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Hns nenrpanbHoit yactu [opHoro Anrtas Ha 6a3e KpyImHOMacIITaOHOM reoMopdOoIOrM4ecKoil CheMKH Mpo-
BENIEHO BbIJIEJICHNE CETU HOBEWILIMX Pa3pbIBHBIX HAPYIIEHW I, TBUXEHMS TTO0 KOTOPHIM (hOPMUPYIOT OCHOBHBIE
YepThl COBpeMeHHOTO penbeda. [IpoBeneH mapareHeTUUeCKUid aHATNU3 BhIIEICHHBIX HOBEUIIINX Pa3JIOMOB.
Ero pesynsraT ¢ peKOHCTPYKIIMEH TpexX MoJjieit HalpsKeHU I oKas3ascs yIOBIETBOPSIOIUM (hOpMaIbHBIM KpH-
TEepUSIM JTOCTOBEPHOCTH. B 11€710M pe3ynbTaThl NapareHeTUYEeCKOro aHaau3a MoATBEPXKIAl0T NMpenBapUTEIb-
HbII BBIBOJ 0 (hOPMUPOBAHUM pa3aoMHOIl ceTu LleHTpaibHOTO AsTast B TpeX AMHAMMYECKUX 0OCTaHOBKAX.
OHU NO3BOJIUINA TTOCTPOUTH CXEMbI Pa3phIBOB, aKTUBHBIX B KaXIOM U3 TPEX PEKOHCTPYMPOBAHHBIX MOJIeit
HanpstkeHuit. Cynist o pe3yJibTaTaM MPpOBeIeHHOT0 aHaIn3a, MMOPOIHbII MAaCCUB LIEHTpaIbHOM yacT [opHOTO
AJTas HAXOMUTCS HA TPEThel CTaaAuu pa3pyllieHus, KOTa OTAeIbHbIC Pa3pbIBbl COENUHSIOTCS B 3aKOHYEHHYIO
CEThb Pa3JIOMOB C XapaKTePHbIM CTPYKTYPHBIM PUCYHKOM U 3eMHas KOpa MpeACTaBIseT CUCTeMY 0J10KOB, KOH-
TaKTUPYIOLIUX MO pa3iomaM. biaokopas aenumocts LleHTpanbHOro AnTast popMUpPYETCsl CUCTEMOI pa3ioMOB,
oOpasyroinx aHcaMOb MpaBOCTOpOHHeETO caBura. [lo Mepe yKpynHeHus1 MaciiTaba UcCaeqOBaHUN KOIU-
YeCTBO BBIIEISEMbIX Pa3JIOMOB yBeluyuBaeTcsi. [Ipu permoHalbHbIX UCCIIEAOBAHUSIX C COCTaBICHUEM KapT
HeoTekToHUKM B MaciTabe 1:1000 000 BBIAEISIOTCST TOJIBKO I'PaHUIIBI KPYITHBIX OJIOKOB, BEIPaKEHHBIX B pe-
Jbede B BUAEC OCHOBHBIX XpeOTOB 1 BraauH. [1pu TOKaIbHBIX UCCIIENOBAHUSIX HA HEOTEKTOHMYECKUX KapTax
maciraba 1:50000 BeimessseTcsl pa3ioMHasl CeTh, OTPaHMYMBAIOIIAsT OJIOKM, SIBIISIIOIIMECS COCTaBHBIMU YacCTsI-
MU XpeOToB U BranuH. B 1ieHTpanbHOol yacTu ['opHOro Aitast oHa IOBTOpSIeT Ha Oojiee HU3KOM HepapXxuye-
CKOM YPOBHE 3aKOHOMEPHOCTU CTPYKTYPHOTO PUCYHKA HEOTEKTOHMYECKOTO U Oporpaduieckoro CTpoeHust
BoJbioro Antast — rnpapbie CIBUTH CEBEPO-3aIlaHOTO IIPOCTUPAHUSI, B3OPOCHI CyOIIMPOTHOTO MPOCTUPAHUS
U 30HbBI PACTSIKEHUSI C TIpeobIafaiuM cyoMepuInoHaIbHBIM TpocTupaHueM. [lapareHeTnyeckuit aHain3
TIO3BOJIUJI C BBICOKOI HAlIEXXHOCThIO PEKOHCTPYUPOBATh KMHEMATUUECKHUE XapaKTEPUCTUKUA HOBEMIINX pa3-
JoMoB lleHTpanbHOro AJTas Mo MX IMOJOXEHMIO B CTPYKTYpHOM aHcaMOJe. IlomydyeHHbIe cXeMbl HOBEMIIINX
pPa3J10MOB B COBOKYITHOCTH C XapaKTepOM PEKOHCTPYMPOBAHHBIX O0OCTAHOBOK MOTYT CIy>KUTh OCHOBOM JJIst
JajbHeero ooCcy>XaeH1s MEXaHU3MOB IECTPYKIIMU KOPBI B PETHOHE C MPUBJICUEHUEM CEMICMOIIOTUYECKUX,
GPS-reone3nyecknx v Ipyrux MaTepHraioB.
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BBEAEHUE

B oporpaduueckom oTHomeHUn bonbmioit Anraii
TIPENCTABISCT TOPHYIO CHCTEMY, MTPOTATHUBAIOIIYIO-
csl B ceBepo-3amnagHoM HarmpabieHuu Ha 1100 kM co
cpenHeit mmpuHoit okoio 180 km. Ha ceBepe mmpuHa
ropHOI cucTteMbl yBeanuuBaeTcsa g0 300 kM, B paiio-
He I0)XHOTO OKOHYaHUsI — yMeHbInaetcs 1o 100 k.
TpanuuronHo bosbinoit Anrait neuTCS Ha CEBEPHYIO
yacTh — [opHbI AnTaii U 10KHYI0 — MOHTOJIBCKUIA
Antaii. TopHbIii AnTaii pasnensiercsa Ha CeBepo-Boc-
TouHblli, CeBepo-3amanHbiii, Oro-BocTouHbIit
u FOro-3anamubiii (PyaHsiit). Ha cThike 3TUX pailoHOB
TopHoro Antast mbl BeiaensieM LleHTpanbHBIN AJTait,
XapaKTepUu3yolIniics Hanbosee CI0XKHBIM reoMopdo-
JIOTUYECKHUM U HEOTEKTOHUYECKUM CTPOEHUEM.

B TexToHMYeckoM oTHolleHUU bonbinoit Anrait
MpencTaBiIsieT MOOMJIBHYIO 30HY, KOTOopas C ceBepa
U Iora I'paHUYUT CO CTaOMIbHBIMU OJ0Kamu (3amnam-
HO-CubupckuM u JIXXyHrapckum), cOIMKaIOIUMuI-
Cs Ha MIPOTSKEHUM KaK MUHUMYM TMOCIEAHUX 2 MITH
net (Novikov, Sokol, 2007) mon Bo3aeiicTBueM cyO-
MEPUINOHATBLHOTO COKPAILEHUsI CO CKOPOCThIO OKO-
JIo 4 MM/TOMI, C MIPAaBOCTOPOHHUM IIPOCKaJIb3bIBaHU-
eMm (England, Molnar, 1997; 2005; Yang et al., 2005).
[TocKOJIbKY TTPaBOCTOPOHHUE CMEILICHUST TTPOUCXOAST
110 pa3JioMaM CeBepO-3aragHoro MPOCTUPAHUSI, OPU-
€HTUPOBAHHBIM 1O yIIIoM 45° 1 6ojiee K OCH CXaTus,
CpeIHUEe CKOPOCTHU CMELLEHUS TI0 HUM Ha HEOTEKTO-
HUYECKOM 3Tare CYLIeCTBEHHO Bblllie 4 MM/TO/, YTO
(uxcupyercs reojorndeckuMu f1aHHbIMU (TprcoHOB,
1985; Tpudonos, Maxkapos, 1988; Ding Guoyu, 1984;
Shi Jianbang et al., 1984). C:xxaTtue cBs3aHO C IIpolIec-
coM Unpo-EBpa3uiickoit KOJUIU3MM, B X0Jle KOTOPOi
ropusoHTajabHOe cMeleHne MHI0-ABCTpalIuiicKoit
TUIUTHI HA ceBep OTHocuTenbHO EBpasuiickoii coctas-
nsteT 50—60 mm/Ton. Ilomtomasich 3a cyeT BHIIABIN-
BaHUS KOPOBBIX MacC B MOOMJIBHBIX 30HaX IuMainaes,
Taub-1llans u Antas B BepxHee UM HIDKHEE IOJIYIIPO-
CTPaHCTBO, aMILIUTY/Aa TOPU3OHTAIILHOTO CMELLEHMUS
CKauyKooOpa3HO CHUKAeTcs C ora Ha cesep g0 10—
25 mM/Ton ayst TaprUMCKOTO U IO TIEPBBIX MM /TO. JJIsT
IxyHrapckoro 6yokoB (Calais et al., 2006; Zhao et al.,
2015). ITockonbKy MoOMIIbHAs 30Ha bonbiroro Anras
MMeeT CeBepo-3anaaHoe MIpoCTUpaHue U KOCO OpUeH-
TUPOBaHA K CYOMepUIMOHATLHOMN OCHU CXATHSI, 10 MO-
OUJIbHOI 30HE MTPOUCXOAUT MPABOCTOPOHHEE CABUTO-
BO€ CMeIlleHWE B CeBepOo-3alaaHoOM HaIlpaBJICHUM Ha
1-2 mm/ron (Tumodeen u ap., 2019). Bo Bpems ka-
TacTpO(UUYECKUX CENCMUUECKUX COOBITUII CKOPOCTh
CMEILIEeHUST YBEINUMBAETCS HA HECKOJILKO MOPSIIKOB.
Tak, B xone Yyiickoro 3emiuerpsicenus 2003 r. mpak-
TUYECKU OMHOMOMEHTHOE CMeEIIeHHE 110 30HEe TTPaBOro
CIBUTa COCTaBUJIO Ha JTMHUU pa3zioma 10 3—4 M (Brbi-
coukuit u ap., 2021), Ha ynaneHuu 14 xm — 0.3 M, Ha
yoaneHun 84 kxm — 0.02 M (Tumodees u ap., 2019).

HOBUKOB u np.

CxaTtue reHepupyeT hopMHUpOBaHMEe cyOmapa-
JIETTbHBIX TIPOCTUPAHUIO MOOMIIBHOIT 30HB bombio-
ro AJITast CUCTeMbl HOBEHMIIINX MPaBBIX CABUTOB, KO-
TOpbIE COMPOBOXAAIOTCS aHCAMOJISIMU CTaHAAPTHBIX
OIepSIIOIINX CTPYKTYp cXaTus 1 pactskeHust (HoBu-
KoB, 2001). OHU pa3aensIoT 3eMHYIO KOPY MOOMIIBHOM
30HBI Ha OTACAbHBIE OJIOKU, (POPMUPYIOIIIE OCHOBY
oporpaduyeckoil CTpyKTypbl TEPPUTOPUM, U OTIpee-
JISIIOT €€ BBICOKYIO CeMCMUYHOCTD (puc. 1). Xopoiuas
reoMopdoornaeckasi BBIpake HHOCTh HEOTeKTOHIYIC-
CKUX TU3BIOHKTUBOB ITO3BOJISIET OTJIMYATh UX OT pa3-
PBIBHBIX CTPYKTYp 00Jiee paHHUX 310X aKTUBU3ALIUH,
HEOIHOKPATHO MPOSIBSBIIMXCS B MO3IHEM Maje030€e
u Me3030¢ (HoBukos, 2013), a Takke onpenensiTh aM-
TUTUTYABI CMEIIEHUS 10 HUM Ha HOBEHIIeM 3Tare.
IIpoGneMa onpeneseHus CMEIEHU O HOBEUITUM
pasjioMaM reoJIOTMYECKUMU METOAaMU CBSI3aHa C MHO-
TOKpaTHOW aKTMBU3alLMEil B ITO3THEM ITajie030¢, Me-
3030¢€ U KaiiHo30¢ TeppuTopun Anrae-CasHCKOit rop-
HOI1 00J1aCTH B pa3HbIX MOJISIX HanpskeHU (KumyieB
u ap., 2021), koraa 1Mo OAHUM U TeM Xe CTPYKTYPHBIM
30HaM TTPOUCXOIMIN CMEIIEHUS B IIPOTUBOIIOIOXKHOM
HanpasieHnu (HoBukos u np., 2023).

Hoseitimue pazinomMbl Ha Tepputopuun bosbiioro
AnTasi, HauuHas ¢ pa6oT B.A. O6pyuesa (1915), BbI-
IEJISTIOTCS TT0 TeoMOPGhOIIOTUYECKUM TaHHBIM. OHMI
BBIpaxXeHBI B pefibede KaK MPOTSKEHHBIC YCTYITBI
U NPSIMOJIMHEMHBIE YUYACTKUA APEHAXKHOM CETU PELIEeT-
yaToro pucyHka. ['eoMopdoiornyecKuMm MeTogaMu
HaJEXXHO YCTAaHABIWBAIOTCS MPOTIKEHHOCTH Pas3jio-
MOB M BepTHKaJIbHas aMIUIMTYIa CMEIIEHUS 110 HUM.
COOTHOIIIEHUE DTUX XapaKTePUCTUK B pse ClydyacB
CBUIIETEILCTBYET O KMHEeMaTuKe pa3ioMoB. [IpoTs-
JXEHHBIE CTPYKTYPHI CEBEpO-3aIaTHOTO TTPOCTUPAHUS
C BepTUKAJbHBIMHM aMILUIUTyIaMH1 TOJIBKO Ha TpaHC-
MPECCUOHHBIX U3rnbax — MpaBbie CABUIH, OIMEPSIIO-
1IMe UX KOPOTKHUE Pa3IoMbl CEBEPHOTO MPOCTUPAHUSI
C BEPTUKAIBHBIM CMEIIIeHUEM — COPOCHI MJIN 6e3 cMe-
IeHusT — pas3aBuru (MUKporpabdeHsr). OnepeHus 3a-
MagHOTO MPOCTUPAHUS C CYLIECTBEHHBIMU BEPTUKAIIb-
HBIMU aMIUIUTYyAaMMU — B30pockl U HaaBuru. [locren-
HHUe 0OBIYHO 00pa3yIoT YCTYITHI Ha TpaHUIIAX XpeOTOB
¥ MEXTOPHBIX BITAIWH, OCTAJIbHBIC CTPYKTYPHI BBIpa-
KEeHBI B pesbede B BUIE NPSIMOJIMHEHHBIX WU ¢J1abo-
M30THYTBIX IIIMPOKUX JOJTUH.

Cuctema pa3pbIBHBIX HApYIICHNUI, pEKOHCTPYHUPO-
BaHHBIX IT0 OCHOBHBIM JIOJTMTHAM M YCTYIIaM B peiibede
T'opHoro AnTast, Hapsioy ¢ YyCTaHOBJISHHOM cUTyalvei
PETMOHAJILHOIO CXATHSI TI0 OCU CEBeP—IOT, MOJTHOCTHIO
VKIIagbIBaeTCs B CTPYKTYPHBIM aHCAMOJIb “KOHCKOTO
XBOCTa”, XapaKTepHBIH 7151 OKOHYAHUM CABUTOBBIX 30H.

T'opusoHTaNbHBIE CMEIIEHUS 0 HOBEHUIIIMM pasJio-
MaM YCTaHaBJIMBAIOTCS TOJIBKO B OTAEIbHBIX CIydasixX
T10 TTapaMeTpaM KOCEMCMUIECKIX Pa3phbIBOB CHIIBHBIX
3eMJICTPSICEHUIA, TIPU TIepeCeIeHUN X TOPHBIMU BBI-
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Puc. 1. [TonoxkeHune N3y4eHHOU TEPPUTOPUN B HEOTEKTOHMUECKOI cTpyKType [opHOTO AnTast.
Hogetiwue paznomst no (Hoeukos u dp., 2014) ¢ usmenenusmu: 1 — npaBble CABUTU U B3OPOCO-CABUTH, 2 — B3OPOCHI M HAMI-
BUTH, 3 — COPOCHI U PA3BUTH; 4 — TEPPUTOPUS TPOBENEHUS MapareHeTUUECKOro aHaTn3a.

Fig. 1. The position of the studied area in the neotectonic structure of the Altai Mountains.
Cenozoict faults (according to Novikov et al., 2014) with modifications: 1 — right strike-slip faults and strike-slip reverse faults,
2 — reverse faults, 3 — normal faults; 4 — territory of paragenetic analysis.

paboTKaMy WX IO KOJEHOOOpa3HbIM CMEIIECHUSIM
3JIEMEHTOB TUApPOCceTU. B ocTalbHBIX cllydyasix KMHe-
MaTUYECKHE XapaKTEPUCTUKU OTAEIbHBIX pa3JOMOB
PEKOHCTPYUPYIOTCS UCXOIS U3 UX TTOJIOKEHUS B CTPYK-
TYpHOM aHcaMmOJIe.

CucremodopMuUpylIoIIe MarucTpaJbHbIe IpaBbie
CIBUTU UMEIOT MaKCHUMaJIbHbIE€ aMILJIMTYIbl CMellle-
HUS (M MaKCUMaJbHBIM CeCMUYECKUl TTOTEeHLIMA).
HenocpencrBeHHOE U3MEPEHUE aMIUIMTY/ CMELEHUS
OOBIYHO 3aTPYAHEHO U3-3a 3HAYUTETbHOCTU ITUX CME-
LLIEHWI, OCTOXHSIOIIMX UAEHTU(UKAIIMIO MAPKUPYIO-
11X reoMopdosornyeckux 3aeMeHToB. Cys Mo aM-
TUIMTYJaM COMPSIKEHHBIX C HUMU CABUIOB MEHbBIIIETO
nopsiaka, nocturapmuMm S—10 KM, cMelleHre 110 Ma-
TUCTPAJIbHBIM CIIBUTAaM MOXET Ha OTHEJIbHbBIX Y4acTKax
nocturatb 20—30 km.

EnuHCcTBEeHHBIM reoMop¢hOJIOTMYECKUM CIIOCOO0OM
onpeaeseHus aMIJINTYA CABUTOB SIBJISIETCS aHAIU3
KOJIEHOOOpa3HbIX B IJIaHe JedopMaliuii 3JIeMEHTOB
rugpoceTu. s 3Toro 3po3MoHHas 10JMHa AOJXKHA
nepecekaTrb pa3pbiB CO CABUIOBOIM COCTaBJISIOLICH.
JIJ1s1 KpyTIIHBIX CABUTOB 3TO HEpeaan3yeMo, OCKOJb-
Ky BIOJIb UX MPOCTUPaHUS (HOPMUPYIOTCS OCHOBHbIE
JIOJIMHBI U IPYTUE 3PO3UOHHbBIE JOJUHBI UX HE TIepece-
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KaloT, a BOT TOPM30HTAJIbHBIE AMIUIMTYIbI OTIEPSTIOIINX
CIBUTOB, KOTOPHIE MEPECEKAIOTCS TOJIMHAMM ITPUTO-
KOB, OIpenesIsiioTcs BioiHe yBepeHHO (cM. HoBUKOB,
2004, puc. 48, 60—62).

BepTukanbHoe cMellieHre 10 ONepsIonuM B30po-
caMm 1 HagBuraM cocrasisieT 00bryHO 300—700 M. Cyns
10 UMEIOIITMMCS TaHHBIM, TIOJTYYeHHBIM IPU U3YYEHUHN
1ITOJIEH AKTallICKOTO pTyTHOro pyaHuka (bonmapeH-
Ko, 1976), ropu3oHTaIbHOE IIepeMellieHue 110 B30po-
caMm 4 Haasuram moxet pocturarb 1100—2300 m. To-
PU3OHTATbHBIE CMEIICHMS 110 CTPYKTYPaM pacTske-
HUS OTIPENENISIOTCS TPyAHEee BCEro, MOCKOJAbKY OHU
AKTHBHO MCITOJIB3YIOTCS areHTaMH 3pO3UM TIpU Dop-
MUPOBAHUU JOJMH. Y 00jbllIeil YacTU CTPYKTYpP OHHU,
MO-BUIMMOMY, He TIPEBBIIIAIOT ITEPBBIX COTEH METPOB.
BeprukanbHash coCTaBisIONIas CMEIIEHUM TIPU 3TOM
OOBIYHO OJIM3Ka K HYIIO.

IIpenmonoxeHuss 0 HAUIMYUM TOPU3OHTATBHBIX HO-
BEMILMX IBMXXEHUI Ha OTAEIbHBIX y4acTKax [opHoro
AnTast Hayanu nosisAThed ele B 1970-¢ rr. (depryHos,
1972). Onpenensioias poJib MPOTSXKEHHbIX ITPaBOCTO-
POHHUX CIBUTOB B HEOTEKTOHMYECKOM CTPYKTYpE Peru-
OHa ObL1a yCTaHOBJIEHA Ha TEPPUTOPpUU MOHIOIBCKO-
ro Anrag B 1980-x rr. (Tpudonos, 1985; Xunabko u ap.,
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1985; Tpudonos, Makapos, 1988; Ding Guoyu, 1984;
Shi Jianbang et al., 1984). B cepenune 1990-x rr. Ob111
c(hopMyIMpPOBaHbI MPEACTABACHUSI O HEOTEKTOHUKE
TopHoro AnTast Kak 0 CTpyKType “KOHCKOTO XBocTta”
Ha ceBepo-3arnaJHOM OKOHYaHUY TTPaBOCABUTOBBIX 30H
Momnronbckoro Anrast (HoBukos, 1996), u npoBeneHbI
JeTajbHble CTPYKTYPHO-TeoJorTndeckre paboThl, MoJi-
HOCTBIO TIOATBEPAUBIIME TTPABOCABUTOBBIN XapaKTep
CMEILIeHUI TI0 ero “MarucTpalibHbIM pasjioMaM” ceBe-
po-3ananHoro npoctupanus (Cunningham et al, 1996).

HEJb NCCJIEJOBAHUA

[IpoBeneHHOE paHee BbIAEICHUE CETU HOBEHMIINX
pPAa3JIOMOB II0 CTETICHU IETaTbHOCTH IMIPUMEPHO COOT-
BeTcTByeT MaciTady 1:500000. ITpu 6onee geTaabHBIX
paboTax Ha 6a3e reoMopOJIOrMIEeCKOro Kaprorpadu-
poBaHus B Maciutabe 1:50000 mocToBepHOCTDH BbIAgIe-
HUS NO3ULIY HOBEHMIIMX pa3pbIBHBIX HAPYIICHUI pe3-
Ko Bo3pacTtaeT. OqHaKo ITPU 3TOM KpaTHO YBEIUYMBACT-
Cs1 KOJIMYECTBO “HEMBIX”’ DJIEMEHTOB, JJISI KOTOPHIX HET
JOCTATOYHBIX T€0JIOTUYECKUX U TeOMOP(POTIOTMIECKUX
TAHHBIX IJIsSI OIpeneIeHUs KNHEMATUIEeCKOro THUIIA.
I'eomopdoaornyeckasi cheMka B KPyITHOM MaclTade
HaJIEeXHO BBIIEISIET BCe BhIpaXalolinecs B MacITa-
0e JJMHUM HOBEMIIIMX HapYyIIeHUI, HO UX KOJIUYECTBO
¥ pa3HOOOpa3ne MPOCTUPAHUIA YBEJTUIMBAIOTCS 10 Ta-
KO CTeMeHU, YTO MHTEPIIPETUPOBATh UX KUHEMATUKY
B paMKax MOAETU, MPUMEHEHHON 1T CTPYKTYp 1-TO
nopsiika, CTAaHOBUTCSI HEBO3MOXHO. B cBsI3u ¢ aTUM
OBLT MCTIOJIb30BaH TMapareHeTUUECKUi aHAIN3 pa3phbIB-
HOI ceTu, KOTOPBIN MpoBoauics B ABa 3Tana. Ha mep-
BOM M3 HMX IIJIST TIOJTy4YEeHUST HE3aBUCUMOI OOBEKTUB-
HOIM KMHEeMaTUYeCKOl KapTUHBI HE MCIOJIb30BaINCh
OIICHKU THIIa CMEILIEHMS 1aXe TaM, TIe OHU 0a3upoBa-
JIUCh Ha CTPYKTYPHO-TEOJIOTMYECKUX JaHHBIX. AHAIU-
3UPOBAJICSA MCKITIOUUTETHLHO TUIAHOBBIIT PUCYHOK CETH
pa3pbIBHBIX HapylleHui. Ha Bropom aTamne napareHe-
TUYECKHE TIOCTPOEHMS Oa3MpPOBAIMCH HA OPUEHTAIIUM
CHCTEM Pa3pbIBOB, KWHEMATHKa KOTOPBIX Obljia OIpee-
JIeHa Ip1 reoMopOJIOrMYecKOM KapTorpadupoBaHUU.

Takum o6pa3oM, Lieablo JaHHOI pabOThI OblIa Be-
puduKkanusg METOAOM IapareHeTUYeCcKOoro aHajausa
MpeAcTaBJIeHUI O XapaKTepe HOBEUIINX TeKTOHUYe-
CKUX IBMXKeHUM bonbiioro Anrtas. PesynbsraTel ObL1n
MOJIyYeHbI B XOJ€ MEIKOMACIITAOHBIX UCCIeI0BAaHUI
Ha OCHOBE aHaJIM3a Pa3JIOMHOM CETH, BBISIBJICHHOM
st repputopun LleHTpanbHOro AnTast mpu MmpoBe-
JEeHUU TeoMOP(OIOrnYecKoro KaprorpapupoBaHus
B maciuta6e 1:50000.

METOANYECKHME OCHOBBI
NCCIIEAOBAHUA

OCHOBY BHYTpEHHEH CTPYKTYphl Pa3IOMHBIX 30H
pa3HOTO KWUHEMAaTUYECKOTO TUITA COCTABJISIET Imapare-

HOBUWKOB u np.

HEe3UC U3 TpeX NMPUMEPHO TMePIeHAUKYISIPHBIX APYT
apyry cucteMm tpemuH (Cemuuckuii, 1994; 2003), Ko-
TOpbIid popMUpyeTcs clieayolMm oopa3oM. B 30Hax
pa3aoMOB HEOOJIbIIME 0OBEMBI TOPO/T, HAXOASIUECS
B YCJIOBUSIX TPEXOCHOTO CXKaTHsl, BHAvYaJsIe pa3pyliaroT-
csl ¢ oOpa3oBaHUEM BYX COIPSIKEHHBIX CUCTEM Tpe-
IIMH — orepexaronux ckoyioB Puaens. ITo naHHBIM
MAacCOBBIX U3MEPEHUI BOJU3U PA3JIOMHBIX CMECTHU-
TeJieil cpeaHee 3HaUeHre NBYTPaHHOTO yIjla Mpyu OCU
CXaTusl IJisl KJIaCCUYECKOM Tapbl COTIPSIKEHHBIX Tpe-
murH paBHO ~80°, TaK KaK B BepXHEl KOpe yroJj cKa-
JILIBAaHUS, COCTaBJIsAsl B MOMEHT UX BO3ZHUKHOBEHUS
~35°, yBeIMUMBaeTCs B XoJle TIoc/enytoieit necopma-
1umu 0o 45° u 6onee. [1ocie BOSHUKHOBEHUS CKOJIOBBIX
CHUCTEM TPEIIWH B YCIOBUSIX XapaKTEPHOTO MIJIS pa3-
JIOMHBIX 30H TPAHCIPECCUBHOTO CKaJIbIBAHUS, KO
HaIpsKeHHOE COCTOSIHME MaccuBa OJIM3KO K OCECHUM-
METPUUYECKOMY C TPUMEPHBIM PaBEHCTBOM a0COIOT-
HbIX 3HAYEHUU ABYX MIaBHBIX HOPMaJIbHBIX HampsiKe-
HUI, NIPOUCXOAUT UX MEPEUHIEKCALIUS — U3MEHEHNE
BEJIMYMH MpPU COXpAaHEHUU HaIlpaBJICHUN JEMCTBUS.
Peskoe nmageHue HanpsikeHU# MPUBOAUT K (pOpMU-
POBaHMIO B 9TOM HOBOM MOJI€ HAMPSIXKEHUI HE ABYX
CKOJIOBBIX, @ OJTHOM OTPBIBHOM CUCTEMBbI TPEILIUH, KO-
TOpasi TepneHANKYJIsIpHA MPOCTUPaHUI0O 00pa30BaB-
muxcst paHee ckosioB. [Ipoliecc nmpoaoskaeTcsi B BUjie
LIMKJIOB, KOT/Ia HaKaIlJIMBaloUIecs B Pa3JIOMHOIA 30He
HaIpsKeHWs CHUMAIOTCS 3a CYET MOIBUXEK IO CETU
yXXe BO3HUKIIUX TpeuuH. [Tpu aToM xapakTep nepe-
MEILLIEeHUI MO pa3pbiBaM TpeTbeii CUCTeMbl OyAeT He
pa3aBUTOBLIM (KaK B MOMEHT BO3HMKHOBEHMS), 4 CKO-
JIOBBIM, TaK KaK UX OpUEHTAIlMs COBIIANAeT C HAIpaB-
JIeHeM TPaHCIOPTUPOBKHU BEIIECTBA MTPU MOABUXKKAX
110 HapyLIEHUSIM JIByX MepBbIX cucTeM. JIBoiicTBeHHas
(CKOJI—OTpBIB) MpUpPOIA TPETheil CUCTEMBI TPEIINH,
KOTOpasl 3a4acTylo MOATBEPXXIeHa HATUYUEM Bellle-
CTBEHHOTO 3aITOJTHUTEIISI U IITPUXOB CKOIBXEHUS, OT-
paxaet cneuuduky craguitHoro ¢oopMrUpoOBaHUS Ma-
pareHe3uca, COCTaBJISIONIETO BHYTPEHHIOIO CTPYKTYPY
HEOOJIbIIIMX PAa3JIOMHbBIX 30H.

[Tpu nepexone oT ypoBHSI TPELUIMHOBATOCTU K pa3-
JloMaM UMeeT MeCTO YCJIOXHEeHe TlapareHe3rca BTO-
PUYHBIX pa3pbIBOB, B KAYECTBE KOTOPHIX BHICTYMAIOT
yXe He TPeIIMHBbI, a MeJIKre pazioMbl (CeMUHCKUIA,
2003). BHyTpeHHSIsI CTpYKTypa pa3jioOMHBIX 30H (op-
MUpPYETCs B TeY€HUE TPeX IJIaBHBIX CTaauii, 0COOEH-
HOCTU KOTOPBIX MOKa3aHbl HA pUC. 2 Ha MpUMeEpe
MpaBoro CABUTa, Tak KakK MofpoOHas KWHeEMaTuKa J10-
MUHUpPYET B UCTOPUU Pa3pbiBOOOpa30OBaHUs IJisl pac-
CMaTpUBaeMOIo pervoHa.

Ha panHeit TM3bIOHKTUBHOM CTaaNu IIepEeNHIeKCa-
LMY OCeil HaNpsIKeHU M, peaii3yolascs B 30He IpU
JechopMalii TPaHCIPECCUBHOTO CKATbIBAHUSI, IIPU-
BOIUT K (POPMUPOBAHUIO HE OAHOI OTPBIBHOI (KakK
Ha YPOBHE TPEIIMH), a apbl COMPSKEHHbBIX CKOJIOBBIX

TEOMOP®OJIOTUSA U TTAJTEOTEOTPA®US Tom 56 Ne 2 2025
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Pannss JU3BIOHKTUBHAA CTaausl

Crajust HOJTHOTO Pa3pyIIeHUs
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MarucrpanpHblii
CMECHUTeIIh

Puc. 2. TekxroHO(GU3NUYECKIIE OCHOBBI MaparcHETUUECKOTO aHaIM3a Pa3IOMHBIX 30H (Ha IIpuMepe MpaBoro casura): (a) —
0000I11IeHHAsT [UarpaMMa, WLTIOCTPUPYIOIIasi CUCTEMbI SIIETOHMPOBAHHBIX Pa3pbIBOB, KOTOPhIE 00Pa3ylOTCs B pa3IOMHOM
30He NpM npocToM ckanbiBaHuu (1o (Lllepman u ap., 1983; Tchalenko, 1970; Wilcox et al., 1973; Harding, 1974; Hancock, 1985;
Nayloret al., 1986; Sylvester, 1988; Kim et al., 2004) u ap.): ¥, R, Ru P — ciBuru; n’ v n — cOpockl; ¢ v t — B36poCkI; (6) — MpUH-
LMIKaIbHast cxeMa (hOpPMHUPOBAHUSI BHYTPEHHEM CTPYKTYPBI pa3IOMHOI 30HbL. [J1aBHbIE CTagMK pa3pbIBOOOPA30BAHMUSI COOT-
BETCTBYIOT TPEM XapaKTepHbIM OTpe3KaM Ha KpUBO# “Harpyska (6) — nedopmanus (€)” (Cemunckuii, 2003; 2014).

1 — y4acTKU ¢ pa3IMIHBIM KOJMISCTBOM Pa3phIBOB B eNMHUIIC TIOIIAIN; 2 — MAaTMCTPaJIbHBIN CMECTUTENb (pa3phiB 1-T0O
TopsIIIKa); paspwiest 2-20 nopsdxa: 3 — CIBUTHU, 4 — COPOCHI, 5 — HAaJBUTH.

Fig. 2. Tectonophysical foundations of paragenetic analysis at the fault zones (using the example of dextral strike-slip): (a) —
generalized diagram illustrating the sets of echelon fractures that form in a fault zone during simple shear [according to
(Tchalenko, 1970; Wilcox et al., 1973; Harding, 1974; Sherman et al., 1983; Hancock, 1985; Naylor et al., 1986; Sylvester,
1988; Kim et al., 2004; et al.)]: Y, R’, Ru P — strike-slip faults; »”u1 n — normal faults; t"u ¢t — reverse faults; (6) — scheme of
the formation of the internal structure of the fault zone. Main stages of faulting correspond to three segments of the ‘load (o)
vs deformation (€)’ curve (Seminsky, 2014; 2015).

I — sites with various quantities of fractures per square unit; 2 — main fault plane (fracture of the 1st order); fractures of the
2st order: 3 — strike-slip faults, 4 — normal faults, 5 — thrusts.

CHUCTEM. DTU pasioMbl OMEePEXAIOT MOSIBJICHNE B 30HE
MAarucTpajibHOTO cMecTUTeNs1. VX rojioxxeHue onpene-
JIIeTCs YoM 55° MeXIy 0CeBOii IMHME 30HBI K OChIO
cxxatus (ClIeACTBUE TPAHCIIPECCUM), a TaKXKe YIIOM
ckanbiBaHus, paBHbIM ~30°. I[Tocie dhopmMupoBaHus
pasziaomoB 1-it cepuu, KOTOPBIMU SIBJISIIOTCSI CKOJIbI Pu-
nenst (R’v R Ha puc. 2), MOTyT 00pa30oBbIBaThCSI CKOJIbI
2-i1 cepuu (n’ M n HA pUC. 2) WU CKOJBI 3-i1 cepuu

TEOMOP®OJIOTUA U MMAJTTEOTEOTPA®USA Ttom 56 Ne 2 2025

(¢’ u t Ha puc. 2), COOTBETCTBYIOIIME BCEM BO3MOX-
HBIM BapMaHTaM UHIEKCALlMU oceil Hanpskenuit. Mc-
KJTIOUEHHE COCTABJISIET JIUIIb CITydail TTepenHIeK AN
OCEil Oy M Oy, PEATUZALMU KOTOPOTO (U, CIENOBA-
TeJIbHO, U3MEHEHUIO TUTIIA MOABIKEK B 30HE HA MPOTHU-
BOITOJIOKHBII) TIPENATCTBYET AEUCTBUE BHEIITHUX CUII.

DBOJIIOLIMS CETU MTePEYMCIEHHBIX pa3pbIBOB MPU-
BOIAUT K JOCTUKEHUIO IJISI HAarpy:KeHHOro oobeMa
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TOPHBIX TTOPOJ, TIpeaesia MPOYHOCTU U Havaly JIoKa-
JM3aluu nedopMalum, KOTopast OCyIIEeCTBIISIETCS Ha
NO30HEN TU3BbIOHKTUBHOMU CTaaiuU PA3BUTUS Pa3iOM-
HOI 30HBI TTIOCPEACTBOM YIJMHEHUSI R-CKOJIOB U UX
COWIEHEHUS APYT ¢ APYroM 3a cueT ¢opMUPOBaHUS
P-cxomnos (puc. 2). 10 B UTOre IpUBOIUT K (pOpMU-
pPOBaHUIO MarucTpajabHOTO pa3phiBa (Y-TUII), YTO CBU-
JETeIbCTBYET O Hauajie CTaJAuU MOJHOTO pa3pylleHUs,
B TeYEHUE KOTOPOI B KaueCTBE OMNEPSIOLINX Pa3phIBOB
OOBIYHO AKTUBU3UPYIOTCS HEKOTOPHIE PA3JIOMBI U3 CU-
CTEM OITepeKaIoIINX Pa3phIBOB PAHHUX 3TAIIOB Pa3Jio-
MOO00Opa3oBaHUsI.

TakuM o6pa3omM, mapareHe3uc pa3pbiBOB, (POPMU-
pyloluiica B TeUeHUE TTOJTHOTO LIMKJIa pa3ioMoobpa-
30BaHUs, COCTOUT U3 CEMb INIaBHBIX CUCTEM, TaK KakK
P-ckonbl (BochbMasi CUCTeEMAa) B IPUPOIHbBIX YCIOBUSIX
TPYIHO OTIEIUTH OT Y-CKOJIOB (CM. puc. 2). DTOT Ha-
0GOp pa3pBLIBHBLIX CUCTEM SIBJISIETCSI UCXOIHBIM JIJIsSI CO-
CTaBJICHUSI 3TAJIOHHBIX TpadapeToB, UCIIOIb3YEMBIX
NpU CTPYKTYPHOM aHaIu3e B Xole 00paboOTKM KPyro-
BBIX JMarpaMM TPeIIMHOBATOCTU U COOTBETCTBYIOILINX
Pa3JIOMHBIM 30HaM, KOTOpbIe (DOPMUPYIOTCS B 06CTa-
HOBKAaXx CIBUTAa, CXKATUS U PACTSKEHUSI 3¢eMHOI KOPBI.
ITockosibKy caBUTU, B3OPOCHI U COPOCHI B MEXaHUYe-
CKOM OTHOILIEHUU MOoA00HBI ((hOPMUPYIOTCSI TIPU CKa-
JILIBAHUU ), 3TaJIOHHbIE HAOOPHI Pa3pBIBHLIX CUCTEM
JUISI 30H UX BIIMSTHUSL SIBIISIIOTCS YJIeHAMU paccMaTpu-
BaeMoro rapareHe3nca, OpUeHTUPOBAHHOTO B MpPO-
CTpaHCTBE TaK, YTOOBI €Tr0 MOJIOKEHUE U XapaKTep
MOJABUKEK IO CEMM CKOJIAaM COOTBETCTBOBAJIM IIPABO-
MY WIHX JIEBOMY CABMTY, a TaKXKe cOpocam M B30pocam
C pa3HBIMU yIIaMu nageHus. [1omoOHBIN NpUHIMIT
ObLT UCITOJIb30BaH JJISI COCTaBAEHUST 3TAJIOHHBIX TU-
arpaMM, Kaxmiasl U3 KOTOPBIX MpPeacTaBlIeT MOJHBIMA
Habop pa3pBIBHBLIX CUCTEM [IJISI BCeX OCHOBHBIX TH-
noB pa3jaoMHbIX 30H (CeMunckuii, 2003; byp3ayHoBa,
2011): mpaBoro u JieBOro CIABUIroB, B30poca ¢ yIrioM
nageHus 55°, HagBUTa ¢ yIioM mageHus 15°, copoca
¢ ymioM ImageHus 75° 1 copoca ¢ yriaoM nageHus 35°.

Takum o6pa3oM, TEKTOHOU3NUECKUE 3aKOHOMEP-
HOCTHU pa3pblBOOOPa30BaHUsI B 30HAX TPAHCIIPECCUB-
HOT'O CKAJILIBAaHUSI MO3BOJISIIOT UCIIOJIb30BaTh IS T1a-
pareHeTUYEeCKOro aHaIn3a STAIOHHBIE TpadapeThl 1T
JIEeBO- 1 MPaBOCTOPOHHETO CIBUTOB, a TAKXKE 30H COpPO-
COB M B30pOCOB ¢ HauboJiee YaCTO BCTPEUYAOLIUMUCS
yIaMu nageHus cmectuteneii. [1pu o6paboTke Kpy-
TOBBIX AUAarpaMM TPEIIUH codeTaHUEe MAKCUMYMOB HUX
MOJIIOCOB COMOCTABJISIETCA ¢ HAOOPOM BCeX MOKa3aH-
HBIX Ha Tpagapete cucteM pa3pbiBoB. [1pu uccienona-
HUSX Ha pPa3JIOMHOM YPOBHE MEPaApXUU YUNTHIBAXOTCS
TOJIBKO pa3JIOMbl 2-TO TIOpSIIKA B 30HE TU3bIOHKTUBA
O6oJiee KpynmHoro paHra. Ha jaHHoM uepapxuyeckoM
YPOBHE MpU OTCYTCTBUM MHMOPMaLIMU 00 yriax raje-
HUSI CMECTUTENIe aHaIN3 MOXET OBITh IIPOBEIECH MO MX
MPOCTUPAHUSIM, YTO YMEHBIIAeT KOJIMYECTBO CUCTEM

HOBUWKOB u np.

B 9TAJIOHHBIX TpacdapeTax U JejaeT MOCTPOSHUST MEHee
tpynoeMkumu (Cemunckuii, 2014; 2015).

OMPEAEIEHME KHHEMATUYECKHNX
XAPAKTEPUCTUK HOBEMUIIMX PA3TOMOB
HEHTPAJIbBHOI'O AJITAA METOLOM
IMAPATEHETUYECKOI'O AHAJIM3A

[TapareHeTryeckuii aHaaIU3 MPOBOAUTCS ITYTEM CO-
MOCTaBJICHUS NPUPOOHOM U STAJOHHBIX CETEN pasio-
MOB, YTO TIO3BOJISIET TIPU YIOBJIETBOPUTEIEHOM COBIIA-
IeHUN OTCJICXWBATh TUHAMHUKY (I10JIe HAIIPSIKSHUN)
(opmMupoBaHUs pa3phEIBHBIX HAPYIICHU N3y4aeMOTO
pervoHa. OTanuue OT APYrux MoauduKalumii mapare-
HETUYECKOTr0 aHa/Inu3a COCTOUT B TUIIE STAJIOHOB, KO-
TOpbI€ B HallleM cily4yae, Kak ObLJIO TTOKa3aHO BHILIE,
TIPEACTABJISIIOT MOJHBIN MapareHe3uc pa3pbiBOB 2-TO
MopsIaKa, UMEIOIIMX MECTO B 30HAX CXKATHS, PACTSIKe-
HUs, MPaBOTO WIM JIEBOTO CABUTOB MpU (popMUpOBa-
HUU UX BHYTpeHHe# cTpyKTyphl. OCHOBY aHaIM3a s
CETHU Pa3jIOMOB C HEM3BECTHBIMU MTaJeHUSIMH TLTOCKO-
CTel COCTaBIIIET po3a-guarpaMMma nx MpOCTUPAHUIA,
OTAeJIbHbIE JIyUM KOTOPOI OTpaXkarT OpUEHTAIIMIO
CHUCTEM TEKTOHMYECKUX HapyILIeHU.

Po3za-guarpaMmma Obljla cOCTaBjIeHA IJISI CETU pas-
JnomoB LleHTpanbHOTrO AJTasi, BHISIBJIEHHBIX B XOJNE
KPYITHOMACIITAOHOTO reoMOp(OI0rnIeCcKOro KapTo-
rpacgupoBaHusi. BeigeaeHo nsITh CUCTEM Pa3pbiBOB,
M3 KOTOPBIX HanboJiee pacIpoCTpaHEHHBIMU SBJISI -
FOTCST HapyIIeHUs 3aTaa-ceBepo-3aIagHoro (CUCTe-
Ma 1) 1 ceBepo-BOCTOUHOrO (cucTeMa 2) mpocTupa-
Huii (puc. 3). [lapareHeTnuecKuit aHaJIU3 TPOBOAUIICS
B JIBa 3Tara.

IlepBbIil 3Tanm napareHETUYECKOro aHajJIu3a CeTU
paspniBoB LleHTpanbHOrO Antas (puc. 3) WLIIOCTPU-
pyetcs puc. 4. DtanoHHbIe TpadapeThl 30H IIpaBO-
ro cansura (puc. 4a), cxarus (puc. 40), pacTsKeHUsI
(puc. 4B) u neBoro casura (puc. 4r), Ha KOTOpBIE Ha-
KJIaabIBallach paHee MOCTPpOSHHAs po3a-IruarpaMma
MPOCTUPAHUSI PA3IOMOB, OPUEHTUPOBAJIUCh B COOT-
BETCTBUMU C €€ IVIaBHBIM JydoM. To ecTh Y-CKOJIbI TJ1aB-
HOTO CMECTUTEJISI 3TaJIOHHBIX TpadapeToB pacroara-
JIUCh BIOJIb CUCTEMHI 1.

AHaIN3 CTETICHU COBMAaIEHMS OCTABIIMUXCS YEThIPEX
JIy4eil po3bl-IuarpaMMBbl ¢ HaIIpaBJICHUSIMU ITPOCTHU -
paHW’ii pa3pbIBOB 2-TO MOPSAKA, COCTABISIOMMNX KaxK-
IBIN M3 3TAJIOHHBIX IMapareHe3nCOB, CBUACTEIHCTBY-
€T, 94TO ISt Tepputopun LleHTpaabHOTrO AnTast TUIIb
oOcTaHOBKA JIEBOTO cBUTa (CM. puc. 4T) He ObLiia Xa-
paKTepHa B TeYeHUE pacCMaTpUBaeMOro nepuoa Bpe-
MeHU (POPMUPOBaAHUS pa3oMHOI ceTu. OcTalibHbIe
00CTaHOBKU MMEIOT coBNafaeHus 2—3 Jiydeii ¢ 3TaJIOH-
HBIMM HampaBJICHUSIMU, T.€. MOIJIM UTPATh OTIpeAesIcH -
HYIO pOJib B pa3nomMoo0Opa3oBaHuu. CTereHb y4acTus
WJIM BEPOSITHOCTh MX CYIIIECTBOBAHMSI paccMaTpHBa-
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HX CHCTEM Ha po3e-Iuarpamme.

Fig. 3. Faults identified during large-scale geomorphological mapping and identification of their systems on a rose diagram.

J0TCS HIDXE TIPU OTIpeAeIeHU KHHEMAaTUYeCKUX TUTIOB
Pa3JIOMHBIX 30H, MIPEACTABICHHBIX Ha puC. 3.

He BbI3bIBaeT COMHEHMIA Beayilasi poJib B (POpMu-
POBaHUM WM aKTUBU3AIMU pa3IoMHOM ceTu LleH-
TpaJabHOIo AJITasl CIBUTOBOM OOCTAaHOBKM C OpHEHTAa-
LMeit OcH cXKaTHsl B MEPUIVOHATBHOM U OCH PaCTSIKeE -
HUS B IIIMPOTHOM HampaBlieHUsX (cM. puc. 4a). 3nech
MMeeTCsl COBITaficHue TpeX cucteM pasinomoB (1, 3 u 4)
C HaIlpaBJIEHUSIMU Pa3pbIBOB STAJIOHHOIO ITapareHe-
3Kca mpaBoro caBura. I1pu a3ToM MmpaBOCABUTOBBIE
CMeIIeHUs 110 pa3jioMaM cUcTeMbl 1 (Y-cKoJibl) u cu-
cteMbl 3 (R-CKOJIbI), a TaKXXKe COPOCOBbBIE IOABMKKU
1o cucteMme 4 COOTBETCTBYIOT IO MPOCTUPAHUIO pa3-
JjoMaM, IpeacTaBieHHBIM Ha puc. 3. s o6cTaHOB-
KM CKaTHSI B CEBEPO-BOCTOUHOM HaIpaBJICHUU (CM.
puc. 40) TakxKe XapakTepHo coBrnageHue 3 cuctem (1, 2
M 5), HO UX KMHEMaTHKa He BO BCEX CIy4asix SIBJISIET-
cs ToxXaecTBeHHou. Eciu B cucteMe 1 ecTh OoJbIIOK
MHpPOLIEHT B30pPOCOB 1 HAABUIOB, TO IJISI CUCTEMBI 2
OHH HE XapaKTepHhbl. B nmomassioniemM 0OJbIIMHCTBE

TFTEOMOP®OJIOI'UA U MMAJTTEOTEOT'PA®UA ToM 56 Ne 2 2025

CEeBEP-CEBEPO-BOCTOUHBIE PA3JIOMBI SIBJISIOTCS COpO-
camMU. DTO aKTyaJIu3UpyeT CyllleCTBOBaHWE ISl pac-
CMaTpUBAEMOI0 PETMOHA OOCTAHOBKMU PaCTSXKEHUS
(cM. puc. 4B), B KOTOPOIi, HECMOTPSI Ha COBITaicHUE
JIMIIb ABYX Jy4yell C 3TaJJOHOM, UMEETCS OTUETIUBOE
COOTBETCTBUE B KWHEMATHUKE CMEILIEHU I TTO pa3pbiBaM.
COpochl UMEIOT MECTO Cpeau pa3IoMOB 3allad-CeBe-
po-3amagHoii opueHTalnuu (cucreMa 1), a cpenu pas-
PBIBOB CEBEP-CEBEP-BOCTOYHOTO HaIpaBleHUs, KaK
YK€ 0TMEYasoCh, OHU JOMUHUPYIOT.

Takum o6pazom, 1-ii aTam aHaiIM3a IO3BOJISIET 3a-
KJIIOYUTb, YTO (POPMUPOBAHUE ISATU CUCTEM PA3JIOMOB
LenTpanbHoro Antast 00yCI0BI€HO 00s13aTeIbHBIM
CylIeCTBOBaHUEM OOCTAaHOBKM CIBUIa C MEPUAUO-
HaJIbHOM OpUEHTALIMEN OCU CXXATUS U IIIUPOTHOM OpU-
€HTUPOBKOI OCU pacTskeHus. B aToM noJjie Hanpsike-
HUI Moru (pOpMUPOBATHCS U PA3BUBATLCS Pa3IOMBbl,
oTHOcsIIMecs K cucreMam 1, 3 u 4 (cm. puc. 4a). [Ipo-
HUCXOXIIEHUE CUCTEMBI 2 CIeNyeT CBA3bIBATh C 0OCTA-
HOBKOI pacTsKeHUsI (CM. puUc. 4B), a 1JIs1 OObSICHEHUS



314

MapareHesunc npasoro caosura

HOBUWKOB u np.

MapareHe3unc 30HbI CXXaTus

06BbACHAET TpU Makcumyma: 1, 3 n 4  06bACHAET Tpu Makcumyma: 1, 2 n 5
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MapareHe3nc 30HbI pacTsKeHUs
o6bsAcHsEeT gBa Makcumyma: 1 un 2

I'IapareHeamc 30HbI J1eBOIro casura
00BbSACHAET OoAUH MaKCUMYM: 1
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Puc. 4. PekoHCTpyKIIUS 06CTaHOBOK (POPMUPOBAHUS CETH Pa3phIBOB HA OCHOBE MMAparcHeTUYECKOTO aHaInu3a UX CUCTEM
¢ MpUMEHEHUEM 3TAJIOHHBIX TpadapeToB IJIs1 30H MpaBoro casura (a), cxkaTtus (0), pacTsskeHusl (B) U JIeBOTo cipura (T).
Daemenmobl IMANOHHBIX NAPACEHE3UCO8 PA3PbIBOE 8 PA3IOMHBIX 30HAX cOpoca, 830poca, npasozo u 1eozo cosuzos no (Cemun-
cxuti, 2014): 1—2 — pa3HOTUITHBIE Pa3phIBHI 2-TO TTOPSIIKA B TTapareHe3ucax 30H CKaJIbIBaHUsI; 3—5 — 30HBI CIIBUTA, cOpoca
1 B36poca 1-ro nmopsinka; 6 — ropu30HTAIbHOE 1 BEPTUKAIbHOE TTOJIOXEHUS OCceil HaNpsKeHU cxkaTus () U pacTsSKeHUS
(6); 7 — poza-nuarpaMmmMa poCTUPaHUii pa3IOMOB U3ydyaeMOii TEpPUTOPUU.

Fig. 4. Reconstruction of the conditions for the formation of a network of faults based on paragenetic analysis of
their systems using reference stencils for zones of right shear (a), compression (6), extension (B) and left shear (r).

Elements of reference parageneses of ruptures in fault zones of normal fault, reverse fault, right and left shear, according to
(Seminsky, 2014): 1—2 — different types of 2nd order faults in parageneses of shear zones; 3—5 — shear zones, fault and reverse
fault 1st order; 6 — horizontal and vertical positions of the compression (a) and tensile (6) stress axes; 7 — rose diagram of

fault strikes in the study area.

o0pa3oBaHUs pa3pbIBOB CUCTEMBI 5 MOXHO M3 BCEX
MMEIOIIUXCS BADUAHTOB MIPUBJIeYb TOJILKO OOCTAHOB-
Ky CXaTHSI B CEBEPO-BOCTOUHOM HAIIpaBJIEHUU (CM.
puc. 40).

BTopoii 3Tan mapareHeTUYECKOIro aHajnM3a OB
MPOBEICH IJIsI TIOJyYeHUSsT TOTIOTHUTEIbHOM HMOp-
Mauuu o0 yCIoBUsIX paszioMooOpazoBaHus B LleH-
TpaJibHOM AJiTae. B ero pamkax Bo riaBy yria ObLia
MOCTaBJIeHa He po3a-auarpaMma IIpoCTUPaHUil Bcex

pas3jioMOB, a po3bl-AMarpaMMbl IIPOCTUPAHUI pa3-
JIOMOB, IIOCTPOE€HHbIE OTAEABHO MJISI KaxKI0il KuHe-
MaTMYECKOM pa3HOBUIHOCTU. Takue AuarpaMMbl IJIst
cOpocoB, B30POCOB, a TaKKe IPaBbIX CIBUTOB 1 B30pO-
CO-CIBUTOB IIpeAcTaBiAeHBI Ha puc. 56. s Kaxkaoro
KMHEMaTUYECKOTO TUIIA pa3iOMOB BBIIEISIETCS I10
YeThIPE CUCTEMBI, IIOJIOKEHHE KOTOPBIX MOKAa3aHO Ha
CBOIHON AuarpaMme NyHKTUpamu (puc. 5a). 3agadeit
JaJbHelIero aHaau3a obljla peKOHCTPYKIMS T0JIei
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Puc. 5. Pe3ynbrarhl BeIEIeHUsI CUCTEM Pa3IOMOB, OTIMYAIONINXCS IO OPUEHTAIINY U KUHEMATUKe ABUKEHUI, 9TO OT-
paxkeHO Ha cXeMe yJacTKa MccienoBaHuil (cM. puc. 3): (a) — nuarpaMma MpocTUpaHuii 12 BeIACIEHHBIX CUCTEM (IIBETOM
MOKa3aHo pa3iesieHre CUCTEM Pa3ioMOB MO0 KUHEMAaTUYECKUM TUITaM: CUHUI1 — MpaBble CIIBUTU U B3OPOCO-CABUTH, Kpac-
HBIN — B3OPOCH U HAIBUTH, (DUOJIETOBBIN — COPOCHI U pa3aBUTH); (6) — PO3BI-AMATPAMMBI IPOCTUPAHUI Pa3pBIBOB pa3-
HOTO KWHEMAaTUYeCKOTO THIa, HA OCHOBE KOTOPHIX MOCTPOEHA TUarpaMma.

Fig. 5. Results of identifying fault systems that differ in orientation and kinematics of movements, which is reflected in the
scheme of the research area (fig. 3): (a) — diagram of the strikes of the 12 identified systems (color shows the division of
faults by kinematic types: blue — right-lateral strike-slip faults and reverse-slip faults, red — reverse faults and thrust faults,
purple — normal faults and thrust faults); (6) — rose diagrams of the strikes of faults of different kinematic types, on the basis

of which the diagram.

HaIpsDKeHUH, 0OBSICHIIOIIUX TMTPOUCXOXIECHUS BCEX
12 BBISIBIEHHBIX Pa3JIOMHBIX CUCTEM C TTOCIEAYIOIIUM
MOCTpOeHUEM cxeM pa3pbiBOB LleHTpaibHOrO AnTasi,
AKTUBHBIX B KaXXI0U U3 pEKOHCTPYUPOBAHHBIX TUHA-
MUYECKHX 0OCTAaHOBOK.

OTnpaBHBIM MOMEHTOM IMapareHeTUYEeCKOro aHa-
Jqu3a 12 pa3jIoOMHBIX CUCTEM ObLI MOJYYEHHBINH HA 1-M
aTane MCCIeN0BaHUs OMHO3HAYHBII BBIBOA O CYIIE-
ctBoBaHuU s lleHTpanbHOro Antasi 06CTaHOBKU
MpaBOCTOPOHHETO caBura. Kak cieacteue, COOTBET-
CTBYIOLIMI €l 3TaJJOHHbIM MapareHe3uc pa3pbiBOB
OPUEHTHUPOBAJICS B COOTBETCTBUU C TTOJIOXKEHUEM TJIaB-
HOTO JIy4ya pO3bI-IuarpaMMbl, IOCTPOCHHOM IS Ipa-
BBIX cOBHUTOB (puc. 6a). DTta cucteMa (Ne 9) oTpaxkaeT
MOJIOXEHUE Y-CKOJIOB INIaBHOT'O CMECTHUTEIISI.

[anee conmocTaBIsJIMCh OPUEHTUPOBKMU BCEX CU-
CTEM Pa3pbIBOB 2-TO TMOpsiAKa, 00pa3ylolux Bbi-
OpaHHBIN 3TaTOHHBIN TTapareHe3uc, ¢ HalpaBJICHUS -
MU MMPOCTUPAHUI ocTaBIIUXCS 11 crucTeM pa3ioMoB,
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COCTaBJISIONINX IPUPOIHYIO ceTh. B mTore ycraHoB-
JieHO (puc. 60), 9TO KpoMe ceBepO-3aIagHbIX MPaBbIX
CIBUTOB B pacCMaTpUBaeMOil TMHAMWYIECKOI 00cTa-
HOBKE MOTJIM pa3BUBAThCs CeBep-CeBepO-3amnaaHble
npaBble caBUTU (cuctema 11) M MepUIMOHAJBHBIE
copocsl (cucteMa 2). Kpome TOTO, €CTh IBE IIPUYNHEI,
YTOOBI K aKTUBHBIM B JAHHOM T10JIe HATIPSKEHUH pas3-
JIOMaM OTHECTH B3GPOCHI, COCTABJISIONINE CUCTEMBI 5
u 8. Bo-mepBbIX, 3TH pa3pbIBHBIC HAPYIIEHUS B COBO-
KYITHOCTH C Ce€BepO-3aIllafHbIMU CABUTAMH 00pa3yloT
IJIaBHBIN JTy4 Ha po3e-auarpamMme (CUCTeMa 3amai-ce-
Bepo-3allagHOil OPUEHTUPOBKHU), TTOCTPOSCHHOM IS
Bcex pasiioMoB lleHTpanbHoro Antast (cMm. puc. 3).
Bo-BTOpBIX, MHOTHE Pa3JIOMBI CABUTOBOTO THUIIA, CO-
JIACHO anpUoOpHOM MHMOpMaUUK (CM. MOANUCH IO
puc. 1), uMelT B3OPOCOBYIO cocTaBisolyo. Ta-
KM 06pa3oM, oObeANHEHEe B OOTHOM ITapareHes3u-
ce COBUTOB M B30POCOB GJIM3KOI OPUEHTUPOBKU IS
JAHHOTO CJTydasl SIBJISICTCS PaBOMEPHBIM, TTOCKOJIBKY
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Puc. 6. Paznenenue pa3aoMoB U3y4yaeMoOl TJIOIIAAU 1O TMHAMUYECKUM OOCTaHOBKaM MX (hOpMUpOBaHUs: (a) — 3Ta-
JIOHHBIE TpadapeThl pa3pbIBOB 2-TO MOPSAKA VIS TPeX INIaBHBIX TUHAMUYECKUX 0OCTaHOBOK (DOPMUPOBAHUS pa3IOMOB
HM3y4yaeMoil TIIOIAAN U HaJIOXKEHHBIC HA HUX PO3bI-IUarpaMMbl pa3pbiBOB TOIl KWHEMATUKHU, KOTOpast B KaXXI0il U3 I1-
HaMMYeCKUX 00CTaHOBOK COOTBETCTBYET KMHEMATHKE 30HBI 1-T0 Mopsnaka; (0) — nuarpaMma MpoOCTUPaHUil pa3IOMHBIX
CHCTEM, CPEIy KOTOPHIX XUPHO JIMHUEH OTMEUYeHBI Te, KOTOPhIe aKTUBHBI B paccMaTpUBaeMOM JMHAMHMUYECKOM o6cTa-
HOBKE; (B) — CXEeMBI pa3JIOMOB M3y4yaeMOi IIOIIAaN, aKTUBHBIE B paCCMaTPUBaeMOil TMHAMWYECKO 00CTaHOBKE.

1—5 — 371eMeHThI 3TaJIOHHBIX TpachapeToB; 6 — TOPU3OHTAILHOE U BEPTUKAIBHOE ITOJIOXEHUS OCeil HAMPsDKEHM cxaTus (a)
U pacTsikeHus (0); 7 — IUHUU NPOCTUPAHUS PA3JIOMHBIX CUCTEM, HE aKTUBHBIX (@) M aKTUBHBIX (0) B paccMaTpyuBaeMoi a1-
HaMU4eCcKOif 06CTaHOBKe; § — po3a-IuarpaMma MpoCTUPAHUI pa3ioMOB; 9 — TeH30p HAPSDKEHUI (JIMHUST — TTPOCTUPaHUe
30HBI 1-T0 nopsiaka). LIBeToM OKpallleHbl 3JIEeMEHTBI, OTHOCSIIIMECS K Pa3JioMaM Pa3HOTO KWUHEMAaTUYECKOTO TUIA: CUHUIN —
IUTSI TIPaBBIX CAABUTOB M B3OPOCO-CABUIOB, KPACHBIM — IUTSI B3OPOCOB M HAIBUTOB, (DMOJIETOBBIM — IUTSI COPOCOB M Pa3IBHUIOB.

Fig. 6. Separation of faults in the study area according to the dynamic conditions of their formation: (a) —
standard stencils of 2nd order discontinuities for the three main dynamic conditions of fault formation in the
study area and superimposed on them are rose diagrams of discontinuities of the kinematics that in each of
the dynamic conditions corresponds to the kinematics of the 1st order zone; (6) — diagram of the strikes of
fault systems, among which those that are active in the dynamic setting under consideration are marked with a
thick line; (B) — fault patterns of the study area that are active in the dynamic setting under consideration.

1-5 — elements of reference stencils; 6 — horizontal and vertical positions of the compression (a) and tensile (6) stress axes; 7 —
lines of strike of fault systems, inactive (a) and active (6) in the dynamic setting under consideration; & — rose diagram of fault
strikes; 9 — stress tensor (line — strike of the Ist order zone). The elements of fig. are colored (a—B), related to faults of different
kinematic types: blue — for right-lateral strike-slip faults and reverse-slip faults, red — for reverse faults, purple — for normal faults.
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00CTaHOBKA CIIBUTra peaau3yeTcsl B YCJIOBUSIX TOMOJ-
HUTEIIBHOTO GOKOBOTO (CEBEPO-BOCTOUHOTO) CXATHS,
T.€. CKaJIBIBAaHUE SBJISIETCS CJIOKHBIM.

Cpenu cucTeM pa3jioMOB, IMIPOUCXOXIECHUE KOTO-
PBIX HE TIOJIYYUJI0 OOBSICHEHUST B paMKax MoJIsl CABUTa
C MEpUIVOHAJIIBHOM OpHeHTalMeit OCH CKAaTUS 1 TN -
POTHOI1 OpUEHTUPOBKOI OCH pacTsKeHUs, Hauboiee
MPEeACTABUTENbHON MO KOJUYECTBY COCTaBIISIONINX
Pa3pbIBOB SIBJISIETCS] CUCTEMA CEBEPO-BOCTOYHBIX COPO-
coB (Ne 1). Ee ucrnoyib30BaHUE B KaueCTBE IMTABHOTO
HaIlpaBJIeHUs pa3pbIBOB ( Y-CKOJIbI) MO3BOJISIET IIPUME-
HUTb MapareHe3rc 30Hbl PACTSKEHUST CEBEPO-BOCTOY -
HOI OpHeHTHUPOBKU (puc. 6a) WIT OOBICHEHHUS TIPO-
HUCXOXIEHUS BO 2-M TTOPSIIKE CEBEPO-3aIlaaTHbIX COpO-
coB (cucTeMa 3) U BOCTOK-CEBEPO-BOCTOYHBIX CABUTOB
(cucrema 12) (puc. 66).

3a paMKaMu JABYX BOCCTAaHOBJIEHHBIX pelleHUi —
casur (puc. 66-1) u pactskenue (puc. 66-11) — ocra-
JOTCSI CUCTEMBI B30pocoB 6 u 7, cucteMa casuros 10
U cucteMa copocoB 4. HanboJjiee 3HaYMMOI M3 HUX
M0 KOJUYECTBY Pa3jioMOB SIBJISIETCS cUCTeMa B30poO-
coB 6, KoTopas 1 ObUTa BEIOpaHa B Ka4eCTBE HAIlpaB-
JIEHUsI Y-CKOJIOB mapareHe3unca pa3pbIiBOB 30HbBI CKa-
ths (puc. 66-111). DroT mapareHe3nc MO3BOJISIET 00b-
SICHUTBb MPOUCXOXIEeHNE BO 2-M MOpSIIKE B30OPOCOB
cucteMbl 7 1 caBuroB cucteMsbl 10. Takum o6pazom,
pe3yJIbTaT MapareHeTUIeCKOro aHaIM3a C PEKOHCTPYK-
nueit gng LleHTpanpHoro Anrtas Tpex IoJjeil Hamnpsi-
SKEHUI SIBJISIETCS] YIOBJIETBOPUTEIbHBIM, TTOCKOJIbKY
cHcTeMy 4, OCTaBIIIYIOCS He OXBAYESHHOMN pEKOHCTPYK-
UM, 00pa3yeT HeOOIbIIOEe KOJIUYECTBO COPOCOB
(cMm. puc. 3).

B 11e;10M pesysibTaThl BTOPOTO 3Tarna rnapareHeTude-
CKOTO aHaJIN3a MTOATBEPXKIAIOT IIPEIBAPUTEITLHBIN BbI-
BoJl 0 (hOpMUPOBAHUHU pa3IOMHOI ceTr LleHTpasibHO-
ro Antasl B Tpex IMHaAMUYECKNX OOCTaHOBKAX, CAeIaH-
HbI TIOCJIe pealu3aluuy NepBoro 3tana. boiiee Toro,
OHHU TIO3BOJISTIOT TTOCTPOUTD CXEMBI Pa3phIBOB, AKTHUB-
HBIX B KaXXJ0M U3 TPEX PEKOHCTPYUPOBAHHBIX TOJIEN
HanpsskeHHi (CM. puc. 6B).

JBe 00CTaHOBKY MPaKTUYECKU UACHTUYHBI U CBU-
JIETeTbCTBYIOT O Ie(hOPMALIU KOPHI B YCIOBUSAX CEBe-
pO-BOCTOYHOTO cxarus (cM. puc. 46, 6a-111) u npa-
BOCTOPOHHETrO CABMIA C OPUEHTALIMEN OCH CXKaTHS
B MEPUIMOHAJIBHOM M OCHU PACTSKEHUS B IIUPOTHOM
HarpaBieHnu (cM. puc. 4a, 6a-1). TpeTbss 06cTaHOB-
Ka 10 pe3yibraTaM 000MX STAllOB aHAJIM3a SIBISIETCS
pacTsKeHueM, HO B TIEPBOM CJTydae OHO OPUEHTUPOBA-
HO B CEBEPO-BOCTOUHOM (CM. pUC. 4B), a BO BTOPOM —
B ceBepo-3amagHoM (cM. puc. 6a-11) HampaBIeHHIX.
OnHako B 000MX IIOJISIX HAIIPSKEHM (CM. puc. 4B,
6a-11) akTuBHBIE CeBepO-3amnagHble M CEBEPO-BOCTOY-
HbIe pas3ioMbl (3a eIMHCTBEHHBIM UCKIIIOUEHUEM) SIB-
nstioTest copocamu (cm. puc. 68-11). CiremoBarenbHO,
MOKHO MPEIITOJIOXHTh, YTO 3TO OAHA TWHAMMNIECKAsT
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00CTaHOBKA, a PEKOHCTPYKIIMS ABYX MOJEi cBsI3aHa
C pa3HbIMU pe3yJibTaTaMu (pOpMaIbHOTO BhIOOpA CU-
CTEMBI IJIABHOTO CMECTUTENS IJISI OPUSHTALIMU 3TAJOH-
Horo Tpadapera.

IIpoBeneHMe TapareHETUYECKOTO aHAJIM3a TTO3BO-
JINJIO CYLIECTBEHHO JTOMOJTHUTHL KHHEMATUYEeCKUE Xa-
PaKTepUCTUKU CeTH HOBeilux pasnomoB LleHTpanb-
HOro AJjTasi, yCTAHOBJIEHHbIE B XO/le¢ KPYITHOMACILTa0-
HOro reoMop¢oJOruueckKoro KkaprorpapupoBaHus
(puc. 7). IlorydeHHBIE pe3yIbTaThl Ha 060Jiee BHICOKOM
YPOBHE JETAaIbHOCTH ITOKA3aJIi BHICOKYIO CXOIUMOCTh
¢ JaHHBIMHA MOP(OTEKTOHMYECKOro aHaiau3a (puc. 1).

BbIBOJbI

Cynsi mo pesyabTaTaM IMPOBEIEHHOIO aHaJiu3a,
MacCUB TOPHBIX TTOPOJ LieHTpaibHOI yacTu [opHoro
AJITasi HaXOIUTCS Ha TpeTbell CTaauM paspylleHusl,
KOTIJa pa3pbiBbl 00Pa3yroT 3aKOHYEHHYIO CEeThb C Xa-
pPaKTepHBIM CTPYKTYPHBIM PUCYHKOM, U 3€MHas Kopa
TPEACTaBISET CUCTEMY OJJOKOB, KOHTAKTUPYIOIIUX O
paszinoMaM. [TapareHeTMYeCcKUit aHaIU3 TakXe IO~
TBEPXXJIAET MPEACTABIEHUS O TOM, UYTO Ha paHHUX CTa-
JIUSIX HEOTEKTOHWUYECKO aKTUBU3aLMW TEPPUTOPUU
lopHoro Antas npeo06jagaiu MIMKaTUBHbIE Aedop-
MallMy C OrpaHWYEHHBIM Pa3BUTUEM Pa3pbIBHBIX Ha-
PYLICHUNA U Wb B XOI€ IJIABHOM CTaIuU HOBEMIIIETO
oporeHesa opopMmiach 3aKOHUYEHHas1 OJIOKOBasi HEO-
TeKToHMYecKas cTpykrypa (HoBukos, 1986).

bnokosas neavmocts LleHTpanbHoro Antas gop-
MUPYETCSI CUCTEMOM Pa3jioMOB, 00pa3ywIlIUX aH-
caM0JIb MIPaBOCTOPOHHETO caBUTa. B KpymHoOM mac-
mrabe pazJioMHasi CeThb LieHTpalbHOU yacTu [opHOro
AJTas B 3HaAYUTEAbHON CTEeIeH!M TTOBTOPSIET Ha OoJiee
HU3KOM MEPAPXMUYECKOM YPOBHE 3aKOHOMEPHOCTU
CTPYKTYPHOTO PUCYHKA HEOTEKTOHUYECKOTO CTpPOE-
Hus bonbmoro Anras. Ee o0pa3yloT npaBble COBUTH
CeBepO-3arnagHoOi OPUEHTUPOBKU, a TAKXKe BTOPOCTeE-
MEeHHbIE B30POCHI CYOLIUPOTHOTO U COPOCHI CyOMepu-
JTHUOHATIBHOTO MTPOCTUPAHUS.

ITapareHeTnyecKuit aHaJau3 MO3BOJSIET C BEICOKOM
HaJeXHOCTbIO PEKOHCTPYUPOBAaTh KUHEMATUUYECKUE
XapaKTepUCTUKU HOBeMIIUX pa3niomMoB LleHTpaibHO-
ro AnTasi mo ux IMOJOXEHUIO B CTPYKTYPHOM aHCaM-
osie. Ero pesynbsratsl moKa3aiu BbICOKYIO CXOAUMOCTD
¢ JaHHBIMU paHee MPOBEAEHHOTO MEJIKOMAaCIITabHO-
ro mopdoTtekroHnyeckoro aHanausa (Hosukos, 2001),
MPU 3TOM OHU MO3BOJISIOT ONPENEIUTh KUHEMATUKY
HOBEHIIMX pa3IOMOB, JJIs1 KOTOPbIX paHee OHa olpe-
Jiessiach He BMOJIHE yBEpeHHOo. B yacTHocTH, 3TO Ka-
caeTcsl HOoBeMlero pasiaoMa, pasaenstolnero Cese-
po-Yyiickuii u FOxHo-Yylickuit XxpeOThbl, KOTOPBIN MO
pesyJibTaTaM MapareHeTUYeCKOro aHajau3a siBIsieTCs
MPaBOCTOPOHHUM CIABUTOM.

ITonyyeHHbIE cXeMbl HOBEMIIIMX Pa3JIOMOB B CO-
BOKYMHOCTU C XapaKTEPOM PEKOHCTPYUPOBAHHBIX
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Puc. 7. Hogeiiine pa3nomMsl LHeHTpaibHOI yacTu [opHOro Antas no pesy/brataM MapareHeTUYeCKOro aHaIn3a.
1 — mipaBbIe CABUTH U B30POCO-CIABUTH, 2 — B3OPOCHI U HAIBUTH, 3 — COPOCHI M pa3IBUTH.

Fig. 7. Newest faults in the central part of Gorny Altai based on the results of paragenetic analysis.
1 — right strike-slip faults and strike-slip reverse faults, 2 — reverse faults and thrust faults, 3 — normal faults and thrust faults.

OIUHAMWYIECKNX 00CTAHOBOK SIBJISTIOTCST OCHOBOM IIJIst
JaJbHENIIEero 00CyKIeHNST MEXaHNU3MOB JECTPYKIINH
KODPEHI B pETHOHE C TIPUBJICUCHUEM CEMCMOIOTMYECKUX,
GPS-reonesnyeckux u APYrux MaTepraios.

BJIATOJAPHOCTH

PaGota BbITTOTHEHA O TOCYAAPCTBEHHBIM 3alaHU-
am UT'M CO PAH u 3K CO PAH.

CITMCOK JIMTEPATYPbI

Bonnapenko I1.M. (1976) MonenupoBaHue HaIBUTOBBIX
NUCIOKAUMK B CKJIag4yaThiX 001acTaX (Ha MpuMepe ak-
Taickux crpykryp F'opHoro Anrast). Hopocubupck: Ha-
yka. Cu6. otm. 118 c.

BypsyHnosa FO.I1. (2011) Yrbel Mexxay cONpsiKeHHBIMU CU-
CcTeMaMU TIPUPa3IOMHBIX TPELIMH B UIeaTU3UPOBAaHHBIX
¥ TIPUPOMIHBIX TTapareHe3ucax, GopMUPYIOIINXCS B pa3-

JIMYHBIX TMTHAMWYECKUX 00CTaHOBKaX. Jlumocghepa. No 2.
C. 94—110.

Briconkuit E.M., HoBukoB U.C., JIlyuuna O.B. u ap. (2021)
CeiicMoreHHbie pa3pbiBel Uylickoro (I'opHbiit AnTaii)
3emuierpsicerus 2003 roga: MopgoJiorust, KHHeMaTuKa,
MPOCTPAHCTBEHHOE pacnpeneneHue. leoioeus u eeogpu-
suka. T. 62. Ne 3. C. 348—363.
https://doi.org/10.15372/GiG2020133

HepryHoB A.B. (1972) CTpyKTypbl cKaTHsl U PaCTSIKEHMS Ha
BOCTOKE AJITasl B UETBEPTUUHOE BpeMsl. [eomekmonuka.
Ne 3. C. 99—-110.

Kumynes ®@.U., Berpos E.B., HoBuxos U.C. u aop. (2021)
Me3z030iicK1it BHyTPUKOHTUHEHTATbHBII OpOTeHEe3 B TEK-
ToHMYecKou ncropun KompiBaHb-ToMCKOM CKIIamdaToi
30HBI, CHUHTE3 T€OJOTMYECKUX JAHHBIX M Pe3YJBTaTOB
TPEKOBOTO aHaM3a anaTuta. leonoeus u eeousuxa. T. 62.
Ne 9. C. 1227—1245. https://doi.org/10.15372/GiG2020151

Hosukos U.C. Beicoukuii E.M., AratoBa A.P. (2004) I'eo-
JIoro-reoMopdojornueckre CBUAeTeIbCTBA MO3AHEK A -

TEOMOP®OJIOTUA U IMAJTEOTEOTPA®US ToMm 56 Ne 2 2025



MMAPATEHETUYECKWUMN AHAJIN3 CETY HOBEWIIINX PASPBIBHBIX HAPYIIIEHU...

HO30MCKMX 0O6CTAaHOBOK CXaTHS, CIBUTA U PACTSKEHUS
B npenenax ['opHoro Antas. leosoeus u eeogpuzura. T. 45.
Ne 11. C. 1303—1312.

Hosuxkos U.C. (1996) I'eomopdonorndeckue 3¢ dHeKThl BHY-
TPUKOHTUHEHTAIbHOI KOJUIM3UM Ha TipuMepe [opHOTo
Anras. Teonoeus u eeoguszura. T. 37. Ne 11. C. 52—60.

Hosukos U.C. (2001) KaitHo3olickasi cnBUroBasi CTpYKTypa
Anras. leonoeus u eeoguzura. T. 42. Ne 9. C. 1377—1388.

Hosukos N.C. (2004) MopdortekroHuka Antas. HoBocu-
oupck: M3n-Bo CO PAH. ®unuan T'EO. 313 c.

Hosukos U.C. (2013) PekoHcTpyKLMsT 3TaIlloB TOpoodpa-
30BaHUs obpamiieHust JIXKyHrapcKoil BaguHbI 10 JIW-
TOCTpaTurpaduu Mo3mHENaae030MCKIX, ME3030MCKHIX
M KaHO30MCKUX OTIOXeHUl. [eonroeus u eeogusuka.
T. 54. Ne 2. C. 184-202.
https://doi.org/10.1016/j.rgg.2013.01.002

Hosukos U.C., Isabkos I1.T., Ko3nosa M.I1. u ap. (2014)
HeoTekToHMKaA U CEiICMUYHOCTD 3aMagHONi YacTu AJi-
tae-CastHCcKOi1 ropHoit o6s1acTu, JIXKyHrapckoii BnaauHbI
u Kuraiickoro Tsaub-11lans. Teonroeus u eeogpusuxa. T. 55.
Ne 12. C. 1802—1814.
https://doi.org/10.1016/j.rgg.2014.11.008

Hosukos U.C., 3onsankoB W.J., I'mymkosa H.B. u np.
(2023) cooTHOIIEHNE Pa3IOMHBIX aHCaMOJIC ITae030ii-
CKOTO M KaifTHO30MCKOTo BO3pacTa Ha TEPPUTOPUH 3arTaji-
HOI1 yacTu ajiiTae-castHCKo# ckiagyatoit obnactu. leodu-
Hamuka u mekmonogusura. T. 14. Ne 3. C. 1—12. https://
doi.org/10.5800/GT-2023-14-3-0705

O6pyueB B.A. (1915) AnTaiickue 3Tioasl (3TIOA BTOPOit).
O texkTtoHuke Pycckoro Anras. 3emaesedenue. No 3.
C. 1-71.

Cemunckuit K.2K. (1994) [IpuHIMNBI ¥ 3Tambl CIielKap-
TUPOBaHUS Pa3JIOMHO-0JIOKOBOI CTPYKTYPhl HA OCHOBE
U3y4YeHUs TPEIIMHOBATOCTHU. [eonoeus u eeogpusuxa. No 9.
C. 112—130.

Cemmnckuit K.2K. (2003) BHyTpeHHSIS CTpyKTypa KOHTUHEH-
TaJIbHBIX PA3JIOMHBIX 30H. TeKTOHO(MU3NYECKUIA aCIIeKT.
Hosocubupck: U3n-so CO PAH. ®unuan I'EO. 243 c.

Cemunckuii K.2K. (2014) CneukapTupoBaHue pa3ioM-
HBIX 30H 3eMHO# Kopbl. CT. 1: TeopeTnyeckue 0CHOBBI
W NIpUHIUIBL. [eodunamuka u mexkmornogpuzura. T. 5. No 2.
C. 445—467.

Cemunckuit K.2K. (2015) CrietikapTipoBaHUe pa3JIOMHbBIX
30H 3eMHOI KOpbl. CT. 2: OCHOBHBIE 3Talbl U MEPCIEKTH-
BBI. [eodunamuka u mexmonogusuka. T. 6. Ne 1. C. 1—43.

Tumodees B.10., Apaiokos B.T., Tumodeer A.B., boii-
ko E.B. (2019) CoBpeMeHHbIE ABUXEHUSI 36MHOM MO-
BepxHoctu I'opHoro Antas mo GPS-HabGmogeHUsIM.
Teoounamuxa u mexmonogpuzuxa. T. 1. Ne 1. C. 123—146.
https://doi.org/10.5800/GT-2019-10-1-0407

Tpudonos B.I". (1985) OcoGeHHOCTH pa3BUTUSI AKTUBHBIX
pasnomoB. Teomexmonuxa. Ne 2. C. 16—26.

Tpudonos B.I"., Makapos B.U. (1988) AKTUBHbIE pa3ioMbl
(Monronus). B ¢6.: Heomexmonuka u coepemennas eeo-
dunamuka nodsuixcuvix noscos. M.: Hayka. C. 239-272.

Xunaeko C. ., Kypymun P.A., KouetkoB B.M. u ap. (1985)
3eMIIeTpsICEHUST MU OCHOBBI CEIICMUYECKOTO palioHUPOBa-
Hus Monromuu. M.: Hayka. 225 c.

TEOMOP®OJIOTUSA U TTAJTEOTEOTPA®US Tom 56 Ne 2 2025

319

Hepman C.U., bopuskos C.A., bynno B.10. (1983) O6-
JIACTU IMHAMMYECKOTO BIMSIHUS PA3JIOMOB (Pe3yIbTaThl
monenvpoBaHus). Hopocubupck: Hayka. 112 c.

Calais E., Dong L., Wang M. et al. (2006) Continental defor-
mation in Asia from a combined GPS solution. Geophys.
Res. Lett. Vol. 33. 1L.24319.
https://doi.org/10.1029/2006G1.028433.2006

Cunningham W.D., Windley B.F., Dorjnamjaa D. et al.
(1996) A structural transect across the Mongolian West-
ern Altai: Active transpressional mountain building in
central Asia. Tectonics. Vol. 15. Iss. 1. P. 142—156.
https://doi.org/10.1029/95TC02354

Ding Guoyu (1984) Active faults in China. In: A collection of
papers of International Symposium on continental seismici-
ty and earthquake prediction (ISCSEP). Beijing: Seismol.
Press. P. 225-242.

England P., Molnar P. (2005) Late Quaternary to decadal ve-
locity fields in Asia. J. Geophys. Res. Vol. 110. Iss. B12.
B12401. https://doi.org/10.1029/2004JB003541

England P., Molnar P. (1997) The field of crustal velocity in
Asia calculated from Quaternary rates of slip-on faults.
Geophysics J. Int. Vol. 130. Iss. 3. P. 551—-582.
https://doi.org/10.1111/j.1365-246X.1997.tb01853.x

Hancock P.L. (1985) Brittle microtectonics: Principles and
practice. J. Struct. Geol. Vol. 7. No. 3-4. P. 437—457.
https://doi.org/10.1016/0191-8141(85)90048-3

Harding T.P. (1974) Petroleum traps associated with wrench
faults. AAPG Bull. Vol. 58. P. 365—378.
https://doi.org/10.1306/83D91669-16C7-11D7-
8645000102C1865D

Kim Y.S., Peacock D.C.P., Sanderson D.J. (2004) Fault
damage zones. J. of Struct. Geology. Vol. 26. Iss. 3. P. 503—
517. https://doi.org/10.1016/j.jsg.2003.08.002

Naylor M.A., Mandl G., Superteijn C.H.K. (1986) Fault ge-
ometries in basement-induced wrench faulting under dif-
ferent initial stress states. J. Struct. Geology. Vol. 8. No. 7.
P. 737-752.

Novikov I.S., Sokol E.V. (2007) Combustion metamorphic
events as age markers of orogenic movements in Central
Asia. Acta Petrologica Sinica. Vol. 23. No. 7. P. 1561—1572.

Shi Jianbang, Feng Xianyue, Ge Shumo et al. (1984) The Fu-
yun earthquake fault zone in Xinjiang, China. In: A col-
lection of papers of International Symposium on continental
seismicity and earthquake prediction (ISCSEP). Beijing:
Seismol. Press. P. 225—-242.

Sylvester A.G. (1988) Strike-slip faults. GSA Bull. Vol. 100.
No. 11. P. 1666—1703. https://doi.org/10.1130/0016-
7606(1988)100<1666: SSF>2.3.CO;2

Tchalenko J.S. (1970) Similarities between shear zones of differ-
ent magnitudes. GSA Bull. Vol. 81. No. 6. P. 1625—1640.
https://doi.org/10.1130/0016-7606(1970)81[1625:
SBSZOD]2.0.CO;2

Wilcox R.E., Harding T.P., Seely D.R. (1973) Basic wrench
tectonics. AAPG Bull. Vol. 57. P. 74—96.
https://doi.org/10.1306/819A424A-16C5-11D7-
8645000102C1865D

Yang S.-M., Wang Q., You X.-Z. (2005) Numerical analysis
of contemporary horizontal tectonic deformation fields in



320

China from GPS data. Acta Seismologica Sinica. Vol. 18.
P. 135—146.

HOBUWKOB u np.

mation on the Chinese mainland during 1998—2014 based
on GPS data. Geodesy and Geodynamics. Vol. 6. No. 1.

https://doi.org/10.1007/s11589-005-0060-6
Zhao B., Huang Y., Zhang C. et al. (2015) Crustal defor-

¢ Novosibirsk Higher Military Command School of the Ministry of Defense of the Russian Federation, Novosibirsk, Russia

The work was performed according to the state

P. 7—-15.
https://doi.org/10.1016/j.ge0g.2014.12.006yy

PARAGENETIC ANALYSIS OF THE RECENT FAULT NETWORK
IN CENTRAL ALTAI!

I. S. Novikov®*, K. Zh. Seminsky”**#, and A. A. Krivov®*##
4 Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia
b Institute of the Earth’s Crust SB RAS, Irkutsk, Russia

# E-mail: novikov@igm.nsc.ru
## E-mail: seminsky@crust.irk.ru

##% E_mail: krivov_ka@mail.ru

Geomorphological survey revealed a network of the recently active faults that control the formation of main
features of the modern relief in the central part of the Altai Mountains. A paragenetic analysis of the identified
latest faults has been performed. The result of the paragenetic analysis with reconstruction of three stress fields
turned out to satisfy the formal reliability criteria. In general, the results of the paragenetic analysis confirm the
preliminary conclusion about the formation of the fault network of the Central Altai in three dynamic settings
made after the implementation of the first stage. They made it possible to construct schemes of faults active in
each of the three reconstructed stress fields. Judging by the results of the analysis, the rock massif of the central
part of the Altai Mountains is at the third stage of destruction, when individual faults are connected into a
complete fault network with a characteristic structural pattern, and the earth’s crust is broken into a system of
blocks contacting along faults. The block subdivision of the Central Altai is formed by a system of faults forming
an ensemble of a right-lateral strike-slip dislocation. As the scale of the studies increases, the number of identified
faults increases as well. On the regional neotectonics maps of 1:1,000,000 scale only major ridges and depressions
are expressed in the relief as boundaries of large blocks. A network of faults outlining blocks within the ridges
and depressions is identified on neotectonic maps of 1:50,000 scale. In the central part of the Altai Mountains,
the fault network follows the lower-level hierarchical structural patterns and orographic structure of the Greater
Altai, e.g., northwestern right-lateral strike-slip faults, sublatitudinal reverse faults, and extension zones with a
predominant submeridional extension. Paragenetic analysis resulted in a reliable reconstruction of the kinematic
characteristics of the most recent faults of the Central Altai based on their position in the structural ensemble. The
obtained schemes and settings of the recent faults can serve as a foundation for further discussion about the nature
and mechanisms of crustal destruction in the region using seismological, GPS-geodetic and other materials.

Keywords: Altai; neotectonics; recent faults; kinematic analysis; tectonophysics; structural ensemble;
morphotectonics
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