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Changing the composition, structure and properties of andesite Koshelev
volcano and tuffs geothermal field Pauzhetka in the surface zone of modern
hydrothermal systems
Shanina V.V., Nuzhdaev A.A.

Modern hydrothermal systems are confined to areas of volcanic activity. The study of
hydrothermal systems in practical applications associated with the electricity and heat, is conducted
in many countries. Hydrothermal system at depth together as a united front of the thermal power,
forming a “geothermal areas”. In the south of Kamchatka is located Pauzhetsko-Kambalno-
Koshelevo area, which is particularly active research in recent years it Southkamchatsko-Kuril
expedition of the Institute of Volcanology and Seismology, headed by Prof. S.N. Rychagov. In
2005, 2007-2010, staff and students of the Engineering and Ecological Geology, Geological Faculty
of Lomonosov Moscow State University as part of expeditionary force was a collection of volcanic
rocks, in varying degrees of recycled of the thermal waters, which served as the basis for writing
many term papers, bachelor's and master's works.

The purpose of this study - to identify patterns of changes in the composition, structure and
properties of andesite of Koshelevo volcanic massif and tuffs of Pauzhetka geothermal field under
the influence of thermal waters in real time, compare the transformation of rocks at different
thermal fields and to see how fit obtained regularities in the trends identified by other researchers
for these rocks in their transformations in the geological time.

Field experiments on the Lower-Koshelevo thermal field and Pauzhetskaya field were initiated
in summer 2009, and in 2010 was an increase in the number of experimental points (boiling water
and mud pots, sinks from the wells) and laid the first samples in the Upper-Koshelevo thermal field.
The samples of rocks were characteristic of the thermal field , studied composition and properties,
cut into cubes, placed in natural boilers and plums from the wells in a specially prepared wooden
cups with holes drilled to ensure maximum contact of the solution with the experimental samples.

In the area of Lower-Koshelevo thermal fields studied unaltered volcanics, confined to the West-
Koshelevo volcano composed almost horizontal lava flows of two-pyroxene andesites, andesite-
basalt, andesite-dacite (Bliumkina, Cherebatov, 2011). The density of rocks 2,45-2,51 g/cm’, the
density of the solid component (mineral density) 2,68-2,76 g/cm’. Under the action of water neutral
bicarbonate composition (pH 6-8, T = 95 © C) andesite gradually transformed into montmorillonite
clay (Luchko et al, 2009). It all begins with reducing the density of rocks to 2.05 g/cm’, with a
slight decrease in the density of solid particles (up to 2.65 g/cm’), increases the porosity of up to
23% and hygroscopic moisture of up to 1%.

The main process in the Upper-Koshelevo field is a sulfuric acid leaching, which occurs under
the action of acid sulfate waters and leads to the formation of light, porous opalitov (Luchko et al,
2009). The magnetic susceptibility decreases by three orders of magnitude because of the
destruction of ore and mafic minerals containing iron in its composition and with ferromagnetic and
paramagnetic properties (Frolova et al, 2010).

Differences in the transformation of rocks Koshelev volcano, originally having andesitic
composition, primarily attributed to the predominance of hydrogen sulphide or methane in the gas
composition of the thermal fields (Zuhubaya, Lucko, 2009).

Unaltered tuffs of verhnepauzhetskoy subsuite of the size of the fragments are divided into
psefitic, psammitic, pelitic (Zharenova, Sulimova, 2006; Sulimova, 2006). On the geothermal field
under the hot water primary minerals are destroyed and replaced by secondary, which noticeably
affects the properties of tuffs. Depending on the composition and temperature of thermal waters
marked silicification, chloritization and calcitezation (with epidote, prehnite) zeolitization rocks
(Zharenova, 2006; Zharenova, Sulimova, 2006).

The first conclusions of the experiments. Tuffs: increasing the density of rocks, hydroscopic
moisture 2-4 times, while reducing the density of the solid component, porosity, water saturation,
velocity of longitudinal waves does not change, significantly increases the magnetic susceptibility,
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changing the properties of tuffs in good agreement with the increasing content of clay minerals,
which replace the primary and heal the pores, and silica minerals (primarily on the open surface of
the samples). Andesites: for three weeks significantly increases magnetic susceptibility
(redistribution of Fe and modified minerals with ferromagnetic properties) and decreases the open
porosity; year trends in the properties of similar of tuffs besides increasing porosity (the formation
of secondary porosity due to leaching and removal of the primary components) and reduction of the
magnetic susceptibility (the destruction of ore and mafic minerals).
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HN3menenune coctaBa, CTPOCHHUS M CBOMCTB aHAe3uTOB Kolre/ieBckoro ByJikana u
Ty(poB IlaykeTCKOro reorepMajbHOI0 MeCTOPOKIACHUSA
B IIPUIIOBEPXHOCTHOM 30HE COBPEMEHHBIX IHIPOTEPMAIbLHBIX CHCTEM
Ilanuna B.B., Hy:xxnaes A.A.

CoBpeMEHHbIE THIPOTEPMAIIbHBIE CHUCTEMBI IMPHUYPOUYEHBI K OOJACTSIM pPa3BUTHUS AKTHBHOU
BYJIKAHMYECKON JeATeIbHOCTU. V3yueHue ruipoTepMaibHBIX CHCTEM B MPAKTUYECKUX LEJAX,
CBSI3aHHOE C JJIEKTPO- U TeIUIo(HKanue, BeAeTCs BO MHOTHX CTpaHax Mupa. ['uaporepmaibHbIe
CUCTEMBbl Ha TJIyOMHE OOBEIUHAIOTCS €AWHBIM (PPOHTOM TEIUIOBOTO TMUTaHUA, 00pasys
«reotepManbHble  padioHel». Ha 1ore Kamuatkm pacnonoxen Ilayxkercko-KambanbHo-
KomeneBckuii paiioH, aKTUBHOE H3y4YEHHE KOTOPOTO OCOOEHHO B TIOCIEIHUE TOABl BEACTCS
IOxxnokamuarcko-Kypunbckoit skcnenuuuein MHctuTyTa BynkaHosorun u ceiicmonorun /IBO
PAH, BosrmaBmsemoit a.r.-m.H. C.H. Peryaroseim. B 2005, 2007-2010 romax coTpyaHUKaMU U
CTyACHTaMH Ka(eIpbl HHKCHEPHON M SKOJIOTUYECKOM Te0JIOTHH reojoruyeckoro akymnbsrera MI'Y
M. M.B.JloMOHOCOBa B COCTaBE JKCIEIUITMOHHOW TPyMIbl Obl1a coOpaHa KOJIJIEKIHMS O0Opa3oB
BYJIKAHOTEHHBIX TIOPOJ, B pa3IUYHONH CTENEHH TNepepaboTaHHBIX TEepMalbHBIMU BOJAMH,
MOCITY>KUBILIAsE OCHOBOM [UIsi HANHMCAHWA MHOTOYHMCIEHHBIX KYPCOBBIX, OakKaJaBpCKUX H
MarucTepckux pador.

Llenb HacTosmIeH pabOTHI - BHIIBUTH 3aKOHOMEPHOCTH M3MEHEHHUS COCTaBa, CTPOCHUS U CBOWCTB
anne3utoB KoieneBckoro ByJKaHMYecKoro maccuBa u Ty(doB IlaykeTckoro reorepmaibHOTrO
MECTOPOKJCHHS TOJ] BO3JACHCTBUEM TEPMAJbHBIX BOJ B PEXHME PEalbHOTO BPEMEHHU, CPaBHUTH
npeoOpa3oBaHus MOPOA Ha Pa3HBIX TEPMAIBHBIX TOJSAX M IMOCMOTPETh KaK YKIAIBbIBAIOTCS
MOJTy4€HHbIE 3aKOHOMEPHOCTHU B TE€H/ACHIINH, BBISIBICHHbIE IPYTUMU UCCIIEIOBATEISIMH ISl JAHHBIX
MOPOJ TP UX NMPEOOPA30BAHUAX B TEUCHUE I€OJIOTHUECKOTO BPEMEHH.

Harypubie skcniepumentsl Ha Hwukne-KomeneBckom TepmanpHoM mnosie u [laykerckom
MecTOpoXkaAeHnH ObuH HauaThl JieToM 2009 rona, B 2010 roay npou3onuio yBeanueHHe KOIUYecTBa
SKCIIEPUMEHTAJIbHBIX TOYEK (KUIISIIME BOJHBIE U TpsI3€Bble KOTJIbI, CIUBBI CO CKBaXHWH) H
3aJI0’KeHbI nepBbie 00pa3ipl Ha Bepxue-KomeneBckom tepmanbHoM mosie. O6pasibl XapaKTepHbIX
JUIsL TAaHHOTO TEePMajbHOTO MOJIA MOPOJ, M3yUYEHHOTO0 COCTaBa W CBOMCTB, Hape3aHHbIC B BHJE
KyOMKOB, TIOMEIIAINCH MMPUPOJHBIE KOTJIBI M CIIUBBI CO CKBAXHUH B CHEIHAIILHO TMPUTOTOBICHHBIX
JIEPEBSIHHBIX CTAKaHYMKaX C BBICBEPJICHHBIMU OTBEPCTUSIMU I OOECIeueHUs] MaKCHMalbHOIO
KOHTaKTa PacTBOpa C HKCIIEPUMEHTAIBHBIMUA 00pa3IaMu.

B paiione Hwmxue-KoreneBckoro TepMaabHOTO TOJsS H3YYEHbl HEHM3MEHEHHBIC 3()(y3uBHI,
npuypoueHHsle K 3amanHo-KoleneBckoMy BYJIKaHy, CIIOKEHHOMY ITOYTH TOPHU30HTAIbHBIMU
JaBOBBIMH TOTOKAaMHU CpEIHE-BEPXHEUETBEPTHUUHBIX JBYHMHUPOKCEHOBBIX AaH/IE3UTOB, AaHNE3U-
0azanbToB, anae3u-mauToB (bmomkuna, Yepebaros, 2011). IlnotHOCTS TIOpOA 2,45-2,51 I‘/CM3,
IUIOTHOCTh TBEPHOH KOMIIOHEHTHI (MHHepanbHasi ILIOTHOCTB) 2,68-2,76 r/cm’. Ilox neiicTBreM
cyOHeHTpanpHBIX BOJ THApoKapOoHaTHOro coctaBa (pH 6-8, 7~95 °C) aHOe3UuThl MOCTETICHHO
npeoOpasyroTcsi B MOHTMOPWJUIOHUTOBBIE THHBI (Jlyuko m ap., 2009). Bce HaumHaeTcs c
YMEHBIIEHHS TUIOTHOCTH TOPOx 10 2,05 T/cM’, NP HE3HAYHTENHHOM CHIDKCHHH ILIOTHOCTH
TBepABIX dacTHI (10 2,65 r/cM’), yBETHUMBACTCS MOPHCTOCTh 10 23%, @ THTPOCKOIHYCCKas
BJIAXKHOCTH 710 1%.

OcHoBHBIM mpouieccoMm Ha Bepxne-KomieneBckoM mosie  SBISETCS  CEPHOKUCIOTHOE
BBIIIIEJIAUMBAaHUE, MPOUCXOJAIIEE MOJ ACHCTBHEM KHUCIBIX CyIb(aTHBIX BOA M MPHUBOJAIICE K
0o0pa30BaHMIO JIETKUX, MOPUCTHIX onaiautoB (Jlyuko u ap., 2009). MaruutHas BOCIIPUUMYHUBOCTh
YMEHBIIIAETCS Ha TpPU TMOPSIKA U3-3a Pa3pylIeHUs PYAHBIX M TEMHOLBETHBIX MHHEPAJOB,
COJIepKAIIMX B CBOEM COCTaBE Xelle30 M o0namaromux (peppoOMarHUTHBIMUA M TTapaMarHUTHBIMA
cBoiictBamu (Pponosa u ap., 2010).

Paznmuust B mpeoOpazoBanmm mopox KomeneBckoro ByiikaHa, W3HAYAIBbHO HMEIOIINX
aH/IE3UTOBBIN COCTaB, B MEPBYIO OUYepeb CBSA3BIBAIOT C MpeolIalaHueM CepoBOAOPOIa UM METaHa
B Ta30BOM COCTaBe TepMaIbHBIX ToJiel (3yxyoas, JIyuko, 2009).
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HeusMeHeHHbie Ty(pBl BEpXHEMAY>KETCKOW IOACBUTHI 1O pa3Mepy OOJIOMKOB JEIATCS Ha
nce(uTOBBIC, TICAMMHTOBLIE, alleBPUTOBLIC, nenuToBbie (XKapenora, Cynumona, 2006; Cynumosna,
2006). Ha reorepmaibHOM MECTOPOKICHUH O] JEHCTBUEM TOPSYMX BOJ MEPBUYHBIE MUHEPAIIBI
pa3pylaTcs U 3aMelIaloTcsl BTOPUYHBIMU, YTO 3aMETHO OTpakaeTcs Ha cBoiicTBax TydoB. B
3aBUCMMOCTH OT COCTaBa W TEMIIEpaTypbl TEPMaJbHBIX BOJI OTMEYAEeTCs OKBaplIeBaHUE,
XJIOPUTH3ALNS U KATbIUTU3AIHUS (C SMUIOTOM, IPEHUTOM), EOTUTU3AIMUS, arPUILTUTH3AIUS TOPOJ
(Kapenosa, 2006; XKapenora, Cynmumona, 2000).

[lepBbie BBIBOJBI MO MPOBEACHHBIM 3KcrepuMeHTaM. Ty(]bl: yBeTMYeHHE MIIOTHOCTH TMOPOJ,
TUTPOCKOMTMYECKON BIAXKHOCTH B 2-4 pa3a, TpPH CHIKEHUU TUIOTHOCTH TBEPJIOH KOMIIOHEHTHI,
MIOPUCTOCTH, BOJOHACHIIICHHSI; CKOPOCTh PACHpPOCTPAHEHUS MPOAOJIBHBIX BOJIH HE HM3MEHSETCH,
HE3HAYUTEJIbHO YBEJIUYMBACTCS MarHUTHAS BOCIIPUUMYKBOCTD, U3MEHEHHE CBOMCTB TY(POB XOPOIIIO
COTJIacyeTCs C YBEIMYCHUEM COACPKAHUsI TTTMHUCTHIX MHUHEPAJIOB, KOTOPBIE 3aMEIal0T EPBUYHbBIC
Y 3aJICYMBAIOT TIOPHI, U MUHEPAJIOB KpeMHe3eMa (B MEPBYIO Ouepelb Ha OTKPBITONW MOBEPXHOCTH
o0Opa3ioB). AHIE3WTH: 3a TPU HENENM HE3HAUUTEIHHO  YBEIUYMBACTCS  MarHUTHas
BOCIIPUUMYHUBOCTh  (mepepactipenenenue Fe u  u3MeHeHHWe  MUHEpayioB,  00JJAIONIUX
(heppoOMarHUTHBIMU CBOWCTBAMH) U YMEHBIIIAETCS OTKPBITasi HOPUCTOCTH MOPOJ; 3a IO/ TEHACHIIUN
W3MCHCHUS CBOWCTB  aHAJNOTHYHBIE TydaMm, KpPOME YBEIWYCHHS TIOPUCTOCTH  IOPOJ
(bopmupoBaHUEeM BTOPUYHOW TMOPUCTOCTH BCIEACTBHE BBIIIEIAYMBAHUS U BBIHOCA MEPBHYHBIX
KOMITOHCHTOB) ¥ CHIDKEHUSI MATHUTHON BOCIIPUMMYHUBOCTH (pa3pylIeHUE PYAHBIX U TEMHOIIBETHBIX
MUHEPAJIOB).
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