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BBEJIEHHWE

Ckrnamguatoe coopyxkenue CeBepo-3amagHoro
KaBkaza pacmonaraercsi Ha 3amagHOM TEPUKIIH-
HaJTPHOM OKOHYaHWHM METaHTHUKIWHOPHUS boibmioro
Kapkaza. C ceBepa oHO rpaHu4yuT co CkudCkoi
IUTUTOM, a IO)KHEe pacrojaracTcsl 3aKaBKa3CKUi
MaccuB (uTa). B oceBoil 4acTu coopykeHHue CIio-
KEHO JPEBHUMH NaCO30MCKUMHU M IOPCKUMHU 00pa-
30BaHUAMU, CMATBIMU B CKJIAAKHU CEBEPO-3allaJHOTO
MPOCTUPAHUS, @ KPBUIbS CIIaraloT MOJIOJIBIE OTIOXKE-
HUS MeJNa-TIaIeOTeHa, KOTOPhIE TaKXe CMSTHl B
CKJIQJIKM CEeBEpO-3amagHoro (A0 CyOIIMPOTHOIO)
npoctupanus. CKiIaggaTeie CTPYKTYPBI OCIIOKHEHBI
MHOTOYHCIICHHBIMH Pa3phIBHBIMHU HApYIICHUSMU, U3
KOTOpBIX HauOojiee BBIPAKEHBI 30HBI CEBEPO-
3aMajiHoro, CYOIIMPOTHOTO U CEeBep — CeBepo-
3aImafHOTO MPOCTUPAHUSI.

(DOPMI/IPOBEIHI/IC OCHOBHBIX CKJIag4aTbIX M pas-
peIBHBIX CTpYKTyp CeBepo-3amagHoro Kapkasza cBs-
3BIBAETCS C COOBITHSMH B MO3THEM JOIEHE, XOTS PSIIT
ABTOPOB IIOJIATAIOT, YTO TJaBHBIE jAedopmanuu co-
OTBETCTBYIOT MHOILIEHOBOMY BpeMeHH. Kpas coopy-
HKEHISI o0pamItsoT OTIIOKEHUS HEeoTreHa-
AHTPOTIOT€Ha, MapKUPYIOIINE TPAHUILy C MOJIACCO-
BBIMH OpPOTEHHBIMU MporndaMu. bonee mompoOHO
CTPOCHUE M TEeOJMHAMHKA PETMOHA W3JI0XKEHBl B

naHHoM cOopHuke B crathe A.B. Mapununa wu
JL.M. PacuBetaeBa «CtpykTypHble mapareHe3sl Ce-
Bepo-3amagHoro Kaskaza». B HacTosmeit sxe padote
Mbl OCTAaHOBHMCS Ha pPAaCCMOTPEHHM pe3yJIbTaToB
TEKTOHO(U3NIECKUX UCCIIEIOBaHUH, KOTOpBIE OBLIH
MOJTyY€HBI ABYMS HE3aBUCUMbIMHU TPYIIIaMU.

B mocnennee necatunetne Ha  Cesepo-
3anagnom KaBkasze ObUTH MPOBEAEHBI MOJEBHIC TEK-
TOHO(U3UYECKHE HCCIICAOBaHMS, HANPaBICHHbIC Ha
M3y4YeHHE YCIIOBUH (OpPMUPOBaHUS CKIAI4aTON
CTPYKTYpBl peruoHa M Ha OIpejesieHHe IeHCTBO-
BaBIIMX 3/€Ch NallcOHANpsLKeHU. Pe3ynbrathl pa-
00T HaILIM OTpaXEHUE B MyONMKALMIX BYX TPYIII
uccienosareneil. [leppas rpynmna cocrosuia U3 CO-
TPYAHUKOB TEKTOJMHAMHYECKOro orpspga MIY
JI.M. Pacugeraesa, T.}O. Tseputunosoii, A.C. bup-
MaH u A.B. MapuHuHa, pabOTaBIIMX COBMECTHO C
reoJIoraMu OI'VII «KaBkazreoncbeMka»
(C.I'. Kopcakos, B.A. Jlapumes, B.M. CemeHOB,
W.H. Cemenyxa, I'.A. Ilucemenckas, C.M. I'opboBa
u ap.). Bropas rpynma coctosuia u3 (paHIy3CKHX
uccnenosareneit A. Ceitaro n XK. Amxkense, pado-
TaBIIINX npu COIEUCTBUU A.B. Unwuna,
O.U. I'ymenko, H.IO. BacunbeBa, @.JI. SIxoBnesa,

U JIp.

METOIUKA UCCJIEJJOBAHUI

UccnenoBanus u cO0p PakTHUECKOTO MaTepHua-
Jla TIPOBOJIMJINCH OOCMMHU TPYIIAMHU IO CIEIHATb-
HBIM MECTOAUKaAM, HaHpaBHeHHBIM Ha onpeﬂeneHI/Ie
3HaKa W OPHEHTUPOBKH JPEBHUX H COBPEMEHHBIX
HanpsbKeHUi B autocdepe. DTH METONbI PEKOHCT-
pYKIII/II/I TCKTOHHUYCCKHUX HaHpﬂ)KeHHfI OTHOCIATCA K
METOdaM 3KCHepI/IMeHTaJ'[BHOFO aHaJIn3a HaTypHI)IX
JAHHBIX, MCIIOJIB3YIONINX Ie0JIOTUIECKIE MHINKATO-
PBI TEKTOHMYECKUX HANPSHKEHUH (TPEIIMHBI OTPhIBA,
TPEIIMHBI CKOJIA, 3epKajia CKOJIBKEHHUS, CTHIIOIHUTHI,
XKWIBI 1 T.1.). [loMrMo0 aHanmu3a MpoCTPaHCTBEHHOU
OPHUEHTAIINH TIJIOCKOCTEH CKOJIOB, B METOMKAX Y4H-
THIBAIOTCS CBEICHHUS O HANpaBICHHUIX CKOJOBBIX
cmerenuii. Kpome TOrO, Ui MAIEOTEKTOHUYECKUX
PEKOHCTPYKIIHIA IPUBJICKATUCH JAHHBIC 110 CKJIaI4a-
TBIM M Pa3pbIBHBIM CTPYKTypaM JIOKAJIbHOTO M pe-
THOHAJILHOI'O MaciuTada.

[lepBoli rpymmol wcciemoBareneit ObLT 3ajeii-
CTBOBAaH CTPYKTYPHO-TIAPareHETHYECKH  METOX
aHaM3a «ManbIX» AW3BIOHKTHUBOB [PacuBeraes,
1987], ucronb3yromuii TP KaTErophH Teojoruye-
CKMX MHAMKATOPOB TEKTOHWYECKUX HaNpspKeHHH: 1)
JM3BIOHKTUBBI Pa3JBIKEHHS (TPEUIMHBI OTPbHIBA,
KWJIBI, Nalku); 2) MOU3BbIOHKTHUBBI COIABUKCHUS
(mockocTH pacciaHLeBaHus U KIHMBaXa, CTUIIOINU-
TOBBIE MIBHI); 3) TU3BIOHKTUBEI CABUTA B MEXaHHUYE-
CKOM CMBICJIE 3TOTO CJIOBA (TPEMIMHBI CKOJIa, CIIBH-
rd, cOpochl, B30OpOCHI, HAABHIH, IIApbsxu). [Ipu
9TOM HMHIUKATOPHl MEPBOM KaTETOPHH TO3BOJISIOT
JIOBOJIPHO YBEPEHHO HaXOJUTh IOJIOKEHHE OCH pac-
TSDKEHUSI 1 MEHEE YBEPEHHO — ocH CkaTusi. Bropas
KaTeropusi, HalpOTUB, 00Jiee TOYHO YKa3bIBAIOT IO~
noxeHue ocu cxatusid. CyTh HapareHeTHYecKoro
METOAa 3aKJII0YaeTcs B BBIABICHUE XapaKTEPHBIX
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MapareHe30B Pa3phIBHBIX CTPYKTYP, COOTBETCTBYIO-
TIIX OTpeAeNeHHOMY  THIYy  HampsKeHHO-
ne(OpPMUPOBAHHOTO COCTOSIHUS. Y CIIOBHEM KOp-
PEKTHOCTH TIOJNIyUYEHHBIX C IOMOIIBI0 METOJa pe-
3yJBTaTOB SABIISIETCSl TEOJOTHYECKas OJIHOBO3PACT-
HOCTH 3aJIeiCTBOBAaHHBIX HHIUKATOPOB M WX MPH-
HA/JISKHOCTh K CTPYKTYPHBIM aHCamOJSM OIHOTO
pamnra.

Bropoit rpymmoii OpuT 3ameiicTBOBaH METOJ
XK. Amxkense [Angelier, 1984, 1989], wucnons-
3YIOUIMM B OCHOBHOM CIIEIbl CKOJIBXEHHS Ha IIO-
BEPXHOCTSIX Pa3loOMOB M MX B3aUMOOTHOIIEHHUs. B
MEHBIIIeH CTeneHn (paHIly3CKue MCCIeA0BaTENN
OTIMPAIOTCSl HAa JPYTHE Te0JIOTUIECKHE WHINKATOPHI
(OTpBIBBI, CTUAOAUTHI U T.A.). CyTh MeTOJa 3aKIIo-
4acTCA B BBIACIICHHUU COBOKYITHOCTHU TPCUIWH, 6.]'[1/13-
KHX B CTPYKTYPHO-KHHEMATHYECKOM OTHOIIEHHH,

a) LUtpuxoBka (bopo3aa cKonbxeHus) Ha
NrnockocTy pa3psiBa (S) 1 caBurooe
HanpspkeHne (t) <\

c) MNoBTOpHbIE ABWXEHMS (peakTuBaLust)
Ha NMoCcKOCTM paspbiBa "

nepeceyeHus
6opo3n

d) MNpuBegeHne k gocknagyaTomy MosIOKEHUI0

KOTOpBIC CBSI3BIBAIOTCSI C Pa3sHBIMU ITAallaMH TEKTO-
HHUYECKHUX YCJIOBHI HAarpy>K€HHs HCCIECIyEeMOU Tep-
putopuu [Pebenkwuii, 2002]. Ha puc. 1 mpoaemMoHCT-
PHPOBaHBI OCHOBHBIE aCHEKTHI METOAWKH, KOTOPHIE
0a3upyIOTCs TIIaBHBIM 00pa3oM Ha pelieHun oopart-
HOM 337la4ll B COOTBETCTBHH C TEOPETHYECKUMHU
npeacrasienusmu Bammaca — borra [Wallace, 1951;
Bott, 1959].

[IpoBeneHHbIE TEKTOHO(U3NUECKHE HCCIIENOBaA-
HUS MOKHO Da3JeJIMTh HAa TPHU OCHOBHBIX JTara.
Ha mnepBom stame obenMu rpynmnaMu ObUIA TOTY-
YeHbl JaHHBIE II0 TEOJOTHYECKHUM HHAMKATOpaM
(TEKTOHMYECKOM TPENTMHOBATOCTH) B KaXKIOH KOH-
KPETHOW TOYKe HAOMIOACHUS W, KOTAa 3TO OBLIO
BO3MOKHO, JaHHBIC 110 UX B3aUMOOTHOIICHHIO MECXK-
Iy co0Ol W TOJIOKEHUIO0 B CTPYKType Ooiee BBICO-
Koro panra. Brpibop Ttodek HabOmromeHus ObLI

b) PasgeneHne cobpaHHbIX AaHHbIX

»;

(Toyka HabnogeHns 152)

T N
)

(Toyka HabnoaeHns 16)

YcnoBHble 0603Ha4YeHus ansa crepeorpamm (cetka Lmnarta, HYWxHAA nonycdepa)

HanpaslieHne pacTaXeHUa ———-

" MarHuTHoe CKINOHEHWE B peruoHe

"™ NnocKocTM cnoucTocTu
(3aneranus)

Puc. 1. Cxembl, MINTIOCTPUPYIOLINE METOJ 00paTHOTO MpeoOpa30BaHMs HANPABICHUH CMENIEHHH Ha TUIOCKOCTSX pas-

peioB (fault slip inversion).

(a) Meton obparHO# 3amaun, 6asupyromuiics Ha npuHoune Bamrtaca (1951) u borra (1959): «60po3apl cKobKEeHUS
napajiesbHbl MaKCHMAlIbHOMY KacaTellbHOMY caBuroBomy Hampspkenuro»; (b, ¢, d) INVD meron Amxense (1990),
MHUHAMI3HPYIOIIUI Pa3HOCTh V MEXAY PEeabHBIMHE 00pO3JaMH S U MOJCYNTAHHBIMU MaKCHMAaJIbHBIMH KacaTeIbHBIMU
C/IBUTOBBIMH HATPSDKECHUSIMA 7, @ TAKXKE YTJIOM @ Ha mpuMepe momudasuoii tekronuku. (b) O6imas rpyrma mompasse-
JISIeTCsI Ha JIBE MOJTPYIIIBI C IBYMS IIOCIIEJOBATEIbHBIMU CTpecc-pexnMamu. (¢) Ha peakTMBUpOBaHHOM pa3iioMe MoKa-
3aHbl TPYMIBI HaJOXKEHHBIX 60po3a. (d) TeH3op cTpecca MpHUBENCH K MEPBOHAYATBHOMY MOJIOKEHHIO [OCIE MPHBEAC-

HUS TJIACTOB K TOPU30OHTAJIBHOMY 3aJICTaHUTO
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00yCIIOBIIEH: a) TMPOCTPAHCTBEHHBIM ITOJIOKCHHEM
(>xenarenpbHO OBLIO M3YYUTH BCE KPYIHBIE CTPYKTY-
pHl); 0) 0OHAXKEHHOCTHIO yyacTKa (BeCOMBIH (akTop,
Tak Kak B mpenenax Cesepo-3amagHoro Kaskasa
XOpOIIO OOHAKEHHBIE YIACTKH TPUTOTHBIE T cOO-
pa CTaTUCTHYECKUX JaHHBIX MO0 TEKTOHHYECKON
TPEUIMHOBATOCTH, — 3TO MPEUMYILECTBEHHO Kapbe-
PBL, BBIEMKH TOpOT Wik OeperoBoit kiud). [losTomy
TOYKH HaOIFOJIEHUS PaCIONaraloTcsl He TaK paBHO-
MEpPHO, KaK 3T0 ObUIO ObI HEOOXOIUMO B UACATHLHOM
cilyyae AJIsl peKOHCTPYKLMH TOJst Hanpsbkenus. Of-
HAaKO [0 OCHOBHBIM CKJIAYaTHIM M Pa3pbIBHBIM TEK-
TOHMUYECKUM cTpykTypam Ceepo-3amagnoro Kas-
Ka3a OblIM coOpaHbl XOpOLIHe MoJIeBbIe TEKTOHO(DH-
3WYECKHE JaHHEIE, TIO3BOJISIOIINE MMOYIUTh KapTH-
Hy TIOJISl HANPsDKEHUH JanHoro peruoHa. [Ipu cOope
MOJIEBBIX JIAaHHBIX 00€ TpyNubl (QUKCHPOBATU BCE
BO3MOXKHBIE (IIpW BU3YallbHOM HW3YYEHWH) JTaHHBIC
M0 TEONIOTUYECKUM WHIUKATOpPaM: THII, DIIEMEHTHI
3aJjieTaHusl, pa3Mep, HalpaBJICHUsI U aMIUTUTYAbI T1e-
pEMEIIeHUH, B3aWMOOTHOIICHHUSI MEXIy COOOW H
AJIEeMEHTaMH CTPYKTYPHI H T.II.

Ha Bropom 3tarie uccieoBaHuii HA OCHOBAaHHU
MOJIyYEHHBIX JIAHHBIX MO TEKTOHMYECKOUN TPEIIUHO-
BaTOCTH OMPE/EISUTUCH OPHEHTHPOBKA OCel Harpsi-
KEHUSI U TUT HaNpsDKEHHO-Ie(OpPMHUPOBAHHOTO CO-
crosiHus. TakuM 00pa3oM, Ha MEPBHIX ABYX dTallax B
KaXJIOM KOHKPETHOW TOUYKEe OBUIM OIpeNesCHBI Ia-
pamMeTphl TEH30pa TIOJIA HANpPSDKEHUH, KOTOPBIH
MOKHO Ha3BaTh «IOKAJBHBIM CTPECC-COCTOSTHUEM)
(local stress state). B cBoeit COBOKYITHOCTH 3TH JaH-
HBIE OMPEJEINSIOT T0JIe HAPSHKEHUH HCCIIeTyeMOoro
peruoHa.

Ha tperbem sTame moiyueHHbIE JaHHBIE 0000-
AICh W HWHTEPIPETHPOBAINCH. WHTeprperanus
COBOKYITHOCTH JIOKQIIbHBIX CTPECC-COCTOSIHHHA CY-
IIECTBEHHO 3aBUCHT OT IOJX0/ia U BHIOPAaHHOH MO-
nenu nedpopMupoBaHus peruoHa. [Ipu moneBbIX TeK-
TOHO(U3MUECKUX HCCIEJOBAHMUIX BOIIPOC BO3pacra
(GOopMUpPOBaHUS W B3aWMOOTHOIICHHS Pa3IUUHBIX
CTPYKTYPHBIX IapareHe30B U IapamMeTpoB TEH30pa
MaJICOHANPSHKCHUH SBIISICTCSI OJHUM W3 TJIaBHBIX.
Heo0xoqumMo OTMETUTH, YTO Ha TMEPBBIX JBYX 3Ta-
nax He BCerja ylaeTcs PelIuTh MpodieMy XpoHOIo-
run. Kakre BO3MOKHOCTH UMEIOT COBPEMEHHBIE Me-
TOJBI B pelieHnu 3Tod npodnemsr? Ilpu ompenene-
HUM OCHOBHBIX IIAPaMETPOB HANPSIKEHHOT'O COCTOSI-
HUS YCTAaHOBUTH BPEMEHHON HHTEpBaj, B TECUCHUE
KOTOpPOTO OHO JICHCTBOBAJIO, MOKHO OBLIO OBI, OT-
penenuB  BO3PacT T'€OJIOTUYECKUX HWHIUKATOPOB,
BEepHee BpeMeHU (HOPMHUPOBaHUS CBA3aHHOTO C HU-
MU MUHEPAIbHOTO BBINOMHEHUs. OIHAKO TOCTYII-
HBIX METOJOB ONpeNeeHHs] a0COIIOTHOTO BO3pacTa
MUHEPAJIHHOTO BBITIONHEHHUS 3€PKa CKOJBKEHHUS
WM CTUJIOJHNTOB B HACTOSAIIMA MOMEHT HE CYIIECT-
Byer. TakuMm 00pa3oM, MPUXOIUTCS HATH MO MyTH
OTHOCUTEIBHON XPOHOJIOTMH TMaJICOHANPSKEHUH.

[ToMIMO yCTaHOBJIEHHS OTHOCHUTEIBHBIX B3aUMOOT-
HOIIEHWI Ha OIHOM OOHAaXEHHH HEOOXOAMMO CBS-
3aTh 3TU B3aMMOOTHOIIECHUSMHU C TaKOBBIMH B JpY-
T'HX TOYKaxX HaOJIIOEeHHs PerHoHa.

Ilo mpencraBieHUsIM POCCHMCKON Tpymmbl Hc-
clemoBaTeyel  OTHOCHTENBHYIO — T'€OJOTHYECKYIO
MPUBS3KY BpEMEHH JEIHCTBHS NaleoHaNpsHKeHUN
MOXXHO CBSI3aTh CO CTPYKTYPHBIMH ITapareHe3aMu U
BpeMeHeM HuX (OPMHPOBAHHA, KOTOPOE yBEPEHHO
OIpe/IeNseTCs B CIEAYIOUIMX ciydasx: 1) pa3pbiB-
HO€ HapylIeHHE OIpPEEIEHHOr0 CTPYKTYpPHOIO TMa-
pareHesa 3arme4aThIBaeTCsl MOJOIBIMU OTIIOKEHHUSIMH
WIH WHTPY3USIMU; 2) CYLIECTBYIOT JaHHBIE O B3au-
MOOTHOILIEHUSX JIU3BIOHKTUBHOTO IapareHesa ¢
ANIEMEHTaMH CKJIaI4aToil CTPYKTYpHI; 3) CYIIECTBY-
IOT JaHHBIE O B3aUMOOTHOIICHUSX PAa3HBIX TU3b-
IOHKTUBHBIX MTapareHe30B MEKAY COOOM.

B nepsom cnydyae B nmpenemax CeBepo-
3anagnoro KaBkasza omnpenensieTcsi JOCTATOYHO IIH-
pOKHIi BpEeMEHHOW HHTEepBal (OPMHUPOBAHHSA, Ha-
MIpUMEpP 30IIeH-MHUOLIEH WJIU OJIUToLeH-TTHoLEeH. Bo
BTOPOM CJIydae MOYKHO TOBOPHUTH O JIOCKJIaT4aTOM,
paHHe- UM COCKJIa4yaTOM M TOCTCKJIaa4aToM Bpe-
MeHH (DOpMUPOBaHUS Pa3IMYHBIX CTPYKTYPHBIX Ia-
pareHe3oB (MPU YCIIOBUHU OJHOTO OCHOBHOTO AITH30-
Ja CKJIam4aTocTH B peruoHe). CIOXHBIM SBISIETCS
BOIIPOC O B3aMMOOTHOLICHUAX BBIABIIACMBIX CTPYK-
TYpPHBIX TapareHe30B B IMpeJeiax CKJIaJ4aToro Imos-
ca. TpymHOCTH BBIBOJIOB O TOCJEIOBATEILHOCTH
JICCTBOBABIIMX 3/E€Ch HANPSKEHUN OmNpeaeseTcs
cnenyromuMu  dakropamu: 1) CIOXHONH OJIOKOBOMH
CTPYKTYPOU TOJBUXKHBIX ITOSICOB, BHYTPH KOTOPBIX
[I0-pa3HOMY OPHEHTHUPOBAHBI BTOPUYHBIE HATIpsIKe-
HHUA, 4aCTO OTIMYAIOMIMECSA OT HallpaBJICHHUA TI'CHEC-
pPaNBHOTO CTpecca; 2) BO3MOKHOCTHIO MPAKTUICCKH
MTHOBEHHOW I10 TEOJIOTUYECKHMM MepKaM CMEHOU
HampaBJICHUA W OPHUCHTAIIUM TCEKTOAWMHAMUYCCKUX
oceil; 3) xapakTepoM CKJIaT9aThIX U Pa3phIBHBIX Ha-
pYLWEHUH, KOTOpBIE B pa3HBIX 30HaxX CKJIAA4aTOro
COOPY’KEHHS MOT'YT UMETh PAa3HbIM BO3pacCT.

CymiecTByomye B HACTOSIIEEe BPEMs MOIXObI
K YCTaHOBJICHHIO OTHOCHUTENBHBIX 3TaIlOB (POPMHUPO-
BaHMS CTPYKTYPHBIX IapareHe30B MO CTENEHHU HX
MIPOSIBIEHHOCTH HE BCErJa JOCTOBEpHBL. B compe-
MEHHOH CTpYKType HauboJjee HpOSBIECHHBIE I'e0J0-
THYECKHE WHAMKATOPBl HE BCErJa XapaKTEpHU3YIOT
MOCTICTHUIA 3Tall TEKTOHUYECKUX Jedopmanuii, mo-
CKOJIBKY HEOJTHOpO IHAs OJIOKOBasA CTPYKTypa MOKET
COXPAHATH OT MOCIEAYIOMUX BO3ACHCTBUIN Mapare-
HE3bI TEKTOHNYECCKHUX CTPYKTYPp, OTBCYAKOIIINEC
mpenmecTByommM 3tanam jaedopmanvu. Ha rpa-
HUIaX OJIOKOB MOTYT OBITh MPOSIBICHBI JcOopMaIiu
pa3MYHBIX ATAaloOB, HO HOBEUIIME WHIUKATOPHI
HamboJee MOJIOJOTO CTpecca 3/IeCh, KaK IMPaBHIIO,
npeobagaroT.

[Io MHeHHWIO (QpaHIY3CKUX HCCIIeAOBaTENCH,
npobiemMa TMpH OMNpPEICIICHUH XPOHOIOTHH Tajeo-
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crpeccoB Ha CeBepo-3amannoM Kapkase cBsizaHa C
HEOJHOPOIHBIM XapaKTepPOM AAHHBIX 3aMEpPOB. DTO
CBSI3BIBACTCSl C BpAIICHUEM WM WHAWBUAYabHO-
CTBIO TMOBeneHHs (pekuMa) OJI0Ka, KOTOPBIH MOKET
OBITH ONpeneNeH TONBKO Ha OCHOBAaHMU MAAaHHBIX
CTpyKTypHOro aHanu3a. HemocraTounas mexaHuue-
CKasi OTHOPOAHOCTh YacTO SIBJISIETCS PE3yJIbTaToOM
monua3Hoil TEKTOHWKH XPYyNKuX zaedopmanunit
[Saintot, Angelier, 2002].

BBuay Toro 4To gaHHBIE IO B3aMMOOTHOIIECHU-
M HaOJIIOJICHHBIX CTPECC-UHIUKATOPOB HE BCeria
yJlaBaJIOCh TIOIYYUTh B OTAENBbHOM TOYKE, (paHIly3-
ckue uccienosarenu [Saintot, Angelier, 2002] mo-
I 10 IIYyTHU O6’I)€)II/IHCHI/I$I CXOJHBbIX JIOKaJIBbHBIX
CTPECC-COCTOSIHUM B €IUHOE OAHOPOIHOE MOJE IO
BCEMY peruoHy (ckiamuyaTtoe coopyxkenue Cesepo-
3amannoro Kapkasa).

JanHple 1O mepece4eHur0 0OPO31 CKONBXKEHHUS
(¥ Kak CleACTBUE O IMOCIEOOBATEILHOCTH EHCTBO-
BaBIIMX TOJICH HANPSDKEHWH) HA OTHOM OOHAKEHUH
00001aroTCs I BCETo pernoHa. B pamkax 3Toro
MPEIIOIOKEHHST BECh PETHOH PAacCMaTpUBAETCA Ha
JJIUTCIIBHOM 3TAaIIC pa3BUTUA KaK C)II/IHI)II\/'I 6JIOK.

B maccoBbIX 3aMepax cpeny OXHOPOIHBIX MHO-
KeCTB (PpaHIly3CKHE HMCCIETOBATENN BBIICISIOT JIO-
KaJIbHbIE CTPECC-COCTOSHUSI, KOTOpPbIe MOAXOIAT K
OTIpENICIECHHOMY OOILEMY CTPECC-COCTOSHHIO, HIIH,
CKopee, cTpecc-pekuMmy (TIOII0 HANpSDKEHUS), U
BO3MOKHO COOTBETCTBYIOT OIIPEIEICHHBIM TEKTO-
HUYECKUM cOOBITHSIM. 111 yCTaHOBIIEHUST XPOHOJIO-
THH MEXIY COOBITHSAME XPYNKHX Aedopmanuii wmc-
CIIeIOBATEIM MCIOJIB30BAIN PA3IMYHbIE KPHUTCPHUH,
BKJTIOYAIOLINE aHaJu3 CTpaTUrpaduIeckoro Bo3pac-
Ta BMEIIAIOUINX MOPOJ, B3aMMOIIEPECEUCHUS MEKIY
Pa3TUYHBIMH Pa3pBIBHBIMU CTPYKTYpPaMH W TOCIIe-
JOBaTENLHOCTh OOPO37 CKOJBKEHUS Ha TIOCKOCTSX
IU3bIOHKTUBOB (pHc. 2). Kpome Toro, B paiionax
Pa3BHUTHS CKJIJIOK IMPEAIoiaras, 4To OJHa U3 IJIaB-
HBIX Oocell OblIa cyOBepTHKaIbHA BO BpeMs 00pa3o-
BaHUs Pa3pbIBOB (COPOCOB), MOSIBISICTCS BO3MOXK-
HOCTh YCTAQHOBHTH XPOHOJIOTHIO TEH30POB CTpecca
OTHOCHTEIILHO 3MOXH CKJIaJK000pa3oBanus (puc. 3).
OpmHako 3TO TPEANONOKEHUE HYXKHO MPOBEPSTH,
MpPUHUMAas BO BHUMAaHHE T'€OMETPHUYECKHE COOTHO-
IICHUS MEXIY 3aJleTaHHeM M PEeKOHCTPYHPYEMBIMHU
TJIABHBIMHU OCSIMH.

MepBoe cobbiTne pacTaxeHNs

Benbin kanbumt
(2-as cuctema)

o:osbu?l

KanbLMT
(1-aa cucTepa

D
?

BTopoe cobbiTie pacTsxeHns

Puc. 2. [Ipumep ogHOTO M3 KPUTEPUEB IPH TOJICBBIX HMCCIIEIOBAHUSX, ONPENEIISIONNI XPOHOJIOTHIO MEXIY CEBEPO-
BOCTOYHBIM M CEBEpO-3amafHbIM pacTspkeHusmu (o [Saintot, Angelier, 2002]).

(a) u (b) XpoHonorust Mexx1y AByMs TeHEpALUsIMU TEHEH JaBICHHUs, 3aMI0OIHCHHBIX MHHEPATbHON Maccoi U HaOIIOIeH-
HBIX B BEPXHEIOPCKUX M3BECTHsKAaX OKoJo cT. KameHHOMOcTcKoM (Touka 142). [TepBast reHepariust 3aroHeHa pO30BbIM
KaJIbLUTOM U (POPMHUPOBAIACH B YCIOBHSIX CEBEPO-BOCTOYHOIO pacTshkeHHs. Bropas reHepauus 3amoiiHeHa OelibiM
KaJIbLUTOM C NUPUTOM M (OPMHUPOBAIACh B YCIOBHUSIX ceBepo-3amagHoro pactspkenus. ([Ipumedanue: rae 2 rpynmbt
nepecekaroTcs, 0ojee MOJIO/bIe TEHU JaBJICHUSI pa3BUBAINCH MO yxe cymectBytomum C3-IOB opueHTHpOBaHHBIM
IUTOCKOCTSIM T€HEH JaBieHHs. Broamm oT 3TUX 30H OHM BHOBB 00peTaroT otyetnuByio CB-FHO3 opuenTtuposky). (¢) Jdua-
rpamMMbl T'eHepaluii TeHeit JaBiaenust (cieBa) U MoACUUTaHHbIE TEH30PbI cTpecca (CrpaBa) IJisl JBYX ATAIOB PaCTsHKEHUS
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Puc. 3. TlpumMepbl peKOHCTPYHUPOBAHHBIX JIOKAIBHBIX HAIIPABICHUH C)KUMAIOIINX HAMPSDKCHHUH B TOYKAX C IMOIU(A3HOM
TEKTOHUKOM, MILTIOCTPHPYIOIIIE YBOIIOLHIO Mpeobiaqaronux mojeii naneonanpsokenuii Ha CeBepo-3ananHom Kaskase
¢ maseoreHa mo mo3aHui so1eH (o [Saintot, Angelier, 2002])

OCHOBHBIE PE3YJbTATHI HCCJIEJJOBAHUI

Poccwuiickoii rpynmoit uccnemoBarenei cooOpaHsl
JAHHBIE TI0 TEKTOHUYECKOHN TpemuHoBaTtocTd B 300
TOYKax pervoHa (puc.4) ¢ OOUUM KOJIHYECTBOM
MUHH-CTPYKTYpP CO CJIEAaMH CMEIeHHs (IreoJIoruye-
CKHM€ WHAMKATOphl HampsbkeHusa) cBbime 4900.
OpaHIy3cCKUMH HCCIeAoBaTeIsIMA B 58 TOYKax
(puc. 5) ObUTH peKOHCTPYUpPOBaHBI 123 JTOKAIBHBIX
cTpecc-cocTosiHus (1o maHHbM Oosiee 2000 reoso-
THYECKUX WHIWKATOpoB). CpaBHWBAs MOJydEeHHBIC
JaHHBIE TI0 JIOKAJILHBIM CTPECC-COCTOSIHUSIM MEPBOM
[PacuBeTaeB u mp., 1994, Pacuserae u mp., 1997,
1998, 1999; Mapunus, 2001, 2003] u BTOpOIi [Sain-
tot, 2000; Saintot, Angelier, 2002] rpymm uccremo-
BaTele MOXXHO OTMETHUTH 3HAUUTEIHHOE HX CXOJ-
ctBo. Ha puc. 6 u 7 mokaszaHnbl [uarpammsl pacmpe-
JIEJIEHUs] a3UMYTOB MPOCTHPAHUS MaKCHMAaJbHBIX
CKMMaIOIMX HampspkeHnd B mpenenax Cesepo-
3amagHoro KaBka3a 1O JaHHBIM pPOCCHMCKHX U
(bpaHIy3CKHX HcClleioBaTenell coOTBeTCTBeHHO. Ha
3TUX po3ax-guarpaMmax IIOKa3aHbl a3UMYThl JaH-
HBIX HalpsDKEHUH M KOJMYECTBO YYacTKOB (TOYEK
HaOrofeHus), TAE OTU HAIpaBICHUS YBEPEHHO
¢bukcupyoorcs. XOopolo BUAHO, YTO B LEJIOM JUIS
perHoHa  XapakTepHO  MpeodIajaHue  CeBepo-

BocTouHbIX (CB 20-40°) cyOropusoHTalIbHBIX OpHU-
CHTUPOBOK MaKCHMAaJIbHBIX CKUMAIOIIUX HarmpsKe-
HUH. DTO HaIpaBJIEHUE XOPOIIO COTJIACYyeTCs C 3a-
aj — CeBepo-3aragHoil OPHUEHTUPOBKOW IMpOCTHpa-
HUS OCHOBHBIX CKJIaJ4aThiX M Pa3pbIBHBIX CTPYKTYP
pernoHa. He Tak OTYETIMBO COMOCTAaBIAIOTCS pe-
3yJBTATHI 110 PACIPENICIICHUI0 TEKTOHHYECKOW Tpe-
[IMHOBATOCTH CM. PUCYHOK M3 paboThl [MapuHuH,
Pacugetaes, 2008] u puc. 8. OxHaK0 OCHOBHEIE pa3-
PBIBHBIE CHUCTEMBI (KaK Ha YPOBHE TEKTOHHYECKOW
TPEIIMHOBATOCTH, TaK M HAa YPOBHE PErHMOHAIBHBIX
pa3phIBOB) O0EHMMH TPYIMIIAMH HCCIIEAOBATEIICH OT-
penenennl cxonusle. Ha CeBepo-3anagnom KaBkasze
peo0IIaaroT pa3pbIBHBIC CHCTEMBI 3aIaj] — CeBepO-
3aMaIHOTO TIPOCTUPAHUS (CKATHSI W TIPABOTO CIIBU-
ra) ¢ FO)KHOH BEPreHTHOCThIO, 3aMETHBI B CTPYKTYpE
U TONEPEeYHbIC Pa3IOMHBIE 30HBI CEBEP — CEBEPO-
BOCTOYHOT'O TPOCTHpaHud. [[Byms rpymmamMu uccie-
JoBaTeleit ObUTH MOMYYEHBI OJIN3KHE PE3yNbTAThI 110
OTHOCUTEILHOW XPOHOJOTHH TIOJISI HANPSHKCHUU C
npeoOiajaHieM OpPUEHTUPOBOK  CEBEp — CEBEPO-
3armagHoro CXKaThud, KOTOpoe Hawmbojiee OTYETIHBO
MPOSIBIICHO HA TO3JHEHIEM JTare pPa3BUTHUS
peruoHa.
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Puc. 5. PacnonoxeHnue Touek HAOIIOICHUS U 3aMEPOB (PPaHIy3CKUX UCCIIEAOBATEICH
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Puc. 6. Po3pl-auarpammsl pacrpeneneHus] a3uMyTOB MIPOCTUPAHMS MaKCHMAalIbHBIX CKUMAIOIINX HANpPsDKCHUH B TIpe-
nenmax CeBepo-3anmanHoro KaBkaza. Ha anarpammax mokaszaHbl MPOCTHPAHWE a3UMYTOB JAHHBIX HANPSDKEHHH W KOJH-
YECTBO YYaCTKOB (TOUEK HAOIIOJCHUS), TAC 3TH HANPABICHHUS yBEPEHHO (QUKCUPYIOTCA: A — Hanbosee NMpOsBICHHBIX,

b- BTOPOCTCIICHHBIX (MeHCC HpOSIBJ'ICHHBIX)

Puc. 7. Po3bI-quarpaMMsl paciipeieneHus a3uMyTOB IPOCTHPaHus (A) U YIJIOB HaKiIoHa K ropu3oHTy (b) Makcumans-
HBIX CXKMMAIOLINX HAIpsDKEHUH, a TakkKe pachpeieleHus a3uMyTOB NMpOCTHpaHus oceil pactsbkenus (B) B mpememax
Cesepo-3anagnoro Kaskaza. Ha nuarpamMmax moka3aHbl a3MMYTHI IPOCTHpaHUS (WM yroJl HaKJIOHA Al pucyHKa b)
JTAaHHBIX HANpPsDKCHWH M KOJIMYECTBO TOYEK HAOJIONEHMS, TA€ TH HalpaBieHUs (UKCHPYIOTCs (IIOCTPOCHBI 10 MaTe-

puanam [Saintot, Angelier, 2002])

1801 [‘\]

Puc. 8. Po3a-muarpamma nmpoCTUpaHU MUHMPA3IIOMOB, HaOMIOJCHHBIX B moie; Bcero 1801 m3mepenue (mo [Saintot,

Angelier, 2002])

TakuM 00pa3oM, Ha MEPBOM W BTOPOM 3Tamax
HCCIICIOBAHUN TMPH TOMOIIM TPUMECHSIEMBIX METO-
JUK JIJIS1 JIOKQJBHBIX CTPYKTYP OBLTH MOJYUYCHBI pe-
3yNILTAaThl, KOTOPHIC B IEJIOM COMOCTaBUMEI. Jlaib-
Helmas WHTepIpeTanus, Kak yKe BBIIIC TOBOpPU-
JIOCh, 3aBUCHUT OT OCHOBHBIX 3aj[au HUCCIIeI0BATENEH,
MoAXo0Ja M BBIOpaHHOW Mopaenu aehOopMHPOBaHHUS
pervoHa. Ycuiaus NepBOW TpyIIbl UcclenoBaTenen

ObLIH HaIlpaBJICHBI Ha HN3Y4YCHHUEC pPa3pPbIBHBIX [C-
(hopMmaruii pa3HOr0 paHra ¥ KHHEMaTHYECKOTO TH-
a, YCTAaHOBIICHUE TOJeH MalleOHANPSLKEHUM U CBS-
3aHHBIX C HUIMHU CTPYKTYPHBIX TIapareHe3oB. Y CHIINS
BTOpOIl Tpynmsl OBUIM HampaBiICHBl HA CO3JaHHE
MOJIEJIU CTPYKTYPHOM 3BOJIIOIMU PETHOHA C PEKOH-
CTpYKLHEW  JeHCTBOBaBIIMX  TOJIE  masieo-
HanpsHKeHUH.
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UHTEPIIPETAIIUS PE3YJIBTATOB HCCJIEJJOBAHUI

3adukcupoBaHHbIe JIOKaJIbHBIE cTpecc-
COCTOSIHHSL 110 PETHOHY OBLIM BBIHECEHBI Ha CXEMBI,
MIpUYeM JBE€ TPYIIBI CAENaIH 3TO Mo-pa3HoMy. Poc-
CHiiCKas TpyINa BbIHECIA HA CXEMy HalpaBlICHHS
nencTBus (MPOCTUPAHHS) MAKCUMAIbHBIX CKUMAFO-
X HANpPSOKEHUH IS ONPENeNSIFOIINX TI03HeaTh-
MHUHACKUX CTPYKTYPHBIX TapareHe3oB (puc. 9) u Ha-
MpaBiIcHUS MEHCTBHUS (TIPOCTUPAHMS) MaKCHMAllb-
HBIX CXHUMAIOIINX HANpsHKEeHUH MEHee MPOSBICH-
HBIX (BTOPOCTENCHHBIX) Maparene3oB (puc. 10).

HanpaBnenust MakCUManbHOTO CXKaTHsl, BBIpa-
JKEHHBIE HaWOOJBIINM KOJMYECTBOM 3HAKOB CMeE-
IIeHUH, KOTOphIe 00pa3yroT 3aKOHOMEPHBIE CTPYK-
TypHBIE TMapareHe3bl, MOKHO YCJIOBHO Ha3BaTh J0-
MUHAHTHBIMH WIN TpeoOnamaromumMu. Hampasie-
HUSI, KOTOPBIE XOPOIIO BBIPAXXEHBI, HO TPE/ICTaBIe-
HBl MEHBIIMM KOJMYECTBOM 3HAKOB CMeEIIeHHs Oy-
JIeM UMEHOBaTh BTOopocTeneHHbIMU. [Ipu 3TOM Haz0
MMOHUMATh, YTO 3TO pa3JeIeHne JOCTATOYHO yCIIOB-
HO Y TOBOPHT JIMIIb O CTETICHU MPOSIBICHHOCTH ITHUX
HaIpaBJeHUH M0 KOJIWYECTBY I'€OJOTHUYECKUX WHIU-
KaTopOB.

Pacripenenenne Hambollee TPOSIBICHHBIX Ha-
MpaBJIEHUH MaKCUMAJIBHOTO CXKAaTHs MO Pa3HBIM HC-
CJIeIOBaHHBIM y4dacTkam (puc. 11) mokassiBaer, 4To
g tepputopun CeBepo-3ananHoro Kaskaza xa-
paKTepHbl 3HAYHUTENLHBIE BapUallM JTOMHHAHTHBIX
HalpaBJI€HU 3TUX HamnpspkeHuil. Ilpu xommdect-
BEHHOM aHaJIM3€ HANpaBICHWH MaKCHUMaJIbHOTO
ckarug B mnpeaenax Cesepo-3amagHoro Kapkaza
YCTaHaBIIUBAETCS TPU OCHOBHBIX HAIIPABIIEHUS MaK-
CUMAIIbHBIX CKUMAIONIMX HAIpPSDKEHUH: ceBepo-
BoctouyHoe (CB 30-50°), cyOMepunoHaabHOE U ce-
Bepo-3anaanoe (C3 310-330°) cyOropu3oHTaIbHBIC
HampaBieHus (puc. 6). Beaymias poinbs npuHaAIeKAT
CEBEpPO-BOCTOYHOMY M CYOMEpPHIMOHAILHOMY CiXKa-
THSIM, C JCWCTBHEM KOTOPBIX IMapareHeTHYECKH CBS-
3aHO (POPMHUpPOBAHHE OCHOBHBIX CKIaJ4aThlX U pas-
PBIBHBIX CTPYKTYp. IIpu 3TOM, HambobIIEE pacipo-
CTpaHEeHUE UMEIOT MapareHes3bl, cQOpMUPOBAHHBIE B
YCIIOBHSIX TaHTEHIMAIBHOTO CKaTHsl. Pexe Qurcu-
PYIOTCS mapareHes3bl, CQOPMUPOBAHHBIEC B YCIOBHAX
CyOBEpTHKAILHOTO CKATHSI.

CeBepo-3amaZHOe C)KaTHE XOPOIIIO MPOSIBIEHO B
mpenenax nomepedHslx 30H CeBepo-3amagHoro
Kapkaza (Amnanckoii, ['emenmkukckod, Tyamncun-
CKoil m ap.). BHe 3TWX 30H KOIMYECTBO 3HAKOB
CMEIIEHNs, CBA3aHHBIX C IaHHBIM C)KaTHEM, HE TIpe-
Bermaer 10-20 %. UckmoyeHne cocTaBisieT paloH,
orpaHnueHHbIM TyancuHckod u [ 'eneHIKUKCKON
(hIeKCypHO-pa3IOMHBIMH  30HAMH. 37eCh mpeobia-
JaloT 3amaj — CeBepo-3amagHble, CyOIIUPOTHBIE, a
HEpEeIKO U “aHTHKAaBKa3CKHE” CEBEpPO-BOCTOUYHBIE
MPOCTUPAHUS CKIATIATHIX CTPYKTYP, B TO BpeMsI KaK

B COCEHMX pailoHaX OOJNBIIMHCTBO CKJIaJOK MMEET
ceBepo-3amagHble U 3amajl — CeBEpO-3amagHble Mpo-
ctupanus ocell. Taxke xapakTepHbI OCIOKHSIIOIINE
CKJIaJKH Ha KpPBUIBSIX OoJiee KPYMHBIX CTPYKTYD,
pa3BeTBICHUE CKIAIOK M M3TMObl HMX LIAPHHUPOB.
IIpy momeBoM wu3yyeHHMH psAAa CKIAZOK CEBEPO-
BOCTOYHOT'O MPOCTHPaHUsI OBUIO YCTaHOBIIEHO Ce-
BEp — CEBEPO-3alla/IHOEC HANPaBJICHUE MAaKCUMaJlb-
HOTO C)KHMAIOLIETO HAIPSKEHUS, KOTOpOoe ObUIO
3[1€Ch €JMHCTBEHHBIM MOJHOIIEHHO MPOSBICHHBIM B
JU3BIOHKTUBHBIX CTPYKTypax, UMEIOIIUX 3/1eCh J0-
WM paHHECKIIa4aThlid BO3pacT.

Takum 00pazom, OCHOBHOW COCKJIaM4aThli Ta-
pareHe3 CBsf3aH B OJHMX YacTsIX CKJIag4aToro co-
OPYXXEHHUSI C CEBEPO-BOCTOUYHOM CyOrOpH30HTAIBHO
OPHEHTUPOBAHHON OCHI0 MaKCHUMAaJIbHOTO CHKHMAIO-
LIero HampssKeHHUs, a B JAPYTUX C CEBEp — CeBepo-
BOCTOYHOH CYyOTOpPH30HTAJIbHO OPHUEHTHPOBAHHOM
OCBI0 MaKCHMAJIBHOTO C)KMMAIOLIETO HAMNPSHKEHUSL.
Pexe cockiiaguateie mapareHe3bl CBA3aHbBI C CEBep-
CeBEpO-3aMaJHON OChI0 MaKCUMAJIBHOTO CHKHMAIo-
miero HampspkeHus (okosio momepeyHbix 30H Cese-
po-3anagHoro Kaskasza.

[Tony4yennsle JaHHBIE TIO MO0 TEKTOHUYECKUX
HANpPsDKEHUH XOPOLIO COOTHOCSTCS € IO3AHEANb-
MUHACKUMH PErMOHAIBHBIMU U JIOKAJIbHBIMH CKJIAJI-
YaTBIMH M DPa3phIBHBIMH CcTpyKTypamu Cesepo-
3amanHoro KaBkasza. Ilomepex HampaBieHUS Mak-
CHUMAaJIbHOTO C)XKaTusl (HOPMHUPOBAIHCH CTPYKTYPBI
HaJBUTaHUS W pacIuliomyBanus. Brons sToro Ha-
npaBiieHus] (POPMHPOBATUCH COPOCO-Pa3IBUTOBEIE
CTPYKTYpHl, @ IMAaroHajJbHO K HEMY CABHI'OBBIE
CTPYKTYpbl. B  mO31HEanbnuilcKOl CTPYKType
Cesepo-3amannoro Kapkaza ycTaHaBIUBaeTCs pas-
BUTHUE MAPAareHETHYECKU CBA3aHHBIX CHCTEM TEKTO-
HUYECKOH TPEIIMHOBATOCTH C IPaBOCABUTOBHIM
(cybMepuInOHaTEHOTO, CEBEpO-3alMaJHOTO0 M 3a-
ajJ] — CeBEpPO-3alMalHOTO TPOCTUPAHHUIA) U JIEBO-
CABUTOBBIM  (CyOIIMPOTHOTO, BOCTOK — CEBEPO-
BOCTOYHOTO M CEBEP — CEBEPO-BOCTOYHOI'0) Xapak-
TEPOM CMeEIIeHHi. B cTpykType ckiiaggaTroro co-
OpY’KEHHsI XOPOIIO NPOsBICHB B30pPOCO-HAJABHUIO-
BBIE€ U CTPECC-CTUIIOIUTOBBIE CHCTEMBI TEKTOHHYE-
CKOH TpPEIMHOBATOCTA CYOIIMPOTHOTO M CEBEPO-
3amagHoTO nMpocTtupanuii. TakuM oO6pa3om, MIMPOKO
pacnpocTtpaneHnHble Ha CeBepo-3anmanHnoM Kaskaze
JTU3BIOHKTUBHBIE 30HBI CEBEPO-3aMajHOTO U CYO-
MIMPOTHOTO TPOCTHPaHUil (GopMupoBamuck B 00-
CTAaHOBKE C)XaTHi C CYLIECTBEHHBIM 3HaYCHHEM
CABUTOBOW COCTaBJISIOIIEH (IIPaBOCTOPOHHEH — B
30HaX CEBEpO-3alagHOro MPOCTUPAHUS, U JIEBOCTO-
pOHHEH — B 30HaxX CYOIIMPOTHOI'O MPOCTHpA-
Husl). BONBIIMHCTBO AM3BIOHKTHBHBIX NMaparcHe30B
CBS3BIBACTCSI C DJIOXOH CKJIaJKooOpa30BaHu,
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Pa3pbiBHblE HapyweHus

n L 2

NpoCTUPaHME OCeN MaKCUMaNbHBIX CXUMAKWMX
Hanpsaxeuuin (Hawbonee npoABNEHHbIX)

Puc. 9. Cxema OpHEHTHPOBKH HanOOJIeE MPOSBICHHBIX (IOMUHAHTHBIX) MAKCHMAIIBHBIX CKUMAFOIIMX HAPSDKCHUH (63)
B npezenax CeBepo-3amanHoro KaBkasa 1o JaHHBIM M3YUSHHSI TEKTOHUYECKON TPEITMHOBATOCTH POCCHHCKOM IpymIon
uccienoBarenei  (reojormdeckas ocHoBa cocraBieHa no Marepuanram C.I'. Kopcakosa,

B.A. JlaBpuuiena,
B.U. Pe3nukoBa, B.A. Cepexenko, B.E. Xauna)

HeoreH-aHTponorexH

Naneorex Q

BepxHun men /y

RISNTY  HuxHWA Men

BepxHas wpa (C kennoseem)

- HUXHAR U CpeaHss lopa

o Nnaneo3on - Tpuac

\ Pa3pbiBHbIe HapyuweHus

e MpOCTUPaHNe Ocei MaKCUMAnbHbIX
CXUMAUWMX HanpaxeHuid (BTOPOCTEneHHbie)

CY6EEDTMKanbNNE OCH_MAKCUMANbHBIX
CKUMaWUX HanpaxeHun (BTODOCTG"ENHNE)

Puc. 10. Cxema OpHUEHTHPOBKH MEHEE MPOSIBJICHHBIX (BTOPOCTEIICHHBIX) MAKCUMAJIBHBIX CXKUMAOLIMX HAMPSDKEHUN
(63) B mpenenax Cesepo-3amannoro KaBkasa mo JaHHBIM HM3YYCHHUS TEKTOHHYECKOW TPEIIMHOBATOCTH POCCHHCKOM

rpynnoil uccienosareneil (reojorndeckas ocHoBa cocrasieHa rno Mmarepuanam C.I'. Kopcakosa, B.A. JlaBpuiesa,
B.U. Pe3nukosa, B.A. Cepexenko, B.E. Xauna)
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Puc. 11. Po3bI-muarpaMMel pactpeesieHus a3uMyTOB IPOCTHPAHUS MAKCUMAIBHBIX CKIMAIOIINX HANPSDKEHUH (TOMU-
HAHTHBIX WM HanOoJee NPOSBICHHBIX B TOUKE HaOMOACHN) pa3aensHo no paiioHam Cesepo-3ananHoro Kaskaza: A —
Amnarnckuii paiion; b — Cesepcko-Ilcexynckuit u Tyancunckuii paiionsl; B — JlazapeBckuii paiion. IloctpoeHs! mo mare-
puanam JI.M. Pacueraesa, T.1O. Tseputunosoii, A.C. bupman u A.B. Mapununa

ocHOBHas (haza KOTOPOW, KaKk HaM MpEACTaBIISIETCS,
MPUXOAUTCS HA 30IICHOBOE BPEMSL.

@®paHIly3CKHE HCCIIEOBaTeNd TPYHNIHPOBAIN
MOJTy4YeHHbIE JIOKAJbHBIE CTPECC-COCTOSHUS IS
BCETr0 PErroHa C OJMHAKOBBIMU XapaKTEPUCTUKAMU
(opueHTHpOBKa Ocell HAIPSDKEHUS) U COTIIACHO JaH-
HBIM TI0 B3aUMOOTHOIICHUSAM pa3HBIX WHINKATOPOB
B OTAEJBHBIX TOUKaX. MITOroM Takoro o0beaMHEHHS
CTaHOBHTCSI BBbIIEJIEHHE AJISI BCErO HCCIEILyeMOro
peruoHa J0CTaTOYHO OAHOPOIHOTO IOJIS TMajeoHa-
npspkennid (puc. 12 u puc. 13). g storo moss
noaoupaeTcsl onpeesieHHas TeKTOHUYecKas o0cTa-
HOBKa, KOTOpasi M3BECTHA MO Mall€OTEKTOHHYECKUM
MOCTPOCHUSAM, JHOO MOJAETHpPYEeTCd Ha OCHOBE
MpeACTaBICHUN aBTOPOB. st 3TOM TEKTOHHYECKOU
00CTaHOBKH HCCIIEIOBATENN YCTaHABIMBAIOT 00LIHME
reHepajbHble OPHEHTHPOBKU HAINpPsHKCHUH (00muii
CTpecC-peXMM C OJMHAKOBBIMH OPHUEHTHPOBKAMHU
Oocell HampspKeHHs), OOLMH TUN HaNnpsLKEHHO-
ne(OpMUPOBAHHOTO COCTOSHUS M EIUHOE BpeMs
¢dopmupoBanus. [Ipu MaHHBIX JOMYIIEHUSX (paH-
Iy3CKMMHU HCCIe0BaTeIsIMU ObUIO BBIAETEHO 10
MoJIeH MaJjieoHanpsKEHUM 11 Bcero pernoHa Cese-
po-3amaguoro Kaskasa (puc. 14). DTr mojsi CBSI3BI-
BalOTCA C CEMBIO OCHOBHBIMH TEKTOHHYECKHUMH CO-
obrTusiMu B 3Bosonun Ceepo-3anagnoro Kaskasa
(HauMHAsT C TO3HEMEJIOBOTO BPEMEHH), KOTOPHIC
WCCIIEIOBATENN BBIJCIWIA TI0 DPE3ylbTaTaM CBOHX
MaJIeO0TEKTOHNYECKHX TOCTPOSHUIA.

IlepBrie Tpu mons maneoHanpsokeHui (puc. 14,
po3bi-nuarpammel 1-3) ¢ pasHBIMHU TeOJIOTHYSCKUMHE
TUnaMu (CIBUTOBBIM W COPOCOBBIM) W HampaBiie-
HUSIMH COOTBETCTBYIOT XPYIKUM jAedopManusm,
KOTOpbIE IPEALIECTBOBAIM HAKJIOHY ILIOCKOCTEH
3aJIeraHus, CBA3aHHBIX C INIaBHOM MO3IHEI0LIEHOBOM
¢da3oifi  cKkIAAYaTOCTH W HAJBUT00Opa3OBaHMUSL.
ITepBbiii, CIBUTOBBIA PEXUM C OCHIO MaKCUMaJIbHO-

ro CKMMAIOIIETO HAIMPSDKEHUS O3 CYOIIMPOTHOTO 0
ceBepo-3anaaroro (C3-FOB) nampasnenus. 3a 3TuM
C/IBUTOBBIM DPEXHMOM BBIJEINSETCS TOJE MajeoHa-
NpSDKEHUH € OCBI0  pacTsbKeHHs O;  CeBepo-
BoctouHoi (CB-I03) nmo cyOmmpoTHON OpHeHTH-
poBku. CilenyrouMM BBIOEISACTCS PEXHUM PacTsDKe-
HUs 3amnaja — cepepo-zanagnoro (3C3-BIOB) Ha-
npasieHus. Takum oOpas3oMm, pacTsDKeHHE, KOTOpoe
MPEIIIECTBOBANIO CKJIAIKO- U HAaJBUT000OPa30BaHHIO
MO3/THEAOIIEHOBOTO BpeMeHu Ha CeBepo-3amajaHom
KaBkaze, xapakrepusyercsi 3 HamnpaBICHUSIMU O
CB-103, B-3 u 3C3-BIOB. C oaHoO#f CTOpOHHI,
MO>KHO ObUIO OBl MHTEPIPETHPOBATH 3TH HaIpaBIIe-
HUS KaK BBIPQ)KEHUE HE3aBUCHMBIX COOBITUH pacTs-
xenust. OHAKO, MMOCKOJIBKY HE CYIIECTBYET HEe3aBH-
CHUMBIX T'€O0JIOTUYMECKUX CBUJICTENLCTB IOIJICPKKH
3TOH TUINOTE3BI, (PPaHILy3CKHE HCCIIEAOBATENH T0Ja-
rafor, 4ro Oonee pa3yMHO OOBSICHUTH 3TO Kak JIIHU-
307161 TIPOJIOJKUTENHHOTO TIepHoAa 0OCTaHOBKHU TO-
PHU3OHTAIBHOTO PACTSKEHHUSI.

[To31HE301I€HOBEIE MTATIEOCTPECCOBBIE MO pac-
CMaTpHBAIOTCSl KaK YacTH TJABHOTO COOBITHS —
MO3/IHEI0IIEHOBOM KOMITPECCHOHHOM JieopMauu
mo Bcell mmHe mosica (puc. 12, puc. 13 u puc. 14,
po3bI-muarpamMmel 4-7). s TOCTIOIEHOBBIX TOJIEH
MpeIararoTcsl CIeAyIoNIe BapUaHThl WHTEPIpeTa-
uuu. Cesep — ceBepo-Boctounoe (CCB-IO03) pac-
TSDKEHUE CBS3BIBACTCS C Pa3BUTHEM INPOTHOOB IO
KpasiM  ckiaguatoro  coopyxenuss — Ceepo-
3anmagnoro Kaskaza (puc. 14, posa-amarpamma 8).
[lone 3amag — ceBepo-3amafgHOrO CXaTUsl CBS3bIBA-
eTcs ¢ JlaTepajbHBIM JaBJICHUEM CO CTOpOHHBI LleH-
TpanpHOrOo KaBkasa (puc. 14, posa-muarpamma 9).
Cesep — ceBepo-3anagHoe  (CyOMepHIMOHAIBHOE)
C)KaTHE CBA3BIBACTCS C KOJUIM3MEH (HauMHas c cap-
MaTCKOro BpeMeHH) Apabckoit rmthl ¢ KaBkas-
CKUM CHHTaKcucoM (puc. 14, poza-guarpamma 10).
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Cknagyatoe coopyxeHue

Cesepo-3anagHoro Kaekasa —

. « MpocTupaHue ocein G, (KOMNPECCHOHHBIN PeXUM)

= [DOCTUPAHME OCEN G (CABUIOBLIA PEXIUM)

MpumevaHue: cepoit 3an1BKOI NOKa3aHb|
NPOCTUPaHUA G, KOTOPbIE MONy4eHb! NPK
NOMOLLYW aHanm3a CTPecc-CTUNoNUToB

1 KpynHbIX Pa3pbiBOB

Puc. 12. PacnpenesneHue JOKaIbHBIX CTPECC-COCTOSHUM, CBA3aHHBIX (a) CO COBHIOBBIM I10JIEM HANpPSKEHHS C CEBEPO-
BOCTOYHOH (J0 CeBep — CEeBEPO-BOCTOYHOMN) OPUEHTHPOBKOH ocu cxatusi u (D) ¢ ceBepo-BOCTOYHBIM (IO ceBep —
CEBEPO-BOCTOYHOI0) KOMIIPECCHOHHBIM COOBITHEM. DTH TIOJISl HANPSHKEHHS CBSA3aHBI C MO3JHEI0LEHOBOH TEKTOHUYE-
CKO# (a30ii, HO 10 HAKIOHEHHS IIACTOB (OCKIamuarsie). B HmkHeM mpaBom yriny Ha (b): posa-auarpamma a3umyTos
MPOCTHPAHUSI MUHUPA3JIOMOB, HaOJr0IeHHBIX B mosie (Bcero 1801 usmepenue) (mo [Saintot, Angelier, 2002])

Hcmons3yst BBIBOABI CTPYKTYPHOTO aHAJM3a,
JMACTAHIIMOHHBIC METOMBI M PEKOHCTPYKITHIO TOJIEH
HanpsbKeHU#, (paHIly3CKHe MCCIeI0BaTEeNd Tpe-
JIOXKHUIIK CIACAYIONIYI0 MOJENb CTPYKTYPHOH 3BOIIIO-
LMY CKJIaIaTOTO COOpYyKeHMs. B TeueHne mo3aHero
Mela-najeoleHa 3amaaHas 9acth boabsmoro Kaska-
3a, ObLIa TIOJ] BO3ACHCTBUEM PEKUMA TPAHCTECHCHH C
CyOIIMPOTHOM (10 CEeBEPO-BOCTOYHON) OPUEHTUPOB-
KOH OCH pacTSHKeHHSA, YTO MOPOXKIAIO0 CHBHIO-

cOpOCcOBBIE  IBIDKCHHS  BJIOJb  CEBEP — CEBEPO-
BOCTOYHOTO TPOCTUPAHHS TOTIEPEUHBIX PA3IOMOB U
3amaj| — CeBepO-3aMaJHOr0  IPOCTHPAHUS  TPAHHIL
¢mmmeBoro OacceliHa. ITO TEKTOHUYECKOE COOBITHE
MOTJIO OBITH CBsI3aHO C PU(PTUHTOM B QOPMHUPYIO-
memcst Bocrouno-YepHomopckom Oacceiine. [la-
JICOIIEH-I0IICHOBAsl ~ TPaHUIA  XapaKTepPU3yeTcs
TPaHCIPECCUOHHBIM COOBITHEM C CyOIIMPOTHOM
OPHMEHTHPOBKOIT OCH CXKATHSA, TPUYEM T10 Pa3IoMaM
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Cknag4atoe coopyxeHue
Ceepo-3anagHoro Kaskasa

- &= [lpocTupaHue ocen G (KOMNPECCHOHHBIA PEXIM) MPUMeYaHHe: Cepoil 3aNMBKOI NOKA3AHbI
wsp [1pOCTUPAHNE OCEII G, (PeXUM pacTsKeHs)

—=m [pOCTVPaHNE OCEN G (CABNIOBbLIN PEXiM)

NPOCTUPaHNA G, U G,, KOTOPbIE NONy4eHb!
npy NOMOLWK aHanuaa CTpecc-CTUnonuTos,
OTPbIBOB U KPYNHbIX Pa3pbiBOB

Puc. 13. PacnpesneneHue JIOKaIbHBIX CTPECC-COCTOSHHUM, CBS3aHHBIX C CEBEPO-BOCTOYHBIM (ZI0 CEBEp — CeBEpo-
BOCTOYHOT0) KOMITPECCHOHHBIM COOBITHEM (a) U CO CABHUTOBBIM TOJIEM HAMPSIKEHHS C CEBEPO-BOCTOYHOM (10 ceBep —
CEBEPO-BOCTOYHOI) OPHEHTUPOBKOM ocu ckaTus (D). DT most HanpsHKEHMs CBA3AHBI C O3 JHEDOLEHOBON TEKTOHHYE-
ckoit (a3oif, HO ToCIIe HAKITOHEHH uIacToB (mocteknanyareie) (mo [Saintot, Angelier, 2002])

CEeBEp — CEBEPO-BOCTOYHOTO M CEBEPO-BOCTOYHOTO
NPOCTHPAHUI HalpaBIeHHE OTHOCHUTEIBHBIX Mepe-
MEIIEHUH MOTJIO OBITh U3MEHEHO. DTO COOBITHE MO-
XKeT OBITh CBSI3aHO C 3aMeJUIeHUEM (OPMHPOBAHUS
BocTtouno-YepHoMopckoro 6accelina win ¢ Hadaib-
HOM cTaguell CTONKHOBEHHUS ¢ 3aKaBKa3CKUM MaccH-
BoM (akkpemmeidl TpaHCKkaBKa3cKoro Teppeiira). B
Te4YeHHe 0leHa Ha (pIUIeBbI OacceilH Bo3aeicT-
BOBAJIO CYOIIMPOTHOE (0 CEBEPO-3amMaHOTO) KO-
coe» pacTshkeHre (TpPaHCTEHCHOHHOE COOBITHE), KO-

TOpPOE HCCIIEIOBATEIH CBSI3BIBAIOT C U3BECTHOM (a-
3001 pudrunra B Boctouno-YepHomopckom Oacceid-
He. CHIIBHOE CEBEPO-BOCTOTHOE (IO CEBEP — CEBEPO-
BOCTOYHOI'0) CXKATHE XapaKTepU3yeT I03JHedOle-
HOBYIO TeKTOHMKY. CKJIaguaThlii MOsIC pa3BHBAETCS
B 9TO BpeMS KaK pe3yibpTaT mpsAMoil komumsun Bana
[Tarckoro n Cxudckoit mtel. CeBepo-BOCTOUHOE
(CB-103) pactspkeHue, TocieIOBaBIee 3a MO3THE-
JOLEHOBBIM COOBITHEM, CBS3aHO ¢ (HOPMHUPOBAHUEM
0acceifHOB BOKPYT HOBOOOPA30BaHHOTO CKJIAI4aTo-
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Jlono31He’01EHOBBIE OIS TAJICOHAIPSKEHUN

1. ITone cyOmMpoTHOTO 10
ceBepo-3anagHoro (C3-
IOB) cxarus

2. [Tone cyOmmpoTHOTO
JI0 CEBEPO-BOCTOYHOTO
(CB-103) pacTsoxenus

3. [Tone ceepo-
3anangHoro (C3-1OB)
pacTsHKeHHs

[ToznHeso1eHoBbIE OIS TAJIEOHATIPSYKEHU I

4. Tlone ceBepo-
BocTouHoro (CB-103
no CCB-IOHO3) cxa-
THSI

(CIIBUTOBBIN peKHM)

5. Ilone ceBep-ceBepo-
BocTouHoro (CCB-HO33)
cKaTusi (KOMIIPECCHOH-
HBIN ¥ B30pOCO-
HAJIBUTOBBIH PEKIIM)

6. [Tone ceBep-ceBepo-
BoctouHoro (CCB-H033)
CKaTusl (KOMIIPECCUOHHBINA U
B30pOCO-HaIBUTOBBII pe-
KUM)

7. Ilone ceBep-ceBepo-
BoctouyHoro (CCB-HO33)
cKaTus (CABUIOBBII pe-
SKUM)

J10 HAaKJIOHCHUA HOBerHOCTeﬁ CJIOMCTOCTH -
JOCKJIaa4aThbIC

II0CJIC HAKJIOHCHUA HOBerHOCTefI CJIOMCTOCTH -
IOCTCKIIaa4aThbIC

ITocTr011€HOBBIE OIS HaJ'ICOHaHpH)KeHI/Iﬁ

8. ITone cerep-ceBepo-
BoctouHoro (CCB-
FOHO3) pactsoxenus

9. IMose 3amazg-ceBepo-
3amagHoro (3C3-BIOB)
cKaTus

10. TTone ceBep-ceBepo-
3anannoro (CC3-IOIOB)
CKATUS

Puc.14. [Tons naneonanpspkeHni (HanpaBiieHHUs] reHepalIbHOro crpecca), BeiaeneHHbie A. Ceitnto n JK. AHxense npu
uccaenosannn CeBepo-3anaanoro Kaskasa (moctpoensl mo Matepuanam [Saintot, Angelier, 2002])
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Tab6smna 1. KpaTkoe cpaBHeHUE IOAXO0B U Pe3yJIbTaTOB UCCIEIOBAHUIA.

No DTaIbl HCCeN0BaHUH Texronnnamuueckas rpynna MI'Y um. M.B. JlomoHOCOBa Texronmueckas rpynma [apmxkckoro yausepcurera | ConocraBiieHHe MaTe-
(JI.M. Pacugeraes, T.}O. TBeputuHosa, nM. [Isepa u Mapuu Kropu puanos
A.C. bupman, A.B. Mapunun) (A.Ceiinro, XK. Anxennbe)
1|C6op naHHBIX B TOJIE TexToHMYECKast TPEIIMHOBATOCTD (TPEIIMHBI OTPBIBA, SKUIIBL, TexToHMYECKAas TPEIIMHOBATOCTD (KMJIBI, COBIAJAIOT
CTHJIOJIUTBI, TPEIIMHBI CKOJIA, 3epKaJla CKOJIbKEHHS ), MaJIble CTUJIOJIUTBIL, TPELUHBI CKOJIA, 3€PKaa CKOJIb-
JU3BIOHKTUBBI KEHHS1), MaJIble TU3BIOHKTUBBI
2|Omnpenenenue NOKaIbHBIX | BBISBISUIMCH CTPYKTYpHBIC MTapareHe3bl B Touke HaOmoeHus. | Onpeaensiiack OpUSHTHPOBKA Oceil Harpsi- COBIAJAIOT
CTPECC-COCTOAHUH Ha ocHoBaHMe BBISIBJICHHBIX MTAparcHe30B ONpPeaeIsiachk OPUEH- |)KEHHSI U TUT HalPsHKEHHO-Ae()OpMUPOBAHHOTO
THPOBKA OCEY HANIPSKEHUS W TUI HAIIPSHKEHHO- COCTOSIHUS B TOUKE HabroaeHus (perieHue 00-
ne(hOPMUPOBAHHOTO COCTOSIHUS (METOAMKA CTPYKTYPHO- paTtHo# 3aaun 1o MeTouke K. AHXKebe)
MapareHeTUYEeCKOro aHaIN3a)
3|Onpenenenue XpoHOIIO- IIpuHaMIEKHOCTh CTPYKTYPHBIX IIAPAreHe30B K TEKTOHO- Bripenstorcs 10 mociiegoBaTeNnbHbBIX MOJEH OTJINYAIOTCS, COBIA-
THYECKOIi I0CIIe10Ba- nehopMaIMOHHBIM ITUKJIAM, CBSI3aHHBIM C TIO3THEANBITUIACKAM  |[TAJ€OHANPSDKEHHA, XPOHOIOTHYECKasl ociie- | AafoT TOJIbKO HEKOTO-
TEIBPHOCTH noselt Hanps- | yraom passurtis Ceepo-3ananaoro Kaskasa. I[Tpu 3ToM OTMe- |10BaTEIbHOCTS KOTOPBIX €IMHA JUIS BCEit Tep- PBIC BBIBOJIBT
KCHHIH YaFOTCA HEKOTOPBIE XPOHOJIOTUYECKHE COOTHOIIEHHS, KOTOPBIE |PUTOPUHM CKJIAM4aToro coopysxkenus CeBepo-
yCTOHYHMBO (DUKCHUPYIOTCS Ha OMpeeNIeHHBIX ydacTkax uccie- |3amamaoro Kaskasa.
JOBAaHMH M Y4aCTO MOJKPETUISIOTCS IPYTUMH CTPYKTYPHBIMU
JaHHBIMU. BBIIENSIOTCS TpH OCHOBHBIE CTa UK ()OPMHUPOBAHUS
CTPYKTYPHBIX MapareHe3oB: 1) 10CKia4aThie; 2) COCKIaa4aThie
U 3) MoCTCKIaa9aThIC.
4|lonxox k HeoaHOPOAHO- |  BrlneneHue obaacteld (0J0KOB) C pa3HBIM XapaKTepoM rmojiei | OTMedaroTcss HEKOTOPbIE OCOOCHHOCTH OJI0- | CYILIECTBEHHO OTIIHYA-
CTH NOJTY4CHHBIX NAHHbIX |[jaieoHANpsHKEHUH (BaprUallisiMHU OJHOTO TOJIs HanpsbkeHuil) U (KoB. O/1HaKo, B OCHOBHOM CKJIa[4aToe COOpPY- IoTCA
pa3JIMYHBIMM TUIIAMH CTPYKTYPHBIX [1aPAr€HE30B xenue Ceepo-3anagHoro Kaskasza paccmatpu-
BAETCs KaK €JUHOE LIEII0E.
S|Mnrepnperanus nouy- BrlIsiBneHHBIE OIS TATEOHANPSKEHUA HHTEPIIPETUPYIOTCS BrIsiBIEHHBIE OIS TAJIEOHANIPSHKEHUN HH- OTIIMYAIOTCS, COBIIA-

YCHHBIX JaHHBIX

JUIsL OTIPeICTICHHs] TEKTOAMHAMUYECKHUX YCIOBUH (popMupoBa-
HUS U Pa3BUTUS KOHKPETHBIX CTPYKTYP.

TEPIPETUPYIOTCSI IS OTIPEICTICHUS T€0IUHA-
MHYECKOI 00CTAaHOBKH B 11eJIOM, (hopMHpoBa-
HHSL M Pa3BUTHSI PETHOHAIBHBIX CTPYKTYp (Ha
OCHOBaHUM UX KHHEMATUUECKOH XapaKTepH-
CTHKH).

Jar0T TOJIBKO HEKOTO-
PbIC BbIBOAbI
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ro mosca. 3amag — ceBepo-3amanuoe (3C3) «kocoe»
c)KaTre BO3/ICWCTBOBAIIO HA TIOSIC B TEUCHUE PAHHETO
MUOIICHA B PE3yJIbTaTe KOHBEPTCHIIUU ApPaBUICKON
Tkl ¢ KaBkasckoll ckiaguaroit obnactero. [lo-
ciemHee cOOBITHE NMEET KOMIIPECCHOHHBIA PEKUM C
ceBep — ceBepo-3anagnoii  (CC3) OpHEHTHPOBKOI
OCH CXaTHs, BO3JCHCTBOBABIIICEC HA CKJIAI4aToe CO-
opyxkenue Cesepo-3amagnoro KaBkaza ¢ capmara
1o HacTtosiiee BpeMs. [0 Bo3aecTBUEM ATOM «KO-

COI» KOMITpecCHH TMosic ObLT eOpMHpPOBAaH Kak
MIPaBOCTOPOHHSS CABUTOBAs pa3phIBHAS 30HA.

C no3nHero mena 1o 301eH CTPYKTYPHOE pa3BU-
THE CKIag4yaTtoro coopyxkenus CeBepo-3amaaHoro
Kapkaza Oputo TecHO CBsizaHO C 3BOMIONHEH Boc-
TouHO-YepHOMOpCcKoro Oacceiina. C IMO3THETO 30-
[IEHA TI0 aHTPOIIOTCH CTPYKTYPHOE Pa3BUTHE OBLIO
CKOpee CBS3aHO C KOHBEpIeHITHMEH ApaBHICKON H
EBpa3zuiickoil 1iuT.

3AKJIIOYEHUE

B menom, MOKHO OTMETHTH, YTO MOJABISIONIAS
4acTh OINpPEJEICHHBIX IBYMs TPYIaMH HCCIIEOBa-
TeJel JIOKAIBHBIX CTPECC COCTOSHUI CBsA3aHa C 30-
IIEHOBOH KOMMpecCHoHHOW (azorr wmm  aszoit
ckimaguatoctTd. B Tabmume 1 mokazaHo KpaTkoe
CpaBHEHHE MOAXOJO0B U PE3YJIbTATOB UCCIIEIOBAHUII.
C TOYKM 3pEHUs] POCCUICKON IpyNIbl UCCIEI0BATE-
Jiel, WMHTepHpeTanuss U OObEAMHEHHE JOKAIBHBIX
CTPECC-COCTOSIHUEN 00YCJIOBJICHBI BHIOOPOM MOJIEIIH
M KOJIWYeCTBOM HaOmroneHui. Tak, Ipu UCIIONB30-
BaHUU MHOM (MHOTOOJIOKOBOI) MOJICITH 3TH HAIPaB-
JIEHUsI CTpecca YKJIAJAbIBAIOTCS B €IMHOE Iojie Ha-
NOPSDKEHUH €O 3HAYUTENbHBIMU BapHallsIMU Ha-
MPaBJICHUH MaKCUMAaJIbHBIX CXHMAIOIINX HarpsbKe-
HUH B TIpejieniax pas3HbeIX O0mokoB [MapuauH, 2003].
Kpome Toro, nHAMKATOPH! pa3HbIX (C TOYKH 3PEHUS
(dpaHIly3CKHX HCCIIeA0BaTeNIel) TOJIeH HANPsDKeHUS
MOTYT OBITh OOBEAMHEHBI B PaMKax €IWHOIO MOJIS.
Hanpumep, MHAMKATOPHI MOJISI CEBEPO-BOCTOYHOTO
C)KaTus, CBA3aHHOTO C OCHOBHBIM 3TAallOM CKJIAJIKO-
00pa3oBaHusl, 4aCTO 00OPa3ylOT €IUHbIEC MapareHe3bl
CO CTpPYKTypaMmHu 3amaj — ceBepo-3anagHoro (3C3)
pactsoxeHust [PacuseraeB u np., 1998]. B To Bpems
Kak B paboTe (paHIy3CKHUX HCCliefoBaresiell moie
3amaj — ceBepo-3anagHoro (3C3) pacTseHHsS BbI-
JIeJICHO B OTJIENIBHOE TI0JIe TTajleOHanpsuKeHus [Sain-
tot, Angelier, 2002]. TToMumMO Bcero CKa3aHHOTO,
HYXXHO NPUHUMAaTh BO BHUMAaHHE, YTO JIO CHUX TOP
HET JIOCTOBEPHBIX pEIICHHH MO0 HEKOTOPBIM BOIPO-
caM crpaturpaduu, UCTOPUU T€OJIOTHYECKOrO pas-
Butus u TekToHHMKH Cemepo-3amamgnoro Kaskasa.
Be3 pemienunst 3TUX BOIPOCOB MHTEpIIpETAlMs JaH-
HBIX TEKTOHO(QHU3UYECKUX HCCICAOBAaHUNA MOMKET
3HAYUTENFHO BapbUPOBaTh B 3aBHUCHMOCTH OT HC-
MOJIb3YeMON aBTOPaMH MOJIEIIH.

Takum o0pa3zoM, Ha 3aBepIIAIOIIEM 3Tare HC-
CJIEZIOBAaHMI, KOTOPBIM HampaBiieH Ha PaciiuppOBKY
TEKTOHMYECKOI MCTOPHUH | YCIOBUN (pOpMHUpOBAHUA
TEKTOHUYECKOW CTPYKTYpBl DPErHOHa, MBI BHIUM
3HAYUTEIILHOE PACXOXKACHUE PE3yNbTaToOB. JTO CBS-
3aHO, CKOpEe, C UCIIOJIb3YEMbIMU MOAEIMU Aedop-
MUPOBAHUS PErHOHA, U MOITOMY Ba)KHO OTIEJIATH B

pe3yibTaTax JOCTOBEPHYIO0 HH(OpMAIHIO OT Mpea-
ITIOJIOKUTCIIbHBIX BBIBOJOB (HaHpI/IMep, BBIACJICHUC
(panmysckumu nccnenosarensimu 10 moseit maneo-
HanpspkeHuit). [ moBbIeHs] JOCTOBEPHOCTH BhI-
BOJIOB HEOOX0AMMA padoTa MO YTOUHEHHUIO COOTBET-
CTBHS HCIIOJB3yEMBIX MOJEIBHBIX IIOCTYJIATOB pe-
albHBIM CBOWCTBAM MPUPOIHBIX CTPYKTYp. Taxxke
HeoOxoauMa paboTa 1o pa3paboTKe METOJIUKUA WH-
TeprpeTanud coOMpaeMbIX [aHHBIX IO MalleoHa-
MPSDKCHUSM.

BriBozBI 0 aHAIN3y TEKTOHUYECKON TPEIIMHO-
BaTOCTU U TCKTOAMHAMUKHN PETHOHA, KOTOPBIC 6])IJ'II/I
MOJTydE€Hbl HE3aBUCHMO IBYMS IPYIIIAMH HCCIIEHO-
BaTeNieil, ¥ COOTBETCTBYIOT, Kak IPEJCTaBISIETCS,
peaNbHOMY IPUPOTHOMY IMPOLIECCY, CEAYIOIIHE:

1) CeBepo-3anagHoe U 3amaj — CeBEpO-3anaHoe
HamnpaBJICHUs] POCTUPAHUS IU3BbIOHKTUBHBIX (pas-
PBIBHBIX) 30H SIBIISIIOTCS] HanboJiee MPOSIBIICHHBIMU U
MPEJCTaBISIIOT COO0H B30POCHI, HAJBUTH U COJIBHTH
(30HBI CkaTus) HA YPOBHE KaK TEKTOHHYECKOW Tpe-
LIMHOBAaTOCTH, TaK M KPYIHBIX pasioMoB Cesepo-
3amagHoro KaBkasza.

2) B mpenenax CKJIaq4aToro COOPYKEHHs Tpe-
001a1a0T cyOropu30HTaJIbHbIE OPHEHTUPOBKH MaK-
CHUMAJIBHBIX CKUMAaIOUINX HaHpHX(eHHﬁ.

3) Haunbonee mposiBiIeHO U 4acTo (puKcHpyercs
CEeBEpPO-BOCTOYHOE (10 CEBEP-CEBEPO-BOCTOYHOTO)
HalpaBlieHHE MAaKCHMaJbHOTO C)KMMAIOIIEro Ha-
MPSDKEHUS, C IEHCTBHEM KOTOPOTO CBA3aHO (OpPMHU-
pOBaHME OCHOBHBIX MO3JHEANBIUICKUX CTPYKTYp
Cesepo-3anagnoro Kapkasa.

4) Tlone HampsDKeHHH, CBA3aHHOE C CEBep —
CeBepO-3alaHbIM C)KAaTHEM, OBLIO TPOSBICHO Ha
MO3JHEHIIIEM 3Tale pa3BUTHUS PErHOHa.

BaxxapIM METOANYECCKHUM BBIBOJOM CTATbH SIBJISI-
€TCA YTBECPXKACHUC, 4YTO JIsA IMOHMMAaHUA CTCIICHU
JIOCTOBEPHOCTH pe3yNbTaTa U TPaHUI] €ro IpruMeHe-
HUSI B&XKHO UMETh TOJHYIO HH()OpPMAIHIO O TPHHU-
MaeMbIX JOMYIIEHUAX U UCIOIb30BaHHBIX MOJAEIISIX.
OTH acHeKThl JOJKHBI OBITH TOCTATOYHO MOJHO OT-
paKeHbl B NyONMKAlMAX [0 aHaNM3y TMoJIed
HanpspKeHUH.
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COMPARISON OF METHODS TO RECONSTRUCT PALEOSTRESS REGIMES
IN THE NW-GREATER CAUCASUS FOLDBELT
A.V. Marinin, A. Saintot
Abstract

Stress-field regimes of the NW-Greater Cauca-
sus have been reconstructed by two independent
groups of researchers. Researchers have used the
same dataset, but had different goals and used dif-
ferent geological models for the studied area.

The studied area is the western pericline of the
Greater Caucasus. It lays between the Scythian plat-
form to the north and the Transcaucasian Massif to
the south. The Paleozoic to Jurassic successions dis-
play north-west striking folds and comprise the core

of belt. The flanks of the whole northwestern Cauca-
sus belt are formed by Cretaceous and Paleogene
deposits mainly folded in a same way.

Two groups of researchers have used field data
in order to determine paleostress regimes in the NW-
Greater Caucasus and to investigate therefore the
conditions of deformation along the belt. The results
were independently published by Russian research-
ers [Rastsvetaev et al., 1999, Marinin, 2003; Marinin
and Rastsvetaev, 2008] and by French researchers
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[Saintot and Angelier, 2002]. The datasets have been
processed by both groups of researchers to deter-
mine magnitude and orientation of paleo- and recent
tectonic stresses (Table 1). These methods use ki-
nematic indicators, such as tension fractures, shear
cracks, slickensides, stylolites, veins etc.

The Russian group's method («structurno-
parageneticheskii» method in Russian) uses the
«structural patterns» of brittle structures that devel-
oped under a single stress-strain state in a given rock
volume [Rastsvetaev, 1987]. The French group uses
J. Angelier's method [Angelier, 1984, 1989] which is
a fault slip data inversion.

In both methods, the processing is in three steps.
First one is to collect the kinematic indicators (orien-
tations of fractures, determination of the types of
fractures, striations etc.) on favorable outcrops and
to evidence the relationships between the observed
brittle structures. The hierarchic relationships be-
tween smallcracks and large structures is also deter-
mined where possible. In a second step, the collected
data are inverted to determine the orientation of the
three principal stress axes and the type of stress-
states. The stress-states at each field site (i.e. local
stress-states) are thus determined during the first and
second steps of the study.

Local stress-states are grouped and interpreted in
a third step. The interpretation of the local stress-
states highly depends of the purposes of the study,
and of the pre-existing structural model of the inves-
tigated region.

From the Russian group's point of view, there
are several factors that bring difficulties to select
successive stress regimes. They are: 1) the block
structure of a mobile belt, that deviates the azimuths
of the stress axes, 2) the possible instantaneous (at
the scale of the geological time) change in the azi-
muths of the principal stress axes, 3) the characters
of folded and faulted structures, which may have
different age of formation in different parts of re-
gion. Thus the Russian group tends to show maximal
caution for separating the stages of deformation and
for the localization of deformation in the regional
structures.

The French researchers group the similar locale
stress states in order to form uniform stress fields for
the whole region. Thus in a first attempt the French
group considers the North-West Caucasus as an uni-
form structure at each times of development. Such
approach allows to select the highest number of sep-
arate stress fields for a given region. However, some
of the separated stress fields are later on combined,
if consistent, to form a single tectonic phase. As
such, when occurred a folding phase of deformation,
several stress fields can be identified into this specif-
ic phase of deformation.

The Russian group has collected more than 4900
brittle tectonic indicators at 300 locations. The
French group has reconstructed 123 local stress-
states at 58 locations using more than 2000 kinemat-
ic indicators. Local stress-states reconstructed by
both groups have shown similarities.

Both groups have obtained a similar stress field
that could correspond to the latest stage of develop-
ment of the NW-Greater Caucasus and which is cha-
racterized by a NNW strike of pressure axis. Thus,
after the first and second steps of processing, similar
results are obtained at the scale of the outcrops by
applying the two different methods.

The Russian group has the goal to study brittle
deformation at different scale and its kinematics, to
find paleostress field and to extract corresponding
relationships between folded and faulted structures.
The recognition of a model to fit the structural evo-
lution of the region is the French group's goal to-
gether with the corresponding stress regimes.

The obtained local stress-states for the same re-
gion were plotted on a sketch map and each group
has made it with subsequent differences. The Rus-
sian group has drawn on the map the azimuths of the
maximal stress axes, which are late-Alpine in age.
They are the most abundant and prominent (i.e. cor-
responding striations being the most abundant). Sec-
ondary azimuths were also plotted and quite well
expressed even if the corresponding striations were
less abundant. Variations of prevalent and secondary
azimuths of stress axes were found for the NW-
Greater Caucasus.

In frame of this result NE- to NNE- striking
pressure axes are highly significant. Both major
folded and faulted structures are closely related with
regard to these axes as they synchronously develop.
As such, the folded and faulted structures formed
under tangential pressure conditions are prominent
in the studied area (foldbelt). The structures formed
under conditions of sub-vertical pressures are more
discrete. The NW strikes of pressure are better ex-
pressed along the transverse zones of the NW-
Greater Caucasus and along the structures between
Tuapse and Djunkhot (Gelendjik) flexural fault
zones than elsewhere. At these singular locations,
NE- folds were observed during field work. The
NW- striking pressure axes were only determined at
this location and was the expression of a brittle event
that occurred before or at an early stage of folding.
Therefore stress fields that are characterized by dif-
ferent strikes of pressure axes may co-exist.

The brittle zones of the NW-Greater Caucasus,
that are NW- and W-striking, were formed under
high shear stresses. NW -striking structures are
right-lateral and sub-latitudinal zones are left-lateral.
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Table 1. Summarizing comparison of paleostress reconstruction methods and the obtained results in the NW-Greater Caucasus

Ne Stages of study Tectono-dynamic group of Moscow State University Tectonic group of University P. & M. Curie, Comparison
(L.M.Rastsvetaev, T.Yu.Tveritinova, A.S.Birman, A.V.Marinin) Paris
(A.Saintot, J.Angelier)
1 | Collection of field data- | Tectonic fractures (tension gashes, veins, stylolites, fault slip data, | Tectonic fractures (tension gashes, Coincidence
set, types of data slickensides ), minor brittle structures veins, stylolites, fault slip data, slicken-
sides ), minor brittle structures
2 Determination of Determination of structural synchronous development at the ob- Determination of orientation of stress Coincidence
local stress-state servation point. The orientation of stress axes and the type of stress |axes and of the type of stress state for
state are determined based on these structural paragenesis (method [(local brittle structures at the point of ob-
of structural-paragenetic analysis) servation (inversion method J.Angelier)
3 Determination The successions of determined local stress states for different Ten successive stress fields were de- Difference,
of the stress-field succes- (large blocks of NW Caucasus are analyzing. The set of other useful |termined, with a chronological succession |coincidence of some solu-
sion structural data is using for the control of determined successions.  |unified for the whole structure of N-W tions only
Three stages were defined: 1) pre-folding stage (for horizontal layer-|Greater Caucasus.
ing affected by stress which has the orientation of axes different
from axes of the folding stage), 2) syn-folding stage (from horizon-
tal layering to deformed structure under the same stress), 3) post-
folding stage (for folded structure affected by stress which has the
orientation of axes different from axes of the folding stage).
4 | The collected datainre- | It is to determine structures (or blocks) which differ by the proper-| Some individual particularities are Sufficient difference
gard to the heterogeneity |ties of the paleo-stress fields. There are spatial variations of stress  |marked. NW-Caucasus belt is mainly
(model of homogeneity) |fjeld and subsequent different structures from one zone (block) to  |considered as an entity.
another one.
5 | Theinterpretation (the | Determined paleo-stress field are used for the descriptions of tec- | Determined paleo-stress field are used Difference and

reconstruction of a geo-
dynamic model)

tono-dynamic conditions of development of structures.

for the descriptions of geodynamic model
of the whole N-W Greater Caucasus and
for characterizing the development of
regional structures (based on their kine-

matic properties).

coincidence
The main tectonic phases
are recorded by applying
the two methods
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Most of the development of brittle structures
is related to the period of folding, with the main
phase that we assumed to have occurred in Eocene
time.

French researchers group the equal local
stress-states (according to the directions of the
principal stress axes) at the scale of the whole stu-
died area. The succession of the different stress
regimes is based on the relative chronology be-
tween the kinematic indicators used to define the
local stress states.

There were determined 10 successive stress-
regimes for the whole NW-Greater Caucasus fol-
lowing the described assumptions. These stress-
regimes were interpreted to reveal seven main
tectonic events related to the structural evolution
of the NW-Greater Caucasus (and from the Late
Cretaceous to present-day time). The oldest three
stress regimes are characterized by different types
of fault slips (strike-slip and dip-slip normal) with
different orientations. These phases of brittle de-
formations took place before the tilting of beds
which is assumed to be related to the Late Eocene
major folding and thrusting phase.

Four stress regimes are probably Late Eocene
in age and related to the compressional event.
They are NE-SW and NNE-SSW compression in
combination with strike-slips regimes (in which
the pressure axes remained NE-SW and NNE-
SSW orientated) and they occurred before and
after the tilting of beds. The last three stress re-
gimes are post-folding and the recent NNW com-
pressional stress regime is the predominant.
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We should note that both researcher groups
have determined the local stress states related to
the Eocene compressional phase of folding as be-
ing the best expressed in the NW-Greater Cauca-
sus. The other reconstructed paleostress fields are
also obtained by both of the groups of researchers.
As the methods to determine them are indepen-
dent, it hardly suggests that such stress regimes
truly reflect natural processes:

1) Prevailing deformation zones are NW-SE
and WNW-ESE striking fault zones. Faults are
thrusts, from dip-slip reverse faults to transpres-
sional zones that are observed as small-scale frac-
tures as well as large fault zones.

2) A sub-horizontal orientation of maximal
pressure axes is identified for the formation of the
fold-and -thrust belt of the NW-Greater Caucasus.

3) NW- and NNW striking maximal principal
stress axes are well expressed. The Late Alpine
structural development is related to such a stress
regime.

4) The NNW-striking compression was active
during the latest stage of development of the re-
gion.

The main conclusion of the paper states that it
is important to be fully informed of the used mod-
els and of the assumptions inherent to the chosen
methods. It allows a better understanding of the
level of reliability of the methods and of their limi-
tation in the interpretation of the results. These
fundamental methodological aspects should be ac-
curately described in publications on stress field
analysis.





