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HHIEKCHI CEHCMHUYHOCTH PA3JIOMOB JIECTPYKTHUBHBIX 30H
JIATOC®EPHI U TPOBJEMA ITPOTHO3A 3EMJIETPSICEHUH

C.U. lllepman, B.A. CaBuTCKHii
Hncemumym semnou kopet CO PAH, Poccus

[poGnema ceiicmobe3onacHocTH mpHodpeTaeT Bee GosbIIYyI0 U OOJNBIIYIO CONMATBLHYIO
@uMOCTh M TIEPHOAMYCECKH TpeOyeT ONpEjeIeHHOro MepecMOoTpa HEKOTOPRIX MOHATHH,
OIIKH WX OLCHKH, M3MCHEHHs AKIEHTOB IIPH Te0J0ro-reopu3nyeckoM KapTHPOBAHHH H
MKTHIECKOM MCIIONb30BaHIH pe3y/ibTaToB. K 0tHHM M3 TAKHX MOHATHI OTHOCSTCS AKTHBHbIC
g0Mbl, B OOBEM BO33PEHMs KOTOPBIX Hauboiee 4YacTo BKIIOYAIOTCS MPEACTABICHHA O
giicMOaKTHBHEIX pasjiomax. [ToHSATHE «aKTHBHBIC Pa3jOMBD) YHAC/ICA0BaHO OT CYKJeHH 0
KIBLIX PA3/OMax» M SHEPrHYHO HAYaIO BHEJAPATHCA B HAyWHYIO JIMTEPAaTypy B KOHLC 70-x
pros ymenmero eka (Mmaes u ap., 1990; Jlesn, 1991; KapTa akTHBHBIX pa3IoMoOB..., 1987
puonos, 1985; Active faults...,1980; Characteristics...,1991; Slemmons, 1990; HecmesHOB U
..1992; Hukonos, 1995; Trifonov, 1995; i M. ap.)-

Ananu3 pasHOBHIHOCTE{l pa3joMOB, B HaCTHOCTH, KOHTPOJIHPYIOIIHX celiCMHYECKHI
JllecC, TIOKA3BIBAET, YTO OHHM XapaKTEPH3YIOTCS pasiHYHBIMH BO3pACTAMH  3AJOKCHHA,
fTHBM3AMIT M MX COBPEMEHHOIl HHTCHCHBHOCTHIO. Ha KOHKpETHBIC ceiicMu4ecKkue CoOBITHS
JISIOT MHOTHE TIapaMeTphl Pa3oMOB (JUIHHA, aMIUIMTY/a CMEIICHHIT 1 T.J1.), OZIHAKO OHH HE
IYT MIpaTh OMNpEAeNsiomeii polH B CEHCMHYECKOM MpoLecce B IEIOM. On omnpenensercs
PYCTOIYMBOCTBIO PABHOBECHS PA3JIOMHOH H TPELMHOBATOH CpPEIbI nuTocdepsl, HapyleHHe
JTOPOr0  MOKET OBITH BBI3BAHO LIMPOKO¥ TPYNIOil TPHITEPHBIX MEXaHH3MOB 3HJO- H
gorennoii  nmpupoabl.  CeficMMYeCKMil  MPOIECC  KOHTPOIHPYETCs OTHOCHTEITbHOI
MIBIGKHOCTBIO BCEro amcambisi pa3sHOPAHTOBBIX AKTHBHBIX — Pa3ioMOB  KOHKPETHOTO
RiiCMHYECKOTO 10sICa HITH 00J1acTH.

JUIsi TOMCKOB 3aKOHOMEPHOCTEH CTPYKTYPHOIH OpraHu3alii ceiicMHYECKOoro rnpoiecca B
elicMHUECKHMX T105ICaX HCIOJB30BAHBI MPEACTABICHHS O JECTPYKTHBHBIX 30HAX murochepsl,
HTErpHpYIOIHE B OOBEME CBOErO IMOHATHS Pa3HOPAHTOBBIC PasjIOMBL, XapaKTepH3yIoIHrecs
(HOrOrPAaHHBIMH TIPH3HAKAMH COBPEMEHHOH aKTHBHOCTH (Lllepman, 1996; Ilepman u 1p.,
002). JlecTpyKTHBHBIE 30HBI TUTOCHEPHI ABIAIOTCA foJiee BEICOKAM TAKCOHOM HEpapXH4eCcKoi
YKTYphl Pa3JoMOB JHTOCHEpPH 10 OTHOMIEHHIO K €€ reHepalbHbIM (rnyOHHHBIM) M JIPYTHM
g3HOBHIHOCTAM paspbiBoB. CeficMHYECKHH TIpoIecC B TpeAenax JIECTPYKTHBHOH 30HBI
IpoTekaeT HEPABHOMEPHO B IPOCTPAHCTBE M BO BpeMeHH. MasATHHKOBAs MHIPALHA CHIBHBIX
eiicMiuecKMX ~COOBITHI  Xopomo  (HKCHpYeTCs BAOJL  OCH JIECTPYKTHBHOH ~ 30HBIL.
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[Ipeobnanatomme wmaccol  Oosee  cnabbiX  COOBITHI  KOHUEHTPHPYIOTCS B 007180
JIMHAMHYECKOTO BIMAHHSA Pa3HOPAHTOBBIX Pa3/IOMOB MM BHE HUX. [Ipn aTOM MHOTOUHC/EH
Pa3HOPAHTOBbLIE IPYIILI MEOJOTHYECKH 3aKAPTHPOBAHHBIX Pa3pbIBOB OCTAIOTCSH aceiicMiH
B IpaHuiax Toi e ceiicMuyeckoil obnactu. JUis nmoHMMaHus 3aKOHOMEPHOCTEH J10CTaT08
CIOKHOH M BO MHOIOM HE fCHOI H30MpaTenbHOI COBPEeMEHHOi CeiicCMHYECKOi aKTHBH3
Pa3sHOPAHTOBBIX M Pa3’HOBO3PACTHBIX pa3/IOMOB HAMH [IPOBEJACHO MX PaHKHPOBAHHE
KOJIMYCCTBEHHOMY M JHEPreTHYeCKOMY HHJEeKcaM ceiicMH4HOCTH. Bnmu3kuii mokasarens
OLICHKH CTCIICHM aKTUBHOCTH JIECTPYKTHBHBIX 30H Henosb3oBan KIK.Cemuncknii (2001).

[Tofi KOMMYECTBEHHBIM MHIEKCOM CEHCMHYHOCTH pasioMa & (KM™') MOHHMaeTcs i
CEHCMHYECKHX COOBITHH N ONpPEICNCHHBIX JHEPreTHUECKHX KIaccoB K, MPHXOIAIIXCS
€IMHAUILY JUIMHBI pa3jioma L (kM) npu npuHATO# miMpuHe 00J1acTH ero JIMHAMHYECKOro Bl
M (kM) 3a 3a1aHHBIH TPOMEKYTOK BpeMeHH t (rojiml).

[lo sHepreTHueCKMM MHJEKCOM ceifcMH4HOCTH & pa3jioMa TOHHMAeTcs 3Havyek
K/J1acca MaKCHMAIBHOTO COOBITHA Kmax(), HPHXO/AMIErOCS HA €AMHUILY JUTHHBI pasioma L (|
NpH NPHHATOH wwMpHHE 00JacTH ero JWHAMHYecKoro BiausaHus M (kM) 3a m3BecTH
IPOMEKYTOK BpEMEHH t (rojibl).

Mujiekcsl  CefiCMHYHOCTH  XapaKTEpU3ylOT aKTHBHBIC pPa3jioMbl M [103BOJISIOT |
KJlacCH(hUIMPOBATh 110 JIBYM I[IOKa3aTeNsIM CTENeHH COBPEMEHHOIl CeiicCMHYeCcKOil aKTHBHOE
Ha ux ocHOBE MOXHO NpOCJIEANTH IPOCTPAHCTBEHHO-BPEMEHHOE H3MEHEHHE CceicMutct
AKTHBHOCTH Pa3HOPAHIOBBIX PAa3JIOMOB B Npe/ienax ceiicCMHYeCKOii 30HbI.
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Puc.1. Cxema cospemeHHbIX akTHBHBIX pasiomos 103 [pubaiikaibs 10 KOAHYECTBEHHOMY HHIEKCY CelicMIMHoCT)
| — ocb 30HEI COBPEMEHHOIT NECTPYKLMH IHTOC(HEPbl ¢ MAKCHMAILHBIMH 3HAUCHUAMM HHICKCA CEilcMHMHOCT
(Tynkuuckuii Tpanchopmubiii pasnom); 2 — Haubosee akTHBHBIE Pa3ioMbl, MHIEKCHI ceiicMuuHocTi >1.0; 3=
aKTHBHBIE Pa3noMBl, nHIeKCh ceficmunocTh 0.1-0.99; 4 — cnabo akTHBHBIE Pa3OMBl, WHIACKCHI CeiicMIrHOCT
<0.09 5 — pa3oMBl, He MPHHATLIE BO BHUMAHHE NPH pacyueTax.

Ludpamn obosnauenst: 1 — TyHKuHCKHIT TPaHCHOPMHBIIT Pa3oM, C KOTOPbIM COBMANAET OCh 30HbI COBpEMeHHO]

aectpykunn antocdepet; 2 — Inaseiii Casucknii pasnom; 3 — Cesepo-TyHkuucknii paznom; 4 — HOio:
Tynkunckuii pasnom; 5 — dparment O6pyuesckoro copoca.

Ha npumepe bBaiikansckoit pudrosoit cucremsr (BPC) - oxmoit u3  Hanboines
CEliCMHYECKH AKTHBHBIX M B TO )K€ BpeMs COIMAILHO 3HAYMMBLIX TeppuTopuii Poccun
BbIJIC/ICHA 30HA COBPEMEHHOMH JIECTPYKUMH JIMTOChEpbI, MOKa3aHa MPHYPOYEHHOCTh 0YaroR
CHIIBHBIX 3EMIICTPACEHHIT K €€ OCH M MX MasTHHKOBas MHIPAlMs BJOJIb HEE BO BpeMeHil
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DI0MYHHEHHOCTE CEHCMHUYECKHX COOBITHH HepapXH4ecKoil CTPYKTYpe pa3jlOMHOi CeTH H HX
0CTPAHCTBEHHO-BPEMEHHBIE BAPHALMH B JIETAISX paccMoTpens! Ha npuMepe K03 ¢uanra bPC.
PHCYHKE JlaHa cXeMa coBpeMeHHOH axktuBHocTH pasnomoB 103 ¢nanra bPC no
IHYECTBEHHOMY HHJIEKCY CEHCMHYHOCTH. 3aME4YeHO: YeM BBIIE KOJMYECTBEHHBIH HHJICKC
BiCMIMHOCTH Pa3JIOMOB, TeM OJIMIKE K CTEPIKHEBOI CTPYKTYPE 30HbI COBPEMEHHOM JIECTPYKIIHH
ocheps ouu pacnonaratorcs. CocTaBiaeHa M POAHAIM3MPOBAHA CXEMa COBPEMEHHOI
MIBHOCTH  Pa3]IOMOB 10 9JHEPreTHYecKoMy HHJeKcy ceiicMuunocTH. Ona nossossier
icCHOHIIMPOBATL CEHCMOAKTHBHbBIC PA3/IOMBbI 110 CTENEHH CEiiCMHYECKOH OMacHOCTH, 4TO
b0siee MPAKTHYECKH 3HAYUMO.

CeiicMuueckse COOBITHS  NPOHCXOAAT B 00sacTaX  JAMHAMHYECKOTO  BJIMSIHHS
ficMOAKTHBHBIX PA3JIOMOB M XapaKTepH3yIOTCS MPOCTPAHCTBEHHO-BPEMEHHOH MasATHHKOBOI
irpareii SMHIIEHTPOB B rpanuiax 2THx obnacteii. CellcMHUECKHIi TTPOIECC B CEHCMHYECKOH
¢ onpejensiercs IHOBeJeHHEM aHcamOi1si pa3sHOPAHTOBBIX CEHCMOAKTHBHBIX PasjloMOB, B
jlacTAX IMHAMHYECKOTO BJIMSAHHMS KOTOPBIX IPOHCXOASIT KOHKPETHBIE CEHCMHYECKHE COOBITHS.
OCTPAHCTBEHHO-BPEMEHHBIC 3aKOHOMEPHOCTH aKTHBH3AIMK aHcamOiiel pasIOMHBIX CTPYKTYP
j0HAX COBPEMEHHOI JIECTPYKUMH JIHTOC(Epsl OLEHHBAIOTCA 110  KOJIHYECTBEHHBIM H
jeCTBEHHBIM ~ HHJIEKCAM CEHCMHYHOCTH Pas3ioMOB, (OPMHPYIOUIHX 30HY JAECTPYKIHH.
FOHOMEPHOCTH MX H3MEHEHHIl 110 IJIOIA/IH CeHCMHYECKOi 30HbI BO BPEMEHH H IPOCTPAHCTBE
Kmoun K OoJsiee CIIOKHBIM 3aKOHOMEPHOCTSIM CEHCMHYECKOro mpoiiecca H MporHo3y ero
[bHBIX COOBITHIA.

HcenenoBanns BeinosHensl npu noepkke PODU (rpant 04-05-64348).
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SEISMICITY INDICES OF ACTIV FAULTS OF THE LITHOSPHERE AND
THE PROBLEM OF EARTHQUAKE PREDICTION

S.I. Sherman, V.A. Savitsky
Institute of the Earth’s Crust, SB RAS, Russia

The challenge of seismic safety is becoming more and more important for the sod
and, thus, requires periodical reviewing of notions, updating research methods, and elabora
ways of practical application of results of geological and geophysical mapping. Faults are amg
the most widely considered phenomena in relation to seismic activity. Having evolved from
term of «alive faults», the notion of «active faults» was actively employed in scienfl
publication of the late 1970s [Active faults...,1980; Trifonov, 1985; Active fault map..., 1%
Imaev et al.. 1990: Slemmons, 1990; Characteristics...,1991; Levi, 1991; Nesmeyano¥
al.,1992; Nikonov, 1995; Trifonov, 1995].

Analyses of various faults, including those controlling seismic process, show that{
faults are characterized by various ages of occurrence and reactivation and vary in recent raiest
activity. Specific seismic events are dependent on many fault parameters, including leng
displacement amplitude and others; however, these parameters are unable to have a prime rolel
the seismic process as a whole. Seismicity depends on how unstable is the equilibrium of
faulted and fractured lithosphere that may be disturbed by a wide spectrum of triggering
mechanisms of endo- and exogenic nature. Seismic process is controlled by relative mobility§
the whole set of active faults varying in ranks that are located in the given seismic belt or area.

In order to reveal regularities in the structural organization of the seismic process i
seismic belts, the concept of fracturing zones of the lithosphere is applied. Such zones includ
faults of different ranks that display a variety of indices of recent activity ~[Sherman, 19%
Sherman et al., 2002]. The fracturing zones of the lithosphere are highest rank in relation to i
general and other types of faults. The seismic process within the fracturing zone occus
irregularly both in space and time. Strong seismic events tend to migrate along the fracturing
zone axis. Most of the weaker seismic events are concentrated inside or outside areas of dynan i
influence of faults varying in ranks. It should be noted that numerous sets of geologically
mapped faults may display no seismicity within the limits of the same seismic area. To reved
regularities in the complex and selective character of the recent seismic reactivation of faults 0
different ranks and ages, the faults are classified by quantitative and energy indices of seismicitys
A similar index to assess rates of activity of faulting zones was employed by K.Zh.Seminsky
[2001].

The quantitative seismicity index of a fault &, (km™') is a number seismic events n that
rank in a certain energy class k, occurred in a fault length unit L (km), taking into account the
width of the area of dynamic influence of the given fault M (km) for the given period of time{
(years).

The energy seismicity index of a fault & is a class of a maximum event Kmax(t) as per a
fault length unit L (km), taking into account the width of the area of dynamic influence of the
given fault M (km) for the given period of time t (years).

The proposed seismicity indices provide characteristics of active faults and make it’
possible to classify the faults with respect to rates of their recent seismic activity. Based on the
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jces, spatial and temporal variations in seismic activity of faults within seismic zones can be
ged.

The proposed approach is applied to the Baikal rift system (BRS), one of the most
gmically active and socially important zones in Russia. In the BRS, the zone of recent seismic
jvity of the lithosphere is identified; it is revealed that strong earthquake foci are confined to
axis of the zone; oscillation migration of earthquake in time along the given axis is described.
exemplified by the SW flank of the BRS, seismic events are dependent on the hierarchic
tem of the fault network; their temporal and special variations are described in detail.
isidering the quantitative seismicity index, the recent activity of faults in the SW flank of the
RS is schematically represented in Figure 1. It is observed that the higher is the quantitative
smicity index of the faults, the closer the given faults are located in relation to the axial
jcture of the zone of the recent activity of the lithosphere. Considering the energy seismicity
ex, the scheme of the recent activity of faults is constructed and analyzed. By the proposed
eme, it is possible to classify seismically active faults by the rate of seismic danger, that is
able for practical application.

ure |. Scheme of recent active faults in the Pribaikalie, based on the proposed quantitative index of seismicity.

zone of the recent fracturing in lithosphere with maximum values of the seismicity index (Tunka transform
l); 2 — most active faults, seismicity indices >1.0; 3 — active faults, seismicity indices 0.1-0.99; 4 — low active
Its, seismicity indices <0.09; 5 — faults not considered in calculations.

mbers: 1 — Tunka transform fault that coincides with the axis of the recent lithosphere destruction zone: 2 —
bior Sayan fault; 3 — North Tunka fault; 4 — South Tunka fault; 5 —a fragment of the Obruchev normal fault.

Seismic events occur within areas of dynamic influence of seismically active faults; they
play spatial and temporal oscillation migration of epicenters within the limits of the given
eas. In seismically active zones, seismicity is determined by the behavior of a set of seismically
five faults varying in ranks. Spatial and temporal regularities in reactivation of sets of faults in
e zones of recent fracturing of the lithosphere are revealed from the quantitative and energy
dices of seismicity of faults comprising the fracturing zones. Within the seismic zone, these
oularities may give ways to reveal more complex regular characteristics of seismicity that can
applicable for predicting strong earthquakes.

The research was supported by the Russian Foundation for Basic Research (grant 04-05-
4348).
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