoit moctpoiiku. OH okazancs okoio 800 sert.
MomHOCTh CIOUCTOTO TEW3epUTa B ATOM MECTE NO-
crurana 30 cm. Ilomydaercs, yTo Ha (OpMHpPOBAHUE
CIIOSI Tei3epuTa TONIMUHON B 1 MM TpebyeTcs mpumep-
HO 2,5 roma. CrnenoBarenbHO, B IMOCTPOHKE reizeputa
3a Takoe OONBIIOe BpeMs CYIICCTBOBAaHHS HEU30EKHO
JOJKHBI ITPOUCXOAUTD MPOIECCHl PACKPUCTATUIU3ALMH.
JeiicTBUTENBPHO, B Macce KpeMHE3EMa, OYeHb HEOIHO-
POIHOI 1O cBOEH CTPYKTYpE, TEKCTypE U XUMUUECKOMY
COCTaBY, CO BpEMEHEM BO3HUKAIOT CKOIUICHUS KPUCTA-
JIOB Pa3JIMYHBIX MUHEPAJIOB.

K nHacrosmemy BpeMeHH BBISBICHO 13 pasHOBUA-
HOCTEWl MHHEpaJIOB U aMOP(HBIX 00pa30BaHUN KpeM-
He3éMma B reizepurax [JlonuHbl reizepoB. DTO mpexnae
BCEr0 CHJIMKarenb — aMop(HBIA KpeMHe3éM Oeloro,
Ceporo IBeTa, CHJIBHO OOOTaIiéHHbI Bomoil. Pentre-
HorpaduyecKuil aHAIN3 HE BBIABISET B 9TOM BEIIECTBE
HUKAKOH YNOPANOYEHHOCTH CTPYKTYpPBl. JIEMEHTHI
YHOPSAJOYEHHOCTH, CBSI3aHHBIE C NMPUCYTCTBHEM MUHE-
pana a-kpucrobannuTa, HaONMIOAAIOTCS B OMale, KOTOPHI
B JloJIMHe reii3epoB UMEET CeAyIoLIe Pa3HOBUAHOCTHU:
MOJIOUHBIM omaji (Oenbld, cepblii, CBETI0-(PHOIETOBBIH
WM PO30OBBIN); THANUT (CTEKJIOBATHIN, OECIIBETHEHIN,
MPO3pa4YHbI B TOHKHX CKOJaX); Kax4yOJOHTI (Hempo-
3pauHblil  apPOopoBUAHEIHN); (QHOPHT (HmEepIaMyTpo-
Basl WU XEMUYXXHas HaKUIb); THApodan (Oenblil win
CBETJIIO-TOIYy0O!, KOTOPBIHA TP MOTIIOMECHIH BOJIBI CTa-
HOBUTCS IIPO3PAUYHBIM).

B kwucipix Bomax o0Opasyercs OmaropomHbBI omai
(mKupazons), UMEIOMINI royooBaThIi, roy60BaTo-

100. Pyueex, pycno Komopozo ycmiaHo KpeMHUCMbIMU HAMeEKamu
U 2eii3epumom, OKpAEeHHbIMU 2UOPOOKUCIAMU Jicene3a 6 KPACHbLIL
yeem

100. Streamlet whose channel is laid out with siliceous sediments and
geyserite, red-colored by iron hydroxides

101. Kpacnotii zeizepum (c npumecsvro 2udpooKucios rucenesa)

101. Red geyserite (with admixture of iron hydroxides)

of various minerals’ crystals appear in the course of time.

By now, within geyserites of the Valley of Geysers,
13 kinds of minerals and amorphous formations have been
discovered. Among them, first of all, silica-gel — amorphous
silica of white or grey color, abundantly enriched in water. Ra-
diographic analysis does not determine any ordered structure
in this substance. Elements of orderliness associated with the
presence of a-cristobalite occur in opal. The following kinds
of opal are found in the Valley of Geysers: lactic opal (white,
grey, light-violet, pink); hyalite (vitreous, colorless, transient
in thin chips); cacholong (opaque porcelain-like opal); fiorite
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(nacreous or pearly scale); hydrophane (white or light-blue
opal turning transient when absorbing water).

In acidic waters, there forms noble opal of bluish or
bluish-white color, with slight opalescence, shining with red
reflexes under bright light. So-called «opal flour» is often ob-
served in the areas of manifestation of both alkaline and aci-
dic waters. That is powdered opal of various color shades, de-
pending on which it is called vierzolite, proceuvreite, milovite.
Tiniest crystals of short-prismatic quartz, blades of a-tridymite
and aciculae of a-cristobalite are often found within the hol-
lows of massif geyserites.

THERMOPHILIC ALGAE

When you glance, for instance, at the slope in the Valley
of Geysers bearing a beautiful name of Vitrazh, the first strike
to your eyes are multicolored stripes of water streamlets run-
ning from numerous large and small geysers and pulsating
hot springs (photo 102). Thermophilic microorganisms and
algae play a great role in this polychromy. Blue-green algae
are the most widely-spread in the Valley of Geysers. Their
rich films of various thickness cover the bottoms of almost
all water flows with moderate temperature and purfle the
banks of brooks with temperature below 65 °C. Blue-green
algae occur in the form of long threads, their assemblages
attached to stones and purling within the water flow (pho-
to 102, 103).

Oenplii 1BET, ¢ NETKOM omanecueHUHer, MpHu SPKOM
CBETE MPOCBEYMBAIONIINI C KpacHOBaThIMH pedrexca-
Mu. Ha yyacTkax mposiBAEHHUS U IIEJIOYHBIX, U KUCIBIX
BOJ 4acTO HaOIIOJaeTcs TaK Ha3bIBacMasl «OIajaoBas
MyKay. JTO HOPOIIKOBATHIM OMaJl MyYHHCTOTO 00JIMKa
Pa3HbIX IIBETOBBIX OTTEHKOB, B 3aBUCUMOCTH OT KOTO-
pPBIX OH HAa3bIBAETCSA BUEPLIOJIUTOM, NMPOCEYBPEUTOM,
MHJIOBUTOM. B mojocTsiX MacCUBHBIX T'€i3epUTOB He-
pPEIKO BCTpedaroTcsl MeJIb4ainine KpuCcTalINKU KOPOT-
KOIIPU3MaTUYECKOr0 KBaplia, IUIACTUHKU a-TPUIAUMUTA
1 UTOJIOYKH a-KpPUCTOOATHUTA.

TEPMO®UWJIBHBIE BOOOPOC/IN

[lepBoe, uto OpocaeTcs B I1a3a MpH B3IVIsLIE, HATPH-
Mep, Ha CkJIOH B JloiuHe reii3epoB, HOCSALIUN KpacuBoOe
Ha3BaHue Burpaxx, — 9T0 pa3HOLBETHBIE M10JIOCH! pyueii-
KOB, CTEKAIONIMX OT MHOTOYMCIICHHBIX KPYMHBIX H MEJ-
KHX Tei3epOB W MyJbCHPYIOIIUX TOPSYUX HCTOUHUKOB
(¢oto 102). B 3ToM MHOTOIBETHE OONBIIIAst PONIb PHHAA-
JEKUAT TEPMOQPHIFHBIM MUKPOOPTaHW3MaM H BOJOPOC-
M. IIpeuMyiiecTBeHHBIM pa3BuTHEM B JlonnHe reise-
POB TOJB3YIOTCS CHHE3eNEHbIE BOMopociu. VX couHble,
pa3HOW TOJNIIVHEI IJIEHKW BBICTUJIAIOT JHO IMOYTH BCEX
BOJIOTOKOB C YMEPEHHOH TeMIepaTypoil, HHKPYCTUPYIOT
Oepera pyuneB ¢ Temreparypoi He Boiie 65 °C. Berpeua-
I0TCSI CHHE3eJIEHbIE BOJAOPOCIN B BHJIE JJIMHHBIX HUTEH,
WX arperaroB, MPUKPEIIEHHBIX K KaM-
HSIM Y TMIPUXOTIMBO CTPYSIIUXCS B CTOKE
Boziel (oto 103, 104).

CunesenéHble BOIOPOCIH — IpeBHEH-
mue opranm3Mbl 3emin. OHU 3acCeNnn
BONIOEMBEI €IIé B JIOKeMOpHH, T. €. TOYTH
MUUTHApA JIeT Hazaja. Hayke u3BecTHO
6osee 100 BUIOB cHHE3EIEHBIX BOJIOPOC-
niei, OOUTAIOIINX B TOPSYMX HCTOYHHUKAX.
[IpunaTOo Ha3bIBaTh TEPMODUIBHBIMH,
TO €CTh TEIUIONIOOUBBIMH, BOJOPOCIH,
KOTOPBhIE UMEIOT ONITUMYM Pa3BUTHSA
B muanasone 45 °C u Boime. [TogmeueHo,
9T0 TepMO(UIBLHBIE BOZOPOCIH JydIIe
Pa3BHUBAIOTCS B UCTOUHHUKAX C IIOBBIIIIEH-
HBIM COJEpKAHUEM PAaCTBOPEHHBIX MHU-
HEpaJbHBIX BEIECTB, colepxamux Na,
K, Ca, C1 u gp. u umerommx nepBocre-
[IEHHOE 3HAY€HME MJI KU3HU OpraHM3-
MoB. Kpome Toro, B ropsunx HCTOUHUKAX
00BIYHO HAOIIOMAETCS MOBBIIEHHOE, 110
CPaBHEHUIO C IIPECHOBOAHBIMU, COHEP-
’KaHUe TakuX 3JIeMeHToB, kKak F, Br, Mn,
Mg, Si, Fe, Cu u npyrux mMeTayios.

B tepmax JlonmHBI TeW3epoB mpe-
MMYILLECTBEHHBIM Pa3BUTUEM II0JIb3Y-

102. Pasnougemnsie nonocsl 6 py4eikax, 00pazoeannvle mepmoPuibHvIMu 6000pOCIAMU (o1 TAKHE BUIBI, Kak Mastigocladys

u zeuzepumom Ha cknone Bumpasc. Cneea esepxy zeitzep Hoeviii @onman

102. Multicolored stripes in the streams, formed by thermophilic algae and geyserite at the Vitrazh

slope. Above, to the left — Novyi Fontan geyser

laminosus, ¢ ero MHOIOYHMCIEHHBIMH
Mopomorndyeckumu popmamu  (TUIEH-
KW, HUTH, Ty04aTbie 00pa3oBaHus);
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103. /[nunnvie numu mepmoduibhblx 6000pocieil, RPUXOMIUBO
cmpyauuxcs 6 6000mokKe

103. Long threads of thermophilic algae intricately streaming within the
water flow

Synechococcus lividus;, S. elongatus; Phormidium
laminosum; Oscillatoria terebriformis. Hutuarsie, ssueu-
CTBIC U BETBHUCTHIC IUIEHKH, MHOTJA CTYJICHUCTHIC Mac-
Chl TEMHO-3€NEHOTO 1BeTa, Bojopocnu Phormidium
laminosum oGHapy»HBArOTCSI BO MHOTHX HEUTPATbHBIX
U IEJIOYHBIX HICTOYHUKAX B MHTEpBalie TeMmneparyp 40—65
u naxe 78 °C. Oco0eHHO 0OUIILHO OHU Pa3BUBAIOTCS MIPH
40-50 °C, uHOTIa MOJIHOCTHIO MOKPBIBas MOBEPXHOCTH
BOZIOEMA TOJICTON KOXKHMCTOU TI€HKOU (Matom). [Ipu Tem-
neparype 6oinee 50 °C oHu GhopMHUpYyeT KOPOTKHE HUTH.
Haubonee nwimno Phormidium laminosum pa3BuBaeTcs
B cnabomienouHoi Bose ¢ pH = 7-8,5, X0Ts MOXET npu-
CYTCTBOBAaTh B aCCOIMAIIUH C APYTUMH MHUKPOOPTaHU3Ma-
MU B uHTepBane pH = 5-9,5.

MHorue cuHe3elIEHbIE BOMOPOCIH MOTYT HHTCHCHB-
HO Pa3BHBATLCS B BOJAX, COMCPIKAIIMX TAaKHE TOKCHYHBIC
ANIEMEHTBI, KaK PTYTh, MBIIIBSK, CypbMa. VCKIIOUATEIEHO
BBICOKA POJIb CHHE3ENIEHBIX BOIOPOCIEH B MPOU3BOACTBE
KHCJIOPOJa U, COOTBETCTBEHHO, XJIOPO(IILIA B pe3ynbTaTe
(doTocuHTe3a Ha cBeTy. Tak, M0 JaHHBIM SKCIIEPUMCHTAITb-
HBIX HccienoBanuii Mucturyta Mukpoobuonornn PAH,
MPOBEIEHHBIM Ha TEPMAITbHBIX MOJsIX KaMuarku, skcTpak-
st XJI0po(hUIlia U3 TPAaBEIIUTOB, HA KOTOPHIX BH3YalbHO

Blue-green algae are the most ancient organisms of the
Earth. They inhabited water pools even in the Precambrian
age, that is, almost a billion years ago. More than 100 kinds
of blue-green algae living in hot springs are known to the
science nowadays. Thermophilic (or heat-loving) are con-
ventionally called algae whose development optimum varies
within the temperature range of 45 °C and more. It has been
noted that thermophilic algae are better developed in springs
with increased content of dissolved mineral substances, con-
taining Na, K, Ca, Cl, etc., and being of prime importance for
the existence of the organisms. Besides, contents of such
elements as F, Br, Mn, Mg, Si, Fe, Cu and other metals are
usually higher in hot springs, in comparison to freshwater
ones.

Such kinds as Mastigocladys laminosus with its numerous
morphological forms (films, threads, sponges), Synechococ-
cus lividus, S. elongatus, Phormidium laminosum, Oscillato-
ria terebriformus are predominantly developed in the therms
of the Valley of Geysers. Filiform, cellular and ramified films,
as well as sometimes jelly-like masses of dark-green algae of
Phormidium laminosum, occur in many neutral and alkaline
springs within the temperature range of 40-65 °C, and even
at 78 °C. Especially abundantly it grows at 40-50 °C, some-
times completely covering the surface of a pool by thick coria-
ceous film (mat). At temperatures above 50 °C, it forms short
filaments. Phormidium laminosum is most rapidly developed
in slightly alkaline water with pH = 7-8.5, though it can be
present in association with other microorganisms within pH
range of 5-9.5.

Lots of blue-green algae can intensively develop in

104. Bemeucmuie cmyoenucmople nieHKU MeEMHO-3€1€HbIX MEPMO-
Gunvrvix 600opocneii ceucaiom emecme ¢ nadaouieil MepmanbHoOU
600011 na cknonax /lonunsl 2eiizepos

104. Ramified jelly-like films of dark-green thermophilic algae hang down
together with the falling thermal water at the slopes of the Valley of Gey-
sers
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waters containing such toxics as mercury, arsenic and an-
timony. Blue-green algae take an exclusive part in the pro-
duction of oxygen in the result of photosynthesis in the light.
Thus, by the data of experimental studies of the Microbio-
logy Institute of RAS carried out at Kamchatka thermal
fields, chlorophyll extraction from gritstones (on which no
microorganisms’ development was visually discovered)
revealed up to 40 mg of chlorophyll per 1 square meter of
the area. In cases where blue-green algae were visible, 40—
300 mg/m? of chlorophyll was extracted, whereas from the
area with grasses and bushes — only 30—100 mg/m?2.

Optimal conditions for the growth of blue-green algae are
as follows: temperature not exceeding 70 °C, pH ~ 7-7.5,
and given than their surface is abundantly moistened by ther-
mal water flow not more than 2—3 mm thick. Their growth rate
under such conditions reaches 0.5-1 mm? per a day. If the
water flow reduces, algae get dry and die. Recent researches
have revealed that blue-green algae also participate in the
formation of geyserite construction. Electronic microscope
sometimes shows their silicified threads and tabular forma-
tions within geyserites. Typical object of the development of
blue-green colonies in the Valley of Geysers is the geyserite
edifice of the geyser (to put it more precisely, the pulsating
spring) of Malakhitovyi Grot that had got its name for abun-
dant enveloping of malachite colored blue-green algae. There
is surely no copper mineral of malachite in its edifice, but the
algae themselves make it magnificent.

Beside aerobic blue-green algae, so-called lithotrophic
anaerobic microorganisms were found in the Valley of Gey-
sers. For their living process, they use neither energy of the
sunlight nor any other organics, but mineral compounds from
rocks or waters — sulphate, sulfur, iron oxides, hydrogen, car-
bon oxides, etc.; at that usually emitting such gases as hydro-
gen, methane and hydrogen sulfide. Thus, in the vicinity of
geysers Sakharnyi and Sosed, microbiologists distinguished
a new lithotrophic microorganism — methanogene, with tem-
perature optimum of 60 °C. At temperature of 55 °C, another
microorganism was revealed producing oxygen while anaero-
bic oxidation of carbon monoxide. In the vicinity of the Velikan
geyser, areas of warm ground were found, where reduction
of oxide iron with the formation of magnetite occurs due to
lithotrophic thermophilic bacteria. These microorganisms can
not naturally be recognized by naked eye, but their activity
is great.

The pearl of Kamchatka: Valley of Geysers

HE OTMEYAI0Ch Pa3BUTHE MUKPOOPTaHU3MOB, OOHAPYKH-
na 10 40 Mr xJopoduiuia ¢ KBaJpaTHOTO METpa TUIOMIA IH.
Tam, rae ObUTM BUIMMBIC CHHE3ENEHBIE BOIOPOCHH, BbI-
nemunock oT 40 mo 300 mMr/m? xsopoduiia, a ¢ MIomaan
C 3apOCIIsIMU TPaBbl M KycTapHHKa — Bcero 30—100 mr/m2

OntuManabHBIMU YCIOBUAMH JUJIsl pPOCTa CHUHE3ENE-
HBIX BOJIOPOCJIEH SIBISIFOTCS TakHe, KOIJa TeMIIeparypa
Bonoéma He mpesbimaer 70 °C, pH ~ 7-7,5 u nosepx-
HOCTh BOAOPOCICH OOMIBHO CMAuyMBAETCS TEPMaJIbHOMN
BOJION, MMOTOK KOTOPOU UMEET TOJIIMHY He Oojee 2—3 MM.
CKOpOCTb poCTa CUHE3ENEHBIX BOJOPOCIEH B 3TUX YCIIO-
Busix pocruraetr 0,5-1 mm? B cyTku. Eciau moTok Bombl
ocnabeBaeT, TO BOXOPOCIH MOACHIXAOT U norudarot. 1o
MOCTCIHAM HCCICAOBAHUSAM, CHHE3EIEHBIE BOAOPOC-
JM Y4acTBYIOT B (pOPMHPOBAHHMU IOCTPOEK Tei3epuTa.
Ilon »neKTpOHHBIM MHUKPOCKOIIOM B IeM3epuTe MHOIAA
00HapY)XMBAIOTCA MX OKPEMHEJbIe HUTH M TpyOuarsle
obpaszoBanus. KiaccmueckuM 0ObEKTOM pa3BHUTHUS KOJIO-
HUll cuHe3eNEHBIX Bojopociell B JlonuHe reisepos sB-
JsieTcsl TIOCTpoHKa reizepa (TouHee — MyJIBCHPYIOIIETO
uCcTOYHMKA) ManaxutoBblii I'por. CBOE Ha3BaHHE OH ITO-
Jy4IHI Kak pa3 u3-3a oOMIBHOTO oOpacTaHus reisepura
CHUHE3eJIEHBIMH BOJOPOCISIMUA MaJaXUTOBOW pPaCLBETKH.
KoneyHo, HIKAaKOro MEIHOTO MUHEpajia MaJlaxuTa B €T0
noctpoiike HeT. Ho mMEHHO BOmOpOCHH IENaloT €ro
CKa309HO-IIPEKPACHBIM.

[ToMuMoO a3poOHBIX cHHE3ENEHBIX Boopociei B [lomu-
He reli3epoB 0OHapyKEeHbI aHadPOOHBIE, TAK HA3bIBACMEBIC
JUTOTPO(HBIE MUKPOOPTaHU3MBI. J{JI1 CBOETO >KU3HEHHO-
r0o Mpoliecca OHW HCHONB3YIOT HE PHEPITUI0 COIHEYHOTO
CBCTa UJIN JIPYT'YyIO OpraHukKy, a MUHEPAJIbHBIC COCAUHCHU A
U3 TIOPOJ WIN BOABI — CyNb(art, cepy, OKUCIBI Kelie3a, Bo-
JIOPOJI, OKHCITBI yIiieposia u T. 1. [Ipu 3ToM 00bI9HO 00pasy-
I0TCSI Ta3bl — BOAOPOI, METaH, cepoBonopo. Tak, B paiioHe
reitsepoB Caxapaoro n Cocena MHKpOOHOJIOTaMH BBIE-
JICH HOBBIN JUTOTPOMHBI MUKPOOPTaHU3M — METAHOTCH
¢ TemmneparypHsiM ontumyMoM 60 °C. A nipu 55 °C BbIsB-
JIEH JpYroil MUKpOOpPIraHU3M, KOTOPBIHA POU3BOIUII BOJO-
PO TIpY aHadPOOHOM OKHCIICHHH YTapHOTO ra3a. B paiione
reifsepa Benmkana oOHapy>KeHBI y9aCTKU TEMIIOTO TPYHTA,
T7Ie 3a CYET JIUTOTPO(HBIX TEPMODUIBHBIX OaKTepHi HAET
MPOILIECC BOCCTAHOBIICHNSI OKHCHOTO JKelie3a ¢ 00pa3oBa-
HUEM MAarHeTura. OTH MUKPOOPraHW3Mbl, KOHEYHO, HE
BUJIHBI IVIA30M, HO J€ATEIbHOCTh UX OYEHb BEJIHKA.



(84136 DeAamesibHOCMU 2eli3epos
¢ 2UOpOMePMasbHoLi cucmemol,
MeXaHu3m ux oelicmeus

Cxewma [ eii3epHo# rHApOTEPMAIEHOM CHCTEMBI (pHC. 4),
WIDTIOCTPHPYET BBIIIEU3IIOKEHHOE MIPEICTaBICHNE O (hop-
MHUPOBAHUM IIOTOKA BBICOKOTEMIIEPATYPHBIX HalOPHBIX
BoA. B 30He mx pasrpyskm, Tam, rae Omaromapst Bpesy
p- TeiizepHOli HamoOpHBIN YPOBEHb MPEBBIIIAET OTMETKH
penbeda, MOI3eMHbBIE BOIBI IOXHUMAIOTCS [0 TPEIIHAM
K oBepxHocTH. [1o Mepe ux JBUKEHUS BBEPX YMEHbIIAET-
cs1 ruzpocTarueckoe gapienue. [lockonbky Temmneparypa
Bogbl ipeBbimaet 100 °C, Ha HEKOTOPOi ITyOMHEe HAaYHHA-
0T MOSABJIITHCS ITy3bIPBKHU M1apa, KOJIMUYECTBO KOTOPOTO BCE
OoJree Bo3pacTaet, yeM OJMKe BOJIa TIOMXOMT K TIOBEPXHO-
CTU U YEM MEHBIIIE CTAHOBUTCS JaBJeHue. JJoCcTUrHyB ToU-
KM KUIICHHS, BOZA MPH JAJIBHEUIIEM MOABEME «JIEPHKUT
TeMIIepaTypy KHIICHUS, a M30BITOK TEIUIa, IPHHOCHMOTO
CBE)KMMHM €€ NOPLUAMHM, [IPEBpALIAaeT 4acTb BOABL B Iap.
B pe3ynbrare Ha HOBEPXHOCTHU MOSABIISIFOTCS TAPOBOJISHBIE,
KUITAIINE UCTOUYHHUKH, XapaKTEPU3YIOIHECS HE TOJIBKO U3-
JIMBOM BOJIbl, HO M BBIXOJIOM Iapa, U rei3epsl, UMEoLIHe
MIPEPHIBUCTBIA XapaKkTep U3BEP)KEHHs MapOBOASHONW cMe-
cu. O4eBUIHO, YTO KUIISIIME HCTOYHUKU U Tei3ephl 3aHU-
MAFOT BEPXHIOIO M HEOOIBIITYIO YaCTh BCEH CHCTEMBI, IBH-
JKCHUE BBICOKOTEMITEPaTypHOH BOIBI (TeMIieparypa Ooree
100 °C) B KoTOpOH €CTh 0053aTENEHOE YCIIOBHE TS UX CY-
1iecTBoBaHMs. TOJIBKO BOZA C TEMIIEPATYPOH, 3HAUUTEIHLHO
TIPEBBIIAIONICH TOUKY KHIICHHS MPU aTMOC(HEpHOM I1aB-
JICHUHU, MOXKET BCKUIIATh €111e JI0 BhIXOZA Ha IIOBEPXHOCTb.
JlaBneHne oOpasyromerocs mapa mpu 3TOM MOXKET OBITh
BBIIIE JIABJICHUS BOAHOTO CTOJI0A W MPHUBECTH K BHIOPOCY
MapOBOASHON CMECH.

[lo anamorum ¢ THUIPOTEPMAJIBHBIMU CHUCTEMaMH,
W3yYCHHBIMH C TIOMOIIBI0 OypOBBIX CKBAXXHH, H yUUTHI-
Bas PaCCUYUTAHHYIO IO AAHHBIM I€OTEPMOMETPOB TEMIIE-
patypy B Heapax ['eli3epHON CUCTEMBI, MOKHO MOJararh,
YTO BCKHUIIAHUE MOAHUMAIOLIEHCS 10 TPEeLMHAM U 3aTeM
KaHalaM Teif3epoB BOABI HAaUYMHAETCS Ha TIIyOMHE, Ha-
MHOTO TPEBBINIAIONIEH TTyOUHY BHIUMOW YacTH KaHa-
J0B reizepoB. Hampumep, B ckBaxkuHax [layxkerckoro
reoTepMallbHOTO MECTOPOXKIEHHS YpPOBEHb Hauyana ma-
pooOpazoBaHUs B 3aBUCHMOCTH OT KOHKPETHBIX THIPO-
TeoJIOTHIECKUX ycnoBHuil uaMenscs ot 50 go 200 M mpu
temrieparype pezepsyapa 150-200 °C. TpemmHsl, IO KO-
TOPBIM BBICOKOTEMIIEpATypHasi Bojia MOJHUMAETCS BBEPX
Ha y4yacTKax pPa3BUTHS Iel3epoB, Kak IOKa3blBalOT Ha-
OJIOmEHMs, MPEACTABIIOT COOOH HampaBIICHHBIE BHH3
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Connection of geysers’ activity

with the hydrothermal system.
The mechanism of geysers’ operation

Scheme of the Geysernaya hydrothermal system (fig. 4)
illustrates the above notion of the formation of the flow of
high-temperature pressure waters. In the zone of their dis-
charge, where the pressure level goes beyond the relief
marks due to the inset of the Geysernaya river, ground waters
ascend to the surface along the fissures. As they are going
up, hydrostatic pressure decreases. Since water temperature
exceeds 100 °C, steam bubbles appear at a certain depth,
whose amounts increase the closer water comes to the sur-
face and the lower the pressure gets. Once having reached
its boiling-point, water «keeps» its boiling temperature when
ascending further on, whereas the excess heat supplied
by new portions of water turns it partially into steam. In the
result, steam-water boiling springs emerge on the surface,
characterized not only by water outflow, but also by steam
releases, as well as geysers characterized by a kind of bro-
ken manner of steam-water mixture outpouring. Obviously,
boiling springs and geysers occupy the upper and minor part
of the whole system, in which migration of high-temperature
(above 100 °C) waters is the indispensable condition for
their existence. Only water with temperature exceeding the
boiling-point under atmospheric pressure can boil up before
its discharge onto the surface. Pressure of the formed steam
can thus be higher than that of a water column and lead to the
ejection of steam-water mixture.

Analogous to hydrothermal systems studied by means of
drill holes, and given the deep temperature of the Geyser-
naya system calculated by the data from geothermometers,
we can suggest that boiling of waters (first ascending along
fissures and then by geyser channels) starts at depth a bit
exceeding that of the visible part of geyser channels. For
example, within the wells of the Pauzhetka geothermal field,
the level of the beginning of steam-formation (depending on
certain hydrogeological conditions) ranged from 50 to 200 m
at reservoir temperature of 150-200 °C. Observations show
that fissures, along which high-temperature water comes up
in the areas of geysers’ activity, present downward channels
open at the surface. Shape and area of their upper section
are quite variable: from round to slot-like, from a few square
centimeters up to the first square meters. Their depth can be
traced at a small distance from the surface, because the more
the distance is, the more these unusual vents, becoming nar-
rower, get lost in the depth where they join aquiferous horizon
(reservoir) feeding the geysers. Some details of the channel
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structure can be observed during the interval between the
eruptions. It is almost impossible to learn the exact shape
and sizes of geyser channels at depth. More or less simple
it is to define the volume of the channel right after eruption.
We managed to do that pumping cold water into the emptied
channel and measuring its flow rate. As one would expect,
the greatest volume of channels (to be more precise, their
top parts) appeared at geysers characterized by the most
powerful eruptions: Velikan (25 m?), Bolshoi (20 m?3), Malyi
(18 m3).

As mentioned above, geyser’s operation starts with the
outflow of water cooled in the course of the previous erup-
tion. Certain regularity of the outflow gradually starts being
interrupted by separate water splashes and emission of
steam bubbles, sometimes accompanied by short pauses
in the outflow, though, on the whole, its intensity increases
with time. The moment of steam bubbles’ appearance in
the flowing water indicates the beginning of steam forma-
tion in deeper parts of the feeding hydrotherm fissure or in
the geyser channel. Progressively, the number of bubbles
in the channel increases, since the continuing water out-
flow causes the supply of its more and more heated por-
tions. Accordingly, hydrostatic pressure within the channel
decreases, because the weight of steam-water column is
much lower than that of the water column unaffected by
boiling.

It should be also taken into consideration that steam
takes much greater volume. For instance, at temperature of
150 °C and pressure of 1 bar, 1 kg of steam-water mixture
contains only 5,6 weight percent of steam, but its volume is
50 I; under atmospheric pressure, steam portion grows up
t0 9.3 %, and volume — up to 157 |. That is steam volume is
approximately 50, and accordingly, 150 times greater, than
that of water. In this case, we can state that increasing vol-
ume of steam as if pushes water out of the geyser channel.
The more water and steam-water mixture flows or bursts
out of the channel and the more intensively heated water
is supplied into it, the more steam is formed at still deeper
levels. Boiling creeps all over the water column within the
channel and feeding fissure. In the result, violent spouting
of steam-water mixture starts, which is called the geyser
eruption. At that moment, great volumes of steam and wa-
ter are ejected if compared to the flow rate during the out-
flow prior to the beginning of boiling. Spectacular geyser
eruption stops quite quickly, visible geyser activity fades
down and moderate steaming can be often observed over
the channel. At last, steaming seizes as well, indicating the
beginning of the period of relative quietness before a new
eruption, during which the emptied channel is gradually
filled with new portions of high-temperature water supplied
from the aquifer. Further on, one can observe recurrence
of the described picture of a geyser work, in which four ba-
sic stages making one full cycle are appreciablly allocated:
water outflow, spouting, steaming and filling or replenish-
ment of water in the channel (fig. 7). Complete period of
geyser operation, including all the above stages, is called
geyser periodicity and is measured by the time passing
from one stage till the same stage of the next cycle, for

The pearl of Kamchatka: Valley of Geysers

KaHaJbl, OTKPBIThIC K MoBepxHOCTH. DopMa U IUIONIAh
UX BEPXHEro CEYeHHs Pa3HOOOpa3HBL: OT KPYIIOIro 10
IIEJICBUIHOTO, OT HECKOJIBKHUX KBAJPATHBIX CAHTUMETPOB
JI0 TIEPBBIX KBAAPaTHBIX METPOB. [ TyOHHY UX 3aJI0KEHHS
yAaeTcsi MpOCIeAUTh Ha HEOOJBIIOM PAaCCTOSIHUM OT T10-
BEPXHOCTH, TaK KaK C yIaJICHUEM 3TH HCO6I)I‘IHI>IG Kepia,
3aMETHO CYyXasiCh, TEPAIOTCS B IIIyOWHE, TIe COCAMHS-
OTCA C IIUTAaIIUM Feﬁ3epbl BOJOHOCHBIM T'OPHU30HTOM
(pesepByapom). HexoTopble geTaiu CTPOSHUS BBIXOJHOTO
KaHaJla MO)KHO HaOJIIOZaTh B IIEpephiBe MEXy U3BEpIKe-
HsiMU. TouHyI0 (opMy U pasMephl KaHAJIOB rel3epoB Ha
IyOMHE y3HaTh NMPAaKTHUECKH HEBO3MOXHO. bomee mim
MEHee POCTO MOXKHO OMPEIENHTh 00bEM KaHaya cpasy
nocie u3BepskeHus. HaM ynanocs 3To caenars, 3aKaduBast
B OITYCTOILLICHHBIH KaHaJ XOJIOIHYIO BOLY M H3Mepsis ee
pacxon. Kak u cienoBano oxuaars, HanOoIpImid 00beM
KaHAJIOB (BepHEE BEPXHHMX WX YacTel) okazayics y reii-
3€pOB, XapaKTEPU3YIOLIUXCA MOUIHBIMYA U3BEPKECHUSAMMU:
Benuxkan (25 m?), bonpmoit (20 m3), Mansrii (18 m3).
JeiictBue reifzepa, Kak yxKe yINOMMHAJIOCh BBILIE,
HaA4YHUHACTCA C HU3JIMBA BOIbI, OXJ'Ia)KI[eHHOﬁ B XOI€ Ipec-
JBITYIIEro u3BepxeHus reiizepa. [locreneHHo HeKoTOpas
PaBHOMEPHOCTH B U3JIMBC HAPYIIACTCA OTACIbHBIMU BbI-
IUIECKAMHU BOZBI U BBIACICHUEM IIy3bIpell 11apa, KOTOphle
MHOT/Ia COMTPOBOXKIAIOTCS KOPOTKUMHE TIePEPHIBAMU B H3-
JIMBE, XOTA C TEYCHHEM BPEMEHH B II€JIOM HaONoIaeT-
csl ero ycuieHre. MOMEHT MOsIBIICHHUS Iy3bIPHKOB Iapa
B M3JIMBAIOIICHCS BOJIC CBHACTENBCTBYET O Hadase mapo-
oOpa3oBaHus B 0oJee TITyOOKUX YacTAX MOABOASAIICH TH/I-
poTEpMBl TpEIIMHBl WK KaHaja reisepa. IlocrenenHo
KOJIMYECTBO IMy3bIPHKOB Mapa B KaHale BO3PACTaeT, TaK
KakK HpOIIOH)Ka}OHII/II;‘ICH H3JIUB BOJBI BBI3BIBACT IPUTOK
Bce Oonee Harpetoit ee mopiuu. COOTBETCTBEHHO, MTOCTE-
MICHHO YMEHBIIASTCSl THAPOCTaTHYECKOE JaBICHHE B Ka-
HaJIe, ITIOCKOJIBKY BEC CTOJIOA BOJBI C TAPOM 3HAYHUTEIHLHO
MEHbIIIE Beca CToj10a He 3aTPOHYTON KHIICHUEM BOJIBI.
Cne)lyeT HUMETH B BUAY TAKXKE, YTO IIap 3aHUMAECT 3HaA-
YUTENBHO OOoNbIMiA 00beM. Hanpumep, rpu Temreparype
150 °C u n36pITO9HOM napneHnu 1 6ap 1 KT mapoBonsHOI
CMECH COAEPXKUT BCero 5,6 BECOBOIO IPOLIEHTa Ilapa, HO
3aHuMaer o0beM 50 1. [Ipu HOpManbHOM aTMochepHOM
JTABIICHUH BeCOBast JIOJIA 11apa Bo3pactaet 10 9,3 %, a 00b-
eM — 1o 157 n. To ecth nap npubmusuTensHo B 50 u, co-
OTBETCTBEHHO, B 150 pa3 3aHmMaeT OoJbIIuil 00beM, YeM
BoZa. MOXKHO CKa3aTh B ATOM CIydae, YTO yBEINIMBAIO-
Iuiics B 00beMe Map Kak Obl BBITAIKHBAST BOAY M3 KaHaJIa
reiizepa. YeM OoJbIIIe H3TUBACTCS WITH Y)KE BEIOpAaCchIBaeT-
Cs1 BOJBI 1 ITAPOBOJISTHOM CMeCH U3 KaHala i MHTCHCUBHEE
MOCTYIaeT B HEro Bce Oosiee Harperas Boaa, TeM OOJIbIIe
oOpazyercst mapa Ha Bce Oornee TTyOOKHX ypoBHsX. Ku-
MICHNE OXBATBHIBACT BECh CTONO BOIBI B KaHAJEC W B IOA-
Bomsmiel TpemmHe. B pesynbrare HaumHaercs OypHOe
(OHTaHMPOBAHKE TAPOBOIIHOM CMECH, YTO M Has3bIBa-
eTcs M3BCp)KCHHEM reizepa. B 3TOT MOMEHT 3a KOpOT-
KO€ BpeMs BBIOPACHIBACTCSI OTPOMHOE KOJMYECTBO BOIBI
U T1apa Mo CPaBHEHMIO C PACXOJOM IPH W3JIMBE J0 Hada-
na kuneHus. DPQPeKTHOe U3BEPKEHUE Teli3epa JTOBOJIBHO
OBICTPO TPEKpaIacTCs, BUAUMAs IESITENFHOCTh Tei3epa
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3aTyXaeT, U 4acTo HaJ KaHaJoM Habmromaercs cnaboe BbI-
nenenue napa. Hakoner nmpekpamiaercsd u napenue. Ha-
CTYIaeT OTHOCHUTEIbHBIN MOKOM 10 HOBOTO HU3BEPKEHMSI,
B TeUEHHE KOTOPOTO OIMYCTOIICHHBIH KaHA MOCTETIEHHO
3aI0JIHSIETCS HOBBIMU IOPLUSAMH BBICOKOTEMIIEPATYPHOU
BOJIbI, TIOCTyMaroIled M3 BOJOHOCHOrO Iutacra. [lamee
MOYXHO HaOJIOJaTh MOBTOPEHHUE OMMCAHHON KapTHUHBI pa-
0OTHI Tei3epa, B KOTOPOH 3aMETHO BBIACISIOTCS YEThIpEe
OCHOBHBIC CTaguH, COCTABIAIOINNUEC OAMH TIOJIHBIM OUKII.
Hx YCJIOBHBIC Ha3BaHUs: CTaAus U3JIUBA, CTaAUs (I)OHTa—
HUPOBaHUA, CTaAus MApCHUA U CTaAWsd HAINOJHCHUSA WU
BOCCTaHOBJICHHUS YPOBHA BO/IbI B kKaHauie (puc. 7). [TonHbiit
nepro paboTHl Teif3epa, BKIIOYAIOIINI BCe CTAANH, Ha-
3BIBAIOT IIEPUOINYHOCTHIO Teii3epa 1 H3MEPSIIOT €€ BpeMe-
HEM, MPOXOJAIIUM OT OJHOW CTaJHH JI0 IPYTOH TakoH xe
CTaJIuM CIICAYIOIIETO IIUKIIA, HATPUMED, BPEMEHEM MEKTY
cTanusmMu (POHTaHUPOBAHUS (N3BEPIKCHHUS).

W3 MHOTHX THIIOTE3, OOBSCHSIONMX MPUYMHBI IPEpPHI-
BUCTOTO U pa3HOOOPA3HOTO XapaKkTepa JACHCTBUS reid3epoB,
OorbIIIast 4acTh ONUpaeTcs Ha (PaKTop BOZMOXKHOTO ITOCTYII-
JICHUA XOHOI[HOﬁ BO/IbI B KaHAJI U CJIO)KHOCTDB €ro CTPOCHUL.
I. Makkenswu, Brepsbie (B 1811 1) 3arpoHyBIIHMii BOmpoc
0 MEXaHU3Me ACUCTBHSI Teii3epOoB, MPHUILEI K 3aKITI0YSHUIO
0 OOJIBIIION POJH MOA3EMHBIX KaMep, T7Ie IPOUCXOANUT 00pa-
30BaHUE [1apa, y4acTBYIOLLETO B U3BEPKEHUU Tei3epoB. 3a-
TeM 3TH TpencrasieHus pasui Kpyr ¢on Huna B 1883 1,
J00aBUB pacCyKAeHUS 00 YCIOBHSX HPOXOXKICHHUS Mapa
4epe3 cToJI0 BOJBI M €T0 CKOTICHUH B TIOI3EMHBIX KaMepax,
O6YCJ'IOBHI/IBaI'OIlII/IX pasimInue MEXIy KHUIAIINUM UCTOYHU-
koM U reiizepom. B 1846 1. P. bynsen u A. [lekinay30, 4ToObI
OOBSICHUTH JieiicTBHE TeizepoB Mcmanmuu, paspaboranu
TEOPHIO UX M3BEP)KEHUM. B ee 0CHOBY IMONIOKEHBI TaHHbBIE
pacripenieNieHus TeMIepaTypsl B BOTHOM CTONOE KaHaja
reiizepa, MoKa3aBIIIero MeperpeB BOAbI H, COOTBETCTBEHHO,
BO3MOYKHOCTH 00pa30BaHus 1apa B KaHase. DTO U IPHUBOHUT
B KOHEYHOM MTOT€ K M3BEPIKEHHIO MapoBoasiHon cmecu. [1o
CYTH TIPaBUJIBHBIN MOJXO/, K COKAJIEHHUIO, HE HAIIET B TO
BpeMs )]aHLHeI;’IHISFO pa3sBUTHUA T 061)9[CHCHI/IH nepuoan-
yeckol pabothl reizepoB. X. Jlanr (1880 r.) mpepriBucTOE
JIEMCTBUE Ireli3epOB CBSI3BIBAN C IPUTOKOM XOJIOIHOW BOBI.
JlocTaTtouHo peanucTHYecKue MPEeICTaBICHUs O JICHCTBUH
reiizepoB u3noxwn E. Amren u A. JIpii (1935 1), orupas-
muecst B cBoei pabote Ha 65-neTHHe HAOMIONeHHs 3a Tel-
3epamu MeImioycToHCKOro HaMOHATLHOTO T1apKa. OHAKO
¥ OHH CYUTAJTH, YTO MPUTOK XOJIOAHOM BOZBI B KaHAJ reize-
pa SABIsETCS HEOOXOANMBIM YCIIOBHEM HX IIEPHOANIECKOTO
neiictBus. B o0mieM, mpaBuiibHOE OOBSCHEHHE JICHCTBHS
reii3epoB U HEOOXOIMMBIX YCIOBHA WX CYIIECCTBOBAHHS
caenano T. M. YeruHoBo#. XOTSI M OHA MPUBJIEKAET, Kak
00s13aTeIbHOE YCIIOBHE TepephbiBa B paboTe Teii3epoB, Imo-
CTYIUICHUC B KQHAJ XOJIOIHOM BOIBI.

MHoroe B peanm3anyd TEH3epHOTO peKUMa IpPosic-
HUJIOCH B XOJ€ M3YyUCHHS T€OTCPMAIIbHBIX MECTOPOXKIC-
HUM ¢ TIOMOIIBI0 OypeHMs CKBaKWH, MPOLYKLHUS KOTO-
PBIX, B YAaCTHOCTH, NPEACTABISIET COOOH IapOBOASHYIO
cMmech (poto 105). Hekotopbie CKBaXXWHBI, KaK, HAIIPH-
Mmep, Ha [layxxerckom Mecropoxnenun (Kamuarka), xa-
PaKTEPU30BAUCH MTPEPHIBUCTHIM (TEH3EPHBIM) PEXKHUMOM
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instance, by the time interval between two stages of spout-
ing (eruptions).

Most hypotheses explaining the causes of broken and
variable character of geyser operation, are based upon the
factor of probable supply of cold water into the channel, as
well as upon the complexity of its structure. G. Mackenzi,
who was the first (in 1811) to put a question on geyser ac-
tion mechanism, came to a conclusion about the great role
of underground chambers where the steam is formed that
participates in geyser eruptions. These notions were further
developed by Krug fon Nida in 1883, having added his ide-
as about conditions of steam passing through water column
and its accumulation in underground chambers accounting
for the difference between a boiling spring and a geyser. In
1846, R. Bunzen and A. Declauzo developed a theory of
the eruptions of Icelandic geysers, in order to explain their
operation. The theory was based upon the data on tem-
perature distribution within water column of geyser chan-
nel, which had shown water overheating and, accordingly,
possibility of steam formation within the channel that leads
to the ejection of steam-water mixture. Unfortunately, this
approach did not find its further development at that time
to explain periodicity of geyser operation. H. Lang (1880)
associated interrupted geyser operation to the supply of
cold water. Quite realistic notions of geyser activity were
given by E. Allen and A. Day (1935), who based their work
on 65-year surveys of geysers in the Yellowstone National
Park. However, they also considered supply of cold water
into the geyser channel to be the necessary condition for
their periodical operation. In general, correct explanation
of geyser operation and requirements for their existence
was made by T. I. Ustinova, though she involves entry of
cold water into the channel, as a necessary condition of the
break in geyser activity.

Many details in realization of geyser regime was
cleared up when studying geothermal fields with the help
of drilling of wells whose production, in particular, is the
steam-water mixture (photo 105). Some wells, like ones at
the Pauzhetka field (Kamchatka), were characterized by
broken (geyser-type) regime of steam-water mixture out-
flow. Steam-water drill hole is well isolated in the upper part
of the casing tube, which prevents it from entry of cold sur-
face and ground waters. In contrast to natural geysers, in
this case the role of the channel was taken by the casing
tube with known and constant section and regular geometry.
Occurrence of geyser regime in drill holes of this kind de-
nies periodical entrance of cold water or changing geometry
of the channel to be the major factors affecting the broken
manner of geyser operation.

Principally true mechanism of geysers operation be-
came clear when analysing the work of steam-water
wells, which had shown that the processes leading to
geyser regime are connected to the system «well (gey-
ser channel) — aquifer». In 1959, A. S. Nekhoroshev and
V. V. Averiev concurrently demonstrated that the effect of
advanced movement of steam within the drill hole (gey-
ser channel) is prevalent in the occurrence of geyser re-
gime. Because of different physical properties, water and
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steam within the drill hole and geyser channel move on
with different velocities, where steam moves much faster
having lower volume weight and viscosity. In the result,
due to continuous boiling and steam release, water tem-
perature goes below the boiling-point at a given pressure
(up to 100 °C within the geyser channel). Boiling seizes,
as well as steam emission and the water remains in the

The pearl of Kamchatka: Valley of Geysers

HCTeYeHUs NapoBosiHOM cMecu. [lapoBoasiHas cCKBaXKHHA
XOPOIIIO U30JIMPOBaHA B BEPXHEH yacTh 00caiHOM TpyOoii,
YTO UCKITIOYAET MIPUTOK B HEE XOJIIOTHBIX MOBEPXHOCTHBIX
U TPYHTOBBIX BOJ. B oTiHuue OT MpUpPOIHBIX Tei3epoB
B JIaHHOM cITy4ae poJib KaHaJla BBITMIOIHAET 00caaHas Tpy-
0a ¢ M3BECTHBIM U MOCTOSHHBIM CEUCHHEM W TPaBUIIb-
HOI reomerpueill. Bo3HUKHOBEHHE Te3epHOrO peXuMa

T <100°C

T T>100C

T >100°C T>100C e T >100°C
1 11 111 1\Y
e 2 s ] e [ s

Puc. 7. [Ipunyunuansuas cxema delicmeusn zeizepa:

I — Cragus uznuBa Bozibl, OXJIKACHHON B X0/1€ Mpeablayiero nu3sepxxenus reisepa (Td 100 °C). PaBHOMEpHOCTb U3JIMBa HApyLIAETCs OTAEIbHBIMU BBIIJIEC-
KaMU BOZBI U BBIJIETICHHEM ITy3bIpeil apa, KOTOpbIe HHOTAA COMPOBOXKIAIOTCS KOPOTKHMH IIePephIBAMH B H3IIHBE, XOTS B IIEJIOM HAOIIONACTCS €T0 yCHICHHE
3a CYET NMPUTOKa BeIcOKoTemIeparypHoi Boasl (T > 100 °C);

I — Cramus usBepxenust. IIputok Bce Gornee Harperoil mopuuu BeicokoTemmneparypaoit Bogsl (T > 100 °C) npHBOIHUT K YBEIMYEHHIO ITy3BIPEKOB Iapa,
YMEHbIIIasl THAPOCTATHYECKOe JaBlICHUE B KaHajle, IOCKOIBKY BEC CTOJI0A BOAIBI C TAPOM 3HAYUTENBHO MEHBIIE Beca CT010a He 3aTPOHYTON KUTIEHUEM BOJIBL
Kumnenne, HakoHeIl, OXBaThIBaeT BeCh CTOJIO BOJBI B KaHalle M B MOJBOJAIICH TpemuHe. B pesynsrare HaunHaeTcst OypHOe (DOHTAaHUPOBAHHE ITAPOBOJSTHON
CMeCH, YTO 1 Ha3bIBACTCs H3BEP)KEHHEM Ieiizepa;

III — Crapus napenust. ITocne addexTHOrO N3BEpIKEHNUS Tefizepa acTo HaJl KaHAIOM HaOmogaeTcs ciaboe mapeHue, ¢ IpeKkpamieHHeM KOTOpOro 3aKaHIHBa-
eTcsl BUIIMMAs JIeATeNIbHOCTh reiizepa (Temreparypa Ha HOBEPXHOCTH BOJIbI B KaHaJIe U ero ycTbe paBHa wiu Menee 100 °C);

IV — Cranus HanoIHEHUs WM BOCCTAHOBJICHUSI yPOBHS BOJBI B KaHaie. [Ieprox OTHOCHTEIEHOTO IIOKOS IO HOBOTO U3BEPIKEHUS, B TCUEHHE KOTOPOTO OITy-
CTOILCHHBI KaHai (Temneparypa Ha noBepxHocty Bozbl B kaHane Menee 100 °C — T < 100 °C) nocTeneHHo 3aronHsAeTcsi HOBBIMU HOPLUSMHU BEICOKOTEMIIE-
paTypHOI1 BOJIBI, IIOCTYIAOMIEIl 13 BOJXOHOCHOTO IIIacTa.

1 — BotoynopHslie mopojisl; 2 — NOpo/bl, COAEPXKALINE MOA3EMHbIE BOJIbI ¢ TeMmneparypoii 6oiee 100 °C; 3 — nbe3oMeTpU4ecKuil ypoBeHb; 4 — HaNpaBJICHUE
JBIDKCHYS TOPSIYHMX BOJ; 5 — ITOJIOKEHUE BOIBI B KaHAJIE Teii3epa U MOABO/AIICH TPEIIUHE B Pa3INIHbIe CTaINH IHUKIIA.

Fig. 7. Principal scheme of action of a geyser:

| — Stage of water outflow, cooled in the course of previous eruption of the geyser (T d 100 °C). Steadiness of the water outflow is broken by separate splashes of water and
emission of vapor bubbles sometimes accompanied by short pauses of the outflow, though on the whole, its intensification is observed due to the supply of high-temperature
waters (T > 100 °C);

Il — Stage of eruption . Supply of more and more heated portions of high-temperature waters (T > 100 °C) results in the enlargement of steam bubbles, thus decreasing hydro-
static pressure within the channel, since the weight of water column with steam is significantly less than that of column unaffected by boiling of water. Finally, boiling spans all
over the water column in the channel and in the intake fissure. As a result, vigorous spouting of steam-water mixture starts, with is called the eruption of a geyser;

IIl — Steaming stage. After an effective geyser eruption, light steaming is observed beneath the channel, with the seizure of which visible activity of the geyser ends up (tempera-
ture of water surface in the channel and its mouth is d 100 °C);

IV — Stage filling or replenishment of water level in the channel. It is the period of relative quiescence before a new eruption, during which the emptied channel (temperature of
water surface in the channel less than 100 °C) is being gradually filled with new portions of high-temperature water arriving from the aquiferrous stratum.

1 — waterproof rocks; 2 — rocks containing underground waters with temperature above 100 °C; piezometric level; 4 — direction of hot water movement; 5 — position of water within
the geyser channel and intake fissure at different stages of the cycle.



KemuyxuHa KamyaTkn — [JonvHa rensepos

117

B TaKOoro pojia CKBXXHMHAX OINPOBEPraeT Kak IJIaBHbIC
(haKTOpHI BIUSHUS Ha MIPEPHIBUCTHIN PEXXUM PabOTHI reii-
3epOB MEPHUOIUYECKOE IMOMaJaHHe XOJOAHON BOMABI WM
U3MEHSIOUIYIOCS TEOMETPHIO KaHaa.

IIpyHIMIIMANBbHO BEpHBIM MEXaHW3M JIEHCTBUS Treil-
3€pOB CTaJl IOHATEH NpHU aHaju3e paboThl MAPOBOISHBIX
CKBAXXHH, IIOKasaBOICM, YTO MPOLCCChI, IMPUBOAAIINEC
K Tel3epHOMY PEKUMY, CBA3aHBI C CUCTEMON CKBa)KHUHA
(xaHan reitzepa) — BomoHOCHBIHM TacT. B 1959 1. A. C. He-
xopoieB U B. B. ABepreB 01HOBpEMEHHO MOKa3aH, YTO
3¢ PEKT onepeKaroIero JBIKEHNS Mapa B CTBOJIE CKBaXKH-
HBI (KaHaJa Teif3epa) ABJISIETCS BEMYIIMM B BO3SHHUKHOBE-
HHUHM TeH3epHOoro pexnma. M3-3a pasiandHbIX (HH3HIECKUX
CBOWCTB BOJia M Tap B CTBOJIC MAPOBOASHOW CKBAKUHBI
W KaHalle rerzepa IBWKYTCS C Pa3IMYHBIMH CKOPOCTSIMH,
npuyeM map, oONagaromuii MEHBIIMMH OOBEMHBIM Be-
COM H BA3KOCTBIO, IBMXKECTCS 3HAYUTCIBHO 6I)ICTpee BOJbI.
B pesynbrare, 3a cueT MOCTOSSHHOTO KUIIEHUS M OTJEJICHUS
napa TeMmIieparypa BOJbI MOHW)KAETCS HIDKE TOUYKH KHUIIe-
HUSI TIPY IAaHHOM JlaBjieHuH (B kaHaue reizepa g0 100 °C).
Kunenne npekpaiaercs, COOTBETCTBEHHO MPEKpaIiaeTcs
BBIJICTICHHE TIapa, U JIeTIapUpPOBaHHAS BOJIa OCTAETCs B Ka-
Hase. Hactymaer nepepbiB B U3BEp)KEHUH rersepa.

HanomuuM BaxkHOE 00CTOSATENHCTBO. M3-3a mpeBoc-
xomsmero oopéMa mapa, 1Mo CpaBHEHHIO C TeM JK€ IO
BeCcy OOBEMOM BOXBI, OIEpEXKarollee JBIKECHHE Iapa
BO3MOKHO TI0 KaHajJaM JOCTAaTOYHO OOJBIIOTO CEYEHUS.
B mpoTuBHOM ciy4yae 3HaUMTENILHOE THIPABIMYECKOE
COIIPOTHBIICHHE CYLIECTBEHHO OTPAHHUYUT «CBOOOITHOE»
€ro IBHIXCHHUC. HOSTOMy BBIXO/THBIC OTBCPCTHUS KaHAJIOB
reii3epoB MPENCTABIAIOT YacTO OOIIUpPHBIE OaccelHBI
(BaHHBI), 2 cCaMU KaHAJIbI JOCTUTAIOT B CEUSHUH HECKOJb-
KHMX KBaJIpaTHBIX METPOB. B mpakTmueckux padoTax mo
HCIBITAHUIO MAPOBOASIHBIX CKBAXKUH Ha Hay)KeTCKOM Teo-
TE€pPMaJbHOM MECTOPOXKACHUU UX TeU3EpHBIA MU IYyJb-
CUPYIOIIUN PEXHUM YyNajoch NMEPEBECTH B HEMPEPHIBHBIN
PEXHUM HCTEUSHUsI TTAPOBOMISIHOW CMECH 3a CUET YMEHb-
LIEHHUs] CEYEHUs BBIXOJHOIO OTBEPCTHUS PErYIUPYEMBIM
BEHTUJIEM. YMEHBIIEHHUE CEUYECHHUS OTBEPCTUA ITPUBOOUT
K OTPaHWYCHHUIO BBIXOJIA Mapa, BCIEACTBUE YETO BOA YKE
HE OTCTACT OT HEro, OHMU JABMKXYTCA BMECTC U OJHOBPC-
MECHHO BBI6paCI)IBa}OTCH U3 CKBa)XXUHBI. DTO Ke Impounc-
XOIUT MpH paboTe KUNAIMUX (TTApOBOASHBIX) HUCTOYHHKOB
C IIOCTOSHHBIM W/ IIYJbCUPYIOLIUM PEKUMOM.

CXonHbIC TIPECTABICHHS O JISHCTBUH Teli3epOB ObLIH
u3nokeHsl Taoke JlonansaoM E. Yaiitom (CILIA).

A KaxoBa k€ pOJb BOJOHOCHOTO IiacTta?

Bel111e roBOpHIIOCH 0 TOM, YTO MOCTIE IPEKPAIIEHUS U3-
BEp)KCHUS reii3epa ero JeHCTBHE MOKET BO30OHOBHUTHCS
TOI/a, KOTJa OXJIaKIECHHAsi KUIIEHUEM BOZa Harpeercs J10
TEMIIEPATyphl BbIIIE TOYKH KUIIEHUS IIPU JAHHOM JaBile-
HUM. DTO MIPOUCXOIUT, KaK IPABUIIO, 3@ CUET NOCTYIUICHHS
B KaHaJ HOBBIX MOPIMI HAarpeToil BOABI M3 BOJOHOCHOTO
miacta. CKOpocTh (pacxof) 3TOro TMOCTYIUICHUS 3aBUCHT
OT (PHIIBTPALIMOHHBIX CBOKMCTB BOIOBMEHIAIOMINX TOPOJ,
a TOYHEe — OT KOHKPETHOW TUIAPOTeo]ornveckor odcTa-
HOBKM Ha y4YacTKe PacIoJIOKeHUs rewzepoB. Eciau Bomo-
MPUTOK B KaHall (CKBR)XKHWHY) OTpaHUYEH, TO HeH30eKeH

105. Bepmukanwvholii 66InyCK NAPOBOOAHOU CMeCU U3 CKEANCUH HA
bonvwe-bannom zeomepmansrom mecmoposrcoenuu (Kamuamxa)

105. Vertical discharge of steam-water mixture from the wells at the
Bolshe-Bannoye geothermal field (Kamchatka)

channel. There comes a break in the eruption of a gey-
ser. Let us recall an important fact. Due to the larger vol-
ume of steam if compared to that of water, anticipatory
movement of steam is possible along the channels with
quite a large-scale section. Otherwise, hydraulic resistiv-
ity will considerably restrict its «free» movement. That
is why geyser channel vents often present vast pools,
while the channels themselves reach first square meters
in their sections. In the course of applied works on test-
ing steam-water wells at the Pauzhetka geothermal field,
their geyser or pulsating regime was switched to the un-
interrupted manner of steam-water mixture outflow due to
reduction of vent diameter by means of controlled valve.
Reduction of vent section allows limiting steam emission,
due to which water is not retarded, they move together
and are simultaneously ejected out of the well. The same
occurs in the course of operation of boiling (steam-water)
springs with constant or pulsating regime.
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Similar notions of geysers activity have been stated by
Donald E. White (USA).

So, what is the role of aquiferous stratum?

As mentioned above, after the geyser eruption, its ope-
ration may recommence provided that cooled water will be
heated up to the temperature above the boiling-point at a
given pressure. That occurs, as a rule, due to the supply
of new portions of heated water from the aquifer into the
channel. Flow rate of this supply depends upon filtrational
properties of water-bearing rocks, to be more precise, upon
certain hydrogeological conditions in the area of geyser lo-
cation. If water influx into the channel (well) is limited, more
or less continuous pause in the eruption is inevitable, since
considerable discharge of steam-water mixture in the mo-
ment of eruption is not compensated by water supply. Thus,
it can be also stated that geyser regime is conditioned by
the disagreement between insufficient geyser feeding and
ejection of great volume of steam-water mixture determined
by great diameter of geyser channel. This was further con-
firmed by mathematic calculations carried out by a famous
explorer of the geyser process V. A. Droznin.

Continuously operating and pulsating boiling (steam-water)
springs are characterized by stable equilibrium between wa-
ter influx and outflow of steam-water mixture. It is not acci-
dental that steam-water mixture in them comes out of nar-
row fissures or small pores in rocks. Springs themselves
are located close to the Geysernaya river brink or at stream
beds where conditions are more favorable for the supply of
high-temperature waters onto the surface. T. |. Ustinova no-
ted that in contrast to springs, geysers are generally found at
higher hypsometric levels.

So, we can enumerate the necessary conditions for the
existence of geysers:

1. Presence of aquiferous stratum containing water with
temperatures above 100 °C.

2. Possibility of boiling in the channel or feeding fissure
due to the inflow of high-temperature water and rather large
volume of the channel.

3. Replacement of cooled water in the channel by its more
high-temperature portions either by means of water outflow
(more often) or heating due to convection. In general, it is
manifested in the possibility of ejection of great portions of
high-temperature waters in the form of steam-water mixture,
as well as its non-balanced entry into the channel. It should
be noted that cold water may or does enter the geyser vent in
the form of precipitates or cooled ejected water of the geyser
itself. But this may affect only a short-term change of cycle
duration and can not influence the broken manner of geyser
operation on the whole.

The stated notions about the general mechanism of gey-
sers operation can not always be applied to explane the
action of a concrete geyser, since their regimes are quite di-
verse. Many researchers believe that it is necessary to work
out operation mechanisms for each given geyser. In fact,
variable character of geysers operation fits the frameworks
of the scheme considered, but requires for its explanation
involvement of minor factors also influencing the regime of
any given geyser in reality. Variable character of activity is

The pearl of Kamchatka: Valley of Geysers

Oosiee WM MeHee AJTUTETbHBIN MepephiB B U3BEPIKEHUH,
TaK KaK 3HAYUTENbHBIA pacxojl MapoOBOASHOW CMeEcCH B
MOMEHT H3BEpIKCHUS HE KOMIICHCHUPYETCA TMOCTYyIIe-
HUEeM BoJAbl. [103TOMy MOXHO CKa3aTh TakXe, YTO IMPH-
YUHBI TeH3epHOr0 peXHMa KPOIOTCS B HECOOTBETCTBHU
MEXK]ly HEIOCTATOYHBIM MUTaHUEM reif3epa u BEIOpoCcoM
60sbIIOr0 00BEMa MapOBOASHON CMECH, ONPEAEISIEMBIM
OOIIMPHBIM AMAMETPOM KaHalsa Teifsepa. MaremaTtudec-
KUMHU paCdY€TaMUu 3TO MOATBEPAWJI MO3OHCC W3BECTHBIN
nccrenoBarens reizepHoro npouecca B. A. Jpo3HuH.

IlocTosiHHO nEHCTBYIOIIME U IIYJBCUPYIOIIUE KU-
msmme  (MapoBOJSHBIE) HCTOYHHKH XapaKTepU3YHOTCS
YCTaHOBUBHINMCS PaABHOBECUEM MECKAY NPUTOKOM BOIBI
Y WCTEYEeHHEM MapoBoasHON cMecu. HecnmyuaiiHo napo-
BOAsIHAsA CMECb B HUX BBIXOAUT U3 Y3KUX TPEUIUH WU
HEeOOMBIINX OTBEPCTHH B MOPOAaxX. A caMH HUCTOYHUKH
pacrmonararotcs BOMu3u ypesa p. [eiizepHol unu B pyc-
Jax pydbeB, IJie UMEIOTCs Oonee OlaronpHsTHBIE YCIIO-
BU IS TOCTYIUJICHUSL BLICOKOTGMHepaTypHOfI BOJBI Ha
MOBEPXHOCTh. B OTNIMYME OT MCTOYHHUKOB, rei3epsl, Kak
ormeruna emé T. M. YeruHoBa, oTMeuaroTcs B CpeAHEM
Ha 0oee BRICOKMX THIICOMETPUIECKUX YPOBHSX.

Wtak, MO)XKHO Ha3BaTh HEOOXOMMBIE YCIIOBHS CYIIIECT-
BOBaHUS TeW3epOB:

1. Hanuune BOIOHOCHOTO IJIACTa, COAEPIKAILIETO BOAY
¢ Temneparypoit 6omee 100 °C.

2. BO3MOXKHOCTH KMIICHUS B KaHaJIC WIH ITOJBOASIICH
TPEIUHE 3a CUET NPUTOKA BBICOKOTEMIIEPATYPHOI BOJBI
M JI0CTaTOYHO OOJIBIIOrO ceueHus (00béMa) KaHaa.

3. 3aMeHa OXJIaXKIEHHOH BOALI B KaHalle 0OJe€e BbI-
COKOTEMIICPATYPHBIMH €€ MOPIUAMU J'[I/I60 IIYTEM HU3JIMBa
(uame Bcero), MO0 HarpeBa 3a cueT KOHBEKIWH. B menom
3TO BBIPAKAETCS B BOBMOXKHOCTH BBIOpOCa OOJBIIOTO KO-
JIMYECTBA BBICOKOTEMIIEPATypHOH BOZbI B BUIE IapOBO-
JSTHO cMecH 1 HecOaJaHCUPOBAaHHBIM €€ TIPUTOKOM B Ka-
Hait. CieayeT OTMETHTh, YTO XOJOIHAS BOJIa MOXKET WIIH
TMOTaJIaeT B BHIXOHOE OTBEPCTHE Tei3epa B BUIE 0CAKOB
WM OXJIAXJICHHOM, N3BEPTHYTONW BOJBI CaMoOro reiizepa.
Ho 3T0 MOXeT cka3zaThCsl TOJBKO Ha KPAaTKOBPEMEHHOM
U3MCHCHHHU NJIHUTCIBPHOCTH ITUKJIA U HE MOXXET IIOBJINATH
Ha MPEPHIBUCTOE JEHCTBUE Tei3epa B IISJIOM.

UznoxxeHHbIe MpecTaBIeHUs 00 OO0IeM MeXaHU3Me
JIEHCTBHS TEH3epOB HE BCErIa MOXHO MPUMEHUTH IS
OOBSICHEHNS ICHCTBUS KOHKPETHBIX Tel3epoB, HACTOIBKO
pa3Ho00pa3eH uxX peXuM. MHOTHE HCCICIOBATENN Jae
TOJIArafoT, YTO HEeoOXoauMa pa3paboTKa MeXaHHW3Ma JIeH-
CTBUS JUIS KaKaoro reiizepa. Ha camom mene pazHoobpas-
HBIA XapakTep JACUCTBUS TeH3epOB YKIIAAbIBACTCA B PAMKH
pPaccMOTPEHHOM CXeMBI, HO TpeOyeT /Ui ero OObsICHEHHS
MPUBJICICHHST BTOPOCTETICHHBIX (haKTOPOB, TAKKE BITHSIIO-
IIMX Ha JICWCTBHE KOHKPETHOTO rei3epa B peallbHOU 00-
CTaHOBKe. Pa3znuuHbIN XapakTep ACATEIbHOCTH ONpeAes-
eTcsl, TIPEXIE BCEro, THAPOTCONIOTMICCKUMHU YCIIOBUSIMH:
TIOJIOKEHUEM TTHE30METPHUUCCKOTO YPOBHS TEPMAIIBHOTO
BOZIOHOCHOTO KOMIDIEKCa, (PHIBTPAMOHHBIME CBOMCTBA-
MH BOJIOCOZEPKAIINX MOPO]I, a TAKKE CeUeHNneM U (hopMoit
BepXHEW 9acTu KaHama u ero oobemoM. Hapsimy ¢ kpym-
HBIMU W3BECTHBIMU Treid3epaMu, B NEHCTBUH KOTOPBIX
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SICHO BBIJICTISIIOTCSI YIIOMUHABIIIMECS YEThIPE CTaIuH, Cy-
HIECTBYIOT HEOOJIbIINE Ief3ephl ¢ HEUETKO BEIPAXKCHHBIMU
CTAaIMsAMM M3JIMBA U MAPCHUS WIH JaXe UX OTCYTCTBUEM.
[Iponyck cTamun u3nuBa, OOBIMHO HAOMIONAEMBIH y Teil-
3€pOB C MaJbIM PACXOAOM BOIbBI M MPONOIKUTEIEHOCTHIO
LIUKJIa, MOYKHO OOBSICHUTB TEM, YTO KaHAJ rei3epa XOpoIio
U30JIMPOBAH U MPOrpeT OJIM3 PacIoNOKEHHBIMHU BBIXOJA-
MU ropstueit Bozsl U napa. Ilocne npekpaiieHus: u3Beprxe-
HUSI BOZIA, OCTABIIAsICs B KaHaNe, HArpeBaeTcs HE TOJIBKO
3a CyeT MOCTYIUIEHHS IEeperpeToi BOIbl U3 IIyOUHBI, HO
U IIPU KOHTAaKTE C HAarPETHIMHU CTEHKAMH KaHaja, U, €iBa
HOJHSBIINCH K TIOBEPXHOCTH, BCKHUIIACT, HAYMHAs HOBOE
u3BepxkeHue. HanpoTus, 1y1 Tei3epoB ¢ TAKMMU e Xapak-
TEPUCTHKAMH OTCYTCTBHE CTaJH{ NMApeHUSI OOBSCHACTCS
OXJIQXKJICHUEM BEpXHEH YacTH KaHalla rei3epa (Harmpumep,
MOTa/IaHUEeM XOJIOTHOW BOJIbI) M OBICTPOI KOHJCHCAIMEH
napa B KaHaJsie. B HEKOTOPBIX ClTydasx nmapeHue IpocTo He-
3aMETHO, €CJIN PacXOJ Iapa HUYTOXHO MaJl.

VYke B pesynbratre 00paOOTKH TMEPBBIX CHCTEMaTHye-
CKUX 3aIKcell NEpUOINYHOCTH OCHOBHBIX I'eiizepos B Jlo-
muHe reizepo H. I CyrpoOoBoii OblM BRIIETEHBI Tei3e-
PBI C OTHOCHUTEIBHO MOCTOSHHBIM PUTMOM JEATEIBHOCTH
UTeH3ephl C HECTAOMIIBHBIM PEXUMOM, XapaKTEePU3YIOMINM-
Csl 3HAUUTEIBHBIMH HM3MEHCHUSIMH TPOAODKUTEIBHOCTH
uKkiIoB. [lepBrle, Kak M CIIEIOBAIO OXKUJIATh, XapaKTepH-
3yIOTCSI HEOOJIBIIIOH TIIONIAIbI0 BEIXOAHOTO OTBEPCTHS Ka-
HaJa, KOPOTKHUM IIUKJIOM JICUCTBHSA (B CpeTHEM JI0 35 MUH)
Y CPaBHUTEIFHO HEOONBIIMMH 00beMaMu KaHaioB. K HUM
MOKHO oTHecTH reizeps! Lllens, Mansiii, Konyc, ®onran,
Po3ossiit Konyc u np. Ilnomans BOpOHKH 3THX IeH3epoB,
Kak IPaBUIIO, HE MPEBBIMaeT 1 M%, a 00beM BOPOHKHU U Ka-
Hasa 00bryHO MeHbme 10 M. Pexxum 3Toi Tpymmmsl reii-
3€pOB B MEHBILIEH CTENEHU 3aBUCUT OT BapHaLuil THIpo-
METEOPOJIOTUYECKHX (DaKTOPOB. I eif3epbl BTOPOil TpymITB!
(Benmukan, T'opusonTanbsHblil, Bonbiioit, TpoiiHo#, Ilep-
BCHEIT) XapaKkTepHBI T€M, YTO OHH MMEIOT OoibIme 00b-
€MbI KaHaJIOB, & WX BBIXOJHBIC OTBEPCTHS MPEICTABILIIOT
OoJbIIIe BOPOHKH — BaHHBI. [ IpOIOIKUTEIBHOCT IIUKIIOB
JOCTHTACT HECKOJIBKHX YacoB, HAOIIOMACTCS ITUTENBHBINA
TIEPEPBIB MEXIY W3BEPIKCHUSIMU U OOJBIINE aMIUTUTYIIBI
KOeOaHusl POIODKUTENIFHOCTH IUKIIA BO BpeMeHH. Pe-
UM TeW3epoB ATOM IpYIIBl XapaKTepU3yeTcs B LIEIOM
OomnbIIel B3aMMOCBS3BI0 C THIPOMETEOPOJIOTUIECKIMHU
YCIOBUSAMHU. B 3TOH CBSA3M MOXKHO CKa3aTh, 4TO YeM OJIHKE
YCTPOMCTBO KaHaja rei3epa K CKBakuHe (HeOOIbIIOe Tpa-
BIJIFHOM (POPMEBI CeueHne KaHajla M TaKOE XK€ BBIXOIHOE
€ro OTBEpCTHE), TeM cTabWiibHee IUKIUYHOCTh Treisepa.
B mpotuBHOM ciydae, Korga OTMEYAeTCsl HECOPAa3MEPHO
OOJIBIIIOE BBIXOJHOE OTBEpPCTHE B BHE OacceliHa-BaHHBI,
a KaHaJl JaJieK OT IWIUHIpUIeCKOoH (DOPMBI, CBOMCTBEH-
HOW CKBaXKMHE, OTMEYAOTCs 3aMETHBIE OTKJIOHEHHUS B pe-
TYJISPHOM pUTME IEHCTBUSL.

119

first of all accounted for by hydrogeological conditions: lo-
cation of piezometric level of thermal aquiferous complex,
filtrational properties of water-bearing rocks, as well as the
section and shape of the upper part of the channel and its
volume. Beside the large well-known geysers in whose
operation the abovementioned four stages can be clearly
distinguished, there exist smaller geysers with unclearly ex-
pressed stages of water outflow and steaming, or even ones
missing those stages. Omission of the outflow stage, usual-
ly observed in geysers with small debit rate and short cycle,
can be explained by the fact that the geyser channel is well
isolated and heated by nearby discharges of hot water and
steam. After the eruption, water remaining in the channel
is heated not only due to the supply of its overheated por-
tions from the depth, but also due to the contact with heated
sides of the channel and, having hardly reached the sur-
face, it boils up thus giving start to a new eruption. On the
contrary, for geysers with similar characteristics, absence of
the steaming stage is accounted for by cooling of the upper
part of the geyser channel (for instance, due to cold water
injecrions) and rapid steam condensation in the channel. In
some cases, steaming is simply invisible, if steam emission
rate is negligibly small.

In the result of interpretation of first systematic records
of the periodicity in major geysers operation in the Valley
of Geysers, N. S. Sugrobova distinguished geysers with
constant operation mode and ones with unstable regime
characterized by significant changes of cycle duration. For
geysers of the first type, as it could be expected, typical is
small area of the channel vent, short operation cycle (up to
35 minutes, on the average) and comparatively small vol-
ume of channels. Such geysers as Shchel, Malyi, Konus,
Fontan, Rozovyi Konus, etc., can be referred to this group.
Crater of such geysers does not typically exceed 1 m?
while the volume of the geyser crater and channel is usu-
ally less than 10 m3. Their regime is to a lesser degree
dependent upon variations of hydrometeorological fac-
tors. Geysers of the second type (Velikan, Gorizontalnyi,
Bolshoi, Troinoi, Pervenets) are characterized by greater
volumes of channels, and their vents present large pools.
Duration of their cycles is up to several hours, with long in-
tervals between the eruptions and wide range of variations
of cycle duration in time. In general, regime of such geysers
much more depends on hydrometeorological conditions. In
this respect, it is possible to state that the more a geyser
structure resembles that of a well (small regularly-shaped
channel section and the same its vent), the more stable
cyclicity of a geyseris. Otherwise, when the discharge vent
is disproportionally big and has the form of a basin — bath,
and the channel is far not cylindrical (which would be typi-
cal for a well), significant deviations of regular operation
mode are recorded.
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REGIME OF GEYSERS

Nowadays, we can judge about regime of geysers in the
Valley of Geysers basing upon the data of over 50 years’ ob-
servations, starting from the first records made by T. I. Usti-
nova in 1941. It is clear, that the subject of observations over
the geyser regime were first of all, duration of the complete
cycle — major peculiarity in which one geyser differs from an-
other one, as well as duration of its separate stages, chemi-
cal composition of water, general state of a geyserite con-
struction.

At the first stage (1941-1972), observations of geyser ac-
tivity were occasional and sporadic. The same concerned the
choice of geysers to be studied, time of the year (as a rule,
summer and autumn), recognition and description of sepa-
rate stages and duration of the surveys. Nevertheless, all the
data on the regime of geysers are of a great value as a sort
of starting points for the comparison of the following results.
Since 1972, members of the Institute of Volcanology have
been carrying out systematic recording of periodicity of major
geysers by means of self-recording level-gage of the «Valdai»
type. Recording is made on paper stripes fixed at reel con-
nected by a cord to the floater that is placed in the water flow
by which water runs out of the geyser channel vent. Fluctua-
tions of the floater make the reel rotate synchronically, while
the horizontally fixed fountain-pen dragged by the clockwork
of the level-gage thus records the water level on the paper
stripe. Horizontal record of the self-recorder in the diagram
corresponds to the period when there is no water on the sur-
face, that is, to the stage of filling or replenishment of water in
the channel of a geyser. Vertical rise of the diagram line marks
the beginning of the water outflow and spouting stages. Mo-
ments of eruption are clearly marked in the diagrams from all
the geysers by a typical peak corresponding to the abrupt rise
of water level due to the increasing water flow rate. Cycle du-
ration is most precisely determined by the distance between
two of such peaks or the series of them. Period of separate
stages could be determined for geysers with long cycles as,
for instance, geyser Velikan, in whose diagram water outflow
stage itself and periodical enlargements of the outflow are
well distinguished and recorded. Examples of records made
by the «Valdai» level-gage are depicted in fig. 8.

During the recent years, regime of geysers has been re-
corded by means of automatic recording system based on

Pexum 2elizepos. V3meHeHue
2UOpOMepMansHol akmus-
Hocmu. [IpodosmxumensHoOCMb
XKU3HU 2eLi3epos

PEXXUM I'EM3EPOB

O pexume reitzepoB B JlonmHe Tei3epoB ceyac Mbl
MOXEM CyIUTh IO JAaHHBIM HaOMIomeHWH Oonee deM
3a TOJIBEKa, HauWHas OT IMEPBBIX 3alHCel, CAeTaHHbIX
B 1941 r. T. UI. Ycrunosotii. [lonsaTHO, 94TO TIpeIMETOM Ha-
OJIONCHUIT 32 PEKUMOM JICHCTBHS Fei3epOB OBLIH IIPEXKIe
BCEro MPOAOJDKUTEIBHOCTh MOJHOTO ILUKJIAa — IVIaBHas
0COOCHHOCTb, OTIHYAIONIAs OMUH T'eli3ep OT APYroro, OT-
JENBHBIX €r0 CTaIuid, XHMUIECKUI COCTaB BOIBI, o0mIee
COCTOSIHUE TeN3epUTOBOI NOCTPOUKHU.

Ha nepBom arame (1941-1972 r1.) HabmoneHus 3a ne-
ATEIbHOCTBIO FeM3epOB HOCUIIU SITU30JUUECKUN U Pa3HO-
IUTAHOBBIN M 4acTO CllyyaliHbIN XapakTep. DTO Kacajaoch
U BBIOOpA Tei3epoB [UIs HAONIOACHWHA, U BPEeMEHH Tojia
(kak mpaBWJIO, JIETO, OCEHb), U BBIIEICHUS U ONUCAHUA
OTAENBHBIX CTaAWH, U [UIUTEIFHOCTH HaOmoneHuid. Tem
HE MEHee, Bce JaHHbIe, Kacalolluecs pexuMa relsepos,
MPEACTABISIOT OOJBIIYI0 IEHHOCTh, KaK CBOET0 poja
OTIIpaBHbIE TOYKM ISl CPaBHEHHS C MOCIEAYIOUIMMHU
pesynbraramMu. C 1972 r. HaMH U IPYTUMH COTPYIHHUKA-
MU MHCTUTyTa BYJIKAHOJIOTUM IPOBOJIMIACH CHCTEMa-
TUYECKasl perucTpauus NepruoAnYHOCTH OCHOBHBIX Tei-
3epOB C MOMOIIBIO CaMOIUIIYIIEro ypoBHEMepa THIIA
«Banmait». 3anuch MPOU3BOIUTCS Ha OyMa)kKHOU JICHTE,
3aKperuieHHON Ha 6apabaHe, KOTOPBIH UTHYPOM COETUHEH
C TIOILJIABKOM, OMYIIEHHBIM B BOJIOTOK, 10 KOTOPOMY CTe-
KaeT BOJla U3 BBIXOJHOI'O OTBEPCTHUs KaHaia reisepa. Ko-
nebaHMs MOIUIABKA 3aCTABJSIFOT CHHXPOHHO BPAalIaThCs
OapabaH, a 3aKperyIeHHOE M0 TOPU3OHTAJIH IIEPO C YEPHH-
JaMH, TPOTaCKUBAaEMOE YaCOBBIM MEXaHHU3MOM YPOBHe-
Mepa ¢ CyTOUHBIM HJIU C HeIeTbHBIM 3aBOJIOM, (pukcupyer
TakuM 00pa3oM Ha OyMa)XHOH JIEHTE IOJIOKEHHE YpPOB-
HS BOAbl. [OpM3OHTaNbHAs 3alMCh CaMOMNKCLA Ha JTUa-
rpaMMe COOTBETCTBYET IEpUOY, KOTa BOAbI Ha MOBEPX-
HOCTH HET, T. €. CTaJuu HAIOJHEHUS BOPOHKH Tei3epa.
BeprukanbHblid TOAbEM JIMHUU Ha IUarpaMMme O3HayaeT
Hayauo CTaJuu U3iIuBa U (POHTAaHUPOBaHUS. MOMEHTHI
(OHTaHUPOBaHUA OCOOEHHO YETKO OTpaKe€Hbl Ha AHa-
rpaMMax BCEX Tei3epoB XapaKTepHBIM ITMKOM, COOTBET-
CTBYIOUINM PE3KOMY MOABEMY YPOBHS M3-3a YBEIUYCHUS
pacxoja Boasl. IIpoaokUTeNnbHOCTD IIUKIIA Hauboliee
TOYHO OIpENeNAeTCs MO0 PACCTOIHUIO MEXY IByMs ITH-
KaMU WU CEpUHU TaKUX NUKOB. Ilepuosn oTaenbHBIX
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CTaauil ynaBajoCh YCTAHOBUTH IS T€H3€pOB ¢ OOMBIION
MPOJOKUTENBHOCTRIO IUKIIA U CTaJUH, KaK, HalpuMep,
JUTst reiizepa Benmkana, Ha fuarpaMMe KOTOpOTO XOpOILo
(uKCHpyeTCs CTaaus U3IUBA U IEPUOIUUECKOE YCHIICHUE
n3nuBa. IIpumepsl 3anucu pexyuMa HEKOTOPBIX I'eli3epoB
ypoBHeMepoM «Banpnaii» nokazaHsl Ha pUCyHKE 8.

B mocneagHue romsl 3ammch pexuMa rei3epoB ocCy-
LIECTBIIAETCSI aBTOMaTUYECKOM CHCTEMOM PErucTpanui,
OCHOBAaHHOH Ha (PUKCHUPOBAHUM 3JIEKTPUIECKOIO CHTHA-
J1a, BO3HHUKAIOUIETO IIOCIC 3aMBIKAHWS LEMH H3JIHBAIO-
meiicss Bomoil. IlpenmylecTBO CUCTEMBI, BHEAPEHHOU
B. A. JIpo3HUHBIM, 3aK/II0YaeTCSd B BOZMOXXHOCTH Oojee
TOYHOM OTMETKHU Hayajia u3j1Ba BOJbI, aBTOHOMHOTI'O JJJIN-
TEJIBHOTO cOopa, XpaHEHHS U Tepeayr HEMOCPEACTBCH-
HO B KOMIIBIOTED JJIS labHEHIel 00padoTKY.

11 NoNHOM KapTHHBI UCCIENOBaHMSA pPEXUMa Ieid-
3epOB JaHHBIC HAOMIONCHWH 33 MEPUOIUYHOCTHIO JI0-
INOJHAJINUCHh CBCACHHUSIMHU O XHUMHYCCKOM COCTAaBE BOIbI
OCHOBHBIX TI€i3€pOB, KOHTPOJIMPYEMOM CHCTEMaTuye-
CKUM (IIPUMEpPHO OIMH Pa3 B MECAI) aHAIU30M IIpoo.
YcpenHeHHas XapaKTEepUCTHKA TeH3epOB ¢ HAUOOIBIINM
HIepHOIOM HaOJIOCHNUIT TprBeieHa B Tabmuie 4.

Brime Mb1 roBOpWJIK O TOM, 4YTO HNEPUOAUYIHOCTH
reif3epoB 3aMETHO M3MCHSETCS, MPEXIE BCEro IOJ BO3-
JEeMCTBUEM THAPOMETEOPOIOIHYECKUX ycaoBUM. OTKIIO-
HEHUS B PEXHMME TeH3epOB IOJ BIMSHUEM H3MEHEHUI
TUAPOMETCOPOTIOTUICCKUX yCHOBHﬁ, KaK I10Ka3aJii Halllnu
HCCIIeIOBAaHMS, KPATKOCPOYHBI M OTHOCATCSI K BPEMEH-
HBIM, K&KXYIIUMCS U3MCHCHUAM PCKHUMaA. Pexxum 6I)ICTpO
BOCCTaHABJIMBACTCS, TO €CTh NMPONODKUTEIBHOCTE BCETO
KA U €r0 OTJCNBHBIX CTAIUi MpHOIMKAEeTCS K Cpel-
HUM 3HAYCHUAM, XapaKTCPHBIM [Jid HJAaHHOIO BPECMCHU
roza. Tak, HanpuMep, YyacToTa U3BEPKEHUN reifzepa Be-
JIMKaHa 3HAYUTEJIIbHO USMCHAJIACH B PA3HBIC I'OJAbI U MEC-
nel. B 1974 r. quana3oH BEJIWYMH ITOJHOTO IIMKJIA M3Me-
ascs ot 1 gac 30 mun 1o 10 1 u 6oitee; B 1976 1. —oTr 2 9
20 MuH 10 9 1; B 1978 . — oT 2 u 30 MuH 710 8 u 30 MuH.
Cpe)m;m MMPOAOJKUTCIIBHOCTD IUKJIA ITPHU 3TOM COXpaHs-
Jach ¥ paBHsUIach 5 4. Hanbonee mokasaresHbI BApHALIUH
nukia Oeti B 1974—1975 rr., KOT/Ia 3anich pekuMa reii-
3epOB MPOBOAMIACH HEMPEPHIBHO IeNblid ron. Hanboms-
mmii pa3dpoc BeTUUMH HAOMIONANCs B «HECIIOKOWHBIE)
0 METEOYCJIOBUSAM IEPHOIBI — B sSHBape, (eBpaie, ne-
kabpe. CTaOMIILHOCTBIO PEXHMA OTMEUCHBI HIOHB, UIONb
1974 r., xor/1a TUKIIBI OTMHAKOBON MPOIOJIKUTEIIbHOCTHIO
(4-5 g) BcTpeyanucs B 80 % ciydaeB OT BCEro 4YHCiIa Ha-
OTrOmaeMBIX B TEUCHHE MECALA.

[Tockonbky THIpPOMETEOpOTIOTHUEcKHe (PaKTOphI (aT-
Moc(]epHOe IaBlICHHE, YPOBEHb BOIBI B PEKE, KOJIHUE-
CTBO OCaJIKOB, CKOPOCTb BETpa, TEMIIEpaTypa BO3IyXa)
JIEWCTBYIOT OJJHOBPEMEHHO M B KaXKIbIi MOMEHT C pa3-
JMYHOW MHTEHCUBHOCTbBIO, OYEHb TPYAHO BBISIBUTDH BIIH-
HUE KaXJ0T0 U3 HUX Ha PEXUM TOIO WIM MHOTO rensepa.
Tonpko aHaK3 OOJBIIIOTO Psifa HAOMIONCHUH, POBECH-
we1id H. T. Cyrpo0oBoii, T03BOIHIT 0XapaKTepH30BaTh JIH-
HEWHYIO CBSI3b MEXAY CPEIHECYTOYHOM IMPOIOJKUTEIb-
HOCTBIO LIMKJIa ¥ COOTBETCTBYIOILUMU CPEIHECY TOUHBIMU
mapaMeTpaMu Ha3BaHHBIX THAPOMETEO()aKTOPOB.
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fixing the electric signal that appears right after the circuit
closing by outpouring water. Advantage of the system intro-
duced by V. A. Droznin is the ability of more precise fixing
of the beginning of water outflow, independent long-term re-
cording, storage and transmission of the data to the computer
for further interpretation.

To complete the picture of geysers’ regime studies, pe-
riodicity survey data were supplemented by the information
on chemical composition of major geysers’ waters, obtained
by means of systematic (once a month) probe analysis. Ave-
raged characteristics of geysers with the greatest observa-
tion period are given in table 4.

As mentioned above, geyser periodicity undergoes nota-
ble changes, first of all, due to the effect of hydrometeoro-
logical conditions. Our surveys have shown that deviations
of geysers’ regime subjected to the changes of hydrometeo-
rological conditions are short-term and are referred to tem-
poral apparent changes of the regime that is quickly restored
and duration of the whole cycle and its separate stages
reache their average values typical for the given time of the
year. Thus, periodicity of the Velikan geyser eruptions varied
significantly from year to year and from month to month: in
1974, complete cycle ranged from 1.5 h to 10 h and more;
in 1976 — from 140 min to 9 h; in 1978 — from 2.5 to 8.5 h,
whereas average duration of the cycle was quite constant
(5 h). The most indicative cycle variations were in 1974—
1975, when regime of geysers was recorded continuously
over the year. Greatest dispersion of values was observed
in «unquiet» meteorological periods — in December, January
and February. June and July of 1974 were marked by the sta-
bility of the regime, when cycles of the same duration (4-5 h)
made up 80 % of all observed within a month.

Since hydrometeorological factors (atmospheric pres-
sure, water level in the river, rain capacity, wind velocity and
air temperature) come into effect simultaneously and with
various intensity every next moment, it is quite difficult to
determine how each of them affects the regime of a given
geyser. Only the analysis of a great series of observations
carried out by N. G. Sugrobova allowed characterizing the lin-
ear connection between the daily average cycle duration and
corresponding daily parameters of the mentioned hydromete-
orological factors.

Studies of certain factors’ influence on geyser periodicity
were restricted to the analysis of the data on geysers Velikan,
Bolshoi, Zhemchuzhnyi, Troinoi, Pervenets, Shchel, Malyi,
Konus, as well as in some periods geysers Grot, Averievskii
and Gorizontalnyi. The choice of these geysers was not oc-
casional. For instance, Velikan and Bolshoi bore characteris-
tic features of geysers with great cycle duration manifesting
notable connection of their regime with hydrometeorological
conditions due to great areas of the channel vents and volu-
mes of the geyser channels. Geysers Shchel, Konus and
Malyi gave characteristics to numerous geysers with short
periods (up to 37 min), manifesting less demonstrative reac-
tion to the changes of hydrometeorological situation.

The most effective factors are atmospheric pressure, river
level, for some geysers (like Velikan) — power of wind, tempera-
ture and rainfall. Practically all geysers are remarkably affected
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HccnenoBanne BiIMsAHUA Ha Iie-
PUOAUYIHOCTD FCﬁSepOB OTACIBbHBIX
(hakTOpOB OrPaHNMYMBATIOCH AHATU30M
JAHHBIX MO reizepam Bemukan, boib-
moi, KemuyxHsii, Tpoiinoii, [lepse-
Hen, lens, Mansbiii, Konyc, a Taxxe
B OTJIENIbHBIE IIEpHOJIBI I POT, ABEphEB-
ckuii, [opu3onTanbHBI. Be1Gop 3THX
reizepoB HecityuaeH. Benukan, Harpu-
Mep, U bonbloi Hecau XapaKkTepHbIe
4YepThl Tei3epoB C OOJNBIION TPOAOII-
JKUTENBHOCTBIO IMKIa. [ HUX 3a-
METHA CBSI3b CBOETO PEXHUMa C THAPO-
METEOPOJIOTUYECKON 00CTaHOBKOM
BCJIEZICTBHME OONBINMX IUIOIIAAEN BBI-
XOJISIIIIETO OTBEPCTHA U 0OBbEMOB Ka-
Hana. I'eizepsr [lens, Konyc, Manbrit
XapakTepu3OBaJIX  MHOIOYMCIICHHBIE
rei3epsl, UMEIOIIYEe KOPOTKHUI epros
(mo 37 MuH), ¢ MeHbIIIEH peakiyel Ha
WU3MEHEHHE THAPOMETE000CTAHOBKH.

Haubonee nefictBeHHbIME (haKTO-
pamH SIBIISIIOTCS aTMOC(EpHOE JIaBiie-
HHE, YPOBEHb PEKH, I HEKOTOPBIX
reiizepoB (Benmukan) — cuna Betpa,
Temmeparypa, Ocaakd. V3meHeHue
arMoc(epHOTO JaBlCHHs, OCOOCH-
HO PE3KHid ero CKavyoK, MPaKTHIECCKH
OTpa)kaeTcsl Ha peXMMe BCeX reif3e-
pos. Ilpuuem i1 reizepos ¢ KOpoT-
kM 1ukiioMm (ens, Konyc u ap.)
CBSI3b C JaBJICHHEM OOpaTHoO IMpo-
nopimoHanbHa. OOparHast peaxius
Ha HU3MCHCHHNEC JIOaBJICHHs, TO €CTb
YMEHBUICHUEC UKJIA IIPHU YBCIIMYCHUU
JaBJICHUs, 3akoHOMepHa. [Ipu yBe-
JIMYCHUU OaBJICHUA KHUIICHUE BHYTPH
KaHaja TPOMCXOJUT TpU Oosee BbI-
COKOM TeMmeparype, 3Ha4uT, YPOBCHb
napooOpa3oBaHus, COOTBETCTBEHHO,
cMenaeTcsl Ha OONbINyI0 TIIyOHHY.
Yem HIDKE YpOBEHb IapooOpas3oBa-
HUS, TeM OOJbINE Iepenay MEeXIy
NaBJICHHEM B BOJOHOCHOM ILTACTE
W KaHalle, ¥, COOTBETCTBEHHO, OOJIb-
IIe TMPUTOK BBICOKOTEMIICPATYPHOU
Bozbl. M3BepikeHue reifzepa yuwaria-
eTcs, TO €CTh MHTEPBAI MEXIYy W3-
BEPKCHUSIMH CTPEMHUTCS K YMEHBIIIE-
uuto. [lonoOHas CBI3b XapakTepu3yeT
BIMSIHUE KOJEOaHUS YPOBHS PEKH Ha
PSXUM TeH3epoB, PaCHOIOKEHHBIX
BOJIH3H ype3a peKH, B 4acTHOCTH Be-
nukana u [lepsenma.

Hckmrouenne cocTaBisieT Teinsep
[lepBenen, I KOTOPOTO OTMEYEHO,
HaIpOTHB, yAJIHHEHHUE [TUKIJIA B IEPH-
ol MoabEMa ypOBHS TPYHTOBBIX BOZ,
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by the changes of atmospheric pressure, especially by its abrupt
variations; while for short-period geysers (Shchel, Konus), this
connection with the pressure is in inverse proportion. Reverse
reaction to changes of pressure, that is, shortening of the cycle
at pressure increasing, is natural. When pressure increases,
boiling within the channel occurs at higher temperatures, and
the level of steam formation shifts to a greater depth, accord-
ingly. The lower the steam formation level is, the greater is the
difference of pressure in the aquifer and channel, and, corre-
spondingly, the greater is the inflow of high-temperature water.
Eruptions of a geyser become more frequent, that is, the interval
between the eruptions tends to becoming shorter. Such a con-
nection characterizes the effect of river level variations on the re-
gime of the geysers located close to the river brink (in particular,
that of geysers Velikan and Pervenets).

Geyser Pervenets is an exception, for which, on the contra-
ry, prolongation of the cycle was observed in case of increas-
ing level of ground waters due to abundant rainfall, especially
in cyclonic periods. This is accounted for by the fact that cold
ground and surface waters enter the upper part of the geyser
channel located at the very river brink, cool thermal water thus
reducing the boiling process. Dilution by cold water is mani-
fested in changes of the chemical composition of water in the
geyser. During the «Elza» cyclone activity, accompanied by
high rise of the river level, dilution reached 40 %.

Precipitation both indirectly affects the regime of geysers,
influencing the rise of the river and groundwaters level, and
directly-during strong rains. Temporal water flows appearing
in such periods bring cold water to the discharge vents of the
geyser channels, thus prolonging the process of boiling and,
consequently, the duration of their operation cycles. Effect
of air temperature is typically faded by much stronger effect
of other hydrometeorological factors. We can only note that
for the geysers Velikan and Bolshoi, significant temperature
decrease intensifying evaporation from the near-mouth baths
leads to the increasing periodicity.

As mentioned above, in reality, hydrometeorological fac-
tors operate simultaneously, hence, in different moments of
time, influence of one and the same factor onto the regime of
geysers is never equal, even given the equality of its absolute
magnitude. Evidently, appreciable changes of a regime a cer-
tain geyser take place under the effect of hydrometeorologi-
cal factor prevailing at present. Total effect of all the factors
is produced by their complex action. Combinations can be
numerous and seldom repeated, changes of regime are ac-
cordingly various either.

In the course of geysers regime studies, certain link of the
regime with earthquakes was noticed, in particular, the ten-
dency to decreasing periodicity prior to seismic events. Let us
recall that first such reaction of geysers to earthquakes was
reported by American researcher I. Rinehart. It is possible to
hope that future observations of geysers regime in the Valley
of Geysers will help to discover some unusual precursors of
strong earthquakes in Kamchatka that can be used for their
prediction.

In spite of the above short-term (sometimes quite signifi-
cant) deviations of regime of geysers due to the effect of ex-
ternal (hydrometeorological) factors, still their operation mode

The pearl of Kamchatka: Valley of Geysers

00yCIIOBIICHHOTO WHTCHCHBHBIM BBINAJCHHEM OCAJIKOB,
0COOEHHO B IUKJIOHUYECKHE MepHobl. OOBICHIETCS 3TO
TEeM, YTO B BEPXHIOIO UacTh KaHaJla reif3epa, pacrooxKeH-
HOTO IIPAKTHUECKH Y CaMOro ype3a BOJBI B peKe, Monaja-
©T XOJIOAHAsI IPYHTOBAsI U MMOBEPXHOCTHAS BOAA, OXJIAXK-
JaeT TepMaJbHYIO BOMY, 3aMe/UIsAs IPOLECC KHUICHHS.
PaszbaBiieHre XOJOAHOM BOMON BHAHO II0 HM3MEHEHUIO
XMMHYECKOTO COCTaBa BO/bI reizepa. B MoMeHT nmpoxox-
JICHUS IUKIOHA «3Ib3a», COINPOBOXKIAEMOTO BBICOKHM
oAbEMOM ypPOBHs peku, oHo pocturano 40 %.

Brimagatomue ocaaky OKa3bsIBalOT KaK KOCBEHHOE BO3-
JIeIICTBHE Ha PEKUM Iei3epoB, BIKsAA HA NOABEM yPOBHS
PEKH U TPYHTOBBIX BOJI, TaK M MPSIMOE B MEPUO]] CUITHHBIX
noxaei. Obpasyromuecs Ipy STOM BPeMEHHBIE BOJIOTOKH
JOCTABIISIIOT XOJOIHYIO BOAY K BBIXOJHOMY OTBEPCTHIO
KaHajla Tei3epoB, YUIMHSIS KUIICHUE U, CIC0BATEIbHO,
MPOJOIKUTEIFHOCTD IIUKIIA UX PaOOThHI. BiusiHue Temne-
patypbl Bo3ayxa OOBIYHO 3aTYIICBBIBACTCS Oosiee CHIIb-
HBIM BO3AEHCTBHEM JPYTHX THAPOMETEOPOJIOTHUCCKUX
¢axTOpoB. MOXKHO TOJNBKO 3aMETUTh, YTO JUISI TeH3epoB
Benukana u bonbiioro 3Ha4uTeNbHOE CHUXKEHUE TEMIIE-
paTtypbl, yCUIMBAIOIIEe NCTTAPEHUE C TIPHYCTHEBBIX BaHH,
MPUBOAUT K YBEIHMUCHUIO TIEPHOTUIHOCTH.

B peanbHOl 00CTaHOBKE, KaK YK€ OTMEYaJIOCh BHIIIIE,
THAPOMETCOPOIOTHIECKUE (DAKTOPHI ICHCTBYIOT OJHOBpE-
MEHHO, ¥ TI03TOMY B pa3HbIe MOMEHTHI BPEMEHH BIIHSHHE
HA PEKUM T'ef3epoB OHOTO H TOTO K€ M3 THIPOMETEOpPO-
JIOTUYECKHX (PAaKTOPOB HE OBIBAET OJMHAKOBBIM, JJAXKE TPH
OIMHAKOBOM €ro abCoIIOTHON BennunHe. Buanmo, 3aMeT-
HBIC W3MEHEHHUS peXHMa TOTO WM HHOTO reisepa Ipo-
UCXOIAT MOJ BO3AECUCTBUEM IPEBAIMPYIOIIETO B JTaHHBIHA
MOMEHT THIPOMETEOPOJIOrHIecKoro (hakropa. OOmmit xe
3¢ deKT BO3ACHCTBUS JOCTUTACTCS KOMIICKCOM (DaKTOPOB
C pasHOHW Jonel y4yactusi Kaxaoro. KomOuHammu moryt
OBITh MHOTOYHCIICHHBIMH U PEIKO ITOBTOPSIEMBIMH, COOT-
BETCTBEHHO PA3TIMIHBI M U3MEHEHHS PEKUMA.

B xome wmccmemoBaHmit OblTa mogMedeHa oOmpese-
JICHHAs CBSI3b PEKMMa TeH3EpOB C 3eMIICTPSICCHUSIMH, B
YaCTHOCTH TEHICHIUS K YMEHBIICHHIO HX NEPHUOANY-
HOCTH TIepe/l CeHCMHUYECKUMH cOObITUAMU. HamomHuMm,
9TO BIEpPBBIC TAKyI0 PEAKIHMIO ITOBEICHUS TeW3epoB Ha
3EMIICTPSICCHHS] OIHCAll aMEPUKAHCKHH MCCIIEeHOBaTeNb
. Purexapt. MOXKHO HaJIeAThCS, YTO HAOIIOIECHUS 3a pe-
KHUMOM Tei3epoB [loJIMHEI rei3epoB B OyayIeM MOMOTYT
HaWTH HEOOBIYHBIE NIPEIBECTHUKY CHIIBHBIX 3eMIIeTpsice-
Ui Ha KaMuaTke, KOTOphIe MOTYT OBITH MCIIONB30BAHBI
JUISL UX MIpeaCcKa3aHusl.

HecMmotps Ha Bblllle OTMEUEHHBIE KPaTKOBPEMEHHBIE,
HHOT/IAa I0BOJIbHO 3HAUUTEIbHbIE, OTKJIOHEHUS B PEXKUME
rei3epoB, BbI3BaHHBIE BO3ICHCTBHEM BHEITHUX (THIpOME-
TEOPOJIOTHUECKUX) (DAKTOPOB, UX PEKUM B MHOTOJICTHEM
nepuose HaOIIONCHUI O0CTAETCsl OTHOCUTEIIFHO TIOCTOSH-
HBIM. DTO 3aKJIHOUYaeTCsl, MPEXKIE BCETO, B MPAKTHUECKU
HEU3MEHHBIX MEPUOAWYHOCTH M XUMHYECKOM COCTaBe
BOZBI. /Iyl IONTBEp)KICHUS CKa3aHHOTO TIPHBOINM Tal-
JUIY JaHHBIX O MPONOJKUTENBHOCTH LIMKJIOB Iei3epoB
32 MHOTOJIETHUH IIEpUOJ, BKIIIOUas SIIU30UUECKUE U3Me-
penust 1941-1969 rr. (Tabm. 5).
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remains quite stable, as it has been revealed in the course
of many-year monitoring. This lies, first of all, in almost un-
changed periodicity and chemical compositions of water. To
confirm this statement, Table 5 presents the long-term data
on the duration of geyser cycles, including occasional mea-
surements of 1941-1969. For comparison, the Table contains
some information on geysers cycle durations recorded under
similar meteorological conditions, in the given case, in August
and nearby days. As it is seen from the Table presented, perio-
dicity of only two geysers (Velikan and Pervenets) has under-
gone significant changes for that period. Cycle of the Velikan
geyser was changing gradually, increasing from 2.5-3 h to
5.5-6.5 h, whereas deviations of the Pervenets regime was
much more «capricious». In 1960 duration of the cycle made
2,5 h (in 1941-1945 — about one hour), in 1961 the geyser
worked as a pulsing spring, and the following years the cycle
of the geyser became almost equal to the duration marked by
T. I. Ustinova (50-60 min). Features of «instability» of the re-
gime were also observed at the Bolshoi geyser.

Though the data presented in the Table differ in the
number of observations, on the whole they reflect general
behavior of geysers in the named period of time. This allows
coming to a conclusion that regime of the geysers studied
did not undergo any significant changes for quite an extend-
ed (over 50 years) period of time. We can also note that for
the same period, practically stable remained total discharge
rate of thermal waters, that is, its volumes discharged onto
the surface by fissures. This discharge of thermal water was
determined by the so-called hydrochemical method (it was
mentioned above) once or twice a year, starting from 1962.
Accordingly, natural heat discharge of the hydrothermal sys-
tem did not change much as well. This and the stability of
chemical composition of geysers water can indirectly testify
the invariance of temperature of water at depth. That is, eve-
rything points to the stability of basic parameters of the hy-
drothermal system (including the relative stability of geysers
regime). Obviously the period of our observations in scale
of geological time is too small to notice, potential, essential
changes of hydrothermal activity. However, during the same
period, certain notable changes of surface hydrothermal ac-
tivity did occur.

Change of surface

hydrothermal activity

All the abovementioned changes were conditioned by ex-
ternal factors having no direct connection with functioning of
the hydrothermal system. The greatest effect was produced
by the powerful typhoon «Elza» that had rushed over the
Kamchatka Peninsular on October 4-6, 1981. According to
the data of the Hydrometeorological Center of Petropavlovsk
and Semyachik, wind speed on those days reached 40 m/s,
the precipitation total being up to 92 mm, which resulted in
the rise of water level in the river for 2.5 m and even more.

The pearl of Kamchatka: Valley of Geysers

B Tabnuity m1st cpaBHEHHUS BKITIOUEHBI CBEICHUS O TIPO-
JOJDKUTENBHOCTH LUKJIOB Teif3epoB, 3a(HKCHPOBAHHBIX
B OIMHAKOBBIX 110 METEOOOCTAHOBKE YCIOBHAX, B JAHHOM
cllyyae B aBI'yCTe WM B Onuskue Kk Hemy nHH. Kak Bua-
HO U3 TaOMUIBl, TEPUOJUYHOCT TOJBKO JIBYX Ied3epoB
(Benukana u [lepBeHiia) 3HaUNTENFHO H3MEHUJIACH 32 9TO
Bpemsl. Ilpuyem nukn Bennkana u3MeHsIICS IOCTENEHHO,
YBEIUYUBIIKCH € 2,5-3 10 5,5-6,5 4, B TO BpeMsl KaK u3-
MeHeHne pexkuMa [lepBeHna 010 Goliee «KapU3HBIMY).
B 1960 1. nponomKUTenpHOCTh LIUKJIA COCTaBmIA 2,5 9
(B 1941-1945 r. — okono vaca), B 1961 . reiizep paboran
KaK IyJIbCUPYIONIMH UCTOYHUK, a B IMOCIEAYIOIINE TObI
IIUKJI Teii3epa MOYTH CPaBHSJICA C IPOAOIDKUTEIBHOCTHIO,
ormeueHHou T. U. Yerunooit (50-60 mun). IlpusHaku
«HEYCTOMUYMBOCTHY» PEXHMMA HAOTIONATINCH TAaKXKe Yy Tei-
3epa bonbmoro.

XoTs IpUBElEHHbIC B TAONHIE TAHHBIC PA3THIHBI
M0 YUCITy HaOIIOIEHU, B 1IEJIOM OHHM OTPaXXaroT oOIiee
MOBE/ICHUE Tel3epOoB B HA3BaHHBIM OTPE30K BpPEMEHH.
OHO MO3BONAET CAENATH BBIBOJ O TOM, YTO PEKUM HC-
CJIEJIOBaHHBIX TEH3epOB 32 MHOTOJECTHUH (Oonee vem
50-7eTHHIA) TepHOJ He TPETepIIe CYIICCTBEHHbBIX U3Me-
HEHMA. 3aMeTUM TaKKe, 4TO 3a JTOT e Mepuol odmias
pasrpy3ka TepMaJbHOW BOIBI, TO €CTh €€ KOJIMYECTBO,
BBIXOJSIIEE MO TPEIIMHAM Ha ITOBEPXHOCTH, IPaKTHIEC-
KM OCTaBaJIOCh IIOCTOSIHHBIM. DTOT pacxoj] TepMaJIbHOH
BOJIBI OIIPEAEIIIICS TaK HA3bIBACMbBIM THIIPOXHUMUYECKUM
METOZOM (0 HEM YIOMHUHAJIOCh BBIIIE) OAWH-IBA pasa
B rof, HaunHasA ¢ 1962 1. COOTBETCTBEHHO, HE U3MCHH-
JIach M TETJIOBasi MOITHOCTh THAPOTEPMATIBHON CHCTEMBL.
OTO M MOCTOSHCTBO XMMHYECKOTO COCTaBa BOABI reiise-
POB MOXXET KOCBEHHO CBHICTECIHCTBOBATH O HEM3MEHHO-
CTH TeMIIepaTyphl BobI Ha TyOuHe. To ecTh Bce TOBOPUT
0 TMOCTOSHCTBE OCHOBHBIX IOKa3aTelel THAPOTepPMaib-
HOH CHCTEMBI (B TOM YHCIIE OTHOCHTEIBFHOE TIOCTOSTHCTBO
peskumMa reiizepoB). O4eBHIHO, CIMIIIKOM MaJ IIEPHOJ Ha-
MIMX HAOIIOZCHUI B MacIITabe reoJIormIecKoro BpeMeHH,
9TOOBI 3aMETHTH BO3MOYKHBIE B IPUHIIHIIE CYIIIECTBCHHBIC
W3MEHEHHs THIPOTEPMAIFHON JAeATCIBHOCTH. Bmecte
C T€M, B 3TOT K€ NEPHOJ BUANMBIC H3MEHEHHUS IIPOU30-
LIJIM B IOBEPXHOCTHON T'HPOTEPMAaIbHON aKTUBHOCTH.

V3MeHeH e NosepxXHOCMHoL]
2UOPOMepMaIbHOL aKMUBHOCMU

Bce ormeucHHBIE W3MEHEHHS OBbLIH OOYCIIOBJICHBI
BHEIIHUMH, MPSIMO HE CBSI3aHHBIMH C (DYHKI[HOHUPOBA-
HUEM THIPOTEPMAaIIbHOM cucTteMbl npuduHamu. Camoe
0OJIBIIIOE BO3IEMCTBIE OKa3ajl MOIHEIHA IIUKIIOH «DIb3ay,
npoHecimics Han Kamyarkon 4—6 oxtsiops 1981 1. Ilo
nanaeiM [MC IlerponaBnoBcka n CeMsunka, B Te JHHU
cwia BeTpa pocturana 40 M/c, a cyMMa 0CajKoB — 92 MM.
BrimaBmme ocaaky MpUBENH K TOJBEMY YPOBHS B PEKe
Ha 2,5 M u Bbime. Pacxon peku (1o pacueTy) JOCTHTAN
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20-25 m*/c, To ecTh yBenuumics npumepHo B 10 pa3 mo
CpaBHEHUIO C OOBIYHBIM U1 OTOTO BPpEMEHU roja. Peka
HecJa TIIBIOBI TOpos pa3MepoM Oosiee 1 M B MOIepeyHHKeE.
Omna pa3mMeiBana Oepera, o0pasysi KpyTble OOPHIBHCTHIC
CKJIOHBI C OZHOH CTOPOHBI U OTMENHU — c Apyroi. Hau-
OOJBIINM 3POAUPYIONIUM JSHCTBHEM pa30yIleBaBIIMNACS
MOTOK 00J1a1a B MECTaX PE3KUX MOBOPOTOB PEKH U yBe-
JIMYCHHBIX YKJIOHOB pycCJa. Brin Cpe€3aHbl YCTYIIbI B Ca-
MOM pyCJie€ PEKH, CO3AaBaBIINE HEOONBIINE BOJOIA]IBI
Onu3 IIOMAAKY reii3epa Bennkana.

B pesynbrare nmpousomien Bpe3 pycia Ha 3,5 M, OHO
pacuIMpuiIock, a MPOJONbHBIN MPOpWIb 3aMETHO CIJIa-
nuicst. (EcrecTBeHHO, yMEHBIINNACH CKOPOCTH TEUCHUSL. )
Bbuta paspylnieHa HMXKHSS 4acTh IIOCTPOMKU IIyJIbCH-
pyolero uctouHuka ManaxuToBslil I'pot, a Ha yuacTke
reiizepoB bosbmoro u Manoro cpesaHbl HUKHUE NpH-
pPYCJIOBBIE YacTU TeH3epUTOBBIX HATEKOB. 3HAYMTEIBHO
U3MEHWIOCH pycio Onu3 reizepoB Konyc um Bombmas
[Teuka. Ono cy3minock. HuxHsIA yacTh CKIIOHA y reizepa
Konyca Opita o6priBucTOi. B HacTosimee Bpems Oeper
371eCh PACIIMPHIICS Ha HECKOJIBKO METPOB, 00pasys Io-
JIOTUH CKIIOH ¢ KPYIHOTaJIEYHUKOBOH OTMeNbI0. bypHas
peKa 3annBaJa rel3ephl, pacIoioKeHHBIE OIM3KO K ypesy
pEKH, BBIXOAHOE K€ OTBepCcTUE reifzepa bonbias Ileuka
ObUTO 3a0MTO TPABUHHO-TAJICYHUKOBEIM MaTEpPHaIoM Ha-
CTOJIBKO, YTO IOCJIe IMKJIOHA OH HMPEKPaTHiI CBOIO Jes-
TenbHOCTh. 110 3TOM ke mpuunHe He paboTan UCTOYHUK
MHorocTpyiiHblii, BO3POJUBIINNCS B U3MEHEHHOM BUJE
2 rona cmycrs. CrekaBiias 110 CKJIOHaM BOJa 3ajuBajla
BaHHY reiizepa Benukana, a ero reiisepuToBas IIIOLIAA-
Ka ObUTa ycesHa MEJIKUMH OOIOMKaMH IOpOJ, KyCKaMmu
JCpHa, FJTI/IHOﬁ, CHCCCHHBIX BPEMCHHBIMH BOJOTOKAaMU.
C KpyTOro CKJIOHA Ha IJIOMAAKY OOpyIIHIIach BEIpBaHHAS
¢ KopHEM Oepesa.

[ukiioH OKa3anm W HEMOCPEACTBEHHOE BO3ICHCTBHE
Ha PEXHM Iei3epoB, U 0oee BCero OHO KOCHYJIOCH, KaK
U cienoBanio oxunars, Benukana u Ilepsenna. Y Benu-
KaHa 0 IUKIIOHA CPE€AHAA BCIMYUHA NPOAOJLKUTEIBHO-
CTH LIMKJIA cocTaBisia 5—5,5 4. Bo Bpems neiicTBus mu-
KIJIOHA (TI0 CBHJIETENLCTBY HabOmronarens B. H. Heuaesa),
co 2 1o 5 okTs0ps Teii3ep, OyIydn 3aTUThIM XOJIOXHBIMU
BOJJAMHU PYYbEB CO CKJIOHOB, HE paboran. B mepsrie qun
MmocJie UKJIOHA Teizep Benmukan cranm (oHTaHHpOBATH
yepes 3,5-4,5 4. Jlns reiizepa IlepBenna 0bu10 3auKcH-
POBaHO YBEIMUYEHHE LIMKJIA AEATEIBHOCTH OT CpEeAHEH,
pasuoit 30 muH, 10 1 9 5 muH. HenmocpencTBenHoi npu-
YUHOW WM3MEHEHHs PeXMMa ITHX TeH3epoB, BEPOATHO,
SIBUJIOCH TIOTIaIaHUE B KaHAJIBI TPYHTOBOH ciraboMuHepa-
JTU30BAaHHOM BOJBI M BOJI MOBEPXHOCTHOTO cTOKa. Ha 310
YKa3bIBAIOT XUMHUICCKHUE aHAIN3EI P00 BOIBI Teif3epoB,
B3SThIE 32 JIBE HEAEIH A0 LIUKIIOHA U Yepe3 HEJEIIO0 M0oce
ero npoxoxzaenus. Hampumep, B Boze reizepa [lepsenma
KOHIICHTPAITUS XJI0pa yMeHbImach ¢ 415 mo 280 mr/m.
Honst pazbaBisromiedi XoJoJHONH BOIBI cocTaBmiia (IO
pacuery) — 30 % s [lepBerna u 5 % s Benmkana.
B moBenennm apyrux reif3epoB HaOIMIOmanach TEHICH-
LU B CTOPOHY YMEHBLIEHUS MPOAOJIKUTEIBHOCTH LIMK-
na. HaOmoneHns B JIeTHHE MECSIBI CIEAYIOIIETO MOCe
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The river flow rate (as calculated) made up to 20-25 m?%s,
that is, about 10 times greater than that typical for this time
of year. The river was carrying rock blocks over 1 m in diam-
eter. It washed out its banks, leaving steep precipitous slopes
on one side and shallows on the other. Eroding effect of the
raged stream was the greatest in places of sharp turns of the
river and the increased inclines of the channel. In the very
river-bed, ledges were cut down that used to form small wa-
terfalls in the vicinity of the Velikan geyser.

As a result, the river-bed had cut in for 3.5 m, widened
and its longitudinal profile got notably smoother. Naturally,
the speed of the current has decreased. Lower part of the
construction of the pulsating spring Malakhitovyi Grot was
destroyed; in the area of geysers Bolshoi and Malyi lower
(near-bed) parts of geyserite's sinter were cut off. The
river-bed got notably changed in the vicinity of geysers
Konus and Bolshaya Pechka — it became narrower. Foot of
the slope beside the Konus geyser used to be quite precipi-
tous. At present, the bank here is a few meters wider, form-
ing a gentle slope with a large-pebbled shallow. Violent river
flooded geysers located close to the river brink; discharge
vent of the Bolshaya Pechka geyser was so much stuffed
with gravel and pebbles that after the cyclone its operation
stopped as well. The same reason made the Mnogostruinyi
spring remain inactive for 2 years. Water running down the
slopes flooded the bath of the Velikan geyser, while its gey-
serite ground was littered with small debris, sod, and clays
brought by temporal waterflows. From an abrupt slope the
uprooted birch fell upon the platform.

The cyclone rendered also direct influence on the regime
of geysers, and the most striking that effect was for geysers
Velikan and Pervenets. Average cycle duration of Velikan
used to be 5-5.5 h before the cyclone. In the course of the
event itself (evidenced by the observer V. N. Nechaev), being
all flooded with cold waters of the streamlets running down
the slopes, the geyser did not operate at all from October 2 till
5. In the first days after the cyclone, Velikan began spouting
with the intervals of 3.5—4.5 h, whereas for the Pervenets gey-
ser prolongation of the cycle was recorded from the average
of 30 min to 65 min. Immediate cause of those regime chang-
es was evidently the entry of slightly mineralized ground wa-
ter and waters of surface drainage into the geyser channels.
This fact is evidenced by chemical analyses of geyser water
probes sampled two weeks prior to the hurricane and one
week after it. For instance, chlorine concentration in the water
from the Pervenets geyser reduced from 415 mg/l to 280 mg/I.
Portion of diluent cold water made up (as calculated) 30 % for
Pervenets, and 5 % for Velikan. Behavior of other geysers
tended to shortening of the operation cycle. Summer obser-
vations after the cyclone showed that regime of most geysers
(as well as their chemical compositions) was restored. Geyser
Pervenets was the only one whose cycle remained prolon-
gated. Geyser Bolshaya Pechka has never come to operation
again. In general, regime of geysers itself changed insignifi-
cantly and only for the short period of the cyclone activity.

«Elza» cyclone stressed one more consequence of hy-
drothermal activity affecting the state of the whole Valley of
Geysers, in particular, to the change of surface relief — for-
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mation of landslips. In the areas of steam discharge, solid
rocks exposed to acidic solutions (formed in the result of
steam condensation and gas dissolution) gradually turn into
relatively soft clays that can be easily washed out by waters
of surface run-off. Flattened plateaus are formed in such
areas, thus changing the relief. This process is more inten-
sive at the steep slopes due to the landslip events whose
occurrence is associated with clays’ watering during rain-
falls and snowmelts. Additional factor for slide occurrence in
spring is the stress on the clay mass of many-meters’ thick
snowfields. In cyclonic period, heavy rains oversaturate the
clay body of the future landslip loading it with extra weight
of water.

The above results in shifts and slides of huge rock bodies
from the slopes of the valley during the cyclone. One of such
slides took place at the left slope of the Geysernaya river,
300 m away from the spring of Malakhitovyi Grot, 80 m above
the river. It was confined to the area of evolution of altered
rocks and steaming grounds. Depth of alienation a body of
a landslip would reach 6 m, width of 4,5 m.

Development of landslips during continuous hydrothermal
alteration of hard rocks transforming them into clays, over-
saturation due to rainfalls and snowmelts, additional loading
on a clay file of snowfields and weights of liquid precipitates,
essentially influence on relief-formation.

It is not occasional that significant surface changes can
be observed in the areas of occurrence of clays and steam
discharges in the form of separate streams or pattern steam-
ing. Extended parts of the Geysernaya river valley and its
tributaries are confined to such areas.

In the zones, where hydrothermal activity is manifested
by hot and boiling springs, slopes and sides of the river and
brooks are, on the contrary, much firmer, because they are
strengthened by debris and large blocks of rocks consolidat-
ed by the sediments from hot siliceous waters. Example of
this sort of zones is the above described «Wall of Tiny Gey-
Sersy.
. "“I!_.'_:é‘-v'-. =

106. Pyueir Booonaouwlii epiHocum menno 20pauezo 010Ka nopoo
onon3usa

106. The Vodopadniy Creek carries up the heat from the hot zone of the
landslide rocks

The most significant changes within the Valley of Gey-
sers can be also considered the collapse of the Burlyashchii
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IIUKJIOHA TOfla TTOKA3alIH, YTO PEXXUM OONBIIMHCTBA Iei-
3epoB (B TOM 4YHCJe U XMMHUYECKUI COCTaB BOABI) BOC-
craHoBuiIcs. CoxpaHui YIIMHEHHBIM LUK OAWH JIUIIb
reiizep [lepBenen. He Bo300HOBHI CBOEH NEATENLHOCTH
reiizep bonpiras [leuka. B nenom, kak BUIHO, COOCTBEH-
HO PeXXUM reid3epoB N3MEHMIICS MaJo U TOJIBKO Ha KOPOT-
KM IIEpUOJ, IPOXOXKAECHUS LIUKIIOHA.

HukioH «3abp3a» MOMAYEPKHYN €IIe OJHO CJIEICTBUE
THIPOTEPMATIbHOM JESITENbHOCTH, BIMSIONIEH Ha COCTO-
stuie JlonuHbI reif3epoB, a TOYHEE — HA M3MEHEHUE pe-
npeda MoBEpXHOCTH — 00pazoBaHue onon3Hel. B Mectax
BBIXO/Ia MMapa TBepjble (CKalbHbIE) TOPHBIE MOPOBI IO-
CTCIICHHO I0J] BO3JCHCTBHEM KHCIBIX PACTBOPOB, 00pa-
SYIOUIIHMXCA IPU KOHACHCAIIUU ITapa U paCTBOPCHUS ra30B,
MpeBpaliatoTCa B OTHOCUTCIIBHO MATKUC TTIMHBI. I'munb!
JIETKO Pa3MBIBAIOTCS BOJAMM ITOBEPXHOCTHOTO cToka. Ha
TaKHX y9acTKaxX 00pas3yroTCs BHIMOJIIOKECHHBIC TUIOIIAIKH,
penbed m3mensercs. Ha KpyThIX CKJIOHAX 3TOT MpoIiece
uznet 6ojiee NHTCHCHBHO 3a CUET OIMOJ3HEBBIX SBJICHUH,
Pa3BUTUC KOTOPBIX CBA3AHO C YBJIAJKHCHHUCM IJIMH MPH
BBINAICHIH aTMOC(HEPHBIX OCAIKOB M CHeroTasHuH. J{o-
MOJTHUTEIIBHBIM (PaKTOpOM 00pa30BaHUsI OMOJI3HEH B Be-
CCHHEC BPEM: B YCIIOBUAX ,HOJ'II/IHI)I SABJIICTCA HAarpy3Ka Ha
IJIMHUCTYIO MacCcy MHOI'OMETPOBBIX CHEXKHUKOB. B 1uxiio-
HUYECKHUH Ke TNEPpUOoJ CUIJIbHBIC NOXAWU NEPCYBIAKHIAIOT
IIMHUCTOE TEJIO OYAYIIEro OMO3HsI, Harpy»XKas TOTIOIHH-
TCJIIBHBIM BECOM BOIbI. B PEIYILTATE — YCUIICHUC CPBIBOB
U OIOJ3HEH OONBIINX Macc MOPOA Ha CKJIOHAX JONHHBI
BO BpeMs LUKIOHA. OAMH Takoi OMON3€Hb IMPOU3O0IIEI
Ha jeBoM ckiioHe p. [eitzepHoii, B 300 M OT HCTOUHHKA
ManaxutoBslii I'pot, Ha BeicoTe 80 M 0T pekn. OH ObLT
IIPpUYPOUYCH K MECTaM pa3BUTHA U3MCHCHHBIX ITOPO/I U I1a-
pSIIUX y4acTKoOB. [71yOMHA OTpEHIBA TeNa OMOI3HS TOCTH-
rana 6, mupuna 4,5 M. PazButue onomnsHeil B ycioBusx
HETIPEPBIBHOIO Ipo1ecca ru APOTEPMaIbHOTO U3MCHEHU A
CKaJIbHBIX TOPHBIX IMOPO/, NMpeBpallaroninx X B ITIUHBI,
NEPCYBJIAXKHCHUA IIPpU TaAHUMU CHETa W HWHTCHCUBHBIX
0Ca/IKOB, JONOJHUTENBHOM Harpy3Ky Ha NIMHUCTBIM Mac-
CHUB CHEC)KHUKOB U MAaCCBI )KUAKUX OCAaJIKOB CYHICCTBCHHO
BJIMSIFOT Ha pesibehooOpazoBaHume.

Hecnyu4aiino 3aMeTHbIE U3MEHEHUS IOBEPXHOCTHU Ha-
OMromaroTCs Ha ydacTKaxX paclpoCTpaHEHUs IIIMH U BHI-
XOJIOB TIapa B BHJE OTHCNBHBIX CTPYH I IDIOIIATHOTO
naperns. K TakuM ydacTkaMm IPUBS3aHBI H pACITHPCHHBIE
4acTH JoNMUHEI [ eifi3epHOl U ee TPUTOKOB, HATIPUMED, J10-
nuHb pyd. Bogonagnoro u lleneBoro. Tam xe, rae rua-
pOoTepMabHas aKTHBHOCTH IPOSIBIISIETCS B BUAE TOPSINX
Y KUIIIUX NCTOYHUKOB, YUYAaCTKH CKJIOHOB M Oepera peku
U py4beB, HA000POT, O0JIee yCTOMYUBEI, TAK KaK YKpeTLIie-
HBI 00JIOMKaMH U TIIBIOAMH TOPHBIX MOPOJI, CIIEMEHTHPO-
BaHHBIX OCAJKaMH TOPSYMX KPEMHHUHCOAEP)KAIINX BOJ.
IMpumepom mogoOHOTO posia yJacTKOB SBISIFOTCS OTIUCAH-
HBIC BBIIIE «CTEHKHU KapJIMKOBEIX TCH3epOBY.

K Haumbosiee cyliecTBEeHHBIM TIepeMEHaM B paioHE
JlonvHEI Tei3epoB 3a HAOMIONaeMbIid TIEPUOJ] OTHOCSTCS
Taxxe rcue3HoBeHne byprsmero kotna u pyd. ['opsaero
Ha Bepxue-I'eit3epHoM monie u oOpylIeHUe 31eCh YacTH
OOpBIBUCTOTO CKIIOHA. Marepuan OOpYIICHHUs, TILIOBI
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MOPOA PA3IUYHOTO pa3Mepa yCEsiH MOBEPXHOCTh Tep-
MaJIBHOTO TIOJIsI, 3aMETHO HAPYIIUB BUJ TOBEPXHOCTHBIX
TepMonposABiIeHUN. IIocKkoIbKy 3TO IPOM30LUIO HOCHE
CEpUH OIIYTUMBIX CEHCMHUYECKHX TOM4KOB (B 1986 1),
HaOmoaBIIAs TIEPBOI pe3yNbTaThl MPOU3OLICNIETO Ha-
yuHbli coTpynHuk MHctutyTa Bynkanonoruu O. @. Kap-
JTAHOBA, CTIPABEAJIMBO HA3bIBACT MPHUUMHON 00Basa CUIIb-
HO€ 3eMileTpsiceHue. B 1ot ke nepuon ucues bypusammii
KoTell. BeposiTHEE Beero, pUYMHA Ta JKe — CEHCMHUYIECKHE
TOJYKH, CJIEACTBHEM KOTOPBIX SIBHJIAch IIEpEeCTpoiika
(cxartue) MoABOMAIIEH TPEIIUHBI MM CUCTEMBI TPEIIHH.
IIpakTHuecku nepecTan CylUecTBOBaTh Takxke pyd. [ops-
YUi, TUTaBIINICS PEeUMyIIeCTBEHHO BoAol Bypisiero
KOT7a. MOXXHO 3aKJIIOYHTH, OLICHUBAS B IIEJIOM PACCMOT-
PCHHBIE H3MEHEHMS THIAPOTEPMATIBHON MEsITeNbHOCTH,
YTO IMKJIOHMYECKHE BO3JCHCTBHSA, IOBTOpSEMBIC He-
OIHOKPATHO B TE€UCHHE JUIUTEIHHOTO NEPUOAA, a TaKKe
CHJIBHBIC 3€MJICTPSICEHUS] OKAa3bIBAIOT CYIIECTBEHHOE
BIMSHUE Ha W3MeHeHue nanmmadra JJonuHbl refizepos,
B YaCTHOCTH Ha M3MCHEHMS IOBEPXHOCTHOH T'HMAPOTEp-
MaJbHOH aKTUBHOCTH.

[IpodomkumesnbHoCMb
KU3HU 2eli3epos

CyliecTBOBaHHE M Pa3BUTHE TeH3€pOB, Kak cCleay-
€T U3 NPEeAbIAYIIEro U3JI0KEHUS, CBSI3aHO C Pa3BUTHEM
TUAPOTEPMAIBHON JEsATEeIbHOCTH B INpenenax BBICOKO-
TeMIEepaTypHbIX T'HAPOTepMaTIbHBIX cucteM. dopmupo-
BaHue ['eli3epHOI CHCTEMBI, C KOTOPOU CBSI3aHBI T€HU3EPhI
Jonunel, Hayasiock okoio 10 ThIc. JeT Ha3ax mocie Io-
cieaHero onefaeHeHus. OYeBUIHO, B TEUEHHUE BCETO WU
YacTH 3TOT0 IEepUOAa pa3BUBAIACh U NOBEPXHOCTHAS T'H-
JIpoTepMajibHasi aKTUBHOCTb, IMPOSBIEHUS KOHKPETHBIX
BUJIOB KOTOPOM ONpEeAETICHHO YCTaHOBUTh TPYAHO. MoX-
HO TIPEIIOIOKHUTE, YTO BHAYAIIE TEPMOIIPOSIBICHUS OBUIH
MpeCTaBIEHbI Fa30IaPOBBIMU CTPYSIMHU U 3aTE€M, 110 MEpe
BCKpBITUSL pekor [eli3epHOl MepeKphIBAIOIINX TeoTep-
MaJbHBII pe3epByap OTIOKEHHH, NbEe30METPUUECKHI
YPOBEHb TEPMAJIbHBIX BOJA MPEBBICKI JTHEBHYIO MOBEPX-
HOCTb, Y MOSBUJIUCH YCJIOBUS 1711 00pa30BaHUs UCTOYHU-
KOB U reisepoB. To ecTb reisepsl, ckopee BCero, MOIIH
MOSIBUTHCSA Ha CaMOM OJHM3KOM K HACTOSIIEMY BPEMEHH
JTare CyllecTBOBaHUS THAPOTEPMATIbHON CUCTEMBI. XOTS
TEOPETUYECKU UCTOYHUKH U Teii3epbl MOIJIM BOSHUKHYTb,
MO-BUINMOMY, Ha JIFOOOM 3Tarle e¢ CTAaHOBICHHSI.

[IpAMBIX JaHHBIX, ONPEAEIAIOLINX BO3PACT, IPOAOIKHU-
TEJNEHOCTH JKU3HU Tel3epoB, KOHEUHO, HeT. B. B. ABepren
MOZIOILIEN K OLIEHKE BPEMEHH CYIIeCTBOBaHuUS reiizepa Be-
JIMKaHa, ONMPAsCh Ha CKOPOCTh pocTa reifzepura. TommuHa
CJIOMCTOM Te3epUTOBOM KOPKHM Ha Iwomaake Bemukana
nocturia 10 cm. V3 mpearnonokeHusi, 9to KaKIblid CIIOi
TaK e, KaK ¥ 3a()KCHPOBAHHBIN COBPEMEHHBII, TOIIINHON
0,1 MM, cozmaBalicsi 3a OZJMH I'OJI, JIETKO ONpeJIeNseTcs Bpe-
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(Bubbling) pot at the Upper-Geyser Field and failure of a part
of the precipitous slope here. Collapsed material and rock
blocks of different dimensions were littered over the sur-
face of the thermal field thus having considerably changed
the picture of surface thermal manifestations. Since the
above events occurred right after a series of quite percep-
tible seismic impacts (in 1986), a member of the Institute of
Volcanology O. F. Kardanova who was the first to observe
the results of what had happened, justly states the reason
of the collapse to be an earthquake. Disappearance of the
Burlyashchii pot took place in the same period, which was
most probably caused by the same fact — seismic impacts
resulted in the reconstruction (compression) of the feeding
fissure or the system of fissures. Goryachii brook fed mostly
by the waters from the Burlyashchii pot, in fact, also van-
ished. Generally evaluating the described changes of hy-
drothermal activity, we can conclude that cyclonic effects
occurring repeatedly during a long period of time, as well as
strong earthquakes, essentially influence the changes of the
landscape of the Valley of Geysers, particularly the changes
of surface hydrothermal activity.

Geysers’

lifetime

As it follows from the above presentation, existence and
evolution of geysers is connected with evolution of hydro-
thermal activity within the boundaries of high-temperature
hydrothermal systems. Formation of the Geysernaya sys-
tem, to which geysers of the Valley of Geysers are confined,
started about 10 thousand years ago after the last period
of glaciation. Evidently, during the whole period or its part,
surface hydrothermal activity evolved as well. We can sug-
gest that at the beginning, thermal manifestations were pre-
sented by steam-gas jets, and then, as the Geysernaya river
was exposing the sediments overlapping the hydrothermal
reservoir, piezometric level of thermal waters exceeded the
original ground, thus creating the conditions for the formation
of springs and geysers. In other words, geysers might more
probably appear immediately prior to the present-day stage
of the hydrothermal system evolution, though, theoretically,
springs and geysers could come into life at any stage of its
formation. There is no direct data on the age and lifetime of
geysers. V. V. Averiev came to the estimation of the Velikan
geyser age based on the rate of geyserite growth. Layered
geyserite shield over the Velikan construction reached 10 cm
in thickness. Assuming that each layer formation took one
year (according to the recorded present-day one, 0.1 mm
thick), period of the shield formation is easily determined to
be 1 000 years. Consequently, Velikan or its predecessor
might appear about 1 thousand years ago. The same age
order for the Troinoi geyser is presented in this manual by
G. A. Karpov. Resulting the estimation of continuous work of
geysers is to some extent confirmed by insignificant change-
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ability of geysers’ state and regime in the Valley of Geysers
during almost 60 years of observations.

Unfortunately, there is quite few information about the du-
ration of geysers’ life in other areas of their occurrence either.
The earliest mention (1294) about geysers refers to Iceland,
where geyser eruption was first reported, which gave the
name for all the geysers of the World — that of Geysir. That
one is still operating, that is, its age is at least 700 years.
Famous geysers of Yellowstone in USA and in New Zealand
have existed for at least 150 years already, which is evidenced
by their first descriptions given in the middle of the nineteenth
century. However, in one of the zones of modern hydrother-
mal activity — Orakeikorako (New Zealand), according to the
legends of the natives (Maori), hot springs (geysers?) already
occurred in 1600, that is, they are certainly over 400 years
of age. In Kamchatka, activity of boiling springs and geysers
was reported in the valley of the Pauzhetka river 260 years
ago by S. P. Krasheninnikov.

Thus, if to take into consideration all the direct and minor
data on the duration of life of geysers, it becomes obvious
that they can operate for a few hundred years, and, presu-
mably up to 2-3 thousand years. This naturally refers to the
duration of geyser operation in general. Individual geysers
are born and live in much smaller time intervals. It is clear,
as during shorter period of time the external conditions influ-
encing the work of geysers change, in comparison with the
basic parameters of hydrothermal activity as a whole about
what it was spoken above. We speak, first of all, about the
change of conditions for thermal water discharge, that is the
geometry of the channel and vent, morphology and disloca-
tion of the channel of a geyser in the fractured environment.
This in many respects defines the possibility of cold ground
and surface waters as well as cooled waters ejected by the
geyser itself, to enter the geyser system Earthquakes can
also affect these conditions.

There are remarkable examples of behaviour of indi-
vidual geysers according to supervision in other countries
in which geysers operate. The shortest period of operation
was reported for the geyser Waimangu in New Zealand. It
emerged in 1900, operated for 4 years only and died out
due to sudden drop of water level in the nearby lake. No-
table is that collapse of this geyser did not indicate the sei-
zure of geyser activity as such. 2—3 smaller geysers are
still operating in this area. In 1886, another New Zealand
geyser named Tetareta was completely buried during the
eruption of the Taravera volcano, as well as two magnifi-
cent geyserite terraces. But even volcanic eruption failed
to stop hydrothermal activity: some time later, new thermal
manifestations appeared at the sites of the terraces and
geysers. Described is the case of geyser activity restoration
and even formation of a new geyser (Seismic) at the geyser
field Upper Basin in Yellowstone National Park in the result
of a strong earthquake in 1959 with epicenter located in the
vicinity of the western border of the Park.

It is necessary to note especially about disappearance of
geysers under influence of artificial factors. Thus, sampling of
great volumes of high-temperature waters from geothermal
wells recently drilled around geyser fields for the operation
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Mst 06pazoBanust kopku B 1 000 siet. CnenoBarennsHo, reisep
Benukas i ero npe/iecTBeHHUK MOIIA BO3HUKHYTh IPH-
omusurensHO 1 000 et Tomy Hazan. Taxoit ske BO3pacTHOM
nopsanok A reisepa Tpoiinoro npusogur I. A. Kapnos,
OITHCHIBASL TEW3EPUTHI HA CTPAHULAX 3TOTO MyTEBOMUTEII.
INomydeHHast OIleHKa BpeMEHH HENPEPhIBHOM paboThI reif-
3€pOB MOATBEP)KIAETCS B KAKOW-TO Mepe Majiol M3MEHYH-
BOCTBIO COCTOSIHUS U peKuMa TeifzepoB JoauHbI reiizepos
3a ouTu 60-JIeTHUI TIeproJT HAOTIONCHUH.

K coxkanenuto, Mano CBEIEHUN O NPOIOJKUTEIBHOCTH
JCATENBPHOCTH TeH3epoB U B APYIMX PETHOHAX UX CyIe-
crBoBanmA. Camoe paHHee yroMuHanue (1294 r) o reifzepax
OTHOCHUTCS K Vcnmanauy, Ie BIepBble OBLIO OTMEUCHO H3-
BEP)KEHHUE Ieii3epa, KOTOPBIA Jall UMs BCEM APYTUM reize-
pam mupa — Geysir. OH feficTByeT u HeIHE, TO ecTh 700 JeT.
3HamenuThie Teiizepsl Memtoycrona B CIIIA u Hogoii 3e-
JIAHJMM CYILECTBYIOT He MeHee 150 JeT, 0 ueM CBHJIETENb-
CTBYIOT UX IlepBble onucanus B cepequne XIX B. Ilpasna,
B OJJHOM U3 MECT COBPEMEHHON I'HPOTEPMAILHON aKTUBHO-
ct HoBoii 3enannnm — Opakeiikopako 1o JiereH1aMm KopeH-
HBIX JKHTEJIeH, MaOpH, TOpsTIre NCTOUHUKH (Teii3epbl?) Oblm
yke B 1600 r., To ecTb Bo3pacT Ux HUKaK He MeHblie 400 jeT.
Ha Kamuarke fiesiTenbHOCTD KUTISIIIMX HCTOYHUKOB U reze-
POB IOKYMEHTaJIBHO 3a(uKCHpOBaHa B jonuHe p. [layxeTkn
260 net Tomy Hazax C. I1. KpameHHHHUKOBBIM.

Takum 00pa3oM, ecii IPUHATH BO BHUMAHHE IIPSMBIC
U KOCBEHHBIC TAaHHBIC O JUINTEINBHOCTH CYIIECTBOBAHHUS
reif3epoB, TO CTAHOBHUTCS OYEBUIHBIM, YTO OHH MOTYT
(DYyHKLIIMOHMPOBATH B TEUCHHUE TIEPBBIX COTEH JIET U, MPEA-
MOJIOKUTEIbHO, — Ha MPOTSHKEHUMHM 2-3 ThICAYENIETHH.
Pa3ymeercs, 3T0 OTHOCHTCS K TPOIOIDKUTEIBHOCTH Jesl-
TEBHOCTH Tei3epoB BooOuIe. HauBHIyanbHble rei3epsl
POXKAAIOTCS U JKUBYT B 3HAYUTEIIFHO MEHBIIIEM BPEMEHHOM
MHTEpBajie. DTO U MOHATHO, TaK Kak B 6oJiee KOPOTKHii me-
PHOI BPEMECHH HM3MCHSIOTCS BHEIIHHE YCIOBHS, BIHSIO-
mye Ha paboTy Tei3epoB, 10 CPABHEHUIO C OCHOBHBIMHU
MOKa3aTeISIMU THAPOTEPMAIBHOMN AESTENFHOCTH B LEIIOM,
0 YeM ToBOpWJIOCH BhIImIe. Peub mpmet, mpexne Bcero, o0
W3MEHCHUH YCIIOBHH BBIXOJA TEPMAaIbHOH BOJIBI, TO €CTh
TeOMETPUH KaHajla U BBIXOIHOTO OTBEPCTHS, MOP(OIOTHI
Y pacriofioKeHUH KaHaJla Tei3epa B TPEIIMHOBATON Cperie.
OHM BO MHOTOM OHpPEAENISIOT BO3MOKHOCTB ITOTIAIaHHS
B CHCTEMY rei3epa XOJIOIHON TPyHTOBOW M TOBEPXHOCTHOM
BOJIBI MJTM OXJIQXKACHHOM M3BEPrHYTON BOIBI CAMOTO Tei3e-
pa. MoryT NoBIIUATh Ha 3TH yCIIOBUSI M 3€MIIETPSCEHMS.

Ectp 3ameuarenbHble NPUMEPBI NOBEICHUS HHIUBHU-
JyalbHBIX Teif3epoB IO JaHHBIM HAOMIONEHMI B IPYTHX
CTpaHax, B KOTOPBIX JIEHCTBYIOT reizepbl. CaMbIM KOPOT-
KHM 10 BpEMEHH CYILECTBOBAaHHS M3 U3BECTHBIX T€i3epOB
Obu1 Benmukuii Baiimanry B HoBoit 3enanmun. OH BO3HUK
B 1900 r. m neiicrBoBan Bcero 4 roma. leiizep mpekpa-
THUJI CBOIO JIESTENBHOCTh M3-3a PE3KOTO MaJeHUS YPOBHS
BOABI B ONMHM3pacmonokeHHOM o3epe. llpumedarensHo,
YTO MCYE3HOBEHHE ITOTO reiizepa HE ObUIO OKOHYaHHEM
rei3epHoO aKTUBHOCTH Kak TakoBo#. J[o cmx mop 3mech
paboratot 2—3 HeOONBIIMX Teit3epa. Ipyroit HoBo3enaHI-
ckmii rerizep Terapera BMecTe ¢ ABYMSI KPaCHBEUITMMH
reif3epuTOBEIMU TeppacaMi ObII TOJHOCTBIO 3achIaH
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IIpu U3Bep>keHUM BynkaHa Tapasepa B 1886 r. Ho maxe
U3BEPKEHHUE BYJIKAHA HE CMOIIO OCTAaHOBUTH THAPOTEP-
MAaJIBHYIO JIEITEIBHOCTD: CITyCTSI HEKOTOPOE BpeMsI Ha Me-
CTe Teppac U reif3epa MOSBIINCH Ha TOBEPXHOCTU HOBBIE
TepMmorposiBieHys. OnucaH ciaydaid akTUBU3aLUU relsep-
HOH JIeSITENFHOCTH U Jake 00pa3oBaHKHE HOBOTO reiizepa
(Seismic — celicMudeckoro) Ha reizepHoM none Bepxuuit
Gacceiin [enioycTOHCKOTO HalMOHATLHOTO MapKa B pe-
3yJbTare CHUIIbHOTO 3emiieTpsicenus 1959 r., snuueHTp xo-
TOPOTO HAXOAWIICS BOJIH3U 3aIIaTHON TPaHHIBI ITapKa.
Cnenmyer 0co00 OTMETHUTH NCYE3HOBEHHUE I'eif3epoB 1M0x
BIIMSIHIEM HCKYCCTBEHHBIX (hakTopoB. Tak, n3BIeUeHHE
OOINBIIOr0 00BbEMa BBICOKOTEMIIEPATYPHON BOIBI U3 TE0-
TEPMAJIBHBIX CKBKHH, MPOOYPCHHBIX B MOCIEIHHUE TONBI
BOMM3M Teif3epHBIX mHONed At paboThl TeOTepMaNbHBIX
3IEKTPOCTAHIINI, CYIIIECTBCHHO OHKAET [THE30METPUYIEC-
KU YpOBEHBb BOIOHOCHOTO TIIacTa. B pesynprare ropstane
HOJ[3¢MHBIC BOJBI HE MOTYT HMOIHATHCSA HAa IOBEPXHOCTD,
9T00BI 00pa30BaTh NCTOYHHKHU U Tei3eprl. B OopmHCTBE
CIIy4aeB IIPU 3TOM HCYE3aI0T U APYTHe BHUBI IIOBEPXHOCT-
HOMW rupoTepMalibHON akTuBHOCTH. Hanpumep, B paiioHe
[Nay>xeTckux KUMAIMUX UCTOYHMKOB HAa Kamdarke pabota
reOTepMaJIbHOM AJIEKTPOCTAHIMK CTajla NPUYMHOU HC-
YEe3HOBCHUS HEOOJBIINX I'eH3ePOB, KUILIINX HUCTOYHHKOB
U NIPOYMX TEPMOIPOSBICHUH, HEKOora yKkpamasmux Ilay-
XKeTckoe TepMainbHoe moie. [logoGHoe Habmromanock Ha
TepManbHbIX Nossix Hosoit 3enanavu u Mcnanmuu. B Ho-
BOM 3enaH1u, Ha YIIOMUHABIIEMCS BbILIE TEW3EpPHOM I1011E
Opaxkelikopako, OONBIIMHCTBO TeH3epoB OBUIM MPOCTO 3a-
TOIUICHBI, OKA3aBIIMCH TI0]] BOXOW BOJOXPAHMIIHIIA, BO3-
HUKIIIETO [TOCJIE CTPOUTENHCTBA IJIOTHHBI Ha p. Baiikaro.
U Bce ke, Ha HaI B3I, OOJBIIMHCTBO UHIUBHUTYATb-
HBIX TeH3epOB MOSIBISIIOTCS, IPEOOPa3yIOTCs WIIH NCYE3ar0T
HE B CHJIy PACCMOTPCHHBIX BBIIIEC MCKIIOYUTEIIBHBIX, €CTE-
CTBEHHBIX WJIH MICKYCCTBEHHBIX IIPUYMH, HO BCIICICTBUE U3-
MEHEHHH MOP(OJIOTHH BEIXOJOB BOIBI B TOUKE Tei3epa 1 13-
MEHeHUM kaHama. [Ipy 3ToM BenvKa pojb camoro reifsepa,
KOTOPBIH pa3palaThIBacT MM «3aJIeUMBaeT» KaHAI U CHUCTeE-
My HOABOZSAIINX TPEITHH. YBUIETH TAKOTO Poza mpeodpaso-
BAHS MOYKHO TOJIBKO B XOZI€ JUTUTENIBHBIX CHCTEMATHYECCKIX
HAOIONCHUI 33 JEATENBPHOCTBIO KOHKPETHBIX TEeH3epOB.
K cokanennio, mx MaJio 1, COOTBETCTBEHHO, CKYTHBI 3a()HK-
CHpOBaHHbIE IPUMEPBI I3MEHEHUH Te3epPHON aKTUBHOCTH.
B [onune reizepoB, A€ MEPHUON CHUCTEMATHYECKUX
HaOJTIONCHMI HEBEIHK, ObUIM 3aMEUCHBI CITyJan Mepexona
KAILSIIUX UCTOYHUKOB B TEH3EPHBIN PEKUM PaOOTHI U Ha-
obopot. Ha npaBom Gepery pyd. Bomonanmxoro B 1975 .
B KpYyIJIOH BOPOHKE 0Opa3oBalics Tei3ep ¢ He3HAYHUTEIb-
HBIM pacxoloM. YK€ Ha CIIEAYIOIMM Ioj u3-3a OTCYT-
CTBMS CIIMBA BOABI €€ TeMIlepaTypa B BOPOHKE IepecTana
JOCTHTATh TOYKW KUIEHUS, U OHA JIWIIb C1abo mapuia 3a
CUeT Iapa, MOCTYNAIOUIET0 B JHO IOHMKEHUS, 3aIll0JIHEH-
HOTO BOIOH MOBEPXHOCTHOTO CTOKa. JlocTarouHo ObLIO
TIOSIBUTHCS HEOOJBIION IETH ISl CTOKA BOIBI, KaK BHOBB
MOJIyYMJICAd MCTOUYHUK C I'ef3epHBbIM pekuMoM. B naHHOM
cilyyae IPUYMHOW HCYE3HOBEHHUS, a 3aTeM IOSBJICHUSA
reiizepa CTajo U3MEHEHHE Iepenasia AaBlIeHus B KaHae,
BBI3BAaHHOTO M3MEHEHHEM MOP(OJIOTHH MecTa pasrpy3KH.
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of geothermal electric power plants essentially reduces pi-
ezometric level of the aquiferous stratum. In the result, hot
ground waters can not reach the surface to form springs and
geysers. In most cases, this leads to disappearance of other
kinds of surface hydrothermal activity as well. For instance, in
the area of the Pauzhetka boiling springs in Kamchatka, work
of a geothermal electric power station became the reason
of disappearance of small geysers, boiling springs and other
thermal manifestations, once decorating the Pauzhetka ther-
mal field. The same phenomenon was observed at thermal
fields of New Zealand and Iceland. In New Zealand, at the
abovementioned geyser field of Orakeikorako, most geysers
were simply flooded by the waters of a water reservoir that
had formed after the construction of the dam on the Waikato
river.

However, we believe that most individual geysers appear,
transform or collapse not due to the above natural or artificial
reasons, but because of changes of the morphology of water
discharges at the site of a geyser, or changes of the geyser
channel. At the same time, significant is the role of the geyser
itself, whose operation develops or heals the channel and the
system of feeding fissures. Watching such transformations is
possible only in the course of long-term systematic observa-
tions of the certain geysers’ operation. Such observations are
not numerous, and hence, the examples of geyser operation
changes are quite poor.

In the Valley of Geysers, where the period of systematic
surveys is not large, cases of transformation of boiling springs
to the geyser operation mode and vice versa have been re-
ported. In 1975, at the right side of the Vodopadnyi brook,
a geyser had emerged in a round funnel with small flow rate.
Next year, having no drainage, water temperature within the
funnel stopped reaching the boiling-point and went on slightly
steaming due to the steam supplied to the fall-bottom filled
with water of surface run-off. Appearance of a small fissure
for water outflow was enough to give rise to a spring with
the geyser operation mode. In the case considered, the rea-
son of the geyser collapse and restoration was the change
of pressure differences in the channel due to the change of
morphology of the discharge site. Boiling springs Paryash-
chii and Averievskii passed to the geyser operation regime
as well. In 1987, a new geyser (Kotly) appeared at the VII
(Lagernyi) Site, beside the Blue Lake. Tendency for chang-
ing the regime to the geyser one manifested by a number of
constantly active geysers at the Central Site of the Valley of
Geysers, as well as the birth of a new geyser, is associated
with the spreading fissuring, extension of geyser channels
and, possibly, with the lowering of the pressure level of the
thermal complex due to the sunken level of the river. This fact
also contributes to the abovementioned prolongation of the
Velikan geyser periodicity.

Transformation of geysers to boiling water pots and
their disappearance due to fissure closure by solid sili-
ceous sediments have been reported for geyser fields of
Iceland, New Zealand and Yellowstone national Park in
USA. In the Valley of Geysers, this sort of «self-curing»
of fissures and channels of small geysers by silica depos-
its and their consequent disappearance is clearly traced
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106. The valley of Vodopadnyi Creek burried with deposites of the mud-and-rock slump, October 16,
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IIpousomen Takxe NEpexon Ku-
mAIMx McToyHukoB Ilapsiero u
ABEpBEBCKOTO B FeH3epHBIH PEXKUM
pabotsl. B 1987 1. 6610 OTMEUEHO
HOsIBJIEHHME HOBOTO rei3epa Ha VII,
JlarepHom, yvacTtke BOMu3u [omy-
6oro o3epa (reitzep Korisr). Hame-
TuBLIasics Ha LleHTpanbHOM yuyacT-
ke JlonvHBI Tel3epoB TEHACHIUS
K IIepexofly B TeW3epHBIH pEeKUM
psiAa TOCTOSIHHO JEHUCTBYIOIIMX
HUCTOYHHUKOB H IIOSABJIICHUEC HOBO-
ro reisepa CBs3aHbl C pa3sBUTHUEM
TPCIIUHOBATOCTH, PaACHIMPCHUEM
KaHaJIOB Te3epOB U, BO3MOXKHO, CO
CHM)KCHHUEM OTMCTKU HAIOPHOTIO
YPOBHSI TEPMAaJIbHOTO KOMILIEKCa
BCJIC/ICTBUC YIITyOHBIIIErOCS 3/1€Ch
Bpe3a peku. KocBeHHO 3TO mop-
TBEPXKAAET U YIIOMUHABIIEECS pa-
HEC YBCIMYCHUC TMECPUOAUITHOCTU
reiizepa Benuxkan.

IIpeBparienue reisepoB B Ku-
IIAIKUE BOAHBIC KOTIIBI WJIM HUX HUC-
YEe3HOBCHUE B PE3YJIbTATE 3aKPHITHS

p@zH@fVH VA roznin ]

at the sites of «Tiny Geysers». Unfortunately, there is not
many recorded cases of such transformation of geysers
and boiling springs, since numerous minor thermal mani-
festations often appeared outside of a field of vision of re-
searchers. Quite probably, rounded pots filled with water
of chloride-sodium (geyser) composition with temperature
close to the boiling-point are nothing but the former large
geysers. Isometric water pool (Kruglyi), located opposite to
pulsing springs in holes, and the Blue pot can be evidently
referred to that group.

So, coming back to the duration of geysers lifetime, we
can with some certainty state relatively short-term activ-
ity of individual geysers and changes of their regime within
hundreds and dozens of years, as well as more durable ex-
istence of geyser fields (hundreds and few thousand years).
Duration of life of individual geysers is much shorter, because
much more various external factors affect their operation, to
which refer the «self-destroying» action of the geyser itself
that enlarges or reduces the diameter of the channel and
changes its form.

It is surely impossible to determine the time of trans-
formation or collapse of certain individual geysers. Based
upon our knowledge of geysers and the above poor data
on their lifetime, we can only suggest that geysers in the
Valley of Geysers will go on operating for the nearest hun-
dreds of years. As for individual geysers, their transforma-
tion or even collapse is possible already in our century.
Sad as it is, geysers Velikan and Grot are the first in the
list of large geysers of the Valley of Geysers, whose disap-
pearance is the most probable. The matter is that Velikan,
having quite small average flow rate and vast bath surface
in the upper part of the channel, has almost reached the

TPELIVH 3aTBEPAEBIIMMU  KpPEM-
HHUCTBIMH OTJIOKCHUAMMN OIIMCAHO I reﬁ3eprlx nojaeHn
Hcnanauu, HoBoi 3emanauu u ﬁennoyCTOHCKoro HaIHo-
HaspHOTO napka B CIIIA. B JlonuHe reiizepos Takoe «ca-
MO3aJICYUBAHHUEC) TPEUINH U KaHAJIOB He6OJ'II)HH/IX F€ﬁ3epOB
OTIOKCHUAMNU KpEMHE3EMa H, BCJIICACTBHUC 3TOI0, UX HUC-
YEe3HOBEHHE TPEKPACHO BUJIHO HA YYACTKAX «KAPJIMKOBBIX
reifsepoBy. 3aUKCHPOBaHHBIX (PAKTOB TaKOTO MPeodpaso-
BaHUA reﬁ3epOB U KUIBIIIMX HCTOYHHMKOB, K COXAJICHUIO,
MaJio, TaK KaK MHOT'OYUCJICHHBIC MEJIKHME TCPMOIIPOABICHUA
3a4acTyI0 OKa3bIBAIMCH BHE IOJIS 3pEHUS HCCIIEIOBATEIICH.
Brionne BepositHO, uto B JlonuHe rei3epoB MMEIOIIHECS
BOPOHKH (KOTJIBI) OKPYITION (pOPMBI, 3arlONHEHHBIE BOION
XJIOPHUHO-HATPUEBOTO (TeH3epHOT0) COCTaBa ¢ TEMIIePaTy-
PpOH, ONM3KOM K TOYKE KUTICHHS, HE YTO MHOE, KaK OBIBILINE
OosbInme reizepsl. K HUM, BHIMMO, OTHOCSITCS H30METPHY-
HOH (opmbl BomHBI KoTen (Kpymislit) HapoTHB MyIbCH-
PYIOIIMX UCTOYHHUKOB B IMax | Kotel [omy0Ooi.

Wrax, Bo3Bpammascs K NpoAOHKUTENFHOCTH KU3HH Tei-
3epOB, MOKHO C OTIPEIECTICHHBIMH JOIYIICHUSIMU TOBOPUTH
00 OTHOCHTENTLHOW KPATKOBPEMEHHOCTH JICHCTBHUS OTIIEIThb-
HBIX TeH3epOB U M3MCHEHHS UX PEeKUMA B TIPEeNiax COTeH
U JICCATKOB JIET M O Oojee IIMTEITFHOM CYIIeCTBOBAHHII
reif3epHOTo MO (COTHH JIET U MepBbIE THICTYH JeT). MHmu-
BUIyaJIbHBIC TeH3ephl CyIIECTBYIOT O0Iee KOPOTKOE BPEMS,
MOTOMY YTO Ha WX JAESTENHHOCTH BIMSIET OONBIIE Pa3HO-
00pa3HbIX BHEMIHUX (DAKTOPOB, K YHCITY KOTOPBIX OTHO-
CUTCS U «caMopa3pylIaroleey» JISHCTBUE CaMOoro Tei3epa,
YBEIMYHBAOIIETO WM YMCHBIIAIOIETO CCUCHUE U M3Me-
HsOIIero opMy KaHana. Pazymeercs, ompenenuTs BpeMs
npeoOpa3oBaHs WITH NCYE3HOBEHNS KOHKPETHBIX TeH3EpOB
HEBO3MOXKHO. MOYKHO JIIIIB TIPEJIIIOI0KHUTh, OCHOBHIBASICh
Ha HaIlIMX 3HAHMSX O Teif3epax M BBICTIPHUBENCHHBIX CKY-
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TbIX JAaHHBIX O MPOAOJDKUTEIIBHOCTH UX
JKU3HH, UTO Teifzepsl B JlonmuHe reifzepos,
BEPOSATHO, Oy/IyT JEUCTBOBATH B TEUCHHUE
O KalIInX coTeH JieT. UTo jke KacaeTcst
HMHIIMBUYaJIbHBIX T€W3€pOB, TO UX IIpe-
00pa3oBaHUE WM JIaKe HCYE3HOBEHHUE
BO3MOKHO M B TeKyIleM croieTuu. Kak
9TO HU IIEYAJIBHO, B Py KPYIHBIX Ieid-
3epoB [lomMHBI Teii3epoB, BEPOSTHOCTD
HCYC3HOBCHUA KOTOPBIX BEJIMKA, CTOAT
nepebiMU Benmkan u I'pot. [eno B Tom,
yro BenukaH, umest HeOONBIIONH cpel-
HUI pacxol ¥ OOJBIIYI0 MOBEPXHOCTh
BaHHBl B BEPXHEW 4acTu KaHaJa, [Ipak-
TUYECKH JIOCTUT OajlaHCa MEXIY NpH-
BHOCUMOMW M3 HEZIP CUCTEMBI JHEPIrUeil
U ee MoTepeid B pe3yiibTare H3BEepKEeHMS,
WCTIapEHHUs BOMBI U TETUIOOTAAYH Yepes3

CTCHKM KaHasa. [lanbHelilee HEe3HAIH- pazexamennvlii nomok nepexpuin peuxy Ilymnyro u 3asanun zeiizep Ilepseney

TCJIbHOC paCHIMPCHUEC BaHHbI U KaHalla

The mud-and-rock flow has dumped up the Shumnaya River and blocked Pervenets

1 BO3MOXHOE K TOMY K€ YMCHBILICHHUE
MPUTOKA BBICOKOTEMIIEPATYPHOI BOIBI 32 CUCT CHIDKCHHS
MIE30METPHYECKOTO YPOBHS MOXKET IPUBECTH K HEOOpaTH-
MOMY TIpeoOpa30BaHUIO reif3epa BHaJasle B IyJIbCUPYIOIIHNA
HUCTOYHMK U 3aT€M — B BOIHBIN KoTen. Y reizepa I'por —
CXOIHOE COCTOSIHHE, HO B oTiIi4Me oT Benmmkana on Gornee
3alIUIICH CTCHaMM NCUIEPbI OT MHTCHCUBHOI'O HUCTIaApCHUA
C TIOBEPXHOCTH OacceifHa-BaHHBI U, KPOME TOTO, XapakTe-
pu3yeTcst GOMBIINM CPEIHUM CEKYHIHBIM PacXoloM. 3aTo
I'pot, pacmomarasich THIICOMETPHYECKH BbIIIC BermkaHna,
HaXOOUTCsA KakK OBl Ha npeacie BO3MOXXHOIO moabEMa BbI-
COKOTEMIIEpaTypHOH BOABI HA TIOBEPXHOCTH, YTO, KOHEUHO,
ocyaliseT aeicTBre rersepa.

VY>ke Tociie HaNMCaHMS OCHOBHBIX PA3ZeioB JAAHHOTO
ouepka 3 moHs 2007 T. MPOM30ILIO 00pYIIEHHE-0TIOI3EHb
Ha JIEBOM CKJIOHE JONUHBI p. [eil3epHOll B BEpXOBbAX
pyd4. BomomamHoro. 310 COOBITHE TIOKa3aj]0, YTO HAPSITY
C OITMCAHHBIMH BBIIIEC 3BOJOIIMOHHBIMHU U3MCHCHUAMMU I10-
BEPXHOCTHOM THIPOTEPMAIIbHOW aKTHBHOCTH, BBI3BAHHOM
B TOM YHCJIE€ OIIOJIBHCBBIMU IIPOLICCCaAMU, TIEPUOANICCKU
MOTYT TIPOHMCXOJNTh THTAHTCKHE pelibeooOpasyromie
OIIOJI3HH, IPAKTHIECKN MTHOBEHHO MEHSIIOIINE JIaHAmadT
U TOBEPXHOCTHYIO THUAPOTEPMAIbHYIO JEATEIbHOCTD,
BKJIIOYasi HCUE3HOBEHHE WJIU IOSIBJIEHUE HOBBIX I'€ii3epoB
Y UCTOYHUKOB WM U3MEHEHHE PEXKUMA CYIIECTBYIOIIUX.

Hwxe mpuBonuTCs onricanre mpou30IIe e mprupo/I-
HOU KaracTpo(sl B JloJMHE reii3epoB U €€ TOCIeACTBUS.

balance between the energy supplied from the system’s
depths and that lost due to eruption, water evaporation
and heat emission through the channel walls. Further in-
significant widening of the bath and probable reduce of
high-temperature water influx due to the lowering piezo-
metric level may result in the irreversible transformation of
the geyser first to the pulsating spring, and then — to the
water pot. Geyser Grot is now in the similar state, but, in
contrast to Velikan, it is more defended by the walls of the
grave from intensive evaporation from the bath surface;
besides, it is characterized by greater average flow rate
per second. On the other hand, being located hypsometri-
cally higher than Velikan, Grot stays as if at the breaking
point of possible ascend of high-temperature waters to the
surface, which naturally weakens the action of geyser.

The main part of this review had been written when one
more rockslide happened on June 3, 2007, in the upper
reaches of the Vodopadny Brook. This event demonstrated
that, together with evolutional changes of surface hydrother-
mal activity described above, giant relief-forming rockslides
changing the landscape and surface manifestations of this
activity can suddenly occur from time to time causing appear-
ance/disappearance of geysers and thermal springs or modi-
fication of their discharge.

The description of a natural catastrophe in the Valley of
Geysers is given below.
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Landslide
in the Valley of Geysers

on June 3, 2007:
formation and consequences

We have got used to consider the Earth to be hard and
stable but it permanently evolves and is subjected to vari-
ous deformations caused by both external (of space origin)
and internal (mainly magmatic) processes. However, when
a catastrophe (earthquake, volcanic eruption, glacier motion,
large rock fall or landslide) occurs, especially with the acci-
dent victims, we remember that Earth may be unstable and
dangerous but soon forget it and get calm again until the next
catastrophe occurs.

LANDSLIDE: FORMATION CONDITIONS

The natural catastrophe occurred in the Valley of Gey-
sers on June 3, 2007, 14.20 (local time). The complicated
landslide accompanied with mud-and-rock slump resulted
from rock fall, slip and shattering of steep slopes in the up-
per reaches of Vodopadny (Waterfall) brook (Fig. 9, 10).
The flow reached the Geyzernaya (Geyser) River and was
spread along its valley downwards the river mouth. The dam
was formed in the place of inflow of the Vodopadny Brook
into the Geyzernaya River, above which a large barrier lake
formed later (photo 106). The most beautiful places, namely
waterfalls, basins, geyser cones were buried under land-
slide deposits. Human victims did not take place only due to
lucky concurrence of circumstances. The huts in the Valley
of Geysers did not suffer from the landslide too: the mudslide
stopped only one meter apart from the wall of the camping!
The people were not hurt, and this was the main.

The slope failure started as an ordinary slide represented
by the shift of the rocks to a lower hypsometric level. During
the first phase, the flow of mud and coarse fragments was
formed, mainly due to thawing of the frozen coarse slope de-
posits and thick snow layer. In the valley of the Vodopadny
brook, fragmented and hardly watered mass of rocks formed
a typical mud-rock flood consisting of water, snow, boulders
and finer varied-sized rock fragments (Pinegina, Delemen,
Droznin et al., 2007). The flow moved with the rate of 35—
40 kph uprooting trees and bushes when passing. Its front
reached the place of confluence of the Vodopadny Brook with
the Geyzernaya River, where the dam began to form blocking
off the river valley. During the second phase, simultaneously

Yenosus obpazosarus

U Nocaedcmaus onos3Hs,
npousoweowezo 3 uwHa 2007 2.
8 [lonure 2elizepos

MBI NpUBBIKIN CYUTATh Hally 3€MIIIO TBEPIOW, He-
MOABIKHOM, HO OHA JKUBET, Pa3BHBACTCS, ITOCTOSHHO
WCTIBITBIBACT PasiIMyHbIe Ae(OpMaIliy, CBS3aHHBIE Kak
C BHEIIHUMH, KOCMHYECKHMH, TaK U C BHYTPCHHUMH,
MPEUMYIIECTBEHHO MarMaTn4ecKuMu, puauHaMu. Kor-
J1a TIPOUCXOMIAT KaKHUe-TO KaTacTPO(HBI — 3eMIICTPSICEHUS,
W3BEPKEHUS BYJIKAHOB, KPYITHBIC OOBajbl M OIOJI3HH,
TIOABIKKH JICTHUKOB, 0COOCHHO KOTZa MPU 3TOM THOHYT
JIFOITA, MBI BCIOMHHAEM O TOM, YTO 3eMHasl TBEPAb MOXKET
OBITH MOJIBMYKHOM, ONTACHOW, HO BCKOPE OIAThH 3a0bIBacM
00 3TOM, yCITOKanmBaeMcs JI0 CICIYIOIIEH KaTacTpodbl.

OIIOJI3EHB 1 YCJIOBHUA EI'O OBPA3OBAHUA

3 wrons 2007 . B 14 4 20 MuH (BpeMs MECTHOE)
B /lonmnHe reif3epoB MPOM30IIIA IPHPOAHAS KaTacTpo-
¢da — B pesyiprare oOpyIICHUS KPYThIX CKJIOHOB B BEp-
XOBBSIX pyd. Bomomamnoro, crom3aHust M IpoOieHHS
KPYITHBIX OJIOKOB TOPOA ObUT CHOPMHUPOBAH CIIOKHBIN
OTIONI3€Hb, COIPOBOXKIABIIHMNCS TPI3CKaAMEHHBIM IIOTO-
koM (pwuc. 9, 10).

[Torok moctur p. ['eifzepHOit U pacIipOCTpaHUIICS 1ajee
BHH3 II0 €€ JOJIMHE 10 YCThs. B ToM mecte, rae pyd. Bo-
JIOTITHBIN Briajan B p. [elizepHyro, oOpa3oBasiach namoa,
BBIIIIE KOTOPO TI03ke ObII0 CPOPMHUPOBAHO MPOTHIKEHHOE
noAnpyaHoe 03epo (poro 106). [Tox oTIOKEHUSIMA OTION3-
HSI OKa3aJIICh KPAacHBEHIIIIEe MeCTa: BOIOIIA IbI, BAHHEI, IT0-
cTpoiiku Tei3epoB. Tonbko citydaifHOe cTedeHUe 00CTOs-
TEJILCTB HE MpHBeEJIo K rubeny roaed. He moctpanamu ot
OTOJI3HS ¥ IOMUKH B JloNMHE Tel3epoB — KAMEHHAsI CTCHA
OCTaHOBIJIACH OYKBaJbHO B 1 M OT CTCHBI TOCTHHUIIBI!
Jlronun He OCTpaAAIN — U ATO TIIABHOE.

Ipornecc oOpymIeHNs CKIOHA HAYaCs KaK OOBIYHBIM
OTIONI3€Hb CKOJBKEHHUS, BBIPAXKAIOUIMICS B CMEIICHUU
0JI0Ka TOPHBIX TIOPO Ha OoJiee HU3KUIA TUTICOMETPUYEC-
KHi ypoBeHb. B mepByro (asy oOpylIeHHs MPOU30IILIIO0
oOpa3oBaHue OOJOMOYHOTO T'PSI3€KAMEHHOTO IOTOKAa,
MPEUMYIIECTBEHHO C(HOPMUPOBAHHOTO 32 CYET OTTAasB-
muX TpyOOOOIOMOYHBIX CKIOHOBBIX OTIOKEHHH U TON-
CTOro CHeroBoro nokposa. [lomas B gonmuHy pyd. Bogo-
MaJHOTO, Pa3apOOJICHHAS ¥ CHIBHO OOBOJHEHHAs Macca
mopox o0pa3oBaia THIHYHEBIN CENEBBIN IOTOK U3 CMECH
BOJBI, CHETra, IIBI0 W 0OoJiee MEJKHX pa3HOpa3MEpPHBIX
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Puc. 9. Cxema u nnanoewlit apoghomocHumor Onon3ns, 00pasoeasuiezocs
3 urona 2007 . 6 /[onune zeitzepos na Kamuamke. Ha cxeme 6uoHbl 0CHO6-
Hble IIeMEeHmbl CIPOCHUA ONON3HA, Donee MEMHbIM UGEMOM BblOeNeHA €20
UEHMPANbHAA YACMb, 20€ MOUGHOCHL OMJIONCEHUIL OblL1A MAKCUMANLHOU U 00-
cmuzana 60 m. Domo A. /]. Mypasvesa (UBuC /|BO PAH)

Fig. 9. The scheme and aerophotographic image of the landslide of June 3, 2007 in
the Valley of Geysers in Kamchatka. The main elements of the landslide are shown,
its central part where the thickness of deposit was maximal and reached 60 m is
marked by more dark colour. Photo by Ya. D. Muraviev (Institute of Volcanology and
Seismology of the Far-Eastern Branch of the Russian Academy of Sciences)
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with passing the rock-and-mud flow during 2.5 min, the bench
failure in near-watershed part of the river valley (in upper
reaches of Vodopadny Brook) was continued. The detrital av-
alanche of the second phase (practically dried) moved along
the surface of first-phase deposits downwards and stopped
only one meter away from the building, at 500 m.a.s.l. (photo
107). During the last (third) phase of failure, there was a rock-
slide that covered only a part of the avalanche of the second
phase, because of smaller slope-height and more slanting
underlying surface.

As a result, the unified amphitheater opened to northwest
was formed in the valley head of the Vodopadny Brook. Its
subvertical wall about 150 m in height stretches NE for about
800 m. The landslide and detrital avalanche were extended

The pearl of Kamchatka: Valley of Geysers

obnomkoB (cMm. Iluneruna, [lememens, JIpo3HuH u ap.,
2007). IloTok ABHUrajics co CKOpocThio 10 3540 xm/4,
[0 IIyTU BBIPbIBAsl C KOPHSAMH AEPEBbS U KycThl. Ero
(prHTaJ'II)HaH JacTb AOCTUITIAa MECTa BIAACHUA DPYUbs
B p. l'eiizepHyto, e Hauasoch (YOPMHUPOBAHNE IJIOTHHEL,
MEPEropoIMBIICH JONMHY 3TOM peku. Bo BTropyro ¢aszy
OJTHOBPEMEHHO CO CXOIOM I'PSI3€KaMEHHOTO IIOTOKa B Te-
yeHue 2,5 MHH MPOUCXOAWJIO AalibHEiee oOpyieHune
YCTYIIOB MIPUBOAOPA3AETHHON YaCTH JOJUHBI PEKU B BEp-
XOBBAX py4. Bomomagnoro. O6noMouHas 1aBUHA BTOPOM
(a3bl (y)Ke MPaKTHUECKU «CyXas), IepeMenasch 1o mo-
BEPXHOCTH OTJIOKEHHUI NEepBOH (Pa3bl, yCTpeMMIach BHU3
[0 JIMHUM HAauOOJBIIEro YKJIOHAa M OCTAHOBMIIACH BCETO
B METpE OT IOMHUKA, Ha aOCOTIOTHOMN 0TMeTKe 0k0J10 500 M

Puc. 10. Cxema ononzusa, npousowedurezo 3 utonsa 2007 ¢ /onune zeiizepoé na Kamuamke (B. JI. /leonos, A. B. /leonos). Buo na éocmok.
Cmenka ompbuleéa — jcenmas, meio Onoa3nsa — KOpuuHesoe, 3anpyonoe 03epo — cunee. Cmpenkamu noKa3ano Hanpagienue 08UNCEHUs OROI3HA
U 2pA3eKAMEHH020 NomoKa. B pamke ocnosnas zpynna zeiizepos, ne nocmpadaswas om ononsus. Ieiizepvr: 1 — Ilepseney; 2—4 — Tpoiinoi,
Caxapnuit, Coceo; 5 (3amonnenst ozepom) — Y eooonaoa, 6 — Ckanucmuiii, 7, 8 — Konyc, bonvwan Ileuxa; 9-18 — Manwtit, bonvwioi, Ll]ens,
Ipom, Hoswiii @onman, @onman, /leoiinou, Henocmoannuiii, Benuxan, 2Kemuyscruiii

Fig. 10. The view of the landslide of June 3, 2007, from the west. The different colores indicate: wall of break (yellow), body of landslide (brown), barrier
lake (blue). The arrows show the direction of the landslide motion. Basic group of geysers which were not damaged by the landslide are shown in frame-
work with figures: (1) First, (2—-4) Triple, Sugary, Neighbour, (5) (flooding lake) — Near-Waterfall, (6) Rocky, (7, 8) Cone, Large Oven, Small; 10-18 — Large,
Crack, Grotto, New Fountain, Fountain, Double, Inconstant, Giant, Pearl



YKemuyxuHa KamyaTkn — [JonvHa rensepos

137

(poro 107). B 3akiIrouuTenbHYIO,
TpeTbto, (hasy OOpyIIEHHsS MPOU30-
nren o0OBal, JaBHHA KOTOPOTO H3-3a
MEHBIIICH BBICOTHI CKJIOHOB U CTaB-
el 0osiee MOJIOroM IMOACTUIIAIOIIEH
MIOBEPXHOCTH PacIpOCTpaHUIACh HE
0 BCEH IUIOMIAAu OOJIOMOYHOH JIa-
BHHBI BTOPO# (ha3bl.

B pesynprare npousouieqmux
COOBITHH B BEpXOBBSIX pyd. Bomo-
NajHOTO 00pa3oBalica OTKPBITHIN
K CeBepo-3amaay eAuHbINH aMpu-
TeaTp OOpyIIEHHUS C BBHITAHYTOH
B CCBEPO-BOCTOYHOM HalNpaBJICHUU
CyOBEpTHKAIILHOW CTEHKOW BBICOTOU
okoso 150 M 1 IpOTSHKEHHOCTHIO TT0-
psnka 800 M. Omon3eHs 1 00I10MOY-
Hag JIaBUHa TMPOTAHYJIUCH B 3allaji-
HOM, CEBEPO-3aIaHOM HATPaBICHUN
Ha paccrosHue Ooinee 1,7 kM mpu
IIMpUHE apeaja PaclpoCTPaHEHUS
0,2-0,4 xm.

[Tocne cxoma naBuWHBI, TpPUBEI-
meid kK 0o0pa3oBaHWIO IJIOTHHBI Ha
p- TeitzepHOli, B TeueHue dYeTHIpEX
JHEil BOJa PEKM HaKalulnBajach

©yflenemeHb U. @.,/ Delemen |. F.

107. Obnomounan naguna 6mopoii hazel 0OpyuIeHUA OCMAHOBUNACH BCE20 8 MEMPe 0N 0OMUKA
mypoa3zvl. Cpeonas uacms Onon3ns

107. The detrital avalanche of the second phase of failure has stopped only one meter away from the
camping. The middle part of the landslide

nepes IUIOTHHOM, W, KOIZla YPOBEHBb
MOATIPYAHOTO 03€pa MPEBBICHI €€ BBICOTY, HAJaJICs 4a-
CTUYHBIH Pa3MBIB IUIOTHHBL lIpakTWdeckun MrHOBEHHO
peka Bpe3anach B TeJIO IUIOTHHBI Ha 8—10 M; 3a 4 4 ypo-
BEHb 03€pa NOHU3MiICS Ha 9 M. BoiHeceHHbI Marepuan
OTIOKWICA 110 BceMy TeueHuro p. lllymuoil. Makcumans-
Has ITyOnHa o3epa okaszanach 20 M.

[To pa3mepy omon3eHs OTHOCHTCS K THTAHTCKUM — I10
mojicueTaM CcoTpynHuka Jlaboparopum reomesnu u Iu-
CTaHIIMOHHBIX METOIOB HccenoBanns HCTUTYTa By/IKa-
Honoruu U ceicmonoruu JIBO PAH B. H. JIpurano, 00b-
eM onoi3Hs cocrasiser 20,7 MiaH M’. DTO OZHO3HAYHO
KpynHeimui ononseHs Ha Kamuarke B McTOpuUYecKuid
Hepuoa HaOMIOfeHNH M OAMH M3 KPYNHEHIINX, MpOHC-
XOJMBIINX B HCTOpHUECKOe BpeMs B Poccun.

Kak u Bcerna mpu karactpogax, BO3HHKAeT BOIPOC,
MOXHO JIM OBUIO HPEABUICTH, NMPECKA3aTh TAKOE Pa3-
BUTHE cOOBITHH? bbuTH 1M mpenBecTHukH 3Toro? Ha
(dhopmupoBanue ono3Hs B JlonnHe Teii3epoB MOTIIN OKa-
3aTh BIMSHUE MHOTHE (hakTOphl. McXost U3 MOTydeHHBIX
paHee JaHHBIX MO TE€OJIOTMH M THUAPOTeOJOrHH paiioHa
(JIeonoB u ap., 1991), B kauecTBE OCHOBHBIX (haKTOPOB,
CIIOCOOCTBYIOIIMX (hOPMHUPOBAHHUIO OMON3HSA, HAMH pac-
CMaTpPUBAIOTCS:

— Te0JI0TNYecKas MO3UIUS — IPUYPOIEHHOCTH K O0pTY
KaJbJCphl, HAJTUYNE BIOKCHHBIX B KaJIbAEPY U MPUCIIO-
HEHHBIX K ee¢ OOpTY O3EPHBIX OTIOKEHHH, 3aJIeraroIlnX
C HAaKJIOHOM B CTOPOHY JOJMHBI p. [eii3epHoi;

— 0COOEHHOCTh THAPOTEPMANIBHON pasrpy3Ku — Ha-
JMYUE PaCTOJIOKEHHOH BOCTOUHEeEe OONacTH IMogbeMa
TepMaJIBHBIX (DIIOWIOB, a TaKXKE JIATEPANbHOIO IOTO-
Ka THUAPOTEpPM, HANPABICHHOTO C CEBEpPO-BOCTOKA HA

to the west and north-west for more than 1.7 km as a band of
0.2-0.4 km in width.

After the avalanch, which resulted in forming the dam at
the Geyzernaya River, water was collecting before the dam
during four days. When water level in the barrier lake exceed-
ed the height of dam, its partial wash-out began. The river al-
most instantly cut into the dam body up to 8—10 m in depth. In
four hours water level in the lake dropped by 9 m. Washed-out
material deposited along the channel of the Shumnaya (Noisy)
River. The maximal depth of the lake appeared to be 20 m.

The landslide is considered huge in size. According to
calculations carried out by V. N. Dvigalo, the employee of
Geodesy and Remote Research Techniques Lab of Institute
of Volcanology and Seismology of the Far-Eastern Branch of
the Russian Academy of Sciences, the volume of the land-
slide makes 20.7 millions cubic meters. Unambiguously, it is
the largest landslide in Kamchatka during historical period of
observations, and one of the largest to have ever occured for
historical time in Russia.

As always when catastrophe occurs, there is a question:
whether it was possible to foresee or forecast such evolution
of events? Whether there were forerunners of the landslide?
Various factors could influence the landslide formation in the
Valley of Geysers. Basing on the data on geology and hydro-
geology of the region obtained before (Leonov et al., 1991),
we consider the following to be the main factors contributing
the landslide formation:

— geological position: location at the caldera-side zone,
the presence of lacustrine deposits in the caldera and ad-
jacent to its side and inclined towards the valley of the
Geyzernaya River;
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— peculiarity of hydrothermal discharge: location of ther-
mal fluid upflow area to the east and lateral hydrothermal
fluid flow from NE to SW direction, towards the Geyzernaya
River;

— peculiarity of rock section: the presence of wa-
ter-permeable and waterproof layers;

— morphology of the slope: steep benches formed as a re-
sult of slopes underwash by brooks;

— rock alternation caused by hydrothermal activity;

— tectonical fractures;

— probable regional distortion of Earth’s surface related to
volcanic activity.

Geological position.
General structure and morphology of the slope

The landslide occurred within the Uzon-Geyzernaya
volcano-tectonic depression, near its eastern rim undercut
by the Geyzernaya River and its tributary — the Vodopadny
Brook (fig. 11).

The depression has been formed about 40 thousand
years ago and was subsequently filled by lacustrine de-
posits 300 m thick. In early Holocene, about 8-9 thousand
years ago, the lacustrine sequence began to be washed
out. The deepest cut into sequence occured near the eas-
tern rim of the caldera where lacustrine deposits, in some
places, were completely washed off. The river scouring la-
custrine deposits revealed deep parts of their structure,
rich in lenses of breccias and conglomerates; numerous
thermal springs and geysers are confined to such rocks.

The head of the Vodopadny Brook is one of few sites in
the eastern part of the Uzon-Geyzernaya depression where
outliers of the upper part of lacustrine deposits have re-
mained. At the same time, their layout, structure, attitude of

BJIK. Y30H

I0ro-3arnaj B CTOpoHny p. I eii3epHoii;

— 0COOCGHHOCTH pa3pesa MOPOA, B KOTOPBIX MPOH30-
iesl Onoj3eHb, — HAIUYHE BOJOMPOHUIIAEMBIX M BOJIO-
YIIOPHBIX CIIOEB;

— Mop(donorusi CKJIOHa — HAIM4YKUe KPYThIX YCTYIOB,
CBsA3aHHBIX C TOAMBIBOM CKJIOHOB PYYbsIMU,

— U3MEHEHHE IOpOA MOX JEHCTBUEM THAPOTEPMAallb-
HOU JeSITEeIIbHOCTH,

— TEKTOHUYCCKHUEC TPCIINHDI,

— BO3MOXKHOE PETHOHAIILHOE HMCKPUBIICHUE 3EMHOMN
MOBEPXHOCTH, CBSI3aHHOE C BYJIKAHHUYECKOW JEATEIBHO-
CTBIO.

I'eostormyeckme mozuumm.
Oo01ee crpoenne 1 MOP(OJIOTHs CKJIOHA

OnonseHp mpous3olIesl BHYTpU Y3oH-IeilzepHoii
BYJIKAHO-TEKTOHMYECKOH JENpeccuy, BOIM3M ee BOCTOU-
Horo OopTa, mogMeIBaeMoro p. I'eii3epHoil U ee mpuro-
KoM — py4. Bogonmanuemm (puc. 11).

Hemnpeccust chopmupoanack okono 40 ThIC. JeT Hazaj
1 BIIOCIIEJICTBHIH ObLTa 3aII0JTHEHA 03¢PHBIMHU OTIIOKECHHUSAMH,
MOIITHOCTH KOoTopbIX gocturaet 300 M. B Hauasne rosoreHa,
0KOJIO 8—9 THIC. JIET Ha3a/l, 03€pHas TONIAa Havyajla pa3Mbl-
Barbcs. Hanbomnee niry0okuii Bpe3 B Hee MPOU30IIET OKOJIO
BOCTOYHOTO OOpTa, IJie MECTaMH O3CpPHBIC OTIOXKEHHNS ObLIH
TIOJIHOCTBIO CMBITHI. PeKa, Ppa3sMbIBIIasA O3€PHLIC OTJIIOKCHUA,
BCKpbIIa TIIyOOKHE YacTh MX pa3pes3a, Oorarble JMH3aMH
OpeKumii, KOHIJIOMEPATOB — K 3THM HOPOaM U MPHYPOUCHBI
MHOTOYHCJIICHHBIC TEPMAJIbHBIC HCTOYHUKHA U reﬁsepm.

BepxoBbs pyu. BomonagHoro — oiiH 13 HEMHOTHX y4acT-
KOB B BOCTOYHOW YacTh Y30H-Iei3epHoil nenpeccuu, e
COXPaHWJIMCh OCTAHIIbI BEPXHEW YaCTH TOJIIN O3EPHBIX OT-
noxenuil. [Ipy 3TOM pacronokeHue, CTpOEHHE, 3aJleraHne

BIIK. KUXnuHbI4

@ - sxcrpys3uun

------- - 03epHBIE OTIOKEHHUS

Puc. 11. Bnok-ouazpamma Y3on-Ieitzepnoii denpeccuu:
I — xanbaepa Y3ou, 11 — lonuHa reiizepoB. Crpenkoit mokaszaHo Mecto, rie 3 utoHs 2007 1. mpou301Ies Onoji3eHb.

Fig. 11. The scheme of Uzon-Geysernaya depression:
(I) Uzon Caldera, (Il) Geysers Valley. The arrow shows the site of the place of the landslide of June 3, 2007
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TIOpOJ, CIIATaloIMX X, — BCE 9TO CO3MAET YCIOBUS M JIeaeT
OJaronpusTHBIM Pa3BUTHE OMON3HEH (CM. pHc. 3, 12).

VYeoBus 3aeraHus 03epHBIX OTIIOKEHHH B BEPXOBBIX
py4. Bogonagnoro nokasansl Ha puc. 12. B pa3pese yepe-
AYIOTCA MAaCCUBHBIC MPOYHBIC TOPOABI U MEHEEC ITPOYHBIC,
THApOTEepMalibHO-U3MeHeHHbIe. [lepecnanBaroTcs BOIO-
MPOHUILIAEMbIE U BOJIOYNOpPHBIE CloM. Bce 3T0 Hapsny
C maag€HUueEM mopoa B CTOPOHY AOJIMHBI, HAJIMYHUEM TEKTO-
HUYECKUX TPEIUH, O KOTOPHIX OyleT cKa3aHo MoapodHee
Janee, — BaKHbIC (JaKTOPBI OMOJI3HEO0pa3OBaHHMS.

WN3menenus MmopoJ, BLI3BAHHbLIC
FH}IpOTepMaJ]bHOﬁ ACATC/IbHOCTBIO

Oco0eHHOCTh THAPOTEPMATIBHONW CHCTEMBI, OdYa-
oM pas3rpy3Ku KOTopoi sBnsercsa JloinHa reifzepos,
3aKJIF0YAeTCs B TOM, YTO TEILUIOBOE NMHUTAHHUE €€ OCY-
IIECTBISIETCS. B HEApax CIOXXHOTO, PaCIOIOKEHHO-
ToO CEBEPO-BOCTOYHEEC, MaCCHUBa BYyJIKaHa Kuxnunery
(cMm. puc. 11). Ilo momenu, KOTOPYIO HPEIIOKUIU
B. M. Cyrpo6os u H. I Cyrpo6osa (Cyrpo6oB u
ap., 2004), ot 061acTH TEMIOBOTO MUTAHUSA B CTOPO-
HY /lonuHbl reli3epoB HalpapeH IOTOK TEPMaJbHbIX
BOJ (CM. puc. 4, pa3MeIIeH B BHIIICH3IOKEHHBIX Pa3-
Jienax).

OTy MOJeh MOATBEPKIAET TEPMOMETPHUECCKAS CHEM-
Ka, mpoBezicHHas B JlonnHe rerizepo (JleonoBu ap., 1991).
Omna nokaszaina, yTo 00oJbIIast YacTh TEPMOAHOMAIIUH pac-
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the forming rocks create favourable conditions for landslide
formation (fig. 3, 12).

The structure of lacustrine deposits at the head of the Vo-
dopadny Brook is represented in fig. 12. There massive hard
rocks and less competent rocks were altered hydrothermally.
Water-permeable and waterproof layers are intercalated. All
menshioned above, together with rock dip towards the valley
and tectonical fracturing (in detail, see below) are the main
factors of landslide formation.

Rock alteration caused by hydrothermal
activity

The hydrothermal system, that discharges in the Geysers Val-
ley, is heated in the interior of complicated massif of the Kikhpinych
Volcano located to the NE (fig. 11). According to the model pro-
posed by V. M. Sugrobov and N. G. Sugrobova (Sugrobov et al.,
2004), the flow of thermal water is directed from heat feeding area
to the Valley of Geysers (fig. 4, see above sections).

This model is confirmed by thermometric survey carried
out in Valley of Geysers (Leonov et al., 1991). It has shown
that the main part of thermal anomaly is located in the eastern
side of Geyzernaya River along scarps of pre-caldera lavas
forming the eastern rim of the Uzon-Geyzernaya depression.
In the lower course of Geyzernaya River, where the Valley of
Geyzers is located, thermal water discharges from lacustrine
deposits. In the upper reaches of the Vodopadny Brook la-

MIOJIO’KCHA BIOJIb BOCTOY-
Horo 6opra p. ['elizepHOH,
B TOM YHCJI€ BIOJH OOPHI-
BOB JOKAJBJACPHBIX JIaB,
00pa3yIoNMX BOCTOYHBIH
6opt Y3ou-I'eiizepuoit
nemnpeccuu. B HumxHEeM
TedeHuu p. I'eiizepHoil,
rae pacmnojoxeHa Jlonu-
Ha reizepos, pasrpyska
TEPMaJIbHBIX BOJ OCY-
IIECTBISIETCS U3 03EPHBIX
OTJIOXKEeHUH. B BepXoBbsX
py4. Bomomagnoro ozep-
HBIE OTJIIOKCHHS Pa3MbI-
THI, TaM BCKPBIBAIOTCS

- 800 M

200 m

- 700

- 600

- 500

JaBHl, clararmue 00pT
VY3on-TeizepHoit genpec-
CHH, W TIOBCEMECTHO Ha-
OIOaI0TCS TepMaIbHBIC
MIOIIAKH, HCTOYHHUKH.

== ;S &
) 2 3 £ a 0|4

D10 yOequTenbHO CBU-
JETENLCTBYET O TOM, YTO
JOKalbIECPHBIC JTaBBI
MPOHHUIAEMBI JJIs BOC-
XOIAILEr0 IIOTOKa B He-
npax ByakaHa KuxnuHbrg,
a 03epHBIE OTIOXKECHHUS,
MIPUCITIOHEHHBIE K JIaBaM, —

Puc. 12. Ycnogusn 3anezanusn 03epHvIx omaodicenuil, 6CKpsimulx Ha pyy. Booonaonom, u xapaxmep npucnonenus
ux k 6opmy Y3zon-Ieitzepnoii denpeccuu:

1 — noxasbJepHbIC OTIOKEHHUS; 2—3 — OTIIOXKEHHS, 3AMOJHSFOIIHNE JACTpeccHIo (2 — 03epHble, 3 — TMH3BI OpeKynii); 4 — Tpenu-
Ha, 110 KOTOPO# IPOM30IIIeN OTPBIB MTOPOJ (@), TepMabHbIe HCTOYHUKH (6). TOYKa CO CTPENKON — LEHTP TSHKECTH KPYITHOTO
OCTaHIIa 03ePHBIX OTIIOXKCHHUH, TTOIBIKKA KOTOPOTO IPHBEIIa K GOpMHPOBaHHIO OmoJI3Hs 3 mions 2007 T

Fig. 12. The structure of lacustrine deposits exposed by the Vodopadny Brook and their contact with the rim of the
Uzon-Geysernaya depression:

(1) pre-caldera deposits; deposits filling the depression; (2) lacustrine deposits, (3) — lens of breccias, (4a) fracture of break, (4b), thermal
sources. The point with arrow indicates barycentre of large outlier oof lacustrine deposits, the movement of which caused the landslide of
June 3, 2007
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custrine deposits are absent. There, lavas forming the rim of
the Uzon-Geyzernaya depression are exposed and thermal
springs and fields are observed everywhere. It evidently tes-
tifies that pre-caldera lavas are permeable for hydrothermal
upflow from the interior of the Kikhpinych volcano whereas
lacustrine deposits adjusting to lavas are relatively aquiclude.
Only some layers of coarse deposits are water-permeable.
During fieldworks at the Vodopadny Brook we repeatedly
observed ground water outlets from the upper boundary of
alevropelite tuff layer; this boundary has been traced at great
distance at the head of the brook (fig. 12).

Tectonical fractures

On June 3, 2007, the breakaway of the main block
of the landslide occured along the fracture located be-
tween a hill folded by lacustrine deposits and the rim of
the Uzon-Geyzernaya depression (see fig. 12). The frac-
ture was formed quite long ago: it is represented on aero-
photos made in 1973. We inspected it in 1974. In that
time it looked very fresh: it had sink craters testifying to
recent movements and the fracture opening. Later, the
fracture edges considerably smoothed out and craters
were burried. On photos of 1984 and 1989, the fracture
looks as a straight-line ditch smoothed by erosion. Pos-
sibly, formation of this fracture was related to processes
generating the landslide described since the mountain
slipped in 2007 was isolated by fraction from remaining,
more stable part of the slope as early as 35 years ago.
But tectonic fractions at steep slopes not always result
in landslide processes. For example, the slopes above
Upper-Geyzernaya steam jet group in the upper reaches
of the Geyzernaya River are cut by numerous large frac-
tions. Such situation is saved in this place more than one
ten years, but slumping of slopes does not happen.

Regional distortion of the ground surface

Recently, more data on considerable vertical shifts in
volcanic regions is obtained. This data is gained by the sat-
ellite interferometry. The most impressive data is obtained
for large calderas, in particular, for Yellowstone caldera.
The similar analysis has recently been carried out for Uzon
caldera (Uzon-Geyzernaya depression) too. The shifts in
1999-2004 were analyzed. It was found that in 2000—-2003
the large area in eastern part of the Uzon-Geyzernaya de-
pression underwent elevation (fig. 13). At the same time,
in 1999-2000 and in 2003—2004 no elevation risings have
been detected. The data gained show that regional distor-
tions of the ground surface is an important factor, which
can influence friable slopes and trigger the landslide proc-
esses.

Whether vertical shifts took place near eastern margin
of the Uzon-Geyzernaya depression in 2007 or not, is un-
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OTHOCHUTENBHBIN Bogoynop. IlponumaemeiMu [uid BOA
SIBJIIAOTCSA JIMIIB OTACIIBHBIC CIIOH pr6006JIOMO‘IHI>IX OT-
noxenuit. [Ipu nonessix pabdoTax B pycie pyd. Bogoman-
HOTO MbI HECOAHOKPATHO OTMEYAJIM BbIXOJbl I'DYHTOBBLIX
BOJ] C BEpXHEH TPaHUIIbI CJIOS AJIEBPOIIETUTOBBIX TY(OB —
9Ta rpaHulla ObLIa POCIeKEHA Ha OONBIIIOM PACCTOSHUA
B BEPXOBbAX Pyubs (CM. puc. 12).

TexToOHMYECKHE TPCIINHBI

Ilpn obpaszoBanuu omomsHst 3 wmioHs 2007 I OTpHIB
OCHOBHOT'O OJIOKa MPOU3OIIEN IO TPEIIMHE, PACTIOIO0XKEH-
HOW MEXIly TOpOH, CIOKEHHOH O3€pHBIMH OTIIOKEHHSIMH,
u Ooprom Y3oH-IeizepHoii nenpeccun (cM. puc. 12). Tpe-
IIMHA 3Ta CPOPMHUPOBATACH JABHO — OHA €CTh Ha a3po(oTo-
CHMMKax, caienanHbpix enie B 1973 r. Tpemuna Obiia HaMu
obcienoBana B 1974 . Torma oHa BBINIAZENA CBEXEH, Ha
Hell ObUIM TIPOBaNbHBIE BOPOHKH, CBHJICTEIIHCTBYIOIIHEC
0 HeJaBHEW aKTUBU3ALMUM JIBMKCHUM, PACKPBITUU TpELLU-
HBL. B nocneyromiem kpas ee 3Ha9UTEIBHO CIIaJUIIHICh, BO-
ponku Ol 3ackimanbl. Ha otocHumkax 1984 u 1989
TpeIIfHa BRIUIIIUT B BUAE PBa, XOTS U MPSIMOIHHEHHOTO,
HO yXe€ CYILECTBEHHO CIIaXKEHHOT0 3po3ueil. He uckmoue-
HO, 4TO (JOPMHPOBAHKE OMHUCAHHON TPEIIUHBI ObLIO CBS-
3aHO C MPOIECCaMH MOITOTOBKH OIOJ3HS, C TEM, YTO Topa,
crommasg B 2007 ., eme 35 ner Ha3ax ObUta 000coOIeHa
1 OTWICHEHA TPEUIMHON OT OCTAIIbHOM, 00Jiee yCTOHUMBON
9acTH CKJIOHA. Ho Hammume TEKTOHMYECKHX TpEUIMH Ha
KPYTBIX CKJIOHAX JAaJeKO HE BCEIIa MPUBOIUT K OMOM3HSIM.
ITpumep storo — BepxoBbs p. ['elizepHOil, e CKIOHBI Hall
Bepxne-I eft3epHoii rpymmoi mapoBbIX CTpyH pa3OUTEI MHO-
TOYMCIICHHBIMU KPYITHBIMHU TPEIMHAMH. TeM He MeHee, 9Ta
CHUTYAaIHsl COXPAHSACTCS Y>KE HE OIUH JICCATOK JICT.

PeruonanbHoe HCKPUBJICHHE 3eMHOii IMOBEPXHOCTH

B mocnieane Tozpl NoOsBIISETCS BCe OOMNbINE JTaHHBIX
O 3HAYUTCJIbHBIX BEPTUKAJIBHBIX MOJABHIKKAX B BYJIKAHH-
YyecKux paioHax. /laHHbIE MOIY4arOT ¢ MOMOIIBIO CITyT-
HUKOBOM wmHTepdepomerpun. Hambomee Bmewatssiro-
IMe JaHHbIE celyac IMOJy4YeHbI Ul KPYNHBIX KaJbAep,
B YAaCTHOCTH, IJISI KallbJEepPbl ﬁCHHOYCTOH. ITonoOHbII
aHanu3 OBUT MPOBEAEH HENABHO M U KalbAephl Y30H
(Y3on-TeiizepHoit nmenpeccun). [TogBwkku ObUTM TIpOa-
Hanm3upoBaHbl 3a 1999-2004 rr. 3a 3ToT mMepuon ObLIO
YCTaHOBJICHO, YTO B BOCTOYHOM 4acTh Y30H-IeizepHoit
nenpeccun B 20002003 1T 3HAYUTENBHBIN Y4acTOK HC-
neIThIBaJ momHsATHE (puc. 13). B T0 ke Bpems B 1999—-2000
1 B 2003—-2004 TT. IOMOOHBIX MOJHITHN OOHAPYKEHO HE
osw10. IlomydyeHHbIe TaHHBIE TIOKA3BIBAIOT, YTO PETHOHAIb-
HbIE HCKPUBJICHHS 36MHOM MTOBEPXHOCTH — 3TO PEATbHBIN
(hakTop, KOTOPHI MOXKET BIIUATH HA OCIAaOJICHHBIE CKIIO-
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HBI, CIIOCOOCTBOBATh PA3BUTHIO OMOJI3HEBBIX IPOLIECCOB.

Bbutu 1 BepTUKAIBHBIC MOJBIKKH B PAiiOHE BOCTOY-
Horo 6opta Y3on-IeitzepHoii nenpeccun B 2007 1., IoKa
HEeHM3BeCTHO. He MCKIIFo4YeHO, YTO JaHHbIe CITyTHHUKOBOW
uHTepdepomeTpun Ha paiioH Y3oH-IeizepHOil nempec-
cuu Ha BpeMs onoinsHs (3 utons 2007 r.), OyayT moiyde-
HBI B OyAylIeM.

O BO3MOKHOCTH 00pa30BaAHHA
HOBBIX onoJ3Heil B JlonuHe reiizepos

Beimie OBIJIO OKA3aHO, YTO CYIIECTBYET MHOMKECTBO
(haxTOpOB, CIOCOOCTBOBABIINX (hOPMUPOBAHHUIO OIOI3HS,
npousomeanero B Jonune reizepon. Ciayyanuch 31ech
OTIOJNI3HM M paHee — B Hayaje ToJIOIleHAa Ha BOCTOYHOM
CKJIOHE 1aTo Kpyrioro npousorien onon3eHs, KOTOPhIi
3anpyann p. CecTpeHKYy M 00pa3oBasl 03epo MPHUMEPHO
TakKoro ke pasMepa, Kak ¥ 03epo, cHhopMHPOBaBILIECECS
B 2007 r. Ha p. [eiizepHoii (puc. 14). AHanmu3upys cero-
JHSIITHIOIO CUTYalMIoO B paiioHe JloIHHBI Tei3epoB, MOXK-
HO CZIeNaTh BBIBOJ, YTO CaMble KPYIHBIC OIIOI3HH 37eCh

known, but such shifts could be quite possible. Perhaps,
satellite interferometry data on the Uzon-Geyzernaya de-
pression area for the landslide of June 3, 2007, will be
gained in future.

On the possibility
of new landslides in the Valley of Geysers

Puc. 13. Humepdghepocpamma na
paiion  Yzou-I'eiizepnoii denpec-
cuu (panuypl denpeccuu noka-
3aHbl TUHUEN ¢ depzuimpuxamu)
(no Lundgren, Lu, 2006):
KOHLIEHTPHYECKUE KPYTH, IPHYPOYCH-
HbIE K BOCTOYHOM YacTH JCTIpECCUn —
paiioH mozaHsTHA. Llukin okpacku ot
CBCTJIOTO A0 TEMHOI'O IIOKa3bIBACT
noguatie Ha 2,8 cm. OGmee moa-
HSITHE BOCTOYHOTO GOpTa JEHpPecCHi
B 20002003 I COCTaBHJIO OKOJIO
15 cm

Fig. 13. An interferogram of the
Uzon-Geysernaya depression (the
depression boundaries are shown
by a line with bergstrichs) (from
Lundgren, Lu, 2006):

Concentric circles in the eastern part of
the depression limit an uplifting zone. The
coloures from light to dark display the
change of uplifting rate for 2,8 cm. Total
uplifting in 2000-2003 was to ~15 cm

As shown above, there is
6 2 set of factors favourable for

]
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Puc. 14. Cxema ononszneii, cghopmuposasuiuxca 6 Hudicnem meuenuu pexk Cecmpenxu u I'eitzepnoii:

1 — BBICOKHE IIIATO M 9KCTPY3HuH, GopMupyromue 6opra Hanbolee pacuwIeHEHHOTo yJacTka; 2 — oron3uu (I — Ha p. Cec-
Tpenke, I — Ha p. ['eiizepHoii); 3 — yuacTku ¢ nryOunol Bpesa: a —200-300 M, 6 — 300400 M, B — 400-500 m; 4 — o3epa
(coBpemeHHOE Ha p. ['eii3epHoil U cyliecTBOBaBIIME B Hayajle rojoleHa Ha p. CecTpeHke); 5 — H30JIMHUU; 6 — CTEHKU
OTpbIBa MPOM30ILIE/IIINX B JAHHOM paifoHe onon3Held. [IyHKTUPHBII KPYT — MECTO, TJie MTPOMU30LLI0 Hanbosee r1ybokoe

the formation of the landslide
that occurred in the Valley of
Geysers. Earlier, landslides
took place hear too. For in-
stance, a landslide occurred in

BpE3aHUe PEK B TOJIIY OTIOXKEHHIL, 3aIONHAIOmMUX Y30H-I eif3epHyto nenpeccuro. IlyHKTHPHEBI 0BaJ — MECTO, I7ie BO3-

MOXHO (POPMHUPOBAHHE OMOJI3HEH B Oyayem

Fig. 14. The scheme of landslides formed in the lower reaches of Sestrenka and Geysernaya rivers:

(1) high plateaus and extrusions forming sides of the most dissected area, (2) landslides at Sestrenka K. (I) and Geysernaya R. (ll), (3)
sites with incision depth: (3a) 200-300 m, (3b) 300400 m, (3c) 400-500 m, (4) lakes (recent one on Geysernaya River and Holocene
in age on Sestrenrka River), (5) isolines, (6) break walls of landslides,. The dashed circle marks the place of maximal cut of rivers into
sequence filling Uzon-Geysernaya depression, the dashed oval shows possible place of future landslides

early Holocene at the eastern
slope of the Krugloye (Round)
Plateau, which damed up the
Sestrenka (Sister) River and
formed the lake of about the
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same size as the lake formed in 2007 at the Geyzernaya
River (fig. 14). Analyzing the present situation in the Valley
of Geysers, we may conclude that the largest landslides are
formed here in the lower course of Geyzernaya and Sestren-
ka rivers, where the river valleys have the greatest depth and
slope steepness. In Figure this site is contoured by a circle
dotted line. Whether the new landslides may occur at this
site? Undoubtedly, they may, but the question is when and
where they will occur?

Today the greatest landslide hazard, in our point of view, is
related to the southern slopes of Mt. Geyzernaya (contoured
by dashed oval, fig. 14). It is the place where we should now
conduct complex studies to forecast the landslide process-
es.

Was it possible to forecast the landslide of June 3, 2007 in
the Valley of Geysers, and is it possible to forecast the land-
slides in this region in future? In our opinion, it was impossible to
forecast exactly the place of the landslide on June 3, 2007, and,
especially, the time of its forming and its size. The development
of landslide processes can be due to many factors, whose role
is not always clear. It is possible to say the same about future
landslides in the region. Even if we can roughly contour out the
place, where a large landslide may occur in future (which was
made above), today it's impossible to say when it will happen.
We can only approximately estimate its size. The only conclu-
sion is absolutely true: landslide hazard is quite possible in this
area, and to avoid catastrophes in future it must be studied.

CONSEQUENCES OF THE LANDSLIDE THAT
OCCURRED IN THE VALLEY OF GEYSERS

The geologic catastrophe that occurred on June 3, 2007
essentially changed the appearance of the Valley of Geysers.
All the springs along the Vodopadny Brook were buried by
the deposits of a huge mud-and-rock avalanche (see photo).
Average thickness of these deposits is of 26 m, whereas the
height of springs above the brook level was not more than
5 m). The most part of thermal manifestations at the Geyzer-
naya River is buried or underwatered (fig. 15).

Three areas of the Geyzernoye thermal field (I, Il and IlI)
and, partly, the forth area (V) appeared completely buried with
mud-and-rock deposits. The new-formed barrier lake flooded
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(dbopmupyroTCs B HIDKHEH dacT pek [eizepHoit u Cec-
TPEHKHU — TaM, TA€ UX JOJMHBI HIMEIOT HauOOJBIIYIO TITy-
OMHY M KpYTH3HY CKJIOHOB. JTOT y4acTOK Ha PHCYHKE
OYepUeH KPYyTrOBBIM ITYHKTHPOM. BO3MOXHEI 11 Ha 3TOM
ydacTke HOBble onoi3HU? HecomHeHHO, BOIIPOC B TOM —
KOTJIa U IIe OHU IIPOU30UIYyT?

HanGonbIryio 0non3HeByI0 OMacHOCTh CETOIHS, C Ha-
el TOUKY 3PEHHUs, UMEIOT I0KHbIE CKJIOHBI comku [eit-
3epHOM (0003HAYEHBI ITYHKTUPHBIM OBAJIOM, CM. pUC. 14).
VIMeHHO Ha HUX CErofgHs HEOOXOIMMO IPOBOAUTH KOM-
IUIEKC MCCIICIOBAHMUM, HAIIPABIEHHBIX Ha IIPOTHO3 Pa3BH-
THUS OIIOJI3HEBBIX IIPOLIECCOB.

MoXHO 7 OBIJIO TIpeAcKa3aTh OIOJ3€Hb 3 HIOHS
2007 r. B JlonuHe re#3epoB M MOXHO JIM IIPEACKa3aTh Oy-
Jylllie OIOJ3HU B 3TOM paiione? Ilo Hamemy MHEHMUIO,
CIPOTHO3UPOBATh TOUHOE MECTO BO3HHMKHOBEHUS OIOJI3-
Ha 3 monsa 2007 1. 1 Tem OoJee BpeMst ero 0Opa3oBaHUs
1 00BeM OBITO HEBO3MOXKHO. Pa3BuTHE OMOM3HEBBIX TPO-
IIECCOB CBSI3aHO C MHOXXECTBOM IPHYMH, PONb KOTOPBIX
He Bceraa sicHa. To jxe caMmoe MO)KHO CKa3aTh 0 OymayImx
OIOJI3HSX B 3TOM pailoHe. J[axke HaMeTUB IIPUMEPHO Me-
CTO, TJIe MOXET IPOU30MTH KPYIHBIH ONON3EHb B OyIy-
IIeM, 4TO OBIIO CHIENIAaHO BBIIIE, MBI CETOAHS HE MOXEM
CKa3aTh, KOTZIa OH MPOU30HAET, MOKEM JIUIIb MPUOIH3H-
TEJIFHO OIIEHUTH €r0 00BeM. SICHO OTHO — UTO OIIONI3HEBAS
OITACHOCTH B 3TOM paiioHEe OYCHb BHICOKAs, U YTOOBI N30e-
xarb OeAcTBU B OymyieMm, ee HEOOXOMUMO U3ydarh.

MOCJEJACTBUS OMOJ3HS,
MPOU3OLIEIIIETO B IOJUHE T'EM3EPOB

leonornyeckas karactpoda, mpousornieamas 3 HIOHs
2007 r., cymecTBEHHO U3MEHMIIa 00K J]0JMHBI Teri3epoB.
OTIOXXEHHUSAMH THUTAHTCKOTO OIOJ3HS U TpA3eKaMEHHOU
JIaBUHBI ObUTH MOTPeOeHBI BCe NCTOYHUKH Ha pyd. Bomo-
nagHoM. CpeHsIst MOIIIHOCTD OTJIOKEHUH Ips3eKaMeHHOM
JaBUHbI — 26 M. Bece TepmalibHbIE HICTOUHUMKH Ha py4. Bo-
JIOTIaJTHOM OKa3aJMCh TEPEKPHITBIMU (MX MPEBHIIICHUE
HaJI ypOBHEM py4bs ObLI0 He Oomnee 5 M). [Torpebena nmm
3aJIiTa BOJAOW MOIIPYIHOTO 03€pa 3HayUTeNbHas 4acTb
TepMOIIposBIeHNUII Mo p. I'eiizepHoit (puc. 15).

[Ton oTnokeHNsIMHU TpsI3eKaMEHHON JIaBUHBI OKA3aJIHCh

£+ - Typba3za

i -reflep
= ONONJIeH ks
= QACPO

0
Neowos, 10.06.07

100 200 m

Puc. 15. Cxema HudcHell yacmu onon3Ha
u o06pazosasuiecocs 3anpyoHo2o o3epa:

Teiizepsr: 1 —Ilepsenen; 2 — Tpoiinoid; 3 —
Caxapnslif; 4 — Cocen; 5 — Y Boponaja;
6 — Cxamucrslit; 7 — Konyc; 8 — bonbias
ITeuka; 9 — Mansrit; 10 — Bonbmoi; 11 —
lens; 12-16 — Butpax (I'por, HoBsrit
®ontan, onran, J[BoitHoii, HerocrosH-
HbIi); 17 — Benukan; 18 — XKemuyxHblit

Fig. 15. The scheme of the lower part of
the landslide of June 3, 2007, and barrier
lake. Geysers:

(1) First, (2) Triple, (3) Sugary, (4) Neighbour,
(5) Near-Waterfall, (6) Rocky, (7) Cone, (8) —
Large Oven, (9) Small, (10) Large, (11) Crack,
(12-16) Stained-glass Window (Grotto, New
Fountain, Fountain, Double, Inconstant), (17)
Giant, (18) Pearl
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MOJTHOCTHIO MOTPeOCHHBIMU TPU TEPMAJbHBIX Yy4acTKa
leitzeproro tepmanbproro noss (1, I u I1I) u wactuuHo IV.
OobpazoBasiieecs MOAIPYIHOE 03€pPO 3aTOMMIO HE Mepe-
KpBIThIE JJaBUHOHI TepMonposiBieHus [V yyacTka u mpak-
THUYECKH BCE UCTOYHUKHU U Tel3epbl V U TepMOIIpOsBIIe-
Hug VI ydacTKoB, pacioioKeHHbIE B IPUPYCIOBOM YacTH
p. ['efizepHoii (cM. puc. 5, pa3MelieH B BBIIIEU3I0KEHHBIX
pasaenax). TakuMm o0pa3oM, 3aBalieHbl OTIOKEHUSIMH
IpsA3€KaMEHHOW JIaBUHBI KPYIIHBbIE I'€H3€phl, ONIMCAHHBIE
emé T. Y. YerunoBol, — [lepegeney, Tpotnou, Caxaphuil,
Coceo, cetizep ¥V 600onada n HeOONBIINE TeH3EPhI JOTH-
HbI pyd. Bononannoro — Maniomka, Tepemok, IInockuii,
Bopoma ¢ I'etizepnyro.

Ilon Bono# oka3anuch KpynHble Fel3epbl, TAKKe BbLE-
nennsle T. WM. Yerunosoit, — Ckanucmotu, Konyc, bonvuwias
ITleuxa, Bonvuiot, Manwiti, [l]ens, nctounukun Kamernka,
Manasa Ileuxa, Manaxumossiti I pom v HeOoOMNbINE Teli3e-
PBI, OTMCaHHKIE To3Hee — Hedocmynnutil, Bypamuno, Ile-
wepnwitl, [Hom, xapnuxogule cetizepvl (cmenka b. U. Tuii-
na).

TI'eitzep Manvui n uctounnk Manas [leuxa BHadane oxasa-
JIUCH 11071 25-METPOBOM TOMIIEN BOMIBL, @ Teiizepbl bonbuiol 1
UCTOUHUK Manaxumoswiii I pom — Ha TiyOnHE okomo 10 m.

ITocne npopsiBa motunsl 7 utoHs 2007 I. ypoBeHb
03epa NoHM3WICA puMepHo Ha 9 M. B nmocnenyromue me-
CSIIIBI YPOBEHB 03€pa MPOO0IDKAT MEJIEHHO MTOHMKATHCS
3a cYeT JabHEHIIeTO pa3MbIBa TUIOTUHBI U YMCHBIICHHS
MPUTOKA TaJbIX BOA U AocTUT oTMeTKH 424 M. Temme-
parypa BOABI B 03€pe, HAlPOTHB, MOCTEICHHO pocia (0T
12,8 °C B ntone 1o 23 °C B aBrycre). [lo Mepe cHIDKEHHS
YPOBHS 03epa IOCTENEHHO OCBOOOIWMINCH M3 BOISHOTO
IJICHa W 3apaboTand Ku-
OSIMHA UCTOYHUK Mana-
xumoevtii I pom (23 wrons
2007 r.) (poto 108) u reii-
3ep borvwoii (1 ceHTIOpS
2007 r.) (¢oro 109).

Korma yposenb o03e-
pa ObIT emie MpPUMEPHO
Ha 2 M BbllI€ BaHHBI Ieli-
3epa bompmoro, ero ak-
TUBHOCTb  IIPOSABISUIACH
B BHUJE PpacXOAALIMXCS
Ha IIOBEPXHOCTH KpYyIOB
U BBIXOAOM IIy3bIPHKOB
raza. TemmepaTypHble W3-
MEpEHUsI CBUIECTEILCTBO-
BaJM O HaAJWYMU TEIUIO-
BOM KOHBEKIIMM B BaHHE
reitzepa. Korma yposeHs
03epa CpaBHSJICS C Kpas-
MH BaHHBI (HO OBUI BbIIIE
MUHUMAaJIbHON TOUKHU CJIU-
Ba Ha 10-15 cm), relizep
3apaboran. B mocnennee
BpeMs  YpOBEHb 03epa
MPaKTHYECKH CTaOWMITU3H-

ek oy

o 4 ."'..g' - _-_ -.‘4" "é

thermal manifestations of site IV uncovered with avalanche and
almost all the springs and geysers at area V, and thermal mani-
festations of area VI located near the Geyzernaya River (see fig.
5 in above sections). Thus, the large geysers described by T. I.
Ustinova, Pervenets (First), Troynoy (Triple), Sakharnyi (Sug-
ary), Sosed (Neighbour), Geyzer u Vodopada (Near-Waterfall)
and small geysers at the valley of Vodopadny Brook (namely,
Malyutka, Teremok, Ploskii, Vorota v Geysernuyu), where cov-
ered by deposits of mud-and-rock avalanche.

The large geysers also marked out by T. I. Ustinova (Ska-
listyi (Rocky), Conus (Cone), Bolshaya Pechka (Large Oven),
Bolshoy (Large), Malyi (Small), Shchel (Crack) and springs
Kamenka (Small Stones), Malaya Pechka (Little Oven), Mala-
khitovyi Grot (Malachite Grotto), as well as the small geysers
described later (Nedostupny (Inaccessible), Buratino, Pesh-
cherny (Cave), Gnome, Karlikovyi Geizery (Diminutive Gey-
sers), or B. I. Piyp wall) were underwatered.

The Small Geyser and Little Oven spring at first were
flooded by a 25-meter water layer, and Large Geyser and
Malachite Grotto — about 10 m.

After the break of a dam on June 7, 2007, the water level
in the lake dropped by approximately 9 meters. In the next
months the level of the lake continued to drop slowly, due
to further wash-out of the dam and reduce of thawed water
inflow, and reached 424 m.a.s.I. On the contrary, the water
temperature in the lake gradually increased (from 12.8 °C in
June up to 23 °C in August). Gradually reducing water level in
the lake allowed the boiling spring of Malakhitovyi Grot (Jaly
23, 2007) and the Bolshoi Geyser (September 1, 2007) to
emerge from the water and start operating again (Photo 108
and 109, respectively).
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108. Hzeepacenue zeiizepa Manaxumosuiii I'pom. 23 utona 2007 .

108. Eruption of the Malachite Grotto geyser, Jule 23, 2007

poBasicsi, HO IMEpUOANYe-
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© [ipo3HuH BiA: /iDroznin V. A* .

109. H3eeporcenue zetizepa bonvuiozo. 12 cenmaops 2007 2.

109. Eruption of the Large geyser, September 12, 2007

When the water level in the lake was still approximately
2 meters higher than that of the bath of the Bolshoi Geyser,
the activity of this geyser manifested itself in divergent circles
on the surface, and gas bubbling. The temperature measure-
ments indicated thermal convection in the geyser bath. When
the water level in the lake reached the edges of the bath (but
was 10-15 cm higher than the minimum point of drain) the
geyser began to work. Recently, water level in the lake has
become practically stable, but periodically it increases with
precipitation. At the same time the period of geyser eruptions
increases from 1.5 to 2.5 h. The character of eruption for this
geyser has changed: eruptions have become less powerful
and similar to emission of huge steam bubbles. When erup-
tion stops, the water level in the bath (full before the eruption)
drops sharply, almost down to the bottom, and the bath starts
to fill by lake water.

The Small Geyser, judging by divergent circles on the
lake surface (see photo 110), is now operating as a spring.
By the analogy with the Bolshoi Geyser, it is possible to as-
sume that manifestations on the lake surface are not only
the result of gas discharge, but also the evidence of the heat
convection in the upper part the geyser feeding channel. The
assumption about saving its «geyser» activity is doubtful, be-
cause piezometric level of this geyser was formerly estimated
as several meters, and today water layer above it is about
14 meters. The Small Geyser was the most productive gey-
ser of the Valley of Geysers; it erupted 8 t of water every 40
min, that exceeded even the productivity of the Giant Geyser
(20 t every 6 hours). The rather high frequency of eruptions of

The pearl of Kamchatka: Valley of Geysers

CKM NOBBIMIACTCA MNPU BbINAACHUU OCAIKOB. HpI/I 3TOM
NIEPUOJ, U3BEP)KEHUM Treiszepa ypenuuusaercs ¢ 1,5 1o
2,5 4. Xapakrep M3BEp)KEHUN 3TOTO Tel3epa M3MEHUII-
CA. H3BCp)K€HI/IH CTajin MCHEC MOIIHBIMH, ITOXOXKHMHU
Ha NpoOyIbKUBAaHHWE OTPOMHBIX MApOBBIX Iy3bipei. Ilo
OKOHYaHUH U3BCPIKCHUA YPOBCHDb BOIbI B IEPBOHAYAIBHO
MOJTHOW BaHHE PE3KO MajaeT, MOYTH JI0 JHA, U BaHHA Ha-
YUHAET 3all0JIHIATHCS BOJAOW 03epa

Teiizep Manwiii, cyast Mo pacxoAsiUMcs Kpyram Ha
noBepxHOCTH 03epa ((oto 110), Kak MCTOUHHUK COXpPaHUI
CBOIO akTUBHOCTb. Ilo ananoruu c reifsepom bonbinm
MOXHO Ipeamnojararb, 4To0 MpOsBJICHHUSA Ha MOBCPXHOCTU
03epa — 3TO CIIEJICTBHE HE TOJIBKO BBIXOZA Ta3a, HO U CBH-
JIETETICTBO TEIUIOBOM KOHBEKIIMH B BEPXHEW YaCTH MOJBO-
JIIIIero KaHana reizepa. Ilpeamnonoxenue o coxpaHeHUH
€ro «Trei3epHo» aKTMBHOCTH COMHMTENBHO, T. K. paHee
MbE30METPUYECKHUI YPOBEHb 3TOT0 rei3epa OLIEHUBAJICS B
HECKOJIbBKO MCTPOB, a TOJIIIAa BOAbI HAaJ HUM B HACTOALICC
Bpems — okoito 14 m. I'eitsep Masblii ObIT caMbIM MPOIYK-
TUBHBIM reiizepoM J{oiHbI; OH U3Bepraj § T BOAbI KaKIbIe
40 mMuH, YeM TIPEeBOCXOMWI Naxe redsep Bemukan (20 T
Kaxple 6 4). CpaBHUTEILHO OOMbIAs YacTOTa U3BEPIKe-
Huil reiizepa Masoro no3Bossiia YBUAETh 3TO BIIEUATIISIO-
11ee SBJIECHUE B KaXI0M BEPTOJIIETHON 3KCKYPCUMU.

Teizep L]eny 0 Mepe TorbeMa ypOBH:I 03epa ObLI 3aTo-
TUTEH TIOCIIETHAM, HETIOCPEICTBEHHO Iepe] POPBIBOM ILIO-
TUHBI, 1 HAXOJUJICS TTO]T BOZIOM MeHee cyTok. Korna ypoBeHb
o3epa ymaiu, OH BHOBb BO30OHOBHIJI CBOIO JICATEIBHOCTE.
CHauajyia IPOM30IUIO 5 KOPOTKONeproaHbIX (15-20 muH.)
I/ISBep)KeHI/Iﬁ C MNpCABAPUTCIBHBIM H3JIMBOM, a 3aT€M OH
CTaJl U3BCPrarbCsa B OOBIYHOM CBOEM PEXKMUME C MEPUOIOM
33-34 MuH 0e3 MpeABapUTEIILHOTO U3INBA, YTO OBLIO Xa-
PAKTEPHO UL HETO U paHbIIE.

IlonHOCTHIO 3aTOILUIEHHBIN KHUIAIIMKA WCTOYHUK Ma-
aaxumogwiti [ pom cHavana, Korna ypoBEeHb BOJBI €IIE He
OITYCTHUJICSA HUIKE Kpas €ro BaHHbI, CTaJl paGOTaTI) B PCXKH-
Me reizepa c nepuonom ussepaxenuit 10-20 muH. 3atem,
KOTJIa €TO BaHHA ITOJTHOCTBHIO OCBOOOIIIACE OT BOZ 03€pa,
BO300OHOBHII CBOIO JCATCIIBHOCTh KaK KPI]'IS[HH/IFI MyJIbCH-
pyrommii ucTouHuK. KoHEeYHO, y3HATh €ro TPyAHo, T. K.
BCSI HIDKHSISL 9aCTh €T0 IIOCTPOMKH CKPBITa HAHOCAMH 00-
JIOMOYHOI'0 MaTepuaia.

Teitzep [lepseney OBLT 3aBaJieH OTOJI3HEM, HO, CYIS
o ¢ororpadusM MuiaoToB «KaM4aTcKux aBHATUHUN,
ocTalcs akTUBHBIM. 3aBaji u3MeHul pycio p. HlymHoit
M Tei3ep oOKaszajcsi Ha ocTpoBe. YaCTHYHBIA pa3MbIB
IJIOTHHBI emé pa3 3aBanui reisep. Ho okazamock, 4To
He OKOHYaTelbHO. [locTenenHo o6pazoBaiack BOPOHKA,
Ha JIHE KOTOPOW NEWCTBYET KHISIIMN MCTOYHUK. Pas-
rpy3Ka nuctounuka B p. lllymHyro cHagana o6o3Haganack
JUIIb YBJIAQXHEHHBIM I'PYHTOM, HO IOCTENIEHHO CTajla
BUANMON. Bo3pocna akTUBHOCTH TepMalbHON TUTOIIA]-
KU Ha mpaBoit cropore p. lllymHo#, HanmpoTHB reizepa
[Tepenma.

Becbma uHTEpECHBIM A1 UCClIEI0BaHUM mpencTas-
JseTCsl HaOIfoaeMoe B3aNMOJIEHCTBHIE TEPMOIIPOSIBIIE-
HUN THINAa «HapsIiMi TPYHT» € BOAAMM HOIIPYIHOTO
o3epa. B pesynbrare Takoro B3auMOJEHCTBUsS 00pa3sy-
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110. I'eiizep Manwiii nooaém npusnaxu xcuznu c enyounst 14 mempos. 16 urona 2007 2.

110. The Small Geyser gives the evidence of life from 14 m depth, July 16, 2007.

IOTCSl HOBBIE, KPaTKOBPEMEHHO JKUBYILUME HCTOYHUKHU the Small Geyser allowed us to see this impressive phenom-
(dboro 111). Camplii OobIION TTPUOPEKHBIH HUCTOYHUK enon during every helicopter excursion.
The Crack Geyserwas flooded with barrier lake water later

: than the others, just before the break-through
of the dam, and was underwatered less than
a day. When the level of the lake dropped, it
began operating again. At first, 5 short-period
(15-20 min) eruptions with preliminary out-
flow occured, and then it began to erupt in its
former mode with period of 33—-34 min without
any preliminary outflow.

The completely flooded boiling spring
Malachite Grotto, when the water level was
still higher than the edges of its bath, began
to work in the geyser mode with the erup-
tion period of 10—-20 min. Then, when its bath
completely emerged from the lake water, the
geyser renewed its activity again as a boiling
pulsating spring. Of course, it is hard to recog-
nize the spring now, since the bottom part of its
edifice is covered by detrital deposits.
©'30mHuKos| B, AL / Zlotnikov V. A. The First (Pervenets) Geyser was burried
by the landslide, but, judging by the photos
made by the pilots of Kamchatka Airlines, it re-
mained active. The blockage has changed the

111. Hoeviit mepmansvHblil ucmouynux 60au3u ypesa 600uvl. 17 uronsa 2007 2.

111. There is a new thermal spring near the brink. July 17, 2007
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© [ipo3HuH B. A. / Droznin V. A.

112. H3eeporcenue 2eizepa Benuxan. Ha nepednem nnane 3anpyonoe o3zepo. 15 cenmsaopsa 2007 2.

112. Eruption of the Velikan geyser. The barrier lake is in the foreground. September 15, 2007

bed of the Shumnaya River and geyser has appeared to be in
an island. Then, partial wash-out of the dam choked the gey-
seragain. But, as appeared, it was not the end. The crater was
gradually formed with an acting boiling spring at the bottom.
The discharge of the spring into the Shumnaya River was first
indicated only by the wet ground, but gradually it became vis-
ible. The activity of a thermal ground on the right side of the
Shumnaya River, opposite the First Geyser, has increased.
The observed interaction of thermal manifestations such
as «steaming ground» with waters of the barrier lake is very
interesting to research. As a result of such interaction new
short-living springs (see photo 111) are created. The largest
coastal spring (Two-wire) was formed without any visible rela-
tion with thermal manifestations above the Cone Geyser. For-
merly, steep turf-covered slope was observed in this place.
Only geysers and springs of the Central area (VII) and,
naturally, all thermal manifestations located in the upper part

TEepPMOTIPOSABICHUAMHU. PaHee B 3TOM MecTe, pacrolio-
JKEHHOM BbIIIe reifzepa Konyca, HaOmiomancs KpyToi
3a/ICPHOBAaHHBIN CKIIOH.

He 3arponytsiMu kaTacTpodoii Ha I'eiizepHoM mose
OKa3aJHCh TOJNBKO Teizepsl um uctounuku VII (Llen-
TPaAJIBHOTO) ydYacTKa M, €CTECTBCHHO, BCE BBIIIE pac-
MIOJIOKEHHBIE 10 Ao0auHe p. I'eii3epHON TepMoIposiB-
JI€HUS U YYacTKU IIOBEPXHOCTHOM THIPOTEpMabHOM
aKTUBHOCTHU. B ToM uucne camas 3HameHuTas B Jlonune
reizepoB TepmanbHas [Inomanka Gontanos (Bumpasic),
KpyIHbIE Tei3epsl, oxapakrepusoBanubsle T. 1. Yeruno-
Boll — [etizep 6 neuke nuscnuil (I pomux), Banna, Qon-
mawn, Hogwiti @onman, ' pom, /{eouinou, HenocmosnHulii,
Benuxan, Kemuyscuwiii, Bocbmépra), a Takxe rerzepbl
Asepwvesckuu, Hapawui, Huocnuu Illenesoti, Iopuson-
manvueli, Pozoswvui Konyc, bypnawuii, Bepxuui, Bepx-
Huil B pyciie. PexuM 3TuX rei3epoB mocie mpoIeIiero
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113. Hosoe pycno p. I'eiizepuoit. 2 cenmaops 2007 2.
113. The new channel of the Geysernaya River, September 2, 2007

OOpYIICHUSA-OMON3H ocTancss 0e3 uaMeHeHH# ((oTo
112).

Hecomuenno, mocie cobpituii 3 utons 2007 r., momMu-
MO HaOJTIOICHU 3a IeITEILHOCThIO Te3epOB U THAPOTEP-
MaJbHON aKTHBHOCTBIO B II€JIOM, OOJIBINION UHTEpEC IS
YUCHBIX TMPEACTABISAIOT HAOMIONCHHS 3a MOCTCIICHHBIM
BOCCTaHOBJICHHEM THPOJIOTHYECKOTO pexxuma pyd. Bo-
JIOTIAJTHOTO, HAPYIIEHHOTO TUTaHTCKUM OTIOJI3HEM U Tpsi-
3eKaMEHHOUW JaBUHOU. [IOBEpXHOCTHBIM CTOK 3TOTO PYy-
Ybsl K HACTOSIIEMY BPEMEHHU YK€ TIPEJICTABIICH IIETIOUKOM
HESIBHO CBSI3aHHBIX 03€p.

Ocoboro BHHMaHHWs 3aCIyKUBAcT H3yUCHHE COBpE-
MEHHOTO OCaJKOHakKorieHus1 B JlonmHe reii3epoB, KO-
PEHHBIM 00pa30M W3MEHMBIIETOCS TOCAe 00pa3oBaHMS
MOATPYAHOTO 03¢epa. Beck 0010MOYHEIH MaTepual, paHee
TPaH3UTOM TIEPEHOCUMBIN OypHBIMU Bojpamu p. [eizep-
HOM, Temepb oca)xiaeTcsl B MOANpPYIHOM o3epe. B mec-
T€ BIAJCHUSA PEKU B 03€PO CTPEMHTENBHO, OYKBaJIbHO
Ha Tia3aX, (GOPMUPYIOTCS aKKyMYJISATUBHBIC TEa THUIIA
ycTheBBIX 0apoB u koc (doro 113).

Wner uHTEHCHBHOE 3allOJHEHUE 03epa 0OJIOMOYHBIM
MaTepuasoM, COKpalleHue ero oobema u miomaau. Oue-
BHUJHO, YTO €CJHM YPOBEHb IMOANPYIHOIO O3€epa Cylle-
CTBEHHO He MMOHU3UTCSA, Ha €T0 MeCTe CO BpeMeHeM chop-

of the Geysernaya River valley have avoided any influence
of the catastrophe. Among these are the following: Fon-
tains Thermal Site (Vitrage), the most famous in the Valley
of Geysers, and the large geysers described by T. I. Usti-
nova, namely, Geyser-in-Oven-lower (Small Grotto), Bath,
Fountain, New Fountain, Grotto, Double, Inconstant, Giant,
Pearl, Eight-shaped, as well as geysers Averievskii, Steamy,
Lower Crack, Fissured, Horizontal, Pink Cone, Seething, Up-
permost, and Upper-in-channel. Their activity mode has not
changed after the landslide (photo 112).

Besides the observation of geyser behaviour and hydro-
thermal activity as a whole, the monitoring of gradual restor-
ing of the Vodopadny Brook runoff disturbed by the events of
June 3, 2007 is undoubtedly of great interest for scientists.
Now the surface runoff of this brook is already represented
as a chain of implicitly related lakes.

The study of the recent sedimentation in the Valley of
Geysers radically changed after the barrier lake formation
deserves the special attention. All detrital material moved
away formerly by Geyzernaya River is accumulated now in
the barrier lake. In a place of inflow of the river into the lake
accumulative bodies, such as delta sand-bars and spits, are
formed rapidly, literally before our very eyes (see photo 113).
The lake is intensively fulfilled with deposit material, the lake
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volume and area are reduced. If the water level of the lake
will not drop essentially, alluvial accumulative plain will be
formed on its place with time. The question is how soon it will
happen and how it will effect the geothermal system of the
Valley of Geysers.

Thus, as we can see, due to occurred geological catas-
trophe the nature gives us a unique chance to observe and
study rather a wide range of recent geological processes.

The pearl of Kamchatka: Valley of Geysers

MHUpYeTCsl aKKyMYNATHBHAs aJUIIOBHANbHAs paBHUHA.
Bomnpoc nunis B TOM, HACKOJIBKO OBICTPO 3TO CIYUYHTCS
U KaKuM 00pa3oM OTPA3UTCS Ha PEXUME THAPOTEPMalb-
HOMU cucteMsl JloIMHBI Tel3epoB.

Kax BuguM, B pe3yabrare NpOU30LIEANIeH Teonoruyie-
CKOI KaTacTpo¢sl IpUpPoa IPEAOCTABUIA HAM YHUKAIb-
HYIO BO3MOXKHOCTh HaONIIOaTh U M3y4yaTh BEChMa IIHPO-
KHH CIIEKTP COBPEMEHHBIX I'€OJIOTMYECKHX MPOIECCOB.



Bonpocel usyuenus u oxpae
2eli3epo8 — yHUKA/IbHO20
ABJIEHUA NPUPOOs

HeoOxomuMoCTh NanpHEUIIETo W3ydeHHs TeH3epoB,
HECMOTPSI Ha ITOTy4YCHHBIE HEKOTOPHIE PE3yIbTaThl, 00b-
SICHSIOIINE UX JACATCIBHOCTD, HAM IIPEICTABIICTCS OUe-
BuAHOW. OIHMM W3 OCHOBHBIX METOIOB HCCICIOBaHHUS
NESITEIFHOCTH TEH3epOB  SBISIIOTCSI CHCTEMaTHYCCKHE
HaOrofeHNst 32 UX pekuMoM. CrexeHre (MOHUTOPHHT)
Oyzner OecCMBICTICHHBIM, BO BCSKOM Cilydae Manodhdek-
THUBHBIM, €CIH €CTECTBEHHOE COCTOSHHE TeH3epOB MO-
KET M3MEHATHCS KaKUM-THOO0 BMEIIaTeIILCTBOM YEJIOBE-
ka. [ToaTOMy BakHO 00€CIIEUNTh COXPAHHOCTH Tel3epoB
U B LIEJIOM IIPHPOITHOTO KOMIUIEKCA 30HBI UX IPOSBICHUS.
Pazymeercs, opraam3aust OXpaHbl reid3epoB T0JDKHA yIu-
TBHIBaTh MHTEPECH TYPUCTOB, YHCIIO KOTOPHIX CO BpEMEHEM
Bpsin au OyaeT yMeHbIIathCs. VIHBIMHU CITOBaMH, HY>XCH
Pa3syMHBIH KOMIIPOMHCC IIPH PEIICHHH 3KOJIOTHYECKUX
mpo6neM JloiuHbI rei3epoB, 00eceunBaroNfid COXpaH-
HOCTB T'ei3epOB, HX N3yUCHNE U aKTUBHBIN TyPH3M.

Cpeny BOnpocoB, Kacaromuxcsi n3ydeHus JloniHbI Teil-
3epoB, HanOoJIee BaYKHBIM HAM TPEICTABISIETCS IPOIOIDKE-
HIHE CHCTEMaTHIECKHUX HAOMIONCHUI 32 PEKUMOM OCHOBHBIX
Tel3epoB 1 THIPOTEPMATEHON JIESITENFHOCTRIO B T1esioM. Ha
OCHOBE JaHHBIX HAOIMONECHWI M M3MEpEeHHs IapamMeTpoB
KOHKPETHBIX TeH3epOB BO3MOXKHO BEISIBICHHE OCOOCHHO-
cTel MexaHu3Ma JEUCTBHSA KK/I0T0 KPYITHOTO reisepa. 1o,
B CBOIO 09epellb, I03BOJUT B TIEPCIIEKTUBE ITPOTHO3UPOBATH
TIOBEIICHNE Tei3epOB, B YAaCTHOCTH — aOCONIOTHOE BpeMs
U JUIUTENBHOCTh W3BEpXKCHMS. 3HAHME TOYHOTO BPEMEHH
JIEICTBHA rei3epa NperoCTaBUT BO3MOXKHOCTh BCEM TOCE-
THTEJISM TIPH OTPaHIICHHOM BPEMCHH TPEOBIBAHUS CPEIr
ref3epoB YBHICTh HanOoJee HHTepPeCHBIC U AP heKTHBIC U3-
BepokeHus. Harprmep, reiseprl Benvkan, bonsmoit, ['opu-
30HTAJBHBIA PacHONIOKEHBI HA HEKOTOPOM yIaJeHHH YT
OT JIpyTa U U3BEPraloTcsi He TaK YacTo, MOXKHO YCIIETh 0e3
TpeayTPEKACHAS TOMI000BATECS KXKIBIM U3 HUX.

Ilocne cxoma rurantckoro omon3us 3 wmioHs 2007 T,
MIPUBENIIEro K KOPEHHBIM H3MEHEHUM JTaHAIadTa u mo-
BEPXHOCTHOM THJIPOTEPMAJIbHON NESITENBHOCTH B JOJHU-
He p. Ieil3epHOl, OTMEYEHHOE BBILIE CUCTEMaTUYECKOE
H3y4YCHHE pEeXUMa T'el3epoB JOIDKHO OBITH TOIMOIHEHO
KOMIIUICKCHBIMH HUCCIICIOBAHUSAMH TOCIEICTBUH 3TOTO
COOBITHSI W TIOTEHIHANBHO OMACHBIX SBICHHUH, CBSI3aH-
HBIX C OIIOJI3HEBBIMH IpoIrieccaMu. B gactHOCTH, HEOO-
XOIVMBI HAONIONEHNS 32 COCTOSHHEM CKJIOHOB C LIENBI0
MPEAOTBPALICHNS CXOIa HOBBIX OOJOMOYHBIX JIABHH,
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On the studies and preservation

of geysers as a unique
natural phenomenon

To our viewpoint, the necessity of further investigation of
geysers, in spite of all the already obtained results, is obvi-
ous. One of the major methods for the studies of geysers
activity is systematic monitoring of their regime. Observation
will be useless or, in any case, not effective, if natural state
of geysers can be changed due to any human factor. That is
why it is important to preserve both geysers themselves and
the whole environmental complex of the zone of their occur-
rence. ltis also clear, that organization of geyser preservation
should take into account interests of tourists whose number
will hardly reduce with time. In other words, we need to find
a reasonable compromise when solving the environmental
problems of the Valley of Geysers, which would guarantee
the undamaged state of geysers, as well as their studies and
active tourism.

Among the problems concerning the studies of the Val-
ley of Geysers, we consider the most important continuation
of systematic observations of the regime of major geysers,
as well as hydrothermal activity in general. Based on the
observation data and measurements of individual geysers’
parameters, we can determine peculiarities of operation
mechanism of every large geyser. This, in its turn, will allow
to predict geyser behavior, in particular, absolute time and
duration of the eruption. Knowledge of exact time of geyser
operation will provide an opportunity for all the visitors to see
the most exciting and effective eruptions.

After the giant rockslide of June 3, 2007, that radically
changed the landscape and surface manifestations of hy-
drothermal activity in the valley of the Geysernaya River, the
systematic study of the discharge of individual geysers must
be supplemented by overall research of the consequences of
this event and other allied phenomena bringing potential dan-
ger. In particular, it is necessary to observe the situation on
the slopes in order to prevent new debris fall, for the state of
the dam in the Geysernaya River bed below the Vodopadny
Brook, for the level of the lake before the dam and the rate of
hard sediment accumulation, which can cork up the channels
of geysers springs submerged by the lake.

Further studies are necessary for new mineral forma-
tions, sediments from thermal waters and geyserites. Here
also refer the examination of blue-green algae participat-
ing in the formation of geyserite constructions. There is still
much to learn about the activity of lithotrophic thermophil-
ic bacteria also found at the thermal fields of the Valley
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of Geysers. Separate branch of scientific researches is re-
lated to the study of etalon biogeocenises and plant ecology
under the specific conditions of thermal manifestations and
thermal fields.

It should be stressed that carrying out of almost all the
named scientific surveys is possible exclusively in the pre-
served territory. First of all, this refers to the monitoring of ba-
sic parameters of the Geysernaya hydrothermal system and
their variations in natural conditions, based on the regime of
surface thermal manifestations, including that of geysers. In
other cases, it is possible to study hydrothermal systems in
artificial conditions, since, sooner or later, they become the
objects of industrial usage, providing the operation of geo-
thermal electric power plants and heat supply complexes with
their hot water and steam resources.

The task of preserving the natural complex of the Valley of
Geysers includes the control over observance of regulations
for safe tourists’ visits. For example, dangerous might be the
sites of evolution of bubbling mud pots, where the process
of hydrothermal alteration (softening) of rocks is constantly
going on. As a result, apparently solid heated grounds might
collapse at pressure. One should also beware of landslip and
screes from the steep slopes of the Geysernaya river valley,
which become especially frequent in the period of cyclonic
rainfalls.

Located within the territory of the Kronotsky State Re-
serve, the Valley of Geyser was automatically referred to the
category of the secured objects. Nowadays, it is included
into the Semiatchikskoye Forestry, which, in its turn, refers
to the areas of special scientific value with limited attend-
ance and medium security regime. The latter is of vital im-
portance for the Valley of Geysers, since a great number of
nature amateurs strive for visiting this area. Unfortunately,
uncontrolled visits of tourists essentially impact local envi-
ronment and geyser activity. For instance, for the period of
«free» tourism (1967—-1975), unreasonable new pathways
and observation grounds were settled, which turned into
deep earth trenches due to erosion of the clayey shield.
Geysers themselves were dramatically damaged. Geyser-
ites were removed from many of them. Mostly harmed were
geysers Velikan, Sakharnyi, Zhemchuzhnyi and Troinoi.
How sorrowful is that the geyserites taken, which used to
be a magnificent ornament in their original environment, are
now, most probably, covered by dust in some forgotten cor-
ner of somebody’s apartment.

Attempts were undertaken even to change the re-
gime of some geysers, for which people were throwing
stones into the geyser vent thus reducing its diameter,
or tried to lower the water level in the bath making new
drainage-trenches in its walls. It was quite a surprise af-
terwards to read in different publications the enthusiastic
reviews about easy changeability of regime of geysers. In
fact, our nowadays’ knowledge about geysers’ regime and
mechanisms of their operation does confirm the possibility
of artificial change of the regime of some geysers, even
without any tremendous efforts. The question is whether
we need to do that.

To our viewpoint, any human meddling in geyser
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3a COCTOSIHMEM [aMOBbl, neperopoauBiieii [eifzepHyto
HWKE YCTbs pyd4. BojomaaHoro, nuHaMHKON H3MeHe-
HUSI YPOBHS 3alIPyAHOTO 03¢pa U MHTCHCHUBHOCTBIO Ha-
KOIUIGHHSI OCAJKOB B pE3yJbTaTe MPUBHECEHUS] TBEPABIX
B3BECEH, YTO B KOHEYHOM HTOIe MOXKET MPUBECTH K 3a-
KyIIOPUBAHUIO BBIXOJHBIX OTBEPCTHH KaHAJIOB I'€H3€pOB U
HMCTOYHUKOB, HAXOSIINXCS ceivac 1moj BOJIoH o3epa.

CremyeT Ha3BaTh TaKXKe B YHCIC JAIBHEHIINX HC-
CJICIOBAaHUI M3yYeHHE MHHEpPAIBHBIX HOBOOOPA30BaHUIA,
0CaJIKOB M3 TEPMAJIBHBIX BOJI U Teif3epUTOB, IIPEXKIIC BCETO.
C 3TUM HampaBJICHHEM KOCBEHHO CBSI3aHO H3Y4CHHE CH-
HE3eJICHBIX BOAOPOCIIEH, yJacTBYIONMX B (pOPMHUPOBAHUN
MOCTPOEK Ted3epuTa CBOMMH OKPEMHENIBIMU HUTSIMU WIIN
TpyO4aThiMu 00pa3oBaHMAMH. MHOTOE TNPEACTONT BBI-
SICHUTD U B JICSTENFHOCTH JINTOTPO(DHBIX TePMOGHIBHBIX
OakTepuii, Takke OOHAPYXKEHHBIX Ha TEPMaNbHBIX ILIO-
mankax [lomuHel reizepoB. OTAENbHBIN OIOK HaydHBIX
WCCIICIOBAaHMH CBSI3aH C M3YYEHHEM STAJIOHHBIX OHOreo-
IIEHO30B M JKOJIOTUH PACTHTEIIBHOCTH B CHEIU(PHIESCKUX
YCIIOBUSX TEPMOIIPOSABICHUN U TEPMAJIbHBIX MOJIEH.

HeobxomuMo MOAYEpKHYTH, YTO IIPOBEACHHUE IPAKTH-
YECKH BCEX HA3BAHHBIX HAYYHBIX MCCIIEIOBAHMN BO3MOKHO
TOJIKO Ha OXpaHsIeMOM 3aroBeqHoi Teppuropun. B nepsyro
o4epesb 3TO OTHOCUTCS K CIIEKCHHUIO 32 OCHOBHBIMH ITOKa-
3aressiMu [elizepHol TMApOTEpMaNbHON CUCTEMBI U UX U3-
MEHEHISIMH B €CTECTBEHHBIX YCJIOBHSAX, OCHOBAaHHOMY Ha
peXUMe TIOBEPXHOCTHBIX TEPMOIIPOSIBIICHH, B TOM YHCIIC
refizepoB. B qpyrux ciryyasx MOKHO HCCIENOBaTh TUAPO-
TepMaJIbHBIE CHCTEMBI B ICKYCCTBEHHO CO3IaHHBIX YCIIOBHU-
X, TaK KaK pPaHo WIN MO3THO OHU CTAHOBSTCS OOBEKTaMH
MPOMBIIIICHHOTO HCIOJIB30BaHNS, OOCCIICUNBAs CBOUMH
3armacamMy TOpsaeld BOABI M Tapa paboTy reoTepMalbHBIX
IEKTPOCTAHIIMIN 1 KOMIUIEKCOB TEIUIOCHAOKEHIIS.

C 3amadeit coxpaHeHus IPUPOIHOTO Komruiekca Jlomu-
HBI TeH3epOB HANPSIMYIO CBSI3aH U KOHTPOJIb COOIONCHNUS
MpaBHI OE30ITACHOTO HAXOXKACHHS 371eCh TyprucToB. Omac-
HBIMH, HalIpIMEp, MOTYT OBITh MECTa Pa3BHUTHS IPS3EBBIX
KUISIIIAX KOTIOB, TIIE TIOCTOSHHO HIET MPOIeCcC THAPOTEp-
MaJIbHOTO M3MEHEHNS (Pa3MSITICHHUS ) TOPHBIX ITOPOT, O YEM
TOBOPHJIOCH BBILLIE. B pesynsTare NpoyHbIe O BHELTHEMY
BUJly YYaCTKH HAarpeToro rpyHTa MOTYT IPOBAJIUTLCS IIPU
Harpy3ke. ClieyeT onacarbcsi TAaKXKe OIMOJ3HEH U OChITIeH
Ha KPYTBIX CKJIIOHAX JIOJNHUHEI p. [elizepHol, 0COOCHHO aK-
TUBHM3UPYIOLINXCS B IEPUO]] IUKJIOHUYECKHX JOMKIEH.

JlonuHa rei3zepoBs, pacnonarasich Ha Tepputopuu Kpo-
HOLIKOT'O TOCYIAPCTBEHHOIO 3all0BEJHHUKA, aBTOMaTH4eC-
KU TIONaia B pa3psj OXpaHsAeMBIX 00bekToB. B HacTos-
1iee BpeMsi OHa BKIItoueHa B CeMSAYUKCKOE JIECHUYECTBO,
OTHOCSIIIIEECs] K y4acTKaM OCOOOTO HAaydHOTO 3HA4EHHS
C OrpaHMYEHHOM MOCEIAEMOCTBI0 U YCHUIIEHHBIM PEXH-
MoM oxpanbl. [Tociennee st JJonuHbI rei3epoB 0coOeH-
HO BaXXHO, TIOCKOJIBKY BEJIMKO XKETaHHe MHOTHX JTIO0HTe-
neit mpupozpl MoObIBaTh B 3THX MecTax. K coxkanenuro,
HEKOHTPOJIMPYeMOe NpeObIBaHHEe TYPHCTOB 31€Ch BEIET
K CYHIECTBEHHBIM HAPYIIECHHAM DKOJIOTMU U JESTENBHO-
cTH reusepoB. Hampumep, 3a mepuon «OTKPBITOrO» Ty-
pusma (1967—1975 rr.) ObUTH HEONPABAAHHO MPOJIOKEHBI
MHOTOYHCIIEHHBIE HOBBIE TPOIBI M CMOTPOBBIE IIIOIIA-
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KH, KOTOpPBIE U3-32 3PO3UH B INIMHUCTOM IMOKPOBE MpEBpa-
THJIUCH B INIyOOKME KaHaBBI. boJbII0i ypoH ObUT HAaHECEH
HEMOCPENCTBEHHO rerizepam. Ha MHOTMX U3 HUX OBLIH OT-
outsl reizeputel. OcobeHHo noctpaganu Bemukan, Ca-
xapHbli, JKeMuy>xHbli, TpoiiHO. A Bellb BCE IOCETUTENH
MOIVIM BHJIETh, KAK KpAaCUBBI T€H3epUTHI, CBEPKAIOUINE B
CBETE COJHEYHBIX JIydeH I10]l TOHKOH IIEHKOW OMBIBaIO-
e ux BoAsl. JlocasHo, YTO HEKorJa OBIBIIME YKpalle-
HHUEM, YHECCHHBIE TeH3epPUTEHI, CKOpee BCEro, OeCIone3HO
MBUISATCS B YTOJNKAaxX KBapTUP, MPEBPATUBLINCH BJAIN OT
MaTEpPUHCKOM Cpelbl B HENPUMETHBIN CEPbIil KAMEHB.

bbuM MOMBITKM M3MEHUTH M PEXUM HEKOTOPBIX Iei3e-
poB. 17151 5TOTr0 320pachIBaI KAMHSIMH BHIXOTHOE OTBEPCTHE
reWzepa, yMEHbIIIasi €T0 CEYEHHUE, WM MOHMKaJIU yPOBEHb
B OaccelfHe-BaHHE, CJENaB B €r0 CTEHKE HOBBIE JKEJTOOKH,
YBEJTMUUBAOIIME CIMB BoAbL. C yIUBIEHHEM IIOTOM IPUXO-
JJIOCHh YUTaTh B PA3JIMUHBIX IMyOMKAIMAX BOCTOPYKEHHBIE
pacckasbl «aBTOPOBY» TaKUX MOIBITOK O JIETKOCTH U3MEHe-
HUsI pekuMa reizepos. To, 4TO MbI TENEPh 3HAEM O PEXKUME
rei3epoB U MEXaHU3ME UX JIEUCTBUS, JEUCTBUTENBHO MO/~
TBEP>KAAET BO3MOKHOCTh MCKYCCTBEHHOTO M3MEHEHHUS pe-
KMMa HEKOTOPBIX reii3epoB. Ipudem, 6e3 0COOBIX yCHIHIA.
Bomnpoc Tospko B TOM, HaJ0 JIM 3TO JIeaTh.

Ha mam B3misg, mro0oe BMEIIATENBCTBO YETOBEKA
B TIOBE/IEHUE T'eM3EPOB HEOITYCTUMO. Bhilie roBopuiiocs,
YTO ACSITEIbHOCTh Tei3epOB 3aBUCUT OT BIUSHUS MHOTHUX
¢axTopoB. OHM paHUMEBI. [eH3epsl pOXAAIOTCS, KUBYT
U ucue3zaroT. Ha xaxkiom sTame JesiTeNbHOCTH — 3UMOM
1 JIETOM, OCEHBIO ¥ BECHOW — OHU TIpeKpacHbl (oto 114).
He Oynem cBouME HEOCTOPOKHBIMH JICHCTBUSMU BT
Ha €CTECTBEHHOE pa3BuTHE reizepos. IlycTs aTum pac-
nopsinutes cama [lpupona. M Torma mepen HbIHEITHUM
[IOKOJIEHUEM nocetuTeneil JlonuHbl refi3epoB U TEMU, KTO
MPUACT CJIENOM, Irei3ephl MPEACTaHyT BO BCEM BEIHKO-
JIETMM MONIM KUMSIUX (OHTAHOB, TAUHCTBE JCHCTBUS,
HETIOBTOPHUMOCTH U KPACOTE U3BEPKCHHSI.

C yIIoBIETBOPEHHEM MOXXHO OTMETHTb, YTO B HACTOSI-
Iee BpeMsi MHOTO CJIEJIaHO JJIS1 00ECTICUeHHsT COXPaHHO-
CTH Tef3epOB U CO3/IaHUS yCIOBUH AJisi ocMoTpa J{omuHs!
reii3epoB TypUCTaMH. JTO U TPOIMBI C AOLIATHIM HACTH-
710M, 1 000pYIOBaHHBIE CMOTPOBEIE IIOIMIAAKH, U BEPTO-
JIeTHAs IUIOIIAAKA, U HEOOIBIIOH IPHUIOT C CAHUTAPHBIMHU
yao0cTBaMu, u Jip. BakHO TONMbKO B JanbHEiIeM, 0co-
OCHHO B CTydae pOoCTa MacCOBOTO Typu3Ma, 0a3y JUIsl ero
obecrieueHHs co3/1aTh 3a npenenaMu J{omuHbI Teid3epoB.
MoxHO HazeAThCsl TaKXKe Ha COXpaHEHHE WM Yilydlle-
HHUE YCIIOBHH IS pabOTHI HAyYHBIX COTPYIHHKOB 3aIlo-
BEJHMKA U APYTUX YUPEKICHUH, 3aHUMAIOLIUXCS U3yye-
HHEM MPUPOTHOTO KOMILIeKca [0TuHBI Tei3epoB.

114. U 6 cyposvie 3umnue OHu Kunam (yoHmanwl zeizepos

114. Geyser fountains are still boiling even in severe winter days

behavior is inadmissible. As mentioned above, geysers are
quite vulnerable and their life depends upon the influence of
many factors. Geysers are born, live for some time and then
they die. The Geysers are magnificent at every stage of their
life (photo 114). Let us not affect their natural evolution by
our careless interventions. Let the Nature itself take care of
them. And then, both present generation of visitors of the Val-
ley of Geysers, and those who will come after them, will have
a chance to watch the geysers in all their beauty and power
of boiling fountains, mystery of operation, uniqueness and
excitement of their eruptions.

We are pleased to note that, at present, great works
have been carried out to provide the security of geysers
and to create the conditions for tourists’ visits to the Valley
of Geysers. Planked pathways and observation grounds
have been settled, as well as a helipad and even a small
hostel with sanitary equipment. In future, especially in
case of mass tourism, it is important to create the base
for its maintenance somewhere outside the Valley of Gey-
sers. We can also hope for the preservation and improving
the conditions for scientific assistants of the Reserve and
other institutions studying the natural complex of the Valley
of Geysers.
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VOCABULARY OF GEOLOGICAL TERMS*

Active volcano — volcano whose eruptions take place at
present or occurred during the historical time, as well as volcano
manifesting constant fumarole activity.

Andesite — effusive rock of medium composition consisting
mostly of plagioclase and one or several colored minerals (am-
phibole, pyroxene, biotite).

Basalt — effusive rock of basic composition with not high (up
to 52 %) silica content.

Caldera — ring-shaped depression with steep sides and flat
bottom formed in the result of the collapse of a volcano top and,
sometimes of its vicinities in the course of intensive activity of
the volcano.

Cinder — lava fragments of various sizes — one of the major
erupted products of explosive volcanic eruptions. Cinder can be
also formed on the surface of lava flows.

Crater — cavity in the form of a bowl! or a funnel, located at
the top of a cone-shaped mount. Craters are formed in the result
of explosive volcanic eruptions.

Dacite — light-colored effusive rock with high (up to 70 %)
silica content.

Dyke — plate-like, vertical or steeply-dipping body having
great stretching and dipping extension at rather small thickness.
Dykes are formed more often by filling of the fissures by mag-
matic melt.

Explosion — phenomenon of volcanic eruption, usually ac-
companied by ejection of great amounts of pyroclastic material
and gases.

Extrusion — squeezing or expression of mostly viscous mag-
matic melt onto the surface, in the result of which dome-like (ex-
trusive) bodies of usually isometric form are formed.

Filtration properties of rocks — ability of rocks to let the lig-
uid pass through porous media (capillary pores, fissures and oth-
er hollows) under the effect of gravity force and capillary forces.

Fumarole — discharge of hot volcanic gas and steam in the
form of jets or quietly steaming masses from fissures or channels
over the volcano surface, or from non-cooled lava flows. By their
gas composition, we distinguish sulphury fumaroles — solfataras
and carbonic — mofettes.

Holocene — post-glacial period or post-ice epoch. Beginning
(lower margin) — 10 thousand years ago.

Hydrothermal activity — combined manifestation of the proc-
esses of mineral-formation and transport of heat and substance
under the conditions of thermal anomalies within the upper parts
of the Earth’s crust. Closely connected to magmatism. Particular
forms of hydrothermal activity are recent hydrothermal systems
and post-volcanic activity at active volcanoes.

Ignimbrite — volcanic rock of acidic composition (enriched in
silica), formed in the result of sintering of hot half-liquid debris of
erupted rocks, oriented in the same direction.

Lava — magmatic melt reaching the original ground during
volcanic eruptions. Gradually loosing steam and gas (volatiles)
the melt forms lava flows and sheets of various thickness and
extension.

Magma — flaming-liquid melt originating in the deeper ho-
rizons of the Earth. In contrast to lava, magma is much more
saturated with volatiles (steam and gas).

Magmatic chamber — magma reservoir located in the shal-
low parts of the lithosphere (to the depth of a few thousand me-
ters).

Piezometric (ascending) level — level to which pressu-
rized (artesian) waters ascend or may ascend in the drill well,
draw-well or up to the original ground.

Pleistocene — period of geological history including most
part of Quaternary (modern) period of the Earth’s evolution ex-
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CJIOBAPBH 'EOJIOI'HYECKUX TEPMHUHOB*

Ange3uT — 3¢ dy3uBHas, 00pa30oBaBIIasCs IPH UIHASTHUU Ha
MOBEPXHOCTH MarMbl FOpHasi IOPOZa CPEIHEr0 COCTaBa, COCTOSIIAs
B OCHOBHOM W3 IUIATHOKJIa3a U OJHOTO MIIM HECKOIBKHX I[BETHBIX
MuHepaioB (amduboia, mIpoKceHa, OUOTUTA).

Ba3zansT — 50dy3uBHas ropHas NOpoAa OCHOBHOTO COCTaBa
C HEBBICOKHM (10 52 %) conep kaHneM KpeMHe3eMa.

ByJkaH — KOHyCOBHAHO# WITH HHOH (POpMBI 00pa3oBaHHE, BO3-
HHKAIOIee MIPU M3BEPKEHUU NIyOMHHBIX MarMaTHYeCKUX paciiia-
BOB Ha IHEBHYIO ITOBEPXHOCTh. B MpOoLECCE BYJIKAHUYECKUX U3BEP-
JKeHHH 00pa3yloTcs IIaBHBIM 00pa30oM KOHYCOBHIHBIC TOPHI.

Byikan aeiicTBYIOLIMIA — ByJIKaH, U3BEPKEHUSI KOTOPOT'O MIPO-
HCXOZAT B HACTOSIIEE BPEMS MIIN IIPOUCXOJUIN B TEUEHUE UCTOPHU-
YEeCKOr0 BPEMEHH, a TAKKe BYJIKaH, KOTOPBIH OOHApy)KHBAeT MO-
CTOSTHHYIO ()yMapOJIbHYIO eSITeIbHOCTb.

I'mapoTtepmanbHas JesATeJbHOCTH — COBOKYITHOE TIPOSIBIICHHE
MPOIECCOB MUHEPAIO00pa30BaHys, IEPEHOCA TEIIA U BEIIECTBA B
YCIIOBHSIX TEPMOAHOMAJIMH B BEPXHUX 4YacTAX 3eMHOH Kopbl. Tec-
HO CBsi3aHa ¢ MarMatu3MoM. KOHKpeTHBIMH (hopMaMH SIBIISIFOTCS
COBpEMEHHbIE THIPOTEPMAIIbHBIE CHCTEMBI U ITOCTBYJIKAHIYECKast
JIEATeTbHOCTh Ha AEHCTBYIONINX ByJIKaHAX.

T'osionen — nocaeneHUKOBBIN IEPUOJ] MK TTOCIIEIIEIHUKOBAs
snoxa. Havano (HrkHsis rpanuna) — 10 ThIc. j1eT Ha3a.

TI'opnasi mopoaa — ecTecTBEHHasI aCCOIMAIINS MHHEPAJIOB, BO3-
HUKIIAs B pe3ynbrare (PU3NKO-XUMUIECKHUX U T€0JOTHIECKHX TIPO-
1eccoB. [opHbIE TOPOBI MOTYT OBITH MIIOTHBIMU (TPAHUT, AUOPHT,
JUIIapuT, 6a3anbeT U Jp.) WIN PHIXJIBIMH (TIECOK, JEcC, IIMHA, Ipa-
BUH U 7p.).

Jaiika — mmTo0o0pa3Hoe, BepTUKAIbHOE MM KPYTOIaaatolee
TeJo, UMEIoIIee OONBIITYI0 MPOTSHKEHHOCTD 110 IPOCTUPAHUIO U Ha-
JICHUIO [IPH OTHOCHUTEIBHO HEOOJIBIIOH TOJIIHHE.

Janut — 2ddy3uBHas cBeTIasi TOpHAask HOPOAA C BHICOKHM (JI0
70 %) comep>kaHHEM KpeMHe3eMa.

Jlenpeccusi ByJTKAHOTeKTOHUYeCKasi — OOIIMPHOE TTOHMKE-
HHE B peiibede, KONbIIEBOE WM OBAIbHOE, 00pa30BaHHOE B PE3yIib-
TaTe CHIBHBIX W3JIMSIHUH JIaBBl N3 MAarMaTHYeCKUX O4aroB U OITy-
CKaHUS 10 cOpocaM. [luamMeTp ByIKaHOTEKTOHHUECKHUX JETpeccuit
kosebnercs ot 12—15 mo 100 kM. Bunumas ammiuTyzna omycKkaHus
coctasnseT oT 300 1o 1 000 m.

HrauMOpuT — ByllkaHWYECKas IIOPOJA KUCIIOro cocrasa (000-
ranieHHast KpeMHe3eMOM), 00pa30BaBILIAsICS B PE3YJIBTATE CIIEKaHUS
TOPSTIUX, TOMYKUAKHAX OOJIOMKOB M3BEPKEHHBIX ITOPOJI, OPUCHTH-
POBAHHBIX B OJHOM HAIlPaBICHUH.

Kanbaepa — xonbrieobpa3Has BaJuHa ¢ KpyTHIMH CTCHKaMU U
IUTOCKUM JTHOM, 00pa30BaBIIascs B pe3ysIbTaTe IpoBaia BEPIINHE
ByIIKaHa, a MHOT/IA U MIPUJIETAIONIel K HeMy MECTHOCTH, B XOJIE aK-
THUBHOM JIESITETLHOCTH BYJIKaHA.

Kparep — Bnaguna B Bu/ie Yalld WIH BOPOHKH, PACHOJIOKEH-
Has Ha BepIIMHE KOHYCOBHUAHOHM ropsl. O0pasyercs B pe3yibrare
B3PBIBHBIX BYJIKAHHYECKUX H3BEPKEHHH.

JlaBa — MarMaTuuyecKuil paciiaB, JOCTUTIIMHA JHEBHOW IO-
BEPXHOCTH IIPHU U3BEPKECHUU BYJIIKAHOB. ITocTenenno TEPAA 1ap U
raz (Jlety4due), paciiaB o0pasyeT pa3IMYHON MOIIHOCTU U IPOTS-
JKEHHOCTH JIABOBBIE ITIOTOKH U TTOKPOBEIL.

Marma — OTHEeHHO-KH/IKHAH pacIulaB, BOSHUKAIOIIHUIT B ITyOHH-
HBIX TOpU30HTax 3emiu. B ominune ot naBbl MarMa Oosee ra3oHa-
CBIIIEHA.

MarmaTu4yeckuii o4ar — pe3epByap MarMmbl, pacroJIOKEeHHbBIH
B HETYOOKHX YacTsAX JIUTOCGEPHI (IO TyOHHBI HECKOIBKHUX THICSY
METPOB).

Ilem3a — BcrieHMBILIEECS CTEKIIO (MJIM KaMEHHAs! IIeHa) KUCIIBIX
U CpeITHHX I10 COCTaBy paciuiaBoB (J1aB). IleHa 6a3anbroBas — crute-
TEHHE TOHKHUX BOJIOCOBHAHBIX CTCKJITHHBIX HUTEH.

IupoxiacTuka, WiIM MUPOKIACTHYECKUN MaTepHasl— pas-
JIMYHBIE 110 pa3Mepy 1 hopMme 00JIOMKH, BEIOPOLIIEHHEIE B pacKaJIeH-
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HOM COCTOSTHAH B3PBIBHBIMHU (9KCIUIO3MBHBIMHU) BYJIKQaHUYECKHIMH
n3BepkeHusIMH. K HUM OTHOCSTCS HIIaku, OOMOBI, JTaNHIUTH, TIEM-
3a, TIernell.

ILeficTonen — NepHoz B reoJOrNUeCKO UCTOPUH, BKITIOYA0-
it OOJIBIIYIO YacTh YeTBEPTUIHOTO, COBPEMEHHOTO IIEPHOAa pa3-
BUTHS 3eMJIH, KPOME TOJIOLEHA, U MTPOJOIDKAIOIIHICS OKOMIO 1 MITH
JIeT.

IIbe3omeTpuyecknii (HaMOpPHBINH) YPOBEHb — YPOBEHB, (OT-
HOCHUTEJIFHO JTHEBHOW ITOBEPXHOCTH) O KOTOPOTO IOTHUMAIOTCS
WA MOTYT TOJHSTHCS HalIOPHBIE (apTe3uaHCKue) BOIBI B OypOBOi
CKBaXXMHE MIIH KOJIOALE.

Pudt — pacuiennna, OTKpBITHIE TPELIMHBI, 10 KOTOPBIM IIPOHC-
XOIWT U3NUSIHUE OOBIYHO 0a3aIbTOBEIX JIaB.

CrtpaToBy/IKaH — BYTKaHUUECKHI KOHYC, CIIOKCHHBIH 4epeo-
BAHUEM PBIXJIBIX, WITH 3KCIJIO3UBHBIX (IIJTaKH, TIECOK, ETel U ap.),
HPOJIYKTOB M JIABOBBIX IMOTOKOB, IIOCTYMAOMINX 3 KepJia BYJIKaHa,
Hanboree xapakTepHasi popMa BYIIKaHOB.

Tyd — mopoga BynKaHHYECKOTO HMPOUCXOXKICHHS, COCTOSIIAs
13 00IOMOYHOTO, OOJNBINEH YaCThI0 HECOPTHPOBAHHOTO Marepua-
J1a, BIIOCJICACTBUY CLIEMEHTHPOBAHHOTO U OTBEPAEBILETO.

TydonaBa — ropuas mopona, 3aHUMAIONIas IMPOMEXYTOTHOE
nosnoxeHne Mexxay tydom u nmaBoit. Yacto TyhonaBoil Ha3bIBAIOT
JaBOKJIACTUYIECKHUE TIOPO/IBI, TPUPOAA KOTOPHIX HEACHA.

OUIbTPaNHOHHBIE CBOWCTBA NMOPOJ — CIIOCOOHOCTH TOPHBIX
TIOPOJ] MPOIYCKATh JKUIKOCTh Yepe3 MOPUCTYIO cpeny (Karmuuisip-
HBIE TIOPHI, TPEIMHBI ¥ IP. ITYCTOTHI) ITOJ BIMSHUEM CHIIBI TSHDKECTH
1 KaWJUBSIPHBIX CHIL.

®ymapoJia — BBIXOJ TOPAYEro ByIKaHMYECKOrO rasa u mapa B
BHJIE CTPYI I CIIOKOIHO MapsIuX Macc U3 TPEIIVH HIN KaHaJIO0B
Ha TTOBEPXHOCTH BYJIKAHA WJIM U3 HEOCTHIBIIMX JIABOBBIX IIOTOKOB.
ITo cocTaBy ra30B pa3nu4arOT CEpHUCTHIE (HhyMapoibl — combdara-
PBI U YIIIEKUCIIBIE — MO(ETTHI.

Ilmak — KycKkH J1aBbl Pa3HOH BEJUYMHBI — OJMH M3 IVIABHBIX
MIPOAYKTOB BEIOpOCA IIPU B3PHIBHBIX M3BEPKEHMSX BYIIKaHOB. O0-
pasyercs IIIaK ¥ Ha IIOBEPXHOCTH JIABOBBIX IIOTOKOB.

IKCNJI03USA — SBICHHE BYJIKAaHMYECKOTO B3pbHIBA, OOBIYHO CO-
NPOBOXKIAIOIIEeCs BBIOpOCAaMU OOJBIIOTO KOJMYECTBA MHPOKIIA-
CTHYECKOTO MaTepHaia 1 Ia3oB.

DKCTPY3usl — BBDKMMAHHME WM BBIJABIMBAHUE HA IIOBEPX-
HOCTh IMPEHMYIIECTBEHHO BS3KOTO0 MarMaTH4YeCKOTO paciiaBa, B
pe3yasTaTe yero 00pa3yroTcs KyoJIOBHIHbIC (SKCTPY3UBHBIC) TeIa
IJIaBHBIM 00pa3oM H30METPUYHON (POPMBL.

*[Ipu COCTaBICHUM CIIOBAPS I'€OJIOTHYECKUX TEPMUHOB HCIOIIb30-
BaHbl: ['eonornueckuit cinosaps. T. 1, 2 / pen. A. H. Kpumroposuu.
M., 1955; Brooasey B. U. CnpaBounuk no Bysikanonoruu. M. : Hayka,
1984.
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cept for Holocene, and lasting for about 1 min years.

Pumice — foamed glass (or stone foam) of melts (lavas) of
acidic and medium compositions. Basalt foam — texture of thin
hair-like glass threads.

Pyroclastics, or pyroclastic material — various in size and
shape debris incandescently thrown out in the course of explo-
sive volcanic eruptions. Here belong cinders, bombs, lapilli, pum-
ice, ash.

Rift — crevasses, open fissures, along which mostly basaltic
lavas outflow takes place.

Rock — natural assemblage of minerals having appeared in
the result of physical-chemical and geological processes. Rocks
can be dense (granite, diorite, liparite, basalt, etc.) or loose
(sand, loess, clay, grail).

Stratovolcano — volcanic cone composed of alternating
loose or explosive (cinder, send, ash, etc.) products and lava
flows arriving from the volcano crater. The most characteristic
type of volcanoes.

Tuff — rock of volcanic origin, consisting of detrital, mostly
unsorted, material consolidated and hardened afterwards.

Tuff-lava — intermediate rock between tuff and lava. Often
used to define lava-clastic rocks of unclear origin.

Volcanic-tectonic depression — vast lowering of the relief,
ring-shaped or oval, formed in the result of great lava flows out
of magmatic chambers and sinking at the fault sites. Diameter
of volcanic depressions ranges from 12—15 to 100 km. Apparent
amplitude of the lowering makes 300—1 000 m.

Volcano — cone-shaped (or having some other form) con-
struction appearing in the result of the eruption of deeper mag-
matic melts onto the original ground. In the process of volcanic
eruptions, cone-shaped mounts are mostly formed.

*When compiling the vocabulary of geological terms, the following
references were used: Geological dictionary. V. 1, 2 / edit. A. N. Krishto-
fovitch. Moscow, 1955 (in Russian); Viodavets V. I. Reference book on
Volcanology. Moscow : Nauka, 1984 (in Russian).
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