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IlpuBeneH HOBBIN (aKTHIECKHH MaTepHal O TEILIOBBEIX IIOTOKAEX Hepes AHO osep baiikan u
Xybcyryn. ITo reotepmudeckum JaHHBIM [OCTPOEHA MPOrHO3HAs KapTa miyOMH HUXKHEH rpa-
HUIIB] PACCESHHBIX B 0allKajIbCKHX OCaJKaX ra3orHApaToB H JaH IpOrHo3 ux 3amacos. Hccnemo-
BaHbl TETUIOBBIC, XMMHYECKHE W (DIIBTPAllMOHHbIE XAPAKTEPUCTHKY THAPOTEPMAJIBHEIX CHCTEM
baiikanbckoit pudToBO 30HBL 10 THAPOXHMHYECKHM TeOTEPMOMETPAM PACCUUTAHBI TEMIIE-
paTypsl U IIyOuHB GOPMHPOBAHUA BOJA TEPMATbHBIX MCTOYHUKOB, BEIABICHHBIX Ha TEPPHTO-
PHM 3TOHM 30HBI; 3TH NIApaMETPH! ONPEAENeHb! U U CKPLITON YacTH THAPOTCPMANBHOTO CTOKA.
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N0ro-TeOQHU3NYECKUMU JaHHBIMH, Y€M TEMIICPATYPhl, CICAYIOMUE H3 pPaHee IOCTPOSHHBIX
UHTPY3UBHBIX (“ZaliKOBBIX”) MOJEIIEH.
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The monograph presents new facts on heat flows passing through the bottoms of the
Baikal and Khubsugul lakes. Geothermal data were used for construction of forecast map of the
depths of lower boundaries of gas-hydrates disseminated in Baikal sediments, prognosis of
their reserves is presented. Heat, chemical and filtration characteristics of Baikal rift zone geo-
thermal systems were investigated. Based geochemical geothermometers there were calculated
temperatures and depths of waters of thermal sources identified in the territory of this zone;
these parameters were also calculated for hidden part of hydrothermal outlet. There were
constructed geothermal models of the Baikal rift zone earth crust, which take into account heat-
mass transfer by meteogenic waters and through-litosphere heat-mass transfer by endogenous
fluids. It was shown that depth temperatures acquired within these models much better agree
with the geological-geophysical data available for the region than temperatures estimated on
the basis of earlier constructed intrusive (“dyke”) models.

The monograph is intended for geophysicists, hydrogeologists, hydrophysicists.

PeuenseHnTsl:
I-p reon.-MuH. Hayk B.C. Hmaes,
J-p reos.-mMuH. Hayk B.C. 3ybkos,
II-p reoisl.-MuH. Hayk A.H. Kucenes

P<ﬁ>n

H3z0anue ocyuecmeneno npu uHancogol noddepicke
Poccutickozo ¢onoa gynoamenmansuvix uccredosanui, npoexm Ne 07-05-07069

© Tonybes B.A., 2007
© Hactutyt 3emuoi kopel CO PAH, 2007

© Odopmrenne. AkaeMUYIECKOE U3-BO
ISBN 978-5-9747-0110-8 “T'eo”, 2007



OrMNABJNEHUE

1315711500010 :)5 1NN

[JIABA 1. METOJIMKA U TEXHUKA TEOTEPMUYECKIX M3MEPEHUI,
OLIEHKA WIM3ITOBEPXHOCTHBIX UCKAXEHHIA
TEIIOBOTFO TIOTOKA: - i . :cmss sams samas sams smmns sums sams s5ws »
1.1. MHOTOOATYHKOBBIH KAGETBHBIA TEPMOZOH . .« o v v vveeee aa e e e
1.2. BisiH#e Ha TETUIOBOM MOTOK OIM3MOBEPXHOCTHBIX HCKAYKAIOMMX
DAKTOPOB . . o v v ettt ettt ettt e e

[JIABA 2. OCHOBHBIE 3AKOHOMEPHOCTH B PACITPEJEJIEHI
KOHAYKTHUBHOM COCTABJISIFOLLEN TEIUIOBOI'O TIOTOKA
B BAVKAJIBCKOM PUDPTOBOM 30HE . . .. ..o
2.1. Baiixanbckas BIAIMHA H €€ TOPHOS OOPAMIIEHHE . .. ... oo inn ..
2.2. O3epo XyOCyTymn i €10 TOPHOE O0PAMICHHE . . .. oo v v i en s
2.3. JIpyrue (cyxommyTHble) BniaauHs! baikansckoi pudToBoii 30HsI
M UX TOPHOE OOPAMIIEHHE . . .« o« o vttt ettt e e e e enens

[JIABA 3. TETUIOBOE T10JIE OCAJOYHBIX OTJIOXEHUH 03. BAUKAJI
COIMACHO HABJIKOTEHUAM B CKBAXKIMHAX HA EI'O JHE
N JAHHBIM O PACITPOCTPAHEHUM TABOTMAPATOB ...............
3.1. Pe3yanTare! M MHTEPIPETALMS FeOTEPMHUYE CKUX HaONI0IeHNH B CKBa)KH-
HaxBagHe balikama .. ...... . .. ... .
3.2. TerumoBoe€ 10JI€ U ra30THAPATHI 0CaKOB ballkaabCKOM BIAIUHBI . . . . . . . .

IJIABA 4. CKPBITAAYACT TUJIPOTEPMAJIBHOI'OCTOKA . . . ...... ...
4.1. TIpOHUCXOMKIEHNE THIPOTEPM . « .« e v oot ee et et e e iae e
4.2. TernoBble ¥ XUMHIECKHE XapaKTEPUCTAKH THAPOTEPMAIBHBIX CUCTEM . . .
4.3. PacnipeienieHre OTKPHITOrO THAPOTEPMANBHOIO CTOKA 110 ITyOHHAM

€0 QOPMHUPOBAHHUSI . « . « v o et et et s i e ie i et e
4.4. CxpbITas 9aCTb THAPOTEPMATIBHOTO CTOKA . .o v v v eee v v eene s
4.5. TlonTBep)KIEHUS IKCIOHCHITHAIBHOTO CIIaAa MOIYJIS IOA3€MHOIO CTOKA

Lo 14783 1 (0
4.6. BeIHOC Tera CKPhITOM pa3TPy3KOM TEPMAIBHBIX BOX . ..o .o vvv e et

IJIABA 5. TIPOHMLIAEMOCTb BEPXHUX TOPU30HTOB 3EMHOM KOPBI
BAVMKAJIECKOM PUGTOBOM30OHBL . . .. .. oieeii e
5.1. TUIBI THAPOTEPMATBHBIX CHCTEM . . . ..t v v e iine i i e an s
5.2. CoOoTHOIIICHUE BEPTUKAILHOH M TOPU30HTANEHON COCTaBIIAFOIMX

100003 12172151 (0] 2 v 2
5.3. Moaens perHoHanpbHOTO THAPOTEPMATBHOTO CTOKA . .« . oo oo oo e v
5.4. KonuvecTBeHHBIE OIICHKU IPOHHIIAEMOCTH BEPXHEH 4aCTH 3€MHOH KOPEI

BafikanbCKOM PUPTOBOM 30HBL. . . . o vt ee e e et ii e



5.5. I'maporeoayHaMHU4eCKUE IAPAMETPhI TPAH3UTHBIX 30H THAPOTEPMAIBHBIX

cucteM balikanbCKOH PUPTOBOM30HBL . . .. oo ot vve et ie e 125
5.6. IIpoHU11aeMOCTB — KJIIOYEBOH TTApaMETP B OLICHKAaX THAPOTEPMATIBHOTO
TEIUTOTIEPEHOCA .« « < v v ot et e et e e e et e e et e e e et e aee e 137

TJIABA 6. PETMOHAJIBHBIE TEIUTOIIOTEPH 3EMHOI KOPbI BAMKAJTb-
CKOM PUPTOBOM 30HBI U AHAJIM3 [IPUUMH MX HEJIOOLIEHKU
TPAIUITMOHHBIMH TEOTEPMUYECKMMU METOIIAMUM ............ 139
6.1. CratHcTUYECKHIE OLICHKH PETHOHAIBHBIX CPEIHUX TEILUIOBIX IOTOKOB . . . . -
6.2. AHanu3 Npu4HH HEZIOOLIEHKH TPATHIIHOHHEIME I'€0TEPMHYECKUMH METO/1a-

MH PETHOHAJBHBIX TEIUIONOTEph 3¢ MHOMH Kophl baiikanbsckoit pudToBoii

T ) < 12 S 148
6.3. KoHBEKTURHBIH TEILIOBBIHOC U PE3YNETATH HOBESHINX NFEOTEPMHUCCKIX
uccaegoBanuii Ha bBadikane ... ... ... ... L o 164
6.4. [lepepacnpenencHue [TyONHHOIO TETUIa METEOTeHHBIMU BOIaMH B paiioHe
CeBepo-MytickorotoaHemss BAMa. .. ....... ... .. L oL 165
[JIABA 7. TEOTEPMUYECKHWE MOJIEJIM 3EMHOM KOPBI U JIUTOCPEPHI
BAUKAJILCKOM PUOTOBOMBOHDL . . . ..o oovieiaie e 172

7.1. O c1aboit 060CHOBaHHOCTH KOHIYKTHBHBIX MOZIC/IEH HE CTAIIMOHAPHOTO
reOTEPMUYECKOTO 10J1s balKkaibCKOTO perMoHa . . . ..o oo v v e v e e -
7.2. F'eotepMuueckas Mogenab 3eMHOU KOpEI baiikambckoit pudToBOii 30HBI,

YUYMTBIBAIOLLAs TEIUIONIEPEHOC METEOrEHHBIMU BOJAMH . . . o\ oo oo e e n e . 177
7.3. l'eoTepmudeckas MORENb IUTOCGhepsl balkanbekol pUPTOBOH 30HEI,

YUNTBIBAIOIIAsE aIBEKIIMIO0 YHIOTE€HHBIX QUIFOMAOB . . . . v v o v e e eee e s 183
7.4. CpaBHeHue€ pe3yNbTaTOB KOHTYKTUBHBIX H KOH/TYKTHBHO-KOHBEKTHBHBIX

OLICHOK TEILIOBOTO COCTOAHMA nuTochepst baltkanbckoro perviona . . . . . . 187
7.5. O BO300HOBIAEMOCTH TEILIOBBIX PECYPCOB FE€OTEPMHYCCKUX aHOMAIH

BalKanbCKOU PUDTOBOM 30HBI. - .« . o ot vee i ie e et ee et 189

7.6. ConocTaBiieHHE Pe3yIIbTaTOB Pa3THYHBIX OIXO0I0B B OLIEHKAX TEMIOBOTO
cocTosiHus 1uTocheps! balikanbckoif pu¢TOBOI 30HEI C APYIHMH €€ I'eo-
JIOTO-TEODUIUIECKUMHU JAHHBIMH . . . . o o ve e e e e e en e e e ennann . 190

BAKIIIOUEHHME . .. ..o e e e 198
T EPAT Y PA . e 201



CONTENTS

PREFACE ... .. e

CHAPTER 1. METHODS AND TECHNIQUES OF GEOTHERMAL
MEASUREMENTS, EVALUATION OF NEAR-SURFACE DISTORTIONS
OF HEAT ELOW . as cumssanas cmms s cmms saps: snss 5609 immns snms i98
1.1. Multi-sensor cable thermo-probe . .. ....... ... .. ... ... L.
1.2. Near-surface distorting factors affecting heat flow .................

CHAPTER 2. MAIN REGULARITIES IN DISTRIBUTION OF CONDUCTIVE
CONSTITUENT OF HEAT FLOW IN THE BAIKALRIFTZONE .. .. ... ..
2.1. Baikal valley and its mountain frame ............... .. ... .. .. .....
2.2. The Khubsugul lake and its mountain frame .......................
2.3. Other (land-based) valleys of Baikal Rift Zone and their mountain frame

CHAPTER 3. HEAT FIELD OF LAKE BAIKAL SEDIMENTS AS OBTAINED
IN THE BOTTOM DRILLHOLES AND ACCORDING TO THE DATA ON
GASHYDRATESDISTRIBUTION . ......... it
3.1. Results and interpretation of geothermal observations in the Baikal lake

bottomdrillholes . .. ... ... e
3.2. Heat field and gas hydrates in sediments of Baikalvalley .............

CHAPTER 4. HIDDEN PART OFHYDROTHERMALOUTLET .............
4.1.Origin of hydrotherms . ........ ... .. .. .. ... i i
4.2. Heat and chemical characteristics of hydrothermal systems...........
4.3. Distribution of open hydrothermal outlet through the depths of its

formation .... ... ...
4.4. Hidden part of hydrothermal outlet ................ .. ... .........
4.5. Confirmations of exponential fall of underground outlet with depth . . . ..
4.6. Heat transfer through hidden discharge of thermal waters . ...........

CHAPTER 5. PERMEABILITY OF UPPER HORIZONS OF BAIKAL RIFT
ZONEEARTHCRUST ... e e
5.1. Types of hydrothermal systems. ............. ... .. ... ... ......
5.2. Proportion of vertical and horizontal constituents of permeability ......
5.3. Model of regional hydrothermaloutlet . .. .........................
5.4. Quantitative estimates of permeability of upper part of the earth crust

of Balkal Rift Zone . . ... ...t
5.5. Hydrogeodynamic parameters of transit zones of hydrothermal systems

Of Balkal RIFtLZONE : s v cws snmes swmes smay swms smms s imus somsins
5.6. Permeability as a key parameter in estimation of hydrothermal heat

transfer . . ... .. e



CHAPTER 6. REGIONAL HEAT LOSSES OF THE BAIKAL RIFT ZONE
EARTH CRUST AND ANALYSIS OF THE REASONS OF THEIR
UNDERESTIMATION BY TRADITIONAL GEOTHERMAL METHODS . ..
6.1. Statistical estimates of regional average heat flows ..................

6.2. Analysis of reasons of underestimation by traditional geothermal methods

of regional heat losses of earth crust in the Baikal Rift Zone ...........
6.3. Convective heat transfer and results of the latest geothermal investiga-

tionsatLakeBaikal . ... ... ... .. ... ... L
6.4. Re-distribution of deep heat by meteogenic waters in the vicinity

of the Severo-Muisky tunnel of the Baikal-Amur Railway . ............

CHAPTER 7. GEOTHERMAL MODEL OF EARTH CRUST AND LITHOSFERE

OF BAIKALRIFTZONE ... e
7.1. On low validity of conductive models of non-stationary geothermal field
oftheBaikalRegion ......... ... ... ... ... ... .. ... ... . ... .. ....
7.2. Geothermal model of Baikal Rift Zone earth crust taking into account
heat transfer by meteogenic waters .. ........... ... ... ... ...
7.3. Geothermal model of Baikal Rift Zone lithosphere taking into account
advection of endogenous fluids ..................... ... ... ......
7.4. Comparison of results of conductive and conductive-convective evalua-
tions of heat status of earth interiors of the Baikal Region.............
7.5. On renewability of heat resources of geothermal anomalies of the Baikal
RiftZone. . ...
7.6. Comparison of results of various approaches to evaluation of the heat
state of Baikal Rift Zone lithosphere with other geological-geophysical
dataonthisregion ............... . iiiiiiiiii

CONCLUSIONS . L e e e
REFERENCES . . . . i et



