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AKTHUBHBIE PA3JTOMbI HEHTPAJTI)HOPI A3MU, UX COBPEMEHHDBIN
HHEPTETUUYECKHUN NOTEHIHAJ U NCTOYHUKH BO3BVIK/JIEHMNA

Hlepman C.H.

Hucmumym 3eMHOl KOPbl CO PAH, Hpxymck, Poccus, ssheyman@crust.ivk.ru

Honble »eTomp! Hecaeopanuii pasaoyos (4, 7, 8, 11], HCHOIb3OBAHHDIC IIPH U2y TEHHH COBpEMEHHOI] reo-
quramukn aurocdepst Hlentpanpioll A3um, I03B0ANAN KAaccuhUINPOBaTh X Ha TPYINDL, HUTEHCHBHOCTD aK-
THBUBAIIH KOTOPBIX M3MEHETCsl B HHTCPBA/IaX KOPOTKOTO peaibHOTO BpeMeHi (MeCHTIBI, TOAbI) ¥ TIPAKTHIECKH
He BABHCHT OT TEOIHIAMIMECKIX PEXIMOB PETMOHOB. DTH 3aKM0oueHns GasHpyIoTesa Ha BReICHIH TPex HOBLIX
11ApAMETPOB KOIH4eCTREHHON OLEHKH COBpEMEHTION AKTHBUBALNM PA3IOMOB 1 HCTOTHIKA X Bo36ysaenusa: (1)
KHCMATINeCKOH nHTencHBIocTY, (2) 9HEPTeTHUECKOTO HOTEHIHATA 1 (3) mexropos ckopoctell AedopManion-
HDIX BOJH, BHI3DLIBAIOIINY COBPEMEHHYIO AKTHUBH3ATHIC.

Kputepuenr GesycjoBHoi cOBPeMEHHOR aKTHBH3AINIE PasIoMOB ABAACTCA I[PMY POUCHIIOCTD K HHM 3TIHALEH-
TpOB semuerpscerniii. B ocrose paceMaTpHBAEMDIX [OCTPOEHHIT TEXKHT IIPEACTABIEHIC O TOM, UTO SEMACTPICEITNE
H060r0 Kaacca GUKCHPYET HapyIieHHe PaBHOBCCIS B 30HE Pas/IoMa, CONPOBOKAAOUIEECT YBCJAMYCHMCM HHTEH-
CHBHOCTH TPEILMHOBATOCTH U, HPH CHADHLIX COOBIIHAX, CMCUIENHEM KPDLIDES. Yacrora ceficMUYecKirx coObITHI B
30HC DAsJIOMa OTPasKacT MHTEHCHBHOCTD €T0 AKTHBHAAII, CHIA 3eMICTPACEHNH — SIEPIeTIHECKIH NOTeHINAT
peaju3ariy aKTHBU3aUui, a TeHIeHlnd B NpOCTPAHCTEEHHON HAMPABIEHHOCTH O9ATOB BAOD OCH PadIoMa BO
BPEMEHH BOCIPOM3BOAUT YCPEAHCHMYIO CKOPOCTH AKTIEBH3AMNE M ee BEeKTOPHYIO Hampasienmocth. [Ipi aTnx
ITpOIIeccax B 30HAX PA3TOMOB MPOMCXOHT Peaiisalisl BTOporo [ 2] MexanusMa pasBUTHA KPYIHOI TPEIHHbIL ¢e
upoosuKaoeecd GOPMIPOBAHHC HeT TO NPCABAPHTENLHO YHC BosmnKIrell TepKOIALITOHHON coTi 6osice Mel-
KIIX TPCHIMH U CKOPOCTH HOA00HOIO DASBHTHA MOKET GBITH MCKIIOYNTENBHO HH3KOI .

PaspaGoranbl asropuTMDbl M UPOIPAMMBL T4 PACIETOR BBOAUMBIX TIAPAMETPOB 1O MHOTOTDLICAYHBIM Gasam
JIAHHDIX PasAOMHOI TEKTOHUKHI M CEHCMITHOCTH TEPPUTOPUL HenTpanbHoll A3HHK.

{. JI1% OLCHKH HATEHCUBHOCTH aKTHBH3AIHI PasioMOB TIPEAJOMKEHO HCTOMb3ORATH KOJMYECTBEHH DI HH-
nexe ceiiemmueckoit axtuenocts (KMCA) pasmomos & (kM!), OA KOTOPBIM MOHUMAETCA YHCIO CEMCMIICCKUX
COGLITHIE 1L Ope/ieIeHEbIX SHEPreTHIeCKHX Kiaccon K, MPUXO/LIIIRCS Ha CARHUILY JATHHD] pasaoma L (xkm) pn
UPUHATON NIHPHHE OGAACTIL €70 AHNAMEIeCKOTO BINIAHIA M (kM) 3a 3aaHHBIT TPOMEXKYTOK BpEMeNH t (roam:)
(& =2n(M, K, £) /L) [7]. B peampron MacmTabe DpeMenn NMEHIIO 0TOT TTOKA3ATE/Db XapaKkTrepisyet HecTabUIb-
HOCTD KPBLIbEB PA3AOMOB M ZA€T OCHOBAHHEC /LA AHAIH3A [0 yHacTitd pasHOpaHrosoro pasIoOMHAOTO coobiie-
cTBa B ceffcrmieckoM mpotiecce. [l pasnomos lleHTpaapHoil A3 10 KMCA 6blia yeTanosaeHa Ux ceneKTHB-
Has AKTHBH3AIEI ¢ HESCHO BLIPaKEeHHOH KBA3HIICPHOANYHOCTDBIO [91.

2. ]l RbISCHEINIA SHePreTIHIECKOTo TIOTEHIHANA PA3TOMOB MPEJIOKEHO MPHMEIUTh MaranTyARbli (awep-
rerseckuit) mrmekc ceficyraeckoii axrnsHoctr (MMCA) pasnomon &, TOJ KOTOPBHIM MOMIMAETCS SHAUCHHE
KJTacca MaKCHMAIbHOTO CCRCMUYECKOTO COODITHA Kmx (K=1gL, K ), IpUXOA4IIeccA Ha AUHY PasioMa L (xm)
NpH UPUEATON HIMPUHC 06IACTH €ro JUHAMHYECKOTo BANAHHA M (M), MUCA onecanBaercs [0 BHIPAMKEHIIO!
£=K (M k0, e K~ MAKCHMATPHDIH Kaace emaerpacetis (P ero MakcuMalibliad MATHHTYA) B
0BACTI AMHAMITECKOTO BIAMSHIA pasdioMa M 3a 3a/1apHBIH HPOMEXYTOK BpeMeHd t [8]. Dupuna obractn
MUHAMITECKOTO BAMSHUA pasnomMa M onpejesnsercsa MO ypaBHEHIIO M=bL, rge L — anuHa pasiomon, iM; b —
k09 DUITHENT NPOIOPITHOHANLHOCTI, 3ABUCSLUIIL OT L u o SMITHPHYECKIM JAIIIIDIM namenstoniics or 0.03 1o
0.09 cOOTBETCTBEHHO /sl TPAHCPETHOHANLHDIX H JOKAILHDBIX PasTOMOE. Ilo MUCA 3a HHCTpyMeHTaJIbHBIN 1ie-
puojl HabmofeHuil pastompl [leHTpanpioi Azud KiaccH@UIUPYIOTCS 1a HECKOMDKO TPYIT, PasHAIuXCs [0
srepreTudeckomy notednuany {971

o cymme nabmogeHuil perHcTpUpPYeTcst aCHHXPOHHAA KBASUIEPHOANTHOCTD ceficMITHeCKOl Al tHBH3AIIIH
no MaxcuMaabHbiM snagenuay MW CA nis passipiX pas/ioMoB.

3. Jlaa HcclaegoBaHUA yCpeaHEUon CKopoCcTH 1 [IPOCTPAHCTBCIHON BhIPAKEHIOCTH AKTHBIZAUMN OT/C/Ih"
BBIX PA3TOMOB IJH X ancamCicil Ha3yHdeHa MpoCTPAlCTBEHHO-BpCMEHHAas TEHACHIIA HAITPABJICIIIOCTI STIHIETIT-
POB 3EMACTPsCEHI BOID KOHTPOTUPVIOIIX HX PA3IOMOB.

TpoaHaTU3HPOBAHBI BPCMCHHDBIE TPEH/IBI CEHCMIIECKITX cOGBITUI, TPOMBOMIEIINK B 004aCTAX AUHAMITEC:
KOTG BaMsIIUS pasaomos LlenTpanbrolt Asun 3a HOCIENHue 40 net [10]. (Menosb30Banbl KATAJLOTH 3EMIETPACE:
mitt Baiikanpckoro duanana [eodusngeckon ciayxoor CO PAH u apyrue). MMocTpoetibr rpaduki, Ha oci abe
HUCC KOTOPBIX OTKJIA/BIBAIHCE AJIHHBL PA3IOMOB € COOTBETCTBYIOMIMMHI 110 TOKCHIAM STIHLENTPOR 3eMIeTpAce:
Ui, HA OCH OPAWMHAT — Bpems 9THX coOBITUH. ONMIECHTPE] 3eM/IeTpACEHHI KOHKPETHDIX PasioMOB Ha rpaduraz
06PAZOBAAN CHCTEMDI MAapaAeILHBIX IIPAMPIX, KAK eC/ 6bl BAOADL COOTRETCTBYIOMIHNX PA3IoMOB DacipOCTpaild



Temonuia, erybunnoe cmpoenue u 2e00undmMuKa 407

JHCh € TOCTOAHHON CKOPOCTHIO CEPHY BO3MYILEHHI, HHWIIEDPYIOMUX cellcMHYecKHne cOOBITHS — AKTHBH3AL
pas.1oMoB. IlpsgMbre OTpaKaIOT TCIACHIIY BEKTOPOB BO3MYIEHUH (BOIH) B KOHKPETHBIX PASIOMAX: OTK/IOHEHHE
MPAMBIX BJERO WM BIPABO OT BEPTHKANM — HaNpap/eHle BEKTOPa BO3MYLIeHMI 10 IIPOCTHPAHHIO Pa3phiBOE,
TaHTEHC YI.Ja IIaKJIolla TNPAMDIX K OCH OpJIMHAT OTpEeRensieT CPeHI0 CKOPOCTh BO3MYIUeHHH. BolulcieHHble
TPEHAD! BOSMYLIEHIN AAs PA3HbIX DasJOMOB II0 OAMIAKOBBIM YTJIaM HAKJOHA CHCTCMATH3UPYIOTCA B TPYIIIL,
CBUZETELCTBYIOMME 00 NACHTHIHRIX TapaMeTpax HX axkTuBHsanun. OLHOBpeMeHHO (PHKCHPVETCs Pasimdiioe
HPOCTPAHCIBCHIION HallpaBAeHIe BPeMEHHOT0 TPEHAA BOSMYIIICHIT B paMKaX BhIJIENEHHBIX CTATHCTHIECKIT 3HAY M-
MBIX TPYITTT Pas3soMOB.

3axonoMepHad COrJIaCOBAIIIOCTh B AKTHBU3ALIM PA3JIOMOB, 00pa3yIONIHK KAKAVIO U3 UCPAPXHYCCKHX PaH-
TOBLIX IPYIIIL, U BbIAEPXKAHHbIEC HATIPABAEHHOCTH BO3MYIIEHUIT pa3pbIBOB CBHIETEAbCTBYIOT O TOM, YTO IeHEPATO-
paMH OIMCBIBAEMOIO lpoiecca MoryT OblTh MeAJeHible 1edOPMAIIOHHDIC BOMHDBI PA3HDBIX JITHH, YYBCTBHTEIb-
HOCTD K KOTOPDIM DA3AMYHA ¥ BbUIEJIEHHDBIX I'PYII passoMor. McTouBUKaMy o J00HBIX BOJH, BO3MOMKHO, SBIA-
FOTCS TTPOLOJIKAIOIIHMECs HPOIECcCh! aKTHBHOTO PHTOrcHe3a, MPUBOAAMNINE K 3MU3OLIMUECKUM TOBHKKAM Beel
MEKGIOKOBOM Tpanunl Mexay Cubupckoil n Amyperoil (3abaiikansckoil) nanTami, a Takxke GoJee JOKaabible
cMellelus MeKAY KPYIIBIMH GI0KaMHM JAPYTHX PAHIoOB. BLICOKAas BepoATHOCTL BO3OYIKIAEHUA BOAH B CRS3H C
MOABIKKaMHU OJOKOB, JeXANINK Ha BAZKOM OCHOBAHHH, coriacyercs ¢ pacieramu |5, 6]. K Hactogmenmy speme-
i axT cymecTpoBagusg Aed)OpMAUOHHBIX BOJH B 30HAX DAasjoMOB He BLI3pIBaeT comuenuti [1]. Mx moxwo
paccMaTPUBATL KaK OJUH W3 KIHACCOB MeXaHHYeCKHX JBIDKCHUH, CBOHCTBEHHRIX 3eMHOH Kope H JjuTocdepe B
menom [3].

Taxum oGpasoM, coppemMenHas axrusuzauust pasiomMos auarocdepnl Henrpanbholl A3nn xapakTepusyercs
pPaz MUHON 4acToTON W SHEPTETHYECKON HHTEHCHBHOCTLIO, TIPOMCXOIUT BHE 3aBHCHMOCTH OT PErHOHAIbHBIX 10~
Jel TeKTOHMYECKUX HalpPsDKeHUI U MHHIHHPYeTCd MeAJelUbIMu 1eDOPMaHOHHEIMI BOJIIAME PA3IIBIX AJH.

Meceneposanng ppmonsens! npi noggep:xke PAODU (rpant 07-05-00251), nporpamyot 16 mpoexra 3 [pe-
smanyma PAH <« /lrravmka jedopmannonssIx mpoteccos B ceHeMOAKTHBHBIX pernonax JlenTpanpHoll Asuu o B
OYaroBbiX 30HAX CHJbHbBIX 3CMJACTPACCIUIT» U HHTerpaunonnoi nporpammpr CO PAH  7.10.3. «Tekrtonuka n
reofnHamuka lledTpaspHoll Asuu B Me3030e 11 xaliHo30e: hopMUPOBAHIIC TOPHBIX CHCTeM, 0CAZOUHBIX OaccellHOR
M DBOJUOIUSL KAHMaTa». :
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In studies of recent geodynamics of the lithosphere in Central Asia, new methods of fault research [4, 7,
8, 11] provide for fault classification into groups distinguished by reactivation activity rates which are variable
within short-term intervals in the real time scale (months, vears), yet almost independent from geodynamic
regimes. Our conclusions considering quantitative evaluations of recent geodynamics of faults and sources of
their reactivation are based on newly introduced parameters: (1) kinematic intensity, (2) energy potential, and
(3) vectors of rates of deformation waves which induce recent reactivation.

A criterion of unambiguously manifested recent reactivation of faults is the fact that they are associated
with earthquakes. Our conceptual basis is that an earthquake of any magnitude records a disturbance of
equilibrium in the fault zone that is accompanied by increased intensity of fracturing and, for strong seismic
events, by fault wings’ displacement. The frequency of seismic events in the fault zones shows the intensity of
its reactivation; the magnitude of earthquakes reflects the energy potential of reactivations; the tendency in
spatial direction of foci distribution along the fault axis in time is consistent with the average reactivation rate
and its vector direction. During such processes in the fault zones, the second mechanism of the large fracture
development [2] is employed, i.e. the {racture is being developed within the percolated network of smaller
fractures that was previously formed, and the rate of such development can be extremely low.

Algorithms and software are designed to estimate the parameters from multi-thousand databases on fault
tectonics and seismicity of the Central Asia territory.

1. To evaluate the intensity of fault reactivation, a quantitative index of seismic activity of faults (OISA),
£ (km™) is introduced. 1t is a number of seismic events, n of certain energy classes, K per a fault length unit,
I (km) with an accepted width of the arvea of its dynamic influence, M (k) within a fixed time period, t
(years) (én: Yn(M, K, ) /L) [7] In the real time scale, this index is characteristic of the fault wings’
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instability and gives grounds to analyze the contribution of fault networks varying in ranks in seismic process.
For faults in Central Asia, it is cstablished that there are selectively reactivated in a vaguely manifested quasi-
periodic pattern [9].

9. To establish and evaluate the energy potential of faults, a magnitude (enecrgy) index of seismic activity
of faults (MISA), o, is introduced. It is the maximum seismic cvent class, K_ (K =1g E, j) per fault length,

L (km) with an accepted width of the area of its dynamic in{luence, M (km). MISA is given by g,=K (M,
k, L) where K is maximum carthquake class (or its maximum magnitude) within the area of dynamic
influence of the fault, M per the given time period, t [8]. The width of the area of its dynamic influence M is
siven by M=bL where L. is fault length, km; b is proportionality coefficient which depends on L and, from
empirical data, varies from 0.03 to 0.09 for transregional and local fault, correspondingly. According to MISA
values for the time period of instrumentally recorded measurements, the faults in Central Asia are classified
into several groups by energy potential values [9]. As per available observations data, asynchrony of quasi-
periodic seismic reactivation is revealed from maximum values of MISA for various faults.

3. To research average rates and spatial manifestation of reactivations of individual fault or their cnsembles,
a spatial-and-temporal tendency of earthquake epicenter direction is studied along the faults which control
seismicity.

Within the areas of dynamic influence of faults in Central Asia, temporary trends of seismic events are
analyzed for the past 40 vears [10]. (Our data bases include records from earthquake catalogues published by
Baikal Division of Geophysical Survey, Siberian Branch of RAS and others). Curves are constructed to show
fault lengths with corresponding positions of carthquake epicenters versus time of such events. The epicenters
of specific earthquakes are clustered as systems of parallel straight lines, as if series of disturbances (i.e. fault
reactivations), which trigger seismic events, were propagating with steady rates along the corresponding
faults. These straight lines reflect tendencies of vectors of the disturbances (or waves) for specific faults. The
deviation of the straight lines to left or right from vertical shows the direction of the vector of disturbances
along the strike of the faults; the tangent of the angle between the straight lines and the planc coordinates
determines the average disturbance rate. The trends of the disturbances for various faults that are estimated
from similar deviation angles in plane coordinates are classified into groups which evidence identical paramcters
of their reactivation. In parallel, various spatial dircctions of temporary trends of disturbances are estimated
within the frameworks of the identified statistically considerable fault groups.

A regular consistency in reactivations of faults, which comprise hierarchically ranked groups, and steady
directions of fault disturbances suggest that the process under study might have been generated by slow
deformation waves of various lengths which received variable responses from the identified groups of faulls.
Possible sources of such waves might have been associated with on-going active rifting that causes episodically
manifested displacements of the whole inter-block boundary between the Siberian and Amur (Transbaikalia)
Plates, as well as more local displacements between large blocks of other ranks. A high probability of waves’
triggering due to movements of the blocks, which arc located on the viscous basement, is supported by relevant
estimations [5, 6]. It is currently out of debate that deformational waves occur within the fault zones [1]. They
can be regarded as a specific class of mechanical movements typical of the crust and the lithosphere as a whole
[31.

Therefore, recent activation of faults in the lithosphere of Central Asia is characterized by variable
frequency and energy intensily; it takes place regardless of the regional tectonic stress fields; it is triggered by
slow deformational waves varving in lengths.

The research was supported by the Russian Basic Research Foundation (grant 07-05-00251), Program 16
of RAS Presidium Project 3 «Dynamics of deformation in seismically active regions of Central Asia and focal
zones of strong earthquakes», and Integration Program of Siberian Branch of RAS 7.10.3. «Tectonics and
seodynamics of Central Asia in the Mesozoic and Cenozoic: Formation of Mountain Systems, Sedimentary
Basins and Climate Evolution».
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SHEET DIKE COMPLEX OF THE OPHIOLITE IN THE NORTHWESTERN PACIFIC
FRINGING

Raisa M. Yurkova
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Rescarch was conducted in the northwest Pacific active continental margin: Sakhalin, Kamchatka, Koryak
range, Karagin Island, Shirshova range at Bering Sea. The formation of ophiolite is related to the development
of magmatic-metamorphic diapir in the lithospheric wedge above Benioff zone [1]. Magmatisin evolution is
traced from abyssal facies (lherzolite, gabbro-norite) to hypabyssal (dike series of diabase and gabbro-diabase,
plagiogranite intrusions) and further to effusive underwater facies (spilite, quartz keratophyre). Ophiolite
associations are noted for the following.

1. The early pseudomorphic harzburgite serpentinization has been shown to result from the etfect of
reducing fluids with the formation of structural serpentine water and methane in the presence of nickel catalyst
according to the reaction 2Mg,SiO, + Mg 81,0, + 4CO + 12H, > Mg Si O, (OH), + ACH4. This yielded antigorite-
serpentine (with a lattice constant 2=35.54) and taenite (a natural alloy of Fe-Ni composition) scattered in
antigorite as tiny (2-5 mk) inclusions. Experimental, thermodynamic (T = 450-600°C, P = 13—16 kbar), and
balance calculations have confirmed that antigorite had formed in the mantle, at the depth of 40-50 km.

2. Bimetasomatic contact-reactional units emerged at diffrent stages of formation of ophiolitic suite both
in high (T = 900 °C) and low (T = 160 °C) temperature conditions realised respectively during the 30—-40 km
deep magmatic rock intrusions into serpentinite and at the contacts of ultramafic and brecciated volcanic-
sedimentary rocks. There formed the following different-temperature bimetasomatic fayers: a) apogabbronorite
(T =900 "C) composed with bronzite, diopside and the pargasite hornblende; b) apolherzolite (T = 550-
700 °C) typically comprising diopside, pargasitic hornblende, grossular, andradite and herzynite; ¢)
aposerpentinite, including antigorite, lizardite, pentlandite, chromespineltlide.

3. There have been simultaneous of seirpentinite rise and dike packets injection. The joining link of
heterogenous ophiolite section separated parts and parts of various kind are dike series, that is packets and
swarms of dikes and semidikes and locally single dikes of diabase and gabbro-diabase. They cut across all
ophiolite complexes starting with dunite-harzburgite and in this case are significant indicators of the conditions
of ophiolite association formation in the single magmatic-metamorphic geothermal system. On the assumption
of petrologic and geochemical similarity of dike rocks and rocks of boninite and intermediate tholeiitic magmatic
series, dike complex formation is reconstructed in the base of the frontal part of the primitive island arc in the
conditions of the mantle diaper. The interrelations between the dike complex and the rest of the members of



