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SPECIALIZED MAPPING OF CRUSTAL FAULT ZONES. PART 2:
MAIN STAGES AND PROSPECTS
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Abstract: The article is to complete the description of the special mapping method which theoretical basis and princi-
ples were published in [Seminsky, 2014]. With reference to data on the Ulirba site located in Priolkhonie (Western
Pribaikalie), the content of special mapping is reviewed in detail. The method is based on paragenetical analysis of
abundant jointing which specific feature is the lack of any visible displacement indicators. There are three stages in
the special mapping method (Fig. 3) as follows:

Stage I: Preparation and analysis of previously published data on the regional fault structure (Fig. 1, A-T'), estab-
lishment of a networks of stations to conduct structural geological monitoring and mass measurements of joints, re-
cord of rock data (Fig. 2, A), general state of the fault network (Fig. 1, 4-3), fracture density (Fig. 2, b) and, if any,
structures of the above-jointing level (Fig. 1, E, 3; Fig. 2, A).

Stage II is aimed at processing of field data and includes activities in four groups (I.1-11.4) as follows: Group II.1:
construction of circle diagrams, specification of characteristics of joint systems and their typical scatters (Fig. 4, 4),
identification of simple (generally tipple) paragenesises, and determination of dynamic settings of their formation
(translocal rank) (Table 1), evaluation of densities and complexity of the joint networks, analysis of their spacial pat-
terns within the site under mapping, and identification of the most intensively destructed zones in the rock massif
(Fig. 2, B-B). Group I1.2: comparison of jointing diagrams with reference ones showing joint poles (Fig. 4, 5-B; E-3; JI-
H), and, in case of their satisfactory correlation, making a conclusion of potential formation of a specific joint pattern
in the local zone of strike-slip, normal faulting or reverse faulting (Fig. 4, I'-/4, H-K, O-II; Fig. 5; Fig. 7, F), and deter-
mination of relative age relationships between such zones on the basis analysis of the scatter of joint systems, shear-
ing angles and other relevant information. Group I1.3: construction of a circle diagram for the specified mapping site
with local fault poles (Fig. 8, 5), identification of conjugated systems and dynamic settings of their formation (Fig. 2),
plotting the information onto the schematic map of the location under study, and marking the transregional fault
zones (Fig. 7, B-K) with observation sites showing similar settings and paragenesises of local faults. Group I1.4: com-
parison between diagrams of fault poles of local ranks with reference patterns selected according to the availability of
conjugated pairs of fractures (Fig. 9, 5-I'); based on the above comparison, decision making on potential formation of
a paragenesis of local faults in the strike-slip, normal and reserve/thrust fault zones (Fig. 9, /-7K), and delineation of
boundaries of such zones in the schematic map by connecting the observation sites with similar solutions (Fig. 7,
JI-H).

Stage III is aimed at interpreting and includes comprehensive analyses of mapping results and priori information,
construction of a final scheme of the fault zones showing their subordination by ranks (Fig. 7, 0) and schemes of fault
zones for various structure formation stages, showing types of faults and specific features of their internal patterns,
i.e. definition of the peripheral sub-zone, sub-zones of fractures of the 2nd order and, if established, the sub-zone of
the major fault (Fig. 7, /I-H).

Prospects of the special mapping method can be highlighted upon its comparison with the conventional structural
methods applied in studies of faults. On the one side, the method requires time-consuming mass measurements and
special processing of 'dumb’ joints; on the other side, it provides for analyses of abundant jointing data, ensures a high
level of detail in mapping of patterns of fault zones, reveals rank subordination of faults and helps to determine other
specific features of fractures and faults. Hence, a conventional study of sites with evident tectonics can be based on
traditional structural methods, while the special mapping method is recommendable as an additional means of
analyses providing information on specific elements of the fault patterns, including establishment of the internal
zoning of faults, hierarchy of dynamic settings of faulting etc. In cases when direct observation of faults is limited as
the study area is poorly outcropped, or in case of specialized studies such as drilling of wells, the special mapping
method can be most useful when applied in its full scope.

With account of its specific features, this method is a promising tool for solution of theoretical problems related to
studies of divisibility of the Earth's crust into zones and blocks and researches of regularities in development of fault
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zones in space and time. It can be useful for application-oriented surveys in geology, ore geology, engineering geology
and hydrogeology that require detailed mapping of fault zones controlling many associated processes of key im-
portance.

Key words: joints, fault zones, paragenesises of fractures, stress field, ranks, stages of special mapping, Baikal rift.
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CNELIKAPTUPOBAHME PA3J/IOMHBIX 30H 3EMHOW KOPEI. CTAThA 2:
OCHOBHBIE 3TAIbI U NEPCINIEKTUBbI

K. K. CeMUHCKHU}

Hrcmumym 3emnoli kopbt CO PAH, Upkymck, Poccus

AnHoTanua: CTaTbs 3aBepllaeT ONHCAaHUE MeTO/a CHelKapTUPOBAHUSA, TeOpeTUYeCKHEe OCHOBBI U MPUHIUIIBI KOTO-
poro 6bLIY Mpe/CTaB/IeHb] B IpebIAyILel mybankanuu [Seminsky, 2014]. Ha npumepe y4actka «Yanp6a» B [Iprosib-
xoHbe (3anmagnoe [Ipubaiikanbe) NOoAPOOGHO PAaCCMOTPEHO COJEpKaHHe CTPYKTYPHOrO MeTO0/a, 6asHpyIolerocs Ha
napareHeTUYeCKOM aHaJ/IM3e MI0BCEMECTHO PaCNpOCTPaHEHHOH TPEIMHOBATOCTH, 0COGEHHOCTBIO KOTOPOH ABJIsAETCA
OTCYTCTBHME BUAMMBIX NPU3HAKOB cMellleHHH. OCHOBHBIE ONepaliy ClleliKapTUPOBaHUsA NMPOBOAATCA B paMKaX Tpex
rJIaBHBIX 3TanoB (puc. 3).

B xozme moaroroBuTesnpHoro stama (I) ocymectBisieTcss aHa/M3 JAaHHBIX MpeJIIeCTBEHHUKOB O Pa3IOMHOHN
cTpyKType pervoHa (puc. 1, A-I'), Ha y4acTKe KapTHPOBAaHHS CO3/AETCS CETh IMYHKTOB '€0JIOrO-CTPYKTYPHBIX Ha-
OJII0O/IEHUH, B KaXK/JJOM M3 KOTOPBIX MPOBOJAUTCS MAacCOBBIM 3aMep TpeliuH, GUKcUpyeTcss HHGOPMALUSA O TOPHBIX
nopojax (puc. 2, A), o611eM COCTOSSHUM ceTH pa3prIiBoB (puc. 1, /-3), ux miuotHocTH (puc. 2, b) u, ec/iv NPUCYTCTBY-
10T, - CTPYKTypax HaTpelMHHOT0 ypoBHs (puc. 1, E, 3; puc. 2, 4).

Jdtan 06paboTku nosieBoro Matepuasa (II) coctout u3 $opMasn30BaHHBIX ONepanuii, 06pa3ywILUX YeTblipe
rpynnsl (I11.1-11.4). Onepauuu nepBoit rpynmnsl (I1.1) BK/IIOYAIOT NOCTPOEHHE KPYTOBbIX AHArpaMM, XapaKTEPUCTUKY
CUCTEM TpeLIMH U CBOMCTBEHHBIX UM pa3bpocoB (puc. 4, A), BblJesieHre NPOCThIX (06bIYHO TPONUCTBEHHBIX) Napare-
HEe3UCOB C Ollpejie/ieHHeM JUHAMUYeCKHUX 06CTaHOBOK UX GopMUPOBaHUs (TpaHCA0KaIbHbIM paHr) (Tabu. 1), oueHKy
nokasaTeJiell IJIOTHOCTH U CJIOXKHOCTH TPELIMHHBIX CeTel, aHa/IM3 UX MPOCTPAHCTBEHHOTO paclipesie/eHUs B Ipejie-
JIaX y4yacTKa KapTHUPOBaHHs U BbIsIBJIEHME Ha 3TOW OCHOBe 30H Haubojiee MHTEHCUBHOW JeCTPYKLHUU MOPOAHOIO
MaccuBa (puc. 2, b-B). Onepauuu Bropo# rpynnsl (11.2) cocTosT B conocTaB/JeHUH KaXA0H AUarpaMMbl TPeLMHOBa-
TOCTH C 3TAJOHHBIMH TpadapeTamMu MoJ0CcoB TpelnH (puc. 4, 5-B; E-3; /I-H) 1 1py UX y0BJETBOPUTEIBHOM COB-
naZleHuH — IOJIyYeHUH pelIeHHs] 0 BO3MOXKHOCTH GOPMHUPOBAHUSA ONpe/ie/IeHHOW TPELIMHHON CeTH B C/BUTOBOH,
cOpOoCoOBOH WM B36POCOBOH (HaABUTOBOI) pa3JIOMHOM 30He JIOKaIbHOTO paHra (puc. 4, I'-/, H-K, O-II; puc. 5; puc. 7,
F), a TakKe yCTAaHOBJIEHUH JJIs 3STUX 30H OTHOCHUTEJIbHBIX BO3PACTHBIX B3aHMOOTHOIIEHHUIH Ha OCHOBE aHa/IM3a pas-
OpOCOB Yy CUCTEM TpPEIMH, BEJIUYUH YIJ/a CKaJbIBaHUs, apUOPHON MHPopManuu. Onepanuu tpetbei rpynnst (I1.3)
BKJ/IIOYAIOT NTOCTPOEHME JJI y4acTKa KapTUPOBAaHUSl KPYroBOH JuarpaMMbl I10JIIOCOB Pa3/oMOB JIOKaJIbHOTO paHra
(puc. 8, b), BbIsiBJIEHHE AP CONPSXKEeHHBIX CUCTEM U IMHAMUYECKHUX 06CTaHOBOK UX GopMupoBaHus (TabJ. 2), BbIHe-
ceHUe 3TOM NHPOpPMaLMU Ha CXeEMY MECTHOCTH U OKOHTYPHUBAHHe Pa3/IOMHBIX 30H TPAHCPErMOHAIbHOTO paHra (puc.
7, B-K), BKJIIOYAOIIUX TOYKH HABJIOAEHUs C OJAHOTHUIIHBIMU O0GCTAHOBKAMU U MapareHe3McaMHU JIOKAJbHBIX pasJio-
MoB. Onepanuu yetBepToil rpynmnsl (I1.4) cocToAT B conocTaBjeHUH AUarpaMMbl MOJIOCOB Pa3/jOMOB JIOKaJIbHOTO
paHra ¢ BbIOPaHHBIMM COTJIACHO HAJIMYHIO CONPSDPKEHHBIX MTap 3TaJOHHBIMU TpadapeTaMu pa3peiBoB (puc. 9, 5-I') u
Ha 3TO{ OCHOBe — IOJIyYeHUH PellleHUsl 0 BOSMOXXHOCTH GOpMUPOBaHHUS ONpe/ieIeHHOr0 NapareHesnca JIOKaJbHbIX
pas3JioMOB B CABUTOBOM, COPOCOBOM WJIM B3GPOCOBOM (HAaJABUTOBOM) 30HE peruoHajbHOro pasra (puc. 9, /-K), a
TaKXXe OKOHTYPUBAHMUHU UX IPAHUI] HA CXeMe y4acCTKa KapTUPOBaHUs NyTeM 06'be/JUHEHHUsI TOYEK HAOMIOeHHS C O/1-
HOTHUIIHBIMU pelieHusIMHU (puc. 7, /I-H).

Jrtan unTepnpetauud (III) 3akirovaeTcss B KOMIJIEKCHOM aHa/IM3€ MOJIyYeHHbIX TPU KAPTUPOBAaHUU MaTepHaJIOB
Y anpyOpHOX MHGOPMALMH, pe3yIbTaTaMH KOTOPOTO SIBJISIETCS UTOrOBasi CXeMa PasJIOMHBIX 30H C UX PAHTOBOM co-
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HNOJYMHEHHOCTBIO (puUc. 7, 0), a TaKXKe CXeMbl Pa3/JIOMHBIX 30H /ISl OT/IEJIbHBIX 3TAllOB CTPYKTYPOOOPa30BaHUs C Xa-
PaKTEPUCTUKOHN UX THIA U 0COGEHHOCTEH BHYTPEHHErO CTPOEHUs], T.€. BblleJieHHeM nepudepruiHON N0A30HbI, MOJ-
30HBI Pa3pbIBOB 2-I'0 NOPsJKA U, €C/IM YCTAHOBJIEHA, — I0J30HbI TJIABHOTO cMecTUTe s (puc. 7, /1-H).

[lepcneKTUBBI CNELKapTUPOBAHUS ONpPEJENsSIOTCS €ro 0COOEHHOCTSMHU B CPAaBHEHHMM C U3BECTHBIMU I'€0JIOTO-
CTPYKTYPHBIMH CHOCOGaMM HCCJIeA0BaHUS pa3noMoB. C 0JHOW CTOPOHBI, peaju3alys MeToAa CBs3aHa C BpeMs-
€MKHUMH MacCOBBIMU M3MepPeHUsMU U crnenudruieckoll 06paboTKON «HeMbIX» TPelLUH, a C APYTod — JaeT BO3MOX-
HOCTb B Ka4eCTBe OCHOBBI /Il aHAJIM3a MCI0JIb30BaTh NOBCEMECTHO PACHPOCTPAHEHHYIO TPEILIMHOBATOCTD, 0becre-
YUBAET BbICOKUH YPOBEHb JIeTAJbHOCTH KapTUPOBAaHUS Pa3pblBHON CTPYKTYPbl PA3JIOMHBIX 30H, MI03BOJISIET ONpe-
JleJIITh UX PAHTOBYIO CONOJYUHEHHOCTb U Apyrue ocob6eHHOCTH. Kak ciieficTBUe, B CUTYALUsX C IPKO BbIPaKEHHOH
TEKTOHUKOH Op/IMHAapHOE UCC/Ie/l0BAaHUE JO/DKHO ONUPAThCS HAa TPAJUIMOHHBIE Fe0JIOr0-CTPYKTYpPHbIE METOABI, a
HpUeMbl CIIELJKAPTHUPOBAHUS MOTYT NPUBJIEKATbCS B KaYeCTBE JONOJHHUTEIbHBIX CIOCOO0B aHA/IM3a, LieIbl0 KOTO-
pBIX fABJISIETCS NOJIydeHHe MHGOPMAaLMU MO OT/AEJbHBIM 3JIEMEHTAM CTPOEHHMs PasJIOMHOH ceTH (YyCTaHOBJIEHHE
BHYTpPEHHEH 30HaJIbHOCTH AU3bIOHKTHUBOB, HEPAPXUU AUHAMUYECKHUX 00CTAHOBOK UX GOopMUpOBaHUs U Ap.). Hanpo-
THUB, P MUHUMYyMe NPSIMBIX HaGJIIOZEHUH 32 pa3/ioMaMH, XapaKTEPHOM 1S ¢1a6006HaKEHHbIX TEPPUTOPUH UJIH
HCI0JIb30BAaHUS CrieMPHUUeCcKHX BHOB HCCIeL0BaHUsA (HampuMmep, 6ypeHre CKBaXHH), ONepaljuy ClelKapTHpoBa-
HUS JJO/DKHBI OCYILeCTBJISTHCS B IOJTHOM 00'beME.

[lepeuncienHble 0COGEHHOCTH CIENKAPTUPOBAHUSA OTKPBIBAIOT IMepeJ METOAOM IIMPOKHE MepCHeKTHUBBI s
pelieHUs TeOPEeTHUYECKHUX 33/]a4, CBS3aHHBIX C MCC/IeZ,0BaHHEM 30HHO-6JI0KOBOH eJIMMOCTH 3eMHOM KOpBI U 3aKO-
HOMEPHOCTeN MPOCTPAaHCTBEHHO-BPEMEHHOTO Pa3BUTHSl €e IJIaBHBIX 3JIeMEHTOB — Pa3/IOMHBbIX 30H. O6sacTsiMu
NPaKTUYECKOTO NMPUMeHEHHUs SIBJISAIOTCS TeoJIoTHUYecKasi CheMKa, a TakKe pyAHas reoJsorus, HHXXeHepHO-TeoJIoru-
YyecKHe U3bICKaHUS Y TH/APOTe0JIOTHS, B paMKaX KOTOPbIX 0C060€e 3HaUYeHNe UMeeT JeTaJlbHOCTb KapTUPOBAaHUS pas-
JIOMHBIX 30H, KOHTPOJIMPYIOLIUX MHOTHE BaXKHble B IPUKJIAJHOM OTHOLIEHUH CONMYTCTBYIOLIME POLECCHI.

Katouegwle ca108a: TpelMHbI, pa3JIOMHbIE 30Hbl, NapareHe3uchbl Pas3pbiBOB, [10Jle HANPSXKEHUH, PaHTH, 3TANbl Clel-
KapTupoBaHus, balikanbckuit pudT.

1. BBEJEHME

B nepBoii yacTu onucaHus crelKapTHUPOBAHUS Obl-
JIo mokaszaHo [Seminsky, 2014], 4TO 3TOT Treo0JIOTO-
CTPYKTYPHBI MeTOJ, NMO3BOJIIET OCYLeCTBJIATh Kap-
TUPOBaHHE Pa3JIOMHON CTPYKTYPbl U PEKOHCTPYKLHIO
noJsiell TEKTOHWYECKUX HaNpsKEeHUH 3eMHON KOpbI Ha
6a3e mapareHeTUYeCKOro aHa/M3a MacCOBBIX 3aMepOB
TPeIMH, XapaKTepU3YyIOLUXCA OTCYTCTBUEM BUAMMBIX
CMellleHUH M NOBCEMECTHbIM paclpoCTpaHEHUEM B
TOpPHBIX IOPOJAX.

CozilepkaHUe ClellKApTUPOBAaHUS B CBOMX OCHOB-
HBbIX 4YepTax CBOJUTCA K cJefywoolieMy. BHauyase Ha
M3y4YeHHOW TeppUTOpPUHU B COOTBETCTBYIOLIEM Mac-
mTabe OpraHU3yeTcsl CeTb MYHKTOB, B KK/ OM M3 KO-
TOPBIX NPOBOAATCS MacCOBbIM 3aMep 3/1eMEHTOB 3aJle-
raHus TpeLIuH U Apyrue HabJ/I0JeHHUs, CIOCO6CTBYIO-
IMe pelleHUI0 33Jay CTPYKTYPHOr'O0 KapTHUPOBAHUSI.
3aTeM 11 KaX/JI0T0 MyHKTA Ha6JII0JeHUH OTCTpauBa-
eTcs Kpyrosas JluarpaMMa TpelLiMHOBAaTOCTH, KOTopas
3aTeM COIOCTaBJAgeTCa ¢ TpadapeTaMy, OTPaKAIOLU-
MU H/ieaJIM3UPOBaHHbIE TPELIUHHbIE CETH B Pa3J/oM-
HbIX 30HaX pa3Horo MopdoreHeTudeckoro tuma. [lo-
JIydeHHble TaKUM CIIOCOG0OM pelleHHUsl O MPUCYTCTBUU
B NyHKTe HabJIl0JleHUs1 pa3JIOMHON 30HbI onpejesieH-
HOTO THIIA U OPUEHTUPOBKHU BBIHOCATCS B COOTBET-
CTBYIOIlEM MeCTe Ha CXeMy TEPPUTOPHH, MOCJe Yero
[0 TOYKaM C OJAHOTHMIIHBIMHU NapareHe3ucaMu GpUKCHU-

pyeTcs TMOJIOKeHWe pas3JIOMHbIX 30H. [l moATBep-
KJIeHUsl JJOCTOBEPHOCTH KapTUPOBAHHUS HCIIOJIb3yeTCs
anpuopHass UHPOPMALMA O HAJTUYHUU CMECTHUTeEJIEH,
KHHEMaTHKe U BO3pacTe nepeMeleHUui o pa3pbiBaM,
noJIydeHHasi B OTZeJIbHbIX KOPEHHBbIX BBIXOJAX U Iie-
peHeceHHasi Ha BCI0 MPOCTPAHCTBEHHO CBSI3aHHYIO C
HUMHU 30HY pPacCHpOCTPaHEHHUs OJAHOTHUIHOU TpEeIUH-
HOM CeTH.

Kpome cocTaB/ieHHON OMMCAaHHBIM CIIOCOOOM CXEMBI
pPas3JIOMHON CTPYKTYpbl MapasjiejibHO yCTaHAaBJIMBaA-
I0TCS THUIBI TMOJIEH HAaNpsSPKeHWH, B KOTOPbIX HA OT-
JleJIbHBIX 3Tanax (GOpPMHUPOBAIUCh WJIM aKTUBU3UPO-
BAJIMChb €e OTZeJbHble 3JIeMeHThI. /[l 3TOro mpoBo-
JUTCS OPAHTOBbIM aHAIU3 BblJEJE€HHBIX Pa3/IOMHbBIX
30H, B X0/le KOTOPOT0 BCe MOJIyYeHHbIe paHee JIOKaJb-
Hble pellleHHUs O UX MPUCYTCTBUH B OT/I€/bHBIX MyHK-
TaX MacCcoBOr0 3aMepa COMOCTABJAKTCSA MO THIY U
OpPUEHTAIUHU C YIeHaMH H/leaIM3UPOBAHHbBIX Mapare-
HE3WCOB pa3JIoMOB, (GOPMUPYIOUIUXCS TNPH CKATUU
(HagBUTH W B36pOCHI), pacTsHKeHHU (COPOCHI) WU
caBure (IpaBble U JieBble CABUTH). YCTAHOBJIEHHBIE B
UTOre JJaHHOU MpOIleAyphbl pellleHUus 0 HaJIMYMU pas-
HOTUIIHBIX Pa3JIOMHBIX 30H COOTBETCTBYIOT PEruo-
HaJIbHOMY YPOBHIO MOJISl HamnpsiKEeHWH, CyIlecTBOBaB-
[eMy B UCTOPHH Pa3BUTHUS U3y4aeMOro y4yacTKa 3eM-
HOH KOpBIL. /lajiee 3TH pellleHUs UCTIOJIb3YIOTCSA B Kave-
CTBE OCHOBBI JIJIS1 CJIeJIyIONeHd UTepaluu C Uealu3u-
POBaHHBIMH MMapareHe3ucaMH pas3JjioOMOB, MOKa He Oy-
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JleT uc4yepraHa BO3MOXKHOCTb 00beJUHEHHUSI Pa3/IOM-
HbIX 30H B paMKaX CeTeH, COOTBETCTBYIOILUX OINpeje-
JIEHHOMY ToJil0 HanpsxkeHui. Heckosbko (06BIYHO
3-4) ocTaBuIUXCSA pellleHUH 06 OpPUEHTUPOBKE pas-
JIOMHOM 30HBbI U JIMHAMHYECKOU 0OGCTaHOBKe ee Qop-
MUPOBAHHUSI OTPAXKAIOT CaMblii HU3KHUU (TpaHCperuo-
HaJIbHBIA WJIM TEOCTPYKTYPHBIM) YpOBeHb Mpoliecca
JIeCTPYKIMHU B perdoHe. OHU He MOTYT pa3BUBATbCSA B
OZITHO BpeMs M, TAKUM 00pa3oM, COOTBETCTBYIOT pas-
HbIM 3TamaM pas/ioMo06pa30BaHHUs, MPOSBUBIINMCS
Ha U3y4aeMou TeppuTopHuU. /lajiee 3TU 3Tanbl pacro-
JIATalOTCA B TOCJIEI0BAaTEJbHOCTH, OTpaXkalwieh oT-
HOCHTEJIbHBIA BO3PACT UX MPOSIBJIEHUS B 3aBUCUMOCTH
OT OLEHOK, CAeJIaHHBbIX 110 KOCBEHHBIM (CTaTHUCTHYE-
ckast uHpopMaIys 0 4YacTOTe BCTPEYAeMOCTH U YTJIO-
BbIX COOTHOLIEHUSIX PA3PbIBHBIX CUCTEM ) UJIH MPSIMbIM
(ampuopHas nHPopMaIys) npu3HakaM. B 3akyroueHue
CHEeLKapTUPOBAaHUA 06GPATHBIM XO/I0OM MOTYT GBITh CO-
CTaBJIEHbl CXeMbl Pa3JIOMHBIX 30H JJIsl KaXJOr0 W3
IJIaBHBIX 3TanoB popMUPOBAHHUSA CTPYKTYpHI. s 3TO-
ro u3 o6LIel CeTH BbIIENSAIOTCS Te AU3bIOHKTUBBI, KO-
TOpble BO3HUKJ/IU WJIM aKTUBU3UPOBAJIUCh B COOTBET-
CTBYIOILIEM T10JIe HAMPSKEHUH.

OcHOBHOU 3ajlayeld CTaTbU SBASETCA pPaccMOTpe-
HHE W I[03TAalHOe MpeJCcTaBJeHHe Ha KOHKPETHOM
npUMepe CoJiepXKaHUs BCeX onepalnuil paccMaTpUBae-
MOI'0 METO0/Ia, YTO MO3BOJUT NPUMEHSATHL ero 6e3 cre-
[UAJIBbHOW HOATOTOBKH [/l KapTUPOBAaHHUSA pa3JioM-
HOW CTPYKTYpbl B GOJIBLIMHCTBE MPUPOJHBIX PEruo-
HOB. BTopocTeneHHas 3ajlaya — YCTAHOBUTbD TJIaBHbIE
YepThl NONEPEYHON 30HATBHOCTH BHYTPEHHETO CTPO-
eHHsI pa3JIOMHBbIX 30H HAa OCHOBe NMPUMEHEHUs] TEKTO-
HODU3UYECKOTO TMOJX0Ja K UHTEpPNpeTaIluu pe3yJib-
TATOB CIENKapTUPOBaHUS Ha Mbice Yup6a B [Ipuosib-
xoHbe (3anazHoe [Ipubakikasibe).

2. PETMOHAJIbHASl TEKTOHUYECKASI OBCTAHOBKA U
PA3/I0MbI YYACTKA UCCJEJOBAHMIA 110 JAHHBIM
TPAJULIIMOHHBIX TEQJIOT0-CTPYKTYPHbIX
HABJIIOJEHUA

Y4yacTok cnenkapTHpPOBaHUS - y3Kasi moJsioca bepe-
roBoro o6pbiBa Ha BOCTOYHOM CTOPOHE M. Yup6a,
KOTOpPBIA pacrnojiaraeTcd Ha 3amnaJHOM MoGepexbe
03. batikan (puc. 1), o6pa3oBaBIerocsi, Kak U3BeCTHO,
NpHU pacTsHKEeHUH 3eMHOHM KOpbI B mpouecce GopMUpPO-
BaHUS OJIHOUMEHHOTO pUdTa. ITa TEKTOHUYECKasd
CTPYKTypa B U3y4aeMOM pervoHe MpUypoyeHa K rpa-
HUIle JapeBHero CuOHpcKoro kpatoHa u CasHo-Bai-
KaJIbCKOT'0 CKJIA[[YaTOro M0sica, MpeACcTaBJIeHHOTO Mo-
JIUXPOHHBIMH KOMILJIEKCAMH MeTaMOpPUYECKUX T10-
pos. KOHTaKT ZIByX KPYIHBIX TEKTOHUYECKUX €JIMHUIL
pervoHa MpoOUCXOJHUT 0 CHUCTEMe Pa3JIOMOB KPaeBoOro
miaTdopmeHHoro miBa ([[puMOpCKUN cerMeHT), KOTO-
pbIM BbIpakeH LUIUPOKOU MOJIOCOU 6JIACTOMUJIOHUTOB

Y Pa3HOTUIIHBIX UHTPY3UBHBIX MPOSIBJIEHUH, BKIIOYAs
rPaHUTOM/Ibl MPUMOPCKOTO KOMIUIEKca [Zamaraev,
1967; Zamaraev et al., 1979; Sklyarov, 2005].
AKTUBHM3aLMsA KpaeBbIX pPa3/IOMOB MNPOUCXOUJIA
HEOJIHOKPATHO B Te0JIOTUYEeCKOH WMCTOPUU PETHOHa,
OJIHAKO XapaKTep AEeCTPYKTHUBHOIO IpoIecca co BCer
Onpe/ieIeHHOCThIO JIMaTHOCTUPYeTCA JMIb A da-
HEepPO30MCKUX ITANOB TEKTOreHe3a. ITO CBA3aHO C UX
OTHOCHUTEJIbHOH MOJIOZOCTBIO U BBIPAKEHHOCTHIO B
JedopManmax «XpyNKOTO THUIA»: OTKPBITBIX TpPelH-
Hax M PAa3JIOMHBIX CMECTUTEJAAX, MNpeJICTaBJeHHbIX
«PBIXJBIMH TEKTOHUTaMHW». McciemoBaTesd, 3aHU-
MaBlIMeCs PEKOHCTPYKIMeN JIOKaJbHBIX CTpecc-
TEH30pOB Ha 6a3e TreoJIOTO-CTPYKTYPHOTO aHaJn3a
pa3pbiBoB 3anajHoro [Ipubaiikajibs, BblIeJWUJIN He-
CKOJIbKO HauboJiee 3HAYMMBIX (II0 YacTOTe BCTpeyae-
MOCTH) AUHAMHUYECKHUX 0OCTAHOBOK AECTPYKIUU 3€M-
Holt kopsl [Ipubatikanbs. [losie cxkaTHUs ¢ OpUEHTHUPOB-
KO OJTHOMMeHHO} ocy B HamnpaBaeHuu C3-l0B cBsA3bI-
BAeTCs C 3TANlOM paHHENaJIe030MCKoN Koyu3uu [Ma-
zukabzov, Sizykh, 1987; Aleksandrov, 1990; Seminsky,
Gladkov, 1991; Sherman et al, 1994; Delvaux et al,
1995; Fedorovsky, 1997; Sklyarov, 2005; u dp.]. Jas
paHHero KaWHO30s OOJIBIIMHCTBOM HCCJ/eZ0BaTe/el
Bbl/leJIIETC OGCTAaHOBKA CJBWra C JIEBOCTOPOHHUM
XapaKTepoM TMepeMelleHUd M0 CeBepo-BOCTOUYHBIM
passomam [Sherman et al, 1994; Levi et al, 1997; Del-
vaux et al, 1997; San’kov et al, 1997; u dp.]. HakoHern,
HauMHAasi C MO3/HEMJIMOIEHOBOTO BpeMEHU B PETHOHE
dukcupyeTcss sTan HauboJsiee UHTEHCHUBHOTO paCTs-
’KeHUs1 3eMHOU Kopbl B HampaBsienuu C3-HOB [Sher-
man, Dneprovsky, 1989; Delvaux et al, 1997; San’kov et
al, 1997; Lunina et al, 2002; Cheremnykh, 2010; u dp.].
[Iponecc pacTskeHUs1 3eMHOM KOPbI POJOJKAETCS B
HacTosliee BpeMs, O YeM CBU/IETENbCTBYET celicMUye-
CKasl aKTUBHOCTb, SIBJSAIOILASCSA CJIeJCTBUEM IepeMe-
meHud no pudToobpasywUUM pasaomaMm [Doser,
1991; Logatchev, Zorin, 1992; Solonenko et al, 1993;
Mats, 1993; Delvaux et at.,, 1997; Melnikova, Radzimino-
vich, 1998; Seminskii, Radziminovich, 2011; u dp.].
['naBHbIE cOpOCHI 3amajiHOTO Ijieya balikanibckoro
pudTta rpynnupyoTci B OOGpyYEBCKYI pPa3JIOMHYIO
CUCTeMYy, MpeJACTaBJEHHYI KpynHedmuMmu I[Ipumop-
cKoil 1 MopcKo¥ BeTBSIMH, IlepBasi U3 KOTOPBIX Hace-
JIyeT T0-BOCTOYHYIO FPAHUILY KpaeBbIX MIAaTHOPMeEH-
HBIX CTPYKTYp, 2 BTOpasi 06pasyeT Mo/BOJAHBINA CKJIOH
IJIaBHOW KOTJ/IOBUHBI 03. baWikan. Mexay 3TUMHU pas-
JloMaMu HaxoJuTcs [IpuosbxoHCKUM 6JIOK, K KOTOPO-
My NPUHAJJIEXXUT paloH uccaefoBaHun (puc. 1, b),
CJIO’)KeHHBIN ApeBHUMH MeTamopduTamu. [loayocTpos
Yaup6a oTAeseH OT «MaTepHUKa» Y3KHUM MepelienkomM
(puc. 1, B), KOTOpbIH SIBJISIETCS OTPAXKEHUEM B pesibede
KpYMHOW COPOCOBOM 30HBI, MapasljieJbHOU KPyTOMY
ackapmy [IpuMopckoro pas/jiomMa, Haxo/sIIeEMYCs ceBe-
po-3anagHee (puc. 1, 5). Kpome Yiup6uHckoro copoca,
Ha MOJIYOCTPOBE HAXOJUT OTYETJHBOe reoMopdoJio-



Geodynamics & Tectonophysics 2015 Volume 6 Issue 1 Pages 1-43

peauoHanbHbIlU NPoguib 3nekmpomomoepagul
- s =3

!‘ . =

npodgune
cneykap-
muposaHus

noKanbHble
npoghunu
np.a 371€KMpo-
np-5 momoepachuu

I&I pasnom 1g

n paznom 1 pasnom 2

10 cm

Puc. 1. MecTonoJioxkeHHe y4yacTKa CllellkapTUpoBaHUs «Yaupba» B 3anagHoM [Ipubaiikanbe (BocTtounas Cubupsb) U pas-
HOPaHTOBbIE Pa3JIOMbl PETHOHA.

A - 0630pHas cxeMa. b - noJiokeHHe yyacTKa «Yanp6a» (KeJqTbIi KBaZpaT) HA KOCMOCHUMKe ceBepHON yacTH [IpruosibxoHbs (KpacHble
JIMHUM - [IpuMopcKui 1 YIMpOUHCKUH cOpOChl). B - moJiokeHHe yyacTka «Yaup6a» Ha ¢oTorpadpuu o JHOMMEHHOTO MbICa, CIeIaHHOH C
BepToJeTa (3. pecypc: www.baikalvisa.ru) (kpacHblif IyHKTUD — CMeCTUTeJb YIUPOGUHCKOT0 c6poca; JIUHUA XKeIThIX Touek — npoduib
MaJIoTJly6UHHOM 3jiekTpoTOoMorpaduu). I' - cxeMa U30JMHUN pesbeda Ha M. YiUp6a, HA KOTOPOM MOKa3aHbl MOJOCOBUAHBIN y4yacTOK
crnenlKapTUpoBaHus (kUpHas ¢uosieToBast JIMHUSA), IJIaBHblE Pa3/IOMbl (MYHKTHUPHbIE JIMHUHU) U NOJIOKEHUE JIOKAbHBIX poduiel Ma-
JIOrJIy6UHHOM asieKTpoToMorpaduu (MsTh JUHUM KpacHbIX To4eK). [ - doTorpadus 6eperoBoro o6pbiBa, B KOTOPOM JIOKOGMHAMU OTYET-
JIMBO BBIJIEJISIOTCS Pa3/IOMbl 1 U 2, IBJSIOIMECS HA YYaCTKe ClIeLKapTUPOBAHUs IJIaBHbIMU 00'bEKTAaMH TPAAUIIMOHHBIX €0JI0r0-CTPYK-
TYPHBIX HabtogeHUul. E-3 - doTorpaduu ropHbIx nopoj, 6eperoBoro 06pbiBa, UJIHCTPUPYIOLINE HA yPOBHE 0OHAXKEHUI XapaKTepHble
CTPYKTYpPHBIE CUTyallUH HAa Y4acTKe CIelKapTHPOBaHMs, KOTOPble COOTBETCTBYIOT 30HaM pasyioMoB 1 (E) u 2 (3), a Takke 6JIOKY MeHee
HapyUIEHHbBIX TOPOA Mexy HUMU (XK).

Fig. 1. Location of the Ulirba special mapping site in Western Pribaikalie, East Siberia, and regional faults of various ranks.

A - general scheme. b - location of the Ulirba site (yellow box) in the space image of the northern part of Priolkhonie (red lines show the
Primorsky and Ulirba normal faults). B - location of the Ulirba site in the helicopter-view photo of the Ulirba cape ( www.baikalvisa.ru)
(the red line shows the Ulirba normal fault plane; the yellow dotted line shows the electrical resistivity tomography profile). I" - isolines of
the terrain at the Ulirba cape; the special mapping site is shown by the thick violet line; main faults are shown by dashed lines; locations of
electrical resistivity tomography profiles are shown by red dotted lines. / - photo of the cliff where the main subjects of traditional geo-
logical and structural observations, i.e. faults 1 and 2, are clearly visible on the special mapping site. E-3 - photos of cliff rocks as illustra-
tions of typical structures at the level of outcrops on the special mapping site, which correspond to zones of fault 1 (E£) and 2 (3), and the
block of less destructed rocks between the zones (K).
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rudeckoe BbIpaXKeHHe cepus 6ojiee MeJIKHX cybnapaJi-
JIeJIbHBIX Pa3/IOMHBIX 30H, NIpe/ICTaBJEHHbIX B peJbe-
de NMHEeNHO BBITSHYTBHIMU JioxKOUHaMu (puc. 1, B). B
IPOTHUBOIOJIO)KHOCTb 3TOMY HHTepecyllas Hac Iro-
BOCTOYHAsl OKOHEYHOCTb M0JIyOCTPOBa UMeeT CPAaBHU-
TeJIbHO POBHYIO IIOBEPXHOCTb U NPHUHAJJIENKUT K 6JI0-
Ky (puc. 1, I'), KOTOpbIH ObLJI OMYIEH 0 HEGOJIBLUIOMY
passnomy (N2 3), BeIpaKeHHOMY, KaK U JIpyryue cOpPOChI
paccMaTpyMBaeMOM TePPUTOPHUH, OTYETIUBBIM YCTY-
oM B peJsibede.

B kauecTBe yyacTka JJisl ClelKapTHUPOBaHUs GbLaa
BbIOpaHa y3Kas MmoJioca 6eperoBoro o6pbiBa 3TOH Mo-
HIKEHHOM MBICOBOM 4YacTH I-Ba Y/aupba, KoTopas
MMeeT AJIMHY 0KoJio 120 M M XapakTepusyeTcs oOHa-
JKEHHOCTbI0 TOpHbIX nopoj (puc. 1, /), AocTaTouHOH
JJ11 IPOBeJIeHNs Ie0JI0ro-CTPYKTYPHBIX HAa0JII0/jeHUM.
CorsracHo ux pesyabTaTaMm (puc. 2, A), B 6eperoBoMm
06pbIBe OOHAXKAIOTCSA CYyOBEPTHUKAJbHO 3aslerarolue
OUOTUTOBbIE THENCBl, B KOTOPBIX BbIJEJISETCS IMPO-
cnoi aM$pub60J10BbIX THelcoB. [lopoAbl BO MHOTHUX Me-
CTax HecCyT cJie/ilbl TEKTOHUYECKOM NepepaboTKH, Npo-
SIBJISIIOILENCcS B pacc/aHIleBaHUM, KaTakja3e U MUJIO-
HUTHU3aALMH, CBU/IETENbCTBYIOIUX O [TYOUHHBIX YCJI0-
BUSIX NepepabOTKH BellecTBAa. YYacTKHM TEeKTOHHUTOB
ObLIM JeTaJibHO 3aJ0KyMeHTHUpPOBaHbl [Cheremnykh,
2010], u3 3TUX MaTepHaJIOB CJIeAyeT, YTO B NpejeJiax
paccMaTpyMBaeMOM YacTU OGeperoBoro 06pbIBa OHU
KOHILIEeHTPUPYIOTCA B JBYyX MecTaX. VIMeHHO 3jecb
B pasHble 3Tanbl GpaHEpPO30HWCKOM HCTOPUM TEKTO-
HUYECKOr0 pa3BUTHs perdoHa NMpOMCXOAuIa aKTUBU-
3a1usl NMOJBHKEK, UTOTOM KOTOPBIX CTal0 pOPMHUPO-
BaHHUe JIByX Pa3/IOMHbIX 30H C TEKTOHUTAMH «PbIXJIO-
ro» THIA, XapaKTEePHbIMU [JI1 MPUIIOBEPXHOCTHOM
4aCTH KOPBI.

Bosbiias nmo pasmMepam passioMHas 30Ha Ne 2 npeg-
CTaBJIeHA UHTEHCUBHO TPELIMHOBATbIMU U Nepespoo-
JICHHBIMHU TopojaMu (puc. 2, A), KOTopble NOJBEPT-
JINCh [JIONOJIHUTENIbHOMY pPa3pylLIEHHI0 CO CTOPOHBI
npolieccoB BeiBeTpuBaHusA (cM. puc. 1, 3). B 3oHe Ne 1
IIMPUHA NepeApo6IeHHBIX U BbIBETPEJIbIX NOPO/, 3HA-
YUTeJbHO MeHblle (puc. 2, A), 0lHAKO BbICOKasl JIOKa-
JIN30BaHHOCTb NepeMelleHUH y IJIaBHOI'0 CMECTHUTE IS
npuBesa 37jecb K GOpMUPOBAHUIO 3€JIeHOBAaTOM IJIMH-
KU TpeHUs MOIHOCThI0 15 cM (cMm. puc. 1, E). llopoasl,
NpUMBIKAOIIME K y4yacTKaM JApoGJIeHUs, XapaKTepu-
3yI0TCS MUHTEHCUBHOW HapyIIeHHOCTbIO TPELIMHAMH H,
TaKUM 006pa3oM, NpeJCTaBAAl0T nepudepuro pasaoM-
HbIX 30H. [IpealiecTByIOIIKE U3MEPEHUS IMJIOTHOCTH
MeJIKUX paspbiBoB [Cheremnykh, 2010] cBujeTesb-
CTBYIOT, UTO Ha MbIce YiUp6a y4acTKU NOBBIILIEHHOU
TPeLMHOBAaTOCTH CONOCTaBUMBI IO pasMepaM C 6J10-
KaMHM, XapaKTepU3yKIIUMHUCT «POHOBOW» TPEIIUHO-
BaTOCTbIO (cM. puc. 1, 2K). /l/is olleHKU AaHHOTO MpU-
3HaKa, CBA3aHHOIO C BblJleJIeHUEM I'PaHUL] pa3/IOMHBIX
30H, IJIOTHOCTh TpelivH Ha 1 M2 (D) 6bL1a U3MepeHa B
14 Toukax, HepaBHOMEPHO pacHpejie/IeHHbIX BJ0JIb

ydacTKa HCC/Ae[JOBAaHUNW BBHUJY OCOOEHHOCTEH OOHa-
’KEHHOCTH TOPHBIX MIOPOJ,.

Kak BuAHO U3 moctpoeHHoro rpaduka (puc. 2, b),
napaMeTp D BapbUpyeTCs BAOJIb NPOdUIsA, JOCTUTASA
MaKCUMaJIbHbIX 3HaYyeHUH (35-40 Tp/M2Z) y pasioMoB
Ne 1 u 2. Bonpoc omnpeaesieHusl TpaHUl], pa3JIOMHOUN
30HbI B TPEIIMHOBATOCTH - TeMa CHelUaJTbHOrO HC-
CeJJOBaHUs, OTJleJIbHbIE aCIEKThl KOTOPOH OYAyT 3a-
TPOHYTHI U B IAHHOM CTaThbe. 3/leCb B Ka4eCTBE BbIJe-
JIeHUs] TpaHulbl «pOH-aHOMAaJUSA» JIOTUYHO MpUMe-
HUTb cpejiHee apuPMeTHYEeCKOe HU3MepEHHbBIX BeJH-
YUH — KPUTEPUH, KOTOPbIA 06GBIYHO UCTIOJIb3YETC PU
aHa/iM3e KOJMYECTBEHHbIX JaHHbIX. /I ydacTka
«Ynup6a» 3To 23 Tp/M2, 4TO 6JIM3KO K 3HadYeHHIO 20
Tp/M2, OCpeIHEHHOMY JiJisl pa3HbIX y4acTKOB [IpuoJib-
XOHbSl B XOJie HAIlMX MNPeAbIAYIIUX HCCJeJ0BaHUI
[Seminsky et al.,, 2013], a Takxe K BesinduHe (22 Tp/M2),
NPUHATON HpeJllleCTBEHHUKAMU TPHU JleTaJbHbIX HC-
cneoBaHUAX 30HBI [IpuMopckoro c6poca B padoHe
p. CapMa [Lunina et al, 2002]. B coOOTBETCTBUHU C IPHU-
HATOW IPaHUYHOU BeJMYHUHOM (D=23 Tp/M?), miupuHa
y4acTKa MOBbIIIEHHOW TPEU[MHOBATOCTH, CBSI3aHHAs C
passiomoM N2 1, paBHa 6 M, a ¢ pazsiomom N2 2 - 27 M.

PaccmaTpurBasi IpoCTpaHCTBEHHOE MOJIOKEHUE pas-
joMoB N2 1 u 2, cieiyeT OTMETHUTh, UTO OHHU CyOBep-
THUKaJIbHbI, XapaKTepU3yITCAd 6JU3KUM NPOCTHUPAHU-
€M U B [TepBOM NPUOLJIHUKEHUH KOHPOPMHBI 3aJIeTaHUI0
nopoa. Kak cnefcTBue, Ha yyacTKe HCCIe/JOBaHUM He
yAanoch 3aQUKCUPOBAThb NpsSIMble KHHEMaTHYeCKHe
NpU3HAaKU (CMelleHre MapKePOB U Jp.), MO3BOJISIONIME
JIOCTOBEPHO ONpE/IeIUTh XapaKTep JBUKEHUH M0 TEeK-
TOHUYECKUM HapYyLIEHUSIM HH JJI OJHOT0 U3 3TamoB
nebopmanui. IITpuxy CKOJNBXKEHHUS Ha MJIOCKOCTSX
TPeIMH HabJI0AaMMCh B IMHUYHBIX CJAy4Yasax U, Kak
paBUJIO, UMeJIH HesiCHyl0 npupojy. [lo ux opueHTa-
MU MOXKHO JIMIIb C/leJIaTh 3aK/IloueHue o npeobJiajia-
HUM CMellleHHUH GJIOKOB 110 Ma/IeHUI0 U IPOCTUPAHUIO.

TakuM o6pa3oM, pe3yabTaThl TPAJAUIUOHHBIX Teo-
JIOTO-CTPYKTYPHBIX HAOJIIOJIeHUH Ha ydacTke «YJjup-
6a» B KOHTEKCTe JIMTePAaTYPHBIX JAAHHBIX 00 3Tamax
TeKkToreHesa B 3amnajHoM [Ipubaiikajibe MO3BOJIUIU
CleJlaTh CJeAyrIe BbIBOJAbL. BUOTHUTOBBIE U aMu-
60J10BbIE THEWCHI, 0OHAXKAIOII[HECS B Y3KOH moJioce Oe-
peroBoro o6pbIBa Ha BOCTOYHOM CTOPOHE MbIca Yaup-
6a, HapylIeHbl IByMA Cy6BEPTUKAJbHBIMU pPa3jioMaMu
CEBEPO-BOCTOYHON OPUEHTUPOBKH, UCIIBITABIIUMU He-
OJHOKPATHYI0 aKTHBU3anuoo. Ha coBpeMeHHOM ypoB-
He 3PO3UOHHOI0 Cpe3a 3KCIOHUPYIOTCA paccaaHIo-
BaHHbIE, KaTaK/Ja3WpOBaHHble U MHUJIOHUTU3UPOBAH-
Hble OPO/ibl, CGOPMHUPOBABILHUECS HA CyIeCTBEHHBIX
riy6rMHaxX B Mpolecce HauboJsiee APEBHUX 3TANOB pas-
JloMoo6pa3oBaHusd. [loJBMXKH, NTPOUCXOAUBIINE B
3THUX 0cCJabJieHHbIX 30HAaX B ¢aHepo30iickoe BpeMms,
OpHBEJU K WUHTEHCHBHOMY TPELMHOOOPA30BaHUI0 U
Jpo6JIeHUI0 JPEeBHUX TEKTOHUTOB BIJIOTh A0 06pa3o-
BaHUA TJIMHKU TPEHUs Y TJIaBHbIX cMecTuTesiel. Cy6-
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Puc. 2. Pe3y/ibTaThl TPaAUIMOHHBIX I'€0JI0TO-CTPYKTYPHBIX paOOT Ha YYaCTKe CIelIKapTUPOBaAHUS «YIUpOar.

A - reosioruyeckasi cxeMa y4acTKa ¢ 4YeThIpHA/IAaThIO MyHKTaMH JieTalbHbIX HabJII0JeHUH 32 TPeLMHOBaTOCThI0. 5-B - rpaduku usme-
HEHUsI B/I0JIb yYaCTKa ClIELKapTUPOBaHUS apaMeTpoB TpewHHOM cetu D (B) u I (B), MOJIyYeHHbIX [JJIs1 KQKA0r0 MyHKTa HaGJII0AeHU:
D - nJI0THOCTh TpelKH B 1 M2 KOpEeHHOT0 BbIX0/a; [ - CpeAHssI HHTEHCUBHOCTb MAaKCHMyMa I0JI0COB TPELMH Ha KPYyroBOM AUarpamMMe,
B %. 1-2 - 6uotuToBble (1) n ampuGo0BbIe (2) THeHCH]; 3 — MOJIOCH NPOSBJIEHHS TEKTOHUTOB (IJIMHKA TpeHHUs, OpeKdus Apo6sieHus),
CBSI3aHHBIX C EPeMeLeHUSIMH 110 pa3ioMaM 1 U 2, ¥ 3JileMeHTbI UX 3aJleraHus; 4 — M0JI0XKeHe IYHKTOB MacCOBbIX 3aMePOB TPEIHH; 5 -
y4aCTKU rpaduKOB C aHOMa/IbHBIMH BeJIMYMHAMU MapaMeTpoB D U [, T.e. 6osblunMu (A58 D) uad MeHbUMH (A5t 1), 4eM UX CpeJjHue
apupMeTHYeCKHe 3HAYeHHUs] Ha Npoduie; 6 — 30Hbl HauboJiee HHTEHCUBHOMN AECTPYKIMH MOPOJHOTO MacCHBa, KOTOPbIE OTJIUYAKOTCS
TPELUMHOBATOCThIO, XA0THYECKOH [0 CTPOEHHIO M aHOMAJIbHOM 110 CTENEHH HapyIlIeHHOCTH.

Fig. 2. Results of traditional structural works on the Ulirba special mapping site.

A - geological scheme of the site showing 14 observation points whereat jointing was studied in detail. 5-B - curves showing changes of
parameters of joint system D (5) and / (B) along the special mapping site. Data from all the observation points are considered: D - density
of joints in 1 m2 basic rock outcrop; I - average intensity of the maximum of joint poles in the circle diagram, %. 1-2 - biolite (1) and am-
phibole (2) gneisses; 3 - zones of tectonites (gouge, crush breccia) associated with displacements along faults 1 and 2, and bedding ele-
ments; 4 - locations of mass joint measurement points; 5 - segments of curves with anomalous values of parameters D and [ (higher for D
and lower for I) as compared with arithmetic values at the profile; 6 - zones of the most intense destruction of the rocks massif where the
structure of joint is chaotic and its destruction degree is anomalous.

CTpaT pasJIOMHbIX 30H OKa3aJICsl B CyILI[eCTBEHHOH CTe-
MEHHU JIe3UHTErPUPOBAH, YTO MHOTOKPATHO YCHUJINUJIOCh
BCJIE/ICTBHE BbIBETPHUBAaHHUsl, UHTEHCUBHO IMpOTEKalo-
ero B GJIM3MOBEPXHOCTHOM YacTH MOPOJHOI0 MaCCH-
Ba. Cpeau MNOJABJISAIONIETO MPe06JaJJaHUsI «HEMbBIX»
TpPEeIUH BCTPEYalTCsl €JMHUYHbIE MJIOCKOCTH CO CJie-
JlaMU TepeMelleHUH HesSCHOro THIa, CyOropHU30H-
TaJibHasi ¥ CyOBEpPTHUKaJIbHAs OPUEHTAIMsI KOTOPBIX B
I[eJIOM He NMPOTUBOPEUYUT U3BECTHBIM JjIs1 3amajHoro
[Ipubarikaibs TJIaBHBIM 3TallaM Pa3JoMO06pPa30BaAHUS
B YCJIOBUSIX CKaTHs (paHHUM MaJjie030M), caBura (paH-

HUN KallHO30M) U pacTsikeHUs (MO3AHUM KaillHO30M)
3eMHOU KOPBL.

[Tos10cOBUIHBIN yYaCTOK MCCI€JOBAHUM Ha M. YJIup-
6a MOJIHOCTBIO Y/OBJIETBOPSAET 3a/auye HJIICTPUPO-
BaHUsI Ha KOHKPETHOM IIpHMepe OCHOBHBIX 3TalloOB
ClellKapTUpOBaHUs. Bo-nepBbIX, rOpHbIE MOPOJAbI B
npeziesiax 6eperoBoro ycTymna Xopoiio o6HaKeHbl, 4TO
He co3/aeT Mpo6GJieM C MacCOBbIMM 3aMepaMM Tpe-
IIMHHBIX ceTel. Bo-BTopbiX, 3T ceTu cHopMHUpOBa-
JINCb B pe3yJibTaTe MHOrO3TAalHbIX AedopManuid M
IpaKTUYeCKU He coZiepkaT MHGOpMalMMu 0 KHHeMaTH-
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Ke NepeMelleHUH M0 OT/JeJbHbIM pa3pbiBaM, T.e. SB-
JISII0TCS HauboJiee CJ0KHBIM 00'bEKTOM [IJIsI TPOBEPKHU
30 PEKTUBHOCTH CHElKAPTUPOBaHUA. B-TpeTbux, Ha
ydacTKe MPUCYTCTBYIOT JiBa pa3JjioMa, MpeJCTaBJIEeH-
Hble «PBIXJIBIMU» TEKTOHUTAMU B OCEBBIX YaCTSIX U
MHTEHCUBHON TPELMHOBATOCThIO - Ha mnepudepuy,
YTO SIBJSETCH «3aBEPOYHBIM (HAKTOPOM» JiJIsi OJTHOTO
W3 TJIaBHBIX pPe3yJbTaTOB NMPUMeHEeHHUs MeTOo/ia, T.e.
BbI/IEJIEHUSI 30H Pa3/iOMOB Ha OCHOBe MapareHeTH4e-
CKOr0 aHa/u3a «HEMOW» TpPeIMHOBATOCTU. Llesbio
NPUBEJIEHHOr0 HIDKe OMUCAaHUs GyJieT MoKa3aTh, Kak
MpHU MOC/Ie/JOBAaTEeJbHONU peasu3aluu onepanui crell-
KapTUPOBAaHHUS Ha MpUMepe ydacTKa «Yaupba» pemia-
I0TCSl HE MEHee BaXKHbIE 33Jja4l CTPYKTYPHOU CheMKHU:
BbISIBJIEHUE OCOOEHHOCTEW BHYTPEHHEr0 CTPOEHUS
pa3JIOMHBIX 30H, PEKOHCTPYKLHSI THUIOB M HMepapxXuu
JUHAMHUYECKUX 00CTAaHOBOK MX GOPMHUPOBAHUS U APY-
rue.

3. COJEPKAHME I'/TABHBIX 3TAIOB CIELIKAPTUPOBAHMA

[t yao6cTBa NPaKTUYECKOr0 UCIOJIb30BAHUSA M0-
C/1el0BaTebHOCTb paboT MO CHeLKapTUPOBAaHUIO WJI-
JIIOCTPUPYETCSA pHUC. 3, HAa KOTOPOM JiJI1 KaXA0Tr0 3Tana
(ctonbern 1) u MeToAauyYeckoi omepauuu (croJiber 2)
NpUBeJIEHbl YCJIOBHbIE pa3Mepbl U3y4yaeMoro y4acTKa
(cTonber 3), pa3HOBUHOCTH aHAJMU3UPYEMBIX pa3phbl-
BOB 2-T0 nopsijika (cToJsibel] 4), npuMepbl UX U300pa-
JKeHUs1 Ha JiuarpaMmax B moJitocax (crosiben 5), Buj
paspeiBa 1-ro mopsaka (crosbeln 6), MpUMepbl €ro
M300paKeHHUs KaK 30Hbl C pa3pblBaMu 2-To NopsajkKa
Ha Juarpamme B popMme Ayr u JUHUHK (cToJsbel 7), a
TaK)Ke uepapxuyecKuil paHI pacCMaTPHUBAEMOTro JAU3b-
IOHKTHBA U COOTBETCTBYIOLIEro eMy MOoJisl Hampsbke-
HUH (cTousber 8).

3.1.[IOATrOTOBUTE/JBHBIN 3TAIN

Ha moAarotoBUTe/bHOM 3Tale IPOBOAUTCA COOP
MOJIEBBIX JAHHBIX B IpejiesiaX KApTUPYEMOTo ydacTKa
3eMHOU Kopbl. [JIaBHOU 3ajauel siBJsieTCs CO3/jlaHUeE
Ha IUION@IM CETH TYHKTOB TI€0JIOTO-CTPYKTYPHBIX
HaOJI0IeHUH. MapipyTbl MPOBOJASATCS IMapasijiebHO
JIpyT APYTY BKPECT MPOCTHUPAHUSA TJIaBHBIX TEKTOHU-
YeCKHUX CTPYKTYp C IeJbl0 OCBU/IETEJbCTBOBAHUS
HauObOJIbIIEr0 KOJIMYECTBA 06CTAaHOBOK, XapaKTepPHbBIX
JUIST U3y4aeMol TeppUTOpHU. PaccTossHue MeXIy JIu-
HUSIMM MapIIpyTOB W MyHKTaMU HAGJOJEHUH B OT-
JleJIbHBIX MapUIpyTax 3aBUCUT OT JeTaJbHOCTH Kap-
THPOBAHUSA M JO/HKHO OBITH 10 BO3MOXKHOCTH OJIMHA-
KOBBIM. [l0JIOCOBUIHBIA y4acCTOK HCCJAEJOBAaHUM Ha
MbIce Yaup6a BBICTYNaeT B KauyecTBe NpoduJs, co-
3/JaHHOTO B pe3yJibTaTe IepecedyeHuss MapuIpyToM
TJIABHBIX TEKTOHUYECKHX CTPYKTYp H3y4aeMoOH IJIO-
maau (cm. puc. 1, I; 2, A). llpodunb cocraBasoT 14

IYHKTOB HaOJII0/leHHs], PacloJlaraloliuxcsl Ha pasHbIX
paccTOSHUAX APYT OT ApYra, Tak KakK BblAepXaTb I10-
BCEMEeCTHO Npe/iBapUTeJbHO BbIOPAHHBIM 1Iar B 5 M He
yAaJIoCh BBU/Iy 0COGEHHOCTEN 06GHaXKEHHOCTU Gepero-
BOT'0 CKJIOHA.

['1aBHBIM 006BEKTOM MCCJI€[JOBAaHUS Ha paccMaTpH-
BaeMOM 3Tane CIelKapTUPOBaHUS sBJseTCcS O6HaXe-
HUe TOpPHBIX MOPOJ, a NMpeJMeTOM HU3y4yeHUs - Hapy-
IIAMOIMe ero TPeLlMHbl. DTO pa3pbiBbl 1-ro nopszaka
JUI (TpeliMHHOr0) ypOBHA UCC/Ae[0BaHUM, UX BHYT-
pPEHHsIA CTPYKTYpa COCTOMT U3 MUKPOTpEIIUH, He J10-
CTYNHBIX B OCHOBHOH CBOell Macce JJisi Henocpej-
CTBEHHOTI'O U3y4YeHHs] B KODEHHOM BbIXO/e.

[lepes; u3MepeHUSAMU yCTaHABJIUBAKOTCSA OCHOBHBIE
Pa3HOBU/HOCTH OGHAKAIOLUIMXCS TOPHBIX IOPOJ,
onpejiesnseTca o6Lasg CTPYKTypa TPELIMHHON CeTH
(cucTeMHasl, NOJIMTOHaJIbHAsA, XaoTH4YecKasd M Ip.),
buKCcUpyIOTCa ee U3MEHEHUs B 30He runepreHesa. Pe-
3yJIbTaTOM 3THX UCC/IeIOBAaHUN SBJSETCH pelleHue o
TaKTHKe INpPOBeJleHWs MacCOBOrO 3aMepa B IYHKTe
HabJII0/JleHHsA: OJIUH 3aMep WJIM OTZeJIbHble 3aMephbl B
KaXXJ0M U3 Pa3sHOBUJHOCTEN TOPHbIX MOPOJ, UJIHU Tpe-
IIMHHBIX CEeTeH, B pa3HbIX KPbUIbsX pa3joMa (CKJIaj-
Kd) ¥ T.J. HaGsoneHus momo6HOro THIA, MPOBe/leH-
Hble /11 y9acTKa «Yaup6a», okKasaJu, 4TO B ero mnpe-
Jlesax HeT «cnenuduyeckux» ceTed TpeuuH (chepo-
u/jaJibHasA, MOJUTrOHANbHAsA), TPEOYIOUIUX OTAEJbHOTO0
paccMoTpeHus. CTpPyKTypa TpPeLMHOBAaTOCTH B NMPUH-
LiMIe He MeHseTCA NpU Iepexosie OT GHOTUTOBBIX K
amM¢$ub0JIOBLIM THelcaM, UMeUUM OJU3KHE MPOoY-
HOCTHbIe CBOMcTBa. [lopoAbl B 1leJIOM HHTEHCHBHO
HapylleHbl pa3pblBaM{, GOPMUPYIOLIMMH YeTKHE CH-
CTeMbl WJIM CETH XaOTUYECKOr0 THUMA, KOTOphIEe, CO-
rjaacHo [Chernyshey, 1983], 06pasyoTcs MpU HaJloXKe-
HUU JIpYT Ha Jipyra CPaBHUTEJbHO NPOCTHIX NapareHe-
3UCOB TpPeIMH — NPOMU3BOJHbIX PAa3HOTUIIHBIX U pas-
HOBpPEMEHHBIX JHUHAMUYECKUX 06CTaHOBOK. OcI0XKHe-
HUS CTPYKTYpPHOM CHUTyallMM Ha y4yacTKe HcCCJeJ0Ba-
HUS CBSI3aHBI C ByMs pa3JjioMaMM, 4TO NpeAnoJaraer,
110 BO3MOXXHOCTH, OTZeJIbHOe MpPOBeJleHHue MaCCOBBIX
3aMepoB TpEIHMH, COOTBETCTBYIOLIUX OCEBOH 30HE U
KPbL/IbSIM.

[locsie caenaHHOrO 3akK/IOYEHUs O TaKTHKe c6opa
CTaTUCTHYeCKON MHPOpMaLMU B OT/AEJbHBIX MyHKTAX
y4acTKa MPOBOJUTCS MAcCCOBbIA 3aMep, NMpesCTaBJIsA-
IOIIMI OCHOBY HabJII0/leHUH 33 TpeLiMHAMU B KaXKJ0M
O0GHa)KeHUH TOpHBIX NopoA. OH OCylLecTBAAETCS C UC-
I10/1b30BaHUEM OOBIYHOI'0 OPHOr0 KOMIIaca WJM €ro
3JIEKTPOHHBIX AHAJIOTOB B OT/IE€JIbHOM MCIIOJTHEHUU
WM COBMeELIEeHHbIX C COBPeEMEHHbIMU CMapTdOHAMHY,
YTO CyILeCTBEHHO yCKOPSEeT cO0p CTPYKTYPHOrO MaTe-
puana. MaccoBbli 3aMep NPOBOJUTCS B COOTBETCTBUU
C NPUHAATBIMU B CTPYKTYPHOW reoJIOTUU MpaBUIAMHU
[Mikhailov, 1984] nyTeM mocJjiejoBaTeJIbHOIO U3Mepe-
HUSA TpeLluH B IpeJeiax yyacTKa KOPeHHOro BbIXOJa
(momwabio 06b1yHO He MeHee 10 Mm2Z). KosmuecTBo



K.Zh. Seminsky: Specialized mapping of crustal fault zones. Part 2

2. CpaBHeHMe COBOKYMHOCH
T MaKCMMYMOB KPYroBon

(ocHOBa - TPOMKM CUCTEM)
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| Puc. 3. KpaTkast xapaKTepuCTHKa OCHOBHBIX ONlepaliii CliellKapTUPOBAHHUS U 00'bEKTOB, U3yYaeMBIX B X0/e UX TPOBE/I€HUS.

[TosicHeHMe B TEKCTe. Y CJIOBHble 0603HaYeHUsI — CM. Ha puc. 4,7 u 9.

| Fig. 3. Brief characteristics of the main special mapping operations and objects studied.

See explanations in the text. See the legend in Fig. 4, 7 and 9.



HM3MepeHUH, KOTOPbIE MOTYT COCTAaBUTh MAaCCOBBIX 3a-
Mep, ONpefesisieTCs XapaKTepoM OOHaXKEHHOCTH Top-
HBIX NMOPO/], B MyHKTe Ha0J/It0jeHus. O/THAKO, UCXO/I U3
OTbITa, HauboJiee JOCTOBEPHBIMU ABJISAIOTCH pe3yJib-
TaTbl KapTUPOBaHUS, 0GA3UPYIOILIErocs Ha TOYKaX C
NpPUMEPHO OJWHAKOBBIM KOJIMYECTBOM HM3MEpPEHUH,
3aK/Il04eHHbIM B mpefenax oT 50 go 100 TpemuH.
Kpome 3/1eMeHTOB 3ajieraHusl, ecii BO3MOXHO, PpUK-
cUpyeTcs TeHeTH4yecKas Pa3sHOBUAHOCTb TpEIUHBI,
0COGEHHOCTH B3aWMOOTHOIIEHUM C JIPYTUMH TpPEIIU-
HaMH, KOJIMYeCTBeHHble MapaMeTpbl (3UsAHUE, TPU-
MepHas JJIMHA W mp.). [Ipy AOKYMEHTHPOBAaHUHU KO-
PEHHBIX BBIXOJIOB Ha y4yacTKe «Yaupb6a» B MOJaBJISIO-
meM OOJIBIIUHCTBe ciay4daeB (12 oGHa)keHHU) OBLIO
usMepeHo no 50 TpeuuH (cM. puc. 2, A). B 1Byx nyHK-
Tax KOJIMYeCTBO U3MepeHU# paBHAA0ch 100, mocko/ib-
Ky 3T BBIXOJbl PacCHoJjarajyich HeNOCpPeACTBEHHO Yy
cMectutenst (passiom Ne 1) unu 66114 Haubosee 6J1U3-
KU K 30He ipo6JieHus (passiom Ne 2).

MaccoBblii 3aMep 3JIEMEHTOB 3aJleraHus TPEIIUH,
NpPOBeJIeHHbIA CTAaTUCTHYECKUM CHOCOG0M, — 3TO Ta
Heo06xo/MMasi U J0CTaTO4YHas [ JlajdbHelield obpa-
60TKU UHOpMalMs, KOTopass MoXKeT 6bITh cCoO6paHa B
npejesnax J060ro KOpeHHOTo Bbixojaa. OfgHAKoO B 06-
Ha)KeHUU WHOT/A BCTPEYarTCs TaKWhe 3JIeMeHThl pas-
PBIBHOU CTPYKTYphI, KaK 30HbI Ap0o6JieHUs, TEKTOHU-
YeCKOTO paccjaHIleBaHUs, MOBLIIIEHHOW TpelnHHOBa-
TOCTH, a TaKXe TPEeIIUHbl C MPU3HAKAMHU CMeLleHUH
(6opo3apl, ITpUXH, cMelleHus1 MapkepoB). UHpopmMma-
I[USl 0 UX MECTOIOJIOXKEHUHM BMecTe C KpaTKOH Xapak-
TEPHUCTHUKOMN U MapaMeTpaMH J0JKHA GPUKCUPOBATHCS
napasijieJibHO C MacCOBBIM 3aMEPOM TPEL[MHOBATOCTH.
HabaroneHus1 moJo6HOTO THUIA HA yYacTKe «YJaupoar
OTIMCAaHbI B pa3jiesie 2, a B eT0 3aKJIIOUYHUTENbHbBIX ab3a-
[[ax MpUBeJeHbl pPe3yJbTaTbl 06pPabOTKH, KOTOpbIE
NPEeJCTABISAIOT CTPYKTYPHYIO HWHQPOpMAIUIO, SABJISIO-
HIYIOCS anpUOPHOM JIJIsT ONMHCbIBA€MbIX HUXKE OCHOB-
HBIX 3TANOB CIEIKAPTUPOBAHUS.

3.2. 3TAIl OBPABOTKH

Jtan 06paboTKU - IJIAaBHBIM B CIEIKAPTUPOBAHUY,
MIOCKOJIbKY €ro UTOrOM sIBJISIETCS Bbl/leJIeHUEe Ha U3Y-
yaeMON TeppUTOPHHU Pa3/OMHBIX 30H, UX PaHXXHUPOBa-
HHe Y PeKOHCTPYKIUSA Pa3HOBO3PACTHBIX 06CTAaHOBOK
dbopMupoBaHUA pa3/IOMHOUN CTPyKTypbl. OH 3aKJ04a-
eTCs B M0C/e/J0BaTeJIbHOM MPOBEJEHUN YeThbIpex BU-
JI0B paboT, cojep:kaHHWe KOTOPbIX paccMaTpHUBaeTCs
HIDKe B OT/Ie/IbHBIX pa3/iesiax CTaThbH.

3.2.1.[locTpoeHue guarpaMM M BblJeJieHUe NPOCThIX
napareHe3McOB TPeIuH

ﬂaHHbIﬁ BHU/ pa60T BKJIlOYae€T IIOCTpOEHHE AHa-
rpaMMm TpPpEeUIMHOBATOCTU U UX aHaAJIM3 C BbIABJIEHHEM
TPOEK B3AaMMHO IEePINEeHAUKYJIAPHBIX CUCTEM U ITap CO-
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NpsKEHHBIX CKOJIOB, UMEIOIIUX MECTO MPAaKTUYECKHU B
JIIOO60M OOHa)KEHHWH TOpPHBIX mopo/ (puc. 3, atam I1.1).
KpoMe 3TuX MNpOCThIX MapareHe3ucOoB, AUarpaMMbl
M3y4alTCs Ha MpeAMeT HaJUUUsl COUEeTaHUN CUCTEM B
BHU/le NOSICOB, MUPaMU/J, U KOHYCOB, KOTOpPbIE OTYETJIH-
BO BBIJEJIAIOTCA Ha JUarpaMMax, HO UMEIT OrpaHu-
YyeHHOe pacnpocTpaHeHUWe B mpupoje. Bce aTtu Tpe-
IIMHHbIE CETH NMPEACTABJSIOT 2-U NOPSJ0K, TOTAA KakK
NEepPBUYHBIM [JI1 HUX SIBJISETCA MEJIKUH JIOKaJbHbIU
passioM. PaHT mosis Hanps>KeHUW B 3TOM Cjy4yae COOT-
BETCTBYET Pa3/IOMHOMY TPaHCJ0KaJbHOMY, T.e. lepe-
XOJHOMY OT paHra TpelUlyvH K paHTy pa3JioMOB.

[TocTpoeHne KpyroBbIX AUAarpaMM TPELUHOBATOCTH
OCYIIEeCTBJSIETCA [JIsI KaKJO0W TOYKM HAOJIOJEHUS B
COOTBETCTBUM C MPUEMaMU U NPHHIMIAMU, NPeJCTaB-
JIEHHBIMU B Pa3JIMYHbIX PYKOBO/CTBAX M0 CTPYKTYPHOH
reosiorun [Mikhailov, 1984; Nikolya, 1992]. B HacTtosg-
1iee BpeMs y HacC B CTpaHe U 32 Py6eXOM OHU peasin30-
BaHbl B Pa3JIMYHbIX NPUKJAAHBIX IPOrpaMMax, obecrne-
YHBAIOLIMX BO3MOXHOCTb GbICTPOrO BOCHPOU3BE/IEHUS
MacCOBOr0 3aMepa B BHJE JHUarpaMMbl TPEIIUHOBATO-
ctu. OfHON W3 Takux nporpamm siBjasetcsd «CTPYKTy-
pa», co3JlaHHas B JiabopaTopuu TeKkToHopu3uku M3K
CO PAH A.A. ba6uyeBbIM U E.A. J/IeBUHOM noJ; METOU-
yecKUM pykoBoacTBoM A.C. [tagkoBa, A.V. MupoiuHu-
YeHKO W aBTOpa JlaHHOM cTtaTbu. KpoMe mocTpoeHus
JuarpaMmm, B Komiuiekce «CTpykTypa» 3anporpamMMu-
poBaHbl QopMaJiM30BaHHbIE ONEpanud psjia TeK-
TOHOPHU3UUECKHUX METOJOB, KOTOPbIe MO3BOJISIOT NMPHU
Ha/IMYUU JJis KOPEHHOTO BbIXOJA Heo6X0AMMOM
CTPYKTYpPHOU HHOPMALMK BOCCTAaHOBUTH I0JIe Ha-
npsbkeHUd (Metomuku M.B. I'soBckoro u B.JI. Iapde-
HOBA) WJIM JINHUIO CKOJIbXKEHUS M0 Pa3/IOMHOMY CMe-
ctutesto (Metoauka B.H. JlanusioBuua). Kommiekc
«CTpyKTypa» ¥ NoZ06HbIE €My MPOrpaMMbl HE TOJIBKO
CYLIECTBEHHO YCKOPSIOT TPYAOEMKHU Mpolecc o6pa-
GOTKHU MACCOBBIX 3aMEPOB U MOBBIIAKT TOYHOCTh CO-
CTaBJIEHUs] JAuarpaMM TpPEI[MHOBATOCTH, HO TaK¥Xe
M03BOJIAIIOT U3MEHATb NPHU UX MOCTPOEHUU CEPHUIO pY-
KOBOJSIIUX XapaKTEePUCTHUK (TUN HCIOJb3yeMOW ma-
JIETKH, pa3Mep OKHa OCpeJHeHHs], ypOBEHb M30JUHUMI
u ap.). OHaKo, C y4eTOM UX UCIO0JIb30BaHUS B paMKax
KapTUPOBaHHUS, UCXOJHble AJs aHalu3a JAUarpaMMbl
JIOJIXKHBI OBITH TOCTPOEHbI €JUHO06PA3HO.

[Ipexze Bcero, B CBSI3U C BAXKHOCTbIO OL[EHKH B paM-
Kax MeTO/ia YIJIOBbIX COOTHOLIEHUN MeX/Jy CUCTEMaMH
TpellMH B KayeCTBe OCHOBBI [JJI1 MOCTPOEHHUS [Aua-
rpaMM JI0JI’KHa MCII0JIb30BaThCsS PaBHOYT0JbHAasi Mpo-
ekuus Byabda (puc. 4, A). Kpome Toro, Heo6xo MO
YYUTBIBaTb TPU MOMEHTa, Kacawlhecs MJIOTHOCTHBIX
XapaKTepUCTUK MaKCUMYMOB IMOJIIOCOB TpeniuH. [lo-
caeHue 06J1a/Ial0T B YCAOBUSX CTATHUCTUUYECKUX U3Me-
peHuil 60/b1I0M MHPOPMATUBHOCTBHIO U MO3TOMY IIU-
POKO HCIOJIB3YIOTCH B Ja/IbHEHLIMX onepanusx obpa-
60TKH. Bo-niepBbIX, U30JIMHUM HA JUarpaMmmax J0JLKHbI
OBITh PAaCCUUTAHbI B POIIEHTAX, YTO 06eCIeunBaeT BO3-
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Puc. 4. AHa/1M3 KpyroBou AuarpaMMbl TPeLMHOBATOCTU Ne 8, N03BOJIAINN NOCPEeLCTBOM HAJIOXKEHUS pas3/IMYHbIX Tpa-
bapeToB € 3TaJIOHHBIM PACNOJIO)KEHUEM TPELIMHHBIX CUCTEM B Pa3HOTHIHBIX PAa3/JIOMHBIX 30HaX MOJYYHUTb, UCHOJb3Ys
NPUHLUIN Hau6OJIbIIEero COBNaJleH!s, UTOTOBble PellleH!Usl 0 Tpex JUHAMHUYeCKMX 06CTaHOBKaX JIOKaJIbHOTO paHra, B KOTO-
pBIX IporcxoAuaI0 GOpMUPOBaHHUE Pa3pbIBHOM CETH U3y4yaeMOro 0GHa>KeHHs TOPHBIX IOPOJ.

A - KkpyroBas AuarpamMma TPelMHOBATOCTHU /Il MyHKTa Ha6oaeHus Ne 8 (ceTka Bysibda; BepxHss nosycdepa; KOJIUIECTBO 3aMePOB —
50; BestmunHa okHa ocpesHeHUs — 10°; ypoBHU U30MMHUH — 1-2...—- 13 %; 1 3amep - 2 %) ¢ TpuHAALATBIO 060C06JIEHHBIMU MaKCUMyMa-
MH, JJIs1 4aCTH U3 KOTOPBIX, Cy/isl 0 PUCYHKY U30JIMHUH, XapaKTePHbI OTYETIUBO HaNpaBjeHHbIe pa36pockl MOJII0COB TpeluH. b-B, E-3,
JI-H - BapUaHThI COMOCTABJEHUsI JUarpaMMbl Tpel[MHOBAaTOCTH N2 8 ¢ 3TaJIOHHBIMU NapareHe3WcaMu TpelinH, GOPMHUPYIOLIUMUCT B
pas3JIoMHOU 30He NpPU CABUTEe C Pa3HBIM MOJIOKEHHEM U TUIIOM cMecTuTessl (b-B), a Takke npu pactsikeHuu (E-3) u cxartuu (/I-H) ¢
pa3HbIM IPOCTPAHCTBEHHBIM IOJIOXKEHUEM cMeCcTUTe ei. [1o/] KaXK/JbIM PUCYHKOM O0XapaKTepu30BaH B/ TpadapeTa (corjiacHoO puc. 6 u3
cratbu [Cemunckull, 2014]) v 3J1eMeHThI 3ajleTaHUsI MAaKCUMYyMa, KOTOPbIM MPU COBMEIEHUH AUarpaMMbl U TpadapeTa CUUTAJICS COOT-
BETCTBYIOIUM MarucTpajbHoMy cMecTuTesto (Y) paznomHoi 30HbL I, 4, O - npeAcTaBieHHe TPeX UTOTOBBIX [Jisl MYHKTA HaGJII0JeHUs
Ne 8 pelieHu# JIOKaJIbLHOTO paHra B BU/ie HOMEpa U JIMHUU MPOCTUPAHHUs Pa3JIOMHOMN 30HbI, OKAa3aHHOH [IJisl JIEBOTO CABUra KPaCHBIM
(I), c6poca - cunuM (M) u B36poca - 3esieHbIM (O) uBetoM. /J, K, 1 - Tpu UTOTOBBIX pellleHHs JIOKAJbHOTO PaHTa 0 JJUHAMHYECKUX 06CTa-
HOBKax JieBoro casura (/), pactsokenus (K) u oxartuda (I1), KaXAy0 U3 KOTOPBIX [TPeJCTaBAsgeT COGCTBEHHBIN HAO0p TPOMCTBEHHBIX Ma-
pareHe3rCOB TpPeIWH, BblJleJIEHHBIX paHee 10 KpyroBoi guarpamme N2 8 (cm. ctosiben 11 B Ta6ur. 1). [Tog KaXkbIM pUCYHKOM 0603Ha4YeH
BUZ TpadapeTa U 3JIeMeHThI 3aJleraHls MaKCUMyMa, COOTBETCTBYIOLIEr0 MarucTpajbHOMy cMectuTesio (Y) pa3ioMHON 30HBI, B KOTO-
poil popMHpoBasKCh MOKAa3aHHbIe HA JUarpaMMe TPOHWKH CHCTeM TpeluH. I - HOMep MaKCMMyMa M HalpaBjeHHe pa3bpoca coCcTaB-
J0IKX ero noswcoB TpemuH (o [1L.H. HukosnaeBy); 2 - neHTp MakcMMyMa IOJIIOCOB TPeLIUH (YepHbIH KPYXKOK), KOTOPBIH COOTBET-
CTBYeT OZHOW M3 Pa3pbIBHBIX CHCTEM (CM. HaYaJI0 CTPEJIKH) 3TaJIOHHOTO MapareHe3uca paspbIBOB, UMEIIUX MeCTO B 30He pasjioMa
onpesieJIeHHOr0 MOPGOreHeTHYECKOr0 THIIA M NMPEeJCTABJIeHHbIX HA PUCYHKE B BHUJle COBOKYIMHOCTH IOJIIOCOB, T.€. AHarpaMMbl-Tpada-
peTa; 3-10 - moJII0Chl pa3pbIBHBIX CUCTEM, COCTABJISIIOLMX 3TAJOHHbIE TpadapeTsl (COryIacHo puc. 6 U3 ctatbu [Seminsky, 2014]): 3 - no-
JIIOC JIEBOCJBUTOBOTO cMecTUTes 1-ro (a) mu 2-ro (6) mopsijka; 4 - moJIocC NpaBOCABUTOBOT0 cMecTUTess 1-ro (a) wiu 2-ro (6) mopsa-
Ka; 5 - moJitoc B36pocoBoro (HaJBUTroBoro) cMectuTesist 1-ro (a) wiau 2-ro (6) mopsiika; 6 — MoJIr0C COPOCOBOr0 cMecTUTe s 1-ro (a) win
2-ro (6) nopsazaka; 7 — MoJ0C C6POCO-CABUIOBOrO0 CMECTUTEJISI 2-T0 MopsiAKa (MOII0Chl 0JHOT0 TPOHCTBEHHOT0 NapareHe3nca noKasaHbl
O/ZIMHAKOBBIM IIBETOM); 8 - moJitoc B36p0Co(HaABUI0)-CABUIOBOTO CMECTUTEJISI 2-T0 MOpsAKa (I0JII0CEl 0JHOTO TPOHUCTBEHHOrO Mapare-
He3rca I0Ka3aHbl OJJMHAKOBBIM IIBETOM); 9 - MOJIIOC TPAaHCPOPMALIMOHHOTO CMECTHUTEJISA 2-T0O MOpsAAKa; 10 - MOJII0C BTOPOCTENEeHHOM
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W I,CLOI'IOJ'IHI/ITe.}'leOI‘/JI CHUCTEMBI TpOﬁCTBeHHOI‘O napareHe3uvca TpeuuH. Ha sTanonHoM Tpad)apeTe BCe TpH IoJIroca Ka)K,C[Oﬁ TpOfIKld
NPpHUMEPHO NeprneHaAUuKyJAPHbIX CUCTEM TPELIHWH INOKa3aHbl OAHHUM LIBETOM, YTO B pAJe C/y4aeB OTpa)KaeTCAd HaJIOXKEeHUeM 2-4 pa3Ho-
LIBETHBIX U PAa3HOTHUIIHbBIX 3HAYKOB.

Fig. 4. Analysis of jointing circle diagram No. 8: faults zones of various types are compared against various patterns of
standard positions of joint systems, and with reference to the principle of the highest coincidence, final decisions are made
on three dynamic settings of the local rank, in which the fracture networks of the studied outcrop were developed.

A - circle diagram of jointing for observation point No. 8 (Wolf net; upper hemisphere; 50 measurements; averaging interval - 10°;
levels of isolines - 1-2...- 13 %; 1 measurement - 2 %) with 13 independent maximums, some of which, as suggested by the patterns of
isolines, are characterized by clearly directional scatter of joint poles. 5-B, E-3, /I-H - comparison of jointing circle diagram No. 8 with
standard paragenesises of joints formed in the fault zone in case of strike-slip with different positions of types of fault planes (5-B), exten-
sion (E-3) and compression (/I-H) with different spatial positions of fault planes. Under every figure, descriptions (according to Fig. 6 in
[Seminsky, 2014]) are provided for standard pattern types and bedding elements of the maximum that was viewed as corresponding to
the main fault plane (Y) of the fault zone when the diagram was compared to the standard pattern. I, 4, O - three final solutions of the lo-
cal rank for observation point No. 8; the local rank is marked by the number and the strike line of the fault zone: red line - left-lateral
strike-slip (I'), blue line - normal fault (¥4), green line - reverse fault (0). 4, K, II - three final solutions of the local rank for dynamic set-
tings of the left-lateral strike-slip (/4), extension (K) and compression (I1), each represented by its own combination of tripple paragene-
sises of joints identified from circle diagram No. 8 (see column 11 in Table 1). Under every figure, descriptions are provided for standard
pattern types and bedding elements of the maximum that was viewed as corresponding to the main fault plane (Y) of the fault zone
wherein the tripple systems of jointss (shown in the diagram) were formed. 1 - number of the maximum and direction of scatter of joint
poles comprising the maximum (according to P.N. Nikolaev); 2 - centre of the maximum of joint poles (black circle) which corresponds to
one of the fracture systems (see the start of the arrow) of the standard paragenesis of fractures that are found in the fault zone of specific
morphogenetic types and represented in the figure as a cluster of poles, i.e. standard diagram; 3-10 - poles of fracture systems comprising
standard patterns (according to Fig. 6 in [Seminsky, 2014]): 3 - pole of the left-lateral fault plane of the 1st (a) or 2nd (6) order; 4 - pole of
the right-lateral fault plane of the 1st (a) or 2nd (6) order; 5 - pole of the reverse /thrust fault plane of the 1st (a) or 2nd (6) order; 6 -
pole of the normal fault plane of the 1st (a) or 2nd (6) order; 7 - pole of the normal/strike-slip fault plane of the 2nd order (poles of the
same tripple paragenesis are shown in the same colour); 8 - pole of the reverse/thrust/strike-slip fault plane of the 2nd order (poles of
the same tripple paragenesis are shown in the same colour); 9 - pole of the transformational fault plane of the 2nd order; 10 - pole of the
auxiliary or additional systems of the tripple paragenesis of joints. In the standard pattern, all the three poles of each tripple set of nearly
perpendicular joints systems are shown in the same colour; in some cases, two to four symbols of various colours and types are overlap-

ping.

MOXXHOCTb CpaBHEHMsI abCOJIIOTHBIX 3HAYEeHUN MJIOTHO-
CTell MOJIIOCOB TPEUIMH B MaKCUMyMax C JAuarpamm, mo-
CTPOEHHBIX M0 Pa3JIMYHOMY YHCJIy 3aMePOB. Bo-BTOPHIX,
110 3TOM Ke MpUUYUHE AJ1s1 oACYeTa MJIOTHOCTU MPHU T0-
CTPOEHUU BCeX AvarpaMM HeoO6XOJHMO HCI0JIb30BaTh
O/IMHAKOBYI0 BEJIMYMHY OKHA MaJIeTKH, TaK KaK u3Me-
HeHUe JIaHHOrO MapaMeTpa CyIlleCTBEHHO BJIMSET Ha
PUCYHOK HM30JUHUU. Kak Moka3biBaeT OMBIT, MPU KO-
JIMYECTBE 3aMepoB, OJHU3KOM K CTa, Y/I0OHO MOJIb30-
BaTbCsl BEJIMUUMHOM OKHa ¢ pajguycoM B 10°. B-TpeTbux,
NpyU CpaBHEHUM HWHTEHCUBHOCTU paCIpPOCTPaHEHUS
OTJAEJNbHbIX CUCTEM TpPEUUH MOXHO I[0J1b30BaThCs
MJIOTHOCTBIO TIOJIIOCOB TPELUH Y COOTBETCTBYIOUIHUX
MaKCUMyMOB Ha guarpaMmme. OfHAKO HY>KHO YYMTbI-
BaThb, UTO 00Jiee TOYHBIMH IOJIOOHBIE OIEHKH OyAyT
MpU BBeJEHUU B 3HAUEHHE KAXKJOr0 MaKCUMyMa IO-
MpaBKH, BeJIMYMHA KOTOPOU 3aBUCUT OT yTJia MafleHUs
cocTaBagpIUX ero TpeuuH: 0+10° - 1.4; 11+20° - 1.6;
21+30° - 1.4; 31+40° - 1.2; 41+50° - 0.9; 51+60° - 0.9;
61+70° - 0.8; 71+80° - 0.8 u 81+90° - 0.8. Heo6xo1u-
MOCTb MCII0JIb30BaHHUSI IONMPABOYHBIX KO3dpouIireH-
TOB-MHOXXHTeJiell 000CHOBaHA B Clel[UaJbHON My06JId-
Kauuu [Seminsky, 1994] u cBsizaHa c HaJUYUEM CHUCTe-
MaTHUYeCKOH OINMOKH II0JIEBBIX H3MepeHUH, Korjnaa
KpyThle TPENIMHBI 0Ka3bIBAKOTCH B 60Jiee «BBITOJHOM»
MOJIOXKEHUU NPU Habope CTaTUCTUKH, YEM TOJIOTHE.

[lepeuyrcyieHHble 0COGEHHOCTH MOCTPOEHHUU ObLIU
y4TeHbl IpyU 06paboTKe B MPOrpaMMHOM KOMILJIEKcCe
«CTpyKTypa» 4eTbIpHaALLATU MacCOBBIX 3aMePOB Tpe-
IIWH, C/leJIaHHBIX HA ydacTke «Yjupb6a». Ucnosib3oBa-
JIUCh ceTKa Bysibda, 10-rpajiycHoe OKHO OCpeiHEHUS U
NpOLeHTHble YPOBHU U30JMHUU MJIOTHOCTH IOJIIOCOB
TpeuuH (puc. 5, b).

EnrHOO6pa3sHO NMOCTPOeHHble JUarpaMMbl B Iep-
BYIO 04Yepe/ib aHA/IM3UPYIOTCA Ha IpeJMeT B3aUMHOI0
pacnoJiokeHus1 1 UHTEHCUBHOCTM MaKCUMYMOB, UTO
N03BOJIsSIeT cJeslaTb HauboJiee oOLMe BbIBOABI O Xa-
paKTepe pa3pbIBHBIX CeTel Ha y4acTKe KapTUPOBaHMUS.
CnenyeT OTMETHUTh, 4TO, KpOMe MaKCHMyMOB, o6pa-
30BaHHbIX OJJHUM 3aMepoM (OH MOXEeT ObITh CJaydai-
HbIM), 3JleCb U B MOCAeAYWIIUX oOlNepanusx aHa-
JIU3UPYIOTCA BCe MAaKCHUMyMBI, BblJeNA0lAecd Ha
JuarpaMmax. OTKa3 OT UCIOJIb30BaHUs Pa3JUYHBIX (B
T.4. CTaTUCTHUYECKHX) CHOCOOOB BblJleJIEHUS CUCTEM
TPeIlUH B JAHHOM CJiy4ae IBJIsseTC HaMepeHHBIM. Kak
NI0Ka3aJ/Iu CleliiaibHble HAO/I0JeHNs, B CTaTUCTHYe-
CKM He3HauUMbI MaKCHMyM MHOIJAa NONaJalT Kpyl-
Hble TpeLHb] WK pas3pblBbl CO LITPHUXaMH, UCKIIOYE-
HHe KOTOpBIX U3 aHa/iu3a MOXeT CYIleCTBEeHHO IIOo-
BJIMAITH Ha €ro JJOCTOBEPHOCTb.

Ha paHHOM sTame crenKapTUpPOBaHUsl paccMaTpu-
BAalOTCA MaKCMMyMbl Ha OTZeJbHbIX JuUarpaMMax U B
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Puc. 5. TpuuaTh Tpu pelieHUs] 0 pa3HOTUIHBIX PA3/IOMHBIX 30HAX JIOKAJbHOTO PaHra, MOJYYEHHBIX B pe3yJ/ibTaTe Hapa-
reHeTUYeCKOro aHaIu3a JuarpaMm TpelMHOBaTOCTH (ceTka Byabda; BepxHss nonycdepa; komudecTBo 3amMepoB - 50; Be-
JINYMHA OKHa ocpejHeHUs — 10°; ypoBHU U30aMHUH - 1-2...%) (5), TOCTPOEHHBIX N0 pe3y/ibTaTaM MacCOBOro 3aMepa Tpe-
IUH B 14 nyHKTaX HAabJIIOAEHUS Ha y4yacTKe «Yaupoa» (4).

1-2 - 6uotuToBsle (1) u amdpubosI0BbIe (2) THEHCH]; 3 — MOJIOCHI IPOSIBJIEHUS TEKTOHUTOB (IJIMHKA TPeHMUs], 6peKyHrs ApobJyeHus), CBs-
3aHHBIX C MEpPEMEIEHUsIMU 10 pasyjoMaM 1 U 2, ¥ 3/IeMeHTbl UX 3ajieraHus; 4 — MOJIO)KEHHWE MYHKTOB MAacCOBBIX 3aMePOB TpPEIHUH;
5 - npexcTaBsieHre Ha KPyroBo# fuarpaMMe penteHus (Ludpa — NopsAKOBbIA HOMeD) o TUIle (LBET), MPOCTUPAHUH (JIMHUSA) U TIOJTHOM
MPOCTPAaHCTBEHHOM I0JIOXKEHHUH (KPYKOK) JIOKaJIbHOH PasJIOMHOU 30HbI, B KOTOPOW $OpMHUpOBaIach TPEIIMHHAs CeTh U3y4YEHHOT0 KO-
pPEHHOr0 BbIX0/a: a — 30Ha JIEBOTO CABUTra, 6 — 30HAa MPABOTO0 CABUra, B — 30Ha B36poca (HajBura), r - 30Ha copoca.

Fig. 5. Thirty three solutions of local fault zones of various types, which are revealed by paragenetical analyses of the
jointing diagrams (Wolf net; upper hemisphere; 50 measurements; averaging interval - 10°; levels of isolines - 1-2...%) (5)
that are constructed based on mass measurements of joints at 14 observation points on the Ulirba site (4).

1-2 - biotite (1) and amphibole (2) gneisses; 3 - zones of tectonites (gouge, crush breccia) associated with displacements along faults 1
and 2, and bedding elements; 4 - locations of mass joint measurement points; 5 - solutions in the circle diagram (numbers correspond to
sequential numbers) showing types (colour), strike (line) and spatial position (circle) of the local fault zone wherein the fracture system
was formed in the base rock outcrop under study: a - left-lateral strike-slip zone, 6 - right-lateral strike-slip zone, B - reverse/thrust fault
zone, r - normal fault zone.

MX Ipynnax, Bbl6paHHBIX COTJIACHO BU3YaJIbHOMY CXO/Jl-  L|€JIOM C BbIXOJIOM Ha KOHKpeTHbIe pa3pbIBHbIE IMapa-
CTBY PUCYHKa U30JMHUH. [Ipy 3TOM aHa/nu3y noJBep-  IeHE3UCHI.

raloTcs /iBa IVIaBHbIX NIpM3HAKa: NpeobJajawliye Cu- CucTeMbl TpellWH, JOMUHUPYIOLIMe Ha JUarpaMMax
CTeMbI TPEIUHOBATOCTH U CTENEHb CJIOXKHOCTH CETU B y4dacTka «YJsup6a» (puc. 5, 5), IpoCTUPAIOTCA B JBYX



OCHOBHbBIX HanpaBsJsieHUsix — CB (x 65°) u C3 (» 330°) -
Nnpu npeobsaJlaHUM NEPBOTO B GOJIBIIMHCTBE NYHKTOB
Hab/JeHusA. JTO B TeoJUHAMHYECKH aKTUBHOM pe-
THOHE {BJIAETCA KOCBEHHBIM CBUJAETENbCTBOM TOTO,
YTO CTPYKTYpbl 60Jiee KPYMHOTO paHra, ompeesisiio-
mye ¢GOpMHUpPOBaHUE TPEUIMHOBATOCTH, [IOJIKHBI
MMeTb aHaJOTUYHble NPOCTPAHCTBEHHblE OPUEHTH-
poBku. 06e cucTeMbl CyOBepTHUKAJIbHBI, YTO B COBO-
KYITHOCTH C TATOTEHUEM BTOPOCTENEHHBIX MaKCHUMY-
MOB Ha MHOTUX AuarpaMMax K nepudepuu 60Jb1I0TO
Kpyra CBHUJETEeJbCTBYeT O MNPUCYTCTBUU CJBUTOBOM
06CTAaHOBKHM CpeJy 3TanoB (GpOpMHUPOBAHHUS pPa3pbIB-
HOUM CTPYKTYpbhl MU3y4YaeMOro y4acTKa 3eMHON KOpBhI.
KpoMe cy6BepTHKaIbHBIX pa3pbIBHbIX HaMpaBJEHUH,
Ha AuarpaMMax MMeIT MeCTO CUCTeMBI TeX XKe JBYX
OpPHUEHTHPOBOK B IJIaHE, HO XapaKTepU3YIUIUXCA YT-
Jamu nazeHus B 70 m 50°, mpuyeM UHTEHCHUBHOCTh
COOTBETCTBYIOUIUX MAaKCHMYMOB 3a4acTyl0 He yCTymna-
eT OCHOBHbBIM (HampuMmep, T.H. 4 uau T.H. 10 Ha puc. 5,
F). TakuMm 06pa3oM, BIIOJIHE peasibHOU SIBJISIETCS BO3-
MOXHOCTb JiepOpMUPOBAHUA M3y4aeMOro ydacTKa
3eMHOUM KOPbI B YCJIOBUSIX CXKATUS WM PACTSKEHUS
3eMHOU KOpbI C 06pa30BaHUEM HAKJIOHHBIX CMECTUTE-
JIen.

CTemeHb CJIOKHOCTH TPELIMHHOM CETH OOBIYHO
OIIeHHBAIOT 0 Pa3/JIMYHbIM XapaKTEPHUCTHUKAM ee reo-
METPUH, KOTOpas B 1IeJIOM OTpPaKaeT YCJA0BUS Tpeuju-
HOOOpa3oBaHUsA. MaccoBble 3aMepbl TpeLWH, Npej-
CTaBJIEHHbIE B BU/I€ PA3JIMYHBIX JHarpaMM, O3BOJISIOT
M0 CPAaBHEHUIO C OOGBIYHBIMU CTPYKTYPHBIMHU HaObJI0-
JleHusIMU 60Jiee TOUYHO KJAcCUPUIIUPOBATh THUN pas-
PBIBHOU CeTH, B TOM YMCJ€e U Ha KOJUYECTBEHHOU OC-
HoBe. Oco6yI0 TPYAHOCTDb M GOJIbILIOE 3HAYEHUE TAKOU
aHa/u3 UMeeT JJis1 CHCTEMHON U XaOTUYECKOU Tpeuju-
HOBATOCTH, IOBCEMECTHO PaCPOCTPAHEHHBIX B TEKTO-
HUYECKH aKTHUBHBIX pEruoHax, IOCKOJbKY cdepou-
JlaJibHasi U MOJIMTOHa/IbHAs CceTH, 06pa30oBaHHbIE Mep-
BUYHBIMH TpeUMHAMM, OOBIYHO YCIEIIHO ONpe/esis-
I0TCSA Y2Ke TPU BU3yaJIbHOM OCMOTpPE KOPEHHOTO BBIXO-
na. CorsacHo kputepusiM [Rats, Chernyshev, 1970], cu-
CTeMHasl CeTh, KaK MPaBUJIO, COCTOUT U3 TPeX HaIpas-
JIEHUH TpeIlUH, a IPU KOJIUYecTBe cucTeM 6oJibiie 10
ceTb sBJyseTcsd xaotudeckou. H0.II. BypsyHoBa [Bur-
zunova, 2014] mnpoaHa/JW3UpoOBaJia CepHI0 KOJIhYe-
CTBEHHBIX MapaMeTpoB MacCOBOTO 3aMepa TpeLUH
(koIMYECTBO MAKCUMYMOB, Cpe/iHSI1 UHTEHCUBHOCTb
MaKCUMyMa, BeJIMUMHAa CaMOT0 MHTEHCHMBHOTO MaKCH-
MyMa, HHQOpPMAIMOHHAsA 3HTPOMNHMS) U MOKa3asa, 4To
JUISl pa3jieJieHdus pacCMaTPUBaeMbIX THIIOB TPEIIMH-
HBIX ceTell HauboJsiee 3QpPEeKTUBHBIM MOKa3aTeseM SIB-
JIIeTCsl CpefHs UHTEHCUBHOCTb MaKCHMyMa Ha Kpy-
roBoit auarpamme (). OHa paccyuTbhiBaeTcsl 6e3 yuyeTa
MaKCUMyMOB, 06pa30BaHHbIX OJHUM (BO3MOXKHO CJIy-
YalHbIM) U3MEPEHUEM U B re0JUHAMHYECKH aKTUBHBIX
pervoHax o6bI9YHO U3MeHsieTcs oT 2 10 8 %. Ham npen-
CTaBJISIETCS, YTO MPU CpelHEW UHTEHCUBHOCTH 10 6 %
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TpeljMHHasA CeTb MOXXeT CYUTATbCd XaOTUYEeCKOH, a
6oJsiee 6 % — CUCTEMHOH, XOTS aBTOP KJaccHPUKAUU
BbIJIeJIsIeT CETHU MePEX0/THOT0 THUIA CO 3HAYEeHUMHU Na-
paMeTpa, nonajjariuMu B uHTepBas 5.0-6.4 %.

Jns ydactka «Yaup6Ga» 3HaveHue, paBHoe 6 %,
KpOMe TOro, SIBJSIETCA CpeJHUM [Jis BeJWYUH Mapa-
MeTpa [, onpesie/ieHHbIX 0 14 KPyroBbIM JHarpaMMmam
TpeuuHoBaTOoCTU. Ha rpaduke mM3aMeHeHUN JJAaHHOTO
napameTpa (cM. puc. 2, B) paccMaTpuBaeMoe 3HaueHHe
N03BOJIIET OTAEJUTh APYT OT JApyra y4yacTKU pa3BH-
THUS CHUCTEMHOW M XaOTUYECKOUN TpeluuHOBATOCTH. /IBa
M3 TpeX OTPe3KOB MPOoduJs CO CJA0KHOU CTPYKTYpou
TPeLMHHON CeTH NpaKTHUYeCKU COBMAZAIOT C BblJe-
JIEHHBIMU paHee y4aCTKaMU BbICOKOU MJIOTHOCTU MeJI-
KHX pa3pbIBOB, xapakTepHo# B [IpuosibxoHbe i 30H
paszsioMoB. [lapameTpsl D ¥ | UMEOT pa3HYK CMBICJIO-
BYIO HarpysKy, Tak Kak [epBblid U3 HUX OTpakaeT HUH-
TEHCUBHOCTb JIECTPYKIIMH, @ BTOPOU — CJIOXKHOCTb UC-
TOPUU TEKTOHUYECKOTO Pa3BUTHs, BK/IOYAIOIIENH 3Ta-
Ibl C pa3HOW OPUEHTHUPOBKOU JePOPMHUPYIOIUX CHJI.
Kak cnefcTBue, y4acTKH € BBICOKOW MJIOTHOCTBIO Tpe-
IIMHOBATOCTH XaOTHUYECKOTO THUIA B TEKTOHHUYECKHU
aKTUBHOM pervoHe MPaKTHYECKU OJHO3HAUYHO COOT-
BETCTBYIOT MOJIOKEHUI0 HEOJHOKPATHO aKTUBU3UPO-
BAaHHOW pa3/ioMHOW 30HBI. TakuMm 06pa3oM, yxe Ha
JIaHHOM 3Talle CIelKapTUPOBaHUS y4yacTKa «Yaup6Ha»
MOXXHO C/leJIaTh BBIBOJ O TOM, YTO NMYHKThI HabJI0/e-
HUA 5, 6 u 7, a Takke 10, 11, 12 1, BO3M0OKHO, 9 mnpu-
HaJJjiexxaT K pa3JioMHbIM 30HaM 1 u 2. Kpome Toro,
npoduib 060MMU OKOHYAHUSIMH, BEPOSITHO, BXOJIUT B
y4aCTKHU OCJIOXKHEHHOTO CTPOEHHUS: 10KHbIN 10 KpUTe-
pUIO MJIOTHOCTU TPELIMHOBATOCTH, a CEBEPHBIN — MO
CTeNeH! ee XaOTUUHOCTH.

[locie pacCMOTPEHHOTO BhIlle UHTErPaJbHOTO
aHaJM3a TPEeUIMHHOW CeTH C/le[yLUM LIaroM husyJe-
HUSI KPYrOBBIX AUArpaMM fBJISIeTCS BblJleJIeHUE MpOo-
CThIX TapareHe3ucoB, MpeJCTaBJEHHbIX COBOKYIHO-
CTSIMU pa3pbIBHbIX CUCTEM, HaxXOAALUXCS B Ompeje-
JIEHHBIX IPOCTPAHCTBEHHbIX B3aUMOOTHOILIEeHUAX. [l
ydacTka «Yaupba» M3 TaKUX [apareHe3ucOoB JIHIIb
TPOUKU MPUMEPHO MePHeHUKYJISIPHBIX CUCTEM Tpe-
IIMH UMEIOT NOBCEMECTHOE paclpocTpaHeHue (puc. 5,
F). llo pacnoJyiokeHUI0 IEHTPOB MaKCUMYMOB Ha OT-
JeJbHBIX JuarpaMMax MOXXHO BbIJEJIUTh Mosca Bpa-
IIleHMs], HO OHU He BBITSTUBAIOTCA B/0JIb AyT 6OJIbILIO-
ro Kpyra B BU/Jie «IllJieiida» MOJTIOCOB MEJKUX pa3phbl-
BOB, UTO M03BOJISIET C/le/1aTh BBIBOJ, O UX IPOUCXOXKe-
HUU 33 CYET coyeTaHUs (HaJI0KeHHs) pAa3HOOPUEHTH-
POBaHHBIX TPOEK CHUCTeM TpeliuH [Seminsky, 2003].
TakuMm 06pa3oM, TPOHUCTBEHHBIA CTPYKTYPHBIM mapa-
reHe3uc B MOpPoJiax MbIca Yaup6a mo pacnpocTpaHeH-
HOCTH pe3Ko Mpeob/ialaeT HaJl APYTUMU U3BECTHBIMU
COYETaHUSIMU TPEUIMHHBIX CHUCTEM, yCJA0BUS 006paso-
BaHUS KOTOPBIX CeNUPHUYHBI U UMEIOT MECTO B Orpa-
HUYEHHOM KpyTe CTPYKTYPHBIX CUTYalui.

BolfiesieHe TpOeK CUCTEM TpEIUH NPOBOAUTCS
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JUIl KaXKA0M JUarpaMMbl B OT/ZIeJIbHOCTH, IPUYEM OT-
KJIOHEHUSI OT NPSMOro yrjia MexJay HeKOTOPbIMU CH-
cTeMaMH pa3pbiBOB MOryT gocturaTb 20° B CBSI3U C
00'bEKTHBHO CYLIECTBYIOIIMMU BapUaLUsIMH yIja CKa-
JIbIBAaHUS, PACCMOTPEHHBIMU B TEOPETUYECKOM 0060C-
HOBaHUM cHenkKapTupoBaHus [Seminsky, 2014]. B ka-
YyeCcTBe NpUMepa 34,eChb aHAJIU3UPYeTCs KpyroBas Aua-
rpaMMa C MyHKTa HabsogeHus Ne 8, koTopasi pacro-
JIaraeTcs B IEHTPe y4acTKa «Yaupba» U xapaKTepu3sy-
eTCsl CPAaBHUTEJbHO HEBBICOKOU MJIOTHOCTBHIO TPEIIUH,
00pas3ywIUX CeTh CUCTeMHOro tumna (cMm. puc. 2). Ha
KpYyrOBOW JuarpaMMe BbljesnseTcd 14 MaKCMMyMOB
(cm. puc. 4, A), 10 U3 KOTOPBIX UMEIOT MJOTHOCTb 6O-
jgee 3 %, B T.4. Ne 3, 13 u 11 ¢ BesIMUMHAMHU paccMar-
puBaeMoro napaMmerpa (cooTBeTcTBeHHO, 13, 12 u 10
%), CyLleCTBEHHO OOJIbIIMMU, YeM y APYTHUX CUCTEM
TpeluH. Y 60JbIINHCTBA MakcuMyMoB - 1, 2, 3,5, 6, 7,
9, 10 u 12 - BBIAENAIOTCA HAIpaBJeHUs pPa3bPOCOB
MOJII0COB TpeluH (1o HukosaeBy).

[Ipu nocnenoBaTesibHOM Iepe6ope MaKCUMyMOB
ObLIO BbIJIeJIEHO YeTbIpe TPONUCTBEHHBIX NMapareHes3u-
ca (ta6u. 1), B KOTOpbIe BOLIJIM BCe HauboJiee UHTEH-
CHBHbBIE CUCTEMBI TPELUH KOPEHHOTO BbIX0/1a, TpUYeM
nBe U3 HUX (N2 3 u 13), a Takke MakcumMyMm N2 14 sB-
JIIIOTCS COCTABJISIIOIIUMU ABYX Tpoek. M3 naATu Mak-
CMMYMOB, He BOLIEeJUIMX B TPONCTBEHHbIE MapareHe-
3ucel, Tpu (N2 4, 8 u 12) UMelT MUHMMAJIbHYIO IJIOT-
HOCTb (2 %), a /1Ba OCTABLIUXCS HANpPaBJIeHUS TPeUuuH
(Ne 9 u 6) xapaKkTepH3yOTCA BeJIMYUHON JAHHOTO Ma-
paMeTpa, paBHOM, cooTBeTcTBeHHO, 3 U 4 %. Ilpo-
CTPaHCTBEHHOE TOJIOKEHNWE BbIJIEJIEHHbIX IapareHe-
3HCOB CBU/IETEJLCTBYET 0 TOM, uTO N2 1 u 4 popmupo-
BaJIMCb B 06CTAaHOBKe cABUra, a N2 2 u 3 - oxaTus uiu
pacTs:keHus. B nmepBoM ciydae KJlacCHYECKOW Mapoit
CONpPsXKEHHBIX CKOJIOB SIBJASIOTCS CyOBepTHUKaJbHbIE
HalpaBJIEeHUs] TpelUH, a BO BTOPOM - HaKJIOHHbIE
CHUCTEeMBI, cybmnapaiejibHble APYT Apyry [Seminsky,
2014]. OnipefiesieHHbIE paHee HapaBJieHUs pa3opPOCOB
y MaKCUMyMOB, OTBevyalOl[UX B MapareHe3ucax 3a
KJIACCUYECKHeE Mapbl CONPS)KEHHbIX CKOJIOB, O3BOJIS-
10T, ¢ UcnoJb3oBaHueM Metoza [I.H. HukosaeBa [Ni-
kolaev, 1992], yrouHnuTs, 4TO napareHe3uc N2 2 chop-
MUpOBaJicd B 06CTaHOBKe pacTspkeHUs, a N2 3 - mpu
cxatuu. YTo KacaeTcsl CIBUTOBBIX NapareHe3ucos, To,
coryiacHO pasbpocam, B Tpoiike N2 1 HampaBJieHHE C
asuMmyToM nagenus 330°£80° siBsseTcs JiIeBbIM CJBU-
roM, a C a3UMyTOM najieHus 55°/80°- npaBbIM cJBU-
roM; B Tpoiike N2 4 HanpaBJ/ieHUe C a3UMYTOM MafleHUs
110°£80° - 3TO JIEeBBIN CABUT, a C A3UMYTOM NaJleHHUs
220°£80° - npaBblil CABUT.

Ko/siMuecTBO TpOeK CUCTEM TpEIIUH, BblJeJeHHbIX
Mo JIpyruM JvarpaMmaM y4yacTka «Yjaupba», B cpef-
HeM paBHO 6-7. HecMoTps Ha To, 4TO, KaK U B cJIy4dae C
nyHKToM N2 8, B HUX He ObLIM 3aJleCTBOBaHbI BCe
MaKCUMYMbl Ha AuarpaMMax, o01HUHA MacCUB COCTABUJI
HeMHOTUM 60Jiee 100 TpOHCTBEHHBIX MapareHe3UCOoB,

chopMHUpPOBABLUIMXCA B Pa3HOOPUEHTUPOBAHHBIX 06-
CTAHOBKAaX CKaTHs, pacTshHKeHUd U caBura. TeopeTHye-
cku [Seminsky, 2014], BblfeJisisi HA MECTHOCTH JIMHEH-
HO BBITSIHYTBIM Yy4aCTOK pacnpocTpaHeHUsl OJHOTHII-
HOTO TPOMCTBEHHOTO MapareHe3uca, MOXKHO KapTHUPO-
BaThb II0 MeHbllell Mepe 30HY MeJIKOI'O JIOKAJbHOTO
pas/ioMa, T.e. OCYLIEeCTBJISETCS epexo/; OT TPELMHHO-
ro paHra JAU3bIOHKTUBHOM CTPYKTYpbl (WM MO0JIA
HanpshKeHUH) K passioMHOMY (cM. puc. 3). OgHako Ta-
Koe KapTUpOBaHHe TpeOyeT TyCTOM CeTH IYHKTOB
MaccoBOro 3aMepa, Ipd KOTOPOH CMBICJA MOLOOGHOTO
aHasiu3a (mo KpalHell Mepe, B ero MoJHOM 00beMe)
TepseTcs BBUJY BO3MOXXHOCTH NPOC/EXKUBAHUA pas-
PBIBHOT'O HapylIeHHUs NMyTeM NPAMBIX re0J0ro-CTpyK-
TYPHBIX HAOJI0/IEHUH.

YacTb U3 BbIABJEHHBIX [0 JUarpaMMe TPOEK CH-
CTeM TpeLIUH NpeACTaBJseT MeJKUe JoKaJbHble pas-
JIOMBbI, COOTBETCTBYIOIIHE IO THUIy U OPHUEHTHPOBKE
60Jiee KPYMHBbIM pa3JjioMaM, B 30He BJIUSAHUS KOTOPBIX
HaxoJUTCs paccMaTprUBaeMoe OOHaXKeHHe TOpHBIX I0-
poA. JTO OTKpbIBaeT BO3MOXKHOCTb OCYLIECTBJAATb
KapTHpPOBaHUE TAaKHUX KPYIHBIX PA3JIOMOB MyTeM HU3y-
YeHHs Y4YaCTKOB PacHpoCTpaHeHHUsl OJHOTUIHBIX MNa-
pareHe3ncoOB Ha IJIOIIAAM MccaenoBaHud. [locienoBa-
TEeJbHOCTb U JileTa/Iu NMOJO06HOr0 aHajlu3a OTPAKaT
cojilepkaHre 1-ro BapyMaHTa MeToJa CllellKapTHpOBa-
HUsl, paspaboTaHHoro 20 JjieT Hazaf [Seminsky, 1994].
O/iHaKO OMBIT €ro peasiM3alMy B pa3/IMYHbIX perHOHAX
II03BOJIMJI YCTAHOBUTD, YTO TPELIMHHbIE CETH, Npej-
CTaBJIEHHbIE TOJIBKO OJJHUM IJIaBHbIM TPOUCTBEHHBIM
napareHe3sucoM, BOJIM3M KpPYNHBIX pa3/IOMHBIX CMe-
CTUTeJIel BCTpedaroTcsl AOCTaTOYHO penko. CiefoBa-
TeJIbHO, JJOCTOBEPHOCTb KapTUPOBAaHHs TaKHUX pas-
JIOMHBIX 30H, BKJII0Yasg OCOOEHHOCTH BHYTPEHHETO
CTpoeHus1, OyJieT CyLeCTBEHHO Bblllle NPU HCIOJIb30-
BaHUU B aHa/u3e BCeH COBOKYNHOCTHU TPOEK CHUCTEM
TpeLrH, 06pa3yoIUXCs P 3aKOHOMEPHBIX U3MeHe-
HUSAX HaNPSHKEHHOI'0 COCTOSIHUSA MaccuBa B xoJe ¢op-
MHpOBaHUS 30HbI pa3joMa.

TakuM 06pa3oM, B OOBIYHOM M0 OGHAKEHHOCTH
OPUPOJHON CUTYyalluM O06bEMHbIA MacCUB BbISIBJIEH-
HBbIX [0 JjMarpaMMaM TPOMNCTBEHHBIX NapareHe3ucoB
UCIOJIb3yeTCs Jjajlee B paMKax oyepeJHOM olepalyu
110 06paboTKe JAaHHBIX ClIeLIKAPTUPOBAHUA B KayecTBe
UCXO/IHOT0 paKTUYeCKOro MaTepuasa JJisi Bbl/eseHus
C/lelyI0Iero paHra pasjIOMHBIX CTPYKTYp M JUHaMHU-
YeCKUX 06CTaHOBOK UX GOpMHUpOBaHUsA. B To ke BpeMa
HEKOTOpble 0COGEHHOCTH Pa3JIOMHOMN CTPYKTYpPhI U3y-
YaeMOU IJIOIA/IU OKa3bIBAIOTCS B IEPBOM MPUOJIMKe-
HUU YCTAaHOBJIEHHBIMU B pe3yJbTaTe ONHMCAHHOIO Bbl-
lle aHa/u3a KPYroBbIX AuarpaMM. Tak, [/ ydacTKa
«Yup6a» XxapakTepHa 061jast BbICOKasi HApYLIEHHOCTD
HOpoJ, TpellHaMU, 06yc/I0BJIeHHas CyLeCTBOBaHUEM
pa3/IOMHBIX CTPYKTYP ABYX OCHOBHBIX HallpaBJeHUH —
65° 1 330°. [lepBoe U3 HUX NPEACTABJEHO ABYMS pas-
somamu (Ne 1 u Ne 2), BeIsiBJIeHHe KOTOPbIX 0Ka3a/l10Ch
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BO3MOXHBIM 0OJlaroZiapsi NMonepeyHoOM K CTPYKTypaM
OpHMeHTAallMy MOJIOCOBHU/HOTO y4YacTKa HCCAe[,0BaHUU
(cm. puc. 2). 30HbI pa3/ioMOB, KpPOMe BbICOKOW Hapy-
IIEHHOCTH T0PO/I, BbIJIEJNSITCS MPUCYTCTBUEM CETeH
TPeIMH XaoTHYeCcKOro TUMa, CHOPMHUPOBABILUXCS
BCJIe/ICTBUE NOABWXKEK B PAa3HOBO3PACTHbIX 06CTAaHOB-
KaxX CXKaTus, pacTshkeHUs W casura. [locsieayroujue
omnepanuy CHelyKapTUPOBaHUs MO3BOJAT YTOYHUTH
3TH BBIBOJbI, @ TAaKXKe CYyLleCTBEHHO YIJIyOUTbh UX 3a
CYeT BBISIBJIEHUS 0COGEHHOCTEeH BHYTPEHHEro CTpoe-
HUS Pa3/IOMHBIX 30H, JleJIeHUsI UX Ha PaHTH, YCTaHOB-
JIEHUs1 3TAalHOCTU pOpPMUPOBAHHUS PA3pbIBHON CeTH U

Ap.
3.2.2. BoisiBJiIeHU € Pa3/IOMHBIX 30H JIOKa/IbHOT'O paHra

O6beKToOM JiJIs1 aHa/IM3a B X0/le pacCMaTpPUBAEMOro
B JIaHHOM pas/iesie OYepeJIHOro Liara mo ob6paboTke
MaTepuaJoB CIelKapTUPOBAHUA SBJSETCA Cepus
MeJIKUX JIOKAJIbHBIX Pa3JIOMOB, KaX/bli U3 KOTOPBIX B
OOHa)KeHUHU TOPHBIX MOPOJ, MpeJCTaBJIeH onpe/esieH-
HBbIM TPOMCTBEHHBIM NapareHe3ucoM TPeluH (CM. pucC.
3, atan I1.2). 3TU MeJsiKHe pa3JjiOMbl COCTABJISIOT CEThb
pa3peIBOB 2-ro MHopsiika B 30He 6oJjiee KPYIMHOTO
JIU3'bIOHKTUBA JIOKaJbHOr0 paHra (1-i mops/iok), AJis
KOTOpPOTO pellleHHe O THIle U OpUEeHTHUPOBKe NPHUHU-
MaeTcsd MO pe3yJibTaTaM NapareHeTHUYeCKOoro aHa/lusa
TPOWCTBEHHBIX IapareHe3uCOB, BbIJEJEHHBIX paHee
[0 JHUarpaMMe TPeUIMHOBATOCTH. PeKOHCTpyKuus pe-
IIeHUs JIOKaJbHOI'0 PaHra OCylLlecTBAAeTCs NyTeM I0-
C/1eIOBaTe/IbHOTO CPaBHEHUS] KPYTOBOM JHarpaMMal €
KaXK/IbIM M3 3TAJIOHHBIX COYEeTAaHUU TPELIMHHBIX CETeH,
MMEWIMX MeCTO B 30Hax JAeHCTBUS CKaJbIBaOIUX
Hanpsi>KeHUM NPU Pa3sHOTUIIHBIX NOJABMXKKaX (CBUTrO-
BbIX, COPOCOBBIX, B3OPOCOBLIX U Np.). B utore ajas oj-
HOTO KOPEHHOTO BBIXOJla NMPU BbICOKOW CTeNeHH Xao-
TUYHOCTU TPELMHHON CeTH MOXKeT ObITb MOJIy4YeHO
HECKOJIbKO (0GbIYHO 2-3) JIOKaJIbHBIX pelIeHHuH, YTO
CBUJIETEJNLCTBYET O IMPHUHAAJIEKHOCTH HeBOJIbLIOro
NOPOJHOTO MacCUBa B pa3Hble 3MOXU TEKTOreHe3a K
pPa3HOTHUIIHBIM 30HaM CKaJIbIBaHUSL.

Kpyrosele auarpamMMmbl-TpadapeTsl, KOTOpble SB-
JIAIOTCS COYETAaHUEM IIOJIIOCOB TPEIIUHHBIX CHUCTEM,
COCTABJIAAIOIUX CTPYKTYPY KaXKJOro M3 HauboJiee ya-
CTO BCTpeYaroluxcs B 3eMHOU KOpe pa3J/ioMoB (JieBble
Y IpaBble CJBUTH, COPOCHI U B3OGPOCHI C pa3HbIMU YT-
JIaMU NaJieHus1), ObLIM NpesicTaB/eHb] paHee (puc. 5, 6
u3 cratbu 1 [Seminsky, 2014]). OTMeTHUM, YTO MOA06-
Hble TpadapeThbl UCNO0Jb30BaJMCh paHee [ Olpe/je-
JleHUs1 MOopdOTreHEeTHUYEeCKOro THIA pa3/IoOMOB, Hapy-
HIaloUIMX MOpoAbl Mbica Yaup6a [Cheremnykh, 2010].
3/iecb 0CO6EHHOCTH aHaJIM3a paccMaTpUBAIOTCA OoJiee
NO/APO6GHO HA NpUMepe pe3y/bTaTOB MacCOBOIO 3aMe-
pa TpelulyH B NyHKTe Hab/atoaeHui Ne 8 (cM. puc. 4).

Boi6op TpadapeToB U MOC/A€J0BATEJNBHOCTh UX
NpUMeHeHHs OlpeJieISII0TCs, COOTBETCTBEHHO, TUIIOM

VM CTeNeHbH 3HAaYMUMOCTU B TPEIUHHON CEeTH Tex
TPOUCTBEHHbBIX MapareHe3ucoB, KOTOPbIE ObIIN BbI/e-
JIeHbl Ha MpebIAYIEeM 3Tale aHa/lu3a KpPyroBou Aua-
rpamMmbl (Ta6s. 1). OueHKa CTeneHU BbIPAKEHHOCTHU
napareHesuca NnpoBeJieHa B Tabauie 1 mo mpocrtomy
cpefHeMy apudMeTUYeCKOMY IMJIOTHOCTENW BXOASALIUX
B €r0 COCTaB MaKCUMYMOB, HO MOTYT HCI0JIb30BaThCs
U 6oJiee TouHble Mokasareau [Seminsky, 1994]. Ilo-
CKOJIBKY HauboJbllasi BeJMYWHA CPeJJHEN MJIOTHOCTU
XapakTepHa sl TPOUKM cucTeM Tpeniud Ne 1 (10.3),
MMEHHO OHa JI0/hKHA pacCMaTpPUBAThCA KaK pasjioM-
Has (T.e. COOTBETCTBYMOIAsA Y-CKoJiaM TJIaBHOTO CMe-
CTUTeJs]) B 3TAJIOHHOM IapareHe3uce, BbIOMPAaeMOM
/i aHasu3a nepBbIM. COT/IacHO MOJIOXKEHHUIO B NPO-
CTPaHCTBE IJIaBHOW U BTOPOCTENEHHON CHUCTEM, 3TO
napareHe3uc JAJjs pasJjioMa CABUTOBOTO THIA, MPUYEM
B MEpBYIO oYepe/ib HEOOXOAMMO paccMOTpeTh Tpada-
peT mpaBoro caBura ajs cucreMmbl 55-80° (cM. puc. 4,
b). OHa UMeeT COOTBETCTBYIOUIUM AJaHHOW AUHAMHYe-
CKOM 06CTaHOBKe pa3bpocC MOJIIOCOB TPEUIUH, a TaKXKe
dopmanbHo (Ha 2 %) 60JibLIYIO [IJIOTHOCTD 10 CpaBHe-
HUIO C comlpshkeHHOM cuctemoit 330°/£80°. C apyroit
CTOpPOHBI, 3TO NpPEBbIIIIeHHEe MUHUMAJIbHO, U BIOJIHE
NpaBOMEPHBIM fIBJSETCH COMOCTAaBJIEHHWE AUarpaMMbl
¢ TpadapeToM JIEBOTO CABUTra [Jis MOCJAeJHEN U3 yIIo-
MSIHYTBIX Pa3pbIBHbIX CUCTEM (CM. puc. 4, B).

Kak BugHO U3 cpaBHeHusi puc. 4, 5, u puc. 4, B,
VMEeHHO BTOPOU BapUaHT CJeAyeT IPUHATb B Ka4yeCTBe
HUTOrOBOTO, TAK KaK OH BKJIIOYaeT B cebs1 6OJIblIee KO-
JIMYECTBO PA3pPbIBHBIX CTPYKTYpP, 06pa30BaBIIUXCS B
NoJISIX HaNpsKeHUM 2-ro nopsijka. KpoMe co6¢cTBEHHO
passoMHOM Tpo¥Wiku Ne 1 (Tabs. 1), Ha Auarpamme
MMeeT MECTO OTYETJ/IMBO BbIpakeHHbIH (4.7 %) mapa-
redHesuc Ne 4 nis ckosioB R-Tuna. XapakTepHble pac-
IMpeHUsa Yy MakcuMyMoB Ne 13 u 6 #aloT OoCHOBaHUe
JUIsl BblJleJieHUs TpoeK cucteM TpemuH N2 5 u 6,
chOpMHUPOBABIIMXCA BO BTOPUYHBIX OOCTAaHOBKaX,
COOTBETCTBEHHO, CKAaTHUsl U pacTshKeHUs. B oTamyue
OT 3TOrO, pelleHHe O NMPaBOM CABUTe B pPa3JIOMHOU
30HE C 3JleMeHTaMu 3asieraHus 55-80° moaaepxkuBa-
€TCsl TOJIbKO TpeMs TPOWCTBEHHBIMU NIapareHe3ncaMy,
npyuyeM, 3a UCKJIYeHHeM Tpouku Ne 1, oHU ciabo
BbIpaXXeHbl Ha JiUarpamme. ITO yKe YIOMSIHYThIA BbI-
e napareHe3suc Ne 6, a Takke Tpoiika Ne 7, He oTMe-
YyeHHas paHee B CBS3U C TEM, YTO €€ [JIaBHas U BTOPO-
CTeNneHHasg CUCTEMbl NpeJCcTaBJeHbl MAaKCUMyMaMH C
HU3KOU MJIOTHOCTHIO (2 %).

CnenyeT OTMETUTb, YTO (GOpMaJbHBIA NOAXOJ K
nepe6opy TpadapeToB HoApa3yMeBaET MPOBEPKY AJIs
paccMaTpyMBaeMOW CABHATOBOM CHUTyallUM elle [JBYX
3TaJIOHHBIX MAapareHe3rCcoB: NPaBOTO CABUra JiJisl pas-
JIOMHOU cucteMbl 330°£80° u seBoro caBura JJs CU-
cteMbl 55°/80°. OfHaKO TakHWe pelleHUs IoJpasyMe-
BAaIOT CMEHY AMHAMHUYECKHUX 06CTAaHOBOK $pOpMHUpOBa-
HUSI pa3pbIBOB 2-r0 MOpPsAAKA HAa MPOTHUBOIOJIOXKHYIO.
ITO MPOTUBOPEYUT Pa3dbpocaM MOJIIOCOB TPELIUH (CM.



puc. 4, A; Tabu. 1), KoTopble onpeesieHbl XOTs ObI AJIs
OZJHOTO W3 CONPSKEHHbIX MAaKCUMYMOB B KaXKJOHW U3
yeTblpeXx Tpoek (N2 1, 4, 5 u 6), cocTaBS0OIUX BO 2-M
MopsiJIKe PacCCMOTPEHHOE Bhlllle pellleHHe 0 JIEBOCABU-
roBOU 30He C 3jieMeHTaMu 3ajneraHus 330°£80° (puc.
4, B). PenteHre 0ObsICHSIET CylleCTBOBAaHME U HaNpaB-
JieHUs1 pa36pocoB AJisd GOJBIIMHCTBA MAaKCUMyMOB Ha
KpyroBo# AuarpaMme W, TAKUM 00pa3oM, xapaKTepu-
3yeTcsl BBICOKUM YpOBHEM JocToBepHOCTU. Cpeau
JIPYTHX ollpeJieJIeHUH JIOKAJbHOTO PaHTa, NOJyYeHHbIX
JUIs ydacTka «Yanp6a» B LeJIOM, OHO UMeeT MOPSJKO-
Bblil HOMep 20 YU HpU AaJbHEHIIUX MOCTPOEHUSX C
aHaJM30M TNPOCTUPAHUU pa3pbIBOB 0603HAYaeTCs
KpacHBbIM 3HAaKOM B BU/I€ JIEBOCTOPOHHEN CTPEJIKU (CM.
puc. 4, I'; puc. 5, b), a npu cCpaBHEHUH B TOM 4HCJIe U
MaZieHuH — KPY>KKOM TOTO ke 1BeTa (puc. 5, b).

KpoMme Tpoiiku N2 1, aBiastouieiics KJw4eBOU AJs
JIoKaJbHOTO peunieHusa 20, HA paccMaTpUBaeMOH Kpy-
rOBOU AuarpaMMe HUMeT MeCTO elle JiBa TPONUCTBEH-
HbIX MapareHesuca Tpeudd (N2 2 u 3 B Tab.. 1), o6pa-
30BaHHble CUCTeMaMH C MJIOTHOCTbIO OoJbile 2 % u
XapaKTepu3ywliecs BbICOKUMU CpeIHUMU MOoKa3aTe-
JsaMu (cooTBeTCTBeHHO, 8.7 u 7.3). Y4YuTbIBass Npo-
CTPAaHCTBEHHYI OPUEHTUPOBKY TPOEK, OHU MOTJIH 06-
pa3oBaThCA y pa3pbiBOB 2-r0 MOpSAAKa B Pa3IOMHbIX
30HaxX CKaTUA WM pacCTSKeHHs, MMEIOLUX CeBepo-
BOCTOYHYI0 WJHM CeBepo-3alaJHyl0 OpPHUEHTHUPOBKY.
[Ipu BrIGOpE TpadapeToB B KaueCTBe COOGCTBEHHO pas-
JIOMHBIX HCINOJIb30BaJUCh TPU HauboJiee WHTEHCUB-
HbIX MakcuMyMa - 240°£70°, 145°250° u 50°£40°. Ha
puc. 4, E-3, u puc. 4, /I-H, c HUMU COBMelleHbl IJIaB-
Hble pa3JIOMHble CMECTUTe]H, 00pasywluecs MOpu
pacTskeHUU (COpPOChI) U CKaTUU (B3GPOCHI M HAJIBUT)
3eMHOU Kopbl. CpaBHUTE/NbHBINA aHA/IU3 COBMeELIeHUM
TpadapeToB ¢ JUarpaMMol MOKasaJs, YTO B KavyecTBe
WTOTOBBIX MOTYT pacCMaTpUBATbCAd TOJBKO JABa pe-
IIeHUs: cOpoc C 3JjieMeHTaMu 3ajieraHuss 50°£40°
(cm. puc. 4, 3) 1 B36pPOC C 3jJeMeHTAaMH 3aJeraHus
145°/50° (puc. 4, H). B psAay pelieHUN JIOKaJIbHOTO
paHra Jiis y4acTtka «Yaup6a» OHU UMEIOT OPSiIKOBbIE
HoMepa 21 u 19 u 0603HAYAOTCA CUHUM U 3eJIEHBIM
Kpykkamu (puc. 5, 5) wiu JUHUSIMU aHAJOTHUYHOTO
[[BeTa, OPUEHTUPOBAHHBIMMU COTJIACHO NPOCTUPAHHUIO
COOTBETCTBYIOIIUX Pa3JIOMHbIX 30H (puc. 4, 4, O; puc.
5, b). 3T ABa 3TaJIOHHBIX TapareHe3uca «CBsS3bIBAIOT»
M0 NAATh TPOEK CUCTEM TPEIIUH, TOT/JA KaK OCTaBlliue-
€Sl BApUAHTHI — JIMLIb 10 ofHoU (puc. 4, /I-M) wiv 1o
nBe (puc. 4, E-2K). Kak BugHO U3 Tab6J1. 1, B c6pocoBoM
pemteHuu 21 (cM. puc. 4, 3), corJacHo NPOCTPAHCTBEH-
HOMY MO0JIOXKEHHI0, MOTYT y4aCTBOBATb TPOWKU CUCTEM
TpewyH N2 2, 3, 4, 7, a TakKe 8, cyljecTBOBaHHUE KOTO-
poH cJeAyeT npejnoJaraTh, eCd MakcuMyMmy N2 6 mo-
CTaBUTb B COOTBETCTBUE HESBHOE CTYIIeHHE MOJIIOCOB
TpewuH, GOPMUPYIOLUIMX BBITAHYTOCTh MaKCUMyMa
Ne 13 B cTOpoHY MeHbIIMX YIJ0B najeHus. B36poco-
Boe penieHue 19 (cM. puc. 4, H) cOCTaBJASIOT Te Xe
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NATh TPOUCTBEHHBIX MapareHe3ucoB (N2 2, 3,4, 7 u 8),
TaK KakK, HeCMOTpPSl Ha Kap/[MHAJbHO Pa3/JUYHYI0 OpH-
E€HTHPOBKY U THUIl Pa3JIOMOB, OJIOXKEHUE COCTABJISIO-
IIUX UX BHYTPEHHIOI CTPYKTYPY Pa3pbIBHBIX CUCTEM B
npepeiax NPUHATHIX 20° M0106HO.

BeiGop pellleHUs MOXET ObIThH CeJaH Ha OCHOBe
NpUBJIEYEHHUSI [JAaHHBIX O TMOJIOXKEHUH Pa3JIOMHOTO
CMECTHUTENS1 UWIH/U KUHEMAaTUKe TPEL[UHHBbIX CHUCTEM,
omnpejieJiIeHHOW MO MapKepaM B KOPEHHOM BBIXO/E.
OpHakKo, y4YUTHIBAs BO3MOXHOCTb CyIlleCTBOBaHMSA
000MX pelleHHuH, He0OX0AUMO HMETb MOA0OHYH WH-
dopManuoo Ui KaKAOW U3 BbIJ|€JIEHHBIX B MYHKTE
Ha6JIIIEHUH TPOEK CUCTEM TPEIIWH, YTO JaXKe B TeK-
TOHWYECKH aKTUBHBIX PErMOHAaX HEBO3MOXKHO JIJisl MO~
JaBJSIOLEro GOJIBIIMHCTBA OOHAXKEHHWM TOPHBIX I10-
poA. 3a HeMMeHHUEeM IOJIHOLEHHOU anpUOpHOU HH-
dopManuu pasziesieHMe TPOUCTBEHHBIX MapareHe3u-
COB MEXAY ABYMs pellleHUsIMU NPOU3BOJAUTCS O JIBYM
HEe3aBUCUMbIM NpU3HaKaM. [lepBbIM sIBJsIeTCS HaJH-
Yre 3aKOHOMEPHBIX Pa36pOCOB Yy MAKCUMYMOB IOJIIO-
COB TpENIWH, NO3BOJIAIOIINX ONpeAEeJUTb 0 METOY
[1.LH. HukosilaeBa AUHAMHYeCKyl0 0O0CTaHOBKY GOpMHU-
pOBaHUS 00'beJUHSIONIET0 UX TPOUCTBEHHOTO Mapare-
He3uca. CoryiacHO OIleHKaM pa3bpocoB, c/eJJaHHbIM
paHee /JiT MaKCUMYMOB TpPENIMH C MYHKTa HabJIo0/e-
HuH N2 8 (TabJ1. 1, croa61bl 2 u 4), Tpoiiku N2 2, 3 u 8,
NpHHAJJIeXalye Mo MPOCTPAaHCTBEHHOMY MOJIOKEHHUI0
K 060UM pelieHUsIM (TabJ. 1, cTosbern 9), yaanoch oT-
HECTU K 0JJHOMY U3 HUX (Tab6.1. 1, cTosber; 10): Ne 2 u 8
- k pemenuio 21 (pactskenue); N2 3 - k pemeHur 19
(cxaTwme).

BTopoil BO3MOXXHOCTBIO /IJI COPTUPOBKH TPOEK MO
pelleHUsIM SIBJISEeTCS aHaIu3 JBYTPAaHHOTrO yrJa Mex-
Jly TJIABHOW M BTOPOCTENEHHOM CHCTEMaMH IapareHe-
3H1Ca, B KOTOPOM HAX0/IUTCA OCh TJIaBHBIX HOPMaJIbHBIX
HanpsikKeHUM cxaTus (YABOEHHBIN yroJ CKaJbIBaHUS ).
OH oTpakaeT ycJOBHUs Pa3pblBOOOPA30BaHUS U [[0JI-
>KeH ObITh B IEPBOM MPHUOJIMKEHUHN GJIU3KUM 110 BEJIU-
YUHaM JiJIs TapareHe3vucoB 2-ro mopsjka, GpopMmupy-
IOLUXCSI B OJIHOM pa3/IOMHOU 30He. ITO NPUOIMKEHUE
omnpe/iesisieTcsl TEM, YTO IMPH MPOUUX PABHBIX YCJIOBUAX
OH MOXET B peJiesiax 15° oTaim4aThcs B 06CTaHOBKAxX
pacTsbKeHHs, cABUra W ckatusa [Seminsky, 2014]. Kak
CleACTBHe, UMEET CMBIC/ NIPU aHAJIM3€e YIJIOB MOJb30-
BaTbCs KAaueCTBEHHbIMU OleHKaMHU (TYMOW-0CTphIi),
YTO W 6bLJIO CJleJIaHO Ha MpUMepe KPYyroBOH Auarpam-
Mbl N2 8. KpoMe c6pocoBOro u B36p0COBOTO pelieHUuH
JIOKAJIbHOTO PaHra, aHaJIu3 ObLI CAEJIaH U AJsl CBUTO-
Boro pemieHus 20, TaKk Kak TPOWKU CHCTEM TpPENIUH
N2 7 u 4 no NpoCTPaHCTBEHHOMY NOJIOXKEHHUIO MOTYT
BXOJMTb, COOTBETCTBEHHO, B ABa (19 u 21) u Tpu (19,
20 u 21) peluieHusl.

Kak BugHO u3 Tabu. 1 (cronben 10), A Tpolku
Ne 3, oTBevarolel COrJIacHO MOJIOKEHUIO U pa3bpocam
3a IJIaBHBIM CMeCTHUTeJb BO B36POCOBOM pelieHuu 19,
XapaKTepeH Tymou yros (MpU OCH CXKATHUS) MEXAY
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KJIACCUYECKOW TMapoM COMPSIKEHHBIX CHUCTEM, YTO OT-
pakaeT CpaBHUTEJbHO IJIybOKHE YPOBHU MPOTEKAHUS
JepopManu. AHAJIOTUYHBIM BBIBOJ, JejaeTca JiJis
CABUTOBOTO penieHus 20, MTOCKOJbKY TYIOH yroJ npu
OCH CKaTHsl UMeeT MeCTO JJIsl CONPSKeHHOH maphl B
rJIaBHOM napareHesuce N2 1. B NpoTUBOIOJIOXKHOCTb
3TOMy cGpocoBoe pelieHHe 21 CBUJIETENLCTBYET O
6JIM3MIOBEPXHOCTHBIX YCIOBUAX AedopMalvy, Tak Kak
paccMaTpUBaeMbli yroJi B IJIaBHOM Tpoiike N 2 aBJis-
eTcsl ocTpbIM. OTHOCUTEJIBHO TJIyOUHHbBIE YCJI0BUS Je-
dopmaruu jid perieHus 20 moIep>KUBAKOT MPUHA-
Jiexkale ToJbKO K HeMy TPOHCTBeHHbIe apareHe3u-
cel N2 5 ¥ 6 c ocTpbIMU ABYTPaHHBIMU yTJaMHu (CTOJI-
6ern; 9). BiM3NMOBEepXHOCTHBIE YCJOBUS Aedopmanuu
JUIsl cOpocoBoro perieHus 21 MOATBEPXJJAKOTCA OCT-
pbIM yrjioM B Tpoikke Ne 8, mpuHajiexalield K HeMy
COTJIaCHO TOJIOXKEHHI0 U pasbpocam (crosber 10). Ta-
KHUM 06pa3oM, Mocjie aHaju3a pa3GpocoB Kakaasd U3
JIByX OCTaBLIUXCS «CIOPHBIX» Tpoek (N2 4 u 7) nocne
OLIEHKH YTJIOB MOXET OBbITh OTHECEHA TOJIbKO K OJHO-
My U3 pemeHul (crosber 11): N2 4 - K pemenuro 21,
r7ie BO 2-M TOpsJIKe BCe YTJIbl I0JDKHBI ObITh OCTPBIMHU;
Ne 7 — k pemienuto 19, rje yrisl TyIble.

B vTOre MOKHO 3aK/JIOYUTh, YTO TPELUHHAS CETh B
NyHKTe HabaogeHud Ne 8 chopmupoBasack B 30HAX
BJIMSIHUS TpeX pa3JjioMOB: B30poca C 3JleMeHTaMHU 3a-
Jgeranusa 145°/50° (pemenue 19), JeBoro cjBura c
ajsieMeHTaMu 3asieranus 330°/80° (pewmenue 20) wu
cbpoca c aseMeHTaMu 3ajieraHusi 50°£40° (pelieHue
21). TpoiicTBeHHbIe MapareHe3uchl TPeUUH 6Jiaroa-
ps IPUBJIEYEHUIO K aHAIU3y pa3bpocoB U YIJIOB CKa-
JILIBAHUS OTUYETJIMBO PaA3JEUIUCh MEXAY TMOJyYeH-
HbIMU pellleHUsAMU (cM. puc. 4, /[, K, II), XoTsa 3T0 He
HCKJII0YaeT aKTUBU3AIMI0 HEKOTOPBIX U3 HUX HA JIBYX
Y JlaXke Tpex JTallax TeKTOoreHe3a (HampuMmep, TPOMKa
Ne 4 B Tabs. 1, ctonben 10). /laHHBINM BbIBOA, OJJHO3HA-
YeH JJI1 OT/|eJIbHBIX CUCTEM TPEIHNH, KOTOpble XapakK-
TepPU3YITCS HauboJbilel I0THOCTBIO (N2 3, 13 u 14),
TaK KaK BXOJIAAT B COCTaB Pa3HbIX TPOUCTBEHHBIX Mapa-
reHe3UCOB U M03TOMY YYaCTBYIOT B JIByX WUJIM TPEX pe-
meHusx. HanboJsiee nposiBjieHHBIMH B TPEIIMHOBATO-
CTU TOPOJi KOPEHHOTO BBIXOJA CJAEeAyeT CYUTAThb 06-
CTaHOBKHU pacTshkeHus (peuieHue 21) u casura (pe-
menue 20), B KOTOPbIX 33/leMICTBOBAHO MO TPU TPOU-
CTBEHHBIX MapareHe3uca W Mo JeBATb cucTeM. Jlanee
cienyet peunieHde 19 ¢ AByMs TpOMKaMU U IIECTbIO
cuctemMamu. OGCTAaHOBKH CJIBUrA U CXKATHUsS pa3BUBa-
JIUCh B TVIYOUHHBIX YCJIOBUSAX, KOT/Ia JIBYTPAHHbINA yroJi
NPUA OCH CXKATHUS MEXAY CONPSIKEHHBIMH CHUCTEMaMU
TPELIMH W3 NePBOHAYAJbHO OCTPOTO CTAHOBUJICH TY-
NbIM B XOJie TPOTPECcCUpYIOleld IJIacTUYeCKOu je-
dopmManuu. ITo, KaK MpaBUJIO, HE XapPaKTEPHO AJs
6/IM3MI0BEPXHOCTHOTO TPEL[MHOOOPA30BaHUSA U CBH-
JleTeJbCTBYeT 06 OTHOCHUTEJNbHOW JAPEBHOCTU 060MX
JUHAMHUYECKUX 06CTaHOBOK. TakuM o6Gpa3oM, MpoBe-
JIeHHOe COIOCTaBJIeHHEe CBUJETEJbCTBYET O CPaBHHU-

TeJBbHO MOJIOZIOM BO3pacTe pacTSKeHUsA: IpeJCTaB-
JIA0Ilas ero TpelluHHas ceTb ¢gopMHUpoBajach Ha
MeHbLIMX TJIyOUHax U Jydlle COXpaHWJachb B KOpPeH-
HOM BBbIXOJle, YeM pa3pbIBbl 3TANOB CJBUra U, TeM 6o-
Jiee, CKaTHsl.

AHasorMYHBIM 00pas3oM [ y4yacTka «Yaupb6a»
6bL/IM IPOAHAJU3UPOBaHbl BCe KPYroBble JHarpaMMbl.
OTnpaBHBIM MOMEHTOM IIPH Bblbope TpadapeToB A5
COIIOCTaBJIEHUSI C PUCYHKOM HM30JIMHUM Gbla HE0OXO-
JIMMOCTb OO'bSICHEHUSl NPOUCXOX/AEeHUsl BHayasle Hau-
60Jiee MHTEHCUBHBIX TPOWCTBEHHBbIX IapareHe3ncOB
TpeluH, a 3aTeM BceX (UId OGOJIbIIMHCTBA) CUCTEM
TPeIIMH KOPeHHOI'0 BbIX0Jd — B MUHHMMAaJIbHOM KOJIU-
YyeCcTBe pelIeHUH paccMaTpUBaeMOro JIOKaJbHOTO
panra. /lnsg oTAe/NbHbIX KOpPEHHBIX BBIXOJOB PEKOH-
CTPYHpOBaHbI OT OJHOH A0 TpeX AUHAMHUYECKUX 00-
CTAaHOBOK, KaK 3TO BUJHO U3 PUC. 5, b, Iie 3T pelle-
HUS NI0Ka3aHbl Ha KaK/A0U JUarpaMMe Kpy:KKOM, COOT-
BETCTBYIOIIUM I10JIOKEHUIO MaruCTpPajbHOTO CMeCTU-
Tenqa (Y), a Takke 3HaKOM NPOCTHPAHUS Pa3JIOMHOU
30HBI 10 IPUMePy NyHKTa Hab/rogeHui Ne 8 (cM. puc.
4,T, Y, 0).

Bcero ans 14 nyHKTOB HabJI0/leHUH, pacrnoJarar-
IMXCA Ha [T0JIOCOBU/IHOM y4acTKe ClellKapTUPOBaHUA
«Ynnp6a», 6b11I0 nosydeHo 33 pelleHHs O HaJIMYUU
pa3JIOMHBIX 30H JIOKaJbHOTO paHra. He ocTraHaB/uBa-
SCh Ha cneqUdrKe KaXKJOro KOHKPETHOIO pelleHus],
c/leiyeT OTMETUTD, UTO OHU OO'BACHSAIOT NPOUCXOXK/e-
HHe BCeX 3HAaYMMBbIX CUCTEM TPELMHOBATOCTH Ha MbI-
ce Ynupb6a. Cyzs mo xapakTepy pelieHuid (puc. 5, b),
Ha y4dacTKe HCCJIeJOBaHHUA JOMHUHHUDYIOT pa3/IOMHbIe
CTPYKTYpbl CeBepO-BOCTOYHOM U CeBepo-3alaJHoMu
OPUEHTHUPOBKH, OOJIbIIMHCTBO U3 KOTOPbIX CYOBEPTHU-
KaJIbHbI. TakuM 06pa3oM, B pa3Hble 3110XHU TEKTOHUYe-
CKOTO pa3BUTHUs TEPPUTOPUHM H3y4YeHHble KOPeHHbIe
BBIXO/Ibl IPUHAAJIEXAIM K 30HaM BJIMAHHUS Pas3iOMOB
pPas3JIMYHOTrO THUIIA U paHra, NPOCTPAaHCTBEHHLIE U Bpe-
MeHHble B3aMMOOTHOLIEHUS] KOTOPBIX yCTaHaBJMUBa-
I0TCA B XO/ie Aa/IbHEHIINX ONlepalui CrelKapTUpoBa-
HUA.

3.2.3. BeifBJIeHHE Pa3/IOMHBIX 30H TPAHCPETrHOHAIbLHOT0
paHra

O6beKkTOM /1 aHa/IM3a B X0/le pacCMaTpUBaeMOTro
B JIaHHOM Dpasjiesle Oo4YepeJHOro Liara no o6paboTke
MaTepUasoB CleLKapTUPOBAaHUSA SIBJSIOTCS Maphl CO-
NpSKEHHBIX CUCTEM JIOKaJbHBIX Pa3J/IOMOB, KOTOpbIe
HMMEIOT MeCTO B CEPHUU CMEXHbIX KOPEHHBIX BBIXO/0B
ropHbix nopo/, (cM. puc. 3, atan I1.3). OHu cocTaBasAIOT
CeTb Pa3pblBOB 2-TO NOPsAJKa B 30He MEJIKOTO pPeruo-
HaJIbHOTO passoMa (1-i nopsAAok), A1 KOTOPOro Au-
HaMMyeckass 06CTaHOBKa GOpMHpOBaHHA ONpesess-
eTcs, UCXOJs M3 NPOCTPAHCTBEHHBIX COOTHOLIEHUH
OCell IJIaBHbIX HOpPMaJIbHbIX HalpsSXXeHUW U [BYX CU-
CTeM pa3pblBOB CKaJbIBaHMA. B reojuHaMuyecky ak-



THUBHBIX pPeruoHax MOJO06HBIM 06Pa30M BOCCTAHABJIU-
BaeTcsl HECKOJIbKO TMOJied HaNpshKeHWH BCJIEJICTBUE
HaJIMYMs pa3HbIX ITANOB JedpopMalvii, IpuYeM AaKe
JUIs OZTHOTO 3Tama B pa3HbIX MeCTaxXx TePPUTOPUHU
0GBIYHO BBIZIEJISIETCS HECKOJIBKO PA3JIOMHbBIX 30H pas-
JINYHOTO MOpPQOreHeTUYecKoro Tuna. JuHaMudeckue
0O6CTAaHOBKH PEKOHCTPYUPYIOTCA MyTeM BbIGOpa map
CONPSPKEHHBIX (IO TUITY U MPOCTPAHCTBEHHOU OpHEeH-
THUPOBKE) CHUCTEM JIOKAJIbHBIX pa3ioMoB. KopeHHBIM
OTJINYMEM MOCTPOEHUW B JAHHOM CJy4ae sBJsIeTCS
nepexoJi OT JIOKAJbHBbIX MYHKTOB-OOHKEHUN K aHa-
JIU3y IJIONIAJIHOTO0 PACHpPOCTPAHEHUSA BbISIBJIEHHBIX
06CTAaHOBOK, T.e. K COOCTBEHHO KapTHUPOBAaHHUIO pas-
JIOMHBIX 30H Ha y4acTKe ucciefoBaHus. [Ipyu aToM uH-
dbopmMariys o BbljIleJIEHHOM JIOKaJbHOM pa3JjioMe B BU/JIe
ero 3JIeMeHTOB 3aJieraHusi BBIHOCHUTCSI B COOTBET-
CTBYWOIL[EM MeCcTe Ha IJIaH MEeCTHOCTH, MOCJe 4Yero
MPOBOJIUTCSA aHAJMU3 UX MPOCTPAHCTBEHHOrO pacrpe-
JleJIeHUs C UTOTOBBIM TPAacCUPOBAHUEM IMOJIOXKEHUs
OT/leJIbHBIX 30H TPAHCPETUOHAJbHOTO PaHra.

CielyeT OTMETHUTb, YTO KAPTUPOBAHHE PA3JIOMHBIX
CTPYKTYp Ha/IJIOKAJbHOTO paHra MOXeT OCYIIeCTB-
JIIThCS 110 KpailHel Mepe ByMs cioco6amu. [locieno-
BaTeJIbHBIN MYThb 3aKJ/0YAeTCsl B BbIJEJEHUU MOCPea-
CTBOM MapareHeTHYeCKOro aHa/iM3a JIOKaJbHBIX pe-
IIEHWH BHA4aJsie Pa3JIOMHBIX 30H TPaHCPEruoHaIbHO-
ro, a 3aTeM Ha UX OCHOBe — PETMOHAJILHOTO paHra C
OT/leJIbHBIM U3yYE€HUEM MPOSIBJIEHUS KAK/IOW IPYIbI
pa3HOMacIITabHbIX [JU3BIOHKTUBOB HA MECTHOCTH.
ITOT MOAXO0J ABJSAJCA TJIaBHBIM NPU KapTUPOBAHUU
pa3JIOMHbBIX 30H Ha y4acTKe «Yaup6a», Tak Kak oH 60-
Jiee popMasN30BaH B METOAUYECKOM OTHOLIEHUU U B
CBSI3U C 3TUM MO3BOJIIET 060CHOBAHHO BBIJIEJATh paH-
I'd Pa3JIOMHBIX 30H, a TaKXKe MOJIy4yaTh JIOMOJHUTEb-
Hy10 HH$OPMALUIO 0 X BHYTPeHHeM cTpoeHuH. OiHa-
KO, MpexJe 4YeM MNPOWUIIOCTPUPOBATb €ro MpakTH-
YeCKyl peasiu3alyi, Heo6X0JUMO KpPaTKO OXapaKTe-
pY30BaTh BTOPOH, CPAaBHUTEJbHO OBICTPBIHA, MYTh,
3pdeKTUBHOCTh KOTOPOro 6blja MOKa3aHa B paboTe
10.I1. Byp3yHoBo# [Burzunova, 2015] npu KapTUpOBa-
HUHM Pa3JIOMHBIX 30H TaxkepaHCKOTO MacCHBa CHUEHHU-
TOB. MHTpPY3WBHBIM MacCUB pacnoJiaraetrcsd B IpU-
6pexHou dactu [IpuosibXxoHbs (puc. 6, A) Ha paccTos-
HUU npuMepHO 20 KM OT y4acTKa «Y/aup6a» U, TaKUM
06pa3oM, UMeEeT CXOJHYI C MOCJEJHUM UCTOPHIO TEK-
TOHUYECKOTO Pa3BUTHSI.

JlokasibHbIE pellleHrs] 0 HAJIMYUH Pa3JIOMHBIX 30H B
BUJle 3JIEMEHTOB 3aJleraHusi CMeCTUTeJield BHayasle
BbIHOCHJIMCh Ha IJIaH MECTHOCTH B MeCTax MpoBeJe-
HUSI MacCOBBIX 3aMepOB, KOTOpbIe Ha y4acTke «Taxe-
paH» pacnoJiarajuch npuMmepHo B 250-500 m gpyr ot
Jnpyra (Bcero - 108 nyHKTOB HabGJtofeHUs). 3aTeM
CMEeXHble TOYKHM C aHAJOTHYHBIMHU pelleHUSAMH 06b-
eIUHSIJTUCh B 30HBI C YK€ OIpe/ieJIEHHbIM THIIOM MO-
JIBMKeK. KpoMe Toro, aBTopy ucciae0BaHUs yAAI0Ch
pa3/leIUTh 3aKapTUPOBAHHbIE pPa3JIOMHble 30HBI Ha
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TPU paHra BCJe[CTBHE Pa3HULbI B MPOTSHKEHHOCTU U
nonepeyHoM pa3Mepe Y4acTKOB MPOSBJIEHUA OLHO-
TUIHBIX pelleHWH, XOTs NOCJeJHUN nmapaMeTp cylie-
CTBEHHO 3aBUCHUT OT PACIOJIOKEHUSI MYHKTOB HabJII0-
JleHus. BBuAy oTcyTcTBUS Ha 6GoJiblled 4acTu caabo-
0OGHaKEHHOU IJIOIAAN MPU3HAKOB CMEIIEHUH BbISB-
JIEHHble pa3J/IOMHble CTPYKTYpPbl B OCHOBHOM HMEIOT
CTaTyC pa3/iIOMOB paHHeW CTaJjuu pa3BUTHUS, TNpeJ-
CTaBJIEHHBbIX 30HAaMM MapareHeTUYeCKU CBA3aHHOU
TpewuHOBaTOCTU. OJHAaKO B Mpefiesiax HEKOTOPBIX U3
HUX MPU U3yYeHUU OOGPBIBUCTHIX OeperoB o03. balikan
ObLIN 33/I0KYMEHTHPOBAHbI CMECTUTEJNU C MPOAYKTa-
MU Jipo6JieHus (puc. 6, A). ITo, BepOSTHO, CBSI3aHO C
WHTEHCUBHBIMU [epeMeleHUssMU OJIOKOB BOJIM3HU
HaxoAsdllerocss MnoJ BOJOW cMecTuTesnss Mopckoro
cbpoca, MO KOTOPOMY HPOUCXOAUT OMyCKaHWE JHA
BalikasnbCcKOW BNaAWHbBI BCAEACTBUE PACTSKEHUS 3€M-
HOU KOPBI.

[TopaHroBbI¥ aHa/IU3 JIOKAJIbHBIX pelleHWH, NpoBe-
nennbid 10.I1. BypayHoBoit [Burzunova, 2015] no aje-
MeHTaM 3ajieraHus IJIaBHbIX CMECTUTeJIEd B COOTBET-
CTBUM C METOJUYECKUMM NpUEMaMHU, NpeACTaBJIeH-
HbIMU B HalleMl npeablAylei nyoaukanuu [Seminsky,
Cheremnykh, 2011], 103BOJIWJ BbIAEJIUTDb AJS y9acTKa
«TaxkepaH» NATh AUHAMUYECKUX 06CTAaHOBOK 1-ro mo-
psjika. /lajsiee ObLJIM MCIIOJIb30BaHbl KOCBEHHbIE MPHU-
3HAaKd OTHOCUTEJbHOT'O0 BO3pacTa pa3pbIBHBIX ceTew,
cbopMUpPOBABIINXCSA B 3TUX OGCTAaHOBKAX (BeJMYHHA
YABOEHHOTO yrIJja CKaJblBaHUs, UHTEHCHUBHOCTb pac-
NPOCTPAHEHHOCTU W JP.), UTO MO3BOJIMJIO pacnpeje-
JIUTh UX C U3BECTHOU [Jl0JIell yCAOBHOCTU MOCJ€eA0Ba-
TeJIbHO — OT APEeBHUX K 60Jiee MoJioAbIM (puc. 6, b-F).
[TonrydeHHBIN psAj XOPOLIO COTJIACYeTCs C ITanaMu Je-
dopmanuii, BbIJleJIEHHBIMU Mpe/lIeCTBEHHUKaMU Ha
OCHOBEe KOMILJIEKCHOTO aHa/iM3a BCero o6bemMa Hakom-
JeHHOU i [lpubaiikanbs CTPYKTYpPHO-T€0JOTHYe-
Cckol uHoOpMaAIMU U AAHHBIX NPUMEHEeHUs KUHeMa-
TUYECKUX METOJIOB PEKOHCTPYKIIMU TOJIEW HaIpsiKe-
HUH [Mazukabzov, Sizykh, 1987; Aleksandrov, 1990;
Delvaux et al, 1995, 1997; Levi et al, 1997; Fedorovsky,
1997; San’kov et al, 1997; Sklyarov, 2005; u dp.]. lloa-
HOCTBIO COBNA/IAal0T 0GCTAHOBKM JIpeBHEro (paHHemna-
JIe030HMCKOT0) CKaTus B HampasseHuu C3-1H0B (puc. 6,
b), a Takxe KaliHO30¥CcKHe noJsA casura (puc. 6, ) u
pacTs>KeHUs 3eMHOU KOpPbI TOH e ceBepo-3amnaji-ro-
BOCTOYHOH OpHeHTHUpPOBKU (puc. 6, E). O6cTaHOBKA
CyOMepUHMOHANBHOTO CKaTUSl TaKXKe W3BECTHa AJIs
3anagHoro [Ipubaiikanbs, X0Ts, COrJIACHO MaTepyUaiaM
npenuectBeHHUKOB [Danilovich, 1963; Delvaux et al,
1997; u dp.], apeas ee pacupoCTpaHeHUsI HaXOUJICA B
120 kM rwro-3anagHee [IpHoibXOHbS (palloH HCTOKa
p. AHrapa). Takoe CX0/CTBO BBINOJHEHHbIX PAa3HbIMHU
MeTO/JIaMU PEKOHCTPYKIUN 1aeT OCHOBaHME I10J1araTh,
YTO BBbISIBJIEHHAs MOCPEACTBOM CTPYKTYpHO-Mapare-
HETHYeCKOTO aHaju3a O06CTaHOBKA KalHO30MCKOro
pacTsokeHUss B CyOMepHU/AMOHA/TbHOM HalpaBJIeHUU
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Puc. 6. Pe3y/ibTaThl IPUMEHEHHSI TapareHeTUYECKOT0 aHaIM3a TPEHIMHOBATOCTH Ha yYacCTKe CTPYKTYPHOTO KapTHPOBa-
Hus «Taxkepan» B 3anagHoM [Ipubatikanbe (o 10.I1. Byp3ayHoBo# [Burzunova, 2015] c ©3MeHeHUsIMH U J06aBJIE€HUSMU).
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A - cxeMa pa3HOPAHIOBBIX Pa3/IOMHBIX 30H, BbISIBJEHHBIX B npejesax TakepaHCKOro HHTPY3UBHOIO MacCHBa NP NapareHeTHYeCKOM
aHaJiM3e TPELIMHOBATOCTH. b-F — cXeMbl pa3/IOMHBIX 30H y4acTka «TaxkepaH», COOTBETCTBYIOLME MSTH I0C/A€J0BaTEbHbIM 3TANaM Jie-
dopManuii 3eMHOM KOpPbI, KOTOPbIe GbIIM BbISIBJEHB! B pe3yJIbTaTe apareHeTHYeCKOro aHa/ln3a «HEMOW» TPELIMHOBATOCTH: CKATHE B
HanpassieHuu C3-I0B (5), cyomepuauoHanbHoe ckaTtue (B), caBur (I'), cybMepuiMoHalbHOe pacTsikeHUe ([) U pacTskeHUe B HalpaB-
snenuu C3-10B (E). 1 - 6eper 03. baiikas; 2 - UHTPY3UBHBIA MaccuB; 3 - TOPU30HTAJIU pesbeda; 4 - npeAnoaraeMblii CMECTUTENb 30HBI
Mopckoro c6poca; 5 - kpynHble (a), cpenue (6) U MeJikue (B) pa3/IOMHBIE 30HbL; 6 — aKTUBHbBIE () U HEaKTUBHbIE (6) pa3/IOMHbIE 30HbI
Ha cxeMax b-E; 7 - cerMeHThI 30H Ha cxeMe A, Ipe/iCTaBJeHHbIE PA3/IOMHbIMUA CMECTHUTEJISIMUA B COOTBETCTBUH C IIPSIMBIMU CTPYKTYPHBI-
MU NIPU3HAKaMU; 8 — MOJI0XKEHUE CYOroOpU30HTA/NbHBIX OCEN IJIaBHbIX HOPMaJIbHBIX HaNpsKEeHUH cxaTus (a) u pacTtsikeHus (6); 9 - Ku-
HeMaTHKa ITO/BIIKEK 110 aKTUBHOM (Ha paccMaTprhBaeMoM 3Tare fedbopMalyMu) pa3JoMHON 30He, YCTAaHOBJIEHHAsA NPU NapareHeTHYe-
CKOM aHaJIM3e TPELIMHOBATOCTH: a — CABUT, 6 — B36poc (HaABUT), B — cOpOC.

Fig. 6. Result of paragenetical analysis of jointing on the Tazheran structural mapping site, Western Pribaikalie (according
to [Burzunova, 2015] with amendments and additions).

A - scheme of fault zones of various ranks which are revealed in the Tazheran intrusive massif by paragenetical analysis of jointing. 5-E -
scheme of fault zones on the Tazheran site, the zones correspond to five sequential stages of deformation of the crust which were revealed
by paragenetical analysis of 'dumb’ joints: compression in the NW-SE direction (5), submeridional compression (B), strike-slip (I'), sub-
meridional extension (/), and extension in the NW-SE (E). 1 - shore of Lake Baikal; 2 - intrusive massif; 3 - terrain horizontal lines; 4 -
assumed fault plane in the Morskoi normal fault zone; 5 - large (a), medium-sized (6) and small (B) fault zones; 6 - active (a) and inactive
(6) fault zones in schemes b-E; 7 - segments of zones in scheme A which are represented by fault planes in accordance with direct struc-
tural features; 8 - positions of subhorizontal axes of main normal stresses of compression (a) and extension (6); 9 - kinematics of dis-
placements along the active (in the given stage of deformation) fault zone which is revealed by paragenetical analysis of joints: a - strike-
slip fault, 6 - reverse/thrust fault, B - normal fault.

(puc. 6, /[) MO’xeT UMeTh JIOKaJIbHOE PACIPOCTPaHEHUE  3aHbl KPAaCHBIM IIBETOM Pa3JIOMHbIE CTPYKTYPhl, KOTO-
(B paiioHe TaKepaHCKOr0 MacCUBa), HO CYUIeCTBYeT  pble, COTJIACHO 3TAJIOHHBIM MapareHe3ucaM pa3pbiBOB
00'bEKTHUBHO. 3aTeM OOpPaTHBIM XOJOM JJIs KaXKAOW  2-To mopsaka [Seminsky, 2014], MOTYT aKTUBHO pa3BH-
JMHAMHUYECKOW 0OCTAHOBKHU ObLIM BblJleJIEHBI U MIOKA-  BaTbCS IPH CXKATHH, CABUTE U PACTSKEHUH COOTBET-



CTBYIOUIUX OPUEHTHUPOBOK (puc. 6, b-E). Takum o6pa-
30M, HarJsHO MPOUWJIIICTPUPOBAH Mpouecc GopMu-
pOBaHHUA OT 3Tamna K 3Tany pa3JIOMHOW CeTH Ha yd4acT-
Ke UCCJIe/IOBAHU .

[IpefcTaBieHHBId NyTh cleAyeT cydTaThb 3ddek-
THUBHBIM, TaK KaK OH [0O3BOJISIET, OCHOBBLIBASICh TJIAB-
HbIM 06pa30M Ha aHaJiM3e MAcCOBLIX 3aMepoB IOBCe-
MECTHO pacnpoCTpaHEHHOW «HEeMOW» TpPeIIMHOBAaTO-
CTH, 3aKapTHUPOBATb HAa U3y4aeMOU TEPPUTOPHUU CEThb
pa3JIOMHBIX 30H HA/JIOKAJBHOTO PaHra U YCTAaHOBUTH
rJIaBHble 3Tanbl ee popMUpoBaHus. BMecTe ¢ TeM, A1
JIAaHHOT'O TO0/IX0/Ia XapaKTepHa ompe/ieJieHHas YCJI0B-
HOCTb pas3/ieJieHHUs] BblIeJIEeHHBIX CTPYKTYP 0 paHram,
TaK KaK B 6OJIbIIMHCTBE IPUPOJHBIX CUTyal[uid OOHA-
Y)KEHHOCTb MOPOJi He TMO03BOJIIeT C Heo6XOJUMOU J10-
CTOBEPHOCTBIO YCTAHABJWBATh UIMPUHY Pa3JIOMHbBIX
30H H, TeM OoJiee, onpeesisiTh 0CO6eHHOCTH UX BHYT-
peHHero ctpoeHus. Hmke 3TO 6yZeT MOKa3aHO Ha
npuMepe y4acTka «YJaup6a» B XoZie peasusanuu ¢pop-
Ma/JIM30BaHHOIO TMOJX0Ja K BbIZEJEHHIO OT/eJbHbIX
PaHToOB pa3JIOMHBIX 30H U UX KAPTUPOBAHHIO HA MECT-
HocTH. OIHAKO JIJIS Ia/IbHEHIIIEero CONoCTaBJIEHUS pe-
3yJIbTAaTOB NPUMEHEHMsI JIBYX pa3HbIX MOJXOJ0B Ha
OZHOM U TOM e (aKTHUYeCKOM MaTepuasie BHauaje
JUISL y4acTKa «YJup6a» JIOIKHO ObITh MPOaHaJTHU3UPO-
BaHO NMPOCTPAHCTBEHHOE paclpejie/ieHre JIOKAJTbHbBIX
peiuteHuit (puc. 7, b).

[ToCKOJIBKY y4acTOK, M0 CyTH, SIBJsIETCS NpoduieM
C NYHKTaMH HaOJIJEHUs, NPOCJAeJUTh OT/e/bHbIe
JIOKaJIbHbIe Pa3pbIBbI 10 MPOCTUPAHUIO, KAK ITO Jiea-
Jocb s miaomaau «TaxkepaH», NPaKTHYEeCKU He
Npe/CcTaBjsieTcs BO3MOXKHBIM. B TO e BpeMs oT4eT-
JINBO BUJIHO, YTO B I0KHOH MOJIOBHUHE yYacTKa GJIU3KHE
MO0 TUIy U OPUEHTHUPOBKE pelleHUs BCTPEYalTCA B
CMEeXHbIX NyHKTax HabJitoieHus. [1o 1Ba mynkTa - N2 9
10, N6 u7 Nelwu2 - 06beJUHAIOTCA, COOTBET-
CTBEHHO, pelleHUs MM TMpPaBOro CcJBUra, copoca u
Ha/sBUra. B Tpex cMeXHbIX KOpeHHBIX BbIxo/iaX (MyHK-
Tbl N2 3, 4 u 5) BBISIBJIEHO OJHOTHIIHOE B36POCOBOE
peuienne. HakoHel, HaubGoJiee pacnpocTpaHEeHHOe Ha
ydacTke «Yaupb6a» pelieHue JIeBOTO CABUTa UMEET Me-
CTO B IIeCTH PsSJ0M pachnoJlaraloiuxcad MNyHKTax
HabJItoieHus], 06pa3ys 30HY HmUpHUHOU 15 M. Takum
06pa3oM, aHaIM3 IPOCTPAHCTBEHHOT'O pacnpeeseHus
JIOKAJIbHbIX pelieHUH CBUJIETeJbCTBYEeT O Iepeceye-
HUM npodusieM HATHA Pa3JIOMHBIX 30H HAAJIOKaJIbHOTO
paHra, mpu4eM JIEBOCABUIOBBIM pasJjioM IO momnepedy-
HbIM pa3MepaM CYIIeCTBEHHO NMpeob6JaJilaeT HaJ| mpa-
BBIM C/ZIBUT'OM, COPOCOM, HAJIBUTOM U B3GPOCOM.

ComocTaByieHHe pe3y/bTaTa KAPTUPOBAHUSA C UMe-
Ioledcd anpuopHOW HHPOpMalMed I03BOJISIET C
60oJIbIION 01l BEpPOSTHOCTH MPEJIOJ0XKUTh, YTO
HIMPOKUH YYAaCTOK MPOSIBJIEHUS OJHOTUITHBIX JIOKAJIb-
HBIX pelleHU NpeJCTaBJseT 30Hy BJIAUSHHUS pasJjoMa
1 (puc. 7, A), KOTOPBIH, TAKUM 00OpPa30M, SIBJISETCS Jie-
BbIM C/IBUT'OM. B TO e BpeMs 3Ta 30HA JIMIIb CAMOU
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CBOEH ceBepHOU YacThI0 (MMyHKTHI HAGIIOJeHUH N2 5 U
6) 3aXOUT B M0JIOCY C BBICOKOM MJIOTHOCTBIO TPELUH
U CJOXHBIM CTPOEHHEM HX CeTel, BblJleJIeHHOM Ha
atane Il.1 B kauecTBe 30HbI BJAUSHUA paszyoma 1 (cMm.
puc. 2, b, B). UTo kacaeTcsl BbIIBJIEHHOU aHAJIOTUYHBIM
Crnoco6oM U 60JibllIel N0 LIMPUHE 30HbI pa3joMa 2, TO
B MpUHAJJIeXKaluX el MyHKTax HaboqeHusa Ne 9, 10,
11 1 12 nuwpb B ABYX NePBBbIX BCTPEYAETCH peLleHUue
npaBoro casura. OfHaKo 3TOT CABUI UMeeT Ionepey-
HOe TI0JIOXKEHHe K pasjoMy 2, COTJIaCHO alpHOpPHOHU
CTPYKTYpHO-TeoJioruiyeckoit uHpopmanuu (puc. 7, 4),
U, KaK CJe[CTBUEe, He MOXeT CUYMUTATbCHd [JIABHBIM
CTPYKTYPHBIM 3JIEMEHTOM B 30HE ero BJIUAHUA. TaKuM
06pa3oM, NPOUJJIIOCTPUPOBAHHbBIM NMOAXOA K BblJeJle-
HUIO Pa3J/IOMHBbIX 30H Ha OCHOBe 0O0'beJMUHEHUS CMeX-
HBIX TOYEK C OJJHOTUIIHBIMH JIOKAJbHBIMU pellleHUsAMHU
N03BOJIMJI OOHAPYXXWUTb JIMUIb OAHY (NMpHU4YeM MeHb-
1IyI0) U3 CYLIeCTBYIOIIUX HAa y4yacTKe «Yaupba» pas-
JIOMHBIX 30H. JTO SIBUJIOCb CJIEACTBUEM HepaBHOMep-
HOTO pacroJIoKeHUsl ToueK HabJIl0/leHUs 3a TPelUHO-
BaTOCTBIO U, B YaCTHOCTH, UX OTCYyTCTBHSA B 0CEBOH 4a-
CTU pasJ/ioMa 2, YTO, KaK U3BECTHO, TUIIUYHO /151 MHO-
IUX PervoHOB B CBfI3U C pa3pylleHHeM TeKTOHU3UPO-
BaHHBIX NOPOJ, AONOJHUTEJbHO OCJIa0JEHHBbIX MOJ
JlefiCTBHEeM NPOLeCCOB BbIBETPHUBAHMUS.
[TocnenoBaTenbHbIM NyTh GOPMaJN30BAHHOIO BHI-
JleJleHUsl paHroB pas3JioMOB U UX KapTUPOBaHHUs Ha
MEeCTHOCTH, KaK NI0OKa3aHO HWXe, SABJAeTCA [JIs TaKUX
CJIO’KHBIX CUTyaIui 60Jiee 3pdekTuBHBIM. Ero Kapau-
HaJIbHO€ OTJIMYMe COCTOUT B TOM, YTO BBIXOJ, Ha pas-
JIOMHBIE CTPYKTYpbl HaJJIOKAJbHBIX PaHI'OB OCYyIle-
CTBJISIETCS He CTOJIbKO NPU TPACCHUPOBAaHWM pelleHUs
M3 OJJHOTO KOPEHHOTro BbIX0Ja (JIOKa/JIbHbIN YPOBEHbD)
K JipyroMy (peruoHajbHbIH YpOBEHb), CKOJIbKO IO
NPHUHAJJIeXKHOCTH Pa3pbiBa, COOTBETCTBYIOILETO JAH-
HOMy JIOKaJIbHOMY peLIeHHI0, BMeCTe C APYTMMH JIo-
KaJIbHbIMU pas/ioMaMHU K NapareHe3ucy 30Hbl pervo-
HaJIbHOI'0 paHra. JIJaHHbIA NOAXO0J HaXOAUTCS B MOJ-
HOM COOTBETCTBUH C IPUHLUNAMHU ClIeLIKapTUPOBaHUA
Y Ha ero HayajbHOM 3Tane I1.1 6611 peasin3oBaH, Korja
M3 MHOXeCTBa HalpaBJeHUH pa3pblBOB KOPEHHOIO
BbIXOJla Ha OCHOBe aHa/Ju3a KpyroBol JuarpaMMbl
BBIABJISJICh CaMble IIPOCThIe NAapareHe3HChbl JaHHOIO
YPOBHSA — TPOMKH NPUMEPHO NePHNeHAUKYJISAPHbIX CH-
cteM TpewuH (cM. puc. 3). OHU COCTaBJAIT OCHOBY
TPELMHHON CeTH 30HbI HEOOJIBbIIOTro pasjioMa TPaHC-
JIOKQJIbHOTO (T.e. IepexoJHOro OT TPELMHHOrO0 K pas-
JIOMHOMY) paHra. Ha pas/jioMHOM ypoBHe TaKHUM OpJiU-
HapHBIM NIapareHe3ucoM fBJisieTcs: GOPMHUPYIOLIASICS B
OZIHOM T0JIe HaNpsXKeHWH Napa CONPSKEeHHBIX CUCTEM
Pa3pbIBOB CKa/IbIBaHUA, XapaKTepU3YIOLUXCA IPOTHU-
BOIIOJIOKHBIM XapaKTepPOM MOJBUWKEK, HalpaBJ/eHUs
KOTOPBIX CyONnepneHAUKYJISAPHbI JIUHUU NlepeceyeHusi
Pa3pbIBHBIX IJIOCKOCTeH. [lo aHasoruu paHr pasJjioMma,
B 30He KOTOPOIO TAaKOM NapareHe3ucC COCTaBJSAET OcC-
HOBY CeTH pa3pblBOB 2-TO MOps/JKa, Ha3BaH TpaHCpe-
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NOKANbHbIW PAHI TPAHCPETMOHANBbHbBLIW PAHT PEFTMOHANbHbLIA PAHT
noKarnbHble pa3nombl MernKue permoHarnbHble PasfoMbl B CTPYKTYpe permoHanbHON pasfioMHON 30HbI pervoHanbHbIe pasfoMHbIE 30HbI
pasHoro Tuna cxartuns nesoro casura pacTsXeHun cxaTtuns neeoro casura pacTaXeHun
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Puc. 7. PESYJIbTaTbI peasm3anuu nocjaea0BaTeJIbHbIX onepaunﬁ ClieKapTHPOBAHUA Ha y4dCTKe «YJmp6a», OTpa3uBIINECd B YCTAHOBJIEHUH ITOJIOKE€HUA PA3JIOMHBIX 30H JIOKAJIbHOTO, TPAHCPETMOHAJIbHOTO U PETUOHAJIBHOTO padHra, C(bOpMI/IpOBaBIJ.II/IXCH B Pa3HbIX
AWHaAMHW4Y€CKHNX o6cTaHOBKaX. [IosCHEHMSsT B TEKCTe.

A - reosioruyeckasi CXeMa y4acTKa ¢ YeThIpHa/aThi0 MYHKTaMH JleTallbHbIX HAa0JII0JeHUH 3a TPEIIMHOBATOCThIO: 1-2 — 6uoTuTOBBIE (1) U amMPubos0BbIe (2) THeHChI; 3 - MOJI0ChI NPOSIBJIEHUS] TEKTOHUTOB (IJIMHKA TpeHUs1, 6pekuuns Apo6JieHH s ), CBI3aHHbIX C EPEMELIEHUIMH 10 pa3jioMaM
1 ¥ 2, ¥ 3/IeMeHThI UX 3a/ieraHust; 4 — M0JIOKEeHHe NYHKTOB MacCOBBbIX 3aMEPOB TpeluH. b — pa3/ioMHble 30HbI JIOKAJbHOTO PAHra, B KOTOPBIX MPOUCXOJUI0 GOPMUPOBAHUE TPEIMHHBIX CEeTel B OTAENbHbIX MyHKTaX Hab0aeHus: 1 — moJioKeHUe MyHKTa MacCoOBOTO 3aMepa TpeluH; 2 —
3JIEeMEHThI 3aJIeTaHUs Pa3JIOMHON 30HbI JIOKAJILHOT'O paHra co B36pOoCOBbIM (HaABUrOBbIM) (a), cOpocoBbIM (6), IEBOCABUTOBBIM (B) U MPABOCABUTOBLIM (T') TUIIOM NepeMelleHU; 3 — y4yacTKy npodussi, 06'beJUHSOLIME TOYKU HABI0AeHUs C OJHOTUIIHBIMU pellleHUsIMHU JIOKAJbHOI'0 PAaHra,
COOTBETCTBYIOIIUMHU B36pocy (Hagsury) (a), 1eBoMy caBUTrY (6) wiau c6pocy (B). B-K. Pa3sioMHbIe 30HBI TpaHCPETrMOHAJBLHOI'O paHra, KOTopble GOPMHUPOBAIUCE HA TPexX 3Tanax ZedopManuy N3y4aeMoro y4acTka 3eMHOHM Kophl Kak B36pocsl (B-I") u npaBsle casuru (/) B ceBepo-3anagHoOR
3oHe cxatus (II), 1eBbie u nmpaBble casuru (E) u co6pocsl (JK) B ceBepo-BoCcTOYHOM 30He JieBoro caBura (1), a Takxke c6pocs! (3-K) B ceBepo-BocTouHOU 30He pacTskeHus (I11): 1 - yyacTku nmposiBieHUsI TPAaHCPErMOHAIBHBIX Pa3JIOMHBIX 30H CO B3OPOCOBBIM (HaJBUTOBBIM) (@), JIEBOCABUTOBBIM
(6) 1 c6poCcOBBIM (B) THUIIOM NepeMeLleHNUH; 2 — 3JIeMeHThI 3aJleraHys Pa3JIOMHOHN 30HBI JIOKAJIbHOTO PaHTa CO B30POCOBBIM (HaZABUTOBBIM) (@), cOpocoBbIM (6), IEBOCABUIOBBIM (B) U MPAaBOCABUTOBLIM (T) TUIIOM IepeMelleHHH; 3 - MHAEeKChl CUCTEM Pa3JIOMOB JIOKAJbHOTO paHra (a) u ux
conpspKeHHBIX nap (6), UCIIoIb30BaHHbIE JJIS BblJleJIeHHs Ha yYacTKe KapTUPOBAHUS 30H TPAaHCPETrHOHAJbHOI0 PaHra; 4 — HH/IeKCcalysl TPAaHCPErHOHATbHBIX PAa3/IOMHBIX 30H; 5 - OJI0OXKeHHe Cy6ropru30HTaNbHBIX 0CeH IJIaBHBIX HOPMa/IbHBIX HAPshKeHUH cxxaThd (a) ¥ pacTsikenus (6); 6-8 -
napareHe3HChbl pa3JIOMOB 2-T0 NOpsi/iKa B 30He B36poca (HazaBura) (6), seBoro casura (7) u copoca (8), mpeacraBieHHble IPOCTUPAHUSMHU IJIOCKOCTEH B IJIaHe, COTJIAaCHO pUC. 8 U3 ctaThu [Seminsky, 2014]. /I-H - pa3/i0MHble 30HbI pErHOHAJIBHOTO PaHTa co B36pOCOBbIM (HagBUTOBLIM) (/I),
JieBocABUTOBBIM (M) 1 c6pocoBrIM (H) TUOM nepeMmelneHuH, cGopMHUpPOBaBIINeCs Ha TPex Tanax gedpopManui U3y4aeMoro y4acTka 3eMHOH KOpbI, U HEKOTOPble 0CO6EHHOCTH WX BHYTPEHHEro CTpoeHus : 1 — y4aCcTKHU B3OPOCOBBIX (HAZABUTOBBIX) (a), IeBOCABUTOBBIX (6) M c6pOCOBBIX (B)
peruoHaJbHBIX Pa3/IOMHBIX 30H, COOTBETCTBYIOLINE pPaHHEH AM3BIOHKTHBHOW CTaJM{ Pa3BUTHUS BHYTPEHHEH CTPYKTYpbBI; 2 — y4acTKH JIEBOCABUTOBOHW PErvMOHaJbHOM Pa3jIOMHON 30HBI, COOTBETCTBYIOLIME NMO3J4HEH AU3BIOHKTUBHOM CTAaJUM Pa3BUTHSI BHYTPEHHEH CTPYKTYphbl; 3 —
npejroJiaraeMoe I0JIOKeHNe TJIABHBIX CMeCTUTesed, cGOpMHUPOBABUIMXCS HA CTAaZWH MOJIHOTO pa3pylleHHs B JIEBOCABUIOBBIX 30HAX PErMOHAJIBHOTO paHra; 4 — WHJEKCalsl perMOHANbHBIX PAa3/IOMHBIX 30H; 5 — IHOJIOXKEHHE TPaHCPEerHoHAJbHBIX PA3JIOMHBIX 30H CO B36pPOCOBBIM
(HazBUroBbIM) (@) U C6POCOBBIM (6) TUIIOM NepeMelleHUH; 6 — 0JI0KeHHe CyOropu30HTAIbHBIX 0CeH IJIaBHBIX HOPMaJIbHBIX HAIPSDKEHUH cxxaThd (a) U pacTskeHus (6); 7-9 - cxeMaTHYHOE U300paykeHHe peruOHaIbHBIX Pa3JIOMHbBIX 30H, QOPMUPYIOIINXCS TPU CKaThH (7), 1eBoM caure (8)
U pactsbxkeHud (9). O - cxeMa pas3JIOMHBIX CTPYKTYP PerMOHAJIBHOTO U TPAaHCPErHOHAJbHOIO PAHTa, BLISBJIEHHBIX Ha yYacTKe «Ynp6a» B pe3ysbTaTe ClelKapTHPOBaHUs: 1 — MpejnosaraeMoe IoJIOXKeHNe TJIaBHbIX CMecTUTeJed, CPOPMHUPOBABIINXCSA HA CTAJUU IOJHOTO pa3pylieHus B
30HaX PeruoHAJIbHOTO PaHra; 2 — y9aCTKU PernoHaJbHBIX PAa3/IOMHBIX 30H, COOTBETCTBYIOIIME NO3JHEeH AU3BIOHKTUBHOM CTAa/JUH PAa3BUTHS BHYTPeHHEH CTPYKTYPHI; 3 — OJI0KeHHe PAa3/IOMHBIX CTPYKTYP TPAaHCPErHOHAJIbHOTO PaHTa.

Fig. 7. Special mapping results for the Ulirba site. Positions of fault zones of the local, transregional and regional ranks are revealed; such fault zones developed in different geodynamic settings. See explanations in the text.

A - the geological scheme of the site showing 14 observation points whereat jointing was studied in detail: 1-2 - biotite (1) and amphibole (2) gneisses; 3 - zones of tectonites (gouge, crush breccia) associated with displacements along faults 1 and 2, and bedding elements; 4 - locations of mass
joint measurement points. 5 - fault zones of the local ranks wherein joint networks were developed at observation points: 1 - positions of the mass joint measurement points; 2 - bedding elements of the fault zone of the local rank with reverse/thrust (a), normal fault (6), left-lateral strike-slip
(B) and right-lateral strike-slip (r) types of displacement; 3 - segments of the profile which connect observation points with similar solutions of the local rank, corresponding to reverse/thrust (a), left-lateral strike-slip (6) or normal fault (r). B-K. Fault zones of the transregional rank that
formed at three stages of deformation of the crust on the site under study: reverse faults (B-I') and right-lateral strike-slip faults (4) in the NW compression zone (II), left- and right-lateral strike-slip faults (E) and normal faults (7K) in the NE zone of the left-lateral strike-slip fault (I), and normal
faults (3-K) in the NE extension zone (III): I - sites with transregional fault zones with reverse/thrust (a), left-lateral (6) and normal fault (B) types of displacements; 2 - bedding elements of the fault zone the local rank with reverse/thrust (a), normal fault (6), left-lateral strike-slip (8) and
right-lateral strike-slip (r) types of displacement; 3 - indexes of fault systems of the local rank (a) and their conjugated pairs (6) which are referred to for identification of zones of the transregional rank on the special mapping site; 4 - indexation of transregional fault zones; 5 - positions of
subhorizontal major stress axes of compression (a) and extension (6); 6-8 - paragenesises of faults of the 2nd order in the zone of reverse/thrust (6), left-lateral strike-slip (7) and normal fault (8), which are represented by plane strikes according to Fig. 8 in [Seminsky, 2014]. /I-H - fault zones
of the regional rank with reverse/thrust (/I), left-lateral strike-slip (M) and normal fault (H) types of displacements which developed through the three stages of deformation in the area of the crust under study, and some features of their internal structure: 1 - sites of regional reverse/ thrust
(a), left-lateral strike-slip (6) and normal fault (B) zones which correspond to the early disjunctive stage of development of the internal structure; 2 - sites of the regional left-lateral strike-slip zone which correspond to the late disjunctive stage of development of the internal structure; 3 -
assumed positions of main fault planes formed at the stage of complete destruction in the regional left-lateral strike-slip zones; 4 - indexation of regional fault zones; 5 - positions of transregional fault zones with reverse/thrust (a) and normal fault (6) types of displacement; 6 - positions of
subhorizontal axes of main normal stresses of compression (a) and extension (6); 7-9 - schemes of regional fault zones formed in case of compression (7), left-lateral strike-slip (8) and extension (9). O - scheme of regional and transregional fault structures revealed on the Ulirba site by the
special mapping method: 1 - assumed positions of main fault planes formed at the stage of complete destruction in the regional fault zones; 2 - sites of the regional fault zones which correspond to the late disjunctive stage of development of the internal structure; 3 - positions of transregional
fault structures.
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TMOHAJIbHBIM, T.e. IepPeX0JHbIM OT JIOKaJIbHOTO K pe-
TMOHAJbHOMY (CM. pUc. 3), BHYTPEeHHSAA CTPYKTypa Ko-
TOPOT0 XapaKTepU3yeTcs HaJu4yueM 6oJjiee CJA0XKHOTO
napareHesnca BTOPUYHBIX pa3pbIBHBIX CTPYKTYP.

Ha srane I1.3 mepen BbifiBleHHEM MNPOCTHIX pas-
JIOMHBIX TlapareHe3vcOB BbIJEJAITCA CUCTEMBI JIO-
KaJIbHBbIX pasJIoMOB. Tak, Bce pelleHUs, NOJydeHHbIe
JUIs ydacTka «YJaup6a», MoJBeprajvuch IPYINIUPOBKE
Ha OCHOBe aHaJi3a KpYroBoWl JuUarpaMMbl, 00'beiu-
HSIOIeH MOJII0Chl MarucTpaJbHbIX CMeCTUTeJIed (puc.
8, A). Ilo ux cO6JMKEeHHOMY IOJIO)KEHUI0 OTYEeTJIMBO
BblAesseTcsa 12 cucTeM pas/ioMOB JIOKAJbHOTO paHra
(puc. 8, 6-B): cuctema 1 (330°£85°) - 9 pemenunit (1,
5,7,10, 13, 14, 20, 27 u 30), cucrema 2 (70°£75°) - 4
pewenus (17, 23, 25 u 28), cuctema 3 (250°£50°) - 4
pewenus (6, 9, 12 u 22), cucrema 4 (340°£75°) - 3
pemenus (8, 24 u 32), cucrema 5 (340°£30°) - 3 pe-
weHus (2,4 u 31), cuctema 6 (165°£75°) - 3 pemenus
(16, 29 u 33), cuctema 7 (130°£45°) - 2 peutenus (15
u 18), cucrema 8 (260°£70°) - 1 pemenue (11), cu-
creMa 9 (50°£40°) - 1 pemenue (21), cucrema 10
(50°£70°) - 1 pewenue (3), cucrtema 11 (145°£50°) -
1 pemenue (19), cuctema 12 (90°£30°) - 1 pemeHue
(26).

Cpef yCTaHOBJIEHHBIX Pa3pblBHBIX HallpaBJeHUH
MO>KHO BBIZI€JIUTh YEThIPE Mapbl CONPSKEHHBIX CUCTEM
pasJsiomoB (Tab6.. 2), ofHa U3 KOTOPbIX (MapareHesuc
Ne 1) popMupyeTcs npu caBure, JBe (IapareHe3uchl
Ne 2 u 4) - npu ckaTuu U ofHa (mapareHesuc Ne 3) -
NpHY pacTsKeHUH 3eMHOU Kophbl. Ecii cyuTh o npeg-
CTaBJIEHHOCTH JIOKAJbHBIMU pelleHUsIMH, TO Haubo-
Jiee 3HAaYMMBIM [JI1 y4yacTKa MCCAeJOBaHUU ABJISETCS
CABUTOBBIN NMapareHe3uc, y KOTOPOro JaHHbIN MOKa3a-
TeJib (Tab6J1. 2, cToJ16el; 6) MOYTHU B TP pasa BHILIE, YeM
y OCTaJIbHBIX NapareHe3ucoB. YeThIpe U3 ABeHaJLATH
pas/sioMHbIX cucTeM - 6, 8, 9 u 10 - He 06pa3yloOT co-
npspKeHHbIX nap (puc. 8, B), mpu4eM TpU NOCAESHUX
SIBJISIIOTCSI MaJIO3HAYMMBIMHM [JIs1 y4acTKa «YJupb6a»,
TaK KaK IpeJCTaBJeHbl OJHUM JIOKaJbHBbIM pelleHU-
eM. HecmoTps Ha 3To, oHU (C-6, C-8, C-9 u C-10), Haps-
Qly ¢ conpsbkeHHbIMU napamu (I1I-1, -2, TI'-3 u II'-
4), BBIHOCATCS HA IJIaH y4acTKa «YJjaupb6a» (cM. puc. 7,
B-K) pjia aHa/M3a UX NPOCTPAHCTBEHHOTO pacnpefe-
JIeHUs], IOCKOJIbKY JaHHasg UHGOopMaLusa MOXKeT ObITh
M0JIE3HOW MPHU BblAEJEHUH CIe/[yI0IIEero — peruoHaslb-
HOI'0 — paHra pasJIOMHBIX 30H.

Kak BugHo u3 puc. 7, B-K, cucTemMbl JIOKaJbHbIX
pas3J/ioMOB, He 06pa3yollle CONpsHKeHHble napbl (puc.
7, [, K, U-K), BcTpeudatoTcsl B 060CO0JIEHHbIX MYHKTax
HabJII0JieHUs], YTO XapaKTepHO JaxKke JJIs CUCTEMBI 6,
npeACTaBJeHHON TpeMs pelieHUusaMHu (cM. puc. 7, ). To
»)Ke OTMedaeTcs W JJ HEKOTOPbIX y4acTKOB paclpo-
CTpaHEeHUs pelleHUH, BXOASAINX B COCTaB COMpPSHKEH-
HbIX nap (cM. puc. 7, B-T, E, 3). [Ipu 3TOM, ec/iu UX Cy-
IleCTBOBaHME B KpaeBbIX NMYHKTaX MOXEeT NpejroJa-

raTh NpoOJOJKEHHEe 30HbI 32 FPAaHUIAMHM Y4acTKa, TO
Ha/JM4ve OJWMHOYHBIX pPELIeHHWHA B ero LEeHTPaJTbHOU
4YacTU He JjaeT popMasibHbIX OCHOBAaHUM BBIBECTH OMH-
CaHHble pa3/IOMHble CTPYKTYpPbl Ha TpaHCpPeruoHajb-
HbI ypoBeHb. K 30HaM JjaHHOTO paHra yBEpeHHO OT-
HOCATCSA NSATh YYacCTKOB HPOSIBJEHUS] OJHOTHIIHBIX
pellleHU B CMEXHbIX MyHKTax HabJ0JeHus (CM. puc.
7, B-I, E, 3). Ux miupuHa onpeesseTcs MoJ0XXKeHUEM
IYHKTOB, B KOTOPBIX BBISIBJIEH MapareHe3uc, a NpoTs-
’KEHHOCTb — KpasiMU U3y4aeMoOU MJIOLAA1 UK/ rpa-
HUI]AMHU Y4YaCTKOB Npoduss (ropu3oHTaIbHble MyHK-
TUPBI), A0 KOTOPBIX GOpMaJbHO MOXKHO pacnpocTpa-
HATh MHPOpPMALUIO U3 OJHOr0 MYyHKTAa CTPYKTYPHBIX
HabJsoAeHUN (cepeHAa WHTEpBajJa MEX/JAy HHUMH).
CrenyeT OTMETUTBH, YTO KpPOMe BCTPEYAEMOCTU JIO-
KaJIbHBIX PELIeHUH B CMEXHBIX MyHKTAaX, BblJeJIeHHbIe
30HBI C pa3HOM CTENEHbI0, HO Y/I0BJIETBOPSIOT U BTO-
POMY KPUTEPHUIO — CYIIECTBOBAHHIO HA OJJTHOM y4YacTKe
06eHX CONMPSHKEHHBIX cUCcTeM. [IJ1s 30H 2 U 6 3TO UMeeT
MEeCTO B IBHOM BHU/I€, @ B OCTAJIbHBIX C/Iy4asix (30HBI 1,
3 1 4) MOXHO NpeAnoJaraTb HaJW4YrMe CONPSKEHHOTO
JIOKAJIbHOTO CMEeCTUTeJIsl 3a IpaHullel y4yacTKa crell-
KapTUpoBaHus. [locKoJIbKYy aHaJoTU4YHasg CUTyallUs
MOXXET UMeTb MECTO JJISI CaMOr0 CEBEPHOro MyHKTA
HabuoaeHu Ne 14, 31ech Takke ciaefyeT MpezroJa-
raTb HaJlUuue pPa3/IOMHOU 30HbI, UTO KOCBEHHO MNO/-
TBEpPXKJAeTCsl TpeMsl OJJHOOPUEHTHPOBAHHBIMU B
IJIaHe JIOKaJbHBIMU pelieHusiMu (cM. puc. 7, -/, 3).

Bce BbljesieHHbIe 30HBI, COTJIACHO BBIOPAHHBIM
KpUTepUsM, JIOPKHbI ObITh OTHECEHbI K TPAaHCPETruo-
Ha/JIbHOMY paHry (cM. puc. 7, B-K), XoTs mIMpuHA 30HbI
6 CyllleCTBEHHO NpEBBINIAET pa3Mepbl OCTaJbHBIX Pas-
JIOMHBIX CTPYKTYyp. C OJHON CTOPOHBI, 3TO CJeAyeT
CUMTATh 0COOGEHHOCThIO paHra JU3bHOHKTUBOB, SBJIS-
IOLeTOCs MepexXOoJHbIM OT JIOKaJbHOIO K perruoHajb-
HoMmy. C Apyrod CTOpPOHbI, UCTUHHBbIA pa3Mep HATH
NepBbIX YYAaCTKOB MOXKET [0 ONHCAHHLIM Bblllle MPU-
YWHaM ObITh GOJIBLUINM, YeM 3TO 3apUKCHPOBAHO Ha
y4JacTKe, SIBJASIOLEMCS, 0 CyTH, poduieM, nomnepey-
HBbIM K 30He 6. KpoMe TOro, HenmpepbIBHOCTb 3TOU IIU-
POKOM 30HBI MOXET OOBSCHATHCA HAJUYUEM [IBYX
NPOTSKEHHBIX MHTEPBAJIOB NPoduIs Mexay MyHKTa-
Mu 7 U 8, a Takxke 10 u 11, rae maccoBble 3aMephl He
NpPOBOJWJINCh W, CJIe[0BaTeJNbHO, BO3MOXHO OTCYT-
cTBue mnapareHesuca [II'-1. OgHako Bo Bcex ciyyasix
O04YEeBU/IHO, YTO JIEBOCABUIOBasg 30HA fABJAETCS [JIaB-
HOH PasJIOMHOW CTPYKTYpO#, Hapyuawleld Mopoabl
HM3y4aeMoro y4yacCTKa, KOTOPhIN Mepecek ee IeHTpaJlb-
HYI0 4acCTh, IJle MHTEHCUBHOCTH Mpoliecca pa3pbiBO06-
pasoBaHUsA ObLIa HaHGOJIbIIEH.

WTak, pe3ysnbTaThl, IOJy4YeHHble J[Jd y4acTKa
«Ynupba», MNPOWJUIIOCTPUPOBAJU IEpPeXoJHbIA -
TPaHCPErHOHA/NbHBIA - XapaKTep pPacCMOTPEHHOTO

YPOBHA. Yactp u3 BbIAECJIEHHbBIX PA3JIOMHBIX 30H He€
BbllllJIa 3a IpeAeJibl JIOKAJIbHOTO paHra; Apyrue CTpyk-
TYPbl OTHOCATCA K COOCTBEHHO TPaHCPETMOHAJIbBHOMY
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cucrema 1

Puc. 8. BriziesieHne A5 yyacTka «Yaup6a» ABeHaALaTH CUCTEM JIOKaJbHBIX Pa3/IOMOB, TUIIBI KOTOPbIX HAa KPYT'OBBIX JUa-
rpaMMmax MoKasaHbl CHMBOJIaMU Pa3HOro IBeTa (KpacHBIN — JIeBBIH CABUT, pO30BbINA — MPaBbIi CABUT, 3eJIeHbIA — B36poC
WJIK HaJIBUT, CHHUU - c6pOC).

A - KpyroBad AUarpamMmma, Ha KOT0p0171 KPY»>KaMH IOKa3aHbl IIOJIIOCbI Pa3JIOMOB, IOJIYY€HHbIX Ha y4aCTKe ClleKapTHPOBaHHUA B Ka4ye-
CTBe TpUALATHU TpeX pemel—mﬁ JIOKaJIbHOI'O paHra. b - KpyroBasd AuarpaMma, Ha KOTOpOF[ KBaJpaTaMHU IIOKAa3aHO I0JIOXKEeHHWe ABeHaAla-
THU CUCTEM PA3JIOMOB JIOKAJIbHOT'O paHra. B - KpyroBble AUarpaMmbl, Ha Ka)KAOﬁ M3 KOTOPbIX NOKa3aHbI MOJIIOChI TPUALLATH TPpeX JIOKAJIb-
HbIX pa3/JIOMOB, OTHOCALIHUXCA K OTﬂeﬂbHOﬁ crucreMme.

Fig. 8. Identification of 12 local fault systems on the Ulirba site. Types of the faults are shown in circular diagrams by differ-
ent colours: red - left-lateral strike-slip fault, pink - right-lateral strike-slip fault, green - reverse/thrust fault, blue - normal
fault.

A - in the circle diagram, circles show poles of faults revealed on the special mapping site as 33 solutions of the local rank. 5 - in the circle
diagram, boxes show positions of 12 local fault systems. B - each circle diagram shows poles of 33 local faults comprising a separate sys-
tem.
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Ta6uauima 2. KoudyecTBeHHasA XapaKTePHUCTHKA MapareHe3ucoB U3 ABYX CONPSKEHHbIX CUCTEM JIOKAIbHBIX
pa3JIoMOB, BblJleJIEHHBIX Ha y4acTKe «Yaup6a» B [IpuosibxoHbe (3anaguoe Ipudaiikajibe)

T able 2.Quantitative characteristics of paragenesises comprising two conjugated systems of local faults revealed
on the Ulirba site in Priolkhonie, Western Pribaikalie

Ne naparenesuca [J1laBHas cucrema

BTOpOCTeHeHHaH CcucremMa

OG611ee KOJMYECTBO [TpUHAANEXKHOCTD K pelle-

(1)

JIOKAJIbHbIX pe].l.IeHI/Iﬁ HHIO periOHaJ/JIbHOI'O paHra

Ne (puc. 8,5) KosnyectBo Ne (puc.8,5) KosnnuectBo

JIOKQJIbHBIX JIOKQJIbHBIX

pelieHuin pelieHun
1 2 3 4 5 6 7
1 1 9 4 13 I
2 3 4 12 1 II
3 4 3 7 2 111
4 5 3 11 1 4 II

[Tpu™Medanue. [[eTom 0003HAYEHBI CUCTEMBI Pa3IOMOB, COPMHUPOBABIIUXCS TIPYU PACTSHKEHUU (CUHUK), CKATHH (3€JICHBIN),

JIEBOM (KpacCHBII) ¥ TIPaBOM (pO30BBIiA) C/IBHTE.

N o t e. Systems of faults that formed in different settings are marked by different colours as follows: blue — extension, green — com-
pression, red — left-lateral strike-slip, and pink — right-lateral strike-slip.

panry. [Ipy 3TOM 04eBHHO, 4YTO HanboJIee KPyMHast U3
HUX (cM. puc. 7, E) 10/DKHA COCTABAATh CTPYKTYPHYIO
OCHOBY JIJIsl Pa3JIOMHOU 30HBI CJIE/IOIEr0 — Peruo-
HaJILHOTO — paHra. 3Ta 30Ha SBJSIETCS JIEBBIM C/[BU-
roM, TOr/la KaK JApyrue TpaHCperuoHaJbHbIe Pa3IOMbl
NpPUHA/JIeKAT COPOCOBBIM U B36POCOBBIM 30HAM, MPO-
CTPaHCTBEHHOE IM0JIOXKEHHWE KOTOPBIX MpejIoJjaraet
HaJIMYMe HECKOJIbKUX 3TAMNOoB JlepopMaluu U3ydyaeMo-
ro y4yacTKa 3¢eMHOM KOPBbI, UYTO U HAILJIO NOATBEPXKAe-
HUE B X0/le OIIMChIBAEMOTO Jlajlee aHaIN3a.

3.2.4. BoiAB/IeHME Pa3/IOMHBIX 30H PErHOHAILHOIO
paHra

O6beKkToM /1 aHa/IM3a B paMKax o4epeZiHOTo 1ara
o o6paboTKe MaTepHasoB CHeLKapTUPOBaHHUs SABJIA-
eTcsl cepyusl MeJIKUX pPerdoHasbHbIX pa3/IOMOB, BHYT-
peHHsA CTPYKTYypa KOTOPbIX Npe/cTaBjeHa AByMs CHU-
CTeMaMHM CONPSKEHHbIX JIOKAJbHBIX DPa3pbIBOB (CM.
puc. 3, atan 11.4). Meskue pervoHaJjibHble Pa3J/IOMbI
COCTaBJIAIIOT CETb Pa3pblBOB 2-TO NOpsAJAKa B 30He 60-
Jiee KpYIHOIO JW3BIOHKTHBA PETMOHAJbHOTO paHra
(1-¥ nopsAAoK), pellleHHe O TUIle U OPUEHTHUPOBKE KO-
TOpPOTro NPUHUMAETCs [0 pe3y/bTaTaM NapareHeTHye-
CKOr0O aHajiM3a Ha YpOBHE pPa3JjiOMOB, HapylIamoIHX
CMeXXHble BbIXOJbl TOpHBbIX NMopoJ. [lofo6HBIX pelle-
HUH PErMOHaJIbHOI'O PaHTa B TEKTOHWYECKH aKTUBHBIX
peruoHax, Kak npaBuJio, 6bIBAaET HECKOJIbKO (2-3), UTO
CBUJETEIbCTBYET O IPUHA/JIEXKHOCTH y4acTKa 3eMHOU
KOpBI B pasHble 310XU TeKTOreHe3a K PasHOTUIIHBIM
pas3JioMHBIM 30HaM. [lojlydeHue pellleHHs O UX INIpH-
CYTCTBUU CBOJHUTCS K IOCJelOBAaTeJbHOMY CpaBHe-
HUIO KPYTOBOW AuarpaMMbl, OTpakalolllel MoJIoKeH e

BbI/IEJIEHHBIX [IJISl yYacTKa KapTUPOBAHHUS Pa3pbIBHBIX
HapylLIeHUH NpeAblAYUIUX JOKAJIbHOT0 U TPAHCPETHO-
HaJILHOT'O0 PAHTOB, C 3TAJIOHHBIM COYETAaHUEM Pa3JIOM-
HBIX CUCTEM, UMEKIIUM MeCTO B 30HaX JIEUCTBUSA CKa-
JIBIBAKIUX HaNpPSKEHUH MPU PAa3HOTUIHBIX MOJBHXK-
Kax. [Jlasee mHpopMalus O TMOJYyYEHHBIX PELIEHUSIX
AHAJIM3UPYETCA Ha MJIaHe MECTHOCTH C MOC/EAYIOIUM
BblJIeJIEHUEM YYaCTKOB 3eMHOU KOPbI, MPUHAJIeXa-
IIMX K 30HAaM pPa3/IOMOB PerMOHaJbHOT0 PaHra.

B KadecTBe 3TaJIOHHBIX TpadapeToB NMPU 06paboT-
Ke JJAaHHBIX 10 pa3jioMaM UCHOJb3YITCS JUarpaMMbl,
pa3paboTaHHbIE /iJ1 PA3JIOMHbBIX 30H IJIaBHbIX MOp¢o-
reHeTHYeCKUX TUIOB [Seminsky, 2014], 3 KOTOPBIX 110
NOHSATHBIM MPUYMHAM HCKJIIYEHbl COGCTBEHHO Tpe-
IIMHHbIe cucTeMbl. PaHee [Seminsky, Cheremnykh,
2011] maTepHuasbl 0 YY4aCTKy «YJIUp6Ga» aHATU3UPO-
BaJIMCh HA OCHOBE 3TAJIOHHBIX MapareHe3ucoB pasJio-
MOB 2-T'0 Mopsi/ika B 30He cABUTra (JieBoro), copoca u
B36poca (HaABUra), Mpe/iCTaBJIeHHbIX TPOCTUPAHUAMU
miockoctein B miaHe (puc. 8 u3 [Seminsky, 2014]).
3aecp OyAyT HCIOJIb30BaHbl KPYroOBblE AUarpaMMbl-
TpadapeTnl (puc. 5, 6 us [Seminsky, 2014]), no3BoJs-
I0l[Me TaKXe YYUThIBAaTh a3UMYThl MaJIeHHUs pa3pbIB-
HBIX CTPYKTYP, YTO MOBBIIMIAET JOCTOBEPHOCTh aHAJIH-
3a, Kak 3To 6bLI0 moka3aHo 10.II. BypsyHoBoi [Bur-
zunova, 2015] Ha MaTepHasax ydacTka «TakepaH». B
3TOM CJIy4ae OCHOBHbIE ONEepanuy 06paboTKU aHaJIO-
FUYHBbl aHAJIM3Y KPYTOBBIX AUArpaMMm TPeIuHOBATO-
CTU IpPH NOMOILU TpadapeToB, NPeICTABASIOIUX ITa-
JIOHHbIE COYETAHUS CUCTEM TPEIIWH B JIOKAJbHBIX 30-
HaX cGpocoB, B30POCOB (HAJABUIOB) M CIABUTOB (CM.
paszen 4.2.2).

ComocTaBJieHUE OCYIEeCTBJSETCS Ha OCHOBE Jua-
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Puc. 9. BoiiesieHre Tpex MOKa3aHHBIX Pa3HbIM I[BETOM JMHAMHYECKHX 0GCTAHOBOK PErMOHA/JbHOIO PaHra, B KOTOPbIX
chopMUpoBasachk pa3jioMHasi CTPYKTYpa y4acTKa ClelKapTUPOBaHUs (KpacHbIH — JIeBbIH C/IBUT, 3eJIeHbIH — CXKaTHE, CHHUH
- pacTsKeHue).

A - xpyroBasi AuarpaMma, Ha KOTOpPO# KBaZipaTaMH IO0Ka3aHO MOJIOXKEHHEe JBeHaAllaTH CUCTeM Pa3/IOMOB JIOKaJbHOTO paHra. b-I' - Tpa-
dapeTs! mapareHe3nCcoOB pa3pbIBOB 2-T'0 MOPsi/IKa B 30Hax JieBoro casura (5), B36poca (B) u cbpoca (I'), Ha KOTOpPBIX KBaJjpaTaMH IOKa-
3aHO I0JIOKEHHE CHCTEM JIOKAJIbHBIX PAa3/IOMOB, COOTBETCTBYIOIINX OT/IeJIbHBIM 3JIeMeHTaM 3TaJIOHHOTO napareHesuca. /J-K - mapare-
He3H1ChI pa3JIOMOB 2-T0 NopsiiKa B 30He jieBoro casura (/), B36poca (E) u copoca (PK), npescraBieHHble TPOCTUPAHUSIMH IJIOCKOCTEN B
IJIaHe, COTJIACHO pHUC. 8 U3 cTaThbu [Seminsky, 2014]. 1-8 - 0603HaYeHUs pa3pbIBHBIX CUCTEM, COCTABJISAIOLUINX 3TAJIOHHbIE TpadapeTsl (CM.
Ha puc. 4); 9 - HOMepa U THUIIBI CUCTEM Pa3JIOMOB JIOKQJIBHOTO paHra: a - copoc, 6 — B36poC WJIM Ha/IBUT, B — NPaBbIA CIBUT, T — JIEBBIH
caBUr; 10 - COOTBETCTBYE PAa3PBIBHBIX CUCTEM 3TAJIOHHOI'O ¥ IPUPOLHOIO TapareHe3NCcoB.

Fig. 9. Three dynamic settings of the regional rank which are revealed on the special mapping site: red - left-lateral strike-
slip, green - compression, blue - extension.

A - in the circle diagram, boxes show positions of 12 local fault systems. 5-I" - standard patterns of paragenesises of fractures of the 2nd
order in zones of left-lateral strike-slip (5), reverse (B) and normal (I') faults; boxes show positions of systems of local faults correspond-
ing to elements of the standard paragenesises. J-K - paragenesises of fractures of the 2nd order in zones of left-lateral strike-slip (4), re-
verse (E) and normal (?K) faults which are represented by plane strikes in plan, according to Fig. 8 in [Seminsky, 2014]. 1-8 - fault systems
comprising standard patterns (see Fig. 4); 9 - numbers and types of local fault systems: a - normal fault, 6 - reverse/ thrust, B - right-
lateral strike-slip fault, r - left-lateral strike-slip fault; 10 - concordance between fault systems of the standard and natural paragenesises.

rpaMMBbl C oJIoKeHHeM 12 cHucTeM JIOKaJbHbIX pasJio-
MoB (puc. 8, b, puc. 9, A), a nopsa0K noj6opa Tpada-
pPETOB ONpeessieTcs] 3HAYMMOCTbIO BbISIBJEHHBIX /IS
paccMaTpHBaeMOro y4acTKa 3€MHOW KOPbl MPOCTHIX
pa3JIOMHbBIX MapareHe3ucoB — Map CONPSKEHHBIX CH-

CTeM pas3pbIBOB (TabJi. 2), KOTOpble OTPAXKAKT CTPYK-
Typbl TpaHCPerMoHa/IbHOTO paHra. CABHUroBoe pelle-
Hue | pernoHanbHOro pasra (puc. 9, b), corsiacHo pe-
3yJIbTaTaM CPAaBHUTEJBHOI0 aHA/IN3a 3TAJIOHHBIX (/15
CeBepO-BOCTOYHOTO JIEBOTO CABUra) U peasibHO Cylie-
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CTBYIOIIUX Pa3/IOMHbIX HallpaBJeHWH, BK/IIOYAET HaU-
6oJiee pacnpoCTPaHEHHYI0 Ha y4acTKe Napy CUCTeM
CeBepO-BOCTOYHBIX JIEBBIX U CEBEPO-3alaiHbIX PaBbIX
caBuroB (Ta6J. 2, [1'-1), a Takxke cucteMy cyoMepuau-
oHasIbHBIX copocoB (N2 8 Ha puc. 8). Ha ocHoBe BTOpoOit
10 3HAaYMMOCTH Naphl ceBep-ceBepo-3anaJHbIX B30PO-
COB U HaABUroB (Tabu. 2, [II'-2) dpopmupyetcs B36po-
coBoe pemienue Il (puc. 9, B), B paMKax KOTOpOTro Mo-
JlydyaeT o0'bsicHeHHe GOpPMHUPOBaHUE NeplneHAUKYIAp-
HO MpoCTHUpalolleiica mnapbl B30POCOB YU HAJBUTOB
(Tabsa. 2, Il'-4), a Takke MOTryT OBbITb B KauiecTBe
TpaHCPOPMALIMOHHBIX AKTHBHBI pPA3JIOMbl, NPUHAJ-
Jexanive K cuctemMaMm 1 u 6. Co6pocoBoe pemeHue 111
(puc. 9, I) 06'beAMHAET MOCAEIHUN U3 3HAYUMBIX JIJIsI
ydacTka «YJaup6a» MpoCcThIX Pa3JIOMHBIX apareHe3u-
coB (Tab.. 2, III'-3), cucremy 10, a TakKe yxe UrypH-
poBaBIlIMe B pellleHUH | cyOMepHIMOHa/IbHbIEe COPOCHI
(cucteMma 8) v npaBble cABUTH (cucTeMa 2).

BhisiBJIeHHBIE pelleHUs JIEBOTO CABUra, B3Gpoca U
cbpoca 006BACHAIOT MIPOUCXOXKAEHNE BCeX CUCTEM pas-
JIOMOB JIOKQJIbHOTO paHra, uckirwdas 9 (puc. 9, 4). Oa-
HaKO OHO Ipe/CTaBJEeHO eJUHCTBEHHbIM pa3JiOMOM,
YTO He MOXET SIBJSATHCS MOBOJOM JiJIs1 BblJleJIeHUs ca-
MOCTOATEJIbHOH OOGCTAaHOBKM pPErvMOHa/JbHOTO paHra.
BeposiTHO, ero npoucxoXx/eHue CBS3aHO C 0OCTaHOB-
KOM pacTshKeHHUs] B CeBepo-3amaZJHOM HalpaBJIeHUU
(peuwenue III), B koTOpol BO 2-M mMOpsifiKe MPUCYT-
CTBYIOT IonepeyHble co6pockl. Tpu peKOHCTPyUpPOBaH-
Hble pellleHUs] N0 THUIy U OPUEHTHUPOBKE He MOTYT
ObITh 00'beIMHEHBI B paMKax OJHOI'0 WJIM JIBYX MoJiel
HanpsikeHUM 6GoJsiee HU3KOTO Nopsjka. Takum ob6pa-
30M, Ka)K/Jlas U3 perMOHaJbHbIX JUHAMUYECKHUX 06CTa-
HOBOK OTpakaeT 1-M paHT MoJisi HanpsbKeHUH, KOTo-
pBIf ompejesisisi Npolecc AeCTPyKLHH HU3y4yaeMoro
y4JacTKa 3eMHOH KOpPbl HAa OJJHOM U3 TpeX 3TalloOB TeK-
ToreHesa.

CdopmupoBaBLIvecs B 06CTAaHOBKAX CKaTHs, CABU-
ra U pacTshHKeHUs pas3JiOMHble 30HbI PErvOHaJIbHOIO
paHra MoryT GbITb OKOHTYpPEHBI 110 MaTepHajiaM Tpex
cxeM (cM. puc. 7, /I-H), 0CHOBOM AJ11 COCTaBJIeHUs KO-
TOPBIX CJAYKUT UHGOPMAILMs O CyleCTBOBAHUH B TOY-
Ke HabJII0/IeHUs] Pa3JIOMHOU 30HbBI, ABJSIOIENCS de-
HOM COOTBETCTBYIOIIIET0 NapareHe3rca pa3pblBOB 2-T0
nopagka. [lpy 3ToM [ HoJlyyeHUs] HelpepbIBHOU
IPOCTPAHCTBEHHON KapTHUHBI JJAHHbIE O HAJIUYUU WU
OTCYTCTBHHU pelLleHHUs paccMaTpHUBaeMOro THIa nepe-
HOCWJIMCb Ha MOJIOBMHY PACCTOSIHUS MeXAy COCej-
HUMM NMYHKTaMU Hab6swoaeHus. CocTaBbl napareHesu-
COB JIJIs1 30H CKaTHs, CABUTa U PaCTsKeHUs NpesiCcTaB-
JileHbl Haj puc. 7, B-K, B Bujie cxewm, rje A HarJasaj-
HOCTH U300pakeHbl IPOCTUPAHUS Pa3pbIBHBIX CUCTEM,
XOTSI UCXOJJHbIH aHaAJ/IU3 MPOBOJMUJICS C YYETOM a3UMy-
TOB M yIJoB majieHudt (puc. 8, 9). [Ipu 3ToM, Kak u
paHee [Jil TPOeK CUCTeM TPEIUH NPU BBIBJIEHUU
JIOKQJIbHBIX Pa3/IOMOB, CHUCTeMbl JIOKQJbHBIX paspbl-
BOB, 10 KOTOPBIM BBIJIEJISIJINCh PETMOHA/IbHbIE pelle-

HUs, ObLIN pa3fiesieHbl Mex/Ay MocleHUMHU 6e3 nepe-
KpbITUH. [Ipy KapTHUpOBaHWM 30H Hey4yeT BO3MOXKHOMU
aKTHMBHU3aLlUM HEKOTOPbIX CUCTEM Ha Pa3HbIX 3Tanax
JedbopMalud SBJSIETCS MeHbIIeH OIMOKOH, 4eM pac-
IpOCTPaHeHHe pelleHUs Ha y4acToK npoduJs, He 3a-
TPOHYTOrO JeCTPyKLHeH B paccMaTpuBaeMOM IIOJie
HanpsbkeHnuu. Tak, cuctema 1 He paccMaTpuBasach B
cocTtaBe B36pocoBoro peuieHus I, a cuctemsl 2 u 8 He
IPYBJIEKAJIMCh JAJI aHa/Iu3a NPOCTPAaHCTBEHHOIO pac-
npenesieHus cépocoBoro pemeHus I, Tak Kak aTu
HalnpapJ/ieHHUsl pa3pblBOB COCTABUJIM MapareHe3uc pe-
TMOHAJIbHOIO JIeBOTO cABuUra (peuieHue I), KoTophblit
6e3 cucteM 1 uiau 2 He UMeeT NpaBa Ha CyleCTBOBA-
HHe.

B uTore HMCXOJHBIM MaTepUaJoM JJs1 KapTUpPOBa-
HHA perMOHa/IbHbBIX PA3JIOMHBIX 30H CABUT0OBOTO 3Talla
pa3BUTHA 3eMHOM KOpbl Ha yd4acTke «Yiaupb6a» (CM.
puc. 7, M) mocayxuna uHPopMalys 0 pacnpocTpa-
HEHHOCTH Maphbl CONpPsKEHHbBIX NPABbIX U JIEBBIX CJBU-
roB (II'-1), a Takke c6bpoca mo cucreme 8 (cM. puc. 7,
E-’K). B pesysbTaTe npoBeJeHHOI'O0 aHajJu3a BblJe-
JleHHas Ha npejblylleM 3Tale 30Ha JIEBOCTOPOHHErO
caBura (3oHa 6 Ha puc. 7, E) 3aHsJ1la MECTO CpeJiu pe-
TMOHAJIBHBIX CTPYKTYP, XOTH ee [ollepedyHble pasMephl
He U3MeHUJIMCh (30Ha 1 Ha puc. 7, M). ®opmupyouye
ee BHYTpeHHee CTpOeHUe NapareHe3uchbl pa3pblBOB 2-
ro nopsi/ika NposiBjeHbl Ha BCell IJIOLAAU 32 UCKIIIO-
yenueM KpaiiHero CeBepa (myHKT N2 14).

WcxoHBIM MaTepHasioM JAJA BBISBJIEHHS pas3JioM-
HbIX 30H 3TaNa CKaTUsl 3eMHOHU Kopsl (puc. 7, JI) no-
caykuia HMHPopMauus O NPUCYTCTBUM B NYHKTaX
HabJ1l0/jeHNs BCceX B36POCOBBIX U HaJIBUTOBBIX CUCTEM
(1IC-2 u [II'-4), a TakXe CUCTeMbl 6 MPABOCTOPOHHUX
CABUTrOB TpaHCcOpMaLMOHHOTO THIA (cM. puc. 7, B-/).
[lo nosydeHHOMy IIJIOIIQHOMY PpacIpOCTPaHEHHUIO
OTMe4YeHHbIX TapareHe3MCcOB MOKHO YBEPEHHO CYJUTh
0 Ha/IMYMU [BYX y4acTKOB, JeGOpMUPOBAHHBIX NpHU
cxaTtud. OUH U3 HUX (2) 3aHUMAET NPAKTUYECKU BCHO
I0KHYI0 [IOJIOBUHY M3y4aeMOH IJIOLAJH 3a UCKJI0Ye-
HUeM NyHKTa 6, 4eM, YYUTbIBasi HeOOJIbILYI0 06/1aCTh
ero BJIUSIHUS, B JJAHHOM CJydyae MOXXHO NpeHeOpeyb.
Eue ouH yyacTok (3), HauuHasAch ¢ nyHkTa N2 14, mo-
BUJMMOMY, MOXKET NIPOJI0JKAThCA JjaJlee Ha CeBep, TaK
KaK B U3y4YeHHOM NyHKTe 06CTaHOBKAa pervoHaJbHOTO0
CXKaTHs BblJeJISIeTCs C 6OJIbLION CTeleHbl0 JOCTOBED-
HOCTH pellleHUsAMU 0 HajBure (cM. puc. 7, ) 1 npaBoM
casure (cM. puc. 7, [). llpuHaj/1exXHOCTDb ellje 0JHOTO0
nyHkTa (N2 12) k ob6cTtaHoBKe cxatus (cM. puc. 7, JI)
BbI3bIBA€T COMHEHHUE, TaK KaK OH IpeJCTaBJeH Jio-
KaJIbHbIM pellleHueM O MpaBoOM CABUTe TpaHcdopMa-
IIMOHHOT'O THUNA NPU OTCYyTCTBUU OOCTAaHOBOK CXKATHS
B COCEIHUX TOUYKaX HaOJ/II0JeHusl.

Y4acTKu NposiBJIeHUS] PerdoHaJbHOW OOCTaHOBKU
pacTspkeHus (cM. puc. 7, H) BbISIBJIEHbBI COTJIAaCHO IJIO-
I[aJIHOMYy paclpejieJIeHUI0 BCeX CUCTEM COPOCOBBIX
pa3pbiBOB (puc. 7, 3-K). CeBepHblil yyacTok (4) BKJIIO-



YaeT MyHKT HabJywaeHHH N2 14 u, BO3MOXHO, 6oJiee
ceBepHble TEPPUTOPUU. YYACTOK 5 00'beAUHAET YEThI-
pe cMeXHbIX NYHKTa HabuatogeHus (N2 6-9) B ueH-
TpaJIbHOM YacTH IJIOWAAU. Y4acToK 6 mHpejcTaBJjeH
KpalHMM NOyHKTOM N2 1 U, TeopeTH4ecKH, MOxeT
HMMeTb IIPOJ0J/LKEHHE Ha 10T, MexXy 30HaMHU pacTsixe-
HUA 5 U 6 paccMaTpuBaeMasi 06CTaHOBKA BCTpeyaeTcs
B 060Cc06JieHHOM MyHKTe N2 3, KOTOphIN BpsiJl iU UMe-
eT CaMOCTOATe/IbHOE 3Ha4YeHHe, a, CKopee, TATOTeeT K
00beJUHEHUIO C 30HOM 5, eC/IM NPUHATb BO BHUMaHUe
BO3MOXXHOCTb aKTHBHU3allMM NpPU pPerdvoHaJbHOM pac-
TSXKeHUU COpOCOBOTO pellieHMs] B yHKTe N2 4, KoTo-
poe TakKe NPUHAJAJEXKUT U K OOCTAHOBKE JIEBOTO
casura (cMm. puc. 7, 2K).

Takum o06pasoM, 3Tan 06PabOTKU [AaHHBIX CIHell-
KapTUPOBAaHHUSA [Jsl ydacTKa «Yaupba» MOXKET CYH-
TaTbCsA NOJHOCTBIO 3aBepIllIeHHbIM. B uTore ocymects-
JIeHUs1 4YeThIpex MOCJeJ0BaTeNbHbIX onepanuit I1.1-
[1.4. (cM. puc. 3) yCTaHOBJIEHO CYIIeCTBOBAaHHE Tpex
1oJIeld HalpspKeHWH 1-ro paHra, B KOTOPBIX Ha PasHbIX
jTanax TeKTOTreHe3a MPOUCXOAUI0 (GOpPMUPOBaHHE
paspbIBHOW ceTH B paloHe uccienoBaHus. Hanbosib-
LIMH cJlef; B TPELMHOBATOCTH MOPOJ, OCTaBUIa 06CTa-
HOBKa CJBUIr'a C JIEBOCTOPOHHMUMH IIOJBW)KKaMH IO
pasJjioMaM CeBepo-BOCTOYHOU OPUEHTUPOBKH, TaK KaK
OHAa PEKOHCTPYHpPOBaHa NPaKTUUECKU BO BCEX MYHKTaX
HabJroJeHHuA. MeHee aKTUBHBIMU OBbIJIM BO3JEHCTBUA
CeBepo-BOCTOYHOI0 CKAaTHUA U CeBepo-3alaJHOro pac-
TsSXKeHUs. B pesysibTaTe nponecca AeCTPYKIUMU B KaK-
JIoM U3 MoJied HampsbkeHUM chopMmupoBasiachk vepap-
XHA Pa3/IOMHBIX 30H, TPAHMIbl KOTOPBIX OBbLIM yCTa-
HOBJIEHBI B X0/l CIIelJKapTUPOBAaHUs U INOKa3aHbl Ha
pa3HbIX cxeMax JAJisl CTPYKTYp JIOKaJbHOTO, TpaHCpe-
TMOHa/JIbHOI'O U PEerdoHajJIbHOro paHros (cM. puc. 7).
CrenyroluM 3TanoM paboT ABASAeTCS UHTeplpeTanus
NOJIy4YeHHBIX MaTepHaJoB, N03BOJIAIOLIASA ONPeJe/UTh
0COGEHHOCTH BHYTPEHHETr0 CTPOEHHUS Pa3/IOMHBIX 30H,
OTpasUTh I0JI0KEHHE BblJieJIeHHbIX CTPYKTYpP Ha eu-
HOM CXeMe y4YacTKa MCCJe[OBAaHUM, a TaKXe YCTaHO-
BUTb 3aKOHOMEPHOCTH HUX INPOCTPAHCTBEHHBIX U Bpe-
MEeHHbIX B3aUMOOTHOLIEHUH.

3.3. 3TAN UHTEPIIPETALIUH

3.3.1. CocTaByieHUe CXeMbl Pa3/IOMHBIX CTPYKTYp U
XapaKTepHCTHKA 0COGeHHOCTeH UX
BHYTPEHHEro CTpOeHMs

WUTOroBbIM NPOAYKTOM CHELKAapTUPOBAHUS SIBJISA-
eTcsl cxeMa pa3JIOMHbIX 30H M3y4aeMOll TeppUTOPHUH,
KOTOpasi akKKyMyJIMpyeT HHPOPMAIUI0 O Pa3HOPAHTO-
BbIX U Pa3HOBO3PACTHBIX CTPYKTypax, MOJYYEHHYIO B
XO0Jle peajiu3aliui OT/leJIbHbIX oNepaluii 06paboTKU U
OTpPaKeHHYI0 Ha MpeIBapPUTEbHBIX TpadprUIeCKUx Ma-
Tepuasax (CM. puc. 2; puc. 7, b-H). B pervonax c MHO-
FOAaKTHOW HCTOpHUEN pa3BUTHUS W BbICOKOM MO3/He-
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KaWHO30MCKON aKTUBHOCTBIO, K KOTOPbIM OTHOCUTCS U
3amagHoe Ilpu6aiikanbe, COCTaBJeHUE TAKOW CXEMbI
He SIBJIIETCS TPUBUAJIBHBIM, TIOCKOJIbKY MpeIoiaraeT
BbIUJIeHEHHE TJIABHBIX 3JIEMEHTOB Pa3JIOMHOT0 CTpoe-
HUS M3yYaeMOro y4yacTKa 3eMHOW KOPbI U3 GOJIILIOTO
o0'beMa MOJIy9YEHHOH CTPYKTYypHOU MHopmanuu. Oc-
HOBOM /IJI TAKOT'0 aHAJ/IM3a CJAYXKAT IJIaBHble 3aKOHO-
MEepHOCTH BHYTPEHHEN OpraHu3alMy Pa3JIOMHbBIX 30H
3eMHOHM KOpBbI, Ipe/iCTaBJeHHble B MpeAbIAYIIEN CTa-
Tbe B 061IeM BUJe [Seminsky, 2014] v HWXe — B IpHU-
MeHEHHH K TPEeIUHHOHN CTPYKTYpe pa3IoMOB.

CTpoeHHe pa3/IOMHON 30HBI XapaKTepPU3yeTCa BHY-
TpeHHell MNoNepeyHON 30HaJbHOCTBIO, ABJAILENCH
C1eACTBHEM HEpaBHOMEPHOTO BO BpeMeHU pOPMHUPO-
BaHUSA JU3BIOHKTHUBA, KOTOPbIH B CBOEM pPAa3BUTHU
IPOXOAUT TPH IJIaBHbIE CTAZMU — PAHHIOK U O3JHIO0
JU3BIOHKTUBHBIE, @ TAKXKe [U3BIOHKTUBHYIO CTaJIHI0
NOJTHOTO pa3pyieHus. [Iporecc popMupoBaHus TaKou
30HAJIBHOCTH JIJI1 HEGOJIBIIOr0 pa3JioMa MOoKa3aH Ha
06006meHHOM puc. 10. PaspeiBamu 2-ro mopsiika B
JIAaHHOM cJlydae SIBJSIOTCS TPEeLUHBI, 06pa3yroliue
IpY CKaJIbIBAHUU MapareHe3uc W3 Tpex NPUMEepPHO
nepreHUKYIAPHBIX cucTeM. /[Be U3 HUX — TJIaBHadA U
BTOPOCTENEeHHasl - SBJSIOTCA KJIACCUYECKOW Mapou
COMPSIXKEHHBIX Pa3pbIBOB, MPUYEM R-CKOJIbI XapakTe-
PU3YIOTCS TMPOJAOJBHOM, a R’-CKOJIbI — MONepeyHoi
OPUEHTHUPOBKOM 10 OTHOIIEHUI0 K OCU 30HbI. Cybma-
pasiesibHOE OyAyIieMy cMecTUTe o (Y-THIl) moJioxe-
HUe R-CKOJIOB, MOJYYAIOUIMX NPEeUMylLecCTBeHHOe pas-
BUTHE B NpPOIleCcCe CKAJbIBAHUS, IPUBOJUT K GBICTPOH
Jlokasnu3saiuu aedpopmanuu (puc. 10, b). Takum o6pa-
30M, crelipHUIecKOr 0COOEHHOCThIO (GOPMHPOBAHUS
MeJIKOTO pasJjioMa sBJjseTcs HebGoJiblnasa (1Mo cpaBHe-
HUIO C 6oJiee KPYHMHBIMHM JIU3BIOHKTUBAMH) IMPOJOJI-
KUTEeJbHOCTb Mo3AHel ctaguu (II), B TeyeHHe KOTO-
po¥i pa3BuBalolvecs Ha paHHel ctaguu (I) omepexa-
I0II[Me TPeIUHbI OTHOCUTEJNBHO GBICTPO 00'beIUHSIOT-
Ccd B MarucTpaJbHbIA CMeCTUTeJb, YTO CBHUJIETEJb-
CTBYeT O HACTYIJIEHUHU CTAAHUH MOJIHOTO pa3pylLIeHUs
(11).

B uTOre MMeeT MecTO Cyl[eCTBEHHOE pasjiMuuve B
NOTIeEpeYHbIX pa3Mepax Pa3JIOMHOU 30HbI paHHEH U
0osiee TO3JHUX CTAaAWM pa3pbIBOOOpa3oBaHUA (pHC.
10, F). 30Ha MOJIHOCTBIO CHOPMUPOBABLIETOCS PA3JIO-
Ma NpeJCTaBJiseT CO6G0M y4acTOK 3eMHOW Kopbl (pHC.
10, A), cocTossHHEe BHYTpPeHHEH CTPYKTYpPbl KOTOPOTO
[0 MapaMeTpaM IJIOTHOCTH U CUCTEMHOCTH TPEIINHO-
BaTOCTH B CBOEH OCHOBE COOTBETCTBYeT paHHeH
JU3BIOHKTUBHOU cTajuu. JIuiib B6JU3U MaructTpasib-
HOT'0 CMECTHUTEJISI UMEeeTCsl CPABHUTEJIbHO Y3Kasi M0JIo-
ca, B Ipejiesiax KOTOPOH MOPOAbI NOABEPIJIUCH UHTEH-
CUBHOMY pa3pylleHUI0 W JpOGJIEHHI0 Ha MO3JHEeN
JU3BIOHKTUBHOW CTaJJUM U CTaJUM TOJIHOTO pa3py-
meHusd. [l 6osiee KPyHHBIX Pa3JIOMHBIX 30H OTHO-
CUTEJIbHBIE TOMepevYHble pa3Mephl MOJIOChl Pa3pbIBO-
o6pa3oBaHus, COOTBeTCcTBywIed craausam Il u III,



K.Zh. Seminsky: Specialized mapping of crustal fault zones. Part 2

-

N

£

[}

Dﬁugﬁm

Puc. 10. [lpyHIMNIHaIbHAs cXeMa TPeUMHO06Pa30BaHUsl B 30HE MEJIKOT0 pasJjioMa C MPaBOCJBUTOBbIM XapaKTEpoOM CMe-
IeHUus KpblabeB [Seminsky, 2003].

A - BHYTpEHHsISl CTPYKTYpa MOJHOCTbI0 CPOPMHUPOBABLIETOCs Pa3/ioMa CO CXeMaTHYHbIMM KPYTOBbIMU JAHarpaMMaMH, OTPaKarUUMHU
CTPOEHHE TPELIMHHBIX CETeN Ha y4acTKaxX pa3/IOMHOM 30Hbl, pa3BUBAIOLIMXCS T0-pa3HOMY. b — cCXeMbl aKTUBHOW TPeLUMHHON CTPYKTYPhI
Ha cragusax ynpouHeHus (1) u ocnabuenus (1) gebopMupyemoro cy6eTpaTa B pa3/ioMHOM 30He, a TAKXKe HA CTAUU CKOJIbXXeHHs 6JI0KOB
no mMarucrpanbHoMy cmectutesio (I11), ka0l U3 KOTOPBIX COOTBETCTBYIOT XapaKTepHbIE YYAaCTKU KPUBOH «Harpy3ka-zaedopmarus»
(o = fle))- 1 - marucTpasbHBIN CMECTUTEJIb; 2 — ONlepexaloliiye TPELIUHbI CKoJIa; 3 — omepsiolile TPEILIUHbI pacTsKeHUsT; 4 — XapaKkTep
CMellleHUs] KPbLJIbEB M0 PAa3JIOMHOM 30He B 11€JI0M U COCTABJISIOLIMM €€ TpelljiHaM CKo0J1a; 5 — pa3/ioMHasi 30Ha Ha paHHEH cTaJuu; 6 — TO
Ke Ha MO3JHeH CTaZuy; 7 — TO e Ha CTaJ[MU MOJIHOTO pa3pylieHus; 8 — MIPUHIUIHAIbHBIA BUJ| KPYTOBBIX JUarpaMM, OCHOBY KOTOPbIX
COCTaBJISIET MapareHe3uc U3 TpexX NPUMEPHO MepneHAUKYIAPHbIX CUCTEM TPELMH: IJ1aBHOH (T), BTOPOCTeneHHO! (B) U JAOIOJHUTE/Ib-

HOW ().

Fig. 10. Principal scheme of jointing in the zone of the small fault with the right-lateral displacement of the fault wings [Sem-
insky, 2003].

A - internal structure of the completely formed fault, and schematic circle diagrams showing joint systems in segments of the fault zone
which differ in their development. 5 - schemes of the active jointing system at stages of hardening (I) and weakening (II) of the deformed
material in the fault zone, and at the stage when the blocks were sliding along the main fault plane (III); for each scheme, there is a corre-
sponding segment of the stress-strain curve, ¢ = f{€). 1 - main fault surface; 2 - lead shear fractures; 3 - feather joints of extension; 4 -
mode of displacement of fault wings in the fault zone as a whole and along shear joints comprising the zone; 5 - fault zone in the early
stage; 6 - late stage; 7 - complete destruction stage; 8 - principal circle diagrams that are based on the paragenesis of three almost per-
pendicular systems of joints: main (r), auxiliary (B), and additional (x) systems.

YBEJIMYHUBAIOTCSA BCIEACTBUE GOJIbIIEH JJTUTENbHOCTH
npoiiecca JoKaausanuu gepopmaiyu. OJJHaKO OHH U B
3TOM CJIydae CyIeCTBEHHO MeHbIIle TMOJHON MHUPUHBI
pa3JIOMHOM 30HBI, ONpesessieMOd BHEIIHUMU I'PaHU-
I[aMU 06J1aCTH pa3pbiBOO6Gpa30BaHHUsl HAa paHHeH CTa-
JIMU.

OcoGeHHOCTBIO Tpoliecca JeCTPYKLUUU B TEKTOHU-
YeCKH aKTUBHOM pervoHe [Seminsky et al, 2013] sBns-

eTcs MpeBaJIMpOBaHUe MO pa3MepaM y4YacCTKOB, MpeJ-
CTaBJIAIONIUX Pa3JIOMHbIe 30HbI, HaJl CMEXHbIMH CpaB-
HUTEJIbHO CJIaboHapyIIeHHbIMHU 6Ji0KaMU. boJiee Toro,
IPU OTCYTCTBHUM BO3MOKHOCTH HEIPEPhIBHOTO HU3y4de-
HUA Pa3pbIBHOM CTPYKTYpPbl HA MECTHOCTH MOJABJISA-
folliee 60JILIIMHCTBO HAOJII0/IeHUI TPOBOJIUTCS B Mpe-
JleJlax KOPeHHBIX BBIXOJIOB, HAPYUIEHHBIX pa3pbIBaMH
Ha paHHeH JW3BbIOHKTUBHOU CTaauHd (GOPMHPOBAHHUSA



pa3soMHOU 30HBI. Kak cieAcTBUe, B MOJIEBOU reoJio-
MU MOJI06HbIE CETU TPELIMH OTHOCAT K QOHYy, a pas-
JIOMHbI€ 30HbI BbI/IEJISIIOT TOJIbKO B FPaHUIAX PACIpPo-
CTpaHEHUs1 CTPYKTYp, CHOPMHUPOBABUIMXCA Ha MO3/-
Hux ctaguax (Il u II). B nmpakTU4yeckoM OTHOILIEHUH
TaKoW MOJX0J ONpaB/JaH, MOCKOJbKY B OCEBBIX YaCTAX
Pa3/IOMHbBIX 30H TPEIIMHHAS CETh SBJSETCH aHOMAaJIb-
HOUM O BeJIMUMHE IJIOTHOCTH (IpEeBbIIIAET CpeHHUE
3HAueHHs), a B peTMOHAX C MHOr03TAHON HCTOpHUEH
JedopMaluuil - U M0 KOJUYECTBY Pa3PbIBHBIX CUCTEM
(ctaHoBUTCA xaoTuU4yeckoid). B mpoTuBOBec 3TOMy
rJIaBHBIM NPHU3HAKOM OTHECEHUS K pa3/IOMHOHN 30He
OGIIMPHBIX IJIONA/lel pacnpoCTpaHeHHUs IMOPOoJ, Je-
$opMUPOBaHHBIX HA paHHEH CTaJ[UU PA3BUTHUS, SBJIS-
eTcsl coyeTaHHe TPEel[UHHBIX CUCTEM (ITapareHe3ucoB),
reHeTUYeCKHU CBS3aHHBIX C KHHEMAaTHUKOW NepeMelle-
HUS KPbLIbEB.

PaccMoTpeHHblE 3aKOHOMEPHOCTU COCTaBJSIIOT OC-
HOBY WHTepIpeTalMy MaTepuasioB CHelKapTHpPOBa-
HUS, YTO MOXKET ObITh NPOJAEMOHCTPUPOBAHO HA MPH-
Mepe y4yacTka «Yaup6a» B [IpuosibxoHbe. ITa Teppu-
TOPHUSI, pacnoJiarasichb Mexay KpynHbiMu [IpumMopckum
1 MopckuM pasjioMaMu, HapyllleHa CUCTeMOMN pasphl-
BOB 60Jiee BBICOKOTO Mopsijika (cM. puc. 1, ), xapakTe-
PU3YIOLIUXCS MHOTO3TAaNHOW UCTOpUel pa3BuTus. 0-
HUM U3 HUX AIBJIsSIeTCS YJIMPOUHCKUM pa3sioM (CM. pucC.
1, B), xotophiii pacnoJiaraetcsd B 300 M OT y4yacTka
CHelKapTUPOBaHUA U B NMO3JHEKAWHO30MCKYI0 3MOXY
OTJINYaeTCsd COPOCOBBIM XapaKTEPOM IMepeMelleHUs
KpblibeB. TakuM 06pa3oM, [iJisi JJaHHOTO pervuoHa B
MOJIHOM Mepe CHpaBeAJMBO TNOJOXKEHHe 0 MNpPUHAJ-
JIEXXHOCTH MPAKTHYECKH JIO60TO JIOKAJbHOTO 00'beMa
TOPHBIX MOPOJ, K pa3/IOMHOH 30He, MpollejlieH, Mo
MeHblllel Mepe, paHHIOW cTajiulo dopMupoBaHus. Pe-
3yJbTaThl CIENKAapTUPOBAaHHUA He TOJIbKO 3TO MOJ-
TBepxkaawT (cM. puc. 7, /I-H), HO TakXe CBHUJETENb-
CTBYIOT O TOM, YTO HEKOTOpbIE U3 U3YYEHHBbIX KOpPEH-
HbIX BBIXO/IOB B pa3HOe BpeMsl UCIIbITAIU Ha cebe BO3-
JleliCTBUEe JBYyX U JaKe BCeX TPeX BbIJEJIEHHbIX AJIS
ydacTKa JWHAMU4YEeCKUX OOCTAHOBOK PETrMOHAJbHOTO
paHra. BHelmlHUW BUJA TpPeUIMHHOM ceTH MOJ0OHOrO
THIA npeJicTaB/ieH Ha ¢poTo (cM. puc. 1, 2K).

Tenepb HEO6XOAMMO, OCHOBBIBASICh HA MOJIYYE€HHBIX
JIAaHHBIX CIIEIKAPTUPOBAHUSI «HEMOW» TpPEL[MHOBATO-
CTH, YCTAHOBUTD I'JIaBHblE 0COGEHHOCTH BHYTPEHHETO
CTPOEHUA BbIJleJIeHHBIX 30H. /[J11 3TOTO NPUBJIEKAIOTCS
pe3yJbTaThbl aHa/lk3a KOJIMYEeCTBEHHBIX MOKa3aTesel
TpelUHHBIX ceTel (CM. puc. 2, 5), cOrJlacHO KOTOPhIM
Ha H3y4aeMOW IJIONIAJU BbIJeJIEHO JABa HWHTEpBaJa
(myHkTBI HaboAeHusA N2 5-7 u N2 9-12), rae Tpemu-
HOBaTOCTb XapaKTepU3yeTCd aHOMaJbHO BBICOKOH
MJIOTHOCTBHI0 U XaOTUYHOCTHI0. CETh MeJIKUX Pa3pbIBOB
B nyHKTe N° 14 Takke fIBJS€TCS XaOTUYECKOH, XOTH
BeJIMYMHA IJIOTHOCTU TPEIIUH He BBIXOJAUT 3a rpaHu-
ny ¢oHa. CorjacHOo ONMMCAaHHBIM B HayaJje pasjeJa
TEKTOHOPU3UUYECKUM TMPEACTABJEHUAM O CTPOEHUU
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Pa3JIOMHBIX 30H, COCTOSIHME HapyLIeHHOCTH MOPOJ Ha
3THX Y4acTKaX COOTBETCTBYeT M03JHel NU3BIOHKTHUB-
HOU cTajuu paszyioMoo6pasoBaHud. [Ipu aToM, Kak 6y-
JleT TMO0Ka3aHO HUKe, JaHHasg CTajus M0 OOJIbIIOMY
CYeTy MorJla MMeTb MeCTO TOJIbKO B 0OCTaHOBKe C/IBU-
ra, 4To U OTMeYeHO Ha puc. 7, M, 6ojiee TEMHBIM OT-
TEHKOM KPacHOTO LiBeTa.

B npepenax y4acTKOB MHTEHCHBHOW HapyLIEHHO-
CTH, BO3HHUKAWOIIUX Ha 3aKJIOYHUTEJbHBIX CTaJHAX
pa3/1I0Mo006pa3oBaHus, AOKHbI UMeTb MeCTO TpaHC-
pervoHajibHble paspbiBbl C 3JIeMEHTAMU 3ajleraHus,
COOTBETCTBYOIUMH MarucTpajbHOMY CMECTUTEJIIO
30HBI PETMOHAJBHOTO paHra. /Jlig caBura 3To asuMyT
npoctupanus 240° (cMm. puc. 9, b), ckaTus - a3UMyT
nagenus 250°-50° (puc. 9, B) u Jjis pacTshKeHUsS —
asumyT nagenus 340°-70° (cm. puc. 9, I'). [lns caBura
pasJjioMbl C MOJOOGHBIMM 3JIEMEeHTaMH 3aJleraHusi BbI-
siBJieHbl B myHKTax N2 5, 6 u 11 (cMm. puc. 7, E), T.e. Ha
060MX KPYNHBbIX y4acTKaX MHTEHCHBHOMN HapylIeHHO-
CTH NOPOJ, YTO U NOKA3aHO AJS HUX TPaJHULIMOHHBIM
3HAKOM Ha puc. 7, M. Ha 102kHOM y4yacTKe B nyHKTe N2 5
BbISIBJIEH TPAHCpPerHoHaJbHBIN B36poc N2 1 ¢ sseMeH-
Tamu 3ajseranus 250°-50° (cM. puc. 7, B). OgHako 3To
Jrlb GOpMaJbHO JaeT OCHOBAaHUE CBA3bIBATb JIaH-
HbIM Y4aCTOK C 06CTaHOBKOM CXKaTH#, TaK KaK B CMeX-
HOM C ceBepa KOpeHHOM BbixoJle N2 6, ToXe WHTEeH-
CMBHO HapylleHHOM TpellMHAaMU MHOI'OYUC/IEeHHbIX
CHCTeM, Takasl 06CTaHOBKA He 3adpUKcHMpoBaHa. Kpome
TOro, B36poc N2 1 6blJ1 OTHECEH K TPaHCperuoHaJbHO-
My paHIy JIMLIb NPeJNo0JI0XKUTENbHO, MOCKOJbKY B
npejiesiaXx 30Hbl ero BJAUAHUA He 3adHUKCHpOBaHa BTO-
pasi, conpsiKeHHasl € IJIaBHOM, cUCTeMa pa3pbIBOB (CM.
puc. 7, B).

B uesiom, corjacHo NpoBeZleHHOMY aHaJU3y, IJaB-
HOU pa3/JIOMHOM CTPYKTYpOU y4yacTka «Yaupba» sBJis-
eTCsl 30Ha CeBepo-BOCTOYHOTO JIEBOTO CABUra (CM. pUC.
7, M, 30Ha 1), Tak KaKk COOTBETCTBYIOLIME el pa3pblB-
Hble MapareHe3uchbl 3apUKCUPOBAaHbl BO BCeX MYHKTAxX
HabJII0/JleHNUs 32 UCK/IIOYEeHHEM CaMOro CeBEPHOr0 M3
M3yYEeHHBbIX KODEeHHBbIX BbIXOAOB. Ha JByx yd4acTkax
XapakTep pa3pblBOOOpa30BaHWUA [JOCTUr [O3JHeH
JU3BIOHKTUBHOU CTaJUX Pa3BUTHUS, YTO COOTBETCTBY-
eT 30HaM pas3JIOMOB B MX TPaJAULMOHHOM NOHUMaHUHU.
B npepenax 10HOro y4acTka NpejloJsaraeMblii cMe-
CTUTeJIb JOJDKEeH MMeThb 3JleMeHThl 3aneranusa 330°-
85° a B ceBepHOM - 160°-70°, mpuueM, CyJs Mo Iiu-
pHHE Y4acTKOB, IOCJeAHUN ABJAETCA IJaBHBIM CMe-
CTHTeJIeM 30HBI JIEBOTO CABUIQ, a NePBLIA — ONepsio-
IIUM ero TeKTOHWYeCKUM HapylleHUeM. Pa3soMHble
30HbI 2 U 3 (cM. puc. 7, /I), cBsI3aHHbIe C 0OCTAaHOBKOM
CX)KaTUsl B CeBepPO-BOCTOYHOM HaINpaBJIeHUH, C 60Jb-
0K Jl0J1el JOCTOBEPHOCTH MOXHO CYHUTAThb cHOpMHU-
POBaHHBIMU Ha paHHe# CTaJUu pa3/ioM006pa30BaHUS.
Ux Haubosiee fedpopMUpOBaHHbIE OCEBble YaCTH, BU-
JHMMO, pacnoJsaralTca 3a npejesaMu M0JOCOBULHOTO
y4yacTka «Yaup6a», OpMeHTHUPOBKAa KOTOPOTO He CIO-
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COOGCTBYeT MOJIHOLLIEHHOMY M3Y4YeHUIO CTPYKTYp CeBep-
ceBepo-3anaZHoM OpUEeHTUPOBKHU. Pa3/ioMHble 30HHI 4,
5u 6 (cMm. puc. 7, H), cBA3aHHble ¢ 06CTAaHOBKOM pac-
TSDKEHUsI B CeBepo-3alla/lHOM HallpaBJIeHUH, TaKxke
dbopMasbHO HaxoAATCA Ha paHHeW AU3BbIOHKTHUBHOU
CTaJIUM Pa3BUTHS, XOTA UX 6JIaroNpUsATHAsA 10 OTHO-
LIeHUI0 K NpodU/II0 OpUEHTHPOBKA IpejloJaraeT U
VHYI0 MHTepIpeTanuio, 6a3upyroulyocs Ha npejCcTaBs-
JICHHOM B CJIe[iyIoleM pasfeJsie CTaTbU aHaJi3e Ipo-
CTPaHCTBEHHO-BPEMEHHBIX B3aMMOOTHOIIEHUH BBIAB-
JIEHHBIX TIOJIEM.

TakuMm 06pa3oM, aHa/IU3 PacCIoJIOKeHNUsS pa3HOpPaH-
TOBBIX M PAa3HOBO3PACTHBIX PA3JIOMHBIX 30H B COBO-
KYIHOCTH C JAHHBIMHU O CTelleHH HapyLIeHHOCTH HU
CJI0’KHOCTHM TpPEeLIMHHBIX CeTel, NpoBeJeHHbIH Ha oOcC-
HOBe IMIpeJiICTaBJeHUH TeKTOHOQU3UKH O Ipouecce
pa3s10M006pa30BaHus, MO3BOJIUJ YCTAaHOBUTb [JIaB-
Hble 0COGEHHOCTH BHYTPEHHErO CTPOEHUs JU3bIOHK-
THUBOB, HapylIawIKX NOPOAHBIA MAacCUB Ha ydacTKe
«Ynup6a». ITO JaeT BO3MOXKHOCTb COCTAaBUTb €/JUHYIO
CXeMy PasJIOMHBIX CTPYKTYp U3y4aeMOU TeppUTOPHH,
KOTOpasl fABJsieTCSl OJHUM M3 OCHOBHbBIX pe3y/bTaTOB
crenikapTupoBaHud (cM. puc. 7, 0). [IpenBapss onuca-
HHe 0CO6EeHHOCTeN NOCTPOEHMS CXeMbl, HE06X0AUMO
OTMETHUThb, YTO COCTOSIHHME HAapYLIEHHOCTH BCEX H3Y-
YeHHbIX Ha y4yacTKe CIeLKapTUPOBAaHHUS KOPEHHBIX
BbIXOJ,0B COOTBETCTBYeT paHHeH CTaZuu pas3jioMo06-
pa30BaHus, IOCKOJIBKY KaXKJ bl U3 HUX BXOJUJI B 30HY
BJIMSIHUS OJJHOTO M3 pervoHaJIbHbIX passoMoB, ¢op-
MHUPYIOLIMUXCA B Pa3Hoe BpeMs N0/, lefiICTBMeM CKaTHH,
pacTsHKeHUs WM CABUra.

Ha uHTerpanbHo# cxeMe (cM. puc. 7, O) pasyoMsl
HauboJsiee KpPYNHOTO - pPeTHMOHAJbHOTO - paHra Io-
Ka3aHbl B BHJE 30H, B I'DaHUILAX KOTOPBIX CTeleHb
3peJIOCTH BHYTPeHHeH CTPYKTYpHI JOCTHUIJIA NO34HEN
JU3BIOHKTUBHOW cTaguu pasBuTuda. Ha ydacTke
«Ynup6a» 3TO JBe 30HbI, 00'beJAUHSIOLHE CMEXKHbIE
MYHKTb! HabJIIOJEHUIN C aHOMaJIbHO BBICOKOHW IJIOTHO-
CTBIO TPEIIMH, CETb KOTOPbIX KJACCUPULUPYETCSA KaK
XaoTHuyeckas. B cBs3u c TeM, 4yTO nmporecc pa3jioMo06-
pa3oBaHUs B Bbl/leJIeHHbIX 30HaX MOT JOCTHUYb CTaJuU
MOJIHOT'O pa3pylleHUs], Ha cXeMe I0Ka3bIBalOTCS NpeJ-
noJlaraeMble I10JIOKEHUS MarucTpajbHbIX CMeCTHUTe-
Jiel. X mpocTpaHCTBEHHOE NOJIOKeHHEe OTMeYeHO CO-
IJIaCHO 3J1eMeHTaM 3ajleraHusl pa3pblBOB JIOKAJbHOTO
paHra, peKOHCTPYHUPOBAaHHBIX B TeX IYHKTax, KOTOpbIe
pacmoJiaraloTcsl B Ipejieslax pacCMaTpUBaeMbIX WH-
TEHCUBHO HapylleHHbIX Y4acTKOB. [lyHKTUpHI MOKa3a-
Hbl B LIEHTPe OTPe3KOB NMpodUJs, OTHOCALIUMXCS K CO-
OTBETCTBYIOUIUM NyHKTaM HaOsogeHus (N2 6 u 11).
Kpome Toro, Ha UTOrOBYI0 CXeMY BBIHOCUTCA IpeJIo-
JlaraeMoe I0JIOKeHHe NATH BblJieJIeHHbIX pPa3/IOMHBIX
CTPYKTYp TpPaHCPeruoHaJbHOTO paHra. EauHoo6pasue
NOAXO0/Aa K NOCTPOEHHIO CXeMbl IO3BOJIIET NOKa3aTh
UX JIMUIb B BHJE INpeAloJaraeMblX CMeCTUTesel, No-
CKOJIbKY B JJaHHOM MacluTabe KapTHpPOBaHUS yCTaHO-

BUTb CTeNEeHb 3PeJIOCTU BHYTPEHHEN CTPYKTYphbl A
pas3JIoMOB JJaHHOTO paHra 6e3 MpUBJEYEHUS] AlPUOP-
HOU nH}OpPMaALMU HE NPE/ICTABJISETCSA BO3MOXKHbIM.

B uTore 06paboTKH JJaHHbIX KpoMe MacIITabHOTo
paHra Jiis KaxJ0H U3 pa3/IOMHbIX 30H ObLjIa YCTAaHOB-
JleHa KMHeMaTHKa IepeMelleHUul, COOTBETCTBYIOLas
rJIaBHOMY 3Tany ¢GOpPMUPOBAaHUS UX BHYTpPeHHeU
CTPYKTYpbl. ITO MO3BOJIMJIO OOPAaTHBIM XOJ0M OTpa-
3UTh UX MOJIOXKeHWe Ha puc. 7, JI, M, H, 1onoJIHUB
NYHKTUPbl NPUHATBIMH B CTPYKTYPHOH TIeO0JIOTHUU
HaBeCHbIMU 3HakaMu. TakuMm o6pasoMm, A ydacTKa
«Yupb6a» MoJiydeHbl CXeMbl Pa3iOMOB, aKTUBHBIX B
06CTAaHOBKaX CXKaTHs, CABUTA U PACTSDKEHHS] 3eMHOU
KODBI, YTO ABJIAETCA HE MEHee BaXXHBIM pe3yJbTaTOM
CIellKapTUPOBAHUs, YeM HHTerpajbHasg cxema (CM.
puc. 7, 0).

[locse cocTaBieHUs1 UHTErpajbHOM WU MO3TaMHbIX
CXeM pa3JIOMHON CTPYKTYpbl HM3y4yaeMOro y4dacTkKa
NPOU3BOJIUTCS WX 3aBEPKAa U YTOYHEHHWE Ha OCHOBE
npHyBJIedYeHUsI MHOPMALIMH, SIBJISIOIIENCS alPUOPHOU
N0 OTHOUIEHUIO K MpeJCTaBJeHHBIM BhbIIIE pe3yJbTa-
TaM aHa/iu3a «HeMO#» TpeluHoBaToCcTHU. [Ipex/e Bce-
ro, 3To UHopMalus 1o reoiJUHAMUKe PervoHa U reo-
JIOTO-CTPYKTYpHble JaHHble HENOCPeACTBEHHO [0
y4acTKy KapTUpPOBaHMs, NMPUBEJEHHbIe B pasjese 2.
[To cpaBHEHUIO C OOBIYHBIMHU IIOWAZASAMHU, B JJTAHHOM
c/lydyae amnpuopHble MaTepHasbl OTJUYAKTCH COAEp-
»KaTeJbHOCTbIO, TaK KaK pe3yJIbTaThbl CllelKapTUPOBa-
HUS Ha y49acTKe «Yaup6a», BBIOPAaHHOM C LeJbI0 WJI-
JIIOCTPALMM OCHOBHBIX OINepanydil MeToAa, AOJDKHBI
OBITh MPOBepPsIEMbI 10 OCHOBHBIM MO3UIUAM (II0JI0XKe-
HUIO KPYNHBIX Pa3JIOMHBIX CMECTUTeJel, pa3HOBUJ-
HOCTS$IM TIJIaBHBIX JIUHAMHUY€ECKUX 06CTAaHOBOK U JIP.).

Kak BugHO U3 conocraJjieHus puc. 7, 4, O, iBe 30HbI
TEKTOHUTOB, BbISIBJIEHHbIE /10 06pabOTKU AAHHBIX MO
TPEeLMHOBAaTOCTH, MPONOPLMOHANbHEI 110 pa3MepaM U
HaXoJsATCS B Mpejiesiax pa3/iOMHbIX 30H PErHOHa/NbHO-
ro paHra, BblJieJIEHHBIX MPU crnelkapTupoBaHuu. Cie-
JlOBaTeJbHO, KPOME 3aBEpPKH MNPUCYTCTBUS PeEruo-
Ha/IbHBIX Pa3JIOMOB allpUOPHbIE JaHHbIE YTOUHSIOT UX
MoMepeyHy 30HAJAbHOCTh [J06aBJEHUEM OCEBBIX
y4aCTKOB MPOSIBJIEHUSI MaruCTPajbHbIX CMECTUTEJIEH,
CBUZETEJBCTBYIOIIUX O TOM, YTO MPOLecC pa3aoMo06-
pa3oBaHUsA JOCTUT CTaAUHU MOJHOTO paspyueHud. [lo-
JIOX)KEHUE U 3JIeMeHThl 3aJIeTaHusl CMECTUTEJIEeH, u3Me-
PEeHHBbIX B OOHAXKEHHSIX, C OJJTHOM CTOPOHBI, U Oompe/ie-
JIEHHBIX IIpU 06pab0oTKe MacCOBBIX 3aMEPOB TPELIUH —
C Apyrou, AJid pasJsiomMa 1 coBnajaroT, a il pasJjioma 2
OTJINYAIOTCA He GoJsiee yeM Ha 5°. CABUrOBBIM THII pe-
TMOHAJIbHBIX Pa3JIOMOB, ONpe/ie/IeHHbIN B pe3yJbTaTe
CIellKapTUPOBAHUS, COTJIaCcyeTCs C amnpUOpPHOM UH-
dopmManue 06 OTCYTCTBUM KOHTPACTHOTrO peJsibeda B
MecTe HX JIOKaJW3allu{, a TakKXe C HalW4UeM He-
CKOJIbKUX CyOBEPTUKAJbHBIX TPEI[UH CO LITPHUXaMHU
CKOJIbXKeHUS TOPU30HTATbHON OPUEHTUPOBKHU.

ITpyUxu CKOJbXEHUS MO0 MaJeHUI0 IJOCKOCTEH,



3adUKCHpPOBaHHbIE AJI1 OT/EJbHBIX TPEeLIMH, MOIJIU
dbopMUpOBaThHCA KaK IPH CABUTe B NOJIAX HAIPXKEHUH
2-TO NOpsJKa, TaK U B perdoHa/IbHbIX 0OCTaHOBKAax
CKaTHUS WM pacTsDKeHUs], BbIIBJEHHbIX NIPU aHa/v3e
«HeMOW» TPelMHOBATOCTHU. B 11eJJoM 3T 06CTaHOBKHU
COOTBETCTBYIOT TPeM TJIaBHBbIM 3TanaM JedopMainu,
WU3BeCTHBIM i 3anaaHoro Ilpubaiikanbs u3 paboT
npejliecTBeHHUKOB. CeBepo-BOCTOYHbIEe COPOCOBbIE
30HBbI PErHOHaJILHOTO paHra (cM. puc. 7, H) Moryu 06-
pa3oBBIBATbCA IPU IO3JHEKAaHHO30MCKOM pacTsxe-
HUU B HanpaBJsieHuu C3-10B, ceBepo-BOCTOYHBIE JIeBbIE
caBuru (cM. puc. 7, M) - B paHHEKalHO30MCKOM C/BU-
rOBOM I10Jle HaNpsh>KeHUH, a ceBepo-3anafHble B36PO-
col (cM. puc. 7, JI) - Kak pa3JioOMHble CTPYKTYpbl 2-TO
nopsiika (monepeuHble B36pOChI) NPU paHHenaseo-
30MCKOM CKaTuu B HampaBaeHuu C3-10B. Takum o6pa-
30M, KpOMe 3aBepKHM, aipuopHas UHbopMauus yTou-
HsAeT JaHHble ClellKapTUPOBaHUsA B IJIaHE COOTHOLIe-
HUH BBbIABJEHHBIX J[Js y4yacTKa «Yjupba» mnoJieit
Hanpsi>KeHUHM permoHaJbHOIO0 paHra U O0OCTaHOBOK,
OTHOCALIMXCA K HauboJiee HU3KOMY — FeOCTPYKTYPHO-
My paHry (cM. puc. 3) B MacuiTabax Bcero 3amaJHoro
[Ipubaiikanbs. [ledicTBUTENBHO, IOJIS C/IBUTA U paCTs-
’KEHHU, BbISBJEHHble B XOJie MO3TAalHOM 06paboTKH
JAQHHBIX II0 TPEIMHOBAaTOCTH Ha IOJIOCOBUAHOM
y4yacTke AjuHON 120 M, MOJIHOCTBIO COOTBETCTBYIOT
06CTaHOBKaM, HMeBIIUM MECTO B UCTOPUU TEKTOHUYE-
CKOTO pa3BUTHA TAaKOHW KPYIHOH TeOCTPYKTYPBI, Kak
rpaHuLa Mexay 6JiokamMu Jutochepsl. [lose cxatus,
PEeKOHCTPYHMpPOBaHHOE Ha YYacTKe «YJip6a», BXOAUT B
00CTAHOBKY CXKaTHUsl TeOCTPYKTYPHOTO paHra BO 2-M
nopsjKe W, TaKUM 00pa3oM, 3aHMMaeT NPOMEXKYTOoY-
HOe I0JI0’KeHHe B MepapXuHu.

KpoMe anpuopHo#t uHbopMalnuu, pacCMOTpPEeHHOMH
BBIILlIEe U ABJAIIIENCA TPAAULUOHHON JIJIg UCCJIe/loBa-
HHA Pa3JIOMHOM CTPYKTYphl, Ha MbIce Yiupb6a OblIH
NpoBeJieHbl LieJleHanpaBjeHHble reopUsuvecKue Hc-
c/e[j0BaHHUs, KOTOpble MNO3BOJIAIOT 4Yepe3 He3aBUCH-
MbIM II0OKa3aTesb OLIEHUTb CTEeNeHb HApYLIEeHHOCTH
M3y4yaeMoro y4acTKa 3eMHOU KOopbl. TakuM INOKasaTe-
JIeM sIBJIsIeTCSl y/eJIbHOe 3JIeKTpUYeCcKoe CONpOTHUBJIe-
HUe (px), KOTOpOoe [iJis1 TOPHBIX IOPOJ, B €CTECTBEHHOM
3aJIeraHuH OllpesiesIIeTCs KOJMYeCTBOM I10p, MyCTOT U
TPeLWH, 3alI0JIHeHHBIX BJIarof U MeJIKOAWCIepCHBIMHU
NpPOAYKTaMU pa3pylleHus], CyLeCTBEHHO CHUKaloLlu-
MM 3Ha4yeHUs px. PaclipesesieHne yAeJbHOTO 3JIeKTPH-
4YeCKOro CONpPOTHUBJIEHUS ObLJIO MOJIyYEeHO B XOJe pea-
JU3allud MeToJia 3JieKTporoMorpaduu (06opyaoBa-
HUe «Ckasa-48»), ABJAIOILErocsi COBpeMeEHHON pa3Ho-
BU/JHOCTBIO BEPTHUKAJbHBIX 3JI€eKTPUYECKUX 30HJUPO-
BaHuiu [Multi-electrode electric survey station..., 2010].
[eoanexkTpudeckuit paspes raybuHoit 40 m (puc. 11)
cocTaBJieH s NpoduJs, 10XkKHas 4acTb KOTOPOTO pac-
noJsiaraetcsl B 15 M u cybnapasiesbHO y4acTKy CIel-
KapTHPOBaHHUSA, a CeBepHas IlepeceKaeT 30HY YJIUp-
6uHckoro cbpoca (cM. puc. 1, B).

Geodynamics & Tectonophysics 2015 Volume 6 Issue 1 Pages 1-43

Ha reoasexkTpruyeckoM paspese OTYETJHUBO BHUIHO
HeOJJHOPOJHOe paclpefie/leHHe yZeJbHOTO 3JIeKTPH-
YeCKOT'0 CONpPOTUBJIEHUS, KOTOPOE MEHsSIeTCS OT Iep-
BbIX ThIcA4 OM-M B cJabOHapylLIEeHHOM MacCuBe [0
nepBbIX efuHUL OM'M B 30Hax pasJIoMOB. 30Ha YIuUp-
OGUHCKOI0 cOpoca BblJieJIIeTCs B I0JIe px B BHJie aHO-
MaJIuy, UMelollel XapaKTepHYIo JIalNoJAUTON0400HY 0
¢dopmy. Ee nonepeunsie pasmepsl OoT riay6uHbl 40 M K
NIOBEPXHOCTH YBEeJIMYMBAIOTCA He MeHee 4yeM B JiBa pa-
3a 3a C4eT paspbIXJIEHWA MacCHUBa BCJeACTBHE pas-
IrPY3KM HaNpsDKEHUH U aKTUBHOTO BbIBETPUBAaHUS.
WHTeHCMBHOE paspylleHue sBJAAETCS NPUYMHON Xa-
PaKTEpHOM BBIPAXEHHOCTH Pa3/IOMHOM 30HBI B BHJE
IIMPOKOr0 TOHMKeHUs1 B pesbede NPaKTHUYECKU [0
ypOBHS BoAbl B 03. baiikas. CyAs no pUCyHKY U30JIU-
HUM, rpaHULia HEOLHOPOAHOM 10 BHYTPEHHEMY CTpoOe-
HUIO HapylIeHHOW 30HbI, CBS3aHHOH C YJIMPOUHCKUM
cObpocoM, Ha Te03JIeKTPUYECKOM paspese [JO/DKHA
OBITH MTPOBE/IEHA I10 KeJITOMY MoJk (564 OM-M), XOTH
He MCKJHYEeHO, YTO U KOpHUYHEBble YYAaCTKU MOTIYT
ObITb pa3/JIOMHBIMU.

B 060ux cay4asx Mo CTelNeHU HapyLIeHHOCTH BeCb
y4acTOK CIeKapTHPOBaHHUA, €CJIU CYyLUTb IO Teo-
3JIeKTpU4yeckoMy paspesdy (puc. 11), cooTBeTCTByeT
30He pasJjioMa. B ero mnpegesax BblJesnfOTCA JBa
y4acTKa Haubosiee MHTEHCUBHO HapylLIEeHHbIX MOPOJ,
CONPOTHUBJIEHHE KOTOPBIX YMeHbIIAeTCA B [iBa pas3a U
6osiee. [lo nos0’keHUIO U pa3MepaM OHU COOTBETCTBY-
10T passioMaM 1 U 2, npyuyeM, ecjiu AJis NepBOro U3 HUX
JleTaJbHOCTDb 3JIeKTpoToMorpaduu (Lar Mexay jek-
TPOAaMH - 5 M) He [103BOJIMJIA BbISIBUTH [JIaBHbBIHN CMe-
CTUTeJIb C TJIMHKOHN TPeHHUs, TO pa3fpobyeHHble U BbI-
BeTpeJible TEKTOHUTBHI BO BTOPOM CJjy4yae OTYETIMBO
BbIJIeJISIIOTCS IMIMPOKOM MOJIOCOM ¢ Haubosiee HU3KUM
U3 YCTAaHOBJIEHHBIX HAa pa3pese 3J1eKTPUYeCKHUX CONpo-
TuBaeHUu. [losoca UMeeT cy6BepTUKaJIbHOE IOJIOXe-
HHe, YTO KOCBEHHO CBUJETEJbCTBYeT O CMeCTHUTeJle
CABUIOBOTO THUna. MaTepuasnbl 6oJiee JeTaJbHBIX
3JleKTpoTOMOrpadUyecKUx HCCAeJOBaHUM M0 MSATH
KOPOTKUM Npodu/aAM BOJIM3N yyacTKa CHeLKapTHPO-
BaHuA (cM. puc. 1, ') HOATBEPANUIN 3T Pe3yJIbTAThI.

Mexay pas/ioMHOU 30HOH, 3adUKCHPOBAHHOU Ha
ydacTKe CllelJKapTUPOBaHUs], U 30HOW YJIUPOUHCKOTO
cbpoca pacroJiaraeTcsi BBICOKOOMHbIN 0JI0K, KOTOPBIH
BCJIe/ICTBUE CJIa00N HapylIeHHOCTH MOpOJ 3aHUMaeT
CPaBHUTEJBHO BBICOKOE TII0JIO)KeHHMe B peJsbede
(puc. 11). Y noBepxHOCTHU ero pasMephbl CyLIeCTBEHHO
yCTYNalT IIUPUHE Pa3jioOMHbIX 30H. OfHaKoO yxxe Ha
rayouHe 30-40 M KapTHHA HApPYIIEHHOCTH MEHSeTCs
Ha NPOTHBOIOJIOXKHYIO: MacCHBHble OJIOKHM JOMHHU-
PYIOT I10 pa3MepaM HaJi 30HaMHU UX KOHTaKTUPOBaHMUH,
XapaKTepU3yLUIMMUCA MHTEHCUBHBIM pa3pblBO0OOpa-
30BaHHEM U BbIBETPUBAHHEM.

TakuM o006pa3oM, MaTepuasjbl MaJOTJIYOUHHON
3JleKTpoTOMOrpadUu MOJHOCThIO NMOJTBEPXKAAIOT pe-
3yJIbTaTbl HCCJAEJOBAaHUA PAa3JIOMHOH CTPYKTYpbl C
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Puc. 11. 'eoasieKTpudecKuil pa3pe3 (BHU3Y), TOCTPOEHHBIH MO JAHHBIM 3JIEKTPOTOMOTpaduu BJ0JIb MPoduIIs, epeceka-
I01IIero pasJ/ioMbl Mbica Yiup6a B [IpuosbxoHbe (BBepxy) (MaTepuassl P.M. 3apunosa).

XapaKTepUCTUKHN ChEMKH: 000pY/LOBaHHE — MHOT03JIEKTPOAHAs CTAaHIUS COMpOoTHUBJeHUH «Ckana-48» [Multi-electrode electric survey
station..., 2010]; cxeMa pacIoJI0’KeHHUA 3JIEKTPOAO0B — CHMMETPHUYHas ycTaHoBKa llliomMbepike; paccTosTHUE MeXAY 3/1eKTPoJaMH — 5 M;
VMHBepCHA JIaHHBIX — B IPOrpaMMHOM KoMiliekce «Res2DInv» [Loke, 2010].

Fig. 11. The geoelectric profile (bottom) constructed from electrical resistivity tomography data along the profile across
faults at the Ulirba cape in Priolkhonie (top) (data provided by P.M. Zaripov).

Survey information: equipment - multi-electrode electric survey station Skala-48 [Multi-electrode electric survey station..., 2010]; locations
of electrodes - symmetric pattern by Schlumberger; spacing of electrodes - 5 m; data inversion software - Res2DInv [Loke, 2010].

MOBEPXHOCTH. YUACTOK CNELKAPTUPOBAHUSA «YJMp6ar»
NPUHA/JIEXKAT PA3JIOMHOW 30He, Cy6CTpaT KOTOPOM
OKa3aJiCi HepaBHOMEPHO [UCJOLUPOBAHHBIM B XOJe
CABUTOBBIX IepeMellleHUH. BbigensooTca [ABa aHo-
MaJIbHBIX N0 CTENEeHH HApPYLIeHHOCTU y4acTKa, KOTO-
pble acCOLMUPYIOTCS C TJIABHBIM U BTOPOCTENEHHBIM
CMECTHUTEJISIMU Pa3/IOMHOM 30HBL. /l/1s1 NepBOro U3 HUX
yCTaHOBJIEHA BbICOKAasl CTeNeHb Je3WHTerpanuu cyo-
CTpaTa, KOTOpas cTaja MNPUYUHOH 0O6pa30BaHUSA
6oJib1IOro 06'beMa TJIMHUCTON $pakLUu U/UIu Ipo-
HUKHOBEHHUs BOJbI, T.€. OsIBJeHUsS GaKTOPOB, obecre-
YHUBAWIUX KpailHe HHU3KHe 3HaueHUs YAeJbHOro

3JIEKTPUYECKOI'0 CONIPOTHUBIIEHHS.

Martepuansl, npeAcTaBJeHHble B JAHHOM pa3sfeJe,
3aBepILalOT ONMMCAaHUWE OCHOBHBIX ONEepalUil crenkap-
TUPOBAHHUSA PAaCCMOTPEHHUEM allpUOPHOM UHOPMaLHY,
KOTOopasi NOATBepXAaeT W YTOYHAET OCOGEHHOCTU
pa3/IOMHOTO CTPOEHMUs, YCTaHOBJIEHHble B XoJe ¢op-
MaJIM30BaHHbIX oONepaluid IOpPaHTOBOr0 aHaJM3a
«HEMOW» TPEeIIMHOBATOCTU. UTOroM KapTHPOBOYHBIX
paboT ABJAETCA CXeMa MeCTOIOJIOKEeHUs TPAaHCpPeru-
OHAJIbHBIX U PETHOHA/IbHBIX Pa3JIOMHBIX CTPYKTYP (CM.
puc. 7, 0), [is TJIaBHBIX U3 KOTOPBIX OKOHTYpPEHBI rpa-
HULbI 30HbI Hanb60Jlee MHTEHCUBHOTO NPOsIBJIEHUA Jie-



CTpyKLHMH, GopMUpyIOIHecs Ha 3aBeplIALIUMX CTa-
JMsX pasjoMoo6pa3oBaHus. Kpome Toro, A1 yyacTka
MCC/IeJOBaHUU BBIJEJSIOTCS TJIaBHble 3Tamnbl JAedop-
MallUY, U JJI KaXK/I0r0 U3 HUX COCTABJSIOTCS CXEMBI
pa3pbIBHOM CTPYKTYpHI (cM. puc. 7, /I-H). CopepxxaHue
cxeM, KpoMe N0JIOXKeHUs NapareHeTH4ecKy CBI3aHHBIX
(T.e. aKTHBHBIX) PA3JIOMHbIX CMECTUTEJIEH, BKJIOYAET
KOHTYpbI 30H pacnpocTpaHeHUsi pa3pbIBHbIX Jedop-
Mall¥i, COOTBETCTBYIOIIUX pacCMaTpUBAeMOMYy 3Taly
Aedopmanuu. [lig 3Tanos, UrparoOIIUX IJIABHYIO POJIb B
$bopMUpPOBAHUM PA3JIOMHOM CTPYKTYphbl ydyacTKa Kap-
TUpoOBaHUsA (cM. puc. 7, M), KpoMe BHEIIHUX TPaHUI]
NposABJIEHUs] Pa3pbIBOB paHHEH CTaJUU pa3ioMoobpa-
30BaHMs, NOKa3aH KJIOYEBOM 3JleMeHT BHYTpeHHeU
NonepevyHol 30HAJIbHOCTH - YYaCTKU HauboJiee BbICO-
KOW IJIOTHOCTH PaspbliBOB, popMUpylOIIMecs Ha 3a-
BepLIAIOLIMX CTaAUAX Pa3/I0MO06pa30BaHUS.
[losiyyeHHbIE NPU CHELKAPTUPOBAHUU MaTepHUaJIbl
MOTYT SIBJSATbCS WHGOPMATHUBHON OCHOBOM AJis pas-
JINYHOTO POJia NPUKJIaAHBbIX U QyHaMeHTaJIbHbIX UC-
cief0BaHUM. [l1 3TOro HE06XOAMMO NPOBECTH UX UH-
TeprnpeTalnuio MyTeM BbIIBJEHUS BPEMEHHBIX U MpPO-
CTPAaHCTBEHHBIX B3aMMOOTHOLIEHUH 3aKapTHPOBaH-
HBIX pa3JIOMHBIX CTPYKTYp. B cnepyromem paszese Ta-
KOW aHa/u3 cJleJlaH Ha NpuMepe y4yacTka «Yaup6a»,
HMMEIOLIEro CJA0XKHYI0 HCTOPHI0 TEKTOHHYECKOrO pas-
BUTHSA U B HACToslllee BpeMs NpHUHAJJIexallero K 3a-
najHOMy IJledy celcMOaKTUBHOro balikaibckoro

pudra.

3.3.2. UHTepnpeTanusa NpOCTPAHCTBEHHbIX U
BpeMeHHbIX B3aMMOOTHOIIEHN I
3aKapTUPOBAHHBIX Pa3/JIOMHBIX

CTPYKTYP

B cOOTBETCTBUHU C MOJTYIYEHHBIMU CXeMaMU (CM. pUC.
7, /1-0) MaccuB ropHbBIX IMOPOJ HA MbICe YIMp6a 1Mo Xa-
paKTepy M CTelNeHU HApyLIEHHOCTU pas3pblBaMH MpPU-
HaJJIeXXUT K pa3/iOMHOU 30He, OTJeJibHble y4acTKHU
KOTOPOH NpeACTaBJSIOT pa3Hble CTaJUH Pa3ioM006-
pa3oBaHUA — OT paHHeW JU3BbIOHKTUBHOW A0 CTaJUU
MOJIHOTO paspyuieHus. Kpome mupokoro pasHoob6pa-
31 TPELIMHHBIX CUCTEM, BbIAEJSAETCA Cepusi OpTOro-
Ha/IbHO pacloJaraloliuxcad pas3JOMHBIX CMeCTUTes el
TpPaHCPETMOHAJIBLHOTO M perdoHajibHOro paHra. Hau-
6osiee KPYMHBIMU SIBJASIIOTCA JiBa CEBEPO-BOCTOUHBIX
pasJioMma (T/IaBHBIA U BTOPOCTENEHHBIN), CMECTUTENU
KOTOPBIX MPEACTABJEHb] «PBIXJBIMU» TEKTOHUTAMH U
CONPOBOX/AAIOTCSA LWHUPOKUMU (6 U 27 M) moJjiocaMu
MOpo/Ji, UHTEHCHBHO HapylUIEHHbIMU pa3pblBaMU Ha
Mo3JHeH cTaJ[uu pa3jioMo06pa30BaHUSA. DT PA3JIOMBI,
a Takxe BKJ4Jawasa ux 100-meTpoBas 30Ha napare-
HETU4YeCKU CBsS3aHHbIX 0o0Jiee MeJIKUX pPa3pblBOB U
TpeluH cGOpPMUPOBAIUCH B 06CTAHOBKE JIEBOTO CJIBH-
ra (cMm. puc. 7, M). KpoMme Hee Jsis y4acTKa «Yaup6a»
PEKOHCTPYHUPOBAHHI ellle Ba M0Jis HaNpsXKeHUN peru-
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OHAJIBHOT'O paHra — cxatusd (cM. puc. 7, /1) u pacTsxe-
Hus (puc. 7, H) B HanpaBsienuu C3-H0B - ¢ cooTBeT-
CTBYWOILIUM HAabOpOM TpaHCpPervoHa/bHbIX U JIOKaJb-
HbIX Pa3JIOMOB.

BocctaHoBsieHMe ucTOopuM (GOpPMHUpPOBaHUA pas-
JIOMHOM CTPYKTYPBbl U3y4aeMOTr0 y4acTKa 3€eMHOH KO-
PBbl, KaK IJlaBHas 3aJladya MHTepIlipeTaliud MaTepyasioB
CreLKapTUpPOBaHUs, NpeArnoaraeT onpejeseHue Mo-
CJ1eJ0BaTeJIbHOCTH CYLeCTBOBAHHUSA 3THUX Tpex INoJsied
HanpsHKeHUW. JIOTMYHO NpeAIosIOKUTh, YTO CXKaTue
IPOMCXOJUJIO B paHHEM Iajie030€, CABUT — B paHHEM
KalHO30e U pacTshDKeHUe — B [I03JHeM KallHO30e, NO-
CKOJIBKY 3TH 3Tallbl TeKTOTeHe3a, COTJIACHO JAHHBIM
npe/lleCTBEHHUKOB, OCTaBUJIM HAaWOOJBLIMK Clef, Ha
TeppuTopuud Bcero 3amagHoro [lpubalikanbga. Ilpo-
CTPAHCTBEHHbIE B3aMMOOTHOLIEHHS Bbl/ieJIeHHBIX IPU
CIeKapTUPOBAaHUMU Pa3JIOMHBIX CTPYKTYp, XOTAd H
KOCBEHHO, HO He3aBHCHMBbIM 06pa3oM CBHUJEeTeJb-
CTBYIOT O CIIpaBeJlJINBOCTH JAHHOM NocC/1e[0BaTe/bHO-
CTHU B JIeCTPYKLMH TOPHBIX NIOPOJ, HA y4acTKe «YJIUp-
6a». Tak, OAHUM U3 NOKa3aTeJed I1yOMHHOTO YPOBHSA
TpeliMHo06pa3oBaHusl B MOpPOJAaxX, OKa3aBLUMUXCH B
HacTosllee BpeMsl Ha IOBEPXHOCTH, U, TAKUM 06pa3oM,
OTHOCHTEJIbHOTO BO3pacTa NpolLiecca ABJASAeTCA BeJu-
YHMHA yIJa CKaJblBaHUs. Pe3ysbTaTel ee aHa/iM3a Ha
y4yacTKe «YJupb6a» WLIIOCTPUPYIOTCS B paspene 3.2.2
Ha NpuMepe NyHKTa HabawogeHud N2 8 u cBUjeTeb-
CTBYIOT O TOM, YTO N0JISI CKaTUs U CABUTa (YBOEHHbBIN
yroJl CKaJIbIBaHUs — TYNOM) AABJAIOTCA 60Jiee APEeBHU-
MU 10 CPAaBHEHMIO C M0JIeM pacTsikeHUs (yABOEHHBIN
yroJ1 CKaJIbIBAaHUS — OCTPBIN).

Emne oAMH KOCBeHHBIM NIPHU3HAK BO3PACTHBIX B3au-
MOOTHOLIEHUH paccMaTpUBaeMbIX AUHAMHUYECKUX 00-
CTAaHOBOK MOXET ObITb M0JIyYeH B pe3yJibTaTe aHaJ/u-
3a IJIoLaJied MX pacnpoCTpaHeHHUs Ha ydacTKe CIel-
KapTupoBaHud. 3 conocraBienus puc. 7, /I, M, BUiHO,
YTO Ha y4acTKaxX UHTEHCHBHOI'O NPOABJIEHUS CLBUIO-
BbIX IlepeMelleHUl Mo passoMaM 1 U 2 (IyHKTHI Ha-
6saroneHuss N2 6 1 11) OTCYTCTBYIOT pa3pblBHbIE Napa-
reHe3uchl, CBA3aHHble C 00CTaHOBKOM CxaTus. [1o706-
Hasl 3aKOHOMEPHOCTh OblLIa OTMeyeHa paHee A.B. Ye-
peMHbIX [Cheremnykh, 2010] Ha OCHOBe aHa/ilu3a reo-
JIOTO-CTPYKTYPHBIX JAHHBIX 10 HECKOJIBKUM y4acTKaM
JleTaJIbHbIX HCCJeJOBAaHUM Ppas/OMHBIX 30H llpu-
OJIbXOHbSl. ITO NMO3BOJIWJIO CIeNaTh BbIBOJ, 00 OTHO-
CUTEJIbHO ZipeBHEM BO3pacTe I0JIA CKaTHs, pe3y/bTa-
Thl IPOSIBJIEHUS] KOTOPOT0 He 0GHAPYKMBAIOTCA B OCe-
BbIX 4YaCTfX CABWUIOBBIX Pa3/IOMHBIX 30H, KaK MecTax
HauboJiee MHTEHCUBHOTO MNpOsiBJeHUs AedopManuii
clefyrollero TeKTOHWYecKoro srtana. Ilpocrasa akrtu-
BU3allUsl HAJBUIOBBIX M B3OPOCOBBIX pPa3JIOMHbBIX
CTPYKTYP B peXXHMe CABUra BpsJ JIU BO3MOXKHA BBULY
CYyLeCTBEHHOTO HeCOBNAaJleHUsi B OpHUeHTalUU pas-
JIOMHBIX NOBepxHOCTeH. [ly11 HauboJsiee MOJIOJON [iU-
HaMHU4YeCcKou o6cTaHOBKM (cM. puc. 7, H) oTMedaeTcs
IPUYyPOYEHHOCTb IIMPOKOI0 y4acTKa pacTSKeHUsl K
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30He paszyioMa N2 1, a Taxke TEKTOHUYeCKOTO Hapyle-
HU{, IJIaBHBIA CMEeCTUTeJb KOTOPOTO, BepOATHO, pac-
noJlaraeTcsl 3a CeBepHOW IpaHMLel ydyacTka ucciefo-
BaHUM U OTYETJIMBO BbIpa:KeH YCTYIIOM B pesbede.

B cBeTe yCcTaHOBJIEHHBIX 3aKOHOMEPHOCTEH HCTO-
pusa GopMHpOBaHHSA PA3JIOMHOM CTPYKTYphI y4acTKa
«Ynupba» MoXeT ObITb INpeAcTaB/ieHa CJeAyoLUM
06pa3oM. B paHHemase030MCKyI0 3MOXy CXKaTHUs 3eM-
HO# KOpbl peruoHa B HanpasyieHuu C3-10B nmopoaHbiit
MaccHUB, 0OHAXKAIOIIUICA B HACTOsILee BpeMsl Ha MbIce
Ynupba, mnpuHajjexan K 30He B3bpoca ceBepo-
3ama/iHoM opueHTaluu, GpopMUpyolleiica Bo 2-M Mo-
psi/iKe 10 OTHOLIEHUIO K CEBEPO-BOCTOYHBIM B36pocaM
u HagsuraM. OH HaxojuJicAd Ha ee nepudepuu, rje
dbopMUpoBaHUe paspbIBHOW CeTH COOTBETCTBOBAJIO
paHHel cTajuy pa3/ioMO0O6pa30BaHUSA U BbIPAXKaJI0Ch
B BO3SHMKHOBEHMH PA3JIOMHBIX CTPYKTYpP TPaHCperuo-
Ha/IbHOTO paHra, a TakXe NapareHeTUYeCcKH CBf3aH-
HOW C HUMHU TeKTOHHUYECKOU TPeIIuHOBATOCTH.

Crneayrolmui sTan MHTEHCMBHOW AECTPYKUUHU IO-
pPOJIHOr0 MaccuBa Ha MbIce YrMp6a NpoUCXoAU B 06-
CTaHOBKe CJBHWra C CyOMepUAUOHAJbHBIM IOJIOXKEHU-
€M OCH CKaTHUfl U CyOLUMPOTHBIM — OCHU PaACTSKEHUs
(cM. puc. 7, M). OH UMes1 MeCTO B paHHeM KalHO30e U
OblJ TJIaBHBIM JJI pacCMaTPHUBAeMOro y4acTKa, Tak
KaK B 3TO BpeMs 3/ecb $OpMUPYETCsI 30HA UHTEHCUB-
HOro cABuroo6bpasoBaHus. [Ipomecc pocTtur craguu
MOJIHOTO pa3pylleHUs, Korja JokKaausauusa gedpopma-
LIMM NpuBesja K 00pa30BaHMUIO Ha MOBEPXHOCTU JABYX
CeBepO-BOCTOYHBIX JIEBbIX CABUrOB, KOTOpble Ha TJy-
OuHe, MO BCcell BepPOATHOCTH, 06pa3ylOT eUHBIN pas-
JIOMHBIN CMeCTHUTeJ/b. Pa3pbIBbl M TPeIUHBI NIpeAlle-
CTBOBaBLIEro sTana JedpopMali Ha y4yacTKaX UHTEH-
CUBHOIO CJABWXeHUs ObLIM NMOJYHHEHbl GOpMHpOBa-
HHIO 6oJiee KPYIHBIX pa3/OMOB, HO Ha yJaJIeHUH OT
HUX COXPaHUJIMCh B IePBOHAYa/JIbHOM BHUJE.

[To31HEKAITHO30MCKUN 3Tan pacTsKeHUs 3eMHOM
kopbl B HanpaBjeHuu C3-0B oTHocuTesnbHO cnabo
3aTpPOHYJl NMOPOJbI ydacTKa HCCAeJOBaHHUM, TaK Kak
HanpsKeHUsl B CYLeCTBEHHOM CTelleHW CHUMAJIMCh 3a
Cc4eT BepPTUKaJbHbBIX MOJABHUKEK B 30HAaX CMEXHBbIX 60-
Jiee KpyHHbIX cOpocoB (cM. puc. 1). OHUM U3 HUX U3
HUX fBJdeTca YJIUPOUHCKHUHM pasyoM, a JpyruM -
cbpoc, CKpbIThIM BOJaMU 03. balikas Ha 10ro-BOCTOKe.
BoJiee Mesikasi c6pocoBasi CTPYKTypa - pasyioMm 3 (cM.
puc. 1, I; puc. 11) - dopmupyeT ycTyn B pesbede 3a
CeBEpHOH IpaHUlledl uM3y4aeMOU MJOUIaAu, MPOSABJIS-
dChb B Npejesax NocjefHeld TOJBKO B NyHKTe Ne 14
(30oHa 4 Ha puc. 7, H). PazjioM 2 He 6blJ1 aKTUBU3UPO-
BaH B JJaHHOW JAMHAMU4YeCKON 0O6CTaHOBKE, B OTJIMYHE
OT pasJsioMa 1, K KOTOpOMy NpUypoYeH HauboJjiee IIHU-
POKHMH y4aCTOK pacTsKeHUs. MOKHO NpesnoJioKUTh,
YTO IJIOCKOCTh PaHHEKAWHO30UCKOT0 JIEBOTO C/IBUra B
3TOT 3Tan JepopMalu aKTUBU3UPOBaJIach Kak cOpoC.
CeBepHOe KpbLJIO ObLJIO CMeLleHO MO NaZleHUI U Je-
$bopMHPOBAHO B YCAOBUSX PACTSKEHUSI C 0OPA30BaAHU-

€M CHUCTEMbl HeGOJIbIIMX Pa3HOHANpPABJIEHHBIX Hapy-
IIEeHWH, cpeji KOTOPbIX BbIAESETCS TPAaHCPEruo-
HaJbHBIM MPOTHUBOCOpPOC C yryoMm mnazeHus 30°.
060c06/1eHHO 06CTAaHOBKA PACTSKEeHHsS Oblla pPEKOH-
cTpyupoBaHa B nyHKTax N2 3 u 1, XoTa B nocjieiHeM
clydae MOXKHO MpeJinoJiaraTh ee pacnpocTpaHeHUe 3a
IPaHUIIbI YIaCTKaA CHELKAapTHPOBAaHMUS, I/le UMEET Me-
CTO CKPBITBIN MO/, BOJOH COPOCOBBIA CMECTUTEIb.

YuacTok «Yaupba», 1m0 CyTH, NpeJCTaBJseT Mpo-
¢usb U3 14 nyHKTOB HabJ0ieHusA. UHPOopMaTUBHOCTh
KapTUPOBAaHHUS BO3pPACTET NMPU HAJIUUYUHU CEPUH cybma-
pasienbHbIX npoduiei. OJHAKO OHA, CKOpee BCETO,
OyJleT KacaTbCs MNOBBINIEHUS 3HAYUMOCTU TeX pas-
JIOMHBIX 30H, KOTOpble 3aHUMAIOT MO OTHOIIEHUIO K
HUM MPOJAOJIbHOE MOoJIOKeHHe. [Ipy 3TOM OCHOBHbBbIE
BBIBO/Ibl M0 3aKOHOMEPHOCTSM (GOpMHUPOBaHHUSA pas-
JIOMOB paiioHa OCTaHYTCSA HEM3MEHHBIMH.

B mesoM mpejcTaBjieHHas HWHTepHOpeTalus MNpo-
CTPAHCTBEHHBIX U BPEMEHHBIX B3aHMOOTHOIIEHUH
Pa3JIOMHBIX CTPYKTYP, BbIIBJIEHHbIX MPU CHELKAPTH-
POBaHUU Ha y4yacTKe «Yaupb6a», He MPOTUBOPEUUT H3-
BeCTHOUW s 3anagHoro Ilpu6GadKanbsi 3TamHOCTH
TEKTOHUYECKOr0 pa3BUTHs. [Ipu 3TOM OHa OOG'bSICHSET
NPOUCXOXKIEHUE OCHOBHBIX TPEIUHHBIX CHUCTEM, U3-
MepeHHbIX B NYHKTax HaoOsoJeHusd. [l CTPYKTyp
Pa3JIOMHOTO paHra yCTaHOBJIEHBI IPAHUIbI 30H BJIHS-
HUS B TPELIMHOBATOCTH, a [Jid HauboJiee KPYMHBIX
JU3BIOHKTUBOB — 3JIeMEHThl BHYTpPEHHEH 30HaJIbHO-
CTU, OO6YCJIOBJIEHHbIE MPOCTPAHCTBEHHO-BPEMEHHOMU
HEpPaBHOMEPHOCTHIO Tpoliecca pa3/ioMO06pa30BaHUS.
[Togo6HBIE 3HAHUSA MO Pa3JIOMHON TEKTOHHUKE B COBO-
KYITHOCTH € rpapUYeCKUMU MaTeprualaMU ClelKapTH-
poBaHUS O06GYC/JIOBJUBAKT IIMPOKHE MEPCIEeKTUBEI
NpYMeHeHHUs MeToAa AJis1 pellleHUs] 0061ereoJMHaMHU-
YeCKUX U NMPUKJIAJHBIX 33/]a4 JlaKe B CJ1ab00OHaXKeH-
HBIX PETUOHAX.

4. TIEPCNIEKTHUBbI U OCOBEHHOCTHY MPUMEHEHUA
CIIEODKAPTHUPOBAHHA

[IpoBesieHMe crnenKapTHPOBaHUSA B 00beMe pac-
CMOTpPEHHBIX B CTaTbe ONepalyi NOArOTOBUTENbHOTO
JTamna, aTana 06paboTKH U 3Tala UHTepHpeTaly 103-
BOJIIET NOJIyYUTh MHPOpManMio 060 BCeX acleKTax
pa3JIOMHON CTPYKTypbl M3y4yaeMol miaoiaau. Omnpe-
JleJISII0TCS reoOMeTpUYeCKre XapaKTePUCTUKHU pa3pbIB-
HOM CeTH yepe3 KapTHpPOBAaHHWE NPOCTPAHCTBEHHOTO
N0JIOXKEHUsI U pa3MepoB OT/eJbHbIX passoMoB. Ore-
HUBaeTCs UX HepapXuiecKasi CONOAYHUHEHHOCTD NyTeM
06'bEKTHBHOTO JleJIEHUs] Ha paHrd U NMOPSAKH, yCTa-
HaBJIMBAIOTCSl OCHOBHblE 3JIEMEHTBhl BHYTPeHHeH 30-
HaJbHOCTU. [JlJ11 KaKJOro paspbiBa OIpejesseTcs
MopdoreHeTUYECKHUUN THI, A /i1 UX COBOKYIHOCTEN -
JIMHaMU4ecKass 06CTaHOBKA BO3HUKHOBEHHUS U aKTHU-
BU3allUM C BBIXOJOM Ha OT/eJibHble 3Tanbl. HakoHerw,



yepes3 OLIEHKY OTHOCHUTEJIbHOTO BO3pacTa pPa3sHOTHII-
HBIX TlapareHe3ncoB pPa3/IOMOB yCTaHAaBJMUBAETCS HC-
TOopUsi GOPMHUPOBAHUSA PA3JIOMHOU CTPYKTYphl M3yya-
eMOU TEPpPUTOPUH.

[IpeMMy11€CTBOM U OTJIMYUTEIBHON 0COGEHHOCTDIO
CrelKapTUPOBAaHUSA ABJAETCA TO, YTO 3Ta MHPopMa-
LIS 0 Pa3JIOMHOH CTPYKType N0 OO0JIbIIOMY CYETy -
pe3y/abTaT HCCIe0BaHUS NOBCEMECTHO paclpocTpa-
HEHHOM TpelMHOBAaTOCTU 6e3 BUAUMBIX NPU3HAKOB
CMellleHUH M, TaKUM 00pa3oM, yCTaHOBJIEHa IO KOC-
BEHHBIM NIPU3HaKaM. B To ke BpeMs TOYHOCTb OLEHOK,
NOJIlyYeHHBbIX 110 MHOTUM M3 IepedyuC/eHHBIX BbIlle
IIYHKTOB, 3aBUCUT OT KOJIMYEeCTBa U KadyecTBa allpuop-
HOM MHGOpMALUM O Pa3IOMHOM CTPYKType, T.e. CBe-
JleHU! HeloCpeCTBEHHO O pa3JjioMax U3ydyaeMoH Tep-
putopuu. Takasa nHdopmanus B MUHUMaJbHOM KOJIU-
4yecTBe NPUCYTCTBYET BCerjia, a B HEKOTOPBIX Peruo-
HaX MOXeT 06ecCleyUTb IOJIyieHHe OGoJblied 4YacTH
HeobOX0JUMBbIX CBeJleHUU 6e3 U3yyeHUs TPeliuHOBaTO-
CTH, T.e. IPUMEHEHUsI ONlepaliui CllelKapTHPOBAHHUS.

TakuM 06pasoM, 06beM cHelKapTUPOBaHUs B KOH-
KpeTHbIX CUTyalUsX olpejesseTcs 3ajadyaMy Hcce-
JIOBaHUSl TEKTOHUYECKOM CTPYKTYphI, a TaKXe Kaye-
CTBOM M KOJIMYECTBOM MHPOpMAlMU O pa3joMax, Ko-
TOpasi UMeeTCs WJIM MOXET ObIThb MoJiydyeHa 6e3 Npu-
MeHeHUs BpeMsieMKHUX MacCOBbIX W3MepeHUH U cIe-
UPUYEeCKOH 06paBOTKH «HEMOU» TPEIMHOBATOCTH.
Kak ciencTBue, B CUTyaluax C SPKO BbIP)KeHHOU
TEKTOHUKOU ee OpJHMHApHOe HCCJIel0BaHHE J[OJDKHO
ONMpaThbCs Ha TPaAULMOHHBIE I'e0JIOr0-CTPYKTYPHbIE
MeTO/ibl, a NPUeMbl CIeLlIKapTUPOBAaHUA MOLYT IIpH-
BJIEKaTbC B KayecTBe JOINOJHUTEJbHbIX CIOCOOOB
aHa/M3a, LieJIbl0 KOTOPBIX SIBJISIETCS IMOJydeHHhe WH-
dopManuy no oTAeJNbHBIM 3JIeMEHTAM CTPOEHUs UJIU
dbopMupoBaHUA pasJOMHOM ceTH (ycTaHOBJIEHHE
BHYTpPeHHEH 30HAJIbHOCTH JU3BIOHKTHUBOB, HepapXuu
JIMHAMUYECKUX 00CTAaHOBOK MX GOPMHUPOBAHUS U JIp.).
HanpoTuB, npy MUHUMyMe NpPSAMBIX HabOJI0JeHUN 3a
pa3joMaMy, XapaKTepHOM JJs CJ1ab006HaKeHHbIX
TEePPUTOPUI UM IPUMeHeHUs cnenrduuecKrux BUJ0B
vcciae/joBaHUsl (Hanmpumep, OypeHUE CKBaXKMH), olle-
palMu clenKapTUPOBaHUs NMPU LIMPOKO MOCTaBJIEeH-
HBIX CTPYKTYPHBIX 3a/ia4ax [0J/DKHBI OCYLeCTBAATbCA
B NOJIHOM 0o6beMe. CielyeT OTMETUTb, UYTO PacCMOT-
peHHbIN B cTaThe paiioH 3anaaHoro [Ipubalikaibs OT-
paxkaeT TOJIbKO OJJHYy U3 TEKTOHUYECKHUX 0OCTaHOBOK,
TOTJa KaK B JIpyTUX CTPYKTYPHBIX CUTYaLUsAX UHTep-
npeTalnus AAHHBIX CIeLIKapTUPOBAaHUS JOJDKHA Ipo-
BOJUTLCA C Y4€TOM BKJIAZOB MepBUYHOM TpelLiMHOBa-
TOCTH, COCKJIadaThIX pa3pbIBOB U IIP.

JloMuHUpOBaHMe OOCTAaHOBOK C HeAO0CTaTOYHOH
0O6HaKEHHOCTbID TOPHBIX MOPOJ U BO3pacTarlive
TpebOBaHHUS K TJIyOHHE IMOJiydaeMON CTPYKTYPHOU
nHpopMauuy, ¢ O4HON CTOPOHBI, @ TaKKe UHTEHCHUB-
HOe pa3BHUTHEe MeTOJ0B aBTOMAaTH3UPOBAHHOTO cbopa
1 06pabOTKU CTaTUCTUYECKOW MHPOpMALUH, — C ApPY-
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ro, BBIABUTAIOT CHELKAPTUPOBAaHUE B paspsif, COBpe-
MEHHBIX METO/I0B UCCJIe[JOBaHUA Pa3JIOMHON CTPYKTY-
pbl 3eMHOU KOpBI. Ero nepcneKTUBEI B IJ1aHe pelleHus
TPaJMLIMOHHBIX 334, CBS3aHHBIX C Pa3/IOMHOH Tek-
TOHUKOHM, He TpeOylT OT/eJbHOI0 pacCMOTPEHMS.
Ba)XKHO OTMeTUTb TOJIbKO Te acleKTbl, KOTOpble 00y-
CJIOBJIEHBI ero crnenudukoi, No3BoJAKIIEN TOayYaTh
OpUTrMHa/IbHblEe JaHHble IS pelleHUs] CepUM Teope-
THUYEeCKMX M MPHUKJIAJHbIX 3aZad. JTa cnenuduka
onpejeJisgeTcs, BO-NIEPBbIX, PAa3HOBUAHOCTBIO HCXOJ-
HOTO JJIs1 aHa/u3a 00'beKTa (T.e. TPEIMHOBATOCTHIO)
Y, BO-BTOpBIX, TEKTOHOPU3NYECKHUM IOJX0J0OM K €ro
UCCJIeIOBaHMIO, 6a30M KOTOPOIro SABJAIOTCA 3aKOHO-
MEepHOCTH HepaBHOMEPHOI'0 B IPOCTPAHCTBE U BpeMe-
HU Ipolecca pa3joM006pa3oBaHuUs.

Kak ciefcrBue, riaBHOe JOCTOMHCTBO CIELKAapTH-
pPOBaHUA — BBICOKMH ypPOBEHb JAEeTaJbHOCTH UCCJeN0-
BaHHUS pas3pbIBHOW CTPYKTYpPbl, MO3BOJISIOIIUU OmNpe-
JleJISITh IPOUCXOXKEHUE ee 3JIeMeHTOB BIJIOTb [0 OT-
JleJIbHBIX TPEIIUHHBIX CUCTeM. JloCTaTOYHO OTMETUTD,
YTO 3TAJIOHHble NapareHe3uChl TPELIWHHBIX CUCTEM,
UCII0JIb3yeMble NPU CleLKapTUPOBaHWU B BUJe Tpa-
dapeToB, MO CyTH, MpPeACTABJAKT MoOJejb IpHU-
pa3/IOMHOM CeTH TpeliuH, 06001eHHYI0 I JOMUHU-
pYIOLIMX B BepXHEH YacTU Kope yCJ0BUH JedopMaLuy.
HUudopmanus o CTpoeHHUU U reHe3uce TPEILMHHOH ce-
TH — UCXOAHOE 3BEHO JJI51 IOCTPOeHHUs YaCTHBIX MoJe-
Jlell paspblBHOM CTPYKTYpbl OTHeJBbHBIX Yy4YacTKOB
3eMHOM KOpBbI, BOCTPeOOBaHHbIX BO MHOIMX BHJaX
NPUKJIAJHBIX U TEOpeTUYeCKUX UCCAeloBaHUU. B Ha-
el CTpaHe 3TO HalpaBJeHHe MHTEHCUBHO pa3BHUBa-
Jiock B 60-70-X rogax npouwioro Beka [Smekhov, 1961;
Knorring, 1969; Rats, Chernyshev, 1970; Chernyshev,
1983], uMest cBoeH 1ieJibl0 OI[EHKY CBOWCTB JIUCJIOLM-
POBaHHBIX MOpPOJA (MPOYHOCTb, NPOHHULAEMOCTb) Ha
OCHOBe TeCTHpPOBAHUA MOJieJlel, COCTaBJEHHBIX IO
M3BECTHBIM NapaMeTpaM pa3pbIBHOU ceTu. 3a pybde-
)KOM TO0JI00Hble PabOThl CTaJU OCOGEHHO AKTHUBHO
IPOBOJAUTLCS B CBA3M C HEOOXOJMMOCTbIO OLIEHKH
IPOHMLIAEMOCTH TPELMHOBATHIX KOJIJIEKTOPOB U pac-
IIMpeHUeM BO3MOXXHOCTeH aHa/u3a 4UCJIeHHBbIX MO-
JeJield HapylIeHHOU cpeJibl Ha COBPEMEHHbBIX KOMIIbIO-
Tepax [Oliver, 2001; Matthaii, 2003; Wibberley et al,
2008; Agosta et al,, 2010a; u mH. dp.].

BTOpbhIM JOCTOMHCTBOM CHeLKapTUpPOBAaHUSA SIBJIS-
eTC BO3MO)XHOCTb IOJIyYUTb KadeCTBEHHO HOBYIO
nHGOpMaLMI0 O BHYTPEHHEM CTPOEHHUM DPa3JOMHbIX
30H. TpexcTaauiiHoe, C NO3ULUNA TEKTOHODU3IUKH,
dopMHUpoBaHUe AU3BIOHKTUBOB obecneuyuBaeT (npu
II0JIHOM LIMKJIe Pa3BUTHsA) UX INONEepeyHO-30Ha/IbHOE
CTpOeHMe, OTpakeHHOe B 00001 eHHOM BHJe Ha pUC.
12, b. OT nepudepuu K 1[eHTPY NPOUCXOAUT MOCJIE/I0-
BaTeJ/IbHasl CMeHa y4acTKOB 30HbI, CGOPMHUPOBABILUX-
Cs Ha paHHeH MU3BbIOHKTUBHOHN cTaguu (moa3oHa IlI),
no3/Hel JU3BbIOHKTUBHOM cTasuu (noasoHa II) u cra-
JLUM TIOJIHOTO paspylieHus (noazoHa ).
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c¢oHoBas nepudrepuiniHas NoA30Ha Napa- MoA430Ha Pa3pbiBOB 2-ro nopsigka noasoHa
TpeLWmMHOBaTOCTb reHeTUYecKM CBA3aHbIX TPELWMH U NOBbIWEHHON TPeLMNHOBaTOCTH rnaBHOro cMecTuUTens
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Puc. 12. [lpyHIMnIHa bHas MOZe/Ib BHYTPEHHETO CTPOEHHUS pa3JIOMHON 30HBI B pa3pese.

A - doTorpaduu, WIIOCTPUPYIOLIME XapaKTePHble COCTOSHUSA TPEIMHHBIX ceTel BOJIM3U Pa3IOMHOTO CMECTHTe/Is, HapyIlaIlero no-
POJHBIM MacCHB Ha OAHOM M3 y4acTKOB [IpHo/IbXOHbsA (MaciTabHasA JMHeHKa uMeeT JJIMHY 1 M, /11 KOTOPOM MOJIyYeHbl JIOTHOCTH
TpeLIVH, NIPUBeJIeHHbIe N0/ KaXJoh ¢oTorpadueit). b - MoAesb ONEPeYHOH 30HaJIbHOCTH pa3JjioMa, NPOIIEeAIIero B CBOEM Pa3BUTHH
BCe TPH CTaAiMM pa3pblBO06pa3oBaHUs. 1 — TPELMHOBATOCTb; 2 — KPYIHbIe TPELIUHbI; 3 — CMECTUTe b, 3all0JTHEHHbIH 6peK4yreil Apo6-
JIeHUs]; 4 — CMEeCTUTe b, 3all0JTHEHHBIN TJINHKON TPeHUs; 5 — BHENIHAA rpaHULia Pa3/IOMHOH 30HBI; 6 - cJlaGOHAPYIIeHHBIH MOPOAHBII
MaccuB; 7 — IJIaBHbIe 3JIeMeHThbl BHYTPEHHET0 CTPOEHHUA Pa3IOMHOH 30HbI, cGOpMHUpOBaBIIHeEC HA Pa3HBIX CTaAHUAX pa3pbiBO06pa3oBa-
Hus: Il - nepudepuiinas noj30Ha napareHeTHYeCKHU CBSI3aHHBIX TpelluH, Il - mo/j30Ha pa3pbeIBOB 2-T0 MOPsIAKA U MOBBILIEHHOH Tpeuu-
HOBATOCTH, | - 10Jj30Ha I'/1aBHOT'O CMECTUTEIS.

Fig. 12. The model showing the profile view of the fault zone’s internal structure.

A - photos of the typical state of joint networks near the fault plane that disturbs the rock massif in Priolkhonie (with reference to the
one-meter plotting scale, densities of joints are determined and shown under each photo). 5 - transverse fault zonation model (the fault
has developed through all the three stages of fracturing). I - jointing; 2 - large joints; 3 - fault place filled in with crush breccias; 4 - fault
place filled in with gouge; 5 - external boundary of the fault zone; 6 - rock massif with insignificant disturbance; 7 - main elements of the
internal structure of the fault zone which developed at different stages of fracturing: Il - peripheral sub-zone of paragenetically related
joints, I - sub-zone of fractures of the 2nd order and higher jointing, I - sub-zone of the main fault surface.

[Ipy TpafNIMOHHBIX CTPYKTYPHO-TE0JIOTHYECKUX HC-
CJIe/JOBAaHUSX Y pa3/ioMa OObIYHO BbIAESAIOT /|Ba 3Je-
MeHTa BHYTPEHHEr0 CTPOEHUs M0/ Ha3BaHUSIMU «30HaA
CMeCTUTeJIsI» U «30Ha pa3jioMa», KOTOPbIM B 3apybex-
HOM TEPMHHOJIOTHH OTBEYAT NOHATHSA «fault core» u

«damage zone». 3TH 3JIeMeHThI, KaKk MpaBHJIO, COOT-
BETCTBYIOT y4acTkaM [ u Il B 30Ha/IbHOCTH, Ipe/icTaB-
JleHHOH Ha puc. 12, b. [loazona Il 6osiblie no mypruHe
U 0OBIYHO OTHOCUTCA K (OHOBOW TPEI[MHOBATOCTH,
TaK Kak [0 MJIOTHOCTH TPEUIMH OHa He TaK pe3Ko KOH-



TpacTupyeT ¢ POHOBOH TPELMHOBATOCThIO, KAK 3TO
XapaKTepHO AJf ee rpaHULbI ¢ noA30H0H 1. OTanyrnem
no/130HkI [l 0T cMeXHbIX y4aCcTKOB BMelAI0IEro Mac-
cuBa («host rock») sBasieTcs He CTOJILKO WHTEHCUB-
HOCTb pAacHpOCTPaHEeHHUs TPEIIUH, CKOJbKO Habop
pa3pbIBHBIX CHUCTEM, 3aKOHOMEPHO CBfI3aHHBIA C Xa-
paKTepoM MOJBHKEK MO pasJsiomy. Ha puc. 12, 4, B Ka-
YeCcTBe WIJIIOCTPAIUU pacCMaTPUBAEMOU 30HAJIbHOCTU
npuBoAATcsA poTorpaduu TPEUMHHBIX CETEN y 0JTHOTO
13 passioMoB [IpuosbxoHbs (3anagHoe [Ipubaiikanbe).
[lnoTHOoCcTU TpewuH (D), 3aduKcUpOBaHHbIE B Mpe-
CTaBJIEHHbIX OOHaXKEHUSX, COOTBETCTBYIOT [/ MHO-
TUX HU3YYEeHHbIX B JJaHHOM pervoHe pas3jioOMOB TeM
npejiesaM, KOTOpble OTZAEeJSAT B pacnpefeseHuU
napaMmeTpa D y4acTok ¢ GOHOBOU TPeUMHOBATOCThIO
ot noxazoHbl Il (10 Tp./mor.M), moazony Il ot mox-
30HbI Il (16 Tp./mor.M), moazoHy Il oT mom3oHBI I
(24 Tp./nor.m).

B peruvoHax, nojio6HbIX [IpHOJIbXOHBIO 110 MHOTO-
3TAalHOCTU U CTeleHU TEKTOHUYECKOU aKTUBHOCTH,
y49aCTKH C UCTUHHOU POHOBOM TPELMHOBATOCThIO He
MMET MNOJAABJSIONEro pacnpocTpaHeHUs. [1o/130HbI
[II, npuHajiexaliye K CMeXHBIM, 4acTO pPa3HOBO3-
pacTHBIM pasjioMaM, cOJIMKEeHbI B IPOCTPAHCTBE, a 3a-
YacTyI0 U BOBCE MEPEKPBIBAIOTCS, CO3/jaBas «ICEBAO-
doH» AJd pa3/ioMOB, BO BHYTPEHHEM CTPOEHUU KOTO-
PBIX OCTAIOTCA JIMIb [BE HauboJiee HapylleHHbIe MO/
30HbI (Il u I). Posib 3TUX 30H B HApPYIIEHHOCTU MOPO/I-
HOr'0 MaccHBa, 6e3yCJ0BHO, sIBJAseTcs KiawdeBod. Of-
HaKoO [/ MHOTHUX CONMYTCTBYIOIUX pPa3/ioMO0Opa3oBa-
HUIO MPOLecCOB (HampuMep, MUTPALUs BOAbI, TUJPO-
TepMasbHbIX QJIIOUAOB, Jera3anus U Ap.) 3HaHHe MOoJI-
HbIX pa3MepPOB U OCOOEHHOCTENW BHYTPEHHErO CTpoe-
HUSI Pa3/IOMHOM 30HbI UMeeT NMpUHIUIHAIbHOE 3Ha-
yeHHUe. B 3TOM niaHe pe3ybTaThl CEelKapTHPOBAHUSA
Jlal0T HanboJiee MOJTHYI0 MHPOPMALMIO, OTKPbIBAsi HO-
Bble BO3MOXXHOCTH JJIs aHa/iM3a B3aMMOOTHOLIEHUU
Pa3/IOMHOM CTPYKTYypbl U MPOSIBJEHUN COMYTCTBYIO-
IIMX MNPOLECCOB, BaXKHbIX B NPAKTUYECKOM OTHOLIe-
HUMU.

Eme oaHuUM cnenuduyecKUM pe3yJbTaTOM CIIell-
KapTUPOBaHUSA SIBJISIETCS JleJieHHe pa3aoMoB (U, COOT-
BETCTBEHHO, JWHAMHU4YEeCKHX OOCTAHOBOK HUX (popMu-
pOBaHHsI) HA paHTH, B OCHOBE KOTOPOTIO JIEKaT He Tpa-
JUIMOHHbIE KOJIMYECTBEHHbIE OILIEHKH, a KayeCTBEH-
Hble KpUTEPUU B CUCTEME B3aHMMOOTHOILIEHUHN MOpAL-
KOB pa3pbIBHBIX CTPYKTYp. CorjiacHo TeKToHOdU3NYe-
CKHM NpeJ/iCTaBJEeHUAM, pa3pbiB 1-ro nopsaaka ¢opmu-
pyeTcsl MOCpPeACTBOM 3BOJIIOLMK Pas3pbIBOB 2-TO MO-
pAfiKa, 4YTO TMO3BOJIAET MNYyTeM MapareHeTU4YeCKOTO
aHaJu3a MepexoAUTb OT CPaBHUTEJbHO MEJKHUX Ha-
pylieHUH K OoJiee KPYIMHBIM, OT HUX - K elle 6oJiee
KpYIHbIM, IIOCJE/I0BATE/JbHO BbIJeJisAsl BCe PAHTH pas-
PBIBOB — OT TPEILUH [0 KPYIHBIX PETMOHAJbHBIX pa3-
JioMoB. Onepanuy nepexo/0B B paMKax CIelKapTHUPO-
BaHUs GoOpMa/JM30BaHbl, YTO IMO3BOJIIET MOJyYaTh

Geodynamics & Tectonophysics 2015 Volume 6 Issue 1 Pages 1-43

e/IMHOOOpa3Hble IIKaJbl PAHrOB [ Pa3JIMYHbBIX
CTPYKTYPHBIX OOGCTAaHOBOK, T.e. COMOCTABJIAATh PEruo-
Hbl MO0 BAaXKHOMY JIOMOJIHUTEJbHOMY MNpPU3HAKY. Pe-
3yJIbTAT MOJIOOHBIX MCCJEIOBAaHUHN 10 Mepe HaKoILIe-
HUA GaKTUYECKOTO MaTeprasa MOXKeT B OyAylieM ec-
JIU HE COCTAaBUTb aJbTEPHATUBY TPAAUIMOHHBIM CIO-
co6aM BblJieJIEHUSI PAHTOB Pa3JIOMOB M0 MX pa3Mepawm,
TO CYIIECTBEHHO JIOTIOJIHUTD MO/I06HbBIE OL[EHKH He3a-
BUCUMOU HHOOpPMaIUEN.

[I[pyHMMasi BO BHMUMaHHEe OTMe4YeHHble 0COGEHHO-
CTU CHENKAPTUPOBAHHUS, MOXKHO MpPeEJIoJiaraTb HEKOo-
TOpble 06JIaCTH, B KOTOPbIX TPUMEeHEHHE METO/ja MO-
»KeT ObITh Haub6oJiee 3pdeKTUBHBIM. [Ipu TeopeTHye-
CKHUX UCCJIeJOBAHUSAX Pe3yJIbTAThl ClIelKapTUPOBAHUSA
MO3BOJIAT NMPOJBUHYTHCS B BBIBJEHUH OGIIUX 3aKO-
HOMEPHOCTEN JIeJITMMOCTH 3€eMHOM KOpbI, TAK KaK OHU
B KauecTBe rpaHUl] 6JIOKOB, KpOMe SIBHBIX PA3JIOMHBIX
cMecTUTesied, UKCUPYIOT 30HBI MPOSIBJIEHUS Mapare-
HEeTHYeCKH CBSI3aHHBIX pa3pbiBoB. KapTuHa ngenumo-
CTHU TOJIyYaeT MOJHY0 3aBepIIeHHOCTh U MOXET ObITh
npeJicTaBjeHa B BU/ie YHUCJIEHHbIX U QU3UUECKUX MO-
Jeneil aas nanbHeliero TectupoBaHus. Ocoboe 3Ha-
YyeHHWe [/ TAKUX Mojesied MpeACTaBJsAeT pean30-
BaHHOe B MeTO/le JeJieHHe Pas3jioMOB Ha pPaHrH, OT-
KpbIBaloIle HOBbIE NMEePCIEeKTUBDI AJIs1 YCTAHOBJIEHMUS
vepapxUyecKUx YPOBHEH mpoliecca JAeCTPYKIMU U 3a-
KOHOMEPHOCTEeH WX aKTHBU3ALMU B Pa3JUYHBIX TeK-
TOHUYECKHUX PEXKUMAX.

Eme oHOH TeopeTHUYecKol 06J1acThblo, AJS1 KOTO-
pod 0co6yl0 3HAYMMOCTb HWMEIT MaTepuasbl Crell-
KapTUPOBAHHUs, SBJSAETCA HCCAe[0BaHHE COOCTBEHHO
npoiiecca pasjaoMo06pa30BaHus, TaK Kak HojyyaeMasi
WHpOpMaLMA TO3BOJISIET TOJHOIIEHHO W3YYUTh BCe
ero CTaJiuy, BKJIIOYasi U PaHHIOW, MpeAllleCcTBYIONIYIO
WHTEHCUBHOM JioKanu3auuu Jedpopmanuu. B atom
IJIaHe OTKPbIBAETCS BO3MOXKHOCTb 60Jiee MOJHOTO CO-
IIOCTABJIEHUSI 3aKOHOMEpPHOCTEHW pa3pbiBo06pa3oBa-
HUS, BbIIBJIEHHBIX TIPU UCCIEJ0BAHUU JECTPYKIUU B
dbusndeckux MoJesx, ¢ AepopMalOHHBIM COCTOSIHU-
€M MOpOoJi, B Pa3JIOMHbBIX 30HaX 3eMHOU KOPBI, BbIZEISAA
UX WUHJVBHUJyaJibHble O0COOGEHHOCTH, KaK CJeJCTBUE
BJIMSTHUS TIEPBUYHBIX CTPYKTYPHO-BENeCTBEHHBIX He-
OJHOPOAHOCTEW WU CHequPUKH HepaBHOMEPHOTO
BO3/IeMCTBUS 3HJOTEHHBIX CUJ. B 1esioM, pe3yibTaThl
CTHEeIKAapTUPOBAHUS YyIPOIAIT NMPUMeHeHHe 3aKOHOB
MEeXaHUKHU pPa3pylLIeHUs] K UHTEepIpeTalru CIA0KHOU
KapTHUHbI NPUPOJHBIX JeOopMaLui, YTO CIOCOGCTBYET
BBISIBJIEHUIO HauboJiee OOIIMX 3aKOHOMEPHOCTEH HuxX
Pa3BUTHS B IPOCTPAHCTBE U BPEMEHH.

B o6sacTu UpHUKJIAAHBIX HCCAEJOBAaHUM CrHell-
KapTUpPOBAaHHE MOXKeT HAWUTH caMoe IIHPOKOe IMpH-
MeHeHHe yepe3 BHeJIpeHHe ero oneparui B CO6CTBEH-
HO TeoJIOTHYEeCKYI CbeMKy. B HacTosiee BpeMs 3Ta
CbeMKa, 10 CYyTH, SIBJSETCI KapTUPOBAaHUEM Bellle-
CTBEHHBIX KOMIIJIEKCOB, KOTOpbIE CyLeCTBEHHO 6oJiee
JIOCTYIIHBI /IS [T0JIEBOTO U3Y4YEHHs, YEM TPAJUIIMOHHO
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JIOKYMEHTHUPYeMble TEKTOHUYECKHE CTPYKTYpbl (pas-
JIOMBI, CKJIaJKH U Ap.). [IoCKOJNBKY 06'bEKTBI CHeLKap-
TUPOBAHUA — TPEIUHbI, KAaK COOCTBEHHO U TOPHbIE
MOPO/ibl, BCTPEUAIOTCH B KaXKJJOM KOPEHHOM BBIXO/IE,
1[es1eco00pa3Ho MPOBOAUTH WX MAaCCOBBIM 3aMep B
KaXJJOM MyHKTe [e0JIOTUYECKOW ChEeMKH. JTO IMpHU
HaJIMYUU 3JIEKTPOHHBIX CPEJCTB /Jisl MOJIEBBIX H3Me-
peHuil, a Takke TpadapeToB s KaMepalbHOU 06pa-
OGOTKHU He OCJIOKHUT B CYLIECTBEHHOUN CTEIIeHH NPOU3-
BOJCTBO pa6oT. OfHako OyJeT IMoOJiyueHAa BO3MOX-
HOCTh aHaJIM3UPOBATh COBMECTHO JIaHHbIE 1O Bellle-
CTBY U CTPYKTYpe, CONMOCTaBUMble 0 06'beMY M 3Ha-
YHUMOCTH. /IBe COCTaBJAWILME €IUHOTO 0 CBOEH MpH-
posie o6beKkTa 6yAyT aHAJU3UPOBATHCS BMECTe U B
OJITHOM MacliTabe CbeMKH. ITO He TOJIbKO JINKBUIUPY-
eT CYLIECTBYIOIUN «KOHGIUKT» MEXAY CTPYKTYpPHBI-
MU M BeleCTBEHHbIMU UCCIeJ0BAaHUAMU, 3, HA060POT,
00beIMHUT UX B €JJUHOE IieJioe, YTO SABUTCA QyHAA-
MEHTOM KaueCTBEHHO HOBOTO 3HaHUSA O MPUPOJIe TOTO
WJIM MHOTO Yy4aCTKa 3eMHOW Kopbl. MaTepuasbl Chbe-
MOYHBIX PabOT B 3TOM cJiyyae OyAyT NIPOYHON OCHOBOM
JUIS JIIO6OT0 THIA Te0JIOTHYECKHUX U HEreoJIOTUYeCKUX
HUcceJ0BaHUH.

[IpukyagHble 06J1aCTH, [T KOTOPBIX MaTepHUasbl
CHeLKapTUPOBAaHUS MMEIT HauboJiee BaXKHOE 3Haye-
HUeE, NPeX/ie BCEro, CBA3aHbI C MECTOPOXKAEHUSAMHU I10-
JIe3HBIX HCKOMaeMbIX. TeKToHOpH3WKA TpemMH 3a-
poxkgasach Tpyaamu B.M. Kpeiitepa [Kreiter, 1956],
®.1. Boabdcona u JI.U. Jlykuna [Volfson, Lukin, 1960],
A.B. KoponieBa u I.A. lllextmana [Korolev, Shekhtman,
1954] u MHOTrUX JApPyruxX NpPU U3YIEHUHU PYAHBIX Me-
CTOpPOXK/AeHUN. MeTOAMKH KapTHPOBAaHUS TPELIMHOBA-
TOCTH CO3/1aBaJIMCh B NpOIlecce U3yYeHUSA MECTOPOK-
NeHult HepTH U rasa [Smekhov, 1961, 1969]. AKTUBU-
3aUMsl WCCJAeOBAaHUM TpPEUIMH, HaOJI0AAIIAsAc C
HavaJla Beka 3a pyb6exoMm [Cello et al, 2000; Schulz,
Evans, 2000; Billi et al., 2003, Agosta et al., 2010b; Caine
et al, 2010; Guerriero et al, 2010; u dp.], Tak>e B cylie-
CTBEHHOW Mepe ompejenseTcsi Heo6X0AUMOCTbIO
OLIEHKH €MKOCTHU KOJIJIEKTOPOB, BMEIAIIIUX yIJIeBO-
nopozbl. TakuM 06pa3oM, MpUMeHEHUE ClellKapTUPO-
BaHUS, 6Aa3UPYIOUErocs HA H3yYeHUHM TOBCEMECTHO
pacnpocTpaHeHHOW TPelMHOBATOCTH, HauboJiee mep-
CIEeKTUBHO IPHU MOWCKAX U pa3BeJiKe MECTOPOXIeHUN
PA3HOTHUIHBIX MOJIE3HBIX HCKOMAeMbIX, NMpUieM 3¢-
$eKTUBHOCTD 3THUX PabOT HANPSMYIO CBSI3aHA C BbICO-
KOH [1eTaJIbHOCTbI0 U KaueCTBOM OTPa*KeHHUs COCTOs-
HUS Pa3pbIBHON CTPYKTYPbI U3y4aeMbIX 06HEKTOB.

Eule o/lHOM mpuKIaJHON 006J1aCThIO, JJisi KOTOPOU
MaTepHasbl CIEeNKapTUPOBAHUS MOTYT HMEThb NpPUH-
UMHUAJbHOE 3HAa4yeHHue, SBJSETCS THUAPOreoJIOTHS.
YBennyeHue o6beMa MHPOpPMALUM O HAPYLIEHHOCTH
3eMHOU KOpbI pa3pbIBaMHy MO3BOJIUT MPU COCTABJIEHUU
TUJIPOTE0JIOTUYECKUX KapT 60Jjiee TMOJHO OIE€HUTH
pOJIb CTPYKTYpHOTO GaKTOpPa B COCTOSIHUH MOJA3EMHOU
ruapocdepsbl. B yacTHOCTH, BbiJlesieHUe Tepudepuit-

HbIX IOJ[30H MNapareHeTHUYeCKH CBSI3aHHBIX TpPELIUH
CYLIECTBEHHO pacUIvMpsieT 30Hbl BJAUSHUA MeXOJ0KO-
BbIX IPaHUI], YTO HEOOXOJAMUMO YYUTHIBATH MPHU HCCIIE-
JIOBaHUW 3aKOHOMEPHOCTEH JAWHAMHUKU I0J3€MHBIX
BoJ. bosiee TOro, B TEKTOHMYECKH AaKTUBHBIX PErvo-
Hax, T/le PoJib Pa3JOMHBIX 30H B CTPOEHHUU BepxHeu
KOPbI SIBJISIETCS ONpeiesIAIoNied, UMeeT CMbIC B Kave-
CTBE CTPYKTYPHOUH OCHOBBI I'HJIPOr€0JIOTUYECKUX KAPT
HCII0JIb30BaTh CXEMbl CHELKAPTHPOBaHUs, Haubosee
[OJIHO OTpaXkallyde CTeleHb HapyIEeHHOCTH TOPHBIX
nopoy, [Seminsky, Tugarina, 2011]. AHajioru4yHble Mo-
CTPOEHUSI MOTYT MPOBOJUTHCS MPH OlleHKe pacinpejie-
JIeHHsI TOYBEHHBbIX ra30oB, MMeWIleld MpUMeHeHUe B
npakTuke. [IpexxJe Bcero 3To KacaeTcsl paJjoHa, KOH-
[IEHTPaIMK KOTOPOT0 B Pa3bl YBEJUYHMBAIOTCA B 30HAX
BJIMSIHUS aKTUBHBIX Pa3ioMOB [Seminsky et al., 2014].

HakoHen, MaTepuasibl CIENKapTUPOBAHUS MOTYT
ObITh OCHOBOHU JJI1 WH)XEHEPHO-Te0JIOTUYECKUX HC-
C/eJJOBaHWM, CBI3AHHBIX CO CTPOUTEJBLCTBOM 3JIJaHUU
U COOPY)KeHHH, MPOXOAKONH OTKPBITBIX U MOA3EMHBIX
TOPHBIX BbIPAGOTOK, OLIEHKOH TepMETHUYHOCTH MPH-
POJHBIX XPAaHUJIUII JIJIsT OTXOJI0B U PaJMOAKTUBHOIO
CBIPbS, T.e. TaM, T/ie TPeOyeTCA OlleHKa CTeNeHU Hapy-
IIEHHOCTH MOPOJHOTO MaccMBa BO M30exaHUe aBa-
pUMHBIX cuTyauui. McciegoBaHue TPEUIMHOBATOCTH C
NO3UIUN TEKTOHODHU3UYECKOrO MOJAX0Ja MOXKET HC-
N0JIb30BaThCA Ha Pa3HBIX CTAJUAX HU3bICKATEJNBLCKOTO
npoiecca U B pa3JMYHbIX 06'beMaxX B 3aBUCHMOCTU OT
KOHKPETHBIX MPOU3BO/JCTBEHHBIX 33/la4. B 6osbmnH-
CTBe cJiydyaeB HauboJiee BOCTPEOOBAHHBIMH pe3yJbTa-
TaMU CHEeLKAPTUPOBAHMUS SIBJASIOTCS CXeMbl Pa3JOMOB
C OTpaKeHUEeM 30HAJbHOCTH BHYTPEHHETO CTPOEHUS,
a TakXKe JJaHHble O TEOMETPUHU TPEIIUHHBIX CeTel — B
KavyeCTBe OCHOBBI /ISl CO3/IaHUS YUCJIEHHBIX MO/JIeseH,
HCII0JIb3yEMBIX [IJIsl TECTUPOBAHUS HA NMPOYHOCTb, Jie-
dbopMUpyeMOCTb, NPOHULAEMOCTb U JAPYTrUe HHXKe-
HEpPHO-Te0JIOTUYECKHE TTOKA3aTeJIH.

B 3aksiioyeHHe cJeflyeT MOJYEPKHYTh, YTO Nep-
CIEKTUBBI CIEIIKapTUPOBAHUS ONpPeessIioTCs MHOTO-
1jeJIeBbIM XapaKTepoM 3TOro MapareHeTHYecKoro Me-
TOJIa, OT/ieJIbHbIE OTIepPall KOTOPOr0 MOTYT HUCHOJIb-
30BaThCd CaMOCTOSITEJILHO /ISl PENIEHUS YaCTHbBIX WU
6oJsiee OOIIMX BOIPOCOB, CBS3aHHBIX C pPa3JIOMHOU
CTPYKTYpO 3eMHOM KOpbl. MaTepuaioM JJis aHaIM3a
CIyaT pasHble M0 06beMY COBOKYIMHOCTH MaCCOBBIX
3aMepoOB TPEIIWH, HO JOCTOBEPHOCTb IOJYy4YEHHOIO
pe3y/JbTaTa BO3pacTaeT C yBeJWYEHHUEM CTATHUCTUKHU
HabsoAeHnR. Onepanuy crelKapTUPOBaHUS B JI0CTa-
TOYHOU cTeneHU GOPMAJIM30BAHBI U MOTYT OCYILIECTB-
JIITbCS CIELUATUCTOM C OOBIYHOM TIe0JIOrHMYecKou
kBanuukanuet. [losmyyaemMble pe3yJabTaTbl JIETKO
NpeJICTaBJASAIOTCA B KOJUYECTBEHHOU ¢dopme (KapThl
pacnpesie/ieHUs1 MJIOTHOCTU TPENUH, UHTEHCUBHOCTH
OJZHOTUIIHBIX TPOEK CHUCTEM TPEIIUH, CTENEHH CJIOXK-
HOCTU TPELUHHOW CeTH U Jp.) U B 3TOM BHUJIE MOTYT
COTOCTaBJATBHCA C paclpefie/IeHUSIMU TlapaMeTpPOB



Jiro60ro Tuna (reoprusndeckKye, reOXUMHUYECKHE U TIp.).
Bce 3TO B COBOKYIHOCTH XapaKTepU3yeT CIelKapTH-
poBaHue KaK 3(pQPeKTUBHBIA METO/, AOMOJIHSIOUAN
BO3MOXXHOCTH CTPYKTYPHBIX HCCI€JJOBAaHUN 3eMHOU
KOPBHI.

5. 3AK/JIDYEHUE

B cTaTbe Ha npuMepe y4yacTka «Yaup6a» B [Iproib-
xoHbe (3amagHoe [Ipubaiikasibe) MoApPO6GHO paccMOT-
peHo coJiep:kaHue paboT MO ClelKapTHPOBAHUIO pas-
JIOMHON CTPYKTYpbl Ha OCHOBe IapareHeTH4ecKOro
aHa/M3a MOBCEMECTHO PACIpOCTPaHEHHOW TpelHHO-
BAaTOCTHU. B KpaTKOM BH/le 3Tanbl U OCHOBHbIE omepa-
LIMH METO/]a COCTOAT B CJIeJYIOILEM.

I. loagroTroBUTE/ILHBIN 3TAN

[.1. AHa/1M3 MaTepUuasioB NMpeJLIeCTBEHHUKOB O peruo-
HaJIbHOM TEeKTOHWYEeCKOH O6GCTAaHOBKe U BbIGOD
ydyacTKa crelKapTupoBaHus (cM. puc. 1, A-I).

[.2. Co3iaHue Ha U3ydyaeMOM y4dacTKe CETH MyHKTOB
HabsoAeHus (CM. puc. 2, A), B KaXK/JI0M U3 KOTOPbIX
IpOBeJleH MAacCOBBIM 3aMep TPEeIlMH, a TaKXe Co-
OpaHa M NpOaHaJIU3UpOBaHA Tre0JIOTO-CTPYKTYp-
Hasi MHPOpMaLUsA 0 FOPHBIX NOPOJAAaX KOPEHHOro
BbIX0oJla (CM. puc. 2, A), oblleM COCTOSHUU CETHU
paspbiBoB (cM. puc. 1, /[-3), UX MJOTHOCTH (CM.
puc. 2, b) 1 cTpyKTypax HaJATPeLUHHOTO YPOBHSA
(3oHax Apo6JieHHs, MOBBIIIEHHONW TPEIMHOBATO-
CTH, pa3pbIBax CO CMeIleHUAMH, INTPUXAMHU CKOJIb-
*keHus U Ap.) (cMm. puc. 1, E, 3; puc. 2, 4; puc. 3).

II. 3Tan 06paboTKMN

[I.1. [locTpoeHHue [auarpaMM M BblJeJIeHHMe MPOCTbIX
napareHe3uCOB TpPEIUH.

[I.1.1. llocTpoeHre u o6LUI aHAJU3 KPYrOBBIX AHa-
rpaMM TPeL[MHOBATOCTHU, Pe3yJbTaTOM KOTOpPO-
ro sBJSIETCA BblJE/NeHHe CHUCTeM TpeUUH U
yCTaHOBJIEHHWEe HalpaBJeHUH pa3bpocoB UX MO-
JIIOCOB (CM. puc. 4, A4).

[1.1.2. Ouenka no pauarpaMMaM CTENEeHU CJI0XHOCTHU
pa3pbIBHBIX CETed C BBIHOCOM 3TOW HHpOpMa-
UM Ha MECTHOCTb (CM. puc. 2, B), npuBjeYeHnE
K IJIOUIAQIHOMY aHaJIU3y JJaHHBIX O MJIOTHOCTH
TpewuH (cM. puc. 2, 5) 1 OKOHTypUBaHUE 30H
HauboJiee UHTEHCUBHOM [1eCTPYKLHUHU HOPOJHO-
ro MaccuBa, KOTOpble OTJIMYAITCH TpPEUUHO-
BaTOCTbIO, XaOTWYECKOW MO CTPOEHHUI0 U/UIu
AHOMAaJIbHOM 1O CTeNeHW HapYyUIeHHOCTH (CM.
puc. 2).

[1.1.3. BeigBJieHHMe N0 KpPYroBbIM JAuarpaMMaM TPOEK
MPUMEPHO NepNeHAUKYASIPHbIX CUCTEM TPEIIUH
(cm. Tab6s. 1) ¥ APYyruX NPOCTHIX NapareHe3NCoB
(mosica, KOHYCbl W Tp.) C OMNpeJeJeHUEM JJs
KaX/JIOT0 M3 HHUX JUHAMUYECKOW 06CTaHOBKU
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$bopMUpPOBaHUs, COOTBETCTBYIOIIEN MEPEXO/HO-
My (OT TpelUH K pa3jioMaM) TPAHCIOKaJIbHOMY
panry (cMm. puc. 3).

[1.2. BeisiB/ieHHE pa3/IOMHBIX 30H JIOKAJIbHOTO paHra.

[1.2.1. TlonGop Ha 6ase BbIJEJIEHHBIX paHee TPOU-
CTBEHHBIX IapareHe3uCOB TpEIIUH KpPYTOBBIX
AuarpaMM-TpadapeToB (3TaJOHHbINH HaAbGop mo-
JIIOCOB CHUCTEM TpEI[UH), UX COMOCTaBJIEHUE C
JWarpaMMo# TPeIMHOBaTOCTH (cM. puc. 4, b-B;
E-3; /I-H) n B uTOre - mnoJjiyyeHHUe pelleHHUs O
THUIIE U OPUEHTUPOBKE pPa3JIOMHOW 30HBI JIO-
KaJIbHOTO paHra (cm. puc. 4, I'), B koTopoit dop-
MHUpOBaJach Ta WJIM HWHasd COBOKYNHOCTb Tpe-
IIMHHBIX CUCTEM B MNyHKTe HaOJI0JeHus (CM.
puc. 3; puc. 4; puc. 5; puc. 7, b).

[1.2.2. AHanu3 NoJIyYeHHbIX [AJsI OJJHOTO KOPEHHOro
BBIX0/la JIOKAJIbHBIX pelleHUuH Ha NpeAMeT OTHO-
CUTeJIbHOTO BO3pacTa U NpeJICTaBJeHHOCTH pas-
HbIMU TPOWCTBEHHbIMHU MapareHe3ucamu (cM.
puc. 4, /I, K, I1) Ha 6a3e conocTaB/IeHUsI YCTAHOB-
JIEHHBIX [JI1 HUX paHee JWHaMHU4YeCcKHUx o6CTa-
HOBOK ¢opmMupoBaHus (1o pa3dépocaM MOJHCOB
TpelUH), BeJIMYUH YJIBOEHHOIrO YTJia CKaJsbIBa-
HUs, a TaKXKe MPUBJIeYeHUs] allpUOPHOUN UHOp-
MallM¥ O CMellleHUH MapKepoB, ITPUXaxX CKOJIb-
YKeHUS U 1p.

[1.3. BoiiBsieHMe pa3J/IOMHbIX 30H TPaHCPErnOHAJbHO-

ro paHra.

[1.3.1. [locTpoeHre KpPYroBou JAuarpaMMmbl IOJIIOCOB
Pa3/JIOMOB JIOKAJIbHOTO PaHra, BbISBJEHHBIX Ha
y4acTKe CHelKapTUpPOBaHUs, U BbIJeJieHUe HX
CUCTEM, COTJIACHO CXOJCTBY 3JIEMEHTOB 3aJiera-
HUS U TUIIA OJIBMKEK (CM. puc. 8).

[1.3.2. BoifiesieHue 0 KpyroBou AuarpaMmme (cM. puc. 8,
F) map compspKeHHBIX CHCTEM JIOKAJbHBIX pPas-
JIOMOB C TNOCJeAyIOUAM oOmpejeleHUeM [Js
KaKJOM M3 HHUX JHHAMUYeCKOH OOCTaHOBKH
dopmupoBaHus (cM. TabJl. 2), COOTBETCTBYIOIIEN
nepexoAHoMy (OT JIOKaJbHBIX pPa3JioMOB K
peruoHaJbHbIM) TPAHCPETHOHAJBHOMY paHTY
(puc. 3).

I1.3.3. CocTtaBJsieHHe OJi9 KaXKJAOMU U3 BbISIBJIEHHBIX 00-
CTAaHOBOK W He 00pa3ymIluX CONpspKeHHble Na-
pbl CHUCTEM JIOKaJbHBIX Pa3JiIOMOB OTAEJNbHBIX
CXeM BCTPeYaeMOCTH Ha MECTHOCTH, a TaKKe UX
NOCJeAYIOIUN aHa/lIu3, I03BOJISALUN B cay4ae
NpOsIBJI€HUS YJ€HOB OAHOTHUIIHOTO MapareHes3u-
Ca B CMEXHbIX MyHKTax HaOJIIOJileHUs 3aKapTu-
poBaTh Ha U3y4yaeMoOU IJIOIAJX Pa3IOMHbIE 30-
Hbl (WM UX GparMeHThl) TPaHCPETHOHAJIBHOTO
panra (cwm. puc. 7, B-K).

[1.4. BeiiBNeHHe pa3J/IOMHbBIX 30H PETUOHANIBHOTO paH-

ra.

[1.4.1. llox6op Ha Ga3e BbIJEJEHHBIX PaHee CONMPSKEH-
HbIX Map AuarpamMmm-TpadapeToB, MpeACTaBJIS-
IOIUX 3TaJOHHbIE HAGOPhI MOJIOCOB Pa3JiOMOB,
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HX CONOCTaBJIEHHE C KPyrOBOW JAUarpaMMOU CH-
CTeM JIOKaJIbHBIX pasyioMoB (cM. puc. 9, b-I') u B
UTOre — MOJyYeHUe pelleHUs] O TUIle U OpUEeH-
THPOBKE Pa3/IOMHOU 30HbI pETMOHA/IbHOTO paH-
ra, B KOTOPOM Ha OT/eJIbHBIX 3Tanax TeKTOreHe-
3a ¢popMuUpoBasach Ta WIM WHAS COBOKYIHOCTb
Pa3JIOMHbBIX CUCTEM Ha y4YacTKe Clel[KapTUpOoBa-
Hus (cM. puc. 3; puc. 9, J-K).

[1.4.2. CocTaBsieHUE [l KAXKJ0TO U3 MOJIYYeHHBIX pe-
IIeHUN OTZeJIbHBbIX MO3TAIMHBIX CXeM BCTpevae-
MocTH (Ha 6ase CxXeM TpaHCPErMOHAJIbHOIO
YPOBHs), a TaKXKe UX NOCAeyI0LUUI aHaIN3, [103-
BOJIIIOLIMU B CJIydae NPOSABJEHUS 4JI€HOB OJHO-
TUIIHOTO NapareHe3nca B CMEXHBIX NYHKTax
HaOJIIOIeHUs] 3aKapTUPOBaTh Ha U3y4yaeMoi
IJIOIAAM pa3JioMHble 30Hbl (MM UX $parMeH-
Thbl) pETMOHAJIBHOTO paHra (cM. puc. 7, /I-H).

III. 3Tan UHTEepnpeTauuu

[1I.1. AHa/M3 cXeM peruoHaJbHOTO YPOBHS C MpPHUBJIE-
YyeHHeM paHee IOJIyYeHHOW HWHbOpMaLMU O To-
JIOXKEHUHM y4YacTKOB C aHOMaJibHOH (IO cTemneHU
XaOTUYHOCTU W IJIOTHOCTH) TPELUHOBATOCTHIO
(cM. puc. 2) u BbIABJIeHUE JJIS [JIaBHBIX Pa3J/ioM-
HbIX 30H M3y4aeMOH IUIOLIAJd OCHOBHBIX 3Jie-
MEHTOB BHYTpPEHHEr0 CTPOeHUs: nepudepuitHou
NO0/30HBI, NOJA30HBI Pa3pbIBOB 2-r0 MOpsifKa H,
€CJIM YCTaHOBJIEHA, NMOJ30HbI IJITaBHOTO CMECTH-
Tesid (cm. puc. 7, /I-H).

[IL.2. CocTaBieHue pJs y4acTKa CHelKapTUPOBaHUSA
UTOTOBOM CXeMbl, Ha KOTOPOH OTpaXkaeTcs I0JIO-
’KeHHe M THUIIbl BCeX Bbl/IeJIeHHBbIX paHee pa3JoM-
HbIX 30H TPaHCPeruoHaJbHOI'0 U PerMOHaJbHOIO
paHra c yCTaHOBJIEHHBIMH O0COGEHHOCTSIMU BHYT-
peHHero cTpoeHus (cM. puc. 7, 0).

[11.3. PEKOHCTPYKIIMSI UCTOPUM O3TATHOTO GOPMHPO-
BaHUS pa3pblBHOM CETU Ha y4yacTKe CIlellKapTH-
pOBaHHUS B CONOAUYUHEHUH K HauboJiee KPyNHbIM
3JleMeHTaM TeOCTPYKTYpHOIO paHra Ha 6ase
KOMILJIEKCHON HHTepnpeTanud UTOrNOBOW M IO-
3TaANHbIX CXeM Pa3JIOMHBIX 30H C MpHUBJIEYEeHUEM
anpuopHoi uHbopMaluu 06 OT/AeSbHbIX CMECTU-
TeJIAX U IJIaBHBIX 3Tallax TEKTOreHe3a B peruoHe
(cM. puc. 1, 2, 11), a TakKe OLLlEHOK OTHOCUTEJb-
HOro BO3pacTa O6GCTAaHOBOK pa3pbIBOOOpPa30Ba-
HHU{, NOJY4YeHHBIX paHee IIPU aHaJ/k3e yABOEHHO-
ro yTJa CKaJbIBaHUs, IPOCTPAHCTBEHHOM pacIpo-
CTPaHEHHOCTH pa3HOTUIIHBIX MapareHe3UcoB U

ap- (cm. puc. 3).

CozepkaHue CHelKapTUPOBaHUs, JAaHHOE BBIIIE B
BH/IE KPATKOI'0 OMHCAHHs MOC/AeJ0BaTebHbIX 3TAMOB
U dopMasM30BaHHBIX ONepalui, B COBOKYIHOCTH C
TEOPETUYECKUMH TMOJIOKEHUSIMHU W NPUHIUNAMH,
OnyOJIMKOBAaHHBIMH B IpebIAylei cTaTbe [Seminsky,

2014], npeacraBjsieT METO/, BO BCEX er0 KOMIIOHEHTAX.
OH mo3BOJISIET, UCNOJAb3ysl MHPOPMALUID O KHEMOW»
TPeLUMHOBATOCTU U GOpPMaIM30BaHHbIE ONlepaluy 06-
paboTKH, NMPOBECTH JleTa/IbHOE KapTUPOBaHUE pas-
JIOMHOU CTPYKTYpbI pETMOHA C BblJleJleHUEeM TEKTOHHU-
YeCKUX HapylleHWH, rpaHul, 30H UX BJIUSAHUSA U OCO-
OGEeHHOCTEeN IMOoIMepeyHOU 30HAJBHOCTH, a TaKXe ycC-
TAaHOBUTb MEPAPXUI0 JIUHAMHUYECKUX 0OCTAaHOBOK pas-
JIOMOOOpPa30BaHUsA M 3TANHOCTb GOPMHUPOBAHUS pa3-
PBIBHOH CTPYKTypbl. Hannyue anpuopHod uHpopma-
nuu (mpsiMble MPU3HAKU HNPUCYTCTBUS Pa3JIOMHBIX
CMecTUTeJIed, JaHHble 0 UX KUHEMaTHUKe, BO3pacTe
NOJBIXKEK W [p.) [AaeT BO3MOXXHOCTb 3aBEPUTb U
YTOYHUTH NOJIyYeHHble pe3yJbTaThl, a TaKXe COKpa-
TUTb 06'beMBbI CllelKapTUPOBaHusA. boJsiee Toro, Heko-
TOpble ONepalydu MeToAa MOTYT NPOBOAUTBLCA OT-
JleJIbHO, B JIOTIOJIHEHYE K TPAJULIMOHHON CTPYKTYPHOH
ChbEMKE, KOT/Ia B 33/la4yd KOHKPETHOTO KCCJIe/J0BaHUS
BXOJWUT JeTajsibHasg pacuindpoBKa MPOUCXOMKAEHUS
pa3pbIBHBIX CETEM.

[lepeuyrcieHHble BO3MOXXHOCTH CllelKAPTUPOBAaHUA
OTKPbIBAIOT Nepej; METOJIOM IIUPOKHE MEePCIEKTUBDI
JUISl pellleHUs1 TEOPEeTHUYEeCKUX 3a/]a4, CBA3AHHBIX C HC-
cle0BaHHEM 30HHO-GJIOKOBOH J[AEeJMMOCTH 3eMHOU
KOPBI U 3aKOHOMEPHOCTEN NPOCTPAaHCTBEHHO-BPEMEH-
HOT'O Pa3BUTHUSA ee TJIaBHBIX 3JIEMEHTOB — Pa3JIOMHBIX
30H. O6/JaCcTAMU MPAKTUUYECKOTO MPUMEHEHUS SIBJIS-
I0TCS reojioTu4YecKasl CbeMKa, a TaKKe pyAHas reoJio-
rvs, UHXKEHEPHO-Te0JIOTHYeCcKue U3bICKaHUA U TUJPO-
reoJiorysi, B paMKax KOTOpPbIX 0C060€e 3HaYeHHEe UMeeT
JeTaJIbHOCTb KapTUPOBAaHUS pa3/JIOMHBIX 30H, KOH-
TPOJIMPYIOIUX MHOTHE BaXKHble B NPUKJIAJHOM OTHO-
[IEHUU COMYTCTBYIOLIUE MPOLECCHI.

C HaubGosblieil 3pPeKTUBHOCTHIO CIElKAPTUPOBa-
HUEe MOXeT NMPUMEHATHCS B TEKTOHWYECKH aKTUBHBIX
y4acTKaXx 3eMHOW KOpbl C MHOrO3TalHON HMCTOpHEH
Pa3BUTHUS Pa3pPbIBHONW CTPYKTYpbl, TaK KaK HUMEHHO
JJIT PerMOHOB WHTEHCUBHOI'O Pa3/ioMO0OPAa30BaHUS
paspabaTbIBajics U TeCTUpPOBaJICA MeToA. Bo3amMoxHO-
CTU MeTOJa INpPU HCCAeJOBaHUM CTPYKTYpPbl 3eMHOU
KOpbI B palloHax € JOMUHUPYIOLUUM pa3BUTHEM Iep-
BUYHOW WU MJIaHETAPHOM TPELIMHOBATOCTU [OJIKHBI
HCCJIe[I0BAaThCs B MpolLecce OYAyIUX LieJieHanpaBJieH-
HBIX paboT. B 11eJ10M OIBIT CIELIKAPTUPOBAHMUS B peTH-
OHaX C Pa3JMYHBIMU PEKUMAMU PA3BUTHUA MO3BOJUT
0TpaboTaTh AJS KaXK0T0 U3 HUX KOHKPETHbIE BU/IbI U
CHOCOOBI peanu3anuy, YTO W NPeJCTaBJseT 3ajady
JaJIbHEHIIUX MEeTOANYECKHUX UCCIeOBAaHHUH.

ABTop 6sarosapen mnpodeccopy C.H. llepmany u
BeayueMy nHxeHepy 10.I1. BypayHoBoli 3a TBopueckoe
06CyK/leHHe OT/e/bHbIX MOJIOKEHUN CTAThbU, A TAKXKe
COTPY/IHUKAM JIabopaTOpUU TeKTOHOPU3UKH, UCIIOJIb-
30BaBLIMM B CBOUX paboTax MeTO/, CllelJKapTUPOBaHUS
U TEM CaMbIM CIOCOGCTBOBABLIMM €ro Pa3BUTHUIO U
NpPOJIBIXKEHUIO B IPAKTHUKE CTPYKTYPHOI'O aHAIU3a.
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Abstract: In previous studies, the northern hemisphere of the Earth is considered to be in compression while the
southern one is in expansion. In this study, based on three different methods, we calculate average vertical variations
of the two hemispheres from velocity field data under the ITRF2008 (International Terrestrial Reference Frame 2008)
solution. Results show that the northern hemisphere is in expansion at the rate about 1 mm/yr, while the compres-
sion rate of the southern hemisphere is one order smaller than the expansion rate of the northern one. After the post
glacial rebound effect is subtracted, results show that the expansion and compression rates of the northern and
southern hemispheres are 0.46 mm/yr and -0.19 mm/yr, respectively. Transformation between the velocity fields
under ITRF2008 and ITRF2000 can explain why different authors have different conclusions about the expan-
sion/compression pattern of one hemisphere or the other. Anyway, the entire Earth is expanding at a rate about
0.2 mm/yr, and this estimation coincides with results of our previous studies. The mean variation rates of the radii at
different latitudes have been calculated.
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AnHoOTanus: B npeablAylUx reofiesnyecKux HCCAeL0BaHUAX CYUTANOCh, 4To CeBepHOe MoJyllapyue UCHBIThIBAET
TeHJeHI M0 CKaTus, a l0kHoe noJsylapye, HA060pOT, pacliMpeHUs. B JaHHON paboTe aHaJI0rMYHBIE HCCIe0BaHUS
6blIM IPOBeJleHbl Ha OCHOBE TpeX pa3JIMYHbIX MeTo0B. [/l pacueTa cpeiHUX BePTHUKAJbHbIX U3MEHEHUH 3THUX ABYX
MoJIylIapyuil Mbl UCIOJIb30BaJd IoJie CKopocTell B MexayHapogHoi 3eMHol cucteMe koopauHaT (ITRF) B amoxy
2008. Hamu pesysbTaThl NOKasaay, 4To B CeBepHOM MoJylIapuu U3-3a JedpopMalid IPOUCXOAUT pacCIIUpPeHHe CO
cpefiHel CKOpOCTbI0 0K0J10 1 MM/roj, a I0>kHoe nmoJstyiiapre UCIBbITbIBAeT CXKaTHe CO CKOPOCTBIO Ha NOPAJ0K MeHbllle
CKOpOCTH pacminpenus. [locse uckaoyeHUs U3 paccMoTpeHUs 3¢ deKTa NOCTIeJHUKOBOTO OTCKOKA ObLJIO yCTaHOB-
JIEHO, YTO TeMIbl paciiupeHus: U cxatus CeBepHoro u HxHoro mosywmapuil cocraBisitoT 0.46 mM/rog u -0.19
MM/T0Ji, COOTBETCTBEHHO. [I[peobpa3zoBaHie MexAy MOJIIMHU CKOPOCTeH JJI ABYX MeXAYyHapOAHbIX CUCTeM KOOp/H-
Hat ITRF 2008 u ITRF 2000 MoxeT 06'bSICHUTD, IOYEMY pa3Hble aBTOPHI Je/al0T pa3Ju4yHble BBIBO/JbI O XapaKTepe
pacminpenus / cxatus CeBepHoro U H0xHoro noayumapuil. TeM He MeHee, B 1eJIOM, 3eMJISl PACIIUPSETCSA CO CKOPO-
cThi0 OKos1o 0.2 MM/Troj, 4TO COBNajaeT C HAIUMMU NpeAbIAYIIMMH HCCIeA0BaHUSAMU. BblIM paccyuTaHbl TaKxe

CpejHHEe CKOPOCTH U3BMEHEHHA pajruyca 3eMJiM B 3aBUCUMOCTHU OT HHUPOTHI.

Karouesvle ca108a: 3eMHbIe CUCTEMBI KOOpAWHAT, TEKTOHU4YECKHUE ;Led)opmauml, KOCMH4Y€ECKHUE reoiesndeCKre

HaﬁOpr AAHHBIX, paClIMpEHHeEe, CXKaTHe.

1. INTRODUCTION

Based on different methods and different datasets, it
is found that the expansion/compression patterns of
the northern and southern hemispheres of the Earth
are different. Based on geophysical methods and the
tectonic structure, Ma and Chen [1988] and Ma et al.
[2002] declared that the northern hemisphere is in
compression, while the southern one is in expansion.
Sun et al. [2000] calculated the length variation of
the latitude circle in the northern hemisphere and
southern hemisphere and found that the compression
rate of the northern hemisphere amounts to -8 ~
-10 mm/yr, and the expansion rate of the southern
hemisphere is 12~14 mm/yr. Jin and Zhu [2003] calcu-
lated the length variation of the latitude circle in
the southern hemisphere based on the velocity field
under the International Terrestrial Reference Frame in
datum epoch 2000 (ITRF2000) and also found that the
southern hemisphere is in expansion. Besides, they cal-
culated the relative speed of movements of different
plates by Euler’s theorem based on the plate model de-
rived from space geodetic data and concluded that the
southern hemisphere is stretching at a slowing-down
speed. Huang et al. [2002] also used the velocity
field under ITRF2000 to estimate volume variations
of the northern and southern hemispheres and con-
cluded that the volume variations of the northern and
southern hemispheres are -1.57x103 km3/yr and
0.936x103 km3/yr, respectively, which correspond to
the compression rate of the northern hemisphere at -
6.2 mm/yr and the expansion rate of the southern
hemisphere at 3.5 mm/yr. Furthermore, Sun et al.
[2006] obtained similar results by using Very Long
Baseline Interferometry (VLBI) and Global Positioning

System (GPS) solutions provided by the International
Earth Rotation Service (IERS), and they concluded that
the variation rates of the volume in the northern and
southern hemispheres are -2.5428x103 km3/yr and
0.6641x103 km3/yr, respectively, resulting in a total
volume variation of -1.8787x103km3/yr. Based on data
from 617 space geodetic stations under ITRF2000,
Shen and Zhang [2008] found that the volume variation
rates of the northern and southern hemispheres are
-1.3765x103 km3/yr and 1.6517x103 km3/yr, respec-
tively.

Note also that the possible asymmetry in deformation
of the northern and southern hemispheres provides evi-
dence of the variability of the mean radius of the Earth.
One of the first estimates of the secular increase in the
average radius of the Earth in the modern era was 0.22-
0.23 mm/yr [Barkin, Shuanggen, 2007], which to some
extent will announce a more modern determination of
the characteristics [Shen et al, 2011; Wu et al, 2011].
Based on multiple precise geodetic data sets and simul-
taneous estimations of multi-parameters, Wu et al
[2011] stated that, the ITRF2008 origin is consistent with
the mean position of the Earth center of mass (at the lev-
el of 0.5 mm yr-1), and the mean radius of the Earth is not
changing within 1 6 measurement uncertainty of 0.2 mm
yr-L In this regard, of particular interest is the rate of
secular change of average radii of the northern and
southern hemispheres of the Earth in the light of the ex-
pected changes in their contrast in view of the prelimi-
nary conclusions on the basis of the geomodel of the
forced displacement and oscillations of the planet's core
and mantle [Barkin, 2002]. It is the main problem of our
study presented in this paper.

The geodetically observed length variations of
latitude circles of the Earth testify an asymmetry shape
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Fig. 1. Rates of secular change in the lengths of latitudinal circles around the Earth from satellite observations (left graph)
[Barkin, Shuanggen, 2006, 2007] and their correlation with the geometrical shape of the geoid (right graph) [Barkin,

2011].

Puc. 1. CKopocTb BEKOBOT'0 U3MEeHEeHUSs JJIMHbI LIMPOTHBIX OKPYKHOCTEH 3eMJIM 10 CIYTHUKOBBIM JaHHBbIM (rpaduk cie-
Ba) [Barkin, Shuanggen, 2006, 2007] w koppeJsus KoJeGaHUH ¢ reoMeTpuveckod ¢opmoi reomga (rpaduk crpana)

[Barkin, 2011].

variations of the northern and southern hemispheres
as an important consequence of the mantle defor-
mation due to gravitational action of the drifting core
of the Earth [Barkin, 2002; Barkin, Shatina, 2005;
Barkin, Shuanggen, 2006]. The circles are pulled to-
gether in the southern hemisphere and stretched in the
northern hemisphere. Meanwhile, this phenomenon is
also supported by the secular radial motions of geo-
detic observations and the secular geocenter motion
trend towards the Sorth Pole of the Earth. These
relative motions of the Earth shells lead to inverse
changes of the Earth shape which are manifested as
formation of fluxes on the Earth surface as well as the
intensity of many natural processes in the hemispheres
[Barkin, 2002; Barkin, Shatina, 2005]. The secular
asymmetrical change of the Earth hemispheres is an
important signal to the Earth interior activities, such as
relative oscillations or deformations of the core and
mantle induced by the forced core-mantle interaction.
The main consequence of the relative displacement is
evidenced in contrasting changes of tension states of
the mantle layers in the hemispheres. The inertia
moment with respect to the polar axis of the Earth is
increasing in the northern hemisphere and decreasing
in the southern hemisphere. Furthermore, due to the
mantle deformation under a gravitational action of the
displaced core, the centre of the Earth mass tends to
move towards the South Pole with a velocity of 0.9+0.2
mm/yr [Jin, Barkin, Park, 2007]. These secular

differences or drifts result in secular redistribution of
masses in the Earth hemispheres, increasing in the
northern hemisphere and decreasing in the southern
hemisphere.

Deviations of the geoid form relative to the surface
of the ellipsoid (right graph in Fig. 1) are shown in
meters and in the conventionally enlarged scale with
respect to the actual dimensions. Noticeable is the
correlation curve (left graph in Fig. 1) with the shape of
the geoid. Theoretical values of the rates of secular
lengthening of latitude circles are determined by the
following equation [Barkin, Shatina, 2005; Barkin,
2007].

L, = 2mi, = —p - 0.304469 - sinpcosp =
= (—5.47 £ 0.16) - sin2¢p mm/yr. (1)

According to geodynamic concepts [Barkin, 2002] of
changes in the shape of the Earth, its pear-shaped form
is caused by deformations of the mantle due to relative
displacements and oscillations of the planet's core and
mantle [Barkin, 2002]. Asymmetry in variations of
lengths in the southern and northern hemispheres
(right graph in Fig. 2) may be caused by the influence
of another dynamical mechanism, such as spreading
of the lithospheric plates which is most active in
the southern hemisphere. This geomodel provides
clear explanations of a number of geodynamical phe-
nomena, such as observed secular variations of lengths
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servations data (b), and a theoretical dependence (a) obtained on the basis of the solution of the problem of elasticity con-

‘ Fig. 2. Velocities of secular variations of lengths of latitudinal circles of the Earth versus latitudes, according to satellite ob-

cerning elastic mantle deformations under gravitational effect of drifting of the Earth’s core to the north.

KOBBIX HabsoJeHui (b) U TeopeTHieckas 3aBUCUMOCTb (a) Bapualui, MoJiydeHHass Ha OCHOBE pelleHUs 3aJjlaudl TeOpUHU

‘ Puc. 2. CkopocTU BEKOBbIX Bapyalyil AJMHBI IUPOTHBIX KPYroB 3eMJIM B 3aBUCUMOCTH OT IIUPOTHI O JAaHHBIM CIOYTHU-

ynpyroctu o6 ynpyrux gebopManusax MaHTHH NOJ, AeHiCTBUEM IpaBUTALMU IPU CMelLleHU U KOPbl 3eMJIM Ha CeBep.

of latitudinal circles, meridional displacements of
points of the Earth's surface to the north, non-polar
latitude variations, mechanism of formation of low-
velocity zones (LVZ) and their layered structures
(Earth: an average depth of about 145 km; Mars: an
average depth of about 290 km) [Barkin et al, 2012aq,
2012b] and other phenomena.

The dynamic theory [Barkin, 2002] predicts another
subtle effect - contrasting secular variations of the
northern hemisphere average radii (slow growth with
velocity) and the southern hemisphere average radii
(slow down) by deformation of the Earth's mantle
[Barkin, Shatina, 2005]. The dynamic effect is very
small and corresponds to the maximum value of the
strain rate of the hemispheres (near the poles) at about
0.033 mm/yr [Barkin, 2011, 2013; Barkin et al, 2013a,
2013b]. For the secular change of the mean radius of
the latitudinal circle (in dependence from latitude, ¢
and for the accepted velocity of the polar drift of the
core, p =27.44 0.8 mm/yr), the following equation
was derived [Barkin, 2011]:

R, = p-0.001203 - sing =
= (0.03296 + 0.00096) - sinp mm/yr. (2)

There is another effect of changes in the average ra-
dii of the hemispheres - a kinematic effect, which re-
flects the secular drift of the ITRF2008 origin. The kin-
ematic effect is significant and depends on the velocity
of the secular drift of the ITRF origin. In this paper, a
conventional maximum rate of increase of the mean
radius of the northern hemisphere is about 1.8 mm/yr,
and a similar decrease of the mean radius of the south-
ern hemisphere corresponds to this effect. Actually, a

relative motion of ITRF2008 with respect to ITRF2000
is considered mainly along negative direction of polar
axis Z. On the basis of these characteristics, the surface
deformations calculated in this study are in agreement
with our preliminary theoretical estimations. There-
fore, this approach to analyses of deformations of the
Earth surface proves correct.

Note that here we do not directly consider the secu-
lar drift of the center of mass of the Earth and operate
with the base coordinate systems ITRF2000, 2005,
2008. However, based on analysis of satellite obser-
vation data from DORIS system, we obtained an esti-
mate of the polar drift velocity of the Earth center of
mass relative to its mantle (to DORIS base reference
system) at 5.29 mm/yr [Zotov et al, 2009; Barkin,
2010a, 2010b]. Formally, it suggests that ITRF DORIS
moves to the south with respect to ITRF2000 with a
velocity about 3.5 mm/yr. And the main reason for the-
se discrepancies of the coordinate systems may be due
to heterogeneity of the observational data obtained by
other techniques. These important questions about the
reference frames will be considered in our future
works.

This work aims to study the problem of modern
space geodesy in view of identification and determina-
tion of the secular variations of the mean radii of the
northern and southern hemispheres of the Earth due
to deformation of its surface. Theoretical estimates
based on the dynamics of the forced relative displace-
ments of the core and mantle show that the effect of
the radial deformation of the Earth caused by the se-
cular drift of the core relative to the elastic mantle is
small, but obtaining its exact determination is currently
very challenging. However, our research has confirmed
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Table 1. Asymmetric average vertical motion between the northern and southern hemispheres of the Earth

Ta6uauima 1. AcMMMeTPpUYHBIE CpeJHNE BePTUKAIbHbIE ABIKEHUS MexKAY CeBepHBIM U H0KHBIM MOJTyIIapUIMHU

3eMmuu

Method Average vertical variation rate of the
radius of the northern hemisphere,

mm/yr (461 stations)

Average vertical variation rate of the
radius of the southern hemisphere,
mm/yr (168 stations)

Average vertical variation rate of
the radius of the whole Earth,
mm/yr (629 stations)

PGR not PGR PGR not PGR PGR not PGR
subtracted subtracted subtracted subtracted subtracted subtracted
Shen et al. [2011] - - - - 0.539+0.052 0.238+0.037
Area method 1.003+0.073 0.490+0.050 0.038+0.050 -0.034+0.048 0.539+0.052 0.238+0.037
Virtual equator 1.140+0.074 0.531+0.050 0.029+0.047 -0.074+0.042 0.604+0.050 0.239+0.035
station method
Griding method 0.955+0.010 0.462+0.007 -0.125+0.005 -0.194+0.004 0.386+0.008 0.117+0.006
(1°x1°grid)
Weighted average  0.959+0.017 0.464+0.012 -0.122+0.009 -0.192+0.007 0.395+0.014 0.123+0.010

correctness of the basic conclusions concerning the
discussed phenomena: 1. The Earth's surface defor-
mation at the level of order 0.2 mm/yr (Table 1); 2.
Contrast surface deformations of the Earth's northern
and southern hemispheres (Table 2); 3. A curve of
changes of mean radii of latitudinal circles, which is
constructed on the basis of observation data. The ob-
tained results reveal new features in the geodesic
changes of the Earth shape and provide an important
confirmation of the considered basic geodynamic mo-
del of forced displacements and relative oscillations of
the Earth's core and mantle [Barkin, 2002].

In this paper, the position and velocity data ob-
tained from the stations under ITRF2008 are used to
estimate average vertical variation rates for both hemi-
spheres. After introducing the datasets used in this
study in Section 2, we describe the method for estima-
ting the average vertical variation rates for the hemi-
spheres in Section 3. The results and relevant discus-
sions are presented in Section 4, and the conclusion is
stated in Section 5.

2.DATA

In this study, the velocity field of the Earth surface is
given according to ITRF2008 [Altamimi et al, 2011].
ITRF provides information on positions and velocities
of a set of stations. The techniques include GPS, VLBI,
Satellite Laser Ranging (SLR) and Doppler Orbito-
graphy and Radiopositioning Integrated by Satellite
(DORIS). The latest version of ITRF is ITRF2008, in-
cluding 1572 station records. However, some of these
records belong to a same station, and in fact data from
only 935 different stations are available. In addition, to
transform the coordinates between terrestrial refe-
rence frames set up by different techniques, some sta-

tions are set up in a very small area. In our study, these
stations are viewed as one station, i.e. a representative
station, the position and velocity of which are deter-
mined by the weighted average of all the records at
such stations. After such preprocessing, data from 845
stations are under study [Shen et al, 2011]. Further-
more, stations located in the orogen belts are not used.
The information about the orogen belts considered in
this study is from PB2002 [Bird, 2003] plate model,
which includes 13 orogen belts. Besides, stations that
have absolute vertical velocity larger than 0.02 m/yr
are removed since so large vertical motions are consi-
dered as having nothing to do with the global-size
movement [Shen et al, 2011]. Thus, data from 629 sta-
tions are used for further calculations.

The post-glacial rebound (PGR) has contribution
to the vertical movements of the stations. The PGR
data used in this study are taken from website
(http://grace.jpl.nasa.gov/data/pgr/) [Paulson et al,
2007]. For each station on the surface of the Earth, its
vertical motion due to PGR is calculated as follows:

Vogr = X Cio Pro(0) + X3 X (Gl cosmA +

+SP., cosmA) P, (6), (3)
where CF,, CP.. and SF., are spherical harmonic coef-
ficients obtained from the grid value of the uplift rate in
the PGR model (from website http://grace.jpl.nasa.
gov/data/pgr/; see Paulson et al. [2007]), P,,(6) and
P, (8), are normalized Legendre functions. Estimation
of PGR effects based on the PGR model is described in
detail in [Shen et al, 2011].

3. METHODS

To estimate the average vertical velocity of each
hemisphere, three different methods are used: (1) area


http://grace.jpl.nasa.gov/data/pgr/
http://grace.jpl.nasa.gov/data/pgr/
http://grace.jpl.nasa.gov/data/pgr/

W.-B. Shen et al.: Estimation of the asymmetric vertical variation...

T able 2.Mean variation rate of radius at different latitude

Ta6auima 2.CpegHsaAss CKOPOCTh BapuanMii paguyca Ha pa3HbIX IIUPOTaX

Latitude (degree)

Average vertical variation over latitude circle

PGR not subtracted (mm/yr)

PGR subtracted (mm/yr)

90 4.073+£0.085 2.129+0.085
80 3.741+0.102 2.637+0.103
70 2.730+0.101 1.832+0.057
60 1.986+0.177 0.192+0.076
50 0.340+0.088 -0.080+0.081
40 0.123+0.055 0.487+0.058
30 -0.326£0.045 -0.114+0.040
20 -0.186+0.087 0.072+0.090
10 -0.279+0.093 -0.074+£0.095
5 -0.237+0.084 -0.058+ 0.085
-5 -0.282+0.071 -0.158+0.070
-10 -0.368+0.068 -0.275£0.066
-20 0.198+0.031 0.265+0.028
-30 0.247+0.047 0.266+0.043
-40 -0.389£0.065 -0.444+0.056
-50 -0.501+0.046 -0.501+0.040
-60 0.512+0.080 0.267+0.067
-70 -0.106+0.057 -0.488+0.060
-80 -1.369+0.033 -2.431+0.025
-90 -3.005+0.418 -4.251+0.418
method; (2) virtual equator station method; (3) grid- v _xiPMvi v _ st (5)
ding method. northern = Ty pN v TU T mZ

3.1. AREA METHOD

For each small spherical triangle, its representative
velocity v, is calculated as follows:

Vatvpt+v,
vy = AR @)

where vy, vg, Vo are vertical velocities of three end
nodes of the given spherical triangle. The variance m,z,tr
of v, is calculated based on the error propagation law.

To estimate the average vertical velocity of a hemi-
sphere, SDTIN (Spherical Delaunay Triangular irregu-
lar network) is set up for the space geodetic stations
[Renka, 1997]. The triangles thus formed can be classi-
fied into three types:

Type 1: All nodes are located in the northern hemi-
sphere (888 spherical triangles, accounting for 70.8 %
of the total number of spherical triangles);

Type 2: All nodes are located in the southern hemi-
sphere (300 spherical triangles, accounting for 23.9 %
of the total number of spherical triangles);

Type 3: Nodes are located at both sides of the equa-
tor (66 spherical triangles, accounting for 5.3 % of the
total number of spherical triangles).

To calculate the average vertical motion v,,p;¢thern Of
the northern hemisphere, for example, triangles of
Type 1 and Type 3 are used, and the equation is as fol-
lows:

where SY is the spherical area of the i-th triangle; m?,i

is the variance of the i-th triangle; P} is the weight of
the i-th triangle; v; is the average vertical velocity cal-
culated from vertical velocities at three endpoints of
this spherical triangle. It should be noted that if trian-
gle of Type 3 is used in equation (5), S is the area oc-
cupied by the given triangle in the northern hemi-
sphere. The average vertical motion of the southern
hemisphere is calculated by the same process.

3.2. VIRTUAL EQUATOR STATION METHOD

In the virtual equator station method, each spherical
triangle of Type 3 mentioned above is further divided
into four small triangles, each being of Typel or Type 2.
Then all the triangles of Type 3 are transformed to tri-
angles of Type 1 or 2, and each hemisphere is thus cov-
ered by one SDTIN. The process to calculate the general
vertical motion of a hemisphere is thus similar to the
calculations of the general vertical motion of the whole
Earth, although SDTIN used here covers one hemi-
sphere instead of the globe.

To divide a triangle of Type 3 into triangles of Type
1 or 2, virtual stations are added in each triangle of
Type 3 (Fig. 3). The position of each virtual station is
obtained by calculating the crossing point of one spher-
ical line of this triangle and the equator. In each trian-
gle of Type 3, only two spherical lines will cross the



Geodynamics & Tectonophysics 2015 Volume 6 Issue 1 Pages 45-61

—(O—Real Stations
1 —— Virtual Stations

I Fig. 3. Spherical triangle. Real stations are shown by circles, and virtual stations are shown by squares.

I Puc. 3. Cdepuyeckuil TpeyroysbHUK. PeasibHble CTAHIUU IOKA3aHbl KPYKOUYKAMU, BUPTYaJbHbIE — KBa/[paTHUKAMHU.

equator, and the third spherical line does not cross the
equator (Fig. 3), except for the case that one spherical
line coincides with the equator (but in this case the tri-
angle belongs to Typel or 2). The vertical velocity for
each virtual station is obtained by interpolation from
the vertical velocity of endpoints of the spherical line
on which the virtual station is located (Fig. 3):

Livitlv,
Vi —_——_—
vir L+l

(6)
where 1 and 2 represent the two end points of the
spherical line; vir means a virtual station; v,,;,- is the
vertical velocity of the virtual station; v; and v, are
vertical velocities of two endpoints on the spherical
line; I; and [, are lengths along the great circle be-
tween the virtual station and endpoints 1 and 2, re-
spectively.

3.3. GRIDDING METHOD

In the gridding method, a global SDTIN is set up si-
milar to the two methods described above. A grid net-
work is set up with an equal longitude/latitude interval
(Fig. 4). At each grid point, a virtual station is added. Its
vertical velocity is calculated from vertical velocities of
the three endpoints of the spherical triangle in which
the virtual station is located (Fig. 5). Then, the average

vertical motion of the surface of the globe or a hemi-
sphere is calculated on the basis of the vertical veloci-
ties of all the grid points.

Interpolation of the vertical velocity of a grid point
in a spherical triangle is similar to interpolation of the
vertical velocity of a virtual station on a spherical line:

L1V1+lv,y+13Vv3

Voria = =1 44, (7)

where vg,4 is the vertical velocity of the grid; vy,v,
and vy are vertical velocities of the three endpoints of
the spherical triangle; [;,l, and [; are length weight
factors related to the distance between the endpoint i
(i=1,2,3) and the grid point ( Fig. 5). The determination
of the length weight factors are described in the sequel.

Real stations are denoted by circles, and a virtual
station (the grid node as shown in Fig. 5) is denoted by
a square. A line connecting real station 1 and virtual
station ‘X’ on the surface of the sphere forms a great
circle arc. Intersection between this great circle arc and
the great circle arc connecting endpoints 2 and 3 is de-
noted as point 4.

We take /1 as an example. A line connecting end-
point 1 and gird point ‘X’ forms a great circle arc (Fig.
5). A line between endpoints 2 and 3 forms the second
great circle arc. The extension of the first great circle
arc crosses the second great circle arc since the grid
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—(O—Real Stations
—o— Grid node inside a spherical triangle

—— Gr1d node 0uts1de a spher1ca1 triangle

e
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I Fig. 4. Grid network and spherical triangle.

I Puc. 4. PemieTyaTtas ceTb U chepuiecKuil TpeyrojabHUK.

point is located inside the spherical triangle. Denoting
the crossing point as point 4, the length of the great
circle arc between endpoint 1 and point 4 is denoted as
l14, and the length of the great circle arc between grid
point ‘X’ and point 4 is denoted as /. Then, /1 is calcu-
lated as follows:

la

=2 (8)

l14

After a grid network is generated, the average verti-
cal motion v of the surface of the globe or a hemisphere
can be calculated as follows:

i i
Xi Pgridvgrid i

st
— grid
V= ’ rid = 2 ’ 9)
YiP, grid g mvi
grid

where vg

by equation (7); mﬁgﬂd, Sgria and

ria 1S the vertical velocity of the i-th grid given

i -
Y Py.iq are respectively

the covariance of the vertical velocity, the spherical ar-
ea and the weight of this grid. The region represented
by the grid is a spherical parallelogram bounded by
two neighboring longitude lines and two neighboring
parallel latitude lines (see Fig. 4).

4. RESULTS OF THE ASYMMETRIC VERTICAL VARIATION

4.1. EXPANSION IN THE NORTHERN HEMISPHERE AND
COMPRESSION IN THE SOUTHERN HEMISPHERE

The average vertical variations of the northern and
southern hemispheres are estimated using the vertical
velocities recorded at 629 stations, and based on the
methods described in Section 3, we calculated expan-
sion/compression rates for the two hemispheres of the
Earth (see Table 1).

Calculations by the three different methods yield
consistent average variation rates of the radius of the
northern hemisphere. This suggests that the general
vertical variation of the northern hemisphere is around
1 mm/yr, which reduces to 0.5 mm/yr after the PGR
effect is subtracted. Our calculations also show that the
general vertical variation rates of the southern hemi-
sphere based on the three different methods are me-
thod-dependent (see Table 1), which might be due to
the fact that the stations in the southern hemisphere
are few in number and uneven in distribution. Howev-
er, the average vertical variation rate of the southern
hemisphere suggests that the southern hemisphere is
in compression, with a magnitude one order smaller
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—(O=—Real Stations
1 ——Grid Node

.+) —¥— Crossing Point

I Fig. 5. Interpolation of the vertical velocity for the grid point inside the spherical triangle 1-2-3.

| Puc. 5. MnTepnonsius BepTHKAIBHON CKOPOCTH IS TOYKH CETH BHYTPH ChEpPHYECKOro TPeyroJbHUKa 1-2-3.

than the expansion rate in the northern hemisphere.
However, regardless of the calculation method, it is
noted that the entire Earth is in expansion. The expan-
sion rate of the entire Earth, which is calculated by ei-
ther the area method or the virtual equator station
method, is very close to the result published in [Shen et
al, 2011], which is obtained by the gridding method
and is slightly lower than the rates obtained by the
other two methods. This demonstrates that different
methods may give different results, but in the same
magnitude (see Table 1).

In the previous studies related to the average ver-
tical variation rates of the two hemispheres, the
southern hemisphere is considered in expansion, while
the northern one is in compression [Jin, Zhu, 2003;
Shen, Zhang, 2008; Sun et al, 2000, 2006]. Such a diffe-
rence might be caused by the difference in time spans
represented by the available data. A possible explana-
tion might be that the northern hemisphere expe-
rienced the impacts from compression to expansion,
while the southern one experienced the opposite pro-
cess. This also explains why the expansion rate in the
southern hemisphere is slowing down as noted in the
previous studies [Jin, Zhu, 2003]. A more detailed dis-

cussion is given in Section 4.3. In section 4.2, we first
discuss the dependence between the mean radii secu-
lar changes of latitude circles and latitudes.

4.2. VARIATION OF THE RADIUS WITH RESPECT
TO LATITUDE CIRCLES

To further explore the details of the general vertical
motion of the two hemispheres, the variation rate of the
Earth’s radius is calculated with respect to the variations
of the latitude circles. Previously, similar studies [Jin,
Zhu, 2003; Sun et al, 2000; Barkin, Shuanggen, 2006,
2007] have addressed the calculations of the length
variation of a latitude circle. Since the distribution of the
stations on the Earth surface is very uneven, not enough
stations are located on or near a given latitude circle.
In this study, we apply the grid network of the virtual
stations constructed in Section 3.3. Since the grid net-
work is generated equidistant along latitude direction,
and the average vertical variation rate along this latitude
circle can be easily calculated by the weighted average
of the vertical velocities of all of the grid-crossing points
on this latitude circle. Applying the method descri-
bed by Sun et al. [2000] and Jin and Zhu [2003] will
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Table 3.Transformation parameters concerning different ITRFs

Ta6xauuma 3.Mapamerpsbl TpaHcPopManuu A pa3Hbix ITRF

Transformation T1(mm) T2(mm) T3(mm) D(10-°) R1(mas) R2(mas) R3(mas)

parameters

From To

ITRF2008 ITRF2005 Value -0.5 -0.9 -4.7 0.94 0.000 0.000 0.000
Uncertainty +0.2 +0.2 0.2 +0.03 +0.008 +0.008  +0.008
Variation rate/yr 0.3 0.0 0.0 0.00 0.000 0.000 0.000
Uncertainty of variation rate/yr +0.2 +0.2 +0.2 +0.03 +0.008  £0.008 +0.008

ITRF2005 ITRF2000 Value 0.1 0.8 -5.8 0.40 0.000 0.000 0.000
Uncertainty of value +0.3 +0.3 +0.3 +0.05 +0.012  £0.012  x0.012
Variation rate/yr -0.2 0.1 -1.8 0.08 0.000 0.000 0.000
Uncertainty of variation rate/yr +0.3 +0.3 +0.3 +0.05 +0.012  £0.012  #0.012

N o t e. The transformation parameters from ITRF 2008 to ITRF 2005 are from Altamimi et al. [2011]. The reference epoch for this trans-
formation is 2005.0. The transformation parameters from ITRF 2005 to ITRF 2000 are from http://itrf.ensg.ign.fr/ITRF_solutions/index.

php. The reference epoch is 2000.0.

[Ipu™edatu e [lapamerpsl npeo6pazoanus u3 ITRF 2008 B ITRF 2005 B3aThI U3 paboThl [Altamimi et al., 2011]. KoHTpoJsibHas faTa
[ 3Toro npeo6pasoBanus — 2005.0. [lapameTpsl npeo6paszoBanus u3 ITRF 2005 B ITRF 2000 B3sTh ¢ caitta http://itrf.ensg.ign.fr/ITRF_

solutions/index.php. KonTposibHas gata - 2000.0.

not change the result because the grid-crossing points
are equidistant on the latitude circle.

Without loss of generality, the average vertical vari-
ation rate along a latitude circle is estimated based on
the vertical variation of the 1x1 grid network (Table 2,
Fig. 6).

Both large expansion and compression regions are
revealed in the high latitude areas in northern hemi-
sphere and southern hemisphere respectively, and
smaller expansion/compression regions are revealed
in the low latitude areas. It can thus be generally con-
cluded that expansion/compression is not uniform
considering the entire Earth.

4.3. MOVEMENT OF THE ITRF REFERENCE FRAME AS A MOTION OF
THE MANTLE RELATIVE TO THE EARTH CENTER OF MASS

Each ITRF is set up by using certain stations in a
specified time periods. So the variation of the Earth’s
surface can be estimated by comparing different ITRFs
if a certain approach is applied. The seven transfor-
mation parameters (three translation-, three rotation-,
and one scale-factor parameters) between ITRF2000
and ITRF2005 and those between ITRF2005 and
ITRF2008 are listed in Table 3 (according to website
http://itrf.ensg.ign.fr/ITRF_solutions/index.php).

From Table 3, we find that the magnitude of
T3 (translation in Z direction) is negative either in
the transformation parameters from ITRF2008 to
ITRF2005 or from ITRF2005 to ITRF2000, and it is
about -5 mm. However, the variation rate of T3 is
zero from ITRF2008 to ITRF2005 and negative from
ITRF2005 to ITRF2000.

From Table 3 we can see the relative positions and

displacements of the terrestrial coordinate systems
ITRF2000, ITRF2005, and ITRF2008. Coordinate sys-
tem transformations are regarded as translational dis-
placement of the position of coordinate system
ITRF2000 against coordinate system ITRF2005, coor-
dinate system ITRF2005 position against coordinate
system ITRF2008, along the polar axis of the Earth with
velocities estimated as 1.8 mm/yr and zero, respective-
ly.

If the ITRF2008 origin is compared to the Earth cen-
ter of mass, according to our geomodel, the Earth's
mantle moves northward relative to the Earth center of
mass at a velocity estimated as 5.29 mm/yr [Zotov et
al, 2009]. For the analysis of changes in the Earth's
mantle deformation, the radial velocity components
at the stations due to the drift of the Earth center of
mass, V-cos@; should be subtracted from the radial
components of the velocity field at stations under
ITRF2008.This yields the calculated radial velocity at
the stations due to the secular drift of the center of
mass:

@ _
Vi 2008 = Vi2008 — Vccosb; .

(10)

After subtracting the drift influence due to the mass
center motion, we obtain the corresponding model sur-
face deformations of the Earth.

Changes of the Earth shape lead to two effects, in-
cluding the kinematic effect caused by secular southern
drift of the Earth center of mass relative to the mantle.
It is fully described, if given the drift velocity center of
mass relative to the mantle at given epoch. This is given
in the parameters of the relative translational dis-
placements of systems ITRF2000, 2005, 2008 and


http://itrf.ensg.ign.fr/ITRF_solutions/index.php
http://itrf.ensg.ign.fr/ITRF_solutions/index.php
http://itrf.ensg.ign.fr/ITRF_solutions/index.php
http://itrf.ensg.ign.fr/ITRF_solutions/index.php
http://itrf.ensg.ign.fr/ITRF_solutions/index.php
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Variation of radius

Rate of variation(m/a)
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Variation of radius with PGR removed
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Fig. 6. Variation of the radius with respect to the variation of the latitude circle.

Large uplift is found in the high latitude area in the northern hemisphere, while large decline is found in the high latitude area in the
southern hemisphere. The results for the low latitude area reflect small vertical movements. Vertical variations of the radius along the
latitude circle: (a) without considering the PGR effect, and (b) after the PGR effect is subtracted.

Puc. 6. Bapuanuuu paguyca OTHOCUTENBHO Bapyaliil IIMPOTHOTO KpyTa.

CubHOe yBeJIMYeHHe YCTAaHOBJIEHO B pailoHe BBICOKHX LIMPOT B CeBEpHOM MOJIYIIAPHH, IPU 3TOM CHUJIbHOE CHM)KeHHE YCTaHOBJIEHO B
palioHe BBICOKHUX WIMPOT B lOkHOM moJsiymapuu. Pe3ysbTaT no palloHy HHU3KHUX IIHPOT OTPakaeT MeJIKHe BepTUKaJbHble JABMKEHUS.
BepTukasbHble BapHaluy paJyyca 1o LIKPOTHOMY Kpyry: (a) MOCT/IeJHUKOBBIA OTCKOK He yzaajeH; (b) mocT/iefJHUKOBBINA OTCKOK y/a-

JIEH.

adopted in this paper as approximately equal to 1.8
mm/yr (Table 3). Determination of the velocity of the
Earth center of mass relative to its mantle by a dif-
ferent approach gives a higher value about 5.29 mm/yr
[Zotov et al, 2009]. In this case, the displacement of the
center of mass is determined with respect to the refer-
ence coordinate system of the mantle.

One may consider the second effect of the change in
the mean radii of the Earth hemispheres, which is
caused by deformation of the surface of the mantle due
to the gravitational effect of displacement of the center
of mass [Barkin, Shatina, 2005]. According to our theo-
retical (dynamic) estimates, this effect is very small,
about 0.014 mm/yr in the northern hemisphere, and
about -0.014 mm/yr in the southern hemisphere (near
the poles).

In this paper, we consider that the vertical dis-
placements of the surface points under coordinate sys-
tem ITRF2008 are mobile and closely related to the
drifting center of mass of the Earth relative to the man-

tle. To consider only the effects of the surface defor-
mation, we have to subtract radial components caused
by the secular drift of the Earth center of mass from
vertical components of the velocities of all points on
the surface (ITRF2008 against ITRF2000).

A simple equation is used:

V; = Vccos0; = 1.8 cosf; mm/yr,

where angle 8 is a co-latitude; i is station’s number.
With such adjustments in the vertical components, we
obtain parameters of changes of the Earth surface in
some of the original coordinate system (in our case, in
ITRF2008 (d)). As a result, we can determine the aver-
age vertical velocity of points on the Earth surface in
the northern and southern hemispheres, and construct
a curve of the vertical components versus latitudes.
Radial velocity components of stations P; with re-
spect to the two coordinate systems, i.e. ITRF2008 (d)
(actual starting at the center of the Earth at given
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epoch ) and ITRF2008 (actually with the origin at the
center of the Earth at epoch 2008.0), are related by
equation (10). Radial velocities of the stations under

ITRF2008 (d), VE,(zdo)os' represent the sum of two compo-

nents. One of them corresponds to the observed chan-
ges in the Earth surface, V; 5905, and the second is relat-
ed to the drift of the center of mass of the Earth. Our

N (@
task - to study the velocity field Vg

northern and southern hemispheres. V; ;003 are ob-
served velocities of the stations. They are known for
certain errors. With respect to ITRF2000, the origin of
ITRF2008 is characterized by a permanent southern
trend with velocity V; = -1.8 mm/yr (see ITRF web-
site). Thus, the radial velocities of the monitoring sta-
tions under ITRF2008 (d) describe the changes in the
Earth shape, but with respect to the moving coordinate
system ITRF2008, the origin of which can be approxi-
mated to match the center of mass of the Earth in a cer-
tain era as close to the average in 2008 [Wu et al,
2011].

We can formulate an additional task of determining
the velocity of the center of mass from geodetic data
on the secular vertical velocities of the stations under
ITRF2008, i.e. determining velocity V; under conditions
that the average rate of change of the radii of the
hemispheres is negligible, as mentioned above, i.e.
0 = V2008 — Vccos0; .

In accordance with our constructions and the model
ITRF2008, the Earth mantle is moving along the Z
direction to the north with a constant velocity of
1.8 mm/yr with respect to the center of mass of the
Earth. Such motion will not affect the result whether
the entire Earth is in expansion or compression since
the contribution to the volume variation of the entire
Earth at any point due to the motion of this point can
be compensated by the contribution to the volume va-
riation due to the motion of the opposite point. Yet the
average vertical variation of each hemisphere will be
influenced. Since there is a general motion of the Earth
mantle to the north relative to the Earth center of mass,
we can explain why our conclusions (expansion in the
northern hemisphere and compression in the southern
hemisphere) are different from those in the previous
studies.

Suppose there is a moving trend of the Earth’s mass
center to the south in Z direction relative to the mantle,
and the magnitude of that motion is 1.8 mm/yr (Table
3). Such a magnitude is also found reasonable as shown
in Fig. 6. If the Earth’s mass center is indeed moving
along the negative Z direction relative to the Earth
mantle, the high latitude area in the northern hemi-
sphere is in uplift, while the high latitude area in the
southern hemisphere is in decline.

One should also consider a model with translational
displacement of the Earth center of mass to the south

- focuses on the

with velocities of 1.8 mm/yr and 5.29 mm/yr. Also,
determination of the velocity of the Earth center of
mass relative to the mantle suggests slight deforma-
tions in the hemispheres. It is assumed that the dis-
cussed phenomena of deformations of the hemispheres
are due to kinematic effects of relative offset of the
mantle to the Earth center of mass.

Obviously, vertical variation (along the plumb line)
caused by the Z-direction motion becomes smaller and
smaller from higher to lower latitude areas if the vo-
lume of the entire Earth holds invariant. Hence, due to
the above mentioned moving trend (1.8 mm/yr) of the
Earth’s mantle along the Z direction with respect to the
Earth center of mass, calculations show that the nor-
thern hemisphere is in expansion at a maximum rate of
0.9 mm/yr, and the southern hemisphere is in com-
pression at a rate of -0.9 mm/yr. There are other de-
formations caused by other processes. Now, we find
that, in one system, the northern hemisphere is in ex-
pansion and the the southern hemisphere is in com-
pression, while in another system, the northern hemi-
sphere is in compression and the southern hemisphere
is in expansion. Hence, we can conclude that consider-
ing the expansion/compression pattern of one hemi-
sphere is irrelevant.

To further confirm our conclusion, we recalculate
the average vertical variation along the latitude follow-
ing the method described in Section 4.2. This time we
subtract the quantity of 1.8 mm/yr from the velocity
field in Z direction for every station. Then, the average
vertical variation along the latitude will be changed,
as shown in Fig. 7, from which we can see that the
northern hemisphere is in compression, while the
southern hemisphere is in expansion. This conclusion
is in accordance with results published in [Jin, Zhu,
2003; Shen, Zhang, 2008; Sun et al., 2000, 2006].

Exactly to say, after a trend in the velocity in Z di-
rection of about 1.8 mm/yr is removed, the southern
hemisphere is in expansion at a rate of 0.708+0.007
mm/yr, while the northern hemisphere is in compres-
sion at a rate of -0.436+0.012 mm/yr. This is in ac-
cordance with the conclusions stated in the majority of
the previous studies [Jin, Zhu, 2003; Sun et al, 1997,
2000, 2006]. Hence, the different expansion/compres-
sion patterns given in this study and the previous stud-
ies may be attributed to the average motion in Z direc-
tion of the Earth mantle with respect to the Earth cen-
ter of mass. Although the previous studies show that
the southern hemisphere is in expansion, the expan-
sion rate is found to be slowing down. If this trend is
kept for a certain period, the southern hemisphere
would be found in compression as concluded in this
study. The case for the northern hemisphere may just
be the opposite. One may explain the asymmetric ex-
pansion of the two hemispheres by the relative drift
between the core and mantle [Barkin, 2010a, 2010b;
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Fig. 7. Variation of the radius after a trend in Z direction is removed.

Large uplift can be found in the southern hemisphere, while large decline can be found in the northern hemisphere. Vertical variations of
the radius along a latitude circle: (a) without considering the PGR effect, and (b) after the PGR effect is subtracted.

Puc. 7. Bapuanuu paguyca nocJe yajeHus TpeH4a B HallpaBJIeHUH Z.

CubHOe yBesTMdYeHHe MOXHO 06HApyKUTh B H0’)KHOM noJiylapuu ¥ cu/ibHOe CHIKeHHe B CeBEpHOM MOJIyIIapuy. BepTukaibHbIe Bapu-
alMy paguyca 1o LUPOTHOMY KpyTy: (a) MOCT/IeAHUKOBBIH OTCKOK He yJaJieH; (b) MocT/ieJHUKOBBIA OTCKOK yZAaJeH.

Barkin, Shuanggen, 2006, 2007; Goncharov et al, 2012,
2014], but we left this problem as open.

Here we note that this study only considered the
translation parameters listed in Table 3, because the
consideration here focuses on the possible explanation
for the expanding northern hemisphere and the com-
pressing southern hemisphere instead of the opposite
expansion/compression pattern described in the
previous studies [Jin, Zhu, 2003; Shen, Zhang, 2008; Sun
et al, 2000, 2006]. As a remark, the variation of scale
factor D (see Table 3) may also influence the magni-
tude of expansion/contraction of the two hemispheres.
However, the contribution to expansion/contraction
caused by the scale variation is too small to be consi-
dered at present.

4.4. VARIATIONS OF THE MEAN RADIUS IN LATITUDINAL BELTS,
DEPENDING ON LATITUDES

Asymmetric expansion is noted in variations of the
mean radius of the planet in individual latitude belts
towards the northern and southern hemispheres. For
the wide area of equatorial and mid-latitudes, the secu-

lar medium velocity of radii of latitudinal belts is small,
and in the polar regions, there is a tendency of increa-
sing velocities (in absolute value)with trends of oppo-
site signs for the northern and southern hemispheres.
Velocities in the circumpolar regions of the northern
hemisphere grow in accordance with the increase of
the mean radii, and vice versa in the southern hemi-
sphere, in accordance with the decrease of the mean
radii (Fig. 7).

There is no complete agreement between the theo-
retical estimates of average rates of slow changes in the
mean radii of the northern and southern hemispheres
with the values obtained from observation data (see
Table 1). However, the smallness of the effect is actual-
ly confirmed in the secular variation of the radius, for
example, compared with secular changes in the lengths
of latitudinal circles. To obtain more precise determi-
nations of the considered characteristics, longer series
of observations and further research are required.

A good correlation is revealed for the latitudinal
secular variations of the mean radii of the circles, both
theoretical and observed, for field latitudes 60S - 60N.
However, at the high latitudes (polar regions), the
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observed contrasting (opposite sign) changes in the
average radii of the circles of the latitude appear in
the range of velocities about 2-4 mm/yr (Figures 6
and 7).

Thus, the predicted theoretical phenomena associ-
ated with the radial Earth surface changes are ex-
plained in general. In future studies, the conclusions
presented here will be further developed with refe-
rence to updated and more accurate observation data
and improved models showing deformation of the
Earth’s surface.

5. CONCLUSION

Many processes contribute to movements of the
Earth surface. Expansion/compression patterns of the
northern and southern hemispheres attract attention
of many scientists. In this study, we use the velocity
field under ITRF2008 to estimate the vertical variation
of the surface of the two hemispheres.

Our research has confirmed that the basic conclu-
sions on the discussed phenomena are correct: 1. The
Earth's surface deformation about 0.2 mm/yr (see
Table 1); 2. Contrasting deformations of the Earth sur-
face in the northern and southern hemispheres, i.e.
slow increase in the mean radius of the northern hemi-
sphere and slow decrease of the average radius of the
southern hemisphere (see Table 2); 3. The established
curve of changes of the mean radii of the latitudinal
circles based on the observation data agrees qualita-
tively with the previously constructed theoretical curve
(see Fig. 6).

In this study, the obtained results reveal new fea-
tures in geodesic changes of the Earth shape and pro-
vide an important confirmation of the considered basic
geodynamic model of the forced displacements and the
relative oscillations of the Earth core and mantle [Bar-
kin, 2002].

In contradiction to the conclusions made in the pre-
vious studies, we found that the northern hemisphere
is in expansion at a rate of 1 mm/yr, while the southern
hemisphere is in compression at a rate one order
smaller than the expansion rate of the northern hemi-
sphere. Besides, when the PGR effect is considered, the
expansion rate of the northern hemisphere amounts to
0.464+0.012 mm/yr, and the compression rate of the
southern hemisphere is -0.192+0.007 mm/yr. As a
whole, the Earth is expanding, and this conclusion cor-
relates with the previous study by Shen et al. [2011].
The different expansion/compression patterns de-
scribed in this study and the previous studies may be
attributed to the general motion of the Earth’s surface
in Z direction relative to the center of the Earth. For
instance, concerning that Shen and Zhang [2008] used
the coordinates and velocities of the stations under

ITRF2000, and referring to Table 3 and the above dis-
cussions, it is clear why they concluded that the south-
ern hemisphere is in expansion and the northern hemi-
sphere is in compression.

The general motion of the Earth’s surface along the
positive Z direction with respect to the Earth center of
mass may be viewed as an observable effect resulting
from expansion in the northern hemisphere and com-
pression in the southern hemisphere. Variation of the
transformation parameters may be attributed to many
different sources, such as the distribution of stations
and actual movement of the Earth surface in a certain
period, and the center variation of the Earth. In this
study, we have tried to explain the variation of the
transformation parameters by suggesting a possibility
of expansion in the northern hemisphere and compres-
sion in the southern hemisphere at present, although
it contradicts with the results of the previous studies
[Jin, Zhu, 2003; Shen, Zhang, 2008; Sun et al, 2000,
2006]. However, as pointed out previously, a conside-
ration of expansion/compression of one hemisphere
rather than those of the entire Earth is hardly signi-
ficant.

Based on this study, the entire Earth is expanding
at a rate about 0.2 mm/yr, and this conclusion coin-
cides with the previous studies [Chen, 2000, Shen et al,
2011]. However, the above mentioned space geodetic
calculation approach [Altamimi et al, 2011] might be
only suitable in land area. We have just tried to extend
the datasets to ocean region by interpolation. Since
some stations are located quite far from each other,
interpolation of the velocity in the ocean area based on
the stations located on land may induce possible bias.
Whether such interpolation is valid should be con-
firmed by other methods. Another study of us [Shen et
al, 2012] confirmed the validity of the velocity interpo-
lation over the ocean region using the evidences of the
sea level rise observations and thermal expansion es-
timate of the ocean, which suggests that the expansion
rate in the ocean area is about 0.71+0.65 mm/yr. The
accuracy is very poor, due to the fact that the present
observations of the sea level rise are relatively rough
[Nicholls, Cazenave, 2010], the estimates of the sea level
rise caused by the temperature variation of the ocean
water [Albritton et al, 2001] are not accurate enough,
and many uncertain factors are beyond considerations.
Detailed investigations about the expansion in oceanic
areas are beyond the scope of this study.

Finally, as a remark, we note that Wu et al. [2011]
stated that the Earth does not expand because they
provided an estimate of the Earth expansion rate at
0.1+x0.2 mm/yr. However, Wu et al. [2011] used a dif-
ferent approach compared to the one used by Shen et
al. [2011] and in the present study. They used observa-
tions (VLBI, SLR, GPS) to estimate multi-parameters
(including for instance the motion of MC, rotations of



plates, Love numbers, etc.) simultaneously, and the
‘expansion rate’ is only one of the multi-parameters.
Hence, the accuracy of the parameter termed ‘Earth
expansion rate’ is severely compromised. In our study,
it is assumed that the expansion of the Earth is global.
Every vertical movement of any station has its contri-
bution. With the increase of the measurements global-
ly, the accuracy of the estimated average global vertical
movement will be gradually improved. In our opinion,
since the focus of the study by Wu et al. [2011] is on
estimating mass center motion, Earth expansion rate,
motion of plates, and other parameters simultaneously,
using the observed velocity field on solid Earth surface,
the accuracy of the Earth expansion rate is severely
compromised as mentioned above. However, if we only
concentrate on estimating the Earth expansion (just
like Shen et al. [2011] and the present study), using the
same observations, the accuracy will be much higher.
This is the reason why the accuracy of our results is
much higher than that in [Wu et al, 2011]. For instance,
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suppose the mass center (MC) has no motion, but the
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1. INTRODUCTION

In 2003, the Geodynamics Laboratory of the Insti-
tute of Marine Geology and Geophysics, Far East
Branch of RAS commenced implementation of the long-
term programme aimed at studying natural geophy-
sical fields located above fluid-saturated geodynamic
systems in zones impacted by active regional tectonic
faults.

Main research objectives:

(1) Identify typical indicators suggesting the pre-
sence of a hydrocarbon deposit with reference to tem-
poral variations in geophysical fields, and, based on
such indicators, propose a technique for forecasting oil-
and-gas bearing capacities of complexly structured fa-
cilities located in zones of active faults;

(2) Reveal a relationship between variations of geo-
physical fields above gas-saturated facilities and seis-
mic events, and assess a possibility for proposing a
technology to ensure short-term forecasting of earth-
quakes.

Prerequisites of this programme were provided by
results obtained in studies conducted by the Institute
of Physics of the Earth [Bulanzhe, 1986], Institute of
Geology and Development of Fossil Fuels [Volgina,
1988, 1990] and geophysicists from Ukrain [Osadchy et
al., 1976; Chekalyuk et al., 1974], which revealed speci-
fic features of gravity and thermal fields above hydro-
carbon accumulations.

2. GEOLOGICAL SETTINGS OF THE STUDY AREA

A geophysical survey polygon was equipped in the
Yuzhno-Lugovskoe gas field located 4 km to the west of
the Aniva city in South Sakhalin (Fig. 1, A). The poly-
gon’s area covers the impact zone of the regional tec-
tonically active Central Sakhalin fault.

The Yuzhno-Lugovskoe field is confined to the lower
sub-suite of the Maruyamskaya suite of the Miocene
age (N1 mr1), which consists of 14 sandstone horizons
with good and satisfactory reservoir properties. Hori-
zons III to XIII contain methane, and horizons VII to
XIII contain gas in commercial quantities. Horizon XIV
is the lowest and overall water-bearing. The total
thickness of the gas reservoirs is variable in different
blocks of the field and ranges from 40 to 80 m.

In the southern block of the field, the lower gas-
water contact is located at a depth of 1368 m. The gas
deposit was discovered in 1971 when Well 1 penetra-
ted a gas reservoir (Fig. 1, B). The deposit is classified
as a small one as its total gas reserves do not exceed
2 billion m3.

According to the available structural geological data
on the region, the gas deposit is located in the gentle
sloping fold which amplitude amounts to a few tens

of meters and her dimension decreases upward the
section (Fig. 2).

In all the blocks, except the northern periclinal one,
the gas-water contact conforms to contours of deposits
located in horizon XIII. In the northern block, hori-
zon XIII contains water reservoirs, and horizons XI and
XIl contain reservoirs with gas in non-commercial
quantities. Faults bordering the productive lower ho-
rizons (IX-XIII) do not go up to the ground surface.
In plan, contours of reservoirs in productive horizons,
that are hypsometrically located above horizon XIII,
do not go beyond the contour of the reservoir in ho-
rizon XIII. Structural plans of other horizons are signi-
ficantly different from the above-mentioned one. How-
ever, due to the fact that they contain the main gas
reserves, we arbitrarily assume that the main compo-
nent of quantifiable changes in geophysical fields re-
sults from changes in the reservoir confined to horizon
XIIIL.

3. METHODS OF FIELD RESEARCH

The field is operated only during the winter season
from mid-November to mid-May, and it may be thus
believed that the gas deposit is not subject to any an-
thropogenic impact during monitoring cycles (from
July through October).

For achieving the first objective, geophysical sur-
veys were conducted at the polygon along three pro-
files across all the blocks (see Fig. 1, B).

The following survey techniques were applied:

(1) High-precision gravity surveys by profiles with
account of an observed gravity value error, Ag,. Three
first-class gravimeters were used simultaneously in the
two-stage system (reference network - routine net-
work) in the conventional level from the same reference
point located 650 m to the west of the deposit’s con-
tour. The total root-mean-square error of Ag, determi-
nations by cycles ranged from +0.016 to +0.019 mGal;

(2) Temperature logging at shallow depths (1.5 m)
with account of a temperature measurement error of
+0.05 °G;

(3) Geomagnetic surveys conducted simultaneously
with recording of geomagnetic field variations, with
account of a determination error, ATa+1nT.

The surveys were carried out in a cyclical pattern,
two monitoring cycles each summer and autumn with a
one-month interval between the cycles during the sea-
son. Properly equipped stations recorded all the obser-
vation in each cycle almost simultaneously for 12-14
hours. Our survey technique is described in a more
detail in [Parovyshny et al., 2008, 2009].

Based on results of six monitoring cycles conducted
in 2003, 2004 and 2006, the following main indicators
of productivity were established:
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Fig. 1. Geographic location (4) and structural scheme (B) of the geodynamic survey polygon.

1 - contour of the gas deposit; 2 - profiles of complex geophysical surveys; 3 - main faults revealed by seismic survey and drilling data; 4 -
wells with industrial inflow (a), with non-industrial inflow (b), without inflow (c); 5 - area of the gas deposit. Spacing of survey marks on
profiles: 50 m. In the inset in Fig. 1, 4, the dotted line shows the location of the Central Sakhalin fault.

Puc. 1. l'eorpaduyeckoe nosiokeHue (A) ¥ CTpyKTypHasi cxeMa moJiurosa (B).

1 - KOHTYp ra3oBoH 3ajexy; 2 - NpodUJIN KOMIIJIEKCHBIX reopr3niecKUX HAOII0JeHUH; 3 — OCHOBHbIE pa3pbIBHbIE HapyLIEeHHUs 110 JaH-
HBIM CeHCMOpa3BeKU U OypeHHUs; 4 — CKBaXKHHBI: @ — C IPOMBILIIEHHBIMU NIPUTOKAMH, b — ¢ HeNMPOMBILIEHHBIMHU NIPUTOKAMH, C — He-
MPOAYKTUBHBIE; 5 — IIIOmaAb 3a1eXu. PaccTossHue Mexy nukeTaMu Ha npooduisax - 50 M. Ha Bpeske puc. 1, A, mokasaHo NoJIOXKeHHe

ueHTpaJ’leO-CaXaJ’[I/IHCKOFO pasJjsioma.

(1) Within the pool outline, the gravity field is un-
stable in time. Values of Ag, differ by +0.16 mGal bet-
ween the survey cycles;

(2) Productive blocks are characterized by the grav-
ity field instability maximum values correlating with
the relative maximum temperature;

(3) Characteristics of the gravity field and the ther-
mal field above the gas deposit are synchronously
changeable. Within the gas deposit’s area, higher volt-
age values of the gravity field correspond to higher
temperatures, and vice versa - lower voltage values of
the gravity field are associated with lower tempera-
tures in the thermal field (Fig. 3);

(4) During the natural seismic impulse travel time,

the temperature is increased within the gas deposit’s
area (Fig. 4).

The above-mentioned indicators can provide a basis
for proposing a method for identification of hydrocar-
bon deposits on surveyed sites before commencement
of deep drilling on such sites.

4. RESULTS AND DISCUSSION
To consider relationships between temporal varia-
tions in the natural geophysical fields and seismicity,

we start with a seismic event of 13 September 2004
(14h02m local time). In the gravity survey, it was
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Fig. 2. Time cross-section along profile 9202056 (combined with profile 1 of the geophysical survey polygon) as interpreted

by the authors.

1 - productive horizons that are identifiable only in this cross-section; 2 - faults; 3 - wells (productive well #7, and non-productive well

#4). Spacing of survey marks: 50 m.

Puc. 2. BpeMeHHOU ceficMuueckuil pa3pes mo npodusiao 9202056 B mHTepnpeTalii aBTOPOB (CoBMelleH ¢ npoduiem 1

reopU3U4YECKOTO0 IOJUT0Ha).

1 - HOMeHKJIaTypHble NIPOJYKTHUBHbIE TOPU30HTHI (ITOKa3aHbl TOJIbKO OITO3HABAaeMble B JaHHOM CeYeHUH); 2 — pa3pbIBHble HAPYIIEHUS;
3 - ckBakuHBI: N2 7 - mpoayKTHBHas, N2 4 - HenpoAyKTHBHas. PaccTossHue Mexy nukeTaMu 50 M.

marked on profile 1 at the above-mentioned time. Gra-
vimeters recorded sharp non-periodic oscillations of
gravity which lasted for over four hours and then be-
came indistinguishable from oscillations caused by the
start of a storm. This event was recorded at the above-
mentioned time by two autonomous seismic stations in
Ozhidaevo and Yuzhno-Sakhalinsk, which are located
40 km north-west and 40 km north-east of the polygon,
respectively. Its parameters were recorded in Bulletin
No. 26 covering a period froml1ll to 20 September
2004. Temperature logging was conducted on profile 1
from 14h31m to 18h426m local time on 12 September
2004, i.e. less than 24 hours before the event, and re-
peated from 09237m to 12h40m on 15 September 2004.

Comparing the two sets of survey results gives evi-
dence of the temperature increase by 0.5-0.8 °C within
the deposit’s area (survey marks 100-119, Fig. 4). This
fact contradicts with the regular seasonal temperature
decrease that was revealed earlier for this region. At
the same time, a regular temperature decrease by
0.10-0.15 °C was recorded at the profile’s segment cor-
responding to the area above blocks known as non-
productive. At the eastern flank of profile 1 (between
survey marks 128 and 132), the same monitoring
cycles revealed another positive temperature anomaly
that seems to coincide with the western part of the lo-
cal gas deposit discovered in 1971 when prospecting
well No. 1 was drilled in the Zolotorybnaya area. The
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Fig. 3. Variations in the gravity field and the thermal field above the Yuzhno-Lugovsky geophysical survey polygon, profile 1.

Differences ,g. and 5t °C between monitoring cycles 3 and 2 conducted on 17 September 2006 and 21 August 2006, respec-
tively. Vertical red arrows mark boundaries of the gas deposit. See the profile’s location in Fig. 1, B.

Puc. 3. [IpuMep u3aMeHeHUs IPaBUTALMOHHOTO U TEPMaJIbHOTO MoJiel HaJ| 3aexbio KxKHO-JIyroBcKOM MoJIUToH, TpoduIb

1.

PazHoCTHU Agu ¥ At °C MeXAy TPeTbUM W BTOPBIM IMKJaMu HabsozeHui: 17.09.2006 u 21.08. 2006 r. BepTukaabHbIMU
KpaCHbIMU CTpeJIKAMU I0Ka3aHbl IPaHUIbI 3aJ1eXU. [losioxkeHMe mpodusisa NoKa3aHo Ha puc. 1, B.

well is located 300 m south of the profile’s anomalous
segment (see Fig. 2). As evidenced by the gravity field
monitoring data, the temperature anomaly at this
location is accompanied by heightened differences
between values of gravity field in the fifth and fourth
monitoring cycles. Further surveys can help to expose
the eastern termination of the temperature anomaly.
With account of the fact that the rapid temperature
inversion occurs above the deposit, it should be kept in
mind that its start does not necessarily coincide with
the time when a seismic impulse occurs. D.G. Osika
[1981] reviewed numerous cases of higher fluid pro-
duction rates and higher temperatures recorded in
seismically active areas a few days before the earth-
quakes. In the above-described case, it is not excluded
that the change in the thermal field above the deposit
(temperature increase by 0.7+0.8 °C within less than

two days) is only an episode of the general tempera-
ture increase due to the active stage of preparation of
a seismic event.

Based on this fact, it was concluded that natural
seismic impulses may be the most probable factor
causing changes in parameters of the geophysical fields
above the deposit. It was thus established that the gas
deposit become detectable during a seismic event, and
at the same time, it can be viewed as an indicator of
changing parameters of the geophysical fields which
characterize the geodynamic state of the deposit during
the seismic event.

In our subsequent studies, it was revealed that vari-
ations in the geodynamic state of the deposit occurred
a few hours before a seismic event and were evidenced
by perturbations of the geophysical field above the me-
thane deposit which were sharply different from the
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background voltage values recorded through the seis-
mically placid period (Fig. 5).

It should be noted that Figure 5 illustrates only an
episode of the natural electric field in a long period of
seismic quiescence. For example, a similar state of the
electric field was recorded from late June to mid-
September 2008. In the same period, records by the
Sakhalin Seismological Survey did not show any seis-
mic event in the area within a radius of 650 km from
the Yuzhno-Lugovskoy geophysical survey polygon. It
can thus be suggested that the electric field perturba-
tions recorded at the polygon were associated with
seismic events which epicentres were located only
within the Okhotomorskaya plate.

In 2004, the monitoring station was equipped with
sensors for non-stop recording of magnetic variations
(for establishing relationships between changes in the
geophysical fields and seismic events), and a special
equipment set was added for measuring variations of
the natural electric field. In 2006, a set with four ran-
domly oriented electric dipoles was added (true azi-
muths of dipole orientations on loop: 0°, 40°, 90° and
135°) for recording differences of potentials of the
natural electric field. The above-described monitoring
station operated on the long-term site in the central
block of the Yuzhno-Lugovskoe deposit near Well
No. 12 (see Fig. 1, B) during summer and autumn in
2006 and 2008. It recorded perturbations of the natu-
ral electric field prior to the earthquake (M=3) which
epicentre was located 60 km north of the monitoring

site [Parovyshny et al., 2008]. According to the records,
the most intense signal was received from the dipole
oriented at the azimuth with a difference of 7° from
the direction to the epicentre. With account of this fact,
the station was further upgraded for recording varia-
tions in the natural electric field in order to obtain di-
rections to the epicentre of the coming earthquake.

From 2010 to 2012, we continue studies of temporal
variations in the geophysical fields above the methane
deposit on the basis of data obtained on the long-term
monitoring site. The main objective was focused on
obtaining data that can help determine the time of a
coming seismic event and directions to its epicentre.
A combination of geophysical methods was used, inclu-
ding recording of the natural electric field and surveys
of magnetic and temperature fields.

Electrical logging of the natural electric field was
conducted by Polygon-E, an automatic digital compu-
terized station designed and manufactured according
to our specification by the Laboratory of Natural Geo-
physical Fields (S.A. Kazantsev, PhD in Technical Sci-
ences, Technical Team Leader), Institute of Petroleum
Geology and Geophysics SB RAS in Novosibirsk, Russia.
Records were taken every 10 seconds from the dipoles
oriented according to true azimuths and spaced by
30° on loop, starting from zero. The dipoles were from
120 to 160 m long. Nonpolarizable electrodes were put
in 1.5 m deep shot-holes in order to eliminate the
impacts of electrochemical processes taking place on
the ground surface. All the electrodes were placed



Geodynamics & Tectonophysics 2015 Volume 6 Issue 1 Pages 63-76

0.25

0.23

AP U U S SO W

010

0.15

e, I T O T SO

) | —— , ............... , ............... , ............... , ............... , .........

natural electrical field (v)

QT 1 S— ............... ............... ............... ..........

0.09

0.07

0.05 :

-
N

2100 % 150°
6

12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00

Time (h:m)

Fig. 5. The natural electric field (NEF) during the seismically placid period as per records on 01 October 2011. The inset
shows orientation of dipoles according to true azimuths and numbers of channels.

Puc. 5. CocTosiHHEe eCcTeCTBEHHOTO 3JieKTpUudeckoro noJis (311) B mepuos oTcyTcTBUS ceicMuueckux coonprTuit 1.10.2011 r.
3zech U fjajiee: HA LIBETHOH Bpe3Ke I0Ka3aHbl OpUEeHTUPOBKA AUINO0JIEH 110 HCTUHHBIM a3UMyTaM U HOMepa KaHaJIOB 3alIUCH

EIL

in approximately equal water-cut and light intensity
conditions. In each channel, differences between poten-
tials were determined with an accuracy of +0.5 micro-
volts.

In 2011, magnetometric surveys were conducted
with the use of FM-03 computerized ferroprobe mag-
netometer manufactured by a subsidiary of the Insti-
tute of Terrestrial Magnetism, lonosphere and Radio
Wave Propagation in Moscow, Russia. Readings were
automatically recorded at fixed intervals of ten (10)
seconds and one (1) minute. The records were included
in the computer database, reviewed and archived, as
required. The determination accuracy was AT +1nT.
Drifting of the zero point of FM-03 magnetometer was
taken into account; for this purpose, absolute values of
AT were regularly recorded by MMP-203 proton mag-
netometer.

Since 2012, stationary magnetometric surveys have
been conducted with the use of an upgraded MMP-203
proton magnetometer, including a computer-net-
worked electronic unit that ensures direct data recor-
ding, reviewing and archiving. The determination ac-
curacy is AT £1nT.

Temperature logging was conducted with the use of
«Polygon-T» six-channel automatic computerized digi-
tal thermometric station that was also manufactured
by the Laboratory of Natural Geophysical Fields in
Novosibirsk, Russia. Temperature was measured by
sensors placed in 3.2 and 2.2 m deep wells that are lo-
cated near the monitoring site. In each channel, the
temperature determination accuracy was #0.01 °C.
Simultaneous records were taken of air temperature,
atmospheric pressure and the above-mentioned pa-
rameters.

All the readings were computer recorded, reviewed
in a graphical form and archived on site, then pro-
cessed and compared with the official data from the
Seismological Survey.

Our analysis of the long-term monitoring data re-
vealed the following:

(1) In the absence of seismic events, i.e. in condi-
tions of seismic placidity, the geophysical fields are in
the placed state with no visible deviations from the
background values (Fig. 5);

(2) Perturbations of the geophysical fields above the
methane deposit are recorded three to four hours
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before seismic events which epicentres are at a dis-
tance of 450 km or more away from the monitoring site
(Fig. 6 and 7), and about 20-25 hours before seismic
events which epicentres are 100 km or less away from
the monitoring site (see Fig. 7). Timing can be deter-
mined unreliably for an earthquake if its epicentre is
located more than 650 km away from the monitoring
site;

(3) During the final stage of preparation of a seismic
event, the natural electric field is most considerably
disturbed, and its perturbations are recorded in chan-
nels oriented in the direction azimuthally close to the
direction to the epicentre (Fig. 6, 8, and 9).

No obvious relationship has been revealed between
air temperature an atmospheric pressure variations
and geophysical parameters determined from records
taken by the grounded sensors.

Fig. 6. Variations in the natural electric field as per records in channel 6 (the dipole was oriented at azimuth 150°) before
09 November 2011 earthquake that occurred at 21?40m™ local time; its epicentre was located 533 km away from the monitor-

The earthquake timeline is shown by the vertical red line. Earthquake parameters: Az - azimuth (direction) to the earthquake epicentre;
L - distance from the monitoring site to the epicentre; M - earthquake magnitude.

Puc. 6. I[lpuMep uU3MeHeHHUs] €CTECTBEHHOrO 3JIEKTPUYECKOTO MOJII Ha KaHajle 6 (OpHUEeHTHpPOBKa Aumnoss mo as. 1509)
9.11.2011 r. nepepn 3eMmsieTpsiceHreM B 21 4 40 MUH IPH yJaJIeHUH 3TULEHTPa OT MecTa HabJroAeHUH Ha 533 KM.

31ech U faJsiee: BpeMsl peasv3aliy CECMHUYECKOT0 COOBITHS [T0KAa3aHO BEPTHUKAJbHOM KpacHO! JIMHKEH; 0603HaY€eHHE TapaMeTPOB 3eM-
JIeTPsICEHUH: «Az» - a3UMYT (HamnpaBJieHHe) Ha oyar 3eMJIeTpsiCeHUs; «L» — pacCTOsIHUE OT MyHKTA HAGJII0AEHUH 10 SMULEHTPaA; «M» —

The curves shown in Figures 6 and 8 need to be
commented as visible disturbances were absent in all
the channels, except those oriented towards the epi-
centre. Moreover, for the majority of seismic events
recorded before and after the above-mentioned epi-
sodes, the readings were shaped as shown in Figure 9,
which means that the perturbations of the electric field
before the seismic event were recorded in all the chan-
nels, but the highest amplitudes were recorded in
the channels oriented towards the earthquake epicen-
tre.

The input data for plotting (see Fig. 6 and 8) and
monitoring conditions during recording were thoro-
ughly checked, and we can state that the recording
process was not impacted by any hard and/or software
failures and/or man-made noise. There were slight de-
viations (15 to 20 mkV) from the background values in
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Fig. 7. Variations in the geomagnetic field (AT) on 09 November 2011 before the earthquake that occurred at 21h40m local
time. Records by FM-03 magnetometer.

Puc. 7. llpumep usMmeHeHus: reomaruutHoro noJist (AT) 9.11.2011 roga nepen 3eMietpsicenreM B 21 yac 40 MuH (MarHu-
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Fig. 8. Variations in the natural electric field before 13 October 2011 earthquake. The channel was oriented at azimuth 150°.
The first sharp deviations from the background values were recorded 22 hours before the earthquake.
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the adjacent channels. Monitoring was conducted in
favourable conditions (dry weather, sunny days, and
normal atmospheric pressure). At the current stage of
the study, we fail to find a satisfactory explanation of
the fact that the amplitude perturbations were recor-
ded only in channel 6 and absent in other channels. In
our future monitoring cycles, we plan to use two sets of
recording equipment with dipoles arranged in parallel
with each other. Should the majority of records be con-
firmed in the proposed recording scheme, we will de-
fine the conditions and find a physical explanation.

The above-described main results of the long-term
geophysical monitoring by the multi-channel station
are based on the records of more than 70 episodes
when perturbations of the geophysical fields correlated
with the final stages of preparation of the seismic
events registered by the Sakhalin Seismological Survey.
Such results may have given grounds for establishing
regularities, but Figures 9 and 10 need to be taken into
account as they show responses of the geophysical
fields to the strong (yet quite distant) earthquake that
occurred on 14 August 2012 in the Sea of Okhotsk at
the eastern coast of the Sakhalin Island at a distance of

400 km from the monitoring site. The true azimuth
from the monitoring site to the epicentre was 35°.

Figure 9 shows that the first deviations from the
background values were recorded at 03h00m local time
on 12 August 2012; the readings were recorded in
channel 2 oriented at the true azimuth of 30°. Field
perturbations began with a fairly smooth increase of
the signal's amplitude by 7-8 mV. The records at
19h20m Jocal time show that the signal's sign was
changed abruptly and reduced by 7 mV and, later on,
by 10 mV. Simultaneously with the change of the sig-
nal's sign in channel 2, sharp perturbations were re-
corded in channel 6 oriented at azimuth 330°, but with
the positive sign and an amplitude of 6 mV. In channels
2 and 6, perturbations continued until the seismic
event, but more abrupt changes in voltage were re-
corded on channel 2 oriented towards the earthquake
epicentre. In other channels, except channel 4, weak
perturbations were recorded, though they were con-
siderably less pronounced than signals in channels
2 and 6.

It should be noted that three hours before the
seismic event, a short-term stabilization of the field,
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which indicated that an earthquake would soon occur,
was registered in almost all the recorded episodes, in-
cluding the episode recorded in channel 6 from 01h40m
to 05h50m]ocal time (see Fig. 8).

It should be also noted that perturbations of the
natural electric field, which occurred prior to 14 Au-
gust 2012 earthquake, were very different from the
previously recorded disturbances. In our experimental
study, however, this is the first episode with registra-
tion of an earthquake with M>6 which epicentre was
located at a depth below 500 km. This earthquake may
need to be classified in a special category of seismic
events, if we consider how it was reflected in the geo-
physical fields, and this special category deserves fur-
ther studies.

A response of the geomagnetic field to 14 August
2012 earthquake was recorded by a proton procession
magnetometer (MMP 203 with one-minute resolution)
(Fig. 10). In this case, variations in the geomagnetic
field occurred significantly later, only two hours before
the earthquake, but with a higher amplitude and stag-
gered repetition rate. A record taken 40 minutes before
the seismic event shows that the signal amplitude ex-
ceeded 100 nT, and a 20-minute stabilization period
was recorded right before the seismic event.

Among variations in the geomagnetic field (unlike
those in the natural electric field), natural daily varia-
tions in the geomagnetic field are clearly detectable
and rejected from the pool of precursors, while it is
possible to detect signals that occur before an earth-
quake.

A response of the thermal field to the coming seis-
mic event is not always clearly detectable if sensors are

located at shallow depths (3.2 m). The most vivid
example of temperature variations in relation to 01
October 2011 earthquake is shown in Figure 11.

5. CONCLUSIONS

The obtained materials give grounds for the follow-
ing conclusions:

(1) The hydrocarbon deposit located in the zone
impacted by the active tectonic fault is highly sensitive
to changes in the natural geophysical fields, and its data
may be used to reveal and record such changes that
characterize the final phase of preparation of earth-
quakes;

(2) Monitoring of the natural electric field can pro-
vide the most informative data for forecasting of seis-
mic events. Based on electrical survey data, timing of a
coming seismic event can be quite reliably determined
a few hours prior to its occurrence. Moreover, it is pos-
sible to specify the azimuthal orientation from the
monitoring site to the epicentre;

(3) Temperature logging and magnetic measure-
ments can provide data allowing a more precise deter-
mination of timing of the coming seismic event. How-
ever, under the current registration system, such data
do not allow to specify the direction to the epicentre.

Conclusion 2 suggests that in case of synchronous
monitoring by three polygons with spacing to remote
no less than 250-300 km, it can be possible to deter-
mine coordinates of the future earthquake epicentre
by the crosscut location method that is widely applied
in geodesy.
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It is worth noting that there may be a potential of
using the multichannel station for monitoring the elec-
tric field and determining the time of a coming seismic
event not only above hydrocarbon deposits. A nine-
channel station was successfully used in Wakayama in
August 1993 [Johnston, 1997, p. 454-455] when varia-
tions in the electric field were recorded before earth-
quakes (M=3.1 and 4.2).

In conclusion, it should be noted that in our experi-
mental study, we did not aim at finding a solution for
the problem of forecasting strong and hazardous
earthquakes. This class of seismic events can be distin-
guished later, after consolidating statistically reliable
data into an ample database and determining criteria
for classification of events by parameters of temporal
variations in geophysical fields.
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Abstract: The inversion seismic tomography algorithm (ITS) was used to calculate 3D seismic anomalies models for
velocities of P- and S-waves in the zone of the Sunda arc, Indonesia. In the area under study, strong earthquakes
(M>4.8) are clustered in the zone of high P-wave velocities. Earthquake hypocenters are located in zones of both high
and low velocity anomalies of S-waves. The giant Sumatra earthquake (December 26, 2004, Mw=9.0) ruptured the
greatest fault length of any recorded earthquake, and the rupture started in the area wherein the sign of P-wave velo-
city anomalies is abruptly changed. We calculated seismotectonic deformations (STD) from data on mechanisms of
2227 earthquakes recorded from 1977 to 2013, and our calculations show that the STD component, that controls ver-
tical extension of rocks, is most stable through all the depth levels. In the marginal regions at the western and eastern
sides of the Sunda arc, the crustal areas (depths from 0 to 35 km) are subject to deformations which sign is opposite
to that of deformations in the central part. Besides, at depths from 70 to 150 km beneath the Sumatra earthquake epi-
centre area, the zone is subject to deformations which sign is opposite to that of deformations in the studied part of
the Sunda arc. For earthquakes that may occur in the crust in the Sunda arc in the contact zone of the plates, maximum
magnitudes depend on the direction of pressure imposed by the actively subducting plate, which is an additional cri-
teria for determining the limit magnitude for the region under study.
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CTPYKTYPA JINTOC®EPLI U CEHCMOTEKTOHUYECKHUE JE®OPMAILIUU
30HbI KOHTAKTA JINTOC®EPHBIX IIJIUT B PAMOHE OCTPOBA CYMATPA
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AnHoTtanus: Ha ocHoBe celicMoToMorpaduyeckoro anroputma UTC paccunTaHo TpexMepHOe pacipejesieHrne aHo-
MaJIMi ckopocTei P- 1 S-BoJiH B 30He 30H/cKOH aAyru. CusibHble 3eMieTpsiceHus1 (¢ M>4.8) paccmaTpruBaeMoro paio-
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Ha IPyNIUPYIOTCA B 30He NOBBIIIEHHBIX CKOPOCTel P-Bo/IH. [MIOLLeHTPbI ceHCMUYeCKHUX COOBITHH NONAaJaloT B 30HbI
KaK MOBBILIEHHbIX, TAK U NOHMXEeHHBIX CKOpocTel S-BoJH. ['eorpaduyecku Hayaso BcnapbelBaHUs odara CymaTpaH-
ckoro 3emietpsiceHust 2004 r. (Mw=9.0) coBnaziaeT ¢ palOHOM pe3KOro U3MEHeHHUs] 3HaKa aHOMaJIUl CKopocTei
P-BosiH. PacueT celicMoTekTOHMYeCKUX AedopMaliUil 10 JaHHBIM MeXaHU3MOB 2227 3eMJIeTpsiICEHUH, 3aperucTpUpo-
BaHHbIX ¢ 1977 no 2013 r., mokasaJi, UTO Ha BceX IJiy6uMHax HauboJiee yCTOMYMBO BefeT ce6s1 komnoHeHTa CT/l, oTBe-
yalollas 3a BepTHKa/lbHOe yAJNHeHHe 06beMOB FOPHBIX Macc. Y4acTKU 3eMHOU Kophl (0-35 KM) B OKpaWHHBIX paii-
OHaX C 3amafHOW M BOCTOYHOM CTOPOHBI 30HJCKOW AYrH XapaKTepHU3YyOTcA AePopMalUsIMU NMPOTHBOIMOJIOMXKHOTO
3HaKa [0 OTHOILEHUIO K LieHTpaJbHOM yacTu. Takxke B cjoe 70-150 KM moj, snvLeHTpasbHON 06JacThio CymMaTpaH-
CKOTO 3eMJIeTPsICEHUS NPOUCXOJAT AePpopMaly NPOTHUBOMOJI0KHOIO 3HaKa 110 OTHOLIEHHUI0 K AedopMaLUaM pac-
cMaTpuBaeMoM yacTu 30HACKOM Ayru. MakcuMa/ibHble MarHUTY/Ibl KOPOBBIX 3eMJIeTPsCeHU 30HACKOM AyTH, BO3-
HUKalollye B 30He KOHTAKTA IJIUT, 3aBUCAT OT HalpaBJ/eHHUsl AaBJeHHUs aKTUBHON MOTpy»Karolleics IJIUTHI, 4TO fB-

JideTCA OJHHUM U3 AOIIOJIHUTEJ/IbHBIX KPUTEPUEB ollpeeIeHUsd l'Ipe,C[e.)'leOﬁ MAarHuTyZAbl 3TOTO paﬁox—la.

Karwuesvle c06a: anoManuu ckopocrtei P- u S-BosH, 30H/ACKas Ayra, CECMOTEKTOHUYECKHe AedopManuHy,

npeaejibHad MarHutyza.

1. INTRODUCTION

The giant Sumatra earthquake (December 26, 2004,
Mw=9.0) has become a subject of many interesting
publications both abroad [Cheng Zong-yi, Zhu Wen-yao,
2001; Chlieh et al, 2007; Dewey et al, 2007; Engdahl et
al, 2007; Vallee, 2007] and in Russia [Rebetskii, Marinin,
2006; Shevchenko et al,, 2006]. With account of the fact
that it was followed by several strong seismic events
near the Sumatra Island, our idea was to conduct a de-
tailed study of seismotectonic deformations (STD) and
recent earthquakes. We reviewed data on earthquake
focal mechanisms (M>4.8) in the Sunda subduction
zone [The Global Centroid-Moment-Tensor..., 2015] and
estimated STD values for the following depths: 0-35
km (1450 solutions of earthquake focal mechanisms),
36-70 km (539 solutions), 71-105 km (156 solutions),
106-150 km (43 solutions), and 151-300 km (29 solu-
tions). Thicknesses of the layers were determined with
account of the availability of data on earthquake foci
mechanisms. We checked several options for determi-
ning a thickness of a layer for which we estimated STD
with application of models showing anomalies of
P- and S-wave velocities at various depths. In many
cases, we were not satisfied with a number of seismic
event records in the given layer, and thus decided to
focus our attention on the option with the solutions
specified above.

The Sunda arc represents a convergent margin and
reflects processes of interaction between the Indo-
Australian and Eurasian lithospheric plates that are
approaching each other. This movement takes place
along the Andaman, Nicobar, Sumatra and Java islands.
Seismicity is high in the subduction zone. It should be
noted that the density of earthquake hypocentres with

M>4.8 decreases with depth, and only a few strong
seismic events were recorded at depths below 200 km.
Hypocentres of seismic events migrate from the deep-
water trough towards the Sumatra and Java islands.
The deepest seismic events took place underneath the
Barisan ridge with recent volcanism. Earthquakes of
thrust (60 %), shear (15 %) and normal-fault (25 %)
types occurred in the crust to depths of 70 km. At
depths from 70 to 250 km, cases of shearing are rare,
and 75-80 % foci were associated with thrusting, and
15-20 % foci with normal faulting.

In the focal area of the giant Sumatra earthquake of
December 2004, thrusting took place along the gently
sloping plane in the west-south-western direction [The
Global Centroid-Moment-Tensor.., 2015]. In the hori-
zontal plane, the focal area is 1000 km long. Similar
focal mechanisms are typical of the strongest after-
shocks and earthquakes recorded both before and after
the Sumatra earthquake, except seismic events of the
shear type near Andaman and Nicobar islands. The pat-
tern of the majority of fault planes of the seismic events
correlates with the strike of the Sunda arc.

It is logical to suggest that deep processes and the
structure of the crust and the lithospheric mantle play
an important role in the distribution of deformation
and the occurrence of the earthquake foci.

2. TOMOGRAPHY MODELLING METHOD

The velocity structure of the Sumatra Island region
has been studied for many years, yet remains insuffi-
ciently investigated for constructing a comprehensive
geodynamic model that would unambiguously show
the development of the territory under study. Seismic



tomography technologies are now widely applied in
studies of velocity patterns at depths. The available
models either represent separate local reconstructions
or show results of global studies with low resolution
levels due to insufficient quantities or quality of ana-
lysed data, such as global models of mantle inhomoge-
neities [Hafkenscheid et al, 2001; Van der Hilst et al,
1997], local crust models to the 10 km depth for the
Krakatau region [Jaxybulatov et al,, 2011] and others.

We studied the seismic pattern of the mantle by ap-
plying the inversion tomographic scheme (ITS). Initial-
ly, ITS was proposed as an alternative to the traditional
direct teleseismic scheme applied to studying high
seismicity regions wherein the seismic networks failed
to provide for tomographic inversion of proper quality
[Koulakov, 1998]. The main prerequisite for using ITS is
the availability of records by stations of the global
seismic networks of a sufficient number of seismic
events in the study area. In the earlier versions of ITS
[Koulakov et al, 2002; Kulakov et al, 2003], only
teleseismic rays were applied, and sources were not
relocated. In the next version of ITS [Koulakov et al.,
2006], which is applied in our study, all possible rays
available in the catalogues are used. Rays with small
epicentral distances provide for preliminary determi-
nations of sources' locations, and rays with large epi-
central distances are used to determine the regional
deep seismic structure. The ITS algorithm uses the ar-
rival time of seismic P- and S-waves from earthquakes
inside the studied region, which were recorded by sta-
tions of the global seismic network. Based on the algo-
rithm, it is possible to calculate 3D patterns of anoma-
lies of P- and S-wave velocities and locations of seismic
sources.

In our study, the tomographic inversion was cal-
culated in three circular windows with specified coor-
dinates and radius, which are overlapping each other.
The circle radius is close by value to the depth of
the area under study. To study the upper mantle, the
radius is accepted at ~1000 km. For each circular
window, we selected data on seismic sources located
inside such circles, and inversion was carried out with
two parametrization grids of different orientations. In-
version results for the circular windows were consoli-
dated into one model. The ITS algorithm is based on
the linearized approach envisaging calculation of seis-
mic anomalies during one iteration of inversion on the
basis of rays in a one-dimensional model since for ob-
taining stable results, it is required to process huge
volumes of data from the International Seismological
Centre (ISC) catalogue (with a high noise factor). Ap-
plying non-linear approaches (mainly, 3D ray tracing)
makes the task more cumbersome. Moreover, relatively
small variations of seismic velocities in the upper man-
tle (maximum 5 %) do not cause any significant chang-
es in the path of the rays and, correspondingly, do not
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lead to calculating errors. In our study, we used the al-
gorithm that is described in detail in [Koulakov et al,
2006].

For our study, we took data on seismic events from
the ISC catalogue for the period from 1964 to 2007, and
used the arrival times recorded by stations of the
global seismic network (10000+). Within the entire
study region, we selected 2110 seismic events which
travel times are known (more than 200000 times for
P- and over 180000 times for the S-rays). Inversion
was carried out in the three overlapping circular win-
dows, each with a radius of 8°. Locations of all the
earthquakes, which data were taken from the ISC cata-
logue, were recalculated under the options of the
above-mentioned algorithm, and outlying values were
screened out and rejected (more than 15 % in the ISC
catalogue).

Upon inversion in the circular windows, the root-
mean-square (RMS) time residual for the used data was
reduced by 35 to 45 %, depending on the circle. Re-
latively small reduction of the time residual is due to
a high noise factor in the data and the low-contrast
structure of inhomogeneities in the upper mantle.
Results of inversion of the real data for anomalies of
P- and S-wave velocities are shown in horizontal sec-
tions (see Fig. 1, a, b, ¢, d, e). A correlation between
patterns of anomalies of P- and S-wave velocities is
evident, which is an indirect confirmation that the
proposed models are reliable. Across the region, the
anomalies are most contrasting to a depth of 200 km
(amplitudes of ~3.5 %); at the lower depths of
the mantle, they become less contrasting. It should
be borne in mind that tomographic inversion generally
yields lower amplitudes of anomalies, which is shown
in [Koulakov et al., 2006] by results of synthetic testing
of the algorithm. Uncertainty with amplitude anomalies
reconstruction is a common problem of tomography,
which arises in any similar study. In our assumption
for the given case, the real amplitude of the anomalies
may average higher by a factor of 1.5-2.0 than the
obtained results. The tomographic model of the Suma-
tra-Andaman zone shows anomalies with higher
P-wave velocities at different depths (50 km, 100 km,
150 km, and 220 km; see Fig. 1, g, b, ¢, d, e). When using
the regional seismic tomography schemes, as in our
case, it is technically impossible to determine the de-
tailed structure of the upper 50-km layer (i.e. the crust)
because the path of teleseismic rays at such depths is
practically vertical. When applying the seismic tomog-
raphy method to study the structure of the crust, it is
required to have a large database of uniformly dis-
tributed local seismic data, to which it would be pos-
sible to apply local seismic tomography schemes. In the
given case, we did not have the materials from the local
network. Therefore, the results obtained for the depth
of 50 km were used twice, when seismotectonic
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Fig. 1, a, b, c, d, e - anomalies of seismic P- and S-wave ve-
locities at depths of 50, 100, 150, and 220 km.

Areas of high P- and S-wave velocities are shaded in blue; areas
of low P- and S-wave velocities are shaded in red-brown. Velocity
anomalies are given in percentage values in the column at the
bottom of the figure. Epicentres close to the corresponding
depths are shown by black and red circles. Yellow and black as-
terisks show start locations of the rupture in the 2004 Sumatra
earthquake focal area.

Puc. 1, a, b, ¢, d, e. - aHOMaJIUU CKOPOCTEMN CEHCMUYECKUX
P- u S-BosiH Ha ry6uHax 50, 100, 150, 220 kM.

CuHYe TOHA — 30HBI C MOBbILIEHHBIMH 3HAYEHUSIMU CKOpPOCTEH
P- 1 S-BOJIH; KpaCHO-KOPUYHEBbIE TOHA — 30HbI MOHIKEHHBIX
cKkopocTeit P- u S-BosiH. BHH3y pUCyHKa MOKa3aHa KOJIOHKA rpa-
Januil aHoOMaJIMH CKOpPOCTel B MpOLIEHTHOM OTHolueHuu. Yep-
HBIM U KPaCHbIM OTMEY€HbI 3MULEHTPhI 3eMJIETPSCEHUH, 61U3-
KHX K COOTBETCTBYIOLIUM IJIyOMHAM Cpe30B. B Buze 3Be3n xei-
TOr'0 WJIM YepHOTO IIBeTa OTMeYeHbl MeCTONOJIOKEeHHUsT Hadaslb-
HOM TOYKHM BcrapbIBaHUs B o4yare CyMaTpaHCKOTO 3eMJieTpsice-
Hus 2004 r.



deformations were compared in the layer 0-35 km and
in the layer 36-70 km.

3. ANALYSIS OF TOMOGRAPHIC MODEL CALCULATIONS
AND DISTRIBUTION OF EARTHQUAKE FOCI

By analyzing of the distribution of earthquake epi-
centres in the maps of increasing and decreasing veloc-
ity of compressional and shear waves, we found that
the majority of seismic events (M> 4.8) in the study re-
gion are clustered within the zone of high velocity of
P-waves (see Fig. 1, a, b, ¢, d, €). It is most obvious for
earthquakes at depths from 36 to 70 km (for the depth
of 50 km, the velocity field is reconstructed). Deeper
earthquake sources (70-300 km) are concentrated on-
ly in areas of high velocity of P-waves (see Fig. 1, ¢, d,
e). Hypocentres of seismic events are revealed in zones
of both high and low velocity of S-waves (Fig. 1, a, b, c,
d, ). An interesting fact is that the rupture associated
with the Sumatra earthquake (December 26, 2004,
Mw=9.0) started in the area characterized by an abrupt
change of the sign of P-wave velocity anomalies (see
Fig. 1, a).

4. SEISMOTECTONIC DEFORMATION CALCULATION METHOD

The western part of the Sunda arc has been the sub-
ject of many studies aimed at analyses of parameters of
earthquake foci mechanisms. A reconstruction of the
stress field before the giant Sumatra earthquake of
2004 was published in [Rebetskii, Marinin, 2006] that
we believe to be the most interesting work. There were
attempts to reconstruct the field of stresses and strain
in different areas of this territory [Kundu, Gahalaut,
2011; Radha Krishna, Sanu, 2002; Shevchenko et al,
2006]. However, detailed analysis of seismotectonic
deformations at different depth layers has not been
executed yet. Therefore, we propose using the method
published in [Riznichenko, 1985; Kostrov, 1975] to es-
timate deformations of rock masses which took place at
different depths due to earthquake, as follows: the ten-
sor of seismotectonic deformations equals the sum of
seismic moment tensors of all the earthquakes that oc-
curred in the unit volume within a specified period of
time:

1

YoM (()n)Q(n)

Im”
where u - shear modulus; V - averaging volume; M((J") -
seismic moment of n-th earthquake; Ql(;? - components

of the directional unit tensor of seismic moment of n-th
earthquake in the geographic coordinate expressed in

the foci mechanism parameters. The value M{" is a
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weight factor calculated from the earthquake energy
class/magnitude. Deformation of areas, wherein me-
dium and strong earthquakes took place, is mainly
determined by strong seismic events. Calculations
through the entire region vary in the level of detail as
some of the smoothing windows contain only one or
two earthquakes. Within each elementary averaging
window, we calculate components of the tensor of
incremental seismotectonic deformations (STD). In our
case, division by time (T) is not carried out, and the
total seismotectonic deformation is calculated for
the entire period of observations at different depth
levels.

For the tectonic plate contact area, seismotectonic
deformations are calculated from data on mechanisms
of 2227 earthquakes recorded from 1977 to 2013 [The
Global Centroid-Moment-Tensor..., 2015]. Taking into
account their uneven distribution within the region
under study, we select an averaging area that is large
enough (1°x1° 0.5° spacing). The averaging area for
the strongest events are twice as large. For the purpos-
es of mapping, important are not values of defor-
mation, but their signs, i.e. relative elongation / short-
ening of deformations due to the earthquakes. In this
paper, positive/negative values of deformations corre-
spond to relative elongation/shortening of linear di-
mensions of elementary volumes of the crust in the
corresponding directions.

5. ANALYSIS OF CALCULATED FIELDS OF LATITUDINAL,
MERIDIONAL AND VERTICAL COMPONENTS OF
SEISMOTECTONIC DEFORMATIONS (STD)

In the field of the latitudinal component of STD, the
crustal layer (0-35 km) is mainly subject to shortening
deformation (negative values), while elongation de-
formation (positive values) are revealed in the margin-
al parts of the submeridional zone and in the northern
part (Fig. 2, a). The field of the meridional component
of STD is more uniform and characterized mainly by
negative values. Small areas of positive values are lo-
cated in the marginal zones, i.e. in the northern (near
the Andaman and Nicobar Islands) and southern parts
of the study region (see Fig. 2, a). Positive values are a
specific feature of the vertical component of defor-
mations. Areas with negative values are located outside
the fault bordering the Sunda arc from the west and
south-west, as well as at the eastern side of the Suma-
tra fault (see Fig. 2, a). Of the three components,
the highest values are typical of the vertical component
of STD.

In the next layer (36-70 km), the deformation pat-
tern is simpler, and values of the latitudinal and meri-
dional components are predominantly negative, and
positive in the northern part. The field of the vertical
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Fig. 2. Latitudinal (Exx), meridional (Eyy) and vertical (Ezz) components of seismotectonic deformations according to calcu-
lations from focal mechanisms of earthquakes (M>4.8) from 1976 to 2013: (a) H=0-35 km, (b) H=36-70 km, (c) H=71-105
km, (d) H=106-150 km, (e¢) H=150-300 km.

Columns showing data on components: left - latitudinal, central - meridional, right - vertical. Colour codes of areas marked by boxes:
shortening - blue, extension - red. The 2004 Sumatra earthquake epicentre is shown by the asterisk.

Puc. 2. llupotHas (Exx), mepuguoHanbHas (Eyy) u BepTukanbHas (Ezz) KoMnoHeHThbl ceiCMOTEKTOHUYeCKUX JledopMa-
LMH, paccyMTaHHble MO JAaHHbBIM MEXaHU3MOB 04YaroB 3eMJIeTPsICEHUH, mpousolemux B nepuof ¢ 1976 mo 2013 r.
¢ M>4.8: (a) H=0-35 kM, (b) H=36-70 kM, (c) H=71-105 kM, (d) H=106-150 kM, (e) H=150-300 kM.

KosioHnka cieBa - noJie LL[I/IpOTHOI‘/’I KOMIIOHEHTbI, KOJIOHKa B LIEHTpe - IoJie MepPI,C[I/IOHaJ'IbHOI‘/’I KOMIIOHEHTbI, KOJIOHKA ClipaBa - I0Jie
BepTI/lKaJIbHOI‘/’I KOMINOHEeHTbl. CHHUMU LIBeTaMH OTMeY€eHbl YKOPO4Y€eHUs, KPACHbIMU — YAJIMHEHUA 06'beMOB TOpPHBIX MacC B COOTBET-

component also maintains the mode of deformation of
the upper part of the crust (Fig. 2, b).

In the subducting plate, at depths of 70-105 km and
106-150 km, volumes of rock masses are subject main-
ly to vertical extension and meridional shortening. Me-
ridional elongation and vertical shortening are ob-
served beneath the central part of the epicentral area
of the Sumatra earthquake (Fig. 2, ¢, d). In the latitudi-
nal component (Exx) of deformation, for the upper and
lower layers (71-105 km and 106-150 km, respective-
ly), positive values are revealed in the area of the An-
daman and Nicobar Islands. Southward, the defor-
mation field (at depths from 71 to 105 km) is lacking
uniformity and contains alternating areas of extension
and shortening (see Fig. 2, ¢, d). At depths from 106 to
150 km, positive values of the latitudinal component of
deformation are revealed to the south of the epicentral

H 71-130
Exx

CTBYIOLINX HAallpaBJIEHUAX. 31'II/ILleHTp Cymanchxoro 3eMJIeTPpACEHUA OTMe4YeH 3BeB,£LO‘1K0ﬁ.

area of the 2004 earthquake, and negative values are
noted in the southern part of the sublatitudinal area
(Fig. 2, d). At depths from 150 to 300 km, the number
of earthquakes is minimum, and it is possible only with
reserve to talk about meridional shortening and latitu-
dinal and vertical extension of rock masses in the cen-
tral part of the study region. But the vertical compo-
nent has positive values through virtually the entire
region covered by our analyses (Fig. 2, ). Generally,
the meridional component of deformation has negative
values in all depth ranges, with the exception of the
source area of the Sumatra earthquake wherein rock
masses at depth from 71 to 150 km are subject to me-
ridional shortening (see Fig. 2, c). Reviewing seismo-
tectonic deformations in the thinner layer, 71-130 km,
reveals similar specific features of the deformation pat-
tern in the central part of the source area (Fig. 3).

Fig. 3. Latitudinal (Exx), meridional (Eyy) and vertical (Ezz) components of seismotectonic deformations according to calcu-
lations from focal mechanisms of earthquakes at depths from 71 to 130 km.

Puc. 3. llupoTtHas (Exx), mepunuonanbHasa (Eyy) u BeptukanbHas (Ezz) KOMIOHEHTbI celICMOTEKTOHUYECKUX AedopMa-
LMH 10 JAHHBIM MeXaHHW3MOB 04aroB 3eMJIeTPsICEHHUH, 3aperuCTPUPOBAHHbIX B ManasoHe riy6uH H=71-130 km.
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Fig. 4. The pattern of extension and shortening areas in the vertical plane along the parallel across the hypocentral area of the Suma-
tra earthquake in the contact zone of the Indo-Australian and Eurasian plates (top scheme) and along the parallel at 4°S latitude. The

subducting plate is shaded in pink.

Puc. 4. Cxema pacnpenieneHus yJUIMHEHUH U YKOPOUCHHUI B BEPTHKAJILHON MIIOCKOCTU BOJIb Mapauledd Yepe3 THIOLEHTPaTbHYIO
obsacte CymMaTpaHCKOTO 3eMJIETpCEHHUs B 30He KOoHTakTa MHo-ABcTpanuiickoii 1 EBpoasnarckoii mimt (BepXHsis cXeMa) ¥ BJ0JIb
napanienu uepes 4 rpagyc 1o.11. Po3oBaTeIM TOHOM MOKa3aHa NOTPYKarOINAsCs ILTUTA.

Based on analyses of the obtained results, two sec-
tions are constructed, one along the parallel across Su-
matra earthquake hypocentre, and another southward
of the equator at 4° S latitude. According to Figure 4, at
all depths, the most stable behaviour is demonstrated
by the vertical extension component of STD, and, to
some extent, by the meridional shortening component.
The STD analysis shows that at depths from 71 to 150
km beneath the Sumatra earthquake epicentre area,
deformation takes place with an opposite sign with
respect to deformations of the Sunda arc (Fig. 4).

No dependence has been revealed by attempts to
correlate the areas of extension and shortening of the
field of the latitudinal, meridional and vertical compo-
nents of STD with specific features of changes in veloci-
ties of compressional and shear waves, as evidenced by
the below figures for a range of depths (Fig. 5).

6. THE DISPLACEMENT DIRECTION OF THE INDO-
AUSTRALIAN PLATE AND THE DISTRIBUTION
OF STRONG EARTHQUAKES

We used data on strong earthquakes' epicentres in
the western part of the Sunda subduction arc (the con-

tact zone of the Indo-Australian and Eurasian plates) to
investigate the amount of energy of a strongest earth-
quake that may occur in the contact zone of these
plates, depending on the angle between the horizontal
displacement of the Indo-Australian plate and the
stretch of the contact area. In the studied segment of
the Indo-Australian plate, the amount of displacement
is practically unchanged. In our assumption, a seismic
event is within the zone impacted by the contact be-
tween the two plates, if its focus is away from the con-
tact zone by no more than 100 km. This width of the
zone is determined by both positional accuracy and
dimensions of strong earthquakes' foci.

For our analyses, the contract zone of the two plates
was divided into intervals wherein the zone's stretch
has not changed (Fig. 6). We measured the angles be-
tween the stretch of the contact (zone) and the dis-
placement direction of the Indo-Australian Plate. Since
seismic events with M=6 occurred in the crust across
the entire selected region, all the registered earth-
quakes with M>7 (from 1977 to 2013) are plotted (Fig.
7) with magnitudes shown as a function of angles be-
tween the displacement direction of the plate [Chlieh et
al., 2007] and the line of contact plates. Data from
[Chlieh et al., 2007] on the strongest earthquakes of the
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Fig. 5. Latitudinal, meridional and vertical com-
ponents of seismotectonic deformations accor-
ding to calculations from earthquake focal me-
chanisms (M>4.8) at the background of anoma-
lies of seismic P- and S-wave velocities at depths
of 50, 100, and 150 km.

Colour codes of areas marked by boxes: shortening -
dark blue; extension - red. Areas with high values of P-
and S-wave velocities are shaded in blue, low-velocity
areas - in orange-brown. The 2004 Sumatra earth-
quake epicentre is shown by the asterisk. Velocity
anomalies are given in percentage values in the co-
lumn at the bottom of the figure.

Puc. 5. lllupoTHas, MepuZMOHaIbHAs U BEPTHU-
KaJibHasi KOMIIOHEHTbl CEWCMOTEKTOHUYECKUX
JedopManuii, moJiyyeHHBbIX MO JAHHBIM MeXa-
HU3MOB 0YaroB 3eMJieTpsceHUH ¢ M>4.8, Ha
$oHe aHOMaJIMH CKOpOCTel celCMUYeCcKUX P- u
S-BoJiH Ha rary6uHax 50, 100, 150 kM.

TeMHO-CMHUMU KBaJIpaTaMH MOKa3aHbl 06J1aCTH YKO-
podYeHMs], KPaCHBIMU - yAanHeHUs1. CHHUe TOHA - 30-
Hbl C MOBbIIIEHHBIMU 3HAYE€HUSIMHU CKopocTed P- u S-
BOJIH, OpPaH)KeBO-KOpPHUYHEBbIe TOHA — 30HbI TOHWKEH-
HbIX CcKopocTed. JnuueHTp CyMaTpaHCKOro 3emiie-
TpsiCEHUsI OTMeYeH 3Be3/J04Koi. BHU3y mokasaHa Ko-
JIOHKA I'palalluii aHOMaJIMH CKOPOCTEN B TPOLIEHTHOM
OTHOIIEHUH.
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Fig. 6. Locations of earthquake epicentres (Ms>7) in the contact zone of the Indo-Australian and Eurasian plates.

The contact zone's scheme is taken from [Huchon, Le Pichon, 1984]. al, a2, a3 etc. (brown) - angles between the displacement direction of
the Indo-Australian lithospheric plate and the stretch of contact zone of the two plates. Black dashed lines separate areas within which the
stretch is maintained. Arrows show the displacement direction of the Indo-Australian plate, according to [Chlieh et al., 2007]. Earthquake
epicentres are shown according to [The Global Centroid-Moment-Tensor..., 2015].

Puc. 6. Pacnosio’keHHe 3NMULIEHTPOB 3eMJeTpsiceHUM ¢ Ms>=7 B 30He KOHTakTa MHA0-ABcTpanuiickoil 1 EBpoasuatckoit
IJINT.

CxeMa 30HbI KOHTAKTa UCIIOJIb30BaHa U3 cTaTbu [Huchon, Le Pichon, 1984]. Kopu4iHeBbIM IBETOM NOKa3aHbI YIJIbl MEXY HalpaBJeHUEM
cMmeeHns: UH0-ABCTpasniicKol IUTOCHEPHOU MIMTHI U 30HOM KOHTAKTa JBYX IJIUT. TH YIJbl 0603HavYeHbl KakK al, a2, a3 u T.4. Yep-
HBIMHU LITPUXOBBIMU JIMHUAMU OTZeJIeHbl YIAaCTKH, B IpeJieiaX KOTOPBIX IPOCTUPaHKe MPAaKTUYeCKH He MeHsieTcs. CTpesikaMu oKasa-
HO HampaBJjieHUe cMellleHus UHao-ABcTpanuiickoi mauthl [Chlieh et al., 2007]. 3nuiieHTPBI 3eMJIETPSICEHUH HaHECEHbI 10 JJAHHBIM [The

Global Centroid-Moment-Tensor..., 2015].

past years are also used. The most powerful earth-
quakes occurred in segments of the zone wherein the
angles are close to 80 degrees. In Figure 7, the limiting
contour shows a possible maximum magnitude of a
seismic event that may occur in different parts of the
Sunda arc. Thus, for earthquakes that may occur in the
crust in the contact zone of the plates, maximum mag-
nitudes depend on the direction of pressure imposed
by the actively subducting plate, which is an additional
criterion for determining the limit magnitude for the
study region.

7. CONCLUSION

In the Sumatra Island region, the strong earth-
quakes (M>4.8) are clustered in the zone of high
P-wave velocities. The hypocentres of the seismic
events are revealed in the zones of both high and low
velocities of S-waves.

Ripping at the source of the Sumatra earthquake
(December 26, 2004, Mw=9.0) started in the area cha-
racterized by an abrupt change of the sign of P-wave
velocity anomalies.
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Fig. 7. The dependence of the limit magnitude of earthquake in the contact zone of the Indo-Australian and Eurasian plates
on the angle between the displacement direction of the Indo-Australian lithospheric plate and the stretch of contact zone.

The plot is based on historical earthquake data from [Chlieh et al., 2007]. Color codes are the same as in Fig. 6.

Puc. 7. 3aBUCUMOCTD Npesie/IbHOU MarHUTy /bl 3eMJIETPSICEHUN, BOSHUKIIMX B 30He KOHTaKTa UHAo0-ABcTpanuiickou u EB-
p0a3uaTCKOM IUIUT, OT yIJa MeX/Ay HallpaBJjeHUeM cMelneHus1 UH0-ABCTpaniuiicko TUTochepHON IJIMThHI U 30HOM KOH-

TaKTa.

[Ipu mocTtpoeHny rpaduka MCIOJIb30BaHbl JaHHbIE 06 UCTOpPUYECKUX 3eMieTpsiceHUsx [Chlieh et al, 2007]. liBeTa Kpy>XKOB COOTBET-

CTBYIOT 3HAa4Y€HUAM MarHuTy/ Ha pUc. 6.

Our analyses of seismotectonic deformations show
that at all the depths, the most stable behaviour is
demonstrated by the vertical extension component of
STD. In the marginal areas at the western and eastern
sides of the Sunda arc, the crustal layer (0-35 km) is
subject to deformations which sign is opposite to that
of deformations in the central part. The meridional
component of STD is more uniform and characterized
mainly by negative values.

In the 70-150 km layer beneath the epicentral area
of the Sumatra earthquake, deformations change signs
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I.S. Chuvashova et al.: Mid-Miocene sequences of high- and moderate-Mg volcanic rocks in Vitim Plateau...

AnHoTanus: B BocToyHOM yacTu BuTuMckoro mjiockoropbsi, B bepeMHCKOM ByJIKAHUYeCKOM LieHTpe, BBINOJHEHO
CpaBHUTeJIbHOE U3yueHHe BapHaliuil IeTPOreHHbIX OKCUA0B, MUKPO3JIEMEHTOB U U30TOMNOB B I10CJIe10BAaTEJbHOCTAX
BBICOKO- U YMepPeHHO-Mg BYJIKAHUTOB, U3BEPraBIIUXCSl, COOTBETCTBEHHO, 16-14 u 14-13 muH JieT Ha3aj. B nepBoit
(Ma1006'beMHOI) ITOC/IEJ0BATENbLHOCTH ONpejie/leHa CMeHa KOHTaMUHUPOBAHHBIX KOPOBbIM MaTepuajoM 6asasb-
ToB-Tpaxu6aszanbToB K-Na-cepur HeKOHTAaMMHUPOBAHHBIMU BbICOKO-Mg 6a3aHuMTaMM-06asalbTaMU NepexoHOTO
(K-Na-K) coctaBa u nukpo6asanbTaMu-6asanbtamMu K-cepuu. 1o oneHkaM JaB/jeHUH C UCI0Jb30BaHUEM ypaBHe-
Hus [Scarrow, Cox, 1995], BbicOKO-Mg Marmbl BBIILIABJSJIUCE B TJIyOUHHOM UHTepBase 115-150 kM. Bo BTOpO#
(kpynmHOO6'bEMHOI) MOC/e/J0BaTEJbHOCTH BhIsIBJIeHA CMeHa 6a3aibToB-aH/e31nba3anbToB nepexogHoro (Na-K-Na)
cocTaBa U 6a3anbToB Na-cepuu 6asasbTaMU-TpaxubasaabTaMu K-Na-cepuu. CHauasa MPOU3OILIO0 CUIbHOE I1aBJle-
HHe MaJsIorJly6UHHON 6e3rpaHaTOBOM 4acTH JAUTOCOepHOM MaHTHUU (MU C HeGOJIBIIUM COJlep’KaHUeM IpaHarta) C
OJIHOBPEMEHHBIM CJabbIM IJIaBJeHUueM 6oJiee IIyOMHHOrO cy6CTpaTa, 060ralleHHOro rpaHaToM, a 3aTeM NMpPOoJoJI-
3KaJl c1abo MJIaBUThCS TOJIbKO ee 6oJjiee IrIyOUHHBIN cy6cTpat. [IpeanosaraeTcs, 4To nocjaefoBaTebHOe 06pa3oBa-
HHe BBICOKO- U yMepeHHO-Mg BbINJIAaBOK OTPa3uJIO CpeJlHEMHOLIEHOBOe TepMa/JbHOe BO3JeHCTBHe Ha JUTOCchepy
ropsiuero MaTepuasa 3abalikaabCKOro HU3KOCKOPOCTHOTO IOMeHa, 06/1aZaBliero BbICOKON NOTeHMaJIbHOU TeMIe-
patypoit (zo 1510 °C). 3To TepMasbHOe BO3eNUCTBHEe BbI3Balo pudToreHes B sutochepe balikanbckol pudToBoi
CUCTEMBL

Katouegble cnoea: ByJKaHU3M, reoJUHAMHUKA, KalHO30#, A3us, acTeHocdepa, uTocdepa, MUKpoHGa3anbT, 6Ha3aHHUT,
6asajbT.

1. BBEJEHME

CoBpeMeHHbIE NPEJCTABJIEHUS O IPOUCXOXKJEHUU
BHYTPHUIUINTHBIX 6a3ajJbTOB M3 HCTOYHHUKOB, pacIo-
JIO)KEHHBIX B TJIyGOKOM YacTH MaHTHUH, OCHOBAHBI
Ha Mo/jieJisfIX IJ106abHON celicMUYeckol ToMorpaduu
B COYETAHUM C pe3yJibTaTaMH 3KCIEPUMEHTOB CBEPX-
BBICOKHUX JlaBjieHUH [Anderson, 2007; Maruyama et al,
2007; Ghosh et al, 2007, 2009; Karato, 2012]. Okea-
HUYeCcKHe 6a3a/IbThl, U3Bepraloliecss CKBO3b TOHKYIO
MoJsioayto Jsintocdhepy, HecyT uHpopmanu 06 uc-
TOYHUKAX [JIyOUHHOW H MaJIOTJIyOMHHOM MaHTUH
[Hofmann, 1997; Sobolev et al, 2009]. B To ke BpeMsi
Mo/ieJiy, NIpeIJIOKeHHbIe, HapuMep, A/ 06'bsICHEHUSA
CTPYKTYpPbl MAaHTHH U COCTABa BYJIKAHUYECKUX MOPO/,
cBsizaHHBIX ¢ [aBalickuM miomMoM [Sobolev et al., 2005,
2011; Wang, Gaetani, 2008; Hanano et al, 2010; Herz-
berg, 2011], Hesnb3s1 HENOCPeACTBEHHO NPHUMEHUTH
JUJIST MUHTepIpeTanuyd 3BOJIIMA MarMaTu3Ma JIpyrux
OKeaHWYeCKHX OCTPOBOB U, TeM 60Jiee, KOHTUHEHTOB.
KoHTHUHeHTa/IbHbIe 0(a3aJbTOBbIE pacCIJiaBbl Mpo-
HUKAIOT CKBO3b MOILHYIO [JIpeBHIOI0 JiUTOCcdepy U
HCIBITBIBAIOT CYL[eCTBEHHOE BJIMSIHHE TMPOLECCOB,
conpoBoXaarouux ux noasem [Dickin, 2005]. Hepeako
B MOJieJIIX MarMaTu3Ma, 0CO6eHHO KOHTHHEHTAJb-
HOro, NEepBOCTENeHHass poJib OTBOAUTCH 3ddeKTy
npe/lecTBYIOEro MeTacoMaTo3a JUTochepHor MaH-
tuu [Griffin et al, 1988; Barry et al, 2003]. B npoaoJ-
»arolleics MoJieMUKe O IJIIOMOBOM M TIJIMTHOW AU-
HaMHKe MaHTHHHBIX NPOLECCOB pellaliee 3HaYeHHe
NpUOGpeTaT celicMUYecKHe H306paXKeHUs CKOPOCT-

HOro cTpoeHuss MaHTUU [Hofmann, 1997; Foulger,
2010].

B mosgHenepMckoe BpeMsi MU Ha INEPMCKO-TPH-
acoBoM py6exxe Ha TEPPUTOPHUH A3UK GOPMUPOBAJINUCH
KpyIlHble TpamnnoBble NPOBUHLUHU — JMEWIIAHCKas U
Cubupckas. B obeux npoBUHLMAX NpeobJafano Mo-
CTymJieHHWe HHu3Ko-Mg (HU3KOTeMIlepaTypHbIX) Oa-
3aJIbTOBBIX PACIJIAaBOB, HO JIOKAJbHO MPOSIBUJINCH U
BbICOKO-Mg! (BbICOKOTEeMIlepaTypHbIe): MeWUMEeUYUTO-
BOro cocraBa — B CUOUPH, KOMAaTUUTOBOTO — B IMeil-
mane [Vasiliev, Zolotukhin, 1995; Fedorenko et al., 1996;
Fedorenko, Czamanske, 1997; Kogarko, Ryabchikov,
2000; Hanski et al, 2004; Carlson et al., 2006; Sobolev et
al, 2009; Rasskazov et al, 2010]. O6pa3oBaHUue KpyI-
HOM MarmMaTH4eCKOW NpOBUHIMH CHOUPHU MOJIeTHPO-
BaJIOCh AKTHBHU3alMEeH TEPMOXHMHYECKOTO ILIIOMa B
006J1acTH NepexoJHOU U BepxHell MaHTHUHU C Iolepey-
HukoM noutu 1000 kM [Sobolev et al., 2011]. B mogensix
CECMHUYECKOW ToMorpaduyd MaHTHHUHBIE MPOIECCHI,
CONpOBOX/IaBlIe 06pa3oBaHus CHOUPCKOUN Tpamnmo-
BOH MPOBUHIMM, OJHAKO, ye He PEerucTpUupyrTcd
[Koulakov, Bushenkova, 2010].

XapakTep IJIaBJEHUSI MAHTHU B CBETE CEUCMOTO-
MorpadpuyecKux MojieJied HaxoJJUT HEeNoCpe/CTBEH-
HOe BbIpRQKEHHWE B U3YYEHUH MPOCTPAHCTBEHHO-Bpe-
MEeHHOM 3BOJIIOIMU M03JHEKalHO30MCKOro MarmMa-
THU3Ma A3uu. 37ech Oblja BbljleJleHa aHOMaJIbHas MaH-

1 K BbICOKO-Mg ByJIKAHUYECKUM MOPOJaM OTHOCSTCS WX PasHO-
BHU/HOCTH, KPUCTAJIU3YIOLIMECS U3 MarMaTHYECKUX PaCIJIaBOB C
cogepxanuamMu MgO ot 12 no 32 mac. % [Le Bas, 2000; Kerr, Arndt,
2001].



THA N0 3aNa3/AbIBaHUI0 CKOPOCTEN CeMCMUYECKUX BOJTH
OT aTOMHBIX B3pbIBOB B mtaTe HeBaza, CILIA [Rogozhi-
na, Kozhevnikov, 1979]. B HauaJsie 1990-X IT. HOSIBUIUCH
TUNOTE3bl O CBSI3U ByJKaHM3Ma HEKOTOPbIX PallOHOB
LleHTpasbHO#N U BocTouHOU A3UM C IJIIOMaMu B IIOHU-
MaHWH, npeasoxxeHHoM /’k. Mopranom [Nakamura et
al, 1990; Yarmolyuk et al, 1990, 1994; Rasskazov,
1991]. llpeanoJsiarajoch TakKXe, YTO paccpe/lOTOYEH-
HbId BHYTPUIVIUTHbIA KaWHO30WCKHUU BYJIKaHHU3M
3TOM TEeppUTOPHUU B IeJIOM ObLI IMPOU3BOJHBIM 06-
HIMPHOTO acTeHOchepHOro amBeJUIMHTa c 6oJiee riy-
OMHHOrO MaHTHUHHOIo YpoBHA («ropsyas o06J1acTb»
[Tatsumi et al, 1990]) wi¥ KOHBEKTHBHOTO IOTOKa,
MOJHUMABIIETOCS OT TPaHHULbl APO-MaHTUS («ropsi-
yee moJie MaHTUU» [Zonenshain et al, 1991]). Ilo3xe
NOSIBUJIMCh MOAUQUIMPOBAaHHbIE BAPUAHTHI JAUHAMHU-
KU 3TOU obusiacTtu [Maruyama et al,, 2007; Yarmolyuk et
al, 2000; et al.].

BHYTPpUIJINTHOMY BYJIKAaHU3MY Mpe/0JaraeMoro
KpPYMHOMAacCIITaGHOT0 a3WaTCKOro acTeHocpepHOoro
anBeJJIMHTa 6Oblla MPUNKCAHA HM30TOMHAs aHOMAaJUS
DUPAL [Flower et al, 1998]. OgHako BbINOJIHEHHbIE
HW30TOMHO-Fe0OXUMUYECKHE UCC/Ae/IOBaHUS CBUHIIOB B
KaWHO30MCKUX 6a3ajbTaX MOKa3ajJd OrpaHUYEHHOe
MpPOCTPAaHCTBEHHOE pacHpOCTpPaHeHNE 3TOM aHOMaJUU
B KallHO30MCKUX 6a3a/ibTaX, U3BepraBIIMXCS B Npeje-
Jiax TyBUHO-MOHT0/IbCKOT0 U APYTUX pudencKUx Mac-
CHBOB, HEKOTZa NpuHajjexaBmux BoctouyHoil ['oHf-
BaHe l0xHOTO Mostymapust 3eMJiu U ApelPpOBaBIINX B
no3/iHeM JlokeMOpuU 1o [laseoasuaTckoMy OKeaHy B
CeBepHoe noaymapue. OrcyTcTBue aHoMananu DUPAL
B KaWHO30MCKUX 6a3asbTaX, U3BepraBIIUXCS B GoJiee
MOJIOJbIX (Ka/leJJOHCKUX) CKJIaJ4aThIX KOMILJIEKCaAX,
CBU/IETECTBOBAJIO O TOM, UTO OHA ObLJIa MPUBHECEHA
JperidpoBaBLIMMU pUPENCKUMHA MacCMBaMMU WU Xapak-
TepH30Bajla HCTOYHUKU MaJOTIYOMHHONW MaHTHUH
[Rasskazov et al., 2002a, 2002b].

C yaydiieHWeM paspelleHus TJIyOUHHbIX CeHCMU-
YeCKUX MO/Jesied BhISIBUJIOCH CJI0XKHOE CTpPOE€HUe MaH-
Tuu Asuu. Ha ocHoBe Mojiestu S-BoJiH [Yanovskaya, Ko-
zhevnikov, 2003] u aHa/1vM3a NPOCTPAHCTBEHHO-Bpe-
MEHHOrO0 pacnpezeJeHUU KAWHO30MCKUX BHYTPUILJIAT-
HbIX 6a3aJIbTOB ObLIU Bbl/ieJ€Hbl KPYIHbIE HU3KOCKO-
POCTHBIE [IOMEHbI, 06beJUHAIIINE JIOKAJbHbIE AHO-
Ma/lMM Ha /IBYX BepXHEMaHTUMHBIX sipycax: 3abaii-
KaJbCKUM B HWKHeM spyce (200-410 kM) u CasiHo-
MoHroabckril, 0X0OTOMOPCKUN U OUIUMTIIITUHOMOPCKUM
- B BepxHeM spyce (50-200 kM) [Rasskazov et al,
2003a; 2004]. ITa ke MoJesib S-BOJIH 6bla UCMOJIb30-
BaHa 3aTeM B KayeCTBE OCHOBBHI JJI1 MOJEeJUPOBaHUSA
CKBO3HBIX IJIIOMOBBIX KOJIOHH BEPXHEN MaHTHUU B TJy-
6uHHOM HHTepBasie 200-670 KM JIOKaJIbHbIMU TPaBU-
TAallMOHHBIMU aHOMaJIUSIMHU [Zorin et al,, 2006].

PasHorsy6uMHHAass WHAWBU/YaJbHOCTb 3abaiiKasib-
ckoro M CafAHO-MOHIOJIBCKOTO HU3KOCKOPOCTHBIX
(pacmiaBHBIX) AOMEHOB MMO/YepPKUBAETCS Pe3KOM Jia-
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TepaJIbHOH CMeHO# cKkopocTel B Mojenu [Yanovskaya,
Kozhevnikov, 2003] Ha ypoBHe 250 KM U JlaTepaJibHON
CMEHOM CcOCTaBa MO3JHEKAWHO30WCKUX BYyJIKAHUYe-
ckux nopoJ. B koHType 3abalikasibCKOro AoMeHa pac-
NpPOCTPaHEHbl BBICOKO-Mg ByJIKAHWYECKUE MOPOJBbI.
M3Bep:keHUSIM JIaB TAKOTO COCTaBa YaCTUYHO MpeJlie-
CTBOBaJIM (HO B OCHOBHOM 3a HUMM CJie[loBa/id) U3-
BEpXKeHUs yMepeHHO-Mg JiaB. B koHType CasgHo-MoH-
roJbCKOr0 pacl/jaBHOTO JOMeHa TN03J4HeKahHO30M-
CKHe TOPOJbl UMEWT HCK/JIIYUTEJIbHO yMepeHHOo-Mg
COCTaB, a BbICOKO-Mg mopojbl OTCYTCTBYOT (puc. 1).
CnepoBaTesibHO, 3ab6alKalbCcKUi M CagHO-MOHTOJIb-
CKUH JlOMeHbl 006J1a/jlajli MeTPOreHeTUYeCKOW HWH/U-
BU/IyaJIbHOCTbI0 MarMaTU4eCKHUX MPOLLECCOB.

Bbicoko-Mg JjiaBbl M3Beprajuch B KOHType 3abaii-
KaJIbCKOTO JJOMeHa B cepeJjiHe MUOLeHa, KaK IPaBHUJIO,
B Heb6osbIINX 06'beMax. Ciie/joBaBIIMEe 32 HUMH U BO3-
0OHOBJISIBILIMECS B TeYeHHE MUJLJINOHOB JIET U3BEpKe-
HUSI yMepeHHO-Mg siaB GopMHUpOBaIU KpYIHbIE BY.JI-
KaHWueckre MmaccuBbl. Tak, Majsoo6beMHbIe (MepBble
KM3) Havya/bHble U3BEPKEHUST BBICOKUX-Mg OJIMBUHO-
BbIX MeEJIAJIEUIIUTUTOB MNPOU3OULIA Ha Y/JOKAaHCKOM
BYJIKAHUYECKOM II0JIe 0K0J10 14 MJIH JieT HasaA. Mac-
coBble u3BepkeHus (06beM 450 KM3) BYJIKAHUTOB Cce-
pUH 1IeJIOYHON OJIMBUHOBBIN 6a3aJibT — TPaXUT U 6a-
3aHUT - TePpUPOHOJIUT PACIPOCTPAHUIUCH HA 3TOH
TEPPUTOPUH B nocyeHue 8 MJH JieT [Rasskazov et al,
1997, 1998, 2000]. He6onblioi BbIX0o[, BbiCOKO-Mg 6a-
3aJIbTOB OOHapyeH Ha KamapckoMm ByJIKaHU4YECKOM
noJie B ToJile Bo3pacToM 16-15 MjH JieT. 3TUM u3-
BEpKEHUSAM NpeJliecTBOBAJIM U 3a HUMHU CJeJl0BaU
M3BEPKEHUsT HU3KOo-Mg 6a3asbTOB, Clararwuidx ByJI-
KaHWYeCcKHe TOJIIA C JaTUPOBKAaMU B HHTepBasax,
cooTBeTcTBeHHO, 18.1-17.6 u 13-12 maH JeT [Ras-
skazov et al, 2003b; 2013]. llomo6HBIM 06pa3oM He-
6oJiblIMe TeJa BbICOKO-Mg nmopoj U 06’beMHble MaccH-
BbI MOPOJ, HU3K0-Mg cocTaBa cooTHOCATCA Ha Butum-
CKOoM U /JlapuraHckoM ByJKaHWYeCKUX MoJisax [Aschep-
kov, 1991; Aschepkov et al, 2003; Chuvashova et al,
2012, 2015].

B HacTosmeld pa6oTe Mbl NMPUBOAUM pPe3yJbTaThbl
H3y4YeHUs COCTaBa CPeIHEMUOIEHOBbBIX MOpo/; BUTUM-
CKOTO BYJIKAHWYECKOTO MOJs1 B BO3PacCTHBIX UHTEPBa-
gax 16-14 u 14-13 muH JseT. B nmepBoM HHTepBaJje
npesCTaBJeHbl BbICOKO-Mg mopoAbl (6a3aHUTHI, MUK-
po6a3anbThl, 6a3aJbThl), BO BTOPOM - yMepeHHO-Mg
nopo/bl (6a3asbThl, TPaxubasajabThl, aHAe3uba3aJb-
Thl). MUKPO3JIeMEHTHI U3 BYJIKAHUYECKUX MOPOJ, ObLIU
omnpejesieHbl B JabopaTOpUM HM30TONUHU U TeEOXpo-
Hosioruu MHcTuTyTa 3eMHO#M Kopbl CO PAH meTomom
ICP-MS ¢ wucnosb3oBaHUEM  MaccC-CeKTpoMeTpa
Agilent 7500ce Baiika/ibCKOTrO aHAJUTHYECKOrO IiEH-
Tpa KOJIJIEKTUBHOTO M0JIb30BaHUS (IPO6GONOATOTOBKA
M.E. MapkoBo#, Kamu6poBKa AaHHbIX T.A. ICHBITMHOH)
o MeTOJWKe, IpUBeJIeHHON B pabortax [Yasnygina et
al, 2003; Rasskazov et al, 2012]. U3mepeHUe U30TOI-
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Puc. 1. [IpocTpaHCcTBEHHOE pacnpe/ie/ieHMe BbICOKO- U YyMepeHHO-Mg cpelHEMUOL,EHOBBIX ByJIKAHUYECKUX TOpoJ BO BHy-
TpeHHeH A3UM IO OTHOUIEHUIO K CEYEeHUI0 CKOpPOCTel S-BoJIH Ha riyouHe 250 KM u3 pab6oThl [Yanovskaya, Kozhevnikov,

2003].

WHTerpupoBaHHble CKOPOCTHBIE XapaKTEPUCTUKU Pa3HbIX YPOBHEN MaHTHHU OTHOCSATCSA K IJIy60KoMy 3abalKalbCKOMY U MeHee ry6o-
KoMy CassHO-MOHTI0/IbCKOMY HU3KOCKOPOCTHBIM JloMeHaM [Rasskazov et al.,, 2003]. Ucniosib30BaHbl AaHHbIE [Jis BYJIKAHUYECKUX TOPOJ, U3
6a3bl gaHHbIX [Certificate..., 2013]. ByskaHU4YecKHe MOJIS CO CPeJHEMHOLIEHOBBIMHM OPOJaMu: BbIcOKO-Mg - Butumckoe (VT), YiokaH-
ckoe (UD), Kamapckoe (KM), Japuranckoe (DR); ymepenno-Mg - Tynkunckoe (TN), /bxugunckoe (DZ), Boctouno-Casinckoe (ES), Xy6-
cyryabckoe (KH), [isa6xanckoe (DB), JonuHoo3epckoe (VL), Bocrouno-Xanraiickoe (EH), Yreitnypckoe (UN). Pagom ¢ kaxzabIM MecTo-
Hax0X/eHHEeM CpeJHEMHOLIEHOBBIX I10PO/J, BBICOKO- U YMepeHHO-Mg cocTaBa B CKOGKax NMpUBEJEHO MaKCHMaJsbHOe cojepxaHue MgO
(mac. %). [Toka3aHo TakXe MeCTOIOJIOXKEHHe ByJKaHW4YecKoro noJsis XaHHyo6a (HN), Ha KoTopoM 2BOJIIOLIMOHUPOBAHHEIE I[EJIOYHbIE

OJINBUHOBBIE 6a3a/bThl ObLIN MMPpOU3BOAHBIMH BbICOKO-Mg pacnjiaBoB (CM. TeKCT).
Fig. 1. Spatial distribution of high- and moderate-Mg Mid-Miocene volcanic rocks in Inner Asia relative to S-wave velocity

image at depth 250 km after Yanovskaya and Kozhevnikov [2003].
Integrated velocity characteristics at different levels of the upper mantle are referred to the deeper Transbaikalian and more shallow Sa-
yan-Mongolian low-velocity domains [Rasskazov et al,, 2003]. Data for volcanic rocks are from the database [Certificate..., 2013]. Volcanic
fields with Mid-Miocene rocks: high-Mg - Vitim (VT), Udokan (UD), Kamar (KM), Dariganga (DR); moderate-Mg - Tunka (TN), Dzhida
(DZ), Eastern Sayans (ES), Khubsugul (KH), Dzabkhan (DB), Valley of Lakes (VL), Eastern Hangay (EH), Ugii-Nur (UN). Next to each Mid-
Miocene location of high- and moderate-Mg rocks, a maximum content of MgO (wt. %) is shown in parentheses. Also, location of the Han-

nuoba volcanic field (HN), where evolved alkali olivine basalts are derived from high-Mg liquids, is shown (see text).

HbIX OTHOweHHMHW Sr u Nd mpoBoaWIOCH HAa 7-KOJI-  HO HCIOJb30BAJIMCh aHAJUTHYECKHE AAHHbBIE, TMOJIY-
JIEKTOPHOM Macc-cnektpoMeTpe Finnigan MAT-262  4yeHHble B pa6oTax [Esin et al, 1995; Harris, 1998; John-
BalikasbCcKOro aHaJMTUYECKOro LieHTpa KOJUIEKTUB-  son et al, 2005; Chuvashova et al., 2015].

HOro moJib3oBaHusA (mpo6omnoarotoBka E.B.Capa-

HUHOHM, Macc-CIEKTPOMEeTpHUYECKHe HCCJIeOBaHUSA

H.H. ®edesiora) no meToarKe, npuBeJleHHOU B paboTe 2. OBIIAA FEOJIOTUYECKAA XAPAKTEPHCTUKA

[Rasskazov et al, 2012]. [leTporeHHble OKCUJbI U3Me-
pssvch B AHa/JIUTHYECKOM LieHTpe UHCTUTYTa 3eMHOU
Tepputopus HcciefOBaHUM HAXOJUTCA B 006J1aCTH

kopbl CO PAH kyaccuieckodl «MOKpOM XUMHel» (aHa-
autuku I'.B. BougapeBa u M.M. CamoiiyieHko). YacTuu-  codeHeHHsT EpaBHHHCKOrO OCTpOBOJYKHOro, HKaT-

TEPPUTOPHUHN
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Stanovoy (WS) are designated after Belichenko et al. [2006].

CKOTO Typ6uAnTOBOro U 3anmasHo-CTaHOBOrO COCTAaBHO-
ro tepperHoB [Belichenko et al, 2006]. B paHHeM ma-
Jleo3oe MO TrpaHulle MexJly EpaBHHUHCKOH OCTpOBHOH
Jnyro u UKaTcKuUM 3a/lyrOBbIM 6ACCEHHOM BHEJPSJIUCH
IIeJIOYHO-YIbTPAOCHOBHbIE Tesa CalKUHCKOTO KOM-
miekca [Konev, 1982]. B me3030e Tepputopusi Epas-
HUHCKOTO U CTaHOBOTO TeppelHOB OKa3aJlaCh OXBayeH-
HOM BYJIKAHUYECKUMHU HW3BEpKEHUAMH TpPenMylile-
CTBEHHO Tpaxnba3ajbTOBOro coctasa. B mpeaesbr Ukat-
CKOTO TeppeiiHa H3BepXKEHHs He pPaCIpOCTPAHSIHUC.
B kaiiHO30e Ha TeppuTOpuM EpaBHUHCKOTO TeppeliHa
o6pazoBajiock BUTHMCKOe ByJIKaHHUYecKoe 1oJie (puc. 2,
b).

By/akaHuueckoe MoJie MoJy4Yusa0 U3BECTHOCTh 6J1a-
rojiapsg MHOTOYHCJEHHbIM paboTaM MO TJYGUHHBIM
BKJIOUEHUSIM U3 IIEJOYHbIX 6a3aJbTOU/I0B U MUKPO-

Paleovalleys formed between 16 and 14 Ma
buried beneath basalts not buried

Northwestern boundary of the area
occupied by Mesozoic trachybasalts

Puc. 2. CpeZilHEMHOIIEHOBbIE peYHble JOJMHBI, TOrpe6eHHble M0/ JaBaMU BUTHMCKOTO ByJIKAHUYECKOTO M0Jis (a) U TEKTO-
HO-CTpaTurpaduyeckue TeppeiHbl 3anagHoro 3adakkaibs (b).

a -naneopoaunbl: CeBepHas (N), Lentpanbnas (C) u H0xHas (S) [Rasskazov et al, 2000, 2007b]; b - rpaHULbl TEPPEUHOB: OCTPOBOAYXK-
Horo EpaBuuHckoro (Er), 3agyroBoro typ6uautooro Mkartckoro (Ik), pudeiickoro Baiikano-Myi#ickoro (BM) u coctaBHoro 3amafHo-

Fig. 2. Mid-Miocene river valleys buried under lavas of the Vitim volcanic field (a) and tectono-stratigraphic terranes of

In the scheme (a), the Northern (N), Central (C) and Southern (S) paleovalleys are shown after Rasskazov et al. [2000, 2007b]. In the
scheme (b), the terrane boundaries island arc Eravna (Er), back-arc turbidite Ikat (Ik), Riphean Baikal-Muya (BM), and composite West

6asanbToB [Volyanyuk et al, 1976; Kiselev et al, 1979;
Rasskazov, 1985, 1993; Aschepkov, 1991; Ionov et al,
1993, 2005; Litasov, Taniguchi, 2002; Litasov et al,
2000a; Litasov et al., 2000b; Aschepkov et al.,, 2011; Gon-
charov, Ionov, 2012]. C Hadana 1980-x rr. Ha ByJIKaHHU-
YeCKOM I10JIe MPOBOJUJIOCH CHUCTeMAaTHYeCKOe H3yde-
HUe T0C/IeIOBATENbHOCTEH KAaWHO30MCKUX BYJIKAHU-
YeCKHX W BYJKAHOTE€HHO-0CAJIOUHBIX TOJIII C UCIOJIb-
30BaHMEM KepHa CKBaKHUH. CJIOU BYJIKAHUYECKUX I0-
PO, BCKPBITBIX CKBaKMHAaMH balikasibckoro ¢uivana
«CocHoBreoiorusi» OI'YTII «YpaHreosoropasBeika» u
JIPyTUX re0JI0OTUYeCKUX OpraHu3alui, UCI0JIb30BaJIHCh
JIJIsl KOPPeJIALUHI cTpaTUTrpadUIeCcKUX MmoApa3/ie/ieHUuH C
NpHUMeHeHUeM JaTHpoBaHUA B K-Ar-u30TomHOM cucTe-
Me U COTJIaCOBaHUEM C GUOCTpaTUrpadpUIecKUMHU JaH-
HBIMHM OCaJIOYHBbIX OTJIOKeHUM [Rasskazov et al, 2000,
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2001, 2007b; Chernyaeva et al.,, 2007; Usoltseva et al, 2010;
Chuvashova et al, 2015].

PaspaboTaHHas cTpaTturpaduueckasl cxeMa BKJIIO-
YaeT KYJapUKTUHCKYH CBUTY OJIMTOlLleHA — HIDKHEro
MUOLEeHA, [PKUJIUHAVHCKYIO0 CBUTY CpeJHETO-BEPXHETr0
MHUOILIEHA, XOUTOTCKYIO TOJILY IJIMOIEHA M OepeuH-
CKyI ToJilly IiedcTolieHa. KynapUKTHHCKasi CBUTA
dopmupoBanack B cJabopaculeHEHHOM peJsbede.
EnnHnunble K-Ar-7aTUpPOBKH, CONMOCTAaBJISIOLNECT CO
CBUTOH, He NpPHUBA3aHbl K pa3pe3y U HYXAATCA B
MO/ITBEPK/IEHUU NMPEIU3UOHHBIMU F€0XPOHOMETpUYE-
CKMMHU [JaHHbIMU. JDKUIMHAWHCKAs CBUTA HayvaJja
dopmMupoBaTbcs Ha cBoAe AHTAace, MOJHSITHE KOTO-
pOTO COMPOBOXAAJIOCH 3aJI0KEHHEeM TIyO6oKuX (40
500 M) pudTOBBIX NaJEOJ0JUH C 3PO3UOHHBLIM pac-
yJleHeHHEeM OKpy:Kamwlleil Tepputopud. [lox ByiKaHU-
YeCKMMHU NOPOJAaMH U 0CaZ,0UHBIMHU OTJIOKEHUSIMH I10-
rpebeHbl TPU Male0/0JIUHbI, IPOTATMBaOIIMecs B ce-
BEpPO-BOCTOUHOM HampaBjieHuu: CeBepHasi, l0xHasg u
[enTpanbHas. [lepBas npocyexxeHa Ha 120 kM, BTopast
- Ha 100 kM, TpeTbsi — Ha 50 kM. B Havase cpeaHero
MuoleHa (16-14 MJyH JieT Has3ajA) B Maleo/0JIMHAX
HaKallJIMBaJIUCh IPy6006JIOMOYHbBIE OTJIOKEHUS HUX-
He/PKWJINHAWHCKON NOJACBUTHI, NOYTU He COJeprKaB-
el ByJIKaHWYECKUX MpocyoeB. JlanbHellliee ocaJKo-
HaKOIJIEHHE C Mepexo/ioM K (alusiM 03epHBIX OTJIO-
JKEHUN BepXHEKUJIUHIUHCKOW MOJACBUTHI CpeIHEr0—
BEpPXHET0 MHOIlEHA CONPOBOXKAAJOCh OGBbEMHBIMU
W3JUSAHUSAMU J1aB BO BpeMEHHOM WHTepBaje 14.4-
9.0 MJIH JieT Ha3aj. 3aTeM JiaBbl U OCAJKH JKWUJIUH-
JIMHCKOM CBUTBI OGbLJIM YaCTUYHO 3POJAUPOBAHBI. B 06-
pa30BaBLIMXCSA 3PO3WOHHBIX NaJe00JNHAaX HaKalIu-
BaJIUCh JIaBbl U OCAJIKM XOWTOTCKONW U GeperHCKOH
TOJIIII.

JlaBaMu, M3/JMBaBIIMMUCA Ha BUTHMCKOM moJie BO
BpeMeHHOM HHTepBasie 16.0-0.6 MJIH JieT, 6blIa 3aHSA-
Ta miowaab okoso 5000 kM2. 061U 06beM ByJIKAHU-
yeckux nopo/ npeBbicusa 1500 kM3. U3BepruyThIe JIaBbl
CIoCOGCTBOBAJIM IUIAaHAIMK pesbeda € 06pa3oBaHUEM
06UIMPHOr0 BUTUMCKOTO IIJIOCKOTOPBSI.

Ha BysikaHHM4yeckoM moJie 3aKkapTUpoBaHO 88 1iiako-
JIABOBBIX KOHYCOB, BBICTYNAIOL[HX HA/l aKKYMYJISITUBHOMN
JIAaBOBOH MOBEPXHOCTHIO. [Ipy 6ypeHnr 06GHapyKeHo ellje
18 mnorpe6GeHHbIX BYJIKAHWYeCKHX mocTpoek. lliako-
JIABOBbIE aMMapaThbl pacnpe/iesieHbl AUCKPEeTHO U 06pa-
3YIOT CeMb KPYIHBIX U LIECTb HEGOJBIINX ByJKaHHUYeE-
CKUX IIeHTPOB (Ha puc. 2 He IoKa3aHbl). KpynHble UMeT
nonepedyHuk 16-20 KM ¥ HacyuThIBaKOT OT 7 0 17 oT-
JleJIbHBIX 1IJIaKO-JIaBOBBIX MOCTpoeK. ByJsikaHU4yeckue
LEHTPbl MEHbIIUX pa3MepoB (B MONEpPEYHUKE IMepPBbIE
KHUJIOMEeTpPbl) 0ObEeJUHSIOT OT ABYX 0 YeThbIpex ILJIaKO-
JIABOBBbIX NOCTpoeK. Kaxablil ByJIKAHUUECKHUU IeHTpP
JlelicTBOBaJl B TeYEHUE OrPpaHUYEHHOT0 BPeMEHHOT0 UH-
TepBasia U OTJIMYAJICS TI0 BpeMEHU aKTUBHOCTHU OT JApY-
IrUX BYJIKAHUYECKUX LIeHTPoB [Rasskazov et al, 2000].
CpaBHUTe/IbHOE U3y4YeHHe COCTaBa MOpPo/] B ByJIKaHUYe-

CKHUX TOC/Ie0BATEIbHOCTSIX BOCTOYHON W 3ama/iHOM 4a-
cTell BUTUMCKOr0 By/JIKAHUYECKOTO TOJIS1 BBISIBUJIO CXO/I-
CTBO MarMaTH4eCKOW 3BOJIIOIMU TOJ 3TUMU TEpPPHUTO-
pusMUd BO BpeMeHHOM uHTepBajse 13.0-9.5 MuH JseT
Ha3aJ, ¥ CyLleCTBEHHbIe Pa3/IMuMs B MpeJllecTBYIOIIeH
1 6oJiee mo3aHew aBostonun [Chuvashova et al, 2015].

BepevHCKUI ByJIKAHUYECKUH I[eHTp, pPacroJio-
JKEHHbIH B BOCTOYHOM YacTH BYJIKAHUYECKOTO TMOJIS
(puc. 2), 06pasyl0T ceMb HIJAKO-JABOBBIX MOCTPOEK, C
KOTOPBIMUA MPOCTPAHCTBEHHO CBSI3aHbl JIABOBbIE Ha-
KOILJIEHUS Ha 1ioiau He MeHee 250 kMm2. [IpescTaBu-
TeJIbHbIe JJaHHbIE O COCTaBe MOPO/] BYJKAHHUYECKOTO
[eHTpa MOoJIyYeHbl MPU HU3YyYEHUH MOCae[0BaTeNbHO-
CcTel B 0OHaXKEHHAX U KepHe CKBaXKUH (puc. 3, 4).

Bricoko-Mg mopogbl Bo3pacTtoM 16-14 MuH JieT
HaxoASTCs B BU/Jle 06JIOMKOB U JIMH3 MO/yIL€YHbIX JIaB
B CJIOMCTOM TY(}OTEeHHO-0CaI0YHOU TOJIIIE, BCKPBITOM
KapbepoM Ha 76-M KM floporu PomaHoBKa - barfapun
[Aschepkov, 1991]. JTa Tosma cdopmMUpoBanach B
Havasie 3p03UOHHOr0 pacyJieHeHUs] TEPPUTOPHUH U 3a-
HUMaeT OTHOCHUTEJbHO BBICOKOE THIICOMETPUYECKOE
nosioxkenue (>1000 M). O6/710MKH ByJIKAHUYECKUX MO-
PO/l ¥ ToAyIedHbIe JIABbI CJI0XKEHbI MPEeUMYIIeCTBEeH-
HO BYJIKAHUYECKHM CTeKJoM. YacTb HOpoj HMeeT
adupoBoe cioxeHue. MHOrma B HHUX cojepKaTcs
KpyIHble TOPQHUPOBBIE BbIJIEJEHUSA OJIMBUHA WJIU
dparMeHThI Je3UHTETPUPOBAHHBIX KCEHOJIUTOB IIITH-
HeJIEBBIX U TPAaHATOBbBIX NEPUAOTHUTOB.

Onpo6oBaHHe O0O6GJIOMKOB IOpPOJA M3 TYyPOTeHHO-
0Ca/IOYHOU TOJIIIM MPOBO/IUIOCH B Mpoliecce OTpadboT-
KM Kapbepa U ero yrjybseHus. BepxHuil cioil 6bla
BCKPBIT B CeHTs16pe 1986 r. cpeHUH - K cepeuHe
1990-x rr., HwxHUH - k 2013 r. BepxHuil cioi
cofiepkas 06JIOMKHM NHKpP0o6a3a/bTOB, 6a3ajbTOB U
MHOTOYHMC/IEHHbIE MAHTUHHbIE KCEHOJIUTDI, CPEJHUHN —
06JIOMKH BBICOKO-Mg 6a3aHUTOB U 6a3a71bTOB (BCTpe-
YeHbl JIMH3bl MOAYIIEYHBIX JIaB 3THX JXKe MOpoja) C
BKJIDUEHHUSIMM MaHTHHHOI0 KCEHOTE€HHOr0 MaTepua-

JIa, HWKHHUH - OOJIOMKH BBbICOKO-Mg 6a3ajbTOB C
BKJIIOYEHHUAMH KOPOBOTO KCEHOTEHHOTO MaTepHasa
(puc. 5).

YMepenHo-Mg nopoael BospactoM 14-13 MJIH J1eT
npe/icTaBjeHbl JaBaMM, 3alOJHUBLIMMHU TJyOOKHe
3pO3UMOHHBIE TAJE€0JOJIMHBI, Ta/bBerd KOTOPBIX
yraybJsieHbl B pyHAAMEHT A0 abCOJIIOTHOM OTMETKH
850 M. Ilpu ToJIIMHE JIaBOBBIX HAKOIUIEHUH 6oJiee
150 M ux 06'beM mpeBbicus 15 kM3, [IpUGIU3UTETBHO
TaKoM ke 00'beM JiaB U3JIW/ca Ha bepenHCcKOM ByJika-
HUYECKOM LieHTpe 3a BeCb MOC/JAeAyIOUIMA BpeMeHHOU
HHTepBaJl ero akTUBHOCTU c 12.6 go 0.6 MjaH JeT
Hasag,

B Bo3pacTHo# reHepanuu 14-13 muH jeT npeobJia-
JlaeT rpyIla NopoJ IepexoJHOro coctaBa oT Na- k
K-Na-cepumn, cocrasiaawomas okoso 70 % JaB. JTa
Ipyla pacnpocTpaHeHa Ha BCeH TepPUTOPHUU BYJI-
KaHMYecKoro ILeHTpa. B nepecsamBaHUM € J1aBaMU
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[epexoHOTO COCTaBa B €JAUHCTBEHHOH CKBaXKHHe
W4657, npoiifieHHOH B CEBEpPO-BOCTOYHOMN YaCTH Tep-
puTOpHHU, 06HapYXKeHbI aBbl Na-cepuu. x o6beM He
npeblimaet 5 %. OcranbHble 25 % J1aB NpUXOAATCA HA
naBel K-Na-cepuy, 3aserawouye B CeBepHOW 4YacTH
BYJIKAHUYECKOT0 ILeHTpa CTpaTUrpadpUyecKu Bblllle
JaB nepexosiHoro (Na-K-Na) coctaBa (cMm. puc. 3, 4).

3. [IETPOTEHHBIE OKCH/bI

[IpefcTaBUTENIBHBIE COCTaBBl CpeJHEMHUOLIEHOBBIX
nopoJi, beperHCKOro ByJIKAHMYECKOIO LieHTpa IpHuBe-
JleHbl B Tabsuue. /I uX CUCTEMAaTUKU UMCIOJb3YIOTCS
nuarpammbl K>0 - K;0/Na20, K,0 - SiO», mesnouun -
kpemHe3eM U MgO - SiO; (puc. 6, 7).

B KauecTBe OCHOBHOIO KpUTepHs BblJeJIeHUs ce-
pUi MarMaTH4ecKUX NOpPOJ HNPUHATHI COOTHOLIEHUS
KaJsivsd U HaTpus. B kanneBbIx cepusx copepxanusa K0
BhIlle cofepkanui NaO (B mac. %), B HATPOBBIX CO-
CTaBJAIOT MeHee OJHON 4YeTBEPTOHW YaCTU OT CYyMMBbI
1ieJiouel, a B KaJIMHAaTPOBBIX — cofepxkaHusa K,0 ume-
I0T NMPOMEXYTOYHble COOTHOILIEHHUS C COJAepPKaHUAMU

A0 |ine of wells

Puc. 3. MectonoJsioxkeHre Kapbepa U JIMHUKA CKBaXXWH, BCKPBIBLIMX, COOTBETCTBEHHO, BbICOKO- U yMepeHHO-Mg nopojsl B

respectively, high- and moderate-Mg rocks in the Bereya vol-

Na,0 [Foley et al, 1987; Rollinson, 1993]. Ha auarpam-
Me K0 - K;0/Na;0 (cM. puc. 6) cpelHEMHOIIEHOBbIE
Nopo/ibl NMepPeKPhIBAIOT AMaNa30H KaJUHATPOBOU ce-
pUM C pacrnpocTpaHeHHUeM B KaJMeBYIO U HaTPOBYyw. B
BO3pacTHOM reHepauuu 16-14 MJIH JieT B KaJHUEBYIO
cepuio (K;0/Na,0 > 1.0) momaziaeT rpymnmna nukpooa-
3a/1bTOB-6a3aJIbTOB, B KaJUHATPOBYIO — TpyIna KOH-
TaMUHUPOBaHHbIX 6a3a/bTOB. ['pymnna Beicoko-Mg 6a-
3aHUTOB-6a3a/IbTOB 3aHUMAET NPOMEXKYTOYHOE TIO0-
noxeHue ¢ nepexonoM oT K k K-Na cepuu. B Bo3pacr-
HOU reHepauuu 14-13 MJIH JieT K HaTpPOBOM cepuH
(K20/Na;0 < 0.25) oTHocuTca rpymnna 6a3ajbTOB
(K20=0.31-0.49 mac. %, K;0/Na;0 = 0.11-0.15). [Tepe-
XOJHBIM COCTAaB OT HAaTPOBOM cepUU K KaJUHATPOBOM
vMeeT rpymna 6asajbToB-aHe3uba3anbToB (K20=
=0.50-1.10 mac. %, K20/Na,0=0.16-0.40). K kasuHa-
TPOBOUM CEpUM NPUHAAJIEKUT Tpynmna 6a3ajabToOB-Tpa-
xubazanbToB (K.0=1.1-1.8 mac. %, K»0/Na,0=0.34-
0.64).

Ha xsaccudvkanMoHHOW JuarpaMmMe INeJo4Yd -
KpeMHe3eM Ipyiibl Mg-6a3aHUTOB-6a3a/bTOB U IHK-
po6a3aibTOB-6a3a/JbTOB M3 BYJKAaHOTE€HHO-0C3/04-
HOU ToJIIM Bo3pacToM 16-14 MJIH JIeT XapaKTepUsy-
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Puc. 4. CooTHOIIeHUs] BYJIKAHOTEHHO-0CaJ0YHOHN TOJIIM Bo3pacToM 14-13 MuH JieT ¢ 6oJiee MOJIOABIMH TOJILAMU BO3-

pactHoro uHTepBajia 12.6-0.6 MyH neT B beperHCKOM ByJIKaHUYECKOM LieHTpe. MecTonoJi0’keHHe JIMHUH pa3pe3oB BA, BC,
DE noxkasaHo Ha puc. 3.

Fig. 4. Relations between the 14-13 Ma and the younger (12.6-0.6 Ma) volcano-sedimentary units in the Bereya volcanic
center. The well lines of the sections BA, BC, and DE are shown in Fig. 3.
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South
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blocks of high-Mg basanites(BS)

blocks of contaminated basalts (CB)

Puc. 5. CooTHoleHUsI B pesibede ByJTKAaHOTEHHO-0CaZ0YHOHN TOJIIH BO3PacToM 16-14 MJIH JIeT U CyllecTBeHHO-J1aBOBOMH
TOJIIM Bo3pacToM 14-13 MJuiH JieT Ha bepenHCKOM ByJIKaHUYECKOM LieHTpe. MecTomnosio’keHre Kapbepa, B KOTOPOM OGHa-
»KEHBI 0CA/IKH C IJIbI6AMU BbICOKO-Mg ByJIKAHUYECKHUX MOPOJI, TOKAa3aHO Ha PUC. 3.

Fig. 5. Relations between the 16-14 and 14-13 Ma volcano-sedimentary units in the Bereya volcanic center. Location of the
quarry that exposed sediments with blocks of high-Mg volcanic rocks is shown in Fig. 3.

I0TC HU3KUMU cojiepkaHussmu SiO, (42.8-45.0 u
44.2-45.6 mac. %). B rpynne 6a3ajibToB-Tpaxubaszasib-
TOB, KOHTaMUHHUPOBAHHBIX KOPOBBIM MaTepHaJIOM,
onpeneneH uHtepBaa Si0; ot 46.2 no 50.2 mac. %.
06p. VT-13-09 c copepxkanuem Si0, 57.6 mac. %
MMeeT TpaxvaHJe3UuTOBBbIA cocTaB. B maTH o6pasnax
rpynnbel KOHTaMUHHUPOBAaHHBIX 6a3ajbTOB-Tpaxuba-
3aJIbTOB N0/, GUHOKYJISIPOM 6Obla 0TOOpPaHa OCHOBHas
Macca nopoj, cogepxkanus SiO, B KOTOpOU cucTeMaTu-
YeCKHU CHMKAIOTCA OTHOCUTEJIBHO BaJIOBBIX COCTABOB U
HaxXoJATcda B uHTepBase 45.9-49.6 mac. %. JlaBbl Bo3-
pacTHoOU reHepauuu 14-13 MJH JIleT UMeEOT OOUIUHI
auanaszoH Si0; 47.3-53.5 mac. %. 'pynnel 6a3anbToB
Na-cepuu u 6a3anbToB-Tpaxuba3anbToB K-Na-cepuu
OTJIMYAKTCS OT 6a3ajbTOB-aH/e3lb6a3a/JbTOB Iepe-
xonaHoro (Na-K-Na) cocTtaBa MOBBILIEHHBIMH COJEP-
*kaHusaMHu SiO; (puc. 7, a).

Copepxkanus MgO B rpynnax 6a3aHUTOB-6a3a/1bTOB
Y NUKP06a3a/ibTOB-6a3a/bTOB BapbUPYIOTCS B UHTEP-
Base oT 12.5 no 20.4 mac. %. C Bo3pacTaHueM cojep-
>kaHul SiO2 B BaJIOBBIX COCTaBaX I'Pymiibl KOHTAMUHU-
pOBaHHBIX 6a3aTbTOB-TPaxrWba3ajbTOB COJEPKAHUSA
MgO B 11€JI0M HECKOJIbKO CHWXXAKTCS OTHOCUTEJIbHO
rpynn 6a3aHHUTOB-06a3aJbTOB M IHUKPO6A3a/bTOB—
6azasnbpToB (0 wHTepBasa 10.7-16.8 mac. %). B oc-
HOBHOUM Macce rpynmnbl KOHTaMUHHUPOBAHHbIX 06a3asib-
TOB-TpaxubazaibToB coaepxkutca 10.3-12.6 mac. %
MgO. B naBax Bo3pacTHOU reHepanuu 14-13 MJH
JieT HaOJII0JlaeTCs pe3KOe CHIDKEHHWE COJepKaHUuU

3TOTO0 OKCHJIa C TEPeX0JIoM B yMepeHHO-Mg 06.J1acTh
(c™. puc. 6, b).

BeiesieHHbIE TPYIIbI TOPOJ BO3PACTHBIX IeHepa-
nuit 16-14 v 14-13 MJIH JIeT XOpOLIo Pa3IuvyarTCs Ha
JuarpaMMe HOPMAaTHUBHBIX MHUHepaJsioB. I'pymnmna KoH-
TaMUHHUPOBAHHbBIX 6a3a/IbTOB-TPaxru0a3ajbTOB OTJIH-
YaeTcd OT Ipynn 6a3aHUTOB-06a3aJbTOB M IHUKpPOOGA-
3aJIbTOB—6a3a/IbTOB HU3KUMH COJIEPKAaHUSIMH HOpMa-
TUBHOTO aHOPTHUTA MPHU BapUaLMsIX HOPMATHUBHOIO ne
(mo 8 %) u hy (mo 9 %). B rpynne 6a3zaHuToB-6a-
3a/IbTOB PaCCYUTHIBAETCS HOPMaTUBHBIN ne (3-9 %),
a B rpynmne nNuKpo6a3ajibToOB-6a3aJbTOB — HOPMATHUB-
Hblit hy (0-8 %). Takas neTpoxumuyeckas cnenudpuka
rpyIbl NTUKPO6a3ajbTOB-6a3a/JbTOB COJIMKAET ee C
abcapokuTaMu BysikaHa KaTamaTa, mpyuHaiexKaniuMu
K LIOIIOHUTOBOM acconuanuu Oro-3amnagHou AnoHuun
[Tatsumi, Koyaguchi, 1989].

BazanbT-TpaxubasanbToBas, 6a3ajbTOBasg H Oa-
3aJIbT-aH/le3u0a3a/bTOBast TPYINbl JaB 06pasyloT
cybnapasiesibHble TPeH/ bl CJ1a60TO BO3pacTaHUA HOP-
MaTHBHOI'0 aHOPTHUTA C MOCJIe/[0BATEbHBIM MOBBIIIE-
HUEM COJepKaHUN HOPMATUBHOTO hy U MEPEX0JIOM OT
ne-HOPMAaTUBHBIX K (Z-hy-HOPMAaTUBHBIM COCTaBaM.
OaHOBpEMEHHOE CHIDKEHHE KOHLEeHTpPAIMi MarHus u
HOPMaTHBHOI'0 aHOPTHUTA OT MOPO/ BO3PACTHOU reHe-
panuu 16-14 MJIH JileT K MOpoJiaM BO3pPACTHOU reHe-
panuu 14-13 MJIH JIeT CBUAETENbCTBYET 06 0O0IeEM
CHWPKEHUHU TeMIIepaTypbl KPUCTAIJIN30BaBIIUXCS Mar-
MaTHYEeCKHUX paciuiaBoB (puc. 8, a, b).
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Cojep:xaHusA NEeTPOreHHbIX OKCUAO0B (Mac. %), MUKP03/IeMeHTOB (MKTI/T) U U30TONHbIE OTHOIEeHus: St u Nd B
npeJCcTaBUTEJAbHBIX 06pa31ax rpymn cpeJHEMUOLEHOBBIX NOPoJ, BepenHCKOro ByJIKAHMYEeCKOT0 I eHTPa

Major oxides (wt/ %) trace elements (ppm), and Sr, Nd isotope ratios in representative samples of the Mid-Miocene
groups of rocks from the Bereya volcanic centre

BospactHas 16-14 mJuH JeT 14-13 MJH JieT

reHepanus

I'pynmna KoHTaMuMHUpOBaHHbIE Bricoko-Mg 6aza- [lukpob6a3anbThbi- basanbThli- basanbThl BazanbThi-
0a3aJbThI-TPAaXUaHJE3UTbl  HUTbI-0a3ajbTbl  6asanbThl K-cepunm  aHje3ubasanbTbl  Na-cepun  TpaxubasaabThbl
K-Na-cepuu nepexoaHOro nepexoaHoro (Na- K-Na-cepuu

(K-Na-K) cocraBa K-Na) coctraBa

1 2 3 4 5 6 7 8

O6pasern VT-13-9 VT-13-9gm VT-13-20 VT-13-19 V9 4657/95 V18

Si0z, Mac. % 56.20 47.90 42.55 42.51 52.89 47.03 50.71

TiO2 1.13 1.89 1.85 2.09 1.85 3.61 2.28

Al203 15.30 13.03 9.79 10.27 14.36 13.25 16.13

Fe203 3.95 5.84 4.20 5.46 11.18* 2.77 10.75*

FeO 2.96 5.29 7.54 6.61 He omnp. 10.66 He omnp.

MnO 0.11 0.16 0.16 0.15 0.18 0.13 0.17

MgO 5.52 10.12 17.23 13.87 7.23 8.43 5.61

CaO 5.22 7.11 8.06 8.99 8.87 9.02 8.69

Naz0 3.80 2.90 2.22 1.28 3.08 3.42 3.88

K20 3.31 211 1.60 1.61 0.63 0.44 1.70

P20s 0.36 0.62 0.64 0.73 0.23 0.65 0.48

[l.n.m. 2.04 2.98 4.07 6.61 0.00 0.00 0.00

CyMMa 99.90 99.95 99.91 100.18 100.50 99.41 100.40

Sc, MKr/T 15.9 22.2 12.3 11.5 22.7 17.5 19.0

\Y% 105 163 147 156 169 223 183

Co 30 47 63 57 44 52 34

Cu 5 35 40 35 55 59 40

Rb 73 45 26 22 9 28 24

Sr 632 769 791 4042 389 774 713

Y 22.4 26.1 18.9 20.9 23.0 28.3 24.0

Zr 88 156 201 227 123 289 198

Nb 219 38.2 49.1 57.0 14.5 48.2 32.7

Cs 1.26 0.62 0.19 0.25 He omp. 0.33 He omp.

Ba 1103 845 651 1048 194 519 470

La 48.3 56.7 44.4 54.3 10.8 37.0 25.8

Ce 95.6 114.5 89.6 107.0 234 78.5 521

Pr 10.9 13.1 10.9 12.7 3.2 9.6 6.6

Nd 42.2 50.9 41.3 49.4 14.2 43.2 26.5

Sm 7.23 9.87 8.64 9.71 4.08 9.88 6.16

Eu 2.37 2.92 2.85 3.34 1.52 3.09 2.09

Gd 6.12 9.68 6.59 7.71 3.89 9.23 5.83

Tb 0.77 1.24 0.98 1.13 0.73 1.25 0.87

Dy 4.69 5.73 4.54 5.08 4.15 6.44 4.59

Ho 091 0.97 0.72 0.79 0.78 1.07 0.84

Er 2.26 2.35 1.56 1.68 2.00 2.72 2.08

Yb 1.72 1.80 0.86 0.97 1.57 1.64 1.63

Lu 0.21 0.26 0.09 0.11 0.22 0.23 0.22

Hf 1.96 4.33 4.70 5.47 3.12 6.95 4.47

Ta 1.36 2.33 3.18 3.62 0.88 3.23 2.03

Pb 12.4 9.7 4.5 5.1 He omp. 3.9 He omp.

Th 5.39 5.77 5.51 6.51 1.18 3.87 2.88

1 2 3 4 5 6 7 8

U 0.81 1.11 1.17 1.19 0.32 1.01 0.81

87Sr/86Sr 0.706556 He omp. 0.704069 0.704243 0.70374 He omp. 0.70431

20 0.000036 0.000050 0.000075 0.00001 0.00001

144Nd/143Nd  0.512444 He omp. 0.512852 0.512809 0.512934 He omp. 0.512788

20 0.000049 0.000024 0.000044 0.000009 0.00000

[IpuMeyaHue ['pynna KOHTAMUHUPOBAHHBIX 6a3aJbTOB-TPAXUAH/AE3UTOB 0XapaKTepHU30BaHA BaJIOBBIM COCTABOM TpaxUaHAE3UTa
VT-13-9 u cocTaBoM 0CHOBHOH Macchl 3Toro o6pasna VT-13-9gm. *OnpeseseHo cyMMapHOe CofiepkaHue Kese3a B Buze Fez0s.

N o t e. The group of contaminated basalts-trachyandesites is characterized by the bulk composition of the trachyandesite VT-13-9 and by
the one of grounmass from the same sample VT-13-9gm. *Total iron is measured as Fez0s.



K,0, wt %

Geodynamics & Tectonophysics 2015 Volume 6 Issue 1 Pages 91-125

High-Mg rocks, 16-14 Ma
contaminated

basalts-trachybasalts

groundmass

L © ) bulk compositions

basanites-basalts

_————
oL ~-__.
-
. Say
~

.
':' Ugii-Nur volcanic field, H
U

Central Mongolia @

| (15.5-14.2 Ma) s
picrobasalts-basalts d

3 . %
Moderate-Mg rocks, 14-13 Ma

6 basalts 7

/
@ basalts-basaltic andesites a)

basalts-trachybasalts

Na series

11 7

K-Na series K series
0 0,4 0,8 1,2 1,6 2
K,0/Na,O
K,0, wt %
‘ | |
| Ultrahigh-K /
| series
) VT-13-9
3 Absarokite
High-K
series
2 4
/
/ b)
Medium-K
14 series
//
Low-K
series
0 T T
40 44 48 52 56
SiO,, wt %

Puc. 6. Cootnomenus K;0 - K;0/Naz0 (a) u K20 - SiO2 (b) B cpeilHEMHOLIEHOBBIX ITOPOAaX BepenHCKOro ByJIKAHUYECKOTO
HeHTpa.

Cpezny ByJIKaHUYeCKHUX OPOJ U3 cJ10eB Bo3pacToM 16-14 mutH JieT (puc. 5) pazaudaroTcs rpynnsl: 1) KOHTAMUHUPOBAHHBIX 63a3aJbTOB U
TpaxubaszanbToB K-Na-cepun, 2) 6a3aHuTOoB U 6a3anbToB nepexonnoro (K-Na-K) cocraBa u 3) nukpo6a3anbToB u 6a3anbToB K-cepun.
Cpezny ByJIKaHMYECKHX MOPOJ Bo3pacToM 14-13 MJIH JIeT 1O TeoJIOTUYeCKUM COOTHOWEHUAM (CM. puc. 4) Boliens0TCs Tpynnbl: 1) 6a-
3asbTOB Na-cepuy, 2) 6a3aabToB U aHJe316a3anbToB nepexogHoro (Na-K-Na) cocraBa u 3) 6a3anbToB U TpaxubasanbToB K-Na-cepun.
st comocraBieHus1 Ha AuarpaMMe (a) mokasaH KOHTYP COCTaBOB CpeJHEMHOLIEHOBBIX JiaB K-cepuun Yrei-Hypckoro ByskaHHYeCKOTO
nosisi, LlenTpanbHas Mourosius [Rasskazov et al, 2012]. Ha guarpamMMe (b) McnoJsib30BaHbl pa3feuTe/ bHble JUHUN CEPUH 0 COZepIKa-
HUSIM Kasiusl U3 pa6oThl [Rollinson, 1993]. ComeprkaHus MeTPOTEHHBIX OKCU/I0B MpuBeieHbl K 100 % 3a BLIYETOM NMOTEPD NMPU TPOKATH-
BaHUHU.

Fig. 6. K20 vs K;0/Naz0 (a) u K20 vs SiO; (b) in Mid-Miocene rocks from the Bereya volcanic center.

Among volcanic rocks from the 16-14 Ma layers (Fig. 5) we define three groups: 1) contaminated basalts and trachybasalts of K-Na series,
2) basanites and basalts of transitional (K-Na-K) compositions, and 3) picrobasalts and basalts of K series. Among volcanic rocks of 14-13
Ma in terms of geological relations (see Fig. 4) we also define three groups: 1) basalts of Na series, 2) basalts and basaltic andesites of
transitional (Na-K-Na) compositions, and 3) basalts and trachybasalts of K-Na series. In the diagram (a), a field of K series from the Ugii-
Nur volcanic field, Central Mongolia is shown, for comparison [Rasskazov et al, 2012]. In the diagram (b), the dividing lines of the series in
terms of the potassium content are used after Rollinson [1993]. Contents of major oxides are recalculated to 100 % without loss on igni-
tion.
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Puc. 7. luarpaMMbl CyMMbI Liesno4yeld — kpeMHe3eMa (a) u MgO - SiO; (b) ass cpesHEMHOIEHOBBIX nopoA bepenHckoro

BYJIKAHUY€CKOI'0O IEHTPpaA.

Ycn. 0603H. cM. puc. 6. [loss Ha guarpamme (a): P - nukput, PB - nukpo6asanst, BSN, TPH - 6a3anut, Tedpurt, PHT - poHoTedpuUT, B -
6a3anbT, TB - Tpaxub6asanbT, BA - aHze3u6a3ansT, BTA - TpaxuanzaesubasanbT, TA - Tpaxuanzesurt [Le Bas, Streckeisen, 1991]. Cozep-
»KaHUsI IeTPOTreHHbIX OKCUI0B NpuBeeHbl K 100 % 3a BbIYETOM NOTEPh IPU MPOKATUBAHUM.

Fig. 7. Diagrams total alkali - silica (TAS) (a) and MgO vs SiO; (b) for Mid-Miocene rocks from the Bereya volcanic center.

Symbols as in Fig. 6. Fields in the diagram (a): P - picrite, PB - picrobasalt, BSN, TPH - basanite, tephrite, PHT - phonotephrite, B - basalt,
TB - trachybasalt, BA - basaltic andesite, BTA - basaltic trachyandesite, TA - trachyandesite [Le Bas, Streckeisen, 1991]. Contents of major

oxides are recalculated to 100 % without loss on ignition.

4. MUKPO3JIEMEHTBI

BbIcOKO- M yMepeHHO-Mg rpynibl N0po/J 0TYETIUBO
paszie/IIl0TCA Ha JuarpaMMax pejKo3eMeJIbHbIX 3Jie-
MmeHTOB (P33) (puc. 9). KoHueHnTpanuu naerkux P33
(JIP32) yMeHblIAalOTCS OT BbICOKO-Mg 6asaHuTa U
nuKpo6asasbTa K yMepeHHo-Mg 6a3asbTaM U CBA3aH-

HbIM C HUMHU NIOPOJiaM, B TO BpeMs KaK KOHLleHTpaluu
Tsokesbix P33 (TP33) yBenuuuBawoTcda. B pesynbTaTe
JuHUU P33 cnieKTpoB BBICOKO- U yMepeHHOo-Mg nopof,
nepecekarTcs. Takue cooTHoweHnus P33 nokasaresib-
HbI /151 TPOUCXOXKEeHHUsI TOPOJ, U3 Pa3/IMYHbIX UCTOY-
HUKOB [Zhi et al, 1990]. HopmupoBaHHbIE K XOHAPHUTY
otHouenusi (La/Yb)n BapbupywTci B BBICOKO-Mg
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I Fig. 8. Diagrams of CIPW normative ne-(hy+qz) vs 100xAn/(An+Ab) (a) and ne-(hy+qz) vs MgO (b) in Mid-Miocene rocks

from the Bereya volcanic center. Symbols as in Fig. 6.

6azaHUTax-6a3a/bTaX U NUKpobHa3zasbTax-Oa3aabTax
oT 22.3 no 38.0 u B ymMepeHHo-Mg 6a3zanbTax - ot 4.7
g0 18.0.

Cpenu yMepeHHO-Mg JIaB caMble BBICOKHE KOHILIEeH-
Tpauuu JIP39 omnpejfeneHnl B rpymne 6a3aabToB Na-
cepud. B 6asanbTax-Tpaxubazanbtax K-Na-cepuu
KOHLeHTpanuu JIP33 cHMXarTcA U JOCTUTAOT MUHHU-
MaJIbHBIX 3HaYeHUH B rpynne nepexogHoro (Na-K-Na)
COCTaBa, B TO BpeMs KaK KOHLeHTpaluu Tshxeablx P39
OCTAlOTC Ha OJHOM YpOBHe. JTO XapaKTepHO A/
PaBHOBECHOI'0 YaCTUYHOTIO IIJIaBJIE€HUA B €JUHOM MaH-
TUHWHOM HcTouHHKe (batch melting). YBennuenue 3Ha-

yeHuil (La/Yb)n oTpakaeT HU3KYIO CTelleHb IJaBJjie-
Hus [Rollinson, 1993].

KoHTaMuHUpoBaHHbIN TpaxuaHaesuT VT-13-9 co-
IIOCTaBUM C BbICOKO-Mg 6asaHMTaMM MO KOHILEHTpa-
nuam JIP33 u ¢ ymepeHHo-Mg 6a3ajibTaMu 110 KOHIEH-
TpauusaMm TP33. YeThlpe npoaHa/U3UPOBAHHBIX 006-
pasla KOHTaMUHUPOBAHHBIX 6a3a/JbTOB J€MOHCTPH-
PYIOT CACTEMaTH4YeCKH IOBBIIIEHHble KOHLEHTPaL XU
P33 B ocHOBHOI Macce Mo CpaBHEHUIO C BaJOBbIMU CO-
CTaBaMM (AUarpaMMbl He [TI0Ka3aHbl).

['pynnurpoBaHue COCTaBOB NMOPOJ, 110 NETPOTeHHbIM
okcuzaM M P33 pomnosiHdgeTca MX paspesieHHMEM Ha
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Puc. 9. HecoBMecTruMbIe 3/1eMeHThI, HODPMUPOBaHHbIE K TUPOaUTY (a), u P33, HopMupoBaHHbIe K XOHAPUTY (b), B cpesiHe-

MHOIIEHOBBIX MOpoJiaXx BepernHCKOro ByJIKaHHUYECKOro IieHTpa. JlJisi HOpMHUPOBAHHUsI UCIOJb30BaHbl COCTABbl MUPOJIUTA U
XOHJIpUTa U3 paboTel [McDonough, Sun, 1995].

Fig. 9. Incompatible elements normalized to pyrolite (a) and REE normalized to chondrite (b) in Mid-Miocene rocks from
the Bereya volcanic center. The pyrolite and chondrite compositions are after McDonough and Sun [1995].



MyJIbTU3JIEMEHTHON AuarpaMMme puc. 9. Bricoko-Mg
6a3aHUT MU MUKPOOA3a/JbT XapPaKTEPHU3YIOTCS MOBBI-
IIeHHbIMU KOHIIEHTPAIMSIMU HECOBMECTUMBIX 3Je-
MeHTOB OT Ba pmo Sr, oTHOcUTe/NbBHO yMepeHHO-Mg
nopos. MakCUMyMbl U MHHHUMyMbl BBICOKO-Mg 6a3sa-
HUTA U NHMKpo6a3ajibTa B I[eJIOM HOBTOPSIIOT KOHU-
rypanyuo MakKCMMyMOB WU MHUHUMYMOB yMepeHHO-Mg
MopoJ,.

Pe3ko Bble/sieTCd MUHHMMYM Kasusi B 6asajibTax
Na-cepun. OtHomeHue K/Y B 6asanbrax Na-cepuwu
aHOMaJsIbHO HU3KOoe (96-136). MUHMMYM KaJsius MOXeT
CBU/IETEJbCTBOBATh 06 aHOMaJbHOM 00€JHEHUU HC-
TOYHHKA 3TUM 3JieMeHTOM. [lofj06Has KoHpUTrypanus
JUHUU ¢ MUHUMYyMoM K 6blia mosydyeHa A aHze3u-
6a3anbToB Jlecoropckoit 30HbI 0-Ba CaxanuH [Rasska-
zov etal, 2005].

OcobGeHHOCTH cocTaBa TpaxuaHzae3duta VT-13-9,
00ycJIOBJIEeHHblE KOHTaMUHAallMeld MaHTUHHBIX pac-
MJIABOB KOPOBBIM MaTepuasioM, BbIpa)KeHbl B IOBbI-
IeHHBbIX KoHIeHTpanusax Cs, Rb, K, Pb u moHmKkeHHBIX
koHueHTpanusx Nb, Ta, Sr, P, Zr, Hf, Ti.

Ha puc. 10, 11 npuBeneHsl JuarpaMmbl COOTHOLLE-
HUN KOHLEHTpalui HeCOBMeCTUMbIX 3eMeHTOB (Th,
La, Sr u Ba) c comepxxkanusmu MgO. Bricoko- u yme-
peHHO-Mg mopo/ibl 06pa3yloT pa3HOHAIpPaBJIEHHbIE
TpeHAbl. UHIAUBU/yaNbHOCTh TPEHJO0B 00'bSICHSAETCS
MPOUCXOXKJEHUEM IEePBOr0 B pe3yJsbTaTe Bapualui
TeMIlepaTypbl B acTeHocdepe U B MOJOUIBE JUTOCeE-
pbl, @ BTOPOrO — MPHU JeKOMIPECCUOHHOM IJIaBJIEHUH
autocdepHoit MmanTuu. Copepxkanus Mg0O BospacTaioT
C MOHW)XEHUEM KOHLIEHTpaluid HeCOBMECTHUMBIX 3Je-
MEHTOB B rpynnax BbICOKO-Mg 6a3aHUTOB-6a3aJbTOB
U NUKpo6a3aibTOB-6a3aibTOB. TpeHAbl CBUJETE/b-
CTBYIOT O BO3pPAaCTAaHUU CTEeNEeHU YaCTUYHOTO IJiaBJe-
Hus. Yem Bbllle TeMmiepaTypa (Bbllle COZepHKaHUSA
Mg0), TeM cu/ibHEE MJIABUTCSA MAaHTUHHBIN MaTepHaJl C
OTHOCUTEJIbHBIM CHMXXEHHEM KOHI[eHTpaluld HecoB-
MECTUMBIX 3JieMeHTOB. OTKJIOHEHHWEe OT TpPEeH/I0B
IJIaBJIEHUS], MO-BUAMMOMY, OTpaxkaeT (PaKLUOHHUPO-
BaHMe OJIMBHHA B paclJ/iaBax MPU MOHWKEHHBIX TeM-
nepaTtypax (T.e. IpU NOHWKEHHbIX cojiepkaHusax Mg0).
CMelleHHe TOYKH 6asaHuTa VT-13-14 ¢ oTHOCHUTEJIb-
HbIM noBbIlieHHeM MgO0 06yc/I0BJIEHO aKKyMyJIsiliuen
OJIMBMHA B pacIljiaBe, a CMellleHHe TO4YKH MUKpoba-
3as1bTa V-1-3 Cc oTHOcUTe/NbHBIM CHUXeHueM MgO,
HAa060pOT, OT/ieJIeHHEeM OJIMBHMHA OT pPacIjiaBa.

B rpymnne KOHTaMMHUPOBAHHBIX MOPOJ, MaKCH-
MaJibHble KOHIeHTpPAal[UM HECOBMECTHUMbIX 3/IEMEHTOB
omnpesie/ieHbl B OCHOBHOUW Macce 6a3zasnbra VT-13-21
(Th=7.3 wmkr/r, La=68 wmkr/r, Sr=4912 wmxr/r, Ba=
=1508 mkr/r). KoHHOABI 3THUX 3JIEMEHTOB B BaJIOBBIX
CcoCcTaBaX U OCHOBHOHM Macce ob6paslia UMEKT MeHee
KpyTOM HaKJOH, 4YeM HaKJOH TpeHJa ILJIaBJeHUs
rpynn BbICOKO-Mg 6a3aHUTOB-6a3a7bTOB U MHUKPOOa-
3a/IbTOB-0a3a/1bTOB. KOHHO/BI IpyTHUX 006pa3loB Cy6-
napaJ/ijie/ibHbl KOHHOJe 6asanbTa VT-13-21 Ha aua-

Geodynamics & Tectonophysics 2015 Volume 6 Issue 1 Pages 91-125

rpammax Th - MgO u La - MgO (puc. 10) u ctaHOBSITCA
60Jiee MOJIOTUMH Ha Auarpammax Sr - MgO u Ba - MgO
(puc. 11). [Ipy MUHUMaJbHBIX KOHI|eHTpaLUsx La, Sr u
Ba ¢urypaTrBHbIE M0JS1 BaJIOBBIX COCTABOB M OCHOB-
HOW Maccbl KOHTAMWHMPOBAHHBIX NOPOJ NepeKphIBa-
toTcsd. Konnentpanuu Th u La B KOHTaMUHHPOBaHHOM
Tpaxuangesute VT-13-9 BospacTarloT OT BajJOBOTO
COCTaBa K OCHOBHOM Macce C OTHOCUTEJbHbIM NMOHU-
*keHueM cofepxanui MgO (cm. puc. 10), a KOHLIEHTpa-
nusa Ba cHMWXKaeTcd NMPU He3HAYUTeJbHBIX BapHalUSaX
Sr (puc. 11).

Ha puc. 12 a, b, noguepkuBaeTcsi 0COGEHHOCTh MO-
BeJleHUs KaJiufl U TeOXMMHUYEeCKH CBA3aHHOTO C HUM
pyouausa. B otsinune ot KoHneHTpanu# Th, La, Sr u
Ba, koHueHTpanuu K u Rb cyuiecTBeHHO 3aBUCAT OT
KOHTaMWHAallUM MaHTHUHHBIX pacljaBOB KOPOBBIM Ma-
TeprasioM. KoHTaMHUHUpOBaHHble 6a3aJbThI-TPAXU-
6a3anbThl U TpaxuaHae3uT VT-13-9 ob6oraimatotcsa
000MMM 3JIEMEHTAaMH C MOHW)XEHUEM COJiepKaHUuM
MgO.

['pynnvpoBaHHe BYJKaHUYECKHUX MOPOJ XOPOIIO
BbIPQXXEHO M B MUKPO3JIEMEHTHBIX OTHOIIeHUsX. K
npuUMepy, BBICOKO- U yMepeHHO-Mg mopojibl UMET
pasHble oTtHouleHuss Zr/Nb (cooTBeTcTBeHHO, 2.3-4.3
u 5.0-12.2). 'pynna nukpo6a3aabTOB—6a3aJbTOB OT-
Jin4aeTcs OT rpynmnbl Mg-6a3aHUTOB-6a3a/bTOB B Ije-
JioM Gosiee BbicokuMHu Zr/Y. Ha puarpamme Zr/Y -
Zr/Nb rpynnsl Mg-6a3aHUTOB-6a3a/IbTOB, KOHTAMH-
HUPOBaHHBIX 0a3a/bTOB U 6a3asbToB K-Na-cepuu 06-
pPasylT TPeH/ibl B3aUMHON KOppeJsIUU 000UX OTHO-
meHuH. B rpynnax Na-6a3anbToB u nepexoaHbix (Na-
K-Na) 6azanpToB-aHze3uba3anbToB Zr/Nb Bapbupy-
I0OTCSI IPU OTpaHUYEeHHbIX JlUalla30Hax Bapuauui Zr/Y
(puc. 13).

5. OBCYXEHME PE3YJIbTATOB

YTo6bl BBIIBUTb COOTHOIIEHHWA MarMaTH4ecKHUX
MPOLIECCOB, KOTOpble NPHUBEJU K MOCJAe[0BATEJbHbIM
u3BepxkeHussM 16-14 u 14-13 MuH JieT Haszaz, COOT-
BETCTBEHHO, BbICOKO- U YMepPEeHHO-Mg pacIjlaBoB, MbI
CHayaJla CBsS>KeM CpeJIHeMHOILIEHOBOE IMOsIBJIEHHUE BbICO-
KO0-Mg MarM c BBICOKMMHU TeMmnepatypamMu B CagHo-
MOHT0J/IbCKOM pacliaBHOM JIOMeHe, 3aTeEM PaCCMOTPUM
MOPO/Ibl, XapaKTePU3YIOIMecs: KOPOBOM KOHTaMUHAIU-
ell, 1 HEKOHTaMHUHUPOBAaHHbIE MOPO/Ibl U3 MAHTUUHBIX
HWCTOYHUKOB U, HAKOHel|, NpeJCTaBUM MO/JieJib Tep-
MaJIbHOI'0 BO3JeUCTBUSI acTeHocPepHOro MaTepuaia
Ha uTocdepy noJ BUTUMCKHUM ILJIOCKOTOpPbEM.

5.1. OLIEHKM TEMIIEPATYP B 3ABAMKAJIbCKOM U CAIHO-
MOHI0J1bCKOM PACIIJIABHBIX JOMEHAX

MaHTus MJIaBUTCA B yCJIOBUAX OTHOCHUTEJ/JIbHO BbI-
COKOM TeMIlepaTypbl U HHU3KOI'O OaBJICHHUA. KoHBek-
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I Puc. 10. CootHouenus Th - MgO u La - MgO B cpejHeMHOLIeHOBBIX ITOP0/iax bepenHCcKOro ByJIKaHUYECKOTO IieHTpa. Y.

00603H. CM. puc. 6.

I Fig. 10. Th vs MgO and La vs MgO in Mid-Miocene rocks from the Bereya volcanic center. Symbols as in Fig. 6.

THUBHBIM MepeHoC Telljla B acTeHocdepe obecneyrBa-
eT BepTHUKaJbHbIU TpaJiIUEHT TeMIlepaTyphbl, OTpaxa-
IOIUICA B TEUEHUM MaTepuasia IpyU U3MeHeHUM JaB-
JieHus1 6e3 J00aBJieHUs WM yJajeHUs Tema. Ac-
TeHocpepHbIM aAuabaTUYeCKUil TpaJJUEHT OKOJIO
10 K-I'ma-! cooTBeTCTBYyeT MOTEHLMAJIbHOU TeMIepa-
Type MaHTHUWHOrO HCTOYHMKA, KOTOpasd BbIpaKaeT
MaHTUUHYI0 TeMIepaTypy, MpoelUupyeMyl0 B/0Jib
aaunabaTel 10 aTMOchEpPHOro AaBJeHUs Ha 3eMHOH I10-
BEPXHOCTH, U KOTOpasi MOXeT MeHATbcs oT 1250 g0
1400 °C B cpeMHHO-OKEaHUYECKUX XpeOTaX U MOBbI-
martbcest Ao 1550 °C B ropsg4ux MmjamMax, Takux Kak la-
Baiickui. CMeHa Ha KOHAYKTHUBHBIH MEpeHOC reoTep-

MaJILHOT'O TEMJIOBOTO MOTOKA B JINTOCOEpPE BhI3bIBAET
G0JIbLION TeMIlepaTypHbIA TI'pPajHeHT, MpPpU KOTOPOM
TeMIlepaTypa Bo3pacTaeT ¢ riayouHoi Ha 500 K-T'ma-1
(16 °C km1) u 6osiee. B pesysibTaTe npeobsajjaeT jJe-
KOMIIPECCUOHHBIA MeXaHW3M IJIaBJeHUs MaHTHH, KO-
TOpPBIM BBI3bIBAET H3BEPXKEHHUSI 0a3aJbTOBOM Marmbl
CKBO3b pacTATUBawIyrcsa auTocoepy [Asimov, 2005;
Herzberg et al, 2007].

TemmepaTypa MakKcUMaJIbHOM JIMKBUAYCHOW KpH-
CTa/UIM3alMU OJIMBHUHA M3 PACIlJIABOB MIPH BYJIKAHUYE-
CKOM W3BepkeHHUM (primary eruption temperature)
OIIEHUBAETCA MCXO/S W3 TMPEJIOoJ0XKEeHUs 0 6e3BOJ-
HOM COCTaBe MarmMbl M0 pa3HbIM ypaBHeHUsIM. UcnoJib-
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I Fig. 11. Sr vs MgO and Ba vs MgO in Mid-Miocene rocks from the Bereya volcanic center. Symbols as in Fig. 6.

30BaHMe TpexX TaKUX ypaBHEHHUM, NIPUBeJeHHBIX B pa-
6otax [Kutolin, 1966; Arndt et al, 2008; Herzberg et
al, 2007]: Tpe (°C)=1056.6+17.34xMgO, T (°C)=1000+
+20xMgO0 u Tpe (°C)=935+33xMg0 - 0.37xMg02 maet
NpUG/IU3UTENBHO CONOCTaBUMble pe3y/abTaThl. MHc-
KJII04as Mopojbl BUTHMCKOro ByJIKaHMYECKOTO MOJI,
oboraileHHble MarHveM BCJEJCTBUE aAKKYMYJSLUU
OJIUBMHA, MoOJy4aeM /JJis pacmjaBa Mg-6a3aHuTa
VT-13-2 (Mg0=17.1 mac. %) MaKCUMaJbHY0 JUKBU-
JlyCHYI0 TeMIlepaTypy KpUCTa/JIN3allud B UHTepBaJje
1340-1390 °C. BoJsiee y/10BJ€TBOPUTENbHOE NMPUOJIU-
’KEHHe K TeMIlepaTypHbIM YCJIOBUSAM B MaHTHUM JaeT
pacueT NOTeHLMa/JbHON TeMIlepaTyphl 10 YPaBHEHUIO:

T, (°C)=1463+12.7xMg0 - 2924 /MgO [Herzberg et al,
2007]). JAna Mg-6azanuta VT-13-2 uMeeM OLEHKY
Tp=1510 °C.

OneHKa NOTEHLHANbHBIX TEMIEPATYP [JisI MAaHTHH
nos BHUTHMMCKUM ByJIKaHUYECKHMM II0JIEM SIBJSIETCS
MaKCUMaJIbHOM B KOHType 3abalKa/bCKOr0 pacIljiaB-
HOTO JioMeHa. MUHHMasibHas NOTEeHLHaJbHas MaH-
TuitHasa TeMnepatypa (1430 °C) paccuuTaHa A 0J4-
BUHOBBIX MeJIaJIEMIIUTUTOB YJOKaHCKOI'O ByJIKAaHHUYe-
cKoro noJss. MakcvMasibHOe 3Ha4yeHHe MOTeHIUasb-
HOM MaHTUHHOUM TeMIlepaTypbl COMOCTAaBMMO CO 3Ha-
yeHHUeM 14 nopoj niaato OHToHT /xaBa U Ucnanauu
(paHHeTpeTHYHOrO BpeMeHH). [Io coBpeMeHHBIM IO-

107



I.S. Chuvashova et al.: Mid-Miocene sequences of high- and moderate-Mg volcanic rocks in Vitim Plateau...

K,O, wt %
4
Moderate-Mg High-Mg
VT-13-9 a)
3
2
VT-13-14
e A
7
Y
/ Olivine
e accumulation
1 ~ K Olivine
* &*) subtraction
0
0 5 10 15 20 25
MgO, wt %
Rb, ppm
80
o Moderate-Mg
60
| b)
40 -
i VT-13-14
A
20 Olivine
accumulation
i Olivine
£ subtraction
0
0 5 10 15 20 25
MgO, wt %
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I Fig. 12. K,0 vs MgO and Rb vs MgO in Mid-Miocene rocks from the Bereya volcanic center. Symbols as in Fig. 6.

ponam MHcmanguum mnosydaroTcd 6Gojiee HU3KHE II0-
TeHIMaJbHble MaHTUHHbIe TeMIepaTypbl. [lo cefic-
MOTOMOTpapUIECKUM MOJEJSM NpPeAIoaaraeTcs, 4To
ByJiIKaHu3M miato OuToHr [kaBa u Mcinanguu cBsi3aH
C BepXHEeMaHTHUHBIMHM PACIJIABHBIMU aHOMAJIUSMUY,
He PacnpoCTPaHSIUMHUCA HWXKe TepeXxoHOW 30HbI
[Foulger, 2010]. TakuM 06pa3oM, NOJTyIEHHbIE OLEHKH
Ty, mno ByakaHusMmy Butumckoro, /[lapurasckoro,
Kamapckoro u YI0KaHCKOTro TmoJied, CBI3aHHOMY C
BEpPXHEMAHTUUHBIMU KOHBEKTHUBHBIMU NpOIeccaMy B
3abalKaJIbCKOM pacIlJlaBHOM goMeHe (cM. puc. 1), B

I[eJIOM COMOCTAaBJISIIOTCA € oneHKamMu T, BepxHeMaH-
TUHHBIX pPACIUIaBHbIX aHOMaJIMH. 3aMeTHUM, 4TO pac-
CUMTAHHas NMOTeHLMabHAsA TeMIepaTypa Ajs [aBaii-
eB (1550 °C [Herzberg et al, 2007]) npeBbllIaeT Npu-
BeJZleHHbIA WHTepBan T, W comocTaBjsieTcsd c GoJiee
BbICOKOTEMIIEPATYPHBIM WHTepBajsioM T, mopoJ o-Ba
ToproHa (puc. 14). 3Ta noTeHUHa/lbHas TeMIepaTypa
MorJia 6bITh 00YCJI0BJIEHA NMOJHATHEM TOpPsSYero MaH-
TUUHOr0 MaTepuasa U3 IJyOOKOW 4YacTH MaHTUM MO
miroMoBoi mogienu /. Moprana [Morgan, 1971].
JlonoHUTEeIbHOE OrpaHUYEHHE MaKCUMaJIbHBIX
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I Puc. 13. CootHomeHnust Zr/Y — Zr/Nb B cpeZlHEMHOLIEHOBBIX MOPOJiax bepenHCKOro ByJIKaHUYECKOTro IeHTpa. Y. 0603H.

CM. puc. 6.

I Fig. 13. Zr/Y vs Zr/Nb in Mid-Miocene rocks from the Bereya volcanic center. Symbols as in Fig. 6.

TeMIlepaTyp B MaHTHHM MOKHO BBeCTH IIO pacdyeTaM
MaKCHMaJIbHbIX TeMIlepaTyp MHUHepa/JbHbIX paBHOBe-
CUA B KCEHOTEHHOM MaTepuase U3 ByJKaHUYECKHX
nopoJ. AHOMaJIbHO BbICOKHE TeMIlepaTypbl ObLIM pac-
CYUTAHBbl [JJI1 KCEHOJIMTOB IerMaTOWJHBIX OpPTOIM-
POKCEHHUTOB M BEOCTEPUTOB CO CTPYKTypaMHU pacnaja
TBepAbIX pacTBOPOB. KceHOMUTEI 6611 06HApY>KeHBI B
6asaHuTax YJokaHckoro W Kamapckoro ByJsikaHUue-
ckux noJsel. [lo pacueram pacrtsopumoctu Ca B opTo-
NHUPOKCEHaX U3 KCEHOJIUTOB JAJISl UCXOJLHOI'O TBEPLOIO
pactBopa mnosydeH uHTepBaa 1350-1450 °C [Ras-
skazov, 1985; Rasskazov, Chuvashova, 2013]. Ha Yno-
KaHCKOM II0Jle BBICOKOTEMIlepaTypHble KCEHOJIMTHI
HaXOJAATCS B yMepeHHO-Mg 6a3aHHUTOBBLIX JilaBaX oce-
BOM 4yacTH Xp. Y[I0KaH, U3JIUBABLIMXCS BO BpeMEHHOM
WHTepBaJsle NOCJAeJHUX 4 MJH JieT. ITU 6a3aHUTHI (U
coJiepxKalliyecs B HUX BKJIIOYeHUs) pa3jiesieHbl BO Bpe-
MeHH U MPOCTPAHCTBE C BBICOKO-Mg MeJsajsedUTUTa-
MU ceBepHOH 4acTu noJs. [lo MakcuManibHOMY cofep-
aHuw MgO=14 mac. % B MesaZeLIUTUTAX PACCYHU-
ThIBaeTCd NMOTeHLHaabHasA TeMmnepatypa Tp=1430 °C,
COOTBETCTBYIOILasA UHTepPBaJy UCXOAHBIX TeMIlepaTyp
pacrnajaBlierocsl nerMaToUZHOTo opTonupokceHa. Ha
KamapckoM moJjie KCeHOJMTBI HaXOAATCA B CyOBYJI-
KaHu4yeckol ¢auuu 6a3aHUTOB ByJkaHa Cyxol Bo3-
pactoM 13-12 MJIH JieT, B OCHOBaHUX KOTOPOTO B Na-
KeTe TOJIEUTOBbIX 6a3aJbTOB OOHApYXeHbI MOPOJBI C
copepxkanueM Mg0=15.3 mac. %. PacueT noTeHiuanb-
HOW TeMIlepaTyphl [Jis TaKOro COCTaBa JAaeT OLEHKY

T,=1470 °C, 6/M3KyI0 K MaKCUMaJIbHOH TeMIlepaType
pacnasuierocs opToNMpoOKCeHa.

B konType CassHO-MOHI0JIbCKOTO HU3KOCKOPOCTHO-
ro (pacmiaBHOro) JOMeHa pacyeTbl AJs1 HauboJjiee
MarHesuasbHOro 6asanbTa JPKUJUHCKOTO ByJIKaHHUYe-
ckoro nosisg (Mg0=10.1 mac. %) maOT Mo TpeM npuBe-
JleHHbIM ypaBHEHUsIM HHTepBaJ TeMIlepaTyp KpHU-
ctasuzaguu Tpe=1200-1230 °C npu oueHKe MOTEH-
nuasbHod TeMmmnepatypel Tp=1300 °C. B naBax Bo3-
pacTHoro uHTepBasa 17-11 MJIH JieT LiEHTpasbHOMN
yacTu BocTouHoro XaHras 6bL1 pacciUTaH TaKkKe UH-
TepBas TeMmnepatyp 1260-1170 °C mo TepMoMeTpy
[Nikolaev et al, 1996]. B 6o/iee mo3gHUX pacIiaBax,
M3JIMBLUIMXCS B HOr0-BOCTOYHOM yacTu BocToyHoro
XaHras, TeMmIepaTypa JIMKBUZAyCAa 1O 3TOMY TepMO-
MeTpy BapbUpoBasacb B MHTepBajse 1160-1210 °C,
a B paciiaBax nocjeJHUx 3.6 MJIH JieT cocTaBJsa 60-
Jiee y3kuil uHTepBat - 1190-1210 °C [Rasskazov et al.,
2007al.

JJ1 M03HeKahHO30MCKUX 6a3a/JbTOB ByJKaHUYe-
CKMX II0JIeH, pacnoJ/IoKeHHbIX B KOHType CasgHo-MoH-
roJbCKOro JjoMeHa, B paboTe [Simonov et al, 2012]
NpYBeJleHbl JaHHble N0 TeMIlepaTypaM rOMOreHM3a-
IIMM paclJIaBHbIX BKJOYEHWH W3 OJMBHUHOB. /s Oa-
3abTOB OKMHCKOIO ByJKaHHU4Yeckoro noJs (Boctou-
Hbill CasiH) mosy4yeH uHTepBaa 1220-1250 °C, [lxu-
JUHCKOT0 ByJKaHW4YecKoro noJss — 1175-1220 °C. Ilo-
JIydeHHble TeMIlepaTypbl TOMOT€HU3allMH CONOCTABH-
MBI C IPUBeJIEHHbIMU Bblllle pacieTHbBIMU MaKCUMaJlb-
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Puc. 14. CooTHOLIEeHUS TeMIIepaTyp NepBUYHbIX U3BEPIKE
JepkaHusiMu MgO nepBUYHBIX Marm.

[IpuHuMaroTca copepxkanusa MgO nepBrUYHBIX MarM. [lepBuyHbIe

MOHT0/IbCKHI JOMEH).

2 o level. Potential temperatures are calculated from the equatio

HbIMM TeMIlepaTypaM{ KpUCTa/JIM3aluM 0a3ajbTOB
CasgHO-MoHroabCcKOTO AOMeHa. [y nopof TapsaTckoro
paiiona llenTpanpHOM MoOHro/MM omnpejesieHsl [ABa
TeMIlepaTypHbIX HHTepBasia: 1210-1240 °C (exuHUY-
Hble 3aMepbl TeMnepaTyp okosio 1145 °C) u 1279-
1300 °C. IlepBbIit UHTEPBAJ COMOCTABJSETCS C MAKCU-
Ma/IbHOW pac4eTHOM TeMIepaTypoy BYJKaHUYECKHX
HW3BEPXKEHUU, BTOPOU — C MAKCMMaJIbHOM OI[eHKOMU MOo-
TeHLUaJbHOH TeMnepaTypbl B (CasgHO-MOHroJ/ibckoM
JloMeHe.

CpaBHHTEeJIbHO HU3KHEe OLIeHKH TeMIepaTyp JIMK-
BUJyCHOW KPHCTA/I/IM3ALUU OJIMBUHA M NOTEHLUAJIb-

MgO (wt%)
HUH (Tpe) 1 MAaHTUHHBIX TOTeHIMANbHBIX TeMnepaTyp (Tp) ¢ co-

TeMIlepaTypbl U3BEPXKEHUH — TEMIIepaTyphl OJIMBUHA HA CyXOM JIMKBHU-

Ayce npy 1 aTM, pacCUUTaHHbBIE [JIsl IEPBUYHBIX PACIJIaBOB IO yIpolleHHOMY ypaBHeHHUIO Tpe (°C)=935+33xMg0 - 0.37xMgO02. [IpuBe-
JleHa olIMOKa onpe/ieJIeHUH TeMIlepaTyp Ha ypoBHe 2 0. [loTeHI[Ma/bHble MAaHTHIHbIE TEMIEPATYPbI — MOJeJIbHbIE TEMIIEPATYPhI, pac-
cuuTaHHble 1o ypaBHeHUIO Tp (°C)=1463+12.7xMg0 - 2924 /MgO [Herzberg et al, 2007]. CTpesiku 0603Ha4a0T 3P PEKT CHIKEHUS TeM-
nepaTypsl JUKBUAYyca npu Haauuuu H20. YacTuyHas KpUCTalin3alus NeEPBUYHON MarMbl IPUBOAUT K 3aHIKEHUIO GAaKTUYECKON TeM-
MepaTypsl ee U3BEPKEHUH, 10 CPAaBHEHHIO C IEPBUYHON TeMnepaTypoi usBepxeHuH. [IpuHsaTeie cokpamenuss: MORB - mid-ocean ridge
basalts, OJP - Ontong Java Plateau, I (ET) - Island (Early Tertiary), [ (PD) - Island (present day). LiBeToM BbliesieHbI TPU UHTEPBAJIA TEM-
nepatyp: 1) Tp=1550 °C u BbllIe - MIIOMBI, HOJHUMAIOIIHeCs U3 IJ1y00KUX yacted ManTuu (['oproHa, 'aBan), 2) Tp=1430-1510 °C - pac-
MJIaBHble aHOMaJIMH, HAYMHAIIIUECT OT MePeX0oHOHW 30HbI MaHTHHU (maTto OHTOHT /[)kaBa, Ucnanaus, 3a6alKanibCKUH JJoMeH) U 3)
Tp=1280-1400 °C - pacnyaBHble aHOMAaJIMU MaJIOTJIyOMHHOM 4YacTH BepxHed MaHTHM (CpeJMHHble OKeaHW4YecKHe XpeOThl, CasHO-

Fig. 14. Primary eruption and mantle potential temperatures as a function of the MgO contents of primary magmas.

MgO contents of primary magmas are shown. Primary eruption temperatures are anhydrous olivine liquidus temperatures at 1 atm calcu-
lated for the primary magmas using the simplified equation Tpe (°C)=935+33xMgO0 - 0.37xMg02. The bracket shows the uncertainty at the

n Tp (°C)=1463+12.7xMg0 - 2924 /MgO [Herzberg et al, 2007]. Arrows

display the effects of H20 content on liquidus temperature. Partial crystallization of primary magmas will yield actual eruption tempera-
tures that are lower than primary eruption temperatures. Abbreviations: MORB - mid-ocean ridge basalts, OJP - Ontong Java Plateau,
I (ET) - Island (Early Tertiary), [ (PD) - Island (present day). Highlighted in three temperature ranges are: 1) T,=1550 °C and above -
plumes rising from the deeper parts of the mantle (Gorgona, Hawaii), 2) Tp=1430-1510 °C - upper-mantle melting anomalies extending
from the mantle transition zone (Plateau Ontong Java, Iceland, Transbaikalian domain), and 3) Tp=1280-1400 °C - melting anomalies in
the shallow part of the upper mantle (mid-ocean ridges, Sayan-Mongolian domain).

HOH TeMmepaTypbl MaHTHUHU MOTYT ObITb MPSIMbIM
Cle/ICTBMEM MeHbled riy6uHbl CassHo-MOHT0JILCKOTO
pacmjiaBHOTrO JIOMeHa, TepMaJbHO 00ecrneyeHHOTo Ma-
JoryiyouHHOU (He ruy6xke 200 KM) acteHochepHOH
KOHBEeKILIMeHW, B OT/IMYMe OT 6oJiee TIyOGUHHOU (A0
410 kM) KOHBeKIUM B 3abalKa/bCKOM paclJiaBHOM
goMmeHe. OLleHKa NMOTEHLIMAJbHOW MaHTHUHHON TeMIle-
paTtypbl T,=1300 °C cOOTBeTCTBYyeT TeMIepaTypHOMY
WHTepBasy 6a3aJ]bTOB CpPEeJUHHBIX OKeaHUYEeCKUX
xpe6ToB T,=1280-1400 °C. [lo AaHHBIM celicCMUYECKOH
ToMorpapuu, HU3KOCKOPOCTHbIE aHOMAJIMU TOJ| Cpe-
JUHHBIMH OKEAaHWYECKUMU XpebTaMu HaXOASATCS He



Th/Yb

Geodynamics & Tectonophysics 2015 Volume 6 Issue 1 Pages 91-125

0.05 0.5

TalYb

I Puc. 15. CootHowenust Th/Yb - Ta/Yb B cpejHeMuOILIeHOBBIX ITOpoiax bepenHCKOro ByJIKAHUYECKOT0 LieHTpa. Y /1. 0603H.

CM. puc. 6.

I Fig. 15. Th/Yb vs Ta/Yb in Mid-Miocene rocks from the Bereya volcanic center. Symbols as in Fig. 6.

rayoxxe 150 kM [Anderson et al, 1992]. Manoray6uH-
HBIM XapaKTep MCTOYHHUKOB BYJIKAHWYECKHX NOPOJ B
koHType CasfHO-MOHI0JIbCKOTO pacIlJIaABHOTO JOMeHa
NoATBepXKJaeTcsl 3HaueHUsIMU oTHoueHu# 3He/*He B
OJIMBUHaX U3 6a3aibToB TapAT-UyayTbIHCKOTO MOJIA
LeHTpanbHOil MoHrosuu u JpPKUAUHCKOrOo moJss 3a-
najgHoro 3a6aiKasibsl, CONOCTABUMBIMU CO 3HAYeHMUS-
MU 3TOr0 NOKa3aTessl B 6a3a/bTax CpeJUHHbIX OKea-
HUYeCcKUx xpebToB [Barry et al,, 2007].

5.2. KOPOBASI KOHTAMHUHALIYA

3aMeTHO KOHTAMUHUPOBAHbI BHICOKO-Mg BYJIKAaHU-
YecKre MOPOoAbl HA4aJIbHOTO 3MH30/a BYJIKAHWYECKOH
aKTUBHOCTU 16-14 muiH seT Ha3aA. Ha Bcex Bapuanu-
OHHBIX JAWarpaMMmax OQUrypaTHBHble TOYKH TPYIIbI
KOHTaMHUHUPOBAaHHBIX 6a3a/IbTOB W TpaxvaH/e3uTa
VT-13-9 cMelleHbl OT TPEH/[OB IPyIn BbICOKO-Mg 6a-
3aHUTOB—0a3aJIbTOB U MUKP00Oa3aJbTOB—0a3a/bTOB.
[Ipu BbICOKO-Mg cocTaBe MOpPOJ KOHTAaMHHAIUS BBI-
pakaeTcsl B Bo3pactaHuu Si02, CHUKEHUU HOPMATHB-
HbiXx 100xAn/(An+Ab) no 3HaueHHWH, CBOMCTBEHHBIX
yMepeHHO-Mg nopoaam (cM. puc. 6, 8, a), ¥ B MOBkIIIIe-
HUU KoHUeHTpauuu K u Rb (cm. puc. 12).

Ha puarpamme Th/Yb - Ta/Yb koHTamMHHHpOBaH-
Hble 0a3asbTbl U TpaxuaHAe3uT VT-13-9 cMmeleHbI
BbIlle MAHTUHHOrO HampasJyeHus. CmewmawTcsa u du-
rypaTHBHbIE TOYKH BaJIOBBIX COCTABOB KOHTAMUHUPO-
BaHHBIX IOPOJ, U TOYKH OCHOBHOU Macchl (puc. 15).
TakuM 06pa3oM, KOHTAMHHAIMs BbIPAKAETCS He

TOJIBKO B HACBIII€EHWH MOPOJ KCEHOTr€HHbIM KOPOBBIM
MaTepHuajioM, HO U B €ro 4aCTUYHOM YyCBOE€HHWHU KpHU-
CTaJIVIN30BABIIMMHUCA pacCllJlaBaMH.

5.3. KOMIIOHEHTbI MAHTUMHBIX MATMATUYECKHX
HCTOYHHUKOB

[pynna BbicOKO-Mg 6a3aHHMTOB-6a3a/bTOB HMeeT
MHTepBaJbl HadaiabHbIXx (143Nd/144Nd).=0.512867-
0.512892 u (87Sr/®86Sr);=0.703831-0.704183 B auana-
30He 06eJHEHHON MaHTHU. ['pynna nukpo6a3aabToB-
6a3a/JbTOB OOHApPY>XUBAaeT MeHee 00e/HEHHble H30-
TOIHbIE XapaKTepucTuku - (143Nd/144Nd).=0.512730-
0.512842, (87Sr/86Sr);=0.703778-0.704406 c oTHOCH-
TeJbHbIM CMellleHHeM QUIrypaTUBHBIX TOYEK BJOJb
MaHTHUHHOIO HampaBJeHHs B CTOPOHY COCTaBa He-
auddepeHIMpOBaHHOW MaHTUU. OUrypaTUBHbIE TOY-
KU IpyNIbl KOHTAMUHHUPOBAHHBIX 6a3a/bTOB-TpaxXu-
f6asanbToB M TpaxuaHae3uTta VT-13-9 cMerneHbl OT
MaHTUHHOI0 HaNpaBJ/IeHNUs K U30TOMHO 060rallieHHbIM
COCTaBaM B NPAaBOM HMKHEM YIJy JAHArpaMMbl C HU3-
KUMU 3HaueHusimu (143Nd/144Nd); u (87Sr/86Sr);. [pyn-
na yMmMepeHHO-Mg 6a3a/bTOB-Tpaxuba3ajbTOB Mepe-
KpbIBaeT I0Jil TPyNIN BbICOKO-Mg 6a3aHUTOB-6a3aJib-
TOB U NUKpo6GasaibTOB-6a3aibTOB. bazanbT V-9 ne-
pexoaHoro (Na-K-Na) cocTtaBa uMeeT 60Jiee 06e/JHEH-
Hble M30TOIHBbIe XapaKTepUCTUKH: (143Nd/144Nd).=
=0.512934, (87Sr/8¢Sr)=0.703740) (puc. 16, a).

Ha puarpamme (87Sr/86Sr); - 1000/Sr (puc. 16, b)
pasHble TIpynnbl MOpoJA, 00pasyrINMX MaHTHHHOe
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Puc. 16. CootHouenus (143Nd/144Nd): - (87Sr/86Sr); (a) u (87Sr/86Sr); - 1000/Sr B cpejHEMUOLIEHOBBIX OpoAax bepeun-
CKOT0 BYJIKAHUYECKOTO LeHTpa. U3-3a MoJsiofioro Bo3pacta nopon u Hu3kux Sm/Nd u Rb/Sr HayasibHble U30TOMHBIE OTHO-
mweHus Nd u Sr He OTJIMYAIOTCA OT U3MEPEHHBIX. Y /1. 0603H. CM. puC. 6.

Fig. 16. (143Nd/144Nd); vs (87Sr/86Sr); (a) and (87Sr/86Sr); vs 1000/Sr in Mid-Miocene rocks from the Bereya volcanic center.
Because of the young ages of rocks and low Sm/Nd and Rb/Sr, the initial isotopic ratios of Nd and Sr do not differ from the

measured values. Symbols as in Fig. 6.

HampaBJ/ieHWe, CMeljalTcsd BJOJb OCH OpAWHAT
Npy IIMPOKOM auamna3oHe (87Sr/86Sr); (0.703740-
0.704406). CmemeHHe OOBSICHSAETCS IOBBIIIEHHUEM
CTeNeHU YaCTUYHOIrO IMJIaBJIEHUS B MaHTHUUHBIX HC-
TOYHHMKaxX. [pynmna KOHTAMUHUPOBAHHBIX 06a3aJbTOB—
TpaxubasaJbTOB M TpaxuaHzae3uTa VT-13-9 oTsimya-
eTCsl IOBbIIIEHHBIMHU (87Sr/86Sr); MpHU OTHOCUTEJHLHOM
Bo3pactanuud 1000/Sr. Mex/y TeM U30TONHbIE OTHO-
HIeHUs1 Sr MOTYT OBbITh 3aBbIIIEHBbI M3-32 BTOPUYHBIX
M3MeHeHUN nopo/. XoTsd 3pPeKT BTOPUIHBIX U3MEHe-

HUN MOXET CHHUMATbCS KHUCJOTHOU 06paboTKOM NMpob
[Song et al, 1990; Rasskazov et al, 2012, 2015], xpuTe-
pUI NOJIHOTBI JOCTUXKEHUSA CTPOHLMEBBIX U30TOMHBIX
OTHOILIEHUN HeU3MEeHEHHbIX MOpOJ, OTCYyTCTBYET, IO-
3TOMY HeT yBEPEHHOCTH B MOJIyYeHUHU UCTUHHBIX 3Ha-
YeHUH 3TOro mnokasatess. [IoCKOJbKY NOJyYeHHble
JIaHHBIE 110 U30TOMNAaM Sr He JAIT TOYHOW UJeHTUU-
Kallud KOMIIOHEHTOB, 3TH JaHHble HCIOJIb3yIOTCS
3/1eCb TOJIbKO /11 06L1el KOHCTAaTallui KOPOBOHW KOH-
TaMUHALHU.
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Puc. 17. CootHouenus (143Nd/1*4Nd); - 100/Nd B cpesHEMHOIIEeHOBBIX NOpPoJax bepenHCKOro ByJIKAaHUYECKOTO LIEHTPA.
Tpen onguHakoBoro mMajoro miaaBaeHuss DM-high Grt cooTBeTCTByeT cMelleHHI0 TOYeK OT MOJIeJbHOM JIMHUU C COJlepiKa-
HUEM I'paHaTa 6 % K JIMHUH C MOJIeJIbHBIM CoZiepKaHueM rpanaTta 12 % Ha puc. 18. Yci1. 0603H. cM. puc. 6.

Fig. 17. (143Nd/144Nd); - 100/Nd in Mid-Miocene rocks from the Bereya volcanic center. Trend of uniform small melting DM-
high Grt corresponds to bias of data points from the model line with the garnet content of 6 % to the line with the garnet

content of 12 % in Fig. 18. Symbols as in Fig. 6.

Bosiee yBepeHHass uAeHTUHUKALUS KOMIOHEHTOB
BYJIKAHUYECKUX MOPOJ; 06ecrnedrnBaeTcsi COBMECTHBIM
WcnoJsib30oBaHueM auarpamm (143Nd/144Nd). - 100/Nd
u (La/Yb)n - (Yb)n (puc. 17, 18). TpeHas! Bbicoko-Mg
6a3aHUTOB-6a3a/JIbTOB U MUKP06a3aJbTOB-6a3aJbTOB
CXO0JATCA B TOYKe 6a3aHHTa C HauboJiee o6eJHEeHHOHN
HM30TONMHOUN XapaKTePUCTUKON, KOTOpasi MPUHUMAETCSA
B KauyecTBe KOMIIOHEHTA KOHBEKTHUPYIOLIEH MaHTHU
DM (depleted mantle) ¢ o6mum cocraBom: 100/Nd=
=1.7, (143Nd/1*4Nd)=0.512892 (eNd=+5). ®urypartus-
Hble TOYKH CMEIAITCAd OT 06llero KoMmnoHeHta DM
BOJIb HampaBjieHUH 6azaHuToB (BSN-high Grt) u
nukpo6a3anbToB (PB). TpeHa KOHTaMHUHHUPOBAHHBIX
6a3asbTOB NPOXOAUT Mexy TpeHgamMu BSN-high Grt u
PB u usrubaetcs B ctopony cHmxeHus 100/Nd (Bos-
pactanus kKoHueHTpanuil Nd). durypaTuBHble TOUKU
6oJiee IO3AHUX yMepeHHO-Mg pacn/iaBoB CMELIEHBI OT
COCTaBOB BBICOKO-Mg pacmiaBoB C OTHOCHUTEJIbHBIM
noBbiieHueM 100/Nd (cHuUKeHHEM KOHIEHTpaIui
Nd) (puc. 17).

[IpoBesiIeHO MMKpPO3JIeMEHTHOE MO/JleJTMPOBaHHe
PAaBHOBECHOTO YaCTUYHOTO IJIaBJE€HUS WCTOYHUKOB
nopos BepenHckoro ByJIKaHHMYECKOro IIEHTpa Ha OcC-
HOBe ypaBHeHHUs [Shaw, 1970]. [lonin MuHepaJiOB B
MJIABAIEMCA MaTepuaJie CKOPPeKTHPOBAaHbI C YYETOM
3KCIIepUMEHTANbHbIX JaHHbIXx [Walter, 1998]. Jns

yyeTa COOTHOLIEHHS MHUKpPO3JIEeMEHTOB B O6oOralileH-
HOM MO/IeJIbHOM HCTOYHHUKE UCI0JIb30BaIUCh CpeJjHHE
COCTaBbl MUHEPAJIOB KCEHOJMUTOB C BOJOCOJEpKaLH-
MU MHUHepaJlaMH M3 LIeJIOYHbIX 6a3a71bTOB BUTHMCKO-
ro ByJKaHu4eckoro noJjs [lonov et al, 1997; Glaser et
al, 1999; Litasov et al, 2000a, 2000b; Ashchepkov et al,
2003, 2011] v B MaHTHIHbBIX anlaTuTax TUna A [O’Reilly,
Griffin, 2000].

[lo pesysbTaTaM MHKpPO3JIEMEHTHOI'O MOJEJIUPO-
BaHUs B koopauHaTax (La/Yb)n - Ybn, npesnosiaraet-
cs BBIIUVIAaBJIEHUE TPyNIbl BbICOKO-Mg 6a3aHUTOB-
6a3a/bTOB U3 IMOJMMHHEPAJbHOIO HMCTOYHUKA C CO-
Jlep>)kaHusiMu rpaHaTta ot 6 10 12 %. Tpens BSN-high
Grt Ha puc. 17 coOTBETCTBYyeT TPEHAY CMelleHUs TO-
4YeK OT MOJEeJbHOW JIMHUM C COJlep>KaHHeM rpaHaTta
6 % K JIMHUM C MOJIeJIbHBIM COJlep>KaHHeM IpaHaTa
12 % npu y3KOM JAuana3oHe U MaJiol CTeleHU yYa-
ctuyHoro miaBjaenus (F=0.042-0.046) Ha puc. 18. Co-
Jlep>kaHUe rpaHaTa B UCTOYHHUKE IOBBIIIAETCH C yBe-
JINYeHHEM IJIOTHOCTU MOPOJ, C IJyOUHOH, MO3TOMY
IOCTYIJIEHWE BBIIJIABOK OJJMHAKOBOW CTENeHH ya-
CTUYHOTO IJIAaBJIEHUS U3 UCTOYHUKOB C Pa3HBIM CO-
JleprkaHUeM TpaHaTa (C pasHbIX IJIyOMH) MOXET CJIy-
»KUTb [I0OKa3aTeJleM BOBJIeYeHHs B MJIaBJIeHHe MaHTUHU
C OJIHOPOJHBIMU (T.e. acTeHOCHEePHBIMH) CBONCTBAMHU.
M CTOYHUK TaKOro THIA OblJI BbISBJEH [/l 6a3aHUTOB
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Puc. 18. CootHomeHus (La/Yb)n - (Yb)n B cpejHEMUOLIEHOBBIX MOpPOjax bepernHCKOTro ByJIKAHUYECKOTO LIEHTPA.

JJ1s ynpouieHUs AuarpaMMbl U3 IPYNNbl KOHTAMHHUPOBAHHBIX 6a3a/bTOB MOKa3aHbl TOJIBKO TOYKH BaJOBBIX COCTABOB U OCHOBHOM
Macchl BYX 06pasLoB ¢ HauboJee BbicokuMHU (La/Yb)n. laHHble A ApyryUX 00pasLoB He ToKa3aHbl. HopMUpoBaHMe BBINOIHEHO I10 CO-
CTaBy NPUMUTUBHON MaHTUU [McDonough, Sun, 1995]. CokpatueHusi: Grt - rpaHat, Cpx - KIMHONUpPOKceH, Amph - amdu6os, Phl - dJio-
ronurt, Ap - anaTuT. COOTHOIIEHHsI MUHEPAJIOB B UCTOYHUKAX PACCUUTAHbI UCXO/s U3 MOJEJUPOBAHUS MUKPO3JIEMEHTHOrO COCTAaBA I10-
poA (auarpamMma He nokasaHa). Koa¢duiueHTs! pacnpesneneHuss MUHepaJs/pacnias s La u Yb us pa6ot [Hart, Dunn, 1993 (Cpx); Ken-
nedy et al, 1993 (0Opx); Halliday et al, 1995 (Ol, Grt); La Tourrette et al, 1995 (Amph, Phl); Chazot et al, 1996 (Ap)]. Yci1. 0603H. cM. puc. 6.

Fig. 18. (La/Yb)n vs (Yb)n in Mid-Miocene rocks from the Bereya volcanic center.

To simplify the diagram in respect to the group of contaminated basalts, we plotted only data points of bulk and groundmass composi-
tions of two samples from this group that show the highest (La/Yb)n. Data for other samples are omitted. The primitive mantle composi-
tion is used after McDonough and Sun [1995]. Abbreviations: Grt - garnet, Cpx - clinopyroxene, Amph - amphibole, Phl - phlogopite, Ap -
apatite. Ratios of minerals in sources are based on modeling of the trace-element concentrations in rocks (figure is not shown). The distri-
bution coefficients of mineral/melt for La and Yb are from [Hart, Dunn, 1993 (Cpx); Kennedy et al, 1993 (Opx); Halliday et al, 1995 (0],

Kamapckoro ByJIKaHWUYeCKOTO M0Jifl, CBA3aHHBIX C 00-
pasoBaHueM HxkHOo-Balikaibckod BnaguHbl baiikasib-
cko¥ pudTOBOH 30HBI [Rasskazov et al, 2013]. YacTb
UTYpaTUBHBIX TOYEK T'PYINbl 6a3aHUTOB-6a3a/bTOB
BUTUMCKOr0 TJIOCKOTOpbSI CMeIlleHa, OJIHAaKO, BJ0JIb
JIMHUHU C 6 % rpaHaTa c noBbilieHneM F 1o 0.07. OTHO-
CUTEJIbHOE BO3pacTaHUEe CTelNeHHW YACTUYHOIrO IJIaB-
JIeHUsl IpU MUHUMaJIbHOU rJly6HHe 006J1acTH reHepa-
WU Tpylnbl 6Ga3aHUTOB-0a3aJbTOB, MO-BUAUMOMY,
OTpaXKasio pa3BUTHE MarMaTHUYeCKUX MPOLIecCCOB Ha
rpaHuile acteHocdepbl U JsuTochepsl. I[lraBieHue
BO3pacTalio B MO/I0LIBe JUTOChEpPh], HAXOUBIIENCS B
pPaBHOBECHH C MOACTHJIAIOIIEH KOHBEKTHUPYIOLIEH ac-
TeHoCpepou.

Grt); LaTourrette et al, 1995 (Amph, Phl); Chazot et al, 1996 (Ap)]. Symbols as in Fig. 6.

Tpenp PB nepecekaet cpefiHI010 4YacTb TpeHaa BSN-
high Grt. B oT/in4ne oT UCTOYHUKA MOPO/] 3TOTO TPEH-
Jla, B UICTOYHUKe mnopo TpeHaa PB coxep:xaHus rpa-
HaTa OCTAlOTCAd NOCTOSHHBIMM, a MEHseTCsl CTeleHb
yactuyHoro muiaBjeHus (F=0.039-0.050). CocrtaBbl
KOHTAaMHUHHUPOBAHHBbIX 6a3a/]bTOB-TPaxmuba3ajbTOB C
Haub6osiee BbICOKMMH (La/Yb)n momanu Ha TpeHJ
HCTOYHUKA C MaKCUMaJIbHbIM CO/lep:KaHueM TpaHaTa
(12 %).

C ofiHOI CTOPOHBI, 06OTallleHHEe UCTOYHUKOB BBICO-
K0-Mg marm JierkuMu P33 OTHOCHUTENIBHO TSXKeJIbIX
00yCJIOBJIEHO MPUCYTCTBYyeM rpaHaTa. Ho Bbicoko-Mg
MarMbl o6oramieHbl W JIPYyTUMHA HECOBMECTUMbBIMU
asemeHTaMy, HanpuMep Th u Zr (oTHOCUTENBHO XOH-



JIpUTa WM TNUPOJIMTA), 3aBUCALUIMMH OT y4acTHUS B
MJIaBJIEHUU APYTUX MUHepaabHbIX ¢a3. C apyroi cro-
POHBI, ICTOYHUKHU BBICOKO-Mg Marm UMeloT o6e/[HeH-
Hble XapaKTEPUCTUKHU U30TOMHBIX oTHOIIeHWH Nd u Sr
OTHOCHUTEJIbHO HeJudpdepeHUPOBaHHON MaHTUU. Ta-
KHe COOTHOLIEHHSI OOBSICHIIOTCA KOHBEKTUBHOUN H30-
TOMHOUW roMoreHu3anuei noAJauTocGepHOro MaHTUMN-
HOT0 MaTepuasia U ero sjeMeHTHON auddepeHnanu-
el mepe/; mJiaBJeHHueM 060COOHUBIIENCS YacTH, o6ora-
[IEHHOW HEeCOBMECTHMbIMH KOMIIOHEHTaMH. BelmiaB-
KA W3 KOHBEKTHpYIOIeld NoAJuToCchepHON MaHTHUU
SIBUJIUCh, TAKUM 006pa3oM, CJeJCTBUEM BBICOKHUX TEM-
nepaTyp B KOHBEKTHUPYIOLIEW MaHTUM U CHHKEHUS
TOYKHU TJIAaBJIEHUS ee MaTepuaJa 3a cieT KOHIeHTpa-
I[UM JIETKOTIJIABKMX KOMIIOHEHTOB. JTOT THUIl MarMmore-
Hepalyu OTJINYaeTCsI OT 06pa30BaHUsA KOMAaTHUUTOBBIX
MarMm B ILJIIOMOBBIX KOJIOHHAaX, 00e/JHEHHBbIX JIETKUMU
P32 u ApyruMu HeCOBMECTUMBIMHU 3JIEMEHTAMU.

['panaT umeet oTHoumeHue Gd/Yb = 0.15, nmoaTomy,
€CcJId 3TOT MHUHEpPAJ OCTAETCS B PECTUTE, B YaCTUUHOU
BoIlsIaBKe Gd/Yb Bblllle, 4eM B MOPOJax HCTOYHUKA
[Walter, 1998]. B kauecTBe TpaHUYHOI'0 MEX]y BbI-
MJIABKaMU U3 TPaHATCOJIep>Kalllero U 6e3rpaHaToBOro
HCTOYHUKOB npuHuMaetcsa Gd/Yb=1.6 [Sobolev et al,
2011]. B cpenHeMHOIIeHOBBIX Mopojax bepenHCKOTO
ByJIKaHU4YecKoro 1eHTpa Gd/Yb Bbllle 3TOro 3Have-
Hu. [1o TOMy KpUTEPHUIO BCE BBIMJIABKH 3TOr0 LleHTpa
JIOJDKHBI ObITh MPOM3BOJHBIMH T'PaHATCOAEPKAINX
McTouYHUKOB. HaubGosiee BbicOkHe oTHomeHus (7.9-
9.3) omnpesesieHbl B rpynie NUKpo6a3ajbTOB-6a3alb-
TOB, HECKOJIbKO MOHWXeHHble (6.6-8.1, B 0jiHOM 06-
pasue - 5.3) - B rpynmne Mg-6a3aHUTOB-6a3aJbTOB.
Hau6osnee Huskue Gd/Yb (2.5-3.4) mnosydeHbl AJs
rpynnbsl 06a3ajlbTOB-aH/le3Mba3aibTOB. B 6asanbTax
Na-cepuu u 6azasnbrax-Tpaxubasanbrax Gd/Yb 6osee
BbICOKHE, cooTBeTcTBeHHO 4.9-5.7 u 3.6-6.5. Takum
06pa3oM, BBICTpAWBaeTCHd PAJ C MOCTAe[0BATeJbHbIM
yMeHbIIEHUEM POJIM IPaHaTa B UCTOYHUKaX: K-mukpo-
6a3asbT - nepexoanbii (K-Na-K) Mg-6azanut - K-Na-
TpaxubasaibT — Na-6a3anbT - nepexoaHbii (Na-K-Na)
6a3aJibT-aHJe31b6a3abT.

[JlybuHa MarMmoreHepUpYOIIUX MPOIECCOB B MOJ-
autochepHor MaHTHU 16-14 MJIH JieT Ha3aJ OlEeHHU-
BaeTCs He TOJBbKO M0 BBICOKUM COJIepKaHUSM rpaHaTa
B UCTOYHHUKAX, HO U 1o nepexoHomy (K-Na-K) cocra-
BY TpyNIbl BICOKO-Mg 6a3aHUTOB-6a3aJbTOB C NpPH-
Ha/IJIeXXKHOCThI0 MHUKP06a3aibTOB-6a3anbToB K K-ce-
pun. BbicOkasi akKTUBHOCTb KaJIUsi CBOMCTBEHHA IJIy-
OMHHBIM YaCTSIM BEpXHEH MaHTHUM JIPEBHUX KPATOHOB
M CcKJagyaThix obGsacteil. OHa oTpakeHa B pacmpo-
CTpaHEHUH KaTUHCOAepKalluX KJIMHONHPOKCEHOB B
KCEHOJIUTaX U3 KUMOGEPJUTOB U BKJIOUYEHUSAX B ajJMa-
3aX, B aJIMa30HOCHBIX MHUPOKCEH-TpaHaT-Kap6oOHAT-
HbIX mopojax KokdeTaBckoro MeTaMopdHUIECKOro
KOMILJIEKCA, BbIBEJIEHHOT0 Ha MOBEPXHOCTb TEKTOHHU-
YeCKHMHU MPOIECCaMU, U MOJITBEPKAeHA 3KCIEpUMEH-
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TaMU NPU BbICOKUX JABJEHUSIX U TeMIlepaTypax [Sobo-
lev, 1974; Tsuruta, Takahashi, 1998; Perchuk et al,
2002; Shatsky et al, 2006; Foley et al, 2009; Safonov et
al, 2005]. o ypaBHeHuto P(k6ap) = 213.6 - 4.05xSi0;
(mac. %) [Scarrow, Cox, 1995] mnoJsiydeHbl OIEHKHU
JlaBJIeHUM [AJs1 BBIILJIAaBOK Mg-6a3aHUTOB B CpaBHU-
TeJIbHO LIUPOKOM JuamnaszoHe (36.4-48.6 kb6ap), a
NUKpo6a3ajbTOB - B 6ojiee y3KOM AuanasoHe (41.4-
44.3 K6ap). ITU OLeHKH COOTBETCTBYIOT TJIyOUHHBIM
vHTepBasaM 115-150 u 135-140 KM, KOTOpble MOTYT
NPUHUMATLCS B KaueCTBe BEPOSTHBIX TJIyOUHHBIX UH-
TEPBAJIOB CPeJIHEMHUOIEHOBOU TreHepalliM pacliaBoB
BepenHCKOro ByJIKAHUYECKOTO LieHTpa: cHavaJja - Mg-
0a3aHUTOBBIX (3MU304 2), a 3aTeM — MUKPO6A3aJIbTO-
BbIX (3nu307 3). UHTepecHO, 4TO MaKCUMaJibHbIe JIaB-
JeHus1 (okoJsio 48-49 k6ap) mosydyeHbl JJIsT TPYIIIIbI
durypaTUBHbIX TOUeK Mg-6a3aHUTOB C MAKCUMaJIbHOU
CTeNeHbI0 YaCTUYHOTO IJIaBjaeHus (cM. puc. 17-19).

durypaTuBHble TOYKH JiaB, U3JUBHIUXCA 14-
13 MJIH JIeT Ha3a/l, 3aKJ/I04YeHbl MeXAy MOJleJIbHOU JIU-
HUEH C coJiep>KkaHueM rpaHaTa B UCTO4YHHKe 3.5 % u
Mo/JleJIbHOM JIMHUeN 6e3 rpaHaTa. CHayaja MJIaBUJICS
MaTepuas 6e3rpaHaTOBOr0 MCTOYHHUKA WM COJiepKa-
IIero MaJjioe KOJIMYECTBO T'paHaTa B MaJOrJIyOUHHBIX
ycioBusxX. CTelmeHb 4YaCTUYHOTO IJIABJEHUS ObLia
MakcuMaibHOM (F=0.15-0.20). W3nuBlmuMecs JiaBbl
rpymnmnbl 6a3aibTOB-aH/e316a3a/JIbTOB COCTAaBUJIU 60-
Jee 2/3 ob6beMa MPOAYKTOB H3BepxkeHUH. OHOBpe-
MEHHO M3JIMBLIAsICS HEOOJIbIast MOPIUs 6a3aJbTOBBIX
JaB Na-cepuu 6blj1a IPOU3BOAHON 6oJiee TIYOUHHOTO
rpaHaTcoaepxkamero (1-2 % Grt) UCTOYHHKA, UCIBI-
TaBIIEro CpaBHUTEJIbHO cjaboe muaBseHue (F=0.05-
0.07). ®uHanbHasa nopuus JiaB, cocTaBuBiiag 1/4 06b-
eMa BCeXx HW3BepXXeHUH, Oblla Takke NPOU3BOJHOMU
rpaHaTcoaep:xaiero (go 3.5 % Grt) ucTouHHKA C BO3-
pociiel cTeneHbl0 YacTHYHOro rmiaaBjeHus (F=0.05-
0.10), noBJsiekIei 3a co60¥ NMOJHBIN EPEXO, CIIO/bI B
pacmnJas.

['ny6una nutochepHON MaHTHUH, BOBJEKABIIEHCS B
maaBjeHue 14-13 MJIH JieT Ha3aJ, OILleHHWBAeTCS II0
rpaHaT-lINnuHeseBoOMy mnepexoay. Ilo 3kcnepumeHn-
TaJbHbIM JAaHHbIM B cucteme (Ca0-Mg0-Al;03-Si0;
(CMAS) nepexojJ, MOT NMPOUCXOJUTH B YCJIOBHUAX HUXKE
cosuayca B MHTepBaJjax AaBjieHud 1.8-2.0 GPa npu
TeMmiepatype 1200 °C u 2.6-2.7 GPa npu Temneparype
1500 °C (ray6unsr 60-85 kM). B Cr-comeprkauiux cu-
cTeMaxX IINMHUHEJb COCYLeCTBYeT € rpaHaToM. [loBbI-
IeHWe KOHIeHTpalui Cr cMelaeT peakIiUio BXOXK/e-
HUSI TpaHaTa B 006J1aCTb 60Jiee BBICOKUX [laBJIEHUH.
[IpucyrcTrBue Fe2+ oka3biBaeT MPOTHUBOIOJIOKHBIN 3¢-
dext [Klemme, 2004; Klemme, O’Neill, 2000]. [lono6-
Hble OIleHKU I'paHaT-IIIMHUHENEeBOTO Iepexo/ia moJyJe-
Hbl B 3KCIIepUMEHTaX C HCMOJIb30BAHWEM OGoralleH-
HbIX U 00OeJHEHHBIX MepuJoTUTOB [Robinson, Wood,
1998]. llpeanosaraeTcs, 4TO [JIaBJeHHe HAYUHAETCS B
’KWJIaX TPAHATOBBIX NUPOKCEHUTOB, CTAGUIBHBIX B
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Puc. 19. CootHowteHnus La/Yb - MgO B cpegHeMHOI|eHOBBIX TOpoiax bepenHckoro ByJiKaHWYecKoro neHTpa. [yis cpaBHe-
HUS MOKa3aHbl GUrypaTUBHbIE M0Jis Topos XaHHYoOs! (CeBepHbIM KuTail) - rpynmnbl 3BOJIIOIMOHUPOBAHHBIX IeJ0YHBIX
OJIMBUHOBBIX 6a3abTOB (EV-AOB), IpUMUTUBHBIX II€JIOYHBIX OJTMBUHOBBIX 6a3aibToB (PR-AOB), nepexoAHbIX 6a3a/1bTOB

(TRB) u TosienTOBBIX 6a3aibTOB (TLB). Yci1. 0603H. cM. puc. 6.

Fig. 19. La/Yb vs MgO in Mid-Miocene rocks from the Bereya volcanic center. For comparison, we showed also data fields of
rocks from Hannuoba (North China): groups of evolved alkali olivine basalts (EV-AOB), primitive alkali olivine basalts (PR-
AOB), transitional basalts (TRB), and tholeiitic basalts (TLB). Symbols as in Fig. 6.

yCJOBUSX 60Jiee HU3KUX JjaBJeHUH, 4YeM IpaHaTOBbIE
NepUJIOTUTHI.

B paccmaTpuBaeMoM ciiy4yae BbICOKO-Mg BbINJIaBKU
CMEHSIJIUCh YMepeHHO-Mg BhIIJIaBKaMU C BpEMEHHBIM
paspbiBoM B 1-2 MuH JieT. Mexay Bbicoko-Mg (BbIco-
KOTeMIepaTypHbIMH) W yMepeHHO-Mg (yMepeHHoO-
TeMIepaTypHbIMH) paclylaBaMH CJOXKHJIMCb KOH-
TpacTHble OTHoOLIeHUs. [lof0GHBIA KOHTpacCT cyle-
CTBOBaJl B MHOIlEHE Ha BYJIKAHUYECKOM IoJie XaHHY-
o6a (CeepHblii KuTall) Mexay rpyImod 3BOJIIOIHO-
HHUPOBAHHBIX I€JI0YHBbIX OJIMBUHOBBIX 6a3ajJbTOB C
BbIcOKMMM La/Yb u TpeMms rpynnamu (TOJIEUTOBBIX,
Hepexo/HbIX U MPHMUTHUBHBIX I1eJ0YHbIX) 6a3a/bTOB
c Hu3kuMu La/Yb. Ha auarpamme La/Yb - MgO Tpu
rpynnsl mopoJ, XaHHyoObl CONOCTABJIAIOTCA C yMepeH-
HO-Mg rpynnamu nopoJ, bepernHckoro ByJIKaHUYeCKO-
ro IleHTpa.

['pynna 5BO/IIOLMOHMPOBAHHBIX 11[€JI0YHBIX OJIUBU-
HOBBIX 6a3a/bTOB C BbICOKUMH La/Yb nosisga XaHHyo6a
CMellleHa OTHOCUTeJbHO BbICOKO-Mg mopoj BepeuH-

CKOTO IIeHTpa B yMepeHHO-Mg o6uactb (puc. 19).
Tpenap! nopoa ¢ Beicokumu La/Yb mosigs XaHHyo6a u
BepenHckoro neHTpa napajienbHbl. 06a MOTyT MH-
TepIpPeTHPOBATHCS B CBSA3U C BO3pACTAaHUEM CTENEHU
YaCTUYHOTO IJIaBJIeHUsI NIPY MOBBIIIEHUH TeMIIepaTy-
pbI B acTeHOCPepHOH MaHTHH. B HcTOYHKKe 3BOJIIOLHU-
OHMPOBAHHBIX 6a3a/JbTOB XaHHYOObI MO/IEJTMPOBAJIOChH
4.5-6.0 % rpanata U jgoJssa pacmiaBa 2-5 % [Chu-
vashova et al, 2012]. 3T1 napaMeTpbl TPUOIUKAIOTCS
K NMapaMeTpaM UCTOYHHKA I'pynn BbICOKO-Mg 6a3aHu-
TOB-0a3a/IbTOB U MUKPOo6a3ajbTOB-0a3abTOB bepe-
MHCKOT'0 BYJIKAHUYECKOTO LIeHTpa.

OnMBUH $paKIMOHMPOBAJ B NOPO/JAaX BepXHeH ya-
CTU TpeHJa bepeuHCKOro ByJIKAHMYECKOTO ILeHTpa
(T.e. Ipy MOHMXXEHHOW TeMIlepaType U CTeleHH 4a-
CTUYHOTO NJIaBJIeHUs1) U He PpaKLHMOHUPOBAJ B €ro
HWDKHEeH 4acTH (T.e. IPU NOBBIIIEHHON TeMIepaType U
CTelleHU YacTU4YHOro IIaBseHus). Hedppakunonupo-
BaBIlIMEe MarMaTU4YeCKHe pacljaBbl 6bLIM NeperpeThl-
M. BsaronpusiTHble yciaoBUs A8 $paKLMOHUPOBaA-



HUS OJIMBHMHA CyLeCTBOBAJIM B BBIIJIABKAX MaJlbIX CTe-
neHel MJIaBJIeHHs], 00PA30BaBUIMXCSA B YCJIOBHUSAX IO-
HIKEHHBIX TeMmnepaTyp. [leperpeTbie MarMaTU4YecKHe
pacruiaBbl pUHAJJIEXKAIU K TJIyGOKOW 4acTH Marmo-
reHepUpymrIled KoJOHHbL. Ha MeHbIIMX TyyOHHAX MO/
JuTtochepod Ha JIMKBHUAYCe HAYUHAJI KPHUCTAJJIU30-
BaTbCsl OJIMBHH, aKKyMyJIMpOBaBIIUica B Mg-6a3aHu-
TOBBIX pacIlaBax M, HAo0OpOT, OTAEJABIIUKMCT OT
NHUKP06a3aJbTOBBIX PACIJIABOB. JBOJIIOIIMOHHUPOBAH-
Hble IIeJI0OYHble OJIMBUHOBbIe 6a3aJbTbl XaHHYOOHI
SIBUJIMCh CJIEJICTBUEM YCJIOBUHA MarmMoo6pa3oBaHUs,
NO/I06HBIX MUKPOOa3abTOBBIM. [lepBUYHbIE BBIIIAB-
KM 6a3aJIbTOB 3TOr'0 THIA Ha MoJsie XaHHy00a J0J/HKHBI
ObLIM WMETb BBICOKO-Mg coCTaB MOJOGHO JApPyrUM
BYJIKAHUYECKUM TOJiAM 3abaliKaJbCKOr0 HHU3KOCKO-
pocTHOro JjoMeHa (cM. puc. 1).

5.4. MOJEJIb CMEHbI MATMATH3MA 16-13 MJIH JIET HA3A/,

B cMeHe cpeiHEMHOILIEHOBBIX BYJKaHUYECKUX MO-
poJ, bepenHCKOro LieHTpa OT BBICOKOMarHe3najJbHOTO
CcoCTaBa K yYMepeHHO-MarHe3uaJbHOMY OTPa3nJIOCh
TEKTOHOTEpPMaJIbHOE BO3/IeCTBUE HA IUTOChepy Moj-
autocdepHoro Mmatepuasna (puc. 20).

Bo BpemMeHHOM HHTepBajie 16-14 MJIH JileT Hasafj
BBICOKO-Mg 6a3anbThl-Tpaxuba3ajbThl MEPBOrO BYJI-
KaHUY€eCKOro 3MU30/ia ObLIU HAaChIIEHbI JIe3UHTETPU-
POBaHHBIM KOPOBBIM KCEHOTE€HHbIM MaTepHaioM. W3-
3a ero 4YaCTUYHOrO YCBOEHHUS COCTaB NMEPBUYHBIX BHI-
MJIABOK, MOJAHUMABIINXCS U3 MAHTHH, OB HCKaXKEH.
BeposiTHO, mepBUYHbIE pacIaBbl ObLIX OGJU3KU IO
COCTaBY BbICOKO-Mg 6a3aHUTOBBIM-6a3a/IbTOBBIM pac-
MJlaBaM, HU3BEPrHYTbIM Ha bepeuMHCKOM ByJKaHU4Ye-
CKOM I[eHTpe Moc/ie KOHTAMHUHHUPOBAHHbIX 6a3a/1bTOB—
Tpaxu6a3ajbTOB.

Bbicoko-Mg 6a3aHUTbI-6a3a/bTbl BTOPOTO BYJI-
KaHUYECKOr0 3MH30/1a U MUKPO6a3aIbThl-6a3aabThl
TpeThero NpeAcCTaBJISJIM COO0N NMepBUYHbIE MAaHTUMN-
Hble BbIIJIaBKU. B ajjuabaTHyecku NOAHUMAIOIEMCS
MaHTUHHOM MaTepuaje TJyOUHHOCTb IJIaBJIEHHUS
3aBUCUT OT TeIJocoJiepaHus cucteMbl. [Ipu BbIcO-
KOM TeIJIOCO/IEPKAHUU HadaJlbHOe ILJIaBJeHUe OcCy-
IIeCTBJISIETCS Ha GOJIbIIMX IJIy6UHAX, a IPU MEeHbIIEeM
- Ha MeHbHWX [Fukuyama, 1985]. MaHTUHHBIA Ma-
Tepyas IJIABWJICA HIKe NOAOoWBBI JuTocdhepnl. Co-
3/laHHas 6Jiarofaps 3TOMYy Npolieccy IJaBy4YecTh 4a-
CTUYHO pacIJIaBJIeHHOTO MaTepuaJia peBbliliajia mjia-
BYYECTh KpHUCTa/UIndeckux ¢a3 BMeLaIel acre-
HocdepHON MaHTUU. B pesysbTaTe pacmniaB BbICBO-
60 /aJicsd U3 MaTpHUIlbl, MUTPUPOBAJ BBEPX U HU3JIU-
BaJIicCi Ha 3eMHON mHoBepxHocTH. CHavasa o6pasoBa-
JINCb BBICOKO-Mg 6a3aHUTBbI-6a3a/bThl B YCJAOBHUAX
CpPaBHUTEJNbHO OJHOPOJHOTO IJaBJeHHS MaJbIX CTe-
neHel, COMpOBOX/aBLIerocss M3ObLITOUHONW KOHIEH-
Tpayuel TelJa B MOJOLIBe JUTOCHEPHI C YCUIEHHEM
miaBJieHus1. 06pa3oBaBIIMeCs PaclIaBbl OKa3bIBAIUCh
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JIOCTAaTOYHO IMJIABYYUMH, YTOOBI MUTPUPOBATH U3 00-
JIACTH MarMoo6pa30BaHHUs C H3JUSHUEM Ha 3eMHOH
NMOBEPXHOCTU. 3aTeM COCTAB BBIMJIABOK CMEHWJICS Ha
NUKPo6a3ajbTOBbIN-6a3a/JbTOBBIN B Mpoliecce Mepe-
pOXAEeHUS CpeAHed 4YacTH OJHOPOJAHOW MOAJUTO-
chepHOU 06J1aCTH MarMoreHepanyy B 06J1aCTb C Baphb-
UpYIOIeNcsa CTeneHbI0 YaCTUYHOrO MJIABJIEHUSI MaTe-
puasna.

Ha 3ToMm 3Tamne TemnJio nocrynasio yepe3 MarmaTuye-
CKMe KaHaJsbl B MaJIOTJIyOGMHHYI0O MaHTHHHYIO 4YacTb
autochepbl. B mporecce AeKOMIPeCCHOHHOTO TJIaB-
JieHWs] 6e3rpaHaTOBbIX MAaHTUHWHBIX OPOJ, COTTPOBOXK-
JlaBlIero ycunaeHue pudproreHesa C MoJHATHEM U 3PO-
3WOHHBIM pacyjieHeHueM TePPUTOPUH, BbIMJIABUICS U
W3JIWJICS Ha 3eMHYI0 MOBEPXHOCTb OOJIbLION 06beM
yMepeHHO-Mg 6a3a/bTOB M aH/e31M6a3a1bTOB. Bo3HUK
3pdeKkT TepMasbHOrO YTOHEHHs JUTOoChephbl. HM-
NyJbC KPYMHOOO'HEMHOTO MaJIOTJIYyOUHHOTO IJIaBJie-
HUS, OJTHAKO, GbIJI HEMPOJO/DKUTENbHBIM U CMEHUJICA
MeHee 06'beMHBIM IJIaBJIEHHEM DoJiee TIyOOKOW 4acTu
JuTochepHON MaHTHUH IPAaHATOBON dauu.

6. 3AK/JIIOYEHUE

BhinoJ/iIHEHO CpaBHUTEJbHOE U3yYeHUe COCTaBa Io-
C1e/J0BaTeJIbHOCTEH BBICOKO- U yMepeHHo-Mg ByJika-
HUYECKUX MOpoJ, u3BepraBimnxcs B bepenHckoM By.Ji-
KaHUYECKOM I[eHTpe BUTHUMCKOro maocKoropbs, COOT-
BETCTBeHHO, 16-14 u 14-13 MuH JieT Ha3aA. B mepBoii
(Mas1006'beMHOM) BO3pACTHOW reHepaLUK Olpe/iesieHa
CMeHa KOHTAaMHUHHPOBAaHHBIX 6a3aJbTOB-Tpaxuba-
3asbTOB K-Na-cepuu 6azaHuTaMu-6a3asibTaMu Iepe-
xoaHoro (K-Na-K) cocraBa, a 3aTeM nukpob6asaabTa-
Mu-6a3anbTaMu K-cepumn. Bo BTOpo# (KpynmHOOOBEM-
HOW) reHepalUH BbIsIBJ€HA CMeHa 0a3ajbTOB-aHJe-
3uba3zanbToB nepexogHoro (Na-K-Na) cocraBa, nepe-
cavBawIuxcsd ¢ 6a3asbtamMu Na-cepuu, 6a3ajbTaMU-
Tpaxubasanbtamu K-Na-cepumu.

[loka3aHO, YTO OTHOCUTEJbHbIE BapHUallMud METPO-
TeHHBbIX OKCH/I0OB, MHUKPO3JIEMEHTOB U H30TONOB B
NepBOM MOC/IE/IOBATEJLHOCTH CHA4yasla OCJIOXHSJIUCH
KOPOBOM KOHTaMHHaIlMeH, 3pPEeKTHBHOCTb KOTOPOM
3aTeM CHU3WJAChk. Bapuanuu coctaBa 6oJiee MO3JHUX
HEKOHTAMUHUPOBAHHBIX NPOAYKTOB W3BEPXKEHUU B
3TOU MOC/Ie/[0BAaTENbHOCTH ONpeenasiynuch 3dpPeKToM
TeMIlepaTypPHbIX BapUalluid C OT/ieJieHHeM BbIMJIABOK
NOBBINIEHHOH CTEeNeHU IMJIaBJeHUs CHayasla Ha rpaHu-
e actreHochepbl-IUTOCPEPHI, a 3aTeM B acTeHocdepe.
OTHOCHUTe/IbHblEe BapWalUU METPOTeHHBIX OKCH/OB,
MHUKPO3JIEMEHTOB U U30TOIOB BO BTOPOU MOC/Ie[0Ba-
TEJIbHOCTHU TOPOJ CBUJETEJbCTBOBAIM O CHJIbHOM
Haya/JIbHOM IJIABJIEHUM HA MaJlblX TJyOWUHAX JIUTO-
cbepHOM MaHTHH U GoJjiee CJ1abOM IJIaBJIEHUM Ha ee
60J/IbIIMX TJIYOMHAX C MOCJAeAyIoUled KOHIeHTpauuen
BBIIJIABOK B YCJIOBUSAX OOJIBIIUX TJIYOUH.
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Puc. 20. OTpakeHue CpeJHEMUOLIEHOBOTO TEKTOHOTEPMAIBHOTO BO3/IeMCTBUS Ha JIUTOCHEPY rOpsIYUM MaTepUaoM acTe-
Hocephl 3abaiikajbCKOro pacljaBHOIO JOMeHa B CMeHe MCTOYHMKOB BYJIKAHMYeCKUX NopoA BepenHckoro nentpa. Tp -
NOTeHLMa/IbHasA TeMIepaTypa, F - cTeneHb 4aCTUYHOTO MJIaBJIEHUS MaHTHH.

Fig. 20. Reflection of the Mid-Miocene tectonothermal impact on the lithosphere by the asthenospheric hot material from

the Transbaikalian melting domain in change of sources for rocks of the Bereya volcanic center. T, - potential temperature,
F - the degree of partial melting in the mantle.



[IpennoJsiaraeTtcs, YTO U3BEpPKEHUsI 60JIBLIOTO 06b-
eMa MaJIOTJIyOMHHBIX BBIIJIABOK U3 JUTOCcdepbl 14-
13 MJIH JIeT Ha3aJ[ GbLIM BbI3BaHbl TEPMaJIbHBIM BO3-
JlelicTBUeM Ha jsiuTochepy nojJ, BUTUMCKUM ByJIKaHU-
YeCcKMM [M0JIEM MaTepuasa acTeHocPpepHOW MaHTUH
3abalKaJbCKOr0 JiOMeHa, O06JiaJaBlIero BbICOKOH
MOTEHIIMaJbHOW MaHTUHHON TeMmnepaTtypoit (Tp=
=1510 °C), conocTaBUMOH C 3TUM NIapaMeTPOM B Bepx-
HEeMaHTUUHBIX FOPAYUX NaTHaAX maato OHToHr /lkaBa
u Ucnauauu. 3To TepMasibHOE BO3/IeMCTBUE MOBJIEKJIO
3a co60H pe3koe ycusieHHe pudToreHesa c 06pas3oBa-
HHUEM BIAJIMH U XpeOTOB HAa 3eMHOM MOBEpXHOCTH. bo-
Jlee HU3KUe OLeHKU T, AJs BbICOKO-Mg naB YaokaH-
ckoro, /lapuranckoro u KamMapckoro ByJIKaHUYECKUX
MnoJied MOTYT OTpaXkaTh IPOCTPAHCTBEHHbIE BapUaluu
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In 2014, S.I. Sherman published a monograph in
GEO Academy Publishing House in Novosibirsk, Russia
[Sherman, 2014], which consolidated results collected
through more than 50 years of researches conducted
by the author and his colleagues in the Baikal rift zone.

At the Institute of the Earth’s Crust, Siberian Branch
of RAS, the team of geologists had successfully con-
ducted a number of research projects under the leader-
ship by S.I. Sherman and pioneered in providing a
comprehensive and detailed view of tectonophysical
aspects of faulting under various lithospheric load con-
ditions [Sherman et al.,, 1991, 1992, 1994]. Their conclu-
sions were based on studies of faulting of the litho-
sphere and seismicity in the complex natural geological

environment. In the above-mentioned books, S.I. Sher-
man authored the chapters on relationships between
faulting and seismicity. He described parameters of
faulting and their correlation with thicknesses of de-
formed layers, types and rates of loading and thus pro-
vided a complete tectonophysical description of faul-
ting at various load types. This approach was bound to
lead to the analysis of seismic activity as a process as-
sociated with faulting. There was thus a good reason
why the reviewed monograph was developed and pub-
lished.

The outstanding significance of S.I. Sherman’s mo-
nograph and its fundamental character is well de-
scribed in the introduction by the editor, G.A. Sobolev.
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Sherman S.I.,, 2014. Seismic Process and the Forecast
of Earthquakes: Tectonophysical Conception. Acade-
mic Publishing House “Geo”, Novosibirsk, 359 p. ISBN
978-5-906284-50-1.
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359 c. ISBN 978-5-906284-50-1.

There is practically nothing to be added to what he
said, save the fact that the book contains excellent re-
views of seismic belts of the Earth, deformation waves
and their generation under plastic flow conditions,
phenomenological models of the seismic process and
rheological parameters of the matter.

Not only does a good book offer a solution to the
fundamental problem, but it helps determine principal-
ly new areas of further studies, as well as identify
‘weak points’ in the well-established concepts and the-
ses. A few of the most significant points that came to
this reviewer's mind after reading S.I. Sherman's book,
are outlined below.

Independence from physical representations. An im-
portant aspect of the study is the concept of 'areas of
dynamic influence of faults', which was introduced ear-

lier in [Sherman et al, 1983], its formalization and the
conclusion that “a seismic zone is an integrated inde-
pendent geodynamic structure” (p. 113). A significant
point of the author's theory is a thesis about indepen-
dence of deformations and displacements occurring
during seismic events from “the adopted concept of
physics of earthquake foci or details of the release
mechanism” (p. 186). The author thus emphasizes that
the concept he is developing on the basis of geological
data does not depend on our understanding of the
physics of earthquake foci. In other words, as G.A. Sobo-
lev put it, the author “laid the geological basis for the
general principles of physics of earthquakes” (p. 6).
Therefore, the seismic zone concept developed by the
author can be considered quite universal.

Reviewing the data on plastic flow trends in de-
formed bodies which were published by L.B. Zuev and
colleagues [Zuev, 2011; Zuev et al, 2008] (p. 194-207),
the author formulates a dimensionless invariant (6.3)
on the relationship between plastic and elastic flow
(p- 203), and using the schematics (Fig. 6.14, p. 204), he
actually interprets the effect of such invariant. In the
opinion of this reviewer, the data in fact gives grounds
to conclude that a deformed body, having a plastic flow
ability, can split into blocks as a result of plastic and
elastic processes, i.e. it 'reorganizes itself', and sizes of
such blocks are determined by invariant (6.3), which is
clearly illustrated by Fig. 6.14. The ‘self-splitting' pro-
cess may probably occur given a fairly slow loading of
the body as elastic and plastic processes in the body
have enough time to become 'self-conformant'.

It appears that such interpretation of invariant (6.3)
may constitute a totally new trend in tectonophysical
research of faulting in the lithosphere and may help to
solve the problem of boundaries between blocks. It was
the subject of a sharp discussion that occurred after
one of the reports during the conference “Faulting in
the lithosphere and associated processes: a tectono-
physical analysis” at the Institute of the Earth’s Crust of
SB RAS, Irkutsk [Tveritinova, Vikulin, 2014].

On rheid properties of the geological medium. Under
the known geological concepts providing an under-
standing of solid bodies flow, the rheid mechanism of
movements of the geological medium is distinguished.
The notion of rheid deformation of rocks, i.e. flow de-
formation of rocks in solid state, was introduced in
[Carey, 1953; King, 1967]. According to [Leonov, 2008]
(p- 16, p. 255), “The concept of 'rheid deformation of
rocks' embraces all kinds of tectonic flow (viscous,
plastic, brittle-plastic, cataclastic, etc., and their various
combinations), and this ... allows avoiding inconsisten-
cies and providing more adequate descriptions of natu-
ral processes which do not contradict the principles of
mechanics and rheology”. S.I. Sherman continues to use
the term 'rheology’ and 'rheological properties of the
medium' rather than refer to or use the definitions



proposed by the geologists. He employs new concepts
developed by V.E. Panin and his followers allowing the
analysis of flow and the wavelike energy transfer in
mesomediums, as well as the newest follow-up of these
concepts by L.B. Zuev giving the grounds for applying
the same solid state flow process to rock samples, i.e. a
transit stage from the meso-level medium to the mega-
level medium.

It is worth noting that the essentially pure geologi-
cal definition of rheid property of the geomedium does
not contain any reference to other properties or pa-
rameters of the geomedium, such as its fault- or fault-
less structure, temperature, etc. It needs mentioning
that all the key rheological properties of substance
were known already in the process of identifying and
researching the rheid flow of the geomedium. Geolo-
gists, however, believed it necessary to introduce their
own term, which “allows avoiding inconsistencies and
providing more adequate descriptions of natural pro-
cesses”. There is no reason for revisiting it or excluding
it from consideration as 'movements of the geomedi-
um' [Leonov, 2008]. Thus, rather than appeal to rheo-
logical properties of bodies in accordance with con-
cepts of the continuum mechanics, it appears more lo-
gical and appropriate to refer to 'movements of the
geomedium' for interpreting geological processes un-
der concepts of tectonophysics.

It should be noted that according to [Vikulin, 2013],
through studies of faulting in the lithosphere from the
point of view of rheid movements of the geomedium, it
is possible to further develop the author's universal
thesis so that it can incorporate, in a logical and geo-
logically justified way, non-linear properties of the
geomedium and its ability to move, which is followed
by formation of geological vortex structures [Vikulin,
2004; Milanovsky, 2007; Lee, 1929] (such properties
have not been taken into account in S.I. Sherman's the-
sis yet).

Wave movement in geology. In the strict physical and
mathematical sense, a wave is a solution of an equation.
The author reviews wave movements with reference to
coordinates of new earthquake foci that successively
occur in the zones of dynamic impact of faults. Defor-
mation [Kuzmin, 2004; Kuz'’min, 2012] and/or slow tec-
tonic waves are likely to be solitary waves. Principles of
their interaction differ from principles of interaction of
'conventional' sinusoid waves.
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From the standpoint of physics, earthquake foci mi-
gration waves correspond to the definition of a wave.
On a plain (axes: earthquake foci time / coordinates of
earthquake foci positions along the fault), such waves
are represented by successive groups of points located
along relevant sections of straight lines. In this sense,
the deformation process can more or less accurately be
viewed as a wave phenomenon, when we mean earth-
quake foci migration waves. Actually, earthquake foci
migration waves are referred to by the author for fore-
casting purposes in Chapter 9.

A significant conclusion of S.I. Sherman’s study is
that “deformation waves should be introduced in the
notion of 'geomedium' and viewed as a dynamic pa-
rameter of the geomedium” (p. 283). If earthquake foci
migration waves are understood as deformation waves,
a new geodynamic parameter is introduced in [Vikulin
et al, 2012a, 2012b] for the seismic process to be de-
scribed with reference to such migration waves; it
characterises the state of stresses of the geomedium in
a seismic zone; and a physical analogue of such geody-
namic parameter is also established.

Moreover, migration is not only typical of earth-
quake foci, but of volcanic eruption as well. The intro-
duced geodynamic parameter [Vikulin et al, 2012q,
2012b] determines the state of stresses of the geome-
dium which is characterized by migration of geody-
namic (seismic + volcanic + tectonic) activity [Vikulin et
al, 2012a, 2012b].

As we see, the analysis of the wave process in S.I.
Sherman's study is based, among other data, on a vast
experience of geological studies and tectonophysical
reconstructions employing the data from a volcanically
inactive region, and, though they are not used for ar-
gumentation, undoubtedly, there is every reason to in-
troduce the wave geodynamic parameter “in the scope
of the geomedium concept”. Further studies may focus
on a specific type of such parameter.

Notwithstanding a few critical comments made
here, the reviewed monograph by S.I. Sherman is a
fundamental work that presents a significant step for-
ward in studies of faulting in the lithosphere and its
relationships with seismicity.

Surely S.I. Sherman’s book “Seismic Process and the
Forecast of Earthquakes: Tectonophysical Conception”
is of great interest and will be an asset to a broad range
of researches in Earth sciences.
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