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B pabote npuBesieHBl pe3yIbTaThl CTPYKTYPHO-TEKCTYPHOM XapaKTEPUCTUKU HEOTHOPOIHBIX, CJIOXK-
HOIIOCTPOEHHBIX MHKPOOHAJIBHO-BOIOPOCIIEBBIX IIOPO/I-KOJIJIEKTOPOB M HX COIIOCTaBJIEHUE C pe-
3yJbTaTaMU IIeTPOMUINIECKUX UCCIIeqOBaHU. Bhl/leJIeHbI OCHOBHBIE THUIIBI TEKCTYD U CTPYKTYD,
BCTpedaronecs B nopojgax. @uibrpanuonno-eMkocTHble coiicrea (PEC) mopoj, Kak IpaBuio,
XapaKTEPHU3YIOTCS CTAHIAPTHBIMU NETPOMDUINIECKUMN IUINHIPAMU JIOKAJIBHO, 0 IPeobia arorei
B HHUX CTPYKType. B paboTe moxkazana JIUTOJIOro-1eTpodpu3ndecKast XapaKTEPUCTUKA OCHOBHBIX
CTPYKTYP MCCJIEYyEMBIX IIOPOJ, ¥ IIPEJIJIOYKEHBI BAPUAHTHI yUeTa BIUSHAA MAKPO- 1 MUKPOTEKCTYD

npu onpezenennu PEC n xapakrepa (puiabTparu B FOPHBIX OPOJIAX.

KiogeBbie ciioBa: kapOOHATHBIE TTOPO/IbI-KOJIEKTOPDI, JleBoH, Tumano-Iledopa, dpuabrparuonto-

€MKOCTHBIE CBOICTBA.
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GUIBTPAIMOHHO-eMKOCTHBIX CBOMCTB M TEKCTYPHBIX 0CODEHHOCTEN KapOOHATHBIX
IOPO/I-KOJIJIEKTOPOB BepxHero nesoHa Tumano-ITedopckoit HedprerazonocHoit nposunimu //
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Bsenenue

K kapGoHATHBIM OCAIOYHBIM IOPOJAM IPHYPOUIeHO OT 35 1m0 48% MHMPOBBIX 3aIIacoB
HedTn u nopsizika 23-28% rasa [Kysneyos, 2018]. IIpu sroM 7066198 YIIIEBOIOPOJIOB U3
KapOOHATHBIX OTJIOXKEHUI, 3a9aCTyIO, ABJISETCH TPYL0eMKOil 3asadeiil. IIpuyunnoit sToro
CJLy?KHUT MX CJIOKHOE HEOJHODPOJHOE CTPOEHUE, CBA3aHHOE ¢ OHOreHHBIM reHe3ucoM | DPpoaos,
1993], B wacrHOCTH MUKPOOHAJIBLHBIM. UTO, B CBOIO 0Y€pE/ib, IIPUBOIAUT K HEBO3MOKHOCTHU
JIOCTOBEPHOT'O TIPOIHO3a PaCIpeielieHns nX (DbUIbTPAInOHHO-eMKOCTHBIX cBoiicT (PEC),
a 3HAYUT K OIMMUOOYHOMY IIPOTHO3Y J0OBIYU YTJIEBOIOPOIOB.

Ilepsuuno OEC moposbl 3aKIaIBIBAIOTCS HA CTAIANA CEIUMEHTOIeHEe3a U PAHHETO M-
areHesa. B jajibHeiineM, Ha IOCJIEAYOMKUX cTaausax JjmroreHesa, PEC MoryT MeHATHCsT
KaK B JIy4IIyIO, TAK U B XYJIIYIO CTOPOHY B 3aBHCHMOCTH OT MHOTOYHCJIEHHBIX YCJIO-
BHUIl CpE/bI U MPOIECCOB, BJIUSIONINX Ha CTPOeHme mopoisl. Hampumep, BhIIe avnBanmne
u KaBepHOOOpa3oBanue npuBogdaT K yiydmennio PEC noposmpl, a mporeccbl BTOPUIHOTO
MHUHEPAJIO00Pa30BaHUs, B 3aBHCHMOCTU OT CBOICTB ayTUI€HHOI'O MHHEPAJa, MOI'YT KaK
yiryamuTh, Tak u yxyamuts PEC. Teme nzyuernns OEC kapboHATHBIX OO, B TOM YHCJIE
W3yYeHUsl BIIUSHUS [TOCTCEINMEHTAINOHHBIX TpeobpasoBanuii Ha @EC mopo, mocssiIeHs
MHOTOYHCIIEHHBIE PaboThl [Bazpunyesa, 1999; 2Kemuyzosa, 2002; Kupkunckas u Cmeros,
1981; Hocmuukosa u dp., 2012; Tyeaposa, 2020]. OmHaxo Ha CETONHATHUI TEHL, (DAKTOPHI,
BJIMAONINE HA (POPMUPOBAHNE IEPBUYHOTO IIyCTOTHOTO ITPOCTPAHCTBA MUKPOOMAIBHBIX Kap-
GOHATHBIX MOPOJI, PACCMOTPEHbI orpanndeHo [Kasumupos u dp., 2023; Mycuzun u dp., 2012;
ITocmnukos u dp., 2022; ITocmuuxosa u dp., 2021]. TlocenHee CBAZAHO CO CIIOKHOCTHIO WX
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CBsi3b PUJIbTPAITUOHHO-EMKOCTHBIX CBOMCTB U TEKCTYPHBIX OCOBEHHOCTEN KAPBOHATHBIX. . . HyPuaxMETOB U HAP.

TUIU3AINN, TAK KaK MUKPOOUATHHBIE COOOIIECTBA JACTO BCTYIAIOT B OUOIEHO3BI C JIPYTHMHI
OpraHu3MaMU, YTO B IOCJIE€JICTBUU ITPUBOJIUT K YCJIOKHEHUIO CTPOEHUS TTOPOJIbI-KOJLIIEKTOPA.

Ilesbr0 HACTOMAIIETO MCCIIEIOBAHNS SIBJISIETCS JIMTOJIOTO-TIETPODU3NIECKAsST XaPAKTEPH-
CTHKa KapOOHATHBIX OO MUKPOOUAIBLHOIO (MUKPOOHAJILHO-BOAOPOCIEBOIO) IIPOUCXOXK-
JIeHUsI, HallpaBJIeHHAs Ha: BBIIBJICHNE MEPBUIHBIX TEKCTYPHBIX U CTPYKTYPHBIX OCOOEHHO-
creit, onpenenmpmux (popmuposarne PEC nopos-kostekropos; ycranosienune cstsu PEC
C MUKPO- ¥ MAKPOTEKCTyPaMH.

O0BbeKT M METOIUKH MCCJIeTOBAHMS

Uccnenyembie 00bEKTBI OTHOCATCS K €JIEIIKOMY TOPU30HTY (hpaMeHCKOoro spyca Bepx-
Hero aesona Tumano-Iledopckoit HedTHEra30HOCHONH MPOBUHITNNA. TeKTOHUIECKN OO0BHEKTHI
npuypodenbl K CaasiriHCKOI cTynenn XopeiiBepckoil Buaauubl. Oriioxkenust (hopMupoBa-
JINCh B YCJIOBUSAX 3a0apbepHOil METKOBOIHO-TTETH(MOBON 00CTAHOBKH OCAIKOHAKOILICHUS Ha,
y4YacTKaX pa3sBUTHsl M30JIMPOBAHHBIX OPraHOIeHHBIX HocTpoeK |Ocunuyesa, 2013; Ilapmysuna,
2007].

st KapOOHATHBIX OTJIOXKEHUI OMOTHIeCKHii (haKTOp IIPOSIBJIsieTCsl B (DOPMUPOBAHUN
JIBYX HPUHIUIIAAIHHO PA3HBIX KOMIIOHEHTOB MOPO/IbI: KAPKACHBIX 1 HEKAPKACHBIX 3JIEMEHTOB.
[To KapKaCHBIME 3JIEMEHTAME TOHUMAIOTCS OOBI3BECTBJIEHHBIE HECKEJIETHBIE BOIOPOCIIEBO-
MHUKPOOHA/IbHBIE KOJIOHUU, KOTOPhIE B XOJI€ CBOEHl KU3HEIesTeIbHOCTU ITPUKPEILISINCEH
K cyGeTpary u ynaBiauBain (hopMeHHBIE KOMIIOHEHTBI, CTAHOBSICh JIOBYIIKaMu Jjist Hux |Ka-
aumupos u dp., 2023; Hocmnukosa u dp., 2021; Pratt, 1982; Turner et al., 2000]. Hekapkacubie
3JIEMEHTBI IPEJICTABICHBI (POPMEHHBIME (IPAHOMOPMHBIMYI) KOMIOHEHTAMU KAJBIUTOBO-
r'o COCTaBa, KOTOPbIE IIPEUMYINECTBEHHO BBIITOIHAIOT MEKKAPKACHOE IIPOCTPAHCTBO IIOPO/I.
Cpeqin (hOPMEHHBIX KOMIIOHEHTOB TPE00IaIaloT KOMKH M CTYCTKH, CJIOYKEHHBIE MUKPUTOM,
B MEHBIIIEHl CTEleHN BCTPEYAIOTCS MEPEKPUCTAJIN30BAHHBIE (DPATMEHTHI TaJIOMOB 3€JIEHBIX
BOJIOPOCJIel, KajIbIucepbl U PAKOBUHHBIN JETPUT OPaxMOIOl, racTporo, KpuHounieii. Ilom
KOMKaMU TOHUMAIOTCHA (pOPMEHHbIE KOMIIOHEHTHI OKPYIVION MJIN OBAJBHON IIPOIOJIrOBATOM
bopMbI, CII0KEHHbIE MUKPO3EPHUCTBIM KaJbluroM (MukpuroMm) [@opmynamosa u dp., 2005].
ITox crycTkamMu MOHUMAIOTCS KOMIIOHEHTBI HEOIIPEJIeIEHHOM, PACILIBIBYATON (POPMBI, CO-
CTOSINNE HEPEIKO M3 HECKOJBbKUX <«CJIUMIIINXCSI» KOMKOB, CJOXKEHHBIX MUKPO3EPHUCTHIM
kasbuuToM [@Popmynamosa u dp., 2005].

s TOCTUZKEHUST TIEJIN UCCJIEIOBAHUS TTPOBOJINIIACH TUITU3AIUS TTIOPOJI-KOJIJIEKTOPOB TIO
TEKCTYPHBIM U CTPYKTYPHBIM Ipu3HakaM. IIpu smurosornyeckoit Tunnsanun KapOOHATHBIX
[IOPOJI, UCIIOJIB30BAJIUCH KaK oredecTBeHHble [Kysneuos, 2018; Opoaos, 1993], rak u 3apy-
Gexxuble [Dunham, 1962] knaccudukarmm.

Tekcrypa MOpoJIbI MOXKET 3aBHCETb OT B3aMMOCOYETAHUsl KapKaCHBIX (POPM POCTa
¥ XapaKTepa BBLIOJHEHNS MEKKAPKACHOTO IIPOCTPAHCTBA IPUBHECEHHBIM I'PAHOMOPQMHBIM
MarepuajioM. B Hacrosiell pabore pasamdaioTcs MaKpoOTeKeTypa (TeKeTypa obpasna 1mo-
pozbl) U MUKpoTeKcTypa (Habmomaemas B numde) (puc. 1). IIpu onmucanun mycToTHOTO
[IPOCTPAHCTBA I0J] MUKPOIIOPUCTOCTHIO ITOHUMAIOTCS YIaCTKU IOPOJ, C PA3BUTHUEM IIYCTOT
pa3mepoM Meree 0,01 mm.

IlepBuuHo MoOpoja M3yvyasach MAKPOCKOIIMYECKH TIOCPEICTBOM aHaJm3a (ororpaduit
TIOJTHOPA3MEPHOT0 KepHAa B JTHEBHOM U YJIbTPadUOIeTOBOM CBeTe. B mccie10BaHun OBIIO
paccmoTrpeno 60 meTpoB kKepHa, oToOpaHo 68 00pa3roB, U3 KOTOPBIX OBLIO M3TOTOBJIEHO
65 npokparenubix nerporpaduaeckux mudos (50 x 25 mm). s onpeenenus CTpyKTypbl
¥ KOMIIOHEHTHOT'O COCTaBa MOPO/JT OBLIN BBITIOJHEHBI OTITUKO-TIETPOrpaduIecKe nCC/Ie10Ba-
Hus 00pA3IoOB, HAMEUYEHHBIX [IPH MAKPOCKOIMYECKOM onucanuu (puc. 2).

Ha uzygennom naTepBase orobpano 165 merpodu3nieckux MUINHIPOB CTAHIAPTHO-
ro pasmepa (30 x 30 mm). Ha Becex muiamHApax CTAHIAPTHOrO pa3Mepa ObLIN 3aMepeHbI
IIOPUCTOCTH U IIPOHUIIAEMOCTD II0 Ta3y, HA H7 IUIMHIPAX IIPOBEIEHBI UCCIEIOBAHUS 110 Ka-
NMIWIISPUMETPUN, Ha, KOTOPBIX OBLIO OIIPEIESIEHO IMPOIEHTHOE COIEPXKAHNE TOPOBBIX KAHAJIOB
Ppa3HBIX Pa3MEpPOB.
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MNpumep obpasua MakpoTekcTypa MukpoTtekcTypa
KepHa B KepHe B LUN1dpax

KapkacHble anemMeHTbI

paHoMOpPHbLIA MaTepuan crycTKoBO-KGMKOBATON CTPYKTYPbI
paHOMOpMHbIA MaTepran KOMKOBaTO-CrYCTKOBOW CTPYKTYpPbI
Y4YacToK KOMKOBAaTON CTPYKTYPbI

Y4acTok crycTkoBoi CTpYKTYpbI

Puc. 1. Cxema BbIfle/IeHUST MAKPO- U MUKPOTEKCTYP.

OpHopoaHble CTPYKTYpHbIEe
yyacTku B Lwnude

O6paseL kepHa MaHopama wnuda

Puc. 2. Ilpumep mocienoBaTeIbHOCTH TPOBEJICHUS MCCJIEIOBAHUS.

PeByJ'[bTaTLI HCCJIeJ0BaHNA

Ilo pesysbraTamM MakpoaHAJIM3a U UCCIEIOBAHUN B NLIM(MAX BHIAEIEHBI N3BECTHSIKU
GuorepMHbIe (BOZIOPOCIEBO-MUKPOOUAbHBIE) U TpaHoMopdHbIe. [Iist 6GMorepMHBIX TIOPO/T BbI-
JEJIEHO IIATH THUIIOBBIX MAKPOTEKCTYD: IIATHUCTadA, CIIONCTO-IIATHUCTaA, CJIOUCTad, IIATHUCTO-
neresibuaTasi, HereasdaTas (puc. 3).

B nopogie ¢ nsiTHECTON MakpoTekeTypoit (puc. 3A) KapKacHble KOMIIOHEHTBI PACIIO-
JIO?KE€HBI B BHUJIE€ UM3O0OMETPHUYIHBIX MJIM HEMHOI'O BBITAHYTDBIX, PAa3SHOHAIIPABJIEHHBIX CEPbIX
«ugren». Ouu umeror pasmep or 0,5 10 4 ¢m (B cpeppem 1-2 ¢M) u 3aHMMaoT He Gosiee
15% OTHOCHTEILHOrO IIPOCTPAHCTBA IIOPOJLL. B IOpOe ¢ CJIOUCTO-IIATHUCTON TEKCTYPOit
(puc. 3B) KapKacHbIE JIEMEHTBI MOTYT UMETh BBITAHYTYIO (hOPMY, OPHEHTUPOBAHHYIO 110
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Puc. 3. Tunusanuss MakpoOTEKCTYp € KapKaCHBIMU 3jieMeHTaMu. Pororpadun KepHa B JTHEBHOM

cBere: A — naTHUCTas TeKCTypa; B — cioucro-nisiraucras tekcrypa; C — ciaoucras rekcrypa; D —
MSTHUCTO-TIETEIBFIAaTast TEKCTypa; F — merenpuaras TekcTypa; K — kapkac; 30 — MeKKapKaCHBII

3allOJTHUTEJIb; Il — «meTsin» 3amoJiHEHHBIE MeXXKKapKaCHBIM 3allOJTHUTEJIEM.

HACJIOEHUIO, pasMepbl U3MEHSIOTC OT 1 110 5 ¢M, OHM 3aHMMAaIOT B cpeaHeMm ot 15-20%
OTHOCHTEIHLHOTO 00'beMa TOPOJIbl, MHOTIA J10Xoas 10 25%.

st mopog co ciroucroit Makporekerypoit (puc. 3C) s1eMeHTbl HpeobpasyoTes B CIOHKH
nmpunoil B 8-10 ¢cm u Gosiee (CJIOMKHT 9aCTO XAPAKTEPU3YIOTCS BBIAEPKAHHOCTHIO B IIPEIEIAaX
kepHa). OHE B cpesiHeM nMeroT ToumHy 1 eM u cocrapisior ot 10 no 20% oTHOCHTETBHOTO
IIPOCTPAHCTBA.

B nmopojax ¢ msTHUCTO-IeTeNb4aroll Makporekerypoit (puc. 3D) gacTh KapKacHbIX
3JIEMEHTOB CPaCTAIOTCsI MeXKy coDOii ¢ 0Opa3soBaHMEM KPYIHBIX OKPYTJIBIX M3BUJIACTHIX
BHYTPEHHHUX IIOJIOCTEH, 3aIIOJTHEHHBIX MEXKKAPKACHBIM 3aII0JIHUTEJIEM, [IPEJICTaBICHHBIM
rPAHOMOPMHBIM MATEPUATIOM. DTHU MOJOCTH HATIOMUHAIOT «IeTyns. Jljis mopom ¢ 9Toi Tek-
CTYPOIl OTHOCUTEHLHOE MPOIEHTHOE COJEPXKAHNE KAPKACHBIX 3JIEMEHTOB MOXKET COCTABJIATH
ot 25 10 50%, co cpeauum 3HadenueM B auanasone ot 30 go 40%.

B cayuae, ecim Bce KapkacHble KOMIIOHEHTBI CPOITEHBI MeKIy COOOil Tak, ITO BECh
MeKKAPKACHBIN 3aIl0JHUTE/Ib IPUYPOUEH K <«IIETJIsIM», 00pa3yercs merejibiaras MaKpOTeK-
crypa (puc. 3E). Kak npasuio, B Takolf TEKCType KapKaCHbBIE JIEMEHTHI 3aHUMAIOT GOJIbIIe
50% OTHOCHTEIBHOrO 00'bEMa, TOPOJIBI.

Cpenu TeKCTyp 1OpoJL ¢ IPeoBIalAHueM B COCTaBE HEKAPKACHBIX ((DOPMEHHBIX) KOMIIO-
HEHTOB BBIJICJISIOTCS TPU TUIIA, MAKPOTEKCTYP: JUH30BUTHO-CJIONCTAs, CJIOUCTAasI U MACCUBHAS
(ecomm TekcTypa He pacnosHaercs) (puc. 4). CrouerocTs 06yCIOBIEHA YepETOBAHAEM CJIOM-
KOB Pa3HOTO IBETA, ITO CBA3aHO C TE€M, UTO CJOHKH C KOMKOBATON CTPYKTYPOU 00JIa1ai0T
GoJibIlell CTENeHbI0 HEe(DTEHACHIIEHHOCTH, YeM CJIOHKHU CO CI'yCTKOBOIA.

B moposiax ¢ JIMH30BUIHO-CJIOUCTOH MaKpOTEKCTypoii (puc. 4A) rpaHumps! CaoikoB
HEPOBHbBIE, YACTO BOJHUCTHIE. ToJIuHb! cI0iiKOB B cpemneM coctasiser 0,7-1,4 cm. dimma
JuH3 — 24 cM, ToJmuHa J10 3 cM. B cBolo odepelib, B MOpoJIaxX CO CJIOUCTON TEKCTYPOit
(puc. 4B) croiKn XapaKTepu3yITCs BBIIEPKAHHOCTBIO B IIPEJIeJIaX KepHA. | DAHUIIbI DOBHBIE,
9aCTO CIPsIMJIEHHBIE C OTCYTCTBHEM JIMH3. 1OJIIIUHA CJIOMKOB OT 1 10 b ¢M co cpemHuM
suauenueM B 1,0-1,5 cm. Maccusnas makporekcrypa (puc. 4C) mHabiogaercs Jjist 1opoJ,
TEKCTYPBbI KOTOPBIX MOYUTH HE PA3JIMIUMbBI — PEJIKO B OTJIEIbHBIX CJIORKAX MOXKET HaOJII0IAThCS
ILUIOXO PA3JIMYUMas HEsICHO-CJIOUCTAsT TEKCTYPA.

Pe3ynbrarsl ontuko-neTporpadhuIecKux MCCIeI0BaAHMI

B xome mzyuennss o6pas3roB ONTUKO-TIETPOTPADUIECKIM METOIOM C YIETOM MaKpPO-
OIUCAHUs KEepHA IIPOBEJIEHA, JTUTOTUIIN3AINS [TOPOJL 110 CTPYKTYPHO-MUHEPATIOTTIECKUAM
0COOEHHOCTSIM, XapaKTEePHBIX JJIs KaXK0I'0 TUIIA, BbIJIEJIEHHBIX PaHee MaKpOTEKCTyp. Beero
BBIJIEJIEHO YeThIpe JINTOTHUIIA: J[BA, OTBEYAIONINX TIOPOJAM C IpeodIalaHneM KapKaCHBIX
3JIEMEHTOB U JIBa — JJIs TIOPOJT C IpeodIaianrneM (DOPMEHHBIX KOMIIOHEHTOB.
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Puc. 4. MakpoTekcTypsl mopos ¢ npeobiagaaneM (GhOPMEHHBIX (HEKAPKACHBIX) 3JIEMEHTOB: A —
JINH30BU/IHO-CJIOUCTasl TEKCTypa; B — cioucras Tekcrypa; C — maccuBHas Tekcrypa. Poro kepHa
B nuesHoM cBere. C-K — crycrkoBo-koMkoBarast macca; K-C — komkoBaTo-crycrkoBast macca; K —

KOMKOBaTad MacCcCa.

JIuToTnnnr II0poLg € HpeO6JIa,ILaHI/I€1\’I KapKaCHBIX KOMIIOHCHTOB:

JIurormn 1 (JIrl): VI3BeCTHSIKM OT CBETIIO JIO TEMHO-KOPHYHEBBIX, OHOrepMHBIE BOJIOPOCIIEBO-
HakTepuaibhble (6aynucroyusl). Kapkacusie dopmst (or 0,5 10 10 cM, pasmepsl JaHbl HCXO/Is
U3 MAKPOCKOIIMYIECKOrO MCCJIeIOBAHNs KEPHA) CJIOKEeHbl MUKpUTOM (puc. 5A), ygacTkamu
[IEPEKPUCTAIIU30BAHHBIM JI0 TOHKOKPUCTAINIeCKOro Kaybimra (puc. 5B). B mexkkapkac-
HOM IIPOCTPAHCTBE BCTPEYAOTCsl (POPMEHHBIE SJIEMEHTHI — CIYCTKU U KOMKH (pasMepamu OT
0,1 1o 0,5 MM), CJIOXKEHHBIE NEJUTOMOPMHBIM KaJIbIIUTOM, CI'YCTKH IIPEICTABIISIOT U3 cebst
COBOKYIIHOCTD IIOTHO CONPHKACAIONINXCA KOMKOB (4acTo pazmepom Meree 0,1 MM) ¢ 1w10x0
[IPOCJIEXKMBAIOIIMMUCS MeK(POPMEHHBIMU KOHTAKTAMU, KOTOPbIE ITPE0D/IaIaloT B MEKKAP-
KaCHOM TpocTpaHcTBe. MekdopMeHHOe ITyCTOTHOE MTPOCTPAHCTBO MOYKET OBITH TaCTHIHO
3AII0JTHEHO €INHUIHBIMU KPUCTAJUIAMU KAJIBITUTA B PE3yJIbTaTe BAIO3HOM IIEMEHTAIINN C 00-
pa30BaHUEM KaIlJIeBUIHOIO IIEMEHTA.

JL71s1 TaHHOTO INTOTHUIIA XapPAaKTEPHBI TEKCTYPHBIE BAPUAIAN B 3aBIUCAMOCTH OT IIPOIEHT-
HOT'O COJIEP2KAHUST KAPKACHBIX 9JIEMEHTOB B IIOPOJIE M COOTHOIIIEHNsT KOMKOB K crycTkam. Mak-
POTEKCTYpa JIMTOTHUIIA, IATHUCTAS, IATHUCTO-CJIOUCTAST, CJIOUCTAS, sITHUCTO-ITeTeThIaTast
n 11ereJsibdarad. PaCIIpe,ZLe.HeHI/Ie IIyCTOTHOI'O IIPOCTPpaHCTBa B IIIJII/I¢)&X II0 y4JaCTKaM 3a-
IIOJIHUTEJIST HEPABHOMEPHOE U XaPAKTEPU3YeTCsd PA3BUTHEM IMISTHUCTOU MUKDPOTEKCTYDHI,
BBIDAKEHHOU B MHOXKECTBEHHBIX Pa3HOOPUEHTUPOBAHHBIX U CMBIKAIOIIUXCS TPOI0JIT0BA~
TBHIX CKOIUJIEHUSIX IIPEUMYIIIECTBEHHO KOMKOB (TOJIIUHOM /10 4 ¢M), 9aCTUIHO 0GpaMIIEHHBIX
TOHKMMU (TOJIIUHOM /10 1 €M) IIPOXKUIIKAME CI'YCTKOB.

st JITl mycTroTHOE TPOCTPAHCTBO MPUYPOUYEHO K MEKKAPKACHOMY 3aIOJTHUTEIIIO.
[TycToThl OTHOCSTCST K MeK(OPMEHHOMY THILY ITyCTOTHOI'O IIPOCTPAHCTBA C HEIIPAaBUJIHHON
mwim okpyrJoit dopmoit. Pazmep mycror xosebstercsa B npesenax or 0,01 mo 0,75 mm co
cpenanm 3HaderneM 0,05-0,10 mm. Bugnmas B nmumdax mopucTocTb MOXKET M3MEHSITHCS OT
5 o 10%.

B npocrpancTBe BO/IM3M I'PAHUIL IVIOTHBIX U IOPUCTHIX CTPYKTYP YacTO HADJIIONAIOTCH
YYIACTKHU ¢ HHTeHCH(pUKAINEH BHIEIaINBAHUS, ITO 00YCIABINBACT HAINIHE OOJIee KPYITHBIX
IyCTOT BJIOJIb OTJEJIbHBIX MPAHUIL KAPKACHBIX 3j1eMeHTOB (puc. ). dror addekT, B ToM
qucyie HabJIro1aeTcst 1 BOJU3U KPYITHBIX MHTPAKJIACTOB U KOMKOB.
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JInrorun 2 (JIT2): VI3BecTHSKM CBETIIO-KOPUYHEBBIE, GeXKeBble GHOTEPMHBIE, BOJIOPOCIIEBO-
GakTepualbHble (6ayHICTOYHDI ), CXOKHE 110 CTPYKTYPHO-TEKCTYPHBIM OCOBEHHOCTSIM C IPEbl-
aynmwM auToturnoM. OH OT/IMYaeTcst OT BBIIIEOITHCAHHOTO TeM, YTO MeXKKaPKACHOE IIPOCTPaH-
CTBO CJIOXKEHO NPEUMYIIECTBEHHO CI'yCTKOBOM MacCOil MUKPO3E€PHUCTOIO KaJIbIUTa U JIUITh
OTJEe/IbHbIE YIACTKU MOPOJBL CiozKkeHbl KoMkamu (pasmepoM 0,1-0,2 mm) (puc. 5C). Makpo-
TEKCTYPbI JIUTOTUIA: TSTHACTAS, CJIOUCTO-TIITHUCTAST M CJIOUCTAS.

st JIT2 mycToTHOE IPOCTPAHCTBO IIPIYPOYEHO K MEXKKAPKACHOMY 3aII0JIHUTE/IIO U Pac-
MIpeJIeJIEHO HEPABHOMEPHO. JTO BBIPAYKEHO B TOSIBJIEHUU MUKPOTEKCTYPBI, KOTOPYIO MOXKHO
OIUCATHh KAK JIMH30BUIHO-CJIOUCTYIO. JIMH3BI CJIO2KEHBI B OCHOBHOM KOMKAMU, Pa3TDAHU-
YEHHBIMH BOJIHUCTBIME IIPOCIOSIMU CTYCTKOB (TOMIMHOM j10 3—4 cM). OCHOBHOE I1yCTOTHOE
IIPOCTPAHCTBO CBA3AHO C KOMKOBATOW CTPYKTYPOIi: IIyCTOTHI IIPEUMYIIIECTBEHHO MeKPOp-
MEHHOT'O THUIIa HEIPABUWJIBHON, pexke OKPyTJoit ¢popmbl, pazmepom ot 0,01 mo 0,25 MM co
cpemaaumu 3aadenusivu 0,01-0,03 mm. Bugnmast B mmmdax mOpUCTOCTb MOXKET COCTABJIATH
or 1 10 3%.

JluroTunsl mopos ¢ npeodrasaneM hOPMEHHBIX KOMIIOHEHTOB:

Jlurorun 3 (JIt3): UsBecrTHsKM KOpUYHEBLIE I'DAHOMOPMHBIE BOIOPOCIEBO-CI'YCTKOBO-
KOMKOBaTbIe (IIaK-IPEHHCTOYHBI) CO CIAPUTOBBIM IIEMEHTOM, OCHOBHAS YaCTh IIOPOJBI CJIO-
skeHa komkamu (0,05-0,35 MM), B MeHBIIEH CTeIeHN [ePeKPUCTAIIIN30BAHHBIME 00JOMKAME
TAJIOMOB 3eJIeHbIX Bogopocieit (0,05-0,88 mm) u crycrkamu (puc. 5D). Mexdopmernnoe
MPOCTPAHCTBO YACTUYIHO BBIMIOJIHEHO SICHOKPUCTAINIECKIM KAJIBIUTOBBIM I[EMEHTOM.

JIuToTU XapakTepu3yeTcs CJAOUCTHIMU MAKPOTEKCTYPAMU: JIMH30BUTHO-CJIOUCTAS U CJIO-
UCTasi TEKCTYPbhI, ITO OOYCIOBICHO YepeIOBaHUEM CJIOMKOB C KOMKOBATOIl M CIYCTKOBOM
CTPYKTypaMHu.

Jis JIT3 1mycToTHOE MPOCTPAHCTBO PACIPEIEIEHO OTHOCUTEILHO PABHOMEPHO (MaCcCUB-
HAsl MUKPOTEKCTYPa) b0 MOCHOHHO (CI0MCTasi MUKPOTEKCTYPa). B Cl1osX ¢ KOMKOBATOM
CTPYKTYpOIi 1peobsianaer Mexk@OpMEHHas IIOPUCTOCTD (ILyCTOTHI HEIPABUJILHON, peXKe
okpyriioii dopmbl ¢ pazmepom ot 0,01 mo 0,75 MM co cpemuunvu 3uaderusyu 0,10-0,25 mm).
Ilo oTieIbHBIM TPOCTIOSM OTMEYAECTCS CMSATHE KOMKOBATOIO MaTepuaJja ¢ 00pa30BaHUEM
CI'YCTKOBOI'O, B KOTOPBIX IIPEOOJIAIAIOT YIACTKN MUKPOIIOPUCTOCTU. B mpociosx ¢ yuacTueM
MMEePEKPUCTAIITN30BAHHBIX 0OJIOMKOB TAJIJIOMOB 3€JIEHBIX BOJIOPOCJeil KOMKH, KaK IIPAaBUIIO,
HEe CMUHAIOTCsI, 33, CYET Yero COXPAaHsIeTCsl KPYIHasi MeXK(pOPMEHHAasi [IOPUCTOCTh. Buiu-
Masd B NUIMgax MOPUCTOCTL MOXKeT cocTaBaaTh oT 7 10 11%. KoMmkosaTble cioiiku uMmeror
TomuHy OT 1 10 4 cM, a crycTKoBble JTUH3BI U cyaoiiku oT 0,5 710 1,2 cM.

JIurornm 4 (JIt4): 3BecTHAKN TEMHO-KOPUYHEBbIE IPAHOMODMHbIE, BOIOPOCIEBO-KOMKOBATbIE
(rpedHCTOYHBI) ¢ MUKPOOUAJIBLHLIMUA MHTPAKIACTAMU U CHAPUTOBBIM IeMeHTOM. Ilopoma
caoxkena komkamu (0,09-0,68 mm) (puc. 5E,F) 1 o61oMKaMu lepeKpUCTAIA30BAHHBIX BO-
mopocaeit (0,10-055 mm), ra dore KOTOPHIX penko (Meree 10%) BCTpevwarOTCss HHTPAKIIACTHI
pasmepoM ot 4,8 10 7,2 mMm. B MekdOpMEHHOM TPOCTPAHCTBE OTMEYAIOTCH CIUHUIHBIC
KPYIIHbIe BTOPUYHBIE KpUCTA/UIBI KasbiuTa (10 0,5 MM). B siaTorunme npenmyInecTBeHHO
BCTPEYAETC MACCUBHAs MAKPOTEKCTYDPa, PeXKe HEesICHO-CJIONCTAs.

JIT4 mMeeT OTHOCUTEILHO PABHOMEDHOE PACIPEIeeHNEe IIyCTOTHOTO IPOCTPAHCTBA
(MaccuBHAsSE MUKPOTEKCTYPA). IlyCTOTHI IPenMyIIeCTBEHHO MexK(MDOPMEHHOIO THUIIa, Helpa-
BUJILHOM, peke oKpyryioit (popmbl ¢ pazmepom ot 0,01 g0 1,30 MM co cpeHUMU 3HAYUEHUSIMHI
0,25-0,50 mM. Kpymabrit pasmep mycToT 0O0YCJIOBJIEH IIPOIECCAMU BBIIIEIAIABAHASA C Ya-
CTUYHBIM PACIIUPEHUEM IIEPBUIHON Mexk(dopMeHHO# nmopuctoctu. Bumnmasi B numdax
HOPUCTOCTHb MOYKET COCTaBJIATHL oT 12 1o 18%.

Takum 0O6pazom, rpaHOMOPQHBIE YIACTKA MOPOJ, XaPAKTEPUIYIONTHECST PA3TAIHBIM CO-
OTHOITIEHIEM KOMKOBATOI'O U CIYCTKOBOT'O MaTepuajia, 00IaJal0T, B TOM JHCJIE, PASIAIHBIMA
UX OPOCTPAHCTBEHHBIMU B3aMMOCOYETAHNUSIME — MUKPOTEKCTypoil (puc. 6):

1. yig y4acTKOB ¢ IPEUMYIIECTBEHHO KOMKOBATON (BOJOPOCIEBO-KOMKOBATON) CTPYKTY-
poit — XapaKkTepHbl CJOUCTAas U MACCUBHAs MUKPOTEKCTYDHI (puc. GA).
2. st y9aCcTKOB CO CIyCTKOBO-KOMKOBATOM CTPYKTYPOIil — ISITHUCTas MUKPOTEKCTYPa

(KOMKOBAaTbIe PA3HOCTH TIOYTH HE PA300IIEHBI CIyCTKOBBIM MaTepuaioM) (puc. 6B).
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Puc. 5. OcHoBHBIE CTPYKTYPBI U3ydaeMbIX HOPO/I-KosieKTopoB. Pororpadun mnuimndos 6e3 anam-
3aTopa: A — 9aCTUYHO IEePEeKPUCTAIIIN30BAHHAS MUKPUTOBas CTPYKTYPa KAPKACHBIX JIEMEHTOB;
B — kpucra/myaeckasi CTpyKTypa IePEeKPUCTAJIIN30BAHHBIX KAPKACHBIX 371eMeHTOB; C — CIyCTKOBO-
KOMKOBaTasl CTpyKTypa; D — KoMKOBaTO-crycrkoBasi crpykrypa; E, F — kKomkoBaTasi cTpyKTy-
pa; M — mumkpuroBas crpykrypa; K — komku; Cr — crycrkum; I — mexkdopMeHHBIE TyCTOTHI;
Kp — ToHKOKpHCTA/UIMUeCKnil KaabuuT (110 epeKPUCTA/UIM30BAHHOMY MUKDHUTY) B MUKPOOUAJIBHO-

BOJIOPOCJIEBOM KapKace.

3. JIjst y9acTKOB ¢ KOMKOBATO-CT'yCTKOBON CTPYKTYPOil — JIMH30BUIHO-CJIONCTAsT MUKPO-
TeKCTypa (KOMKOBATBIE JIMH3BI PA300IIEHbI CIYCTKOBBIMU 1pociosamu) (puc. 6C).

Pesymbrars: uccinenopanns ®EC nopo/i-koiiiekTopos

OCHOBY IIyCTOTHOTO MPOCTPAHCTBA UCCIIEIYEMBIX MOPO/I-KOJLIEKTOPOB COCTABJISIET MEXK-
G OpMEHHBI# TUII TOPUCTOCTHU, IPUYPOUEHHBIN K yIAaCTKaM KOMKOBATOI CTpYKTYpbl. Heommo-
POAHOCTD €r0 PaCIIPOCTPAHEHUS U CBA3HOCTU OTPAXKAETCA KAK B MAKPOTEKCTYPHBIX, TaK U B
MHKPOTEKCTYPHBIX OCOOEHHOCTAX CTPOEHUS TTOPO/I.

DddekTUBHOE TyCTOTHOE TPOCTPAHCTBO MMOPO/I-KOJLIEKTOPOB, COCTOSIIINX U3 KapKac-
HBIX 9JIEMEHTOB U MEXKKapPKaCHOI0 I'PaHOMOPQHOIrO 3aII0JIHUTEISI B OCHOBHOM IIPHYPOYEHO
K TIOCJIeIHEMY. DTO CBI3aHO, KAK MPABUJIO, ¢ HU3KOW TIOPUCTOCTHIO U TIJIOXOH CBI3aHHOCTHIO
IyCTOT MEXKJIy CODOIl BHYTPHU BOJIOPOCIEBO-MUKPOOUATBLHBIX KAPKACHBIX JJIEMEHTOB.

IIpu ucciieoBaruy MOpPoJL B ILINgaxX YCTAHOBJIEHO, YTO HA PACIpeje/IeHIe IIyCTOTHOIO
MMPOCTPAHCTBA CHJILHOE BJIUSHEE OKA3bIBAET U MHUKPOTEKCTYypa. DTO BHIPAXKEHO B IPO-
CTPAHCTBEHHOM DACIIPEJIEJICHAN MeK(DOPMEHHON OpUCTOCTH (Jisi KOMKOBATBIX CTPYKTYD)
U yYACTKOB MUKPOIOPHUCTOCTH (/)11 CrYCTKOBBIX). VICXO/IsT M3 9TOT0 UCCIIe0BaHUE IIyCTOT-
HOT'O MPOCTPAHCTBA IO JAHHBIM KAUIIAPUMETPUHU TPOBOAMIOCH IO 00pa3IaM, B3ATHIM
U3 yYaCTKOB IOPOJ, ¢ TpaHOMOP(QHOIT CTpyKTypoii. B ¢Bg3m ¢ TeMm, 9TO cpein paccMmar-
pUBaeMbIX B JIAHHOI paboTe rpaHOMOP(MHBIX CTPYKTYP BCTPEYAIOTCS TOJBKO CI'YCTKOBas,
KOMKOBATO-CI'YCTKOBasl (IpeobJiajilaiue CIyCTKOB HaJl KOMKaMH), CI'yCTKOBO-KOMKOBaTasl
(upeobiazianre KOMKOB H&Jl CI'yCTKAMU), KOMKOBATasl, Jjisl KaxKJIOH U3 HUX OlPEJIesIeHbI
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CpeJiHue 3HAYEHHsI PACIIPE/EIeHNs IyCTOTHOTO IPOCTPAHCTBA U cpeHne K03 OUIIeHThI
nponuraeMoctu u nopucrocru (rabi. 1).

Tabimuna 1. [lerpodusmdeckast XapaKTepUCTUKA [IOPOJL, C PA3JIMYHON CTPYKTY POt

TTopuc- Ipormma- Cpenpmit CojiepzKatue TIOPOBbIX KaHAJOB ¢ pajaycoM,%
Crpyxrypa TocTD et ba/uiye 0121~ 0,725 5800

K. % Krp, HIOPOBBIX <0,121 0795 5 800 90000 29,000

’ 10-3 Mk KaHaJIoB, MEM ' J ) MEM
MKM MKM MKM MKM

KomkogaTast 14,93 221,76 6,76 7,53 7,05 48,32 31,94 5,16
CrycTKOBO-KOMKOBATAs 9,95 24,24 4,96 16,30 14,29 46,43 16,62 6,37
KomkoBaro-crycrkoBast 7,54 3,48 3,00 23,57 22,84 42,18 7,20 4,20
CrycrkoBas 5,20 0,64 2,51 40,42 24,72 23,65 5,58 5,63

Puc. 6. OcHOBHBIE MUKDOTEKCTYPBI U3y9aeMbIX MOPOJI-KoJLIeKTOpoB. Pororpadun numdos 6e3
aHajimzaTopa: A — CjIoucTas MUKPOTEKCTYPa MEXKKAPKACHOTO 3AIIOJIHUTENIS; B — CJIOMCTO-IATHUCTAS
MUKPOTEKCTYypa MexKKapKacHOro 3amnoiunress; C — MacCuBHAas MUKPOTEKCTYPa MEXKKAPKACHOI'O
zamosiaurens; A1, By, C1 — uarepnperanus nuindoB, ¢ BbIIEJIEHAEM 30H C OJHOTUIHBIMUA CTPYKTY-
pamu; K — komkoBarast crpykrypa; Cr — crycrkoBast crpyKrypa; BM — BogopocieBo-MukpobuasibHbie

obpazoBanus; [I — mepexonnas 3oua; I — nHTpaK/IaCcTHI.

Russ. J. Earth. Sci. 2025, 25, ES4001, https://doi.org/10.2205/2025es001034 8 of 13


https://doi.org/10.2205/2025es001034

CBsi3b PUJIbTPAITUOHHO-EMKOCTHBIX CBOMCTB U TEKCTYPHBIX OCOBEHHOCTEN KAPBOHATHBIX. . . HyPuaxMETOB U HAP.

CorytacHo TabuIe, MOPOJLI CO CI'YCTKOBOW CTPYKTYPOU XapaKTepU3ylTCs HU3KUMA
snadenuaMu koaddunuenta nopucrocru (5,2%) u uponunaemocru (0,64 m/1). Bosabrias
4acTh MOPOBBIX Kanayos (64,72%) umeer pamuyc g0 0,725 MKM, cpeid KOTOPBIX Peod-
Jgagaror cybkanmuisipasle (nmopsiaka 40%) pamuycom mo 0,121 mxm. ITo mepe nosiBiieHust
B [IOPOJIaX yIACTKOB KOMKOBATOW CTPYKTYDBI, YBEJIMIUBACTCH KOIDDUIUEHT TOPUCTOCTH
U CpeJHUIT pa3Mep KaHaJI0B, BCJIEICTBHUE Yero pacTeT KOIMUIUEHT TPOHUIIaeMOCTr. TakumM
00pa3oM I yIACTKOB OPOJT C KOMKOBATO-CI'YCTKOBOW CTPYKTYPOil 3HateHus KodddurineH-
Ta IIOPUCTOCTH ¥ IIPOHUIIAEMOCTH COCTABAAIOT 7,5% u 3,48 M/, a /1 yIaCTKOB TOPOJL CO
CTyCTKOBO-KOMKOBaToil crpykTypoit 10% u 24 M/ coorsercTBenno. st mopos ¢ MOJIHOCTHIO
KOMKOBATON CTPYKTYDPOH XapaKTepHO BBICOKOE 3HadueHue mopucroctu (B cpemnem 15%).
Bospmas gacts kananos (mopsinka 80%) umeer pasmeps 0,725-29,000 mxwm. Io aroit npu-
4quHe JJIg 9TUX [OPOJ] XaPAKTEPHBI IIOBBIIIEHHbIE 3HAYEHUS IPOHUIIAEMOCTU (B CpeHeM

221 /).

Obcy>kieHnEe MOy YeHHBIX PE3yJIbTaTOB

BosnuknoBenune HabJ10/1aeMbIX TEKCTYP OOYCIOBJICHO JACHCTBUEM PA3IUIHBIX BEJIYIIIX
dakTOpOB, NPUBOAAMNX K (DOPMUPOBAHUIO KAPKACHBIX M HEKAPKACHBIX JJIEMEHTOB.

1 MaKpOTEKCTYp TOpOoJ, ¢ IpeobiiaanneM HEeKapKACHBIX JIEMEHTOB BeLyIuM (haK-
TOPOM MOTYT CUUTATbCH TUJPOJIMHAMUYECKUE YCJIOBUs cpelibl. Bece Bapmanum CJIOUCTBIX
TEKCTYp POPMUPYIOTCS, TO-BUIUMOMY, B IEPUOIUIECKH U3MEHSIONTUXCS YCIOBUAAX:

1.  Ilpu mwiaBHOM m3MeHeHUn OyjieT 0OPA30BBIBATHCS JIMH30BUIHO-CJIOUCTAs] TEKCTYPA,;
2.  Eciu umsmeHenusi BbIparkeHHbIE U pe3kue OymaeT (popMUPOBATHCSA TOPU3OHTAILHAS
U KOCasi CJIONCTasi TEKCTypa 0e3 JInH3.

Ob6pazoBaHne MaCCUBHON TEKCTYPBI CBSI3aHO C CYNMIECTBOBAHUEM YCTONYIUBOTO THIPO-
JUHAMUYECKOTO PEXKUMa, HE UCIBITHIBAIONIETO U3MEHEHUH. AJIbTepHATUBHBIM BAPUAHTOM
TeHE3MCa MOYKET PACCMATPHUBATHCS OJJHOMOMEHTHOE IIOCTYIICHIE MaTepraJa, B Pe3yIbTare
KOTOPOT'O CJIONCTOCTH HE ycIeBaeT chopMUpOBaThCa. Ha 9T0 MOKeT yKa3bIBaTh, TOT (PAKT,
9TO TOPOJIBI ¢ TAKOW TEKCTYPOR COCTOST U3 IJIOXO COPTUPOBAHHBIX KOMKOB M MHTPAKJIACTOB.

Benynmum dakropom dhopMupoBaHus MaKpPOTEKCTYDP TOPOJ, C IIpeobJiajaHneM Kap-
KACHBIX 3JIEMEHTOB SIBJISIETCSI OMOIPO/LYKTUBHOCTH BOJOPOCIEBO-MUKPOOUAIBHBIX KOJIOHUIA,
TOT/Ia KaK THAPOJMHAMIYIECKUE YCJIOBUST CPEIbI BHICTYIIAIOT BCIIOMOTaTeTbHBIM (haKTOPOM.

IIsarHuCTas TEKCTypa rOBOPUT O €J1aboil OGUONPOMLYKTUBHOCTH — KaPKACHBIE JIEMEHTHI
3aHUMAIOT MAJIyIo 10510 (110 15%) oTHOCHTEIBHOTO 06beMa TIOPO/IBI, & BECh OCTAIBHON 00beM
3aHAT MEXKKapPKACHBIM IpaHoMopdHBIM 3amnoJanureieM. [lerenpaaras Tekcrypa, Ha060pOT,
YKa3bIBAET HA BBICOKYIO OMOIMPOyKTUBHOCTD, TAK KAK KAPKACHDBIE 3JIEMEHTBI COCTABJISIIOT
Gourbiiyto dacTh (6osee 50%) obbeMa mopos.

PaszBurue KOJIOHUIT MOYXKET UMETH J[BE HAIPABJIEHHOCTH:

1.  IlepBas mpejmnosiaraet cjaoucTbie (pOPMBI CYIIECTBOBAaHUs KOJIOHUM. B Takom ciry-
Jae KapKacHbIE JIEMEHTHI 00pa3yIoTCs B CJIOUCTO-ISTHUCTYIO TEKCTypPy mim Oojee
Pa3BUTYIO, CJIOUCTYIO TEKCTYDPY.

2. Bropas npejmosiaraer, 9To KapKacHbIe 3JIEMEHTHI (POPMUPYIOT ISTHUCTO-IIETETBIATYIO
TEeKCTyPY 3a CHeT BePTUKaJIbHOI'O IIPUPAIEHUS U, B JaJjbHeiIeM, MOI'YT Pa3BUTbCS
B IETeJIbYaTyIO TEKCTYDPY.

IIyTs, mo KOTOpPOMY TPOM3OIiIET PA3BUTHE TEKCTYPHI 3aBUCUT OT JIOIOJHUTEIHHBIX
YCJIOBHiT B BUJIe, HAIIPUMED, THIPOIMHAMIIECKOrO PEXKMMa, OacceitHa, B KOTOPOM ITPOUCXOIUT
dopmupoBanmne ocajika. [Ipy mepuogmyeckn M3MEHYUBOM T'HJIPOIUHAMUIECKOM PEXKUMe
OyyT POPMUPOBATHCS CIOUCTHIE TEKCTYPHI. B ciIydae MOCTOSHHOIO yMEPEHHO-aKTHBHOTO
TUIPOIUHAMUYIECKOTO PEXKUMa OyIyT 00Pa30BbIBATHCS METEIHIATHIE TEKCTYPhI, IIOTOMY YTO
B IOPOJIaX C TAKOW TEKCTYPOil MEKKAPKACHBIN 3aI0JTHUTE]Ib CJIOXKEH B OOJIBITEll cTeneHn
KOMKaMU C HEOOJIBIINM KOJINYECTBOM CI'YCTKOB, YTO YKA3bIBAET HA OTHOCHUTEIHLHO AKTHBHYIO
TUJIPOAUHAMUKY IIPU OCaIKOHAKOIIJICHNUH.

CTpyKTypHBIE BAPUAIIUU OO/ CBSI3aHBI C TEM, 9TO B HAX BBIJEJISIETCS PA3HOE ITPOIIEHT-
HOE COJIepyKaHne KOMKOB U CTYCTKOB B OTHOCUTE/IHLHOM O0bEMe, ITO B CBOIO OUEPEb MOXKET
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OBITH TAKKe CBS3aHO C THIPOIMHAMUKON cpenbl. [Ipeanonaraercs, 9To CrycTKH OCaXK IAI0TCs
B Cpe/ie B CIHOKONHBIX WU C1a00 AKTUBHBIX BOJIHBIX YCIOBHUAX, & KOMKU OCAXKIAIOTCs B CPEIe
C aKTUBHOU I'MAPOAUHAMUKONA Cpebl.

PesyspraTet ucciemosanus mycroraoro npocrpancrsa u @EC onruko-nierporpaduieckumm
7 11eTPODU3NIECKUMA METOIAMU [TO3BOJIMJIN OLPEIEIUTDb, ITO MUIbTPAIyA PIIIONIOB B OC-
HOBHOM IIpHypOUYeHa K HOpojaM ¢ IpeodsraganreM hOPMEHHBIX JIEMEHTOB, TaK KaK KapKac-
HbI€ 110 OOJIBINEIl YACTU XapaKTEePU3YIOTCA INIOTHBIM CTPOEHUEM C HAJIMYUEM €JUHUIHBIX
TPEIIUH U IIyCTOT BhIMeIaunBanus. HeoOXoqmmMo OTMETUTD TaKKe 30HbI COUYJIEHEHUS Kap-
KACHBIX ¥ HEKAPKACHBIX 9JIEMEHTOB, I/le TPOIEHTHOE COJAEPKAHUE IIyCTOTHOIO IIPOCTPAHCTBA
OT ILIOIIA/Y MITH(da BO3PACTAECT. ITO, BEPOSITHO, CBA3AHO C IIPOIECCAMU BBINIEIATHBAHNISI,
KOTOPBIE IIPUYPOYEHBI K ITHUM 30HAM.

Vcxons n3 mosrydaeHHbIX HAOIIOAEHU, 9TO0 (DpAarMeHThl TOPOILI ¢ KAPKACHBIMU 3JIe-
MEHTaM# 00JIAJAI0T MAJIBIM KOJIMIECTBOM IIYCTOTHOT'O IIPOCTPAHCTBA, CJEAYET BBIBOJ, UTO
NOsIBJIEHNE KAPKACHBIX 3JIEMEHTOB yMEHbIIAeT oflee IyCTOTHOE (éMKOCTHOE) MPOCTpaH-
CTBO TIOPOJIbI M BUIOU3MEHSET (DUILTPAIMOHHDBIE CBONCTBA MOPObl. KapKacHble 3/IeMeHThHI
BBICTYIIAIOT B BHJIE€ JIOKAJIbHBIX 0apbhepoB Jiist MuabTparuu (JIONI0B B OIPEIEeIEHHBIX
HAIIPABJIEHUAX. Pe3ysIbTaTsl JINTOJIOrO-1IeTPOPU3NIECKUX UCCIIEJOBAHNN ITOKA3BIBAIOT, YTO
MTOPOJIBI CO CIYCTKOBOM CTPYKTYpoitl xapakrepusyercs Huzkumu PEC. 1o csi3ano ¢ Tem,
9TO CAMU MOPOJIBI OTIMIAIOTCST MAJIBIM 00'bEMOM IIYCTOT U MPEOdJIaJaHIeM CYOKANIISPHBIX
kaHaJoB. [Topospl ¢ mpeobiialanneM KOMKOBATOW CTPYKTYPbI, HA0OOPOT, UMEIOT TOBBIIIECH-
uple QEC, BBUly HAINYHSA KPYIHBIX IPOBOIAIIINX KAHAJIOB B MeK(MOPMEHHON TOPUCTOCTH.
Opnrako pacmpezeseHne CryCTKOBOTO MATEePUaIa OTHOCUTEIHHO KOMKOBATOIO MOXKET M30-
JINPOBATD MOCJeAHMI. B CBSI3M ¢ 3TUM 1OPOIBI 06JIAJAI0T TOPUCTOCTHIO, TPUYPOUECHHOMN
K KOMKOBATBIM y4acTKaM, a (GUIbTPAIs OYIeT ONpeeaThCs CI'yCTKOBBIMU.

Takmm 06pa3oM, IMyCTOTHOE IIPOCTPAHCTBO MCCJIEyEMbBIX TIOPOJ, 00JIaIaeT nepapxmde-
CKIM CTPOEHUEM, OIPEESIONNMCI MUKPOTEKCTYPHBIM U MaKPOTEKCTYPHBIM YPOBHEM.

3akiroueHue

1.  IIpoBejieH TEKCTYPHBINA U CTPYKTYPHBIA aHAJM3 UCCIIETyEeMbIX TOPO. BbijiesieHbl oc-
HOBHBIE THIIBI CTPYKTYP U TeKcTyp. [sist mopos onpenenenst PEC.

2. B mopomax BBISIBJIEHBI TEKCTYPHBIE BAPDUAINN, CBSI3aHHBIE C TIPE0DJIaIAHIEM KapPKACHDBIX
wi (pOPMEHHBIX IJIEMEHTOB.

3. g mopos ¢ pa3BuTHEM BOJOPOCJIEBO-MUKPOOUAIBHBIX KAPKACHBIX JIEMEHTOB BbIJIEJIe-
HO I5ITh OCHOBHBIX THIIOB MaKpOTeKCTyp. s mopos ¢ nmpeobiaianmeM HEKaPKACHBIX
3JIEMEHTOB BBIJIEJIEHO TPU THUIA MAaKPOTEKCTYP.

4.  BblIesieHO YeThIpe JIMTOTUIIA, XAPAKTEPU3YIOIIUE BapHallii MUK POOUAIBHO-BOIOPOCIEBBIX
KapOOHATHBIX TIOPOJT, KOJIJIEKTOPOB.

5.  Jlns rpaHOMOP(MHBIX yIACTKOB MOPOJT OIIPEIEIEHBI Y€ThIPE TUIIA MUKPOTEKCTYP.

6.  UccienoBanusi IOKA3BbIBAKOT, YTO (DUIBTPAIUS IPUYPOUEHA K HEKAPKACHBIM 3JIEMEHTAM,
a KapKaCHBIE 3JIEMEHTHI YMEHbBIAIT 00Iee IMyCTOTHOE TPOCTPAHCTBO U BBICTYIIAIOT
B BUJIE JIOKAJTHHBIX 0apbepOB i (DUIHTPAIIIH.

7. Ilopompl CO CI'yCTKOBOI M KOMKOBATO-CI'YyCTKOBOU CTPYKTYpPaMu 00JIa1al0T HUSKUMUI
OEC, a OpoJibl CO CIyCTKOBO-KOMKOBATOW U KOMKOBATON — CPEJTHUMU U BBICOKUMU
OEC cooTBeTCTBEHHO.

8.  Hampasyienne dbuabTpanuu u 3HaAYEHUS TPOHUIIAEMOCTH BHY TPU I'PAHOMOPMHBIX yIacT-
KOB ITOPOJI OIIPEJIEJISIOTCH UX MUKPOTEKCTY POI.

PesynbraTs! nccsreioBanmii MOYXKHO UCHOJB30BATH B KAYECTBE OCHOBBI MOJICJIMPOBAHUS
OEC mopo/t ¢ CJI0KHBIM HEOTHOPOIHBIM CTPOCHUEM.

Baaromapaoctun. ABTOpBI BhIpaskaioT GsarogapHocTh npodeccopy A. B. Tlocraukosy 3a
IEHHBIE 3aMEYaHUsI B XOJe TOJIOTOBKU PYKOIINCH CTATHU, & TAKYKe KOJJIEKTUBY Kadeapbl
gurosorun PTY (HIIY) wedru u raza umenu W. M. I'ybkuna. ABTopbl cTaThbu TakKe
61ar01apsIT AHOHUMHBIX PEIEH3EHTOB 38 UX IeHHbIE 3aMEUAHMSI.
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The paper presents the results of structural and textural characterization of heterogeneous, complexly
built microbial-algae reservoir and their comparison with the results of petrophysical studies. The
main types of textures and structures occurring in the rocks are highlighted. Reservoir properties
of rocks are characterized by standard petrophysical cylinders locally, according to the prevailing
structure in them. The paper shows the lithological and petrophysical characterization of the main
structures of the studied rocks and proposes options to take into account the influence of macro-
Received: March 20, 2025 and micro-textures in determining reservoir properties and character of filtration in rocks.
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MOPE) HA OCHOBE CIITYVTHNKOBOI'O MOHUTOPMHI'A

1,2 1,2

K. 1. K0p06‘IeHKOBa*’ , M. O. YabgaoBa

1I/IHCTI/ITyT okeanosiorun um. I1. IT. Illupmosa PAH, r. Mocksa, Poccust
2Basrrniickuii denepanbubil yauBepcuTer nMmenu Vvvanynina Kanra, r. Kanuaunarpazn, Poccus
* Konrakr: Kcenna Imurpuesna Kopo6uenkosa, korobchenkoval4@mail.ru

MouuTopuHr BeiHOCa (IJIFOMa) BBICOKONPOAYKTHUBHBIX BoJ KasmHMHrpasckoro sanusa yepes Bas-
TUHACKUIA MMPOJIUB aKTyaJIeH B YCJOBUSX BBICOKOI aHTPOIIONEHHON HATPY3KH M 9BTPOMUKAIINNA BOJI
FOrO-BOCTOYHO "acTu Basruiickoro mopsi. OnieHeHa Ce30HHAST U MEKI0/I0Basi U3MEHUYNBOCTh Pac-
IIPOCTPAHEHUs ITJIIOMa 10 CIIyTHUKOBBIM JIaHHBIM B riepuojt ¢ saBaps 2020 r. mo okTsiopb 2024 r.
U IPOBEJIEHO CPAaBHEHHE C Pe3yJIbTaTaMU SKCIEIUIMOHHBIX U3MePEHUil cosleHocTu Bosibl. 1lomans
IUIIOMA JTOCTUTaJIa HAanbOIbIINX 3HAYEHUH B IIEPHUOJ [IOI0BOAbs (PeBpaIb—MapT) U B JIETHUIA [EPHOZ,
(MIOHBb—HMIONB), KOTa OTCYTCTBYIOT CHJIbHBIE BETPA, CIIOCOOCTBYIOIINE JIUCCUNIAIMY IIIIOMa. AHa-
JIN3 BETPOBBIX YCJIOBHIl M HAIIPDABJICHUS IBUKEHNS IIJIIOMA [TOKA3aJ, YTO B OOJIBIINHCTBE CIIyYaeB
IJTIOM PaCIpOCTPaHsIeTCsl BIOJb MODEpeXKbsd Ha CEeBEPO-BOCTOK K M. Tapan mpu rnpeobJiagaHun
FOr0-3aI1a/IHOTO M I0r0-BOCTOYHOr0 Berpa. OCeHbIO IUIIOM IpUKaT K 6epery JOMUHUPYIOIMMMEA 32~
MaJHBIME BeTpaMu. ['napodusndeckas CTPYKTypa IJIIOMa HOATBEPKIAET PE3YIbTATHI, IOy YeHHbIE

110 CIIYyTHUKOBBIM JIaHHBIM.

Kiro4eBble ci10Ba: CIIy THUKOBBIIT MOHUTOPHHT, IIJIIOM, BETPOBBIE YCJIOBHUS, IOT0O-BOCTOYHAS YACTh

Banruiickoro mopsi, Kanuuunrpaackuit 3a/1uB.

Ouruposanme: KopobGuenkosa, K. JI., M. O. ¥YiabsroBa OreHKa MpOCTPAHCTBEHHOTO
pacipocTpaHeHus BbIHOCA Bog, KasmHuHrpaackoro 3anusa u peku Ilperosnn (Basnruiickoe Mope) Ha
OCHOBe CIyTHHUKOBOro MoHuTopunra // Russian Journal of Earth Sciences. — 2025. — T. 25. —
ES4002. — DOI: https://doi.org/10.2205/2025es001036 — EDN: TDNMGK

Bsenenue

B ycrbeBoii objiacTi peku mpu CMEINeHUN PEYHBIX U MOPCKUX BOJI IIPOUCXOIUT TPAHC-
dopmarus 1 mepepacipejesieHne MOTOKOB TeIlIa, B3BeCH, OMOTeHHBIX 3JIEMEHTOB U aHTPO-
MOTEHHBIX 3arpsi3Hennii. Janmas o0JaCTh sBJISETCS PEOXUMUYIECKUM 0apbepoM Ha IIyTH
BBIHOCA 3arpPsI3HSIIONIMX BEIECTB C CYIIN B TPUOPEXKHBIE MOPCKHE 30HBI C I'PAIUEHTAMU
CKOpOCTEil TeYeHUH, COJIEHOCTH, MyTHOCTH, TeMIeparypbl Boj [[opdees, 1983; Jlucuywvin,
1994; Emelyanov, 2005|. Takue 30HbI cMerieHus: B BajTuiickoM MOpe OTJIMYAIOTC OT 30H
B OKeaHe MEHBIINM I'PaJUEHTOM COJIEHOCTH — BasTuiickoe Mope siBJIsieTCsl COJIOHOBATHIM
BOJIOEMOM.

WcrournkoM MOCTyIJIEHsT TEPPUTEHHOTO BEIeCTBa B IOT0-BOCTOYHYIO YacTh basruii-
CKOT'0 MOPsI MOMUMO GEPEroBOil 9PO3UU ABJISIETCSI HE TOJBKO CTOK CaMOil KPYIHOM B pernome
p. Bucasl [Bagkiewicz-Grabowska et al., 2019; Svendsen et al., 2021], Ho n MeHee MOTHO-
Boguoit p. Ilperomm [Jlasposa u dp., 2014; Ilezoauzuna u Jlasposa, 2018|, Buamaromeit
B Kanunuurpanckuit (Bucsiunckuit) 3amus. 3aius sasisercsa OydepHoii 30HOM, B KOTOPOIi
MPOUCXOUT TpaHCHhOPMAIUsT U OCAXKJIEHNE JYaCTU 3arPsA3HSIONNX BEIECTB, MOCTYIIAKINX
¢ peuHbIMU BojaMu. PalioH mcciieioBanus IpeICTaBsieT coOOM 30Hy JUHAMUYECKOTO B3a-
UMOJIEHCTBHUST TPEX BOJHBIX O0BEKTOB: OiHOPYKaBHON pekn [Iperosm, Kamuaunrpaackoro
3a/MBa U NpUOpPEeKHBIX BoJ [nanbckoro 3aiusa (puc. 1). B ceBepHoil yacTu MeJIKOBOIHOrO
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KaymmHuHrpaickoro 3aiausa Haxoures riyboknii (8—10 M) rupporexuudeckuit oobexr (Ka-
JHUHrpaackuit Mopckoit kanaia, KMK). B kanasie olHOBpeMEHHO IPOXOAAT KaK CMEIIeHUe
PEYHBIX, 3aJMBHBIX U MOPCKUX BOJ, M UX BBIHOC B IIPUOPEIKHYIO 30HY MODPs (IPEUMYIIECTBEeH-
HO TI0 TIOBEPXHOCTH), TAK U 3aTOK MOpCKuUxX Box (no any) [Chubarenko and Chubarenko,
2003]. 3HaueHus COJIEHOCTH B UCCJIElyeMOM paifoHe BAPbUPYIOTCH B 3aBUCUMOCTH OT CE30HA
rojla M COCTABJIAIOT B ycThe peku 0-3 erc, B Kammnunarpaackom 3aause 2-5 enc, B KMK
2-7 ernic, B npubpexkuoit uactu Mopst 7—8 erc. Crpatudukarius BoJl B KAHAJE U BBIHOC Pac-
MpecHeHHbBIX BoJ, n3 KaJInmHuHTpa cKoro 3ajimBa B MOpE 3aBHCUT OT (haKTOPOB, BBI3BAHHBIX
GapuyecKuM rpajJueHToM (Berep, yPOBEHb BOJbI), U pacxojia pexku. PopMupyercs oM
3aJIMBHO BOJIbI, XapPAKTEPU3YIOIIMIICS TOHUKEHHON COJIEHOCTHIO U MOBBINEHHON MYTHOCTBIO.
BoseiicTBre BeTpa onpeessier CyTOIHYIO U JIaXKe 9aCOBYI0 M3MEHYNBOCTH PACIPOCTPaHe-
HUS IUIIOMA, & TaKZXKe ero moJioxkenue, ¢popmy u pasmep [Lihan et al., 2008; Saldias et al.,
2012; Thomas and Weatherbee, 2006]. DHeprusi BeTpa KOHIIEHTPHPYETCSI B MOBEPXHOCTHOM
cJI0€e, 9TO BBI3bIBaET O0jiee MHTEHCHBHOE BETPOBOE IPOIBUKEHHE IIJIIOMA 10 CPABHEHUIO
¢ MeHee CcTPaTU(UIIMPOBAHHBIM OKpYyzKatomumM MopeM |Osadchiev et al., 2021; Osadchiev
and Zavialov, 2013; Zu et al., 2014].
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Puc. 1. Kapra-cxema paiiona uccienopanusi. 193 PD — uckitounTenbHast sKoHOMIYecKast 30Ha PD,
1 — Kaguauarpaackuit Mmopckoit kaunau, 2 — [Ipumopckas 6yxra, 3 — r. Bamrmiick, 4 — Banruiickumit

npousinB, 5 — Basnruniickast Koca, IyHKTUPOM 0bO3HaYeHa 00JIaCTh TaHHBIX peaHanan3a ERAS.

JlocTymHBIM CITIOCOOOM KPYTJIOTOIUIHOTO MOHUTOPUHTA TTPOCTPAHCTBEHHOTO pacIpesie-
JIEHUsI B3BEIIIEHHOI'O BENIECTBA B YCTHEBOW ODJIACTH SABJISIETCS] CILy THUKOBBIA MOHUTOPWHT.
[TI10MBI 3HAYUTEIBHO OTJIUIAIOTCS OT OKPYYKAIOIMIUX UX MOPCKUX BOJI CBOMMU ONTHYECKUMU
CBOMCTBAMM, ITO TIO3BOJISIET OTCIEKUBATH UX CE30HHYIO nuHAMUKY. OrpaHmdeHneM MeToma
SIBJISIETCSI HAJIMYKE ODJIAYHOCTH W IIITOPMOBBIE YCJIOBUS Ha MOBEPXHOCTH MOpsi. [1omobHbIe
UCCJIEJIOBAHUS TIPOBOJSATCS JIJIsi MOHUTOPUHIA KadeCcTBa BOJ, BO MHOrUX paiionax Mwuposoro
OKeaHa, OJIHAKO OOJIbIas YaCTh MOCBAIIECHA PEKAM, HAIPSIMYIO BIAJAIONINM B MOpE MJIN
B 3cTyapuii oTKpbiToro tuna (peku Amasonka, Amyp, Boara, Enuceii, O6b u 1p., B peruone
uccsieoBanus — p. Bucia, Buagaiomas B [nanbekuii 3a1uB). YeTbeBble 00JIaCTH HEKOTOPBIX
PEK OCJIOXKHEHBI HasmuneM OydepHbIX 30H — 3aJIMBOB MOJTy3aMKHyToro tuna (iaryaa Ilaryc,
garysa Anbbydepa, Kypickuit 3amus, Hlenuuckuii 3auB u ap.), TakuM 06pa3oM, ILJIIOM
UMeeT He PeYHOe IIPOMCXOXKJICHUE, a CMEIIaHHoe (BOJbI PEKH U 3aJIMBA) U XapaKTePU3YeTCs
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MEHBIIIMY I'PAJIUEHTAMU 10 COJIEHOCTHU, TEMIIEPATYPE U MYTHOCTH MEXK/Ty 3aJIMBHBIMUA U MOD-
ckumu Bojamu. Hampumep, B peruone uccjaegoBanus nu3ydeH oM Kypirnckoro 3aamsa —
GydepHoii 30HbI it croka KpynHoii p. Heman [Dabuleviciene et al., 2020; Vaiciute et al.,
2013].

JlamHoe mccieqoBanme BO MHOTOM SABJISIETCS IIPOJIOJIPKEHUEM CYIIECTBYIOMUX paboT
[/Tasposa u dp., 2014; Hasuposa u Kparowrun, 2021; Lavrova et al., 2016]. Oqnako B peruone
HaGJIFOIAI0TCS TeHICHIINN U3MEeHEeHUs] CHHONTHYecKuX yeaoBuil [[Toaynuna u Cmowm, 2022;
Cmonm u dp., 2020; Stont et al., 2023|, KOTOpBIE, B CBOIO OYepEb, BIUSIOT HA IUHAMAKY DEU-
HOT'O CTOKA M PacCIpOCTPaHEeHUEe BBIHOCA PACIPECHEHHBIX MYy THBIX BOJ, B Mope. CorocraBiieHue
ITUX JAHHBIX [TO3BOJISET MOJIyIUTh HEKOTOPhIE KOJIMYECTBEHHbBIE OIEHKH 3aKOHOMEPHOCTH
pacrpocTpanenus mioMa. B 3ToM KOHTEKCTe OOJIbIoe 3HaYeHne TPHOOPeTaeT HEIPEPhIB-
HBII JTOJITOCPOYHBIN KOMILIEKCHBIT MOHUTOPUHT KOCUCTEMBI BaITHIICKOrO MOPS B IIEJI0M
¥ IpUOPEKHON 30HBI KaK HanboJIee OBICTPO OTPAXKAIOINIEN M3MEHEHUsI, B YACTHOCTH.

esbro paboThI SABJIATIOCH OLPEIEIEHIe CE30HHON M MEKI'0J0BOM M3MEHUYNBOCTH IIJIIOMA
Kanununarpaackoro 3aiuBa B IpuOpPEKHON JaCcTH BaJTHIICKOTO MOPSI ¢ y9I€TOM BETPOBBIX
ycioBuit u peunoro croka B 2020-2024 rr. Ilosydennble ganable MOT'YT OBITH HCIOIB30BAHBI
JIJISI PETMOHAJIBHO aIAIITHPOBAHHOM CUCTEMbI MOHUTOPHUHIA BasITHiickoro Mopsi, Co31aHHOM
B 2022 r. B paMKaxX CUCTEMBI KJIUMATUIECKOTO U SKOJIOTMYECKOTO MOHUTOPHUHTA KJIIOYEBBIX
paiionoB Muposoro okeana u mopeii Poccun [Bashirova et al., 2023].

MarepuaJibl 1 METOIbI

Jlnst uccaenoBanmst Xapakrepa u MOPGOJIOruH ILIIOMa, BoJl KaIMHUHIPAICKOTO 3aIuBa
OBLIN MCIIOJIB30BAHBI JJAHHBIE JUCTAHIIMOHHOI'O 30HIUPOBAHUS BBICOKOTO IIPOCTPAHCTBEHHOIO
paspertenus Jyis nepuoga ¢ saBaps 2020 r. mo okrabps 2024 r. Ouruueckue (1BETOCHH-
TE3UPOBAHHDIE) U300PAKEHHsI MOPCKOI MOBEPXHOCTHU OBLIU MOJIyYeHbl IyTeM 00paboTKu
JIAHHBIX MyJbTHCIEeKTpasbHoro ckanepa MSI (Multispectral Instrument) co cuyTHUKOB
Sentinel-2A (mpocrpancrsentoe paspemterue 10 m). st pacummpenus psiia JaHHBIX UCIIOJb-
30BAJINCH CITyTHUKOBBIE CHUMKM KOHIIEHTPAIINN B3BEIIEHHOTO BEMIECTBA MYJIBTUCIEKTPAJIb-
Horo paguomerpa OLCI (Ocean and Land Colour Instrument) co cnyrauka Sentinel-3A
(mpocrpancreentoe paspemienue 300 M). Vcnosnb3oBanuch CliyTHUKOBbIE H300parkKeHus 2-10
yposus obpatorku (Level-2A of Sentinel-2 and Sentinel-3 processing), yuursiBaronme armMo-
cdepnyto koppekiuto. [Ipenpapurebaast 06paboTKa CIIyTHUKOBBIX JAHHBIX BBIIOJIHSIACH
¢ moMoInpio mporpaMMuoro obecnedenust SNAP 8.0. I'paHulis! mroMa opeJie/siiiuch o Be-
TOBOMY KOHTPACTY MOPCKHX BOJ[ M BOJ IJTIOMA U O POBBIBAJIACH C IOMOIIHIO0 HACTOJIBHOM
reonndopmarmonnoii cucrembl QGIS. Tlepen omudpoBKOil CITyTHUKOBBIX JAHHBIX MYJIBTUC-
nekTpasbHOro paguomerpa OLCI/Sentinel-3A nomosHUTEIHHO BBIOIHSAIACH HOPMAJH3ATIAS
JIAHHBIX METOJOM CTaHJApTU3anuu (Ha OCHOBE CPEIHEro 3HAYEHUS M CTAHIAPTHOIO OTKJIO-
HeHUs JJIsl CPABHEHUsI 3HAYCHUN ¢ PA3HON INKAJIOi M3MEpEeHuii) ¢ IOMOIIBIO HACTOJILHON
reontdopmannonnoii cucrembl QGIS. Beero 6su10 npoanamsuposano nopsiaka 600 cryTHu-
KOBBIX M300PaKeHUil, 13 KOTOPBIX 228 ObLIN PENPEe3eHTATUBHBIMU C O0JIAYHOCTHIO MEHee
50% (ma 178 CIyTHUKOBBIX U300pasKeHUAX ObLI BBIPAYKEH ILIIOM 3aJIUBHBIX BOJ B MODE, Ha
50 — 3aTOK MOpPCKHX BO, 4epe3 Basrruiickuit nposius B Kajiuaunrpaickuii 3a/1us).

il TOCTpOEHUS CE30HHBIX PO3 BETPOB MCIIOIB30BAINCH HATYPHBIE JIaHHbIE HAIIPAB-
JIEHHUsI ¥ CKOPOCTH BeTpa u3 OTKPBITHIX apxuBoB [O00 «Pacnucanue nozodwvi», 2004] na
mereoctannuu I. Bagruiick (Ne26701, 54°39” c. 1., 19°55” B. 1.) 3a nepuog 2020-2024 rr.
¢ IMCKPEeTHOCTHIO 3 daca. Jjist anaau3a nmpeobia Iaomnx BeTPOBBIX YCJIOBUIA 38 CYTKU J0
U BO BpeMsl IPOJIeTa CILyTHUKA HCIOJIb30BAJINUCH JIAHHbIE O KOMIIOHEHTaxX BeTpa (U- u v-
KoMmroHeHThl) n3 peanasnza ECMWF ERAS [C3S, 2018] na Bbicore 10 M ¢ JJUCKPETHOCTBIO
1 gac u npocrpancTBeHHbIM pasperienuem 0,25° mmuporsr X 0,25° mosrorsr. CBelieHus O KO-
JIMIECTBE OCATKOB Gpanmch u3 OTKPHIThIX apxuBoB Q00 «Pacnucarue nozodws, 2004] na
mereocraniuu . Yepugaxosck (N26711, 54°38” c. ., 21°47’ B. 1.) 3a nepuox 2020-2024 rr.

JlaHHBIE O CPEIHECYTOYHOM pacxoie BOAbI p. IIperosisi Ha TUIPOJIOrTIECKOM ITOCTY
r. I'sapaeiick (56 kM ot yerbs) 3a 2020-2023 rr. 6111 nosryvens u3 Eunoit rocyiapcrsenHoit
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cucrembr nadopmanyn 06 o6cranoBke B Muposom okeane [ECHMO, 1999]. 3a 2024 r. nansbie
0 PEYHOM CTOKE B OTKPBITOM JIOCTYIIE€ OTCYTCTBYIOT.

st BepupuKaIuu CIry THUKOBBIX CHUMKOB U OIIEHKM MOITTHOCTHU ILIIOMa, TIPOBEJIEHBI
skcreauionHbe paborst (06.08.2020, 02.03.2022), B KOTOPBIX BBITOJIHSINCH H3MEPEHUST
BEPTUKAJBHOTO PACIPEJIESIEHIsT COJIEHOCTH Ha CTAHIUsX, pacinojokeHHbx B KMK ot ycrbsa
p. Hperomnu (cr. 1) mo npubpexuoii aksaropuu Basruiickoro mops (cm. puc. 1). Pabors
nposouuchk 3oHmamu Sea&Sun Tech CTDI0M u SonTek CastAway.

Pe3ynbrarsl u obcyXKIeHme
ILroiane miIroMma

PesynbraTs! orudpoBKu rpaHUIB IIIOMa Ha CIIyTHUKOBBIX CHHUMKAax 3a mnepuoj 2020—
2024 rr. npenacrasiens B Tabs. 1 u Ha puc. 2. [Ipobessl B maHHBIX 00pa3y0TCst B 3UMHUIA
nepuo/, (06paboTaHo BCEro IATh CHUMKOB 38 IATh JIET), KOIla PAifioH UCC/IeIOBAHUS TIPAKTHU-
YECKH IIOJIHOCTBIO IIOKPBIT 00JIaYHOCTHIO. B 11epuo/ibl ak THBHO BereTalu (hUTOIJIAHKTOHA
(ampesib, UOHD) WUIOM ObLI HanbOJIEe SIPKO BHIPAZKEH U3-38 OTJIMYUN OIITUIECKUX CBOMCTB BOJ
Kanuaunarpajckoro 3aimBa u Boji BaaTuiickoro Mopsi 3a C4eT HAJUYAS B IIPUITOBEPXHOCT-
HOM CJIOE BO/I 3aJIMBa 3HAYUTEJIBHOI'O KOJIMIECTBa OPraHUIeCKOT'O B3BEIIEHHOI'O BEIECTBA
[/Tasposa u dp., 2016; Gasiunaite et al., 2005; Kudryavtseva and Aleksandrov, 2019]. A6-
COJTIOTHBIM MAKCHMYM ILJIOMIAN IIJIIOMA 33 MIEPUOJ, UCCJIEI0OBaHNs 3a(DUKCUPOBAH B UIOHE
2021 r. u cocrasui 296 Km2. OHaKO MaKCUMAaJIbHAST CPEIHSIST 38 CE30H ILIOIMIAIb ITPUXOIUTCS
Ha Bechy (42 km?), uro obbsCHAETCs TOIOBObeM p. IIperosu (dbespansmapr) [Bockaués u
Yybapenko, 2022; Korobchenkova et al., 2023]. Jlerom 1uiomay nomMa Takxke 3HAUUTEIbHDI,
YTO CBSI3aHO C JIOCTATOYHO CIIOKONHBIMU BETPOBBIME YCJIOBUSIMU, TTO3BOJISIIOIUMU ILIFOMY
«HAPACTATbY M COXPAHATHCS B TEUEHHE JINTEJILHOIO BPEMEHU. AHAJIN3 BETPOBBIX YCIOBUN
B 2020-2024 rr., KaK OJHOTO M3 IVIABHBIX PEXKMMO0OPa3yomux (haKTOPOB, HOKA3AJI, 9TO
BECHOH 1peobiiaganu ciaabbie (CKOPOCTD JI0 5 M/C) BETPBI CEBEPHBIX PyMOOB, pexKe HAbJIIO-
JIAJINCH 3allaJHble BeTpbl o cKopocThbio 5—10 M/c u ciaabble Bocrounble BeTpbl. OCEHBIO
7 3UMOI MOXKHO BBISIBUTD TEHJEHIUIO K IIPE0DJIAIAHIIO BETPA I0KHBIX PyMOOB CO CKOPOCTDHIO
110 10 M/c u 3amaHOro BeTpa co CKOpocThio 10 20 M/c.

Tab6imna 1. Ce30HHAs N3MEHYMBOCTD IJIONIAeH IIoMa 13 KaJMHUHIDAJICKOro 3ajIuBa B IIEPUO/L
2020-2024 rr.

Ton 3uma Becna Jlero Ocenb
2020 33/42* (2) 42/162 (10) 63/212 (10) 26,52 (4)
2021 48/51 (2) 23/35 (4) 53/296 (9) 31/50 (6)
2022 3/3 (1) 48/138 (14) 23/56 (17) 16/35 (6)
2023 — 51/218 (16) 21/81 (20) 27/69 (10)
2024 — 33/124 (15) 37/137 (21) 35/71 (11)
ngf:’i;a 33/51 (5) 42/218 (59) 35/296 (77) 28/71 (37)

*33/42 (2) — cpesuss, KM?/ MaKCHUMasIbHAS, KM> (KOJMYECTBO CHUMKOB)

B orcyrerBun npusinBoB BTOPBIM BaXKHBIM YCJIOBHEM, OMPEIEISIONIIM H3MEHINBOCTD
apaMeTpoB 3CTyapHOIi cucreMmbl p. IIperosu, sBiasgercss pedHOil CTOK. AHAJIN3 CPETHECYTOU-
HOT'O pacxojia Bojabl p. Ilperosm Ha ruaposormdeckoM mocty T. I'Bapgeiick 3a 2020-2023 rr.
[IOKAa3aJI, 9TO B TE€YEHNE KaXKJOr0 T'0/Ia BBIPAXKEHHBIN MAKCHUMYM Pacxoja Boabl p. IIperom
(100-200 M3/c) COOTBETCTBOBA MOIOBOABIO. B 9TH 7Ke MeCsIpl HAGIIOTAIICH M 3HAUM-
TeJIbHBIE CPeJTHEMEeCsTIHbIe mIomau mwioMa (42, 54 u 52 KM? B deBpaJjie, MapTe U alpelie,
coorBercTBeHHO) (puc. 3). /IBa BTOPHYHBIX MaKCHUMyMa B Mae-UIOHe M HOAOpe-IeKabpe
cBaA3aHbl ¢ maBonkamu. Vckaouernunem sBstyicst 2022 1., Kora ObLI sIPKO BBIPAXKEH TOJIHKO
OJIMH MAaKCHUMYM B KOHIIe (beBpaJisi-Hadajle MapTa IpPU pacxoje Bomabl p. [Iperosm okoso
400 m? /c. B aToT nepuos BhImaso 82 MM 0CAJIKOB, UTO cocTaBuiio 153% oT KimMaTHaecKoit
uHopMmbl (OO0 «Pacnucarue no2odws, 2004], cieayiomuye Tpu Mecsna KOJIXYECTBO BbIIABIIIX
0CAJIKOB HE IIPEBBIIIAJIO CPEIHIon HopMy. B 2023 1. MmakcuMyM cocTosiyt u3 Tpex mukos (174-
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Puc. 2. Kapra-cxema pacrnpoctpaneHus mioMa Boj KaJawHIHIPaICKOTo 3a/IMBa 10 JAHHBIM OIH(dD-
POBKHM CIly THUKOBBIX CHUMKOB M Ce30HHasi IOBTOpsieMocTh (%) HaupapieHuit u ckopocreii (Mm/c)

Berpa (po3a BETPOB) IO JNAHHBIM MeTeocTannuu r. Basnruiicka ¢ 2020 o 2024 rr.

214 M3 /¢) u npumiescs Ha (eBpaitb-Havaao anpess. HexapakTepHbIi Juisi BTOPOH TOJIOBUHBI
MapTa BBICOKHIl PacXoll BOJbI, BEPOSATHO, CBA3aH C OOJIBIIUM KOJMIECTBOM OCAIKOB (138 MM
3a Mapr).

J171s1 BBIABJIEHUST CPETHEMHOTOJIETHETO TIOJIOYKEHUS TLTIOMa, BCe 3a(pUKCUPOBAHHBIE CJTY-
yau 6bLIM 00beJMHEHbl 1 PAHXKUPOBAHDI 10 BeJIMYUHE IIomanu wioMa (puc. 4). Bosbie
BCETO OTMEYEHO CJIyYaeB PACIPOCTPAHEHUS TIIOMA IIOMIBI0 10 50 KM (143 coyuas wiu
80%) u ymajieHreM B CTOPOHY OTKPBITOIO MOpst He Gojiee 7 KM, BIoJIb Gepera — 10 15 kM.
B 26-tu cyuasix (15%) miomans mmoma coctasisiia ot 50 go 100 KMZ, yaageHne oT bepera
6bL10 710 12 KM, TOT/Ia KaK yJaJieHue BI0JIb Oepera Ha 10T OT IpoJinBa — OK0JI0 18 kM. B 9-tu
cyuasx (5%) moma s mioMa 6bita Gosee 100 kM2, BHenIHAs TpaHuNa (DUKCHPOBAIACH HA
paccrostann 710 20 KM oT Oepera. Yaire BCero miomap III0Ma JOCTUTaJIa TAKIX 3HAYEHUI
B jierHuii cezon. B pabore [Hasuposa u Kparowwrun, 2021] npepcraBiensbl pe3yJbTaTbl MO-
HUTOpUHTA [ TAaHBCKOrO 3a/IMBa B pailoHe BBIHOCA BOJI IO CIIyTHUKOBBIM JAHHBIM B IIEPUO,
¢ ssaBaps 2014 r. o centssO6pb 2020 1., cOryIacHO KOTOPOMY HAJIMYHE ILTIOMa, 3aJIUBHBIX BOJ,
qepe3 Basruiickuilt mponB HUKCHPOBAIOCH Ha IIPOTSZKEHUH BCETO IO ¢ MAKCUMAJIHHBIMA
IO IIMH BbIHOCA B JieTHHE MecsIibl. B 2020-2024 rr. 3Ta TeHAeHIMs COXPaHUIACh.
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Puc. 4. 'pamamusa mroma Boj, KaanHUHIPaICKOro 3a/MBa MO CPEJTHEMHOIOJIETHEH TIJIOMIAIU 10

CIIyTHUKOBBIM JIaHHBIM ¢ 2020 1o 2024 rr.

B paiione ucciiemoBanns HammpaBIeHne BETpa MOKET M3MEHATHCS HECKOIBKO pa3 B Tede-
HUe CyTOK. MOXKHO IIPE/IIOJIOKUTD, YTO IJIOMIA b PACIpOCTpaHeHusi, (opMa U HAIIPABJIEHUE
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JIBY2KEHUSI IIJTIOMa MMEIOT BHYTPUCYTOYHYIO JMHAMUKY. 1I3-332 4aCTOTHI CIIyTHUKOBBIX IIPOJIE-
ToB (pa3 B cyTku) B pabore PacCMaTPUBAETCS TOJIBKO MEXKCYTOYHAS U CE30HHAs JUHAMUKA.
Ilox neficTBreM BeTpa ILIOMAL TLUTIOMa, B TE€YEHUE HECKOJBKUX JHEH MOYKET CYIIECTBEHHO
u3MeHsiThest (Hanpumep, 01.06.2020 u 04.06.2020 — 55 u 182 km?; 07.03.2024 u 10.03.2024 —
124 u 34 KM?, COOTBETCTBEHHO).

st comocTaB/ieHNs MOy YeHHBIX Pe3y/IbTATOB OBLI BHIOPAH ILTIOM . BUC/IBI, KOTOpast
HanpsMyio BrajsaeT B [nanbekmit 3aaus. [Lmomans mioma p. Bucibl B Temoe Bpemst roja
vacTo npesermaer 500 KM2, 110 TOPH30HTAIN PACIPOCTPAHIETCs 10 27 KM [Mumazuna u dp.,
2024]. TLrom Box, KanuHuHIpaICKOro 3a/uBa UMEET MEHbIIYIO ILIONAb, HO CPABHUM 110
JAJBHOCTU PACIPOCTpaHeHUs. Ecu roBOpUTh O pa3uiuu BJIUSHUS JAHHBIX BHIHOCOB HA
IPUOPEKHYIO 30HY MOPsi, MOXKHO IIPEIIOJIOKUTH, YTO, HECMOTPsI Ha MEHBIIYIO ILIOIIA/ThH
ILUTIOMA 3aJIMBa, OH BBIHOCUT 3HAYUTEJIFHO OOJIbIllee KOJUIeCTBO OPTaHUIECKOTO BEIIeCTBA
(B 94acTHOCTH IIAHKTOHA), 9eM p. Bucia. B Kamununrpagckom zanuse, 0COGEHHO B Tel-
JIBII TIEPUOJ, TOJIa, IPOUCXOJIUT MACCOBOE Pa3BUTHE ILIAHKTOHA, KOTODPBIN IpHCIOCObJIeH
K CYIIIECTBOBAHUIO B COJIOHOBATOBOJHBIX ycjoBusiX. [losToMy, momajast B MOPCKYIO 30HY, OH
MPOJIOJIZKAET TaM Pa3BUBATbCs. [IpecHOBOMHBIN Ke TIJIAHKTOH p. Bucsbl B cosieHoit Boze me-
pecTaer pa3BuBaThCs u norudaet. TakuM obpazom, Haymare O6ydepHOro MPUEMHOTO BOJIOEMa,
Y PEKM Ka4eCTBEHHO U KOJUIECTBEHHO MEHSET «HAIIOJHEHHE» ILJIIOMA.

HamnpaBJjienue qBU>KEHUS IJIIOMAa

IlyiroM 3aJTUBHBIX BOJ, MOYKET UMETh BBIPAYKEHHYIO BBITSHYTYIO (POPMY U PACIIPOCTPa-
HATHCH KaK B IUKJIOHUYIECKOM, TaK ¥ AHTHUIMKJIOHIIECKOM HAIPABJIEHUU BJOJb MOPCKOIO
nobGepexbst [Jlasposa u dp., 2016]. Ha pacupocrpaseHune mroMa BIAKSIIOT BETED, BAOIbOEPEro-
Basl UPKYJISIIHs U BUXPEBbIE MMPOIECCHI, XapaKTepPHbBIE I aKBATOPHH | TaHBCKOrO bacceiina
[Funsbype u dp., 2015]. Mezomacirabuble 1 MEIKOMACIITAOHBIE BUXPEBbIE CTPYKTYPBI OKa-
3BIBAIOT CYIIECTBEHHOE BJIMSIHUE HA PACIPOCTPAHEHUE ILTIOMa BOJ P. BUCIBI U B MeHbIIEH
Mepe Ha BbIHOC BoJ, Kanmaunrpasckoro sanusa [Mumseuna u dp., 2024; Lavrova et al., 2016].
OcHOBHOE HAIpaBJIeHHE, B KOTOPOM DPACIPOCTPAHAETCS TIJTIOM 3aJUBHBIX BOJI, COBIAIAET
C HaIpaBJICHHEM BETPOBLIX Tedenuil [Lavrova et al., 2016].

3a aHAJM3UPYEMBIH TIepHOJ, OBLIO OTMEYEHO PACIPOCTPAHEHHE IIIIOMa B TPEX OCHOB-
HBIX HanpasjieHusx: B 45% ciyuaes BIOJb N06epexkbs Ha ceBepo-BOCTOK (K Mbicy Tapan),
B 29% nepnenauKyIsapHO Gepery B CTOPOHY OTKPBITOrO MOps U B 26% BJ0JIb IOOEpPEKbsT
Bausrruiickoit Kocel Ha foro-zamaj. [Ipu pacmpocrpaHeHnn IJIIOMa HA CEBEPO-BOCTOK IIPU
IpeobIIalaHuy BeTpa I0ro-3alaHOrO U I0r0-BOCTOYHOIO HanpasJenuii (Tabil. 2) IpOUCXOIuT
€ro CMellleHue C BJI0JILOEPErOBbIMH ITOTOKAMH HAHOCOB M 0Opa30BaHME ITUKJIOHUYECKOI'O
3aBUXPEHNsI y MbIca TapaH B yCJIOBHsIX JayHBEJJIMHIOBOrO pexnMa [Lavrova et al., 2016].
Takrke HAOIIOMAINCH CIIYyYal PACIPOCTPAHEHUS TLTIOMa BJIOJb BaJTHHCKOW KOCHI IPU CUJTh-
HBIX CEBEPO-BOCTOYHBIX (IIPOTUBOHAIIPABJIEHHBIX) BETPAX IPEUMYIIECTBEHHO JIETOM, KOIJIa
YBEJIMUMBAJIACH TOBTOPSIEMOCTh CEBEPHOTO M CEBEPO-BOCTOYHOIO BeTpoB (cM. puc. 2). Cayuan
pacrpocTpaHeHus IIIOMa, Iapoodpa3Hoil (pOpPMBI MEPIEHINKYIAPHO Oepery ObLin 3aduK-
CUPOBaHBI B OCHOBHOM BECHON ¥ YACTUYHO JIETOM, KOTJIa TOCIOJCTBOBAJ BETEP BOCTOYHBIX
pyM6oB. B 9TH ce30HBI CKOPOCTH BeTpa He BbICOKa (10 5, pexke 10 M/c), 4T0 MO3BOJIsIET
IUTIOMY PACHPOCTPAHSITHCS JTOCTATOYHO PABHOMEPHO.

3uUMOit U OCEHBIO B BOJIBIITMHCTBE CJIYYIAeB TIIOMbI PACITPOCTPAHSINCH Ha CEBEPO-BOCTOK
u Gbun npuxKaThl K Gepery (cM. puc. 2) mom AefcTBHEM BETPOB 3alaJHOTO U IOXKHOTO
pyMOOB, TOCIOJCTBYIONIUX B 3TO BpeMs roja. llepe/iBukenne mioMa BJ10JIb TOOEPEXKbsT HA
FOTO-3AIIa,T JaIle BCETO OBLITO 3a(UKCHPOBAHO BECHON U JIETOM, KOTJIa TOCIIOACTBOBAJH CJTabbie
BeTpa CEeBEPHBIX PyMOOB. 3aTOKN MOPCKOi BOJbI B KajmHnHIpajcKuil 3a/iuB OTMEY€eHbI Ha
[TOBEPXHOCTH MODPsI Ha CIIyTHUKOBBIX CHUMKAX OCEHBIO M BECHOI IIPU YMEPEHHBIX, CBEXKIX
u cuwibHBIX (10 mkasie Bodopra) Berpax 10ro-3amafHoro u ceBepo-3araiHoro HAlPaBJICHU
(cm. Tabir. 2).

OTMedeHbl cirydan pacpoCTpaHEeHHs IIJTIOMa BJIOJIb TOOEPEXKbsI B CEBEPO-BOCTOTHOM
HAIIPABJIEHUN U MEPIEHIUKYJISIPHO Oepery 1pu HArOHHBIX CEBEPO-3alla[HOM U 3aIa THOM
Berpax (cMm. tabu. 2). Hanpumep, 24-25.05.2020 GbuI OpeMMYIIECTBEHHO yMepeHHbIH (7 M/c)
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Tabauna 2. IlosropsieMocTs HanpasieHusi Berpa (%) OTHOCHTEIBHO PACHPOCTPAHEHUS ILIIOMA

B 2020-2024 rr.

JBu>xeHne
JBmxenne JBu>xernE
Hanpasnerue IUIIOMA [IEPIEH-  3aTOK MOPCKUX
erpa IJIIOMa Ha IUIIOMa Ha KYIAPHO ot
b CEBEPO-BOCTOK IOr0-3aMa,1
Gepery
C 2 4 2 6
CB 8 52 36 6
B 3 6 6 6
I0OB 34 14 46 12
1O 3 2 — —
103 32 18 8 44
3 3 = — 2
C3 15 4 2 24

3amaIHbIil BeTep, KoTophIi K 26-27.05.2020 ociab ¢ coxpaHeHneM HAIpaBIeHUsI. JTO IPUBEJIO
K peslakcalluy HAroHa U BBIHOCY BOJL 3asuBa. Jlpyroit mpumep: 26-27.07.2024 rocroacTsoBat
CEeBEPO-3aIaIHBII BETED, KOTOPHIN IPIKUMAJ K IIOOEPEKBIO IIJIIOM DaHEee BBIHECEHHBIX BO/I
zanuBa. K 31.07.2024 mampapyieHre CMEHIIOCH HA IOTO-BOCTOYHOE W ILTIOM «OTOPBAJICS» OT
Oepera.

OrmMmedenbl 3aTOKM MOpPCKUX BOJ 1depe3 Bamruiickuit mpoaus 8 KMK u Kanuaun-
IPaJICKUil 3aJIUB [IPU BETPE 3allaJIHOrO U CEBEPO-3allaIHOr0 HanpasjeHuil (B 24% ciydyaes)
B OCHOBHOM OCEHBIO U B HAYAJIE 3UMBI, TAKKE P YCTONIUBBIX I0T0-3a1a,HbIX BeTpax (B 44%
cilydyaeB) [OJL JeficTBAEM SKMAHOBCKOI'O IepeHoca. BeiencrBrue M3MEeHUMBOCTY HALIPABJICHMS
BeTpa Jla’ke B T€UEHUE OJHUX CYTOK HAOJIIOJAINCH CJIydan OJHOBPEMEHHOIO 32TOKA MOPCKUX
BOJ[ M BBIHOCA 3aJIMBHBIX BOJ depe3 Basruiickuil mposive B IpUOPEKHYIO0 YaCTh MOPST WU
U3MEHEHUsI OPUEHTAINN PACIPOCTPAHEHUS ILIIOMA.

IlogcnyTHUKOBDBIE M3MEpPEHUs

Opnnoit u3 337129 paboThl OBLJIO PACCMOTPEHUE CJIYIAEB CHHXPOHHBIX ITOJICITY THUKO-
BBIX U3MEPEHUIl THIPOJIOTTIECKON CTPYKTYPhI B PaliOHe UCCIeI0BAHUs s BepuduKamum
CIIy THUKOBBIX JIAHHBIX.

06.08.2020 Hakanyne (05.08.2020) sKcHeUIMOHHOIO BBIXO/Ia Ipeobiiaial c1abblii Berep 3a-
[MIHOTO U 3aIlaJHO-CEBEPO-3alaIHOr0 HAIPABJIEHNUIT, KOTOPBIE SBJISJINCH TOCIIOICTBY OIIIMU
B Tedenue ce3ona (cM. puc. 2). 06.08.2020 nHampasieHue BeTpa CMEHUJIOCH HA HEXapaKTEePHOe
JIJIs CE30HA I0T0-BOCTOYHOE, KOTOPOE CIIOCOOCTBOBAJIO BBIHOCY 3aJIMBHBIX BOJ, B IPHOPEKHYIO
30Hy MOps. COIJIACHO CIIyTHHKOBOMY CHUMKY, ILIOIIA/b ILIIOMA ObLIa HEDOJIBIION n cocTa-
BT puMepHO 10 KM? (puc. 5). Mexay Banruiickum nposmsom u B 20 KM Mopucree
0bpa3oBajiach IpaJueHTHasI 30Ha MOIIHOCTHIO OKOJIO 7 M B KOTOPOU COJIEHOCTb U3MEHAJIACH
ot 6,0 mo 7,2 eric, coryiacHO JaHHBIM 30HIUPOBAHUS BOAHON Tommu. Pacxon Boast p. Ilperomm
cocTaBma okosio 50 M3 /¢, To ecThb GBLI HE3HAUUTEILHDIM.

02.03.2022 3a J1BOe CYTOK JI0 IKCIIEIUIIMOHHOIO BBIXOJIa IPeodJiajiall BOCTOYHbIN BeTep,
KOTOPBIii CIIOCOOCTBOBAJ BHIHOCY 3AJUBHBIX BOJI, 3aT€M HAIIPABJIEHNE U3MEHIIOCH HA I0T0-I0T0-
3AI13/[HOE CO CKOPOCTHIO BeTpa 1-3 M/C U IJIIOM HE3HAYUTEJbHO CMECTHJICS Ha CEBEPO-BOCTOK.
Ha criyTHEKOBOM M300paskKeHnn IPKO BBIPArXKEH BLIHOC Yepe3 BasTuiicKuil posIus, III0maIb
KoTOporo cocrasmiaa 30 KM’ (cMm. puc. 5). Yeaosus /s BbIHOCA 6B chOPMEPOBAHDI He
CTOJIbKO BETPOBOI CHTyaIyei, CKOJIbKO MOJOBOJIBEM U MAKCUMAJBLHBIM PACXOJIOM BOJIBI
(247 M3 /c, em. puc. 3). CTOK PeTHBIX BOJ BECHOM B TIEPHOT HOJOBO/IbS HAPYITACT GAIAHC
BOZI000MEHA, CMeIIasi ero B CTOPOHY yBeJIMYEeHHs! OTTOKA BOZBI (10 IPOZOJIZKUTEIbHOCTU Ha,
10%) [Chubarenko and Zakirov, 2021]. B pacupemneseHun coJeHOCTH SIPKO BBIPAXKEHbI KaK
BBIHOC BOJI Yepe3 Banruiickuil mpous B TPUOPEXKHYIO YaCTh MOPsI, TAK U KJIUH MOPCKHUX
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Puc. 5. ConocrasiieHne pacupe/ieJleHusl COJIEHOCTH 110 HATYPHBIM M3MepeHusiM (cjieBa) U pacipo-
CTpaHEeHMsl IUIIOMa IO CIlyTHUKOBBIM JaHHBIM (cupasa). Pacmosoxkenne cranuuit (nudpbr Hag
pOdUIIMU PACTIPEJIC/ICHUST COJIEHOCTH M PKEJIThIE TOYKHA HA CITy THUKOBBIX M300PDAaXKEHUAX): CT. 1 —
ycrbe p. Ilperonu, cr. 2-15 — KMK, ct. 16-17 — Basruiickuit mposus, cT. 18-21 — npubpexkuas

30HA MODSI.

BOJI, pacIpocTpansonmiics mo auy 10 [Ipuvopckoit 6yxTer (em. puc. 5, cr. 12-13). Cornacuo
[/lasapenko u Maescxud, 1971], B 74,9% cayqaaes yepe3 Baaruiickuil 1posiuB IpORCXOAUT
OJIHOHAIIPABJIEHHBIN BLIHOC 3aJIMBHBIX BOJ WJIU 3aTOK Mopckux, 11,7% — dopmuposanue
JIBYXCJIOMHBIX TEYEHUH C 3aTOKOM B IIPUJIOHHOM CJIOE U MMOBEPXHOCTHBIM BbIHOCOM U 13,4%
JByHAIIpaBIeHHbIX TedeHuii. CoryacHo npoduiio coeHoCcT, IiyouHa (MOIIHOCTD) ILIOMA
coctaBisana 7-8 M. Ha HmxkHell rpaHuie mioMa COJEHOCTb yBeJIWduIach Ha 1 ernc Ha
PaCCTOSHUH 110 BEPTUKAJIN MEHEE D M.

Jannbie ruapodu3ndecKoro 30HIMPOBAHNS TO3BOJIIIN OIEHATH IIyONHY ITPOHUKHOBE-
HUS IJTIOMA U COIIOCTABUTDH C PE3YJILTATAMH, [TOJIyI€HHBIMHU JIJIs IOBEPXHOCTHOI'O CJIOST MODPS
10 CIIyTHUKOBBIM n300pazkeHustM. [J1yOrHa ITPOHUKHOBEHUST BOJI CO 3HAUEHUSIMUA COJIEHOCTH,
XapaKTepHBIMHI JTst Bot 3asmBa (5,0 emnc), 6bl1a MAKCHMAJBHOMN (8 M) BECHOI B TIEPUOI MO~
JIOBOJ[bsI TIPU MAKCUMAJIbHBIX 3HAYEHUSX PACX0a BOAbL. JlJis MOBEPXHOCTHOIO CJIOS B IIEJIOM
HAOJIIOAIACH CXOAUMOCTh PACIPOCTPAHEHUST IUIIOMa B MOpPE, HOJIYYE€HHOTO JUCTAHITHOHHBIM
1 KOHTAKTHBIM METOJIaAMHU.

3akiroueHue

Ompe/iesieHne Ce30HHBIX M MEYKTOJIOBBIX 0CODEHHOCTEH ITIoMa KaTMHUHTPaJICKOTO 3aJTH-
Ba IMIPOBOIMIOCH HA OCHOBE JAHHBIX JUCTAHIIMOHHOT'O 30HUpoBanus. Beero 66110 06paboTano
228 cryTHUKOBBIX n300paxkennii (Sentinel-2A u 3A) 3a 2020-2024 rr. Beumm npoasaamusupo-
BaHbI TUAPOMETEOPOJIOIMYECKHE YCIOBUs (PACX0[ PEKU, OCAIKU, CKOPOCTh U HAIIPABJICHHE
BeTpa, HATYPHBIE JIAHHBIE COJIEHOCTH) JJid WCCJIEIOBAHUS XapaKTepa PacIpOCTPAHEHUS
¥ MOPOJIOrUH IIFOMa U BEePUMUKAIINN CILy THUKOBBIX JTAHHBIX.

B ycnoBusix orcyTCTBHS IPUINBOB B UCCJIEIyEMOM PaiioHe OCHOBHBIMU (haKTOpaMH,
BJIMAIONINMI Ha PACIPOCTPAHEHNE IIJIIOMA 3aJUBHBIX BOJM, U 3aTOKA MOPCKHUX BOJI, SIBJISIIOTCS
BETPOBBIE YCJIOBUsI 1 HHTEHCUBHOCTH PEYHOIO CTOKA. AHA/N3 BETPOBOTO BO3MEHCTBUS HA
ILUTIOM BbIsiBIIT nipeobGaananne B 20202024 rr. pacnpocTpaHeHNsl BBIHOCA Ha CEBEPO-BOCTOK (B
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45% cay4aes) upu cuabHOM (8-10 M/¢), yCTORUNBOM IOr0-3aIa/IHOM U I0TO-BOCTOYHOM BETDE,
KOTOPBI MOCHOACTBYET MPAKTUIECKU KPYTJIBIA TOMI, KPOMe JIeTHEro ce30Ha. MakcuMasibHoe
yJaJieHne BHEITHeH IPaHuIlbl IJII0Ma OT IPOJINBA HA CEBEp BIOJIb Oepera COCTABUIIO 24 KM.
OTMeueHO MeHbIIe CIIy9IaeB PACIPOCTPAHEHUsI IUTIOMa BJI0Jb Basrruiickoit Kocer (26% ciyva-
eB) 1pu cuibHBIX (810 M/c) CeBepO-BOCTOYHBIX BETPAX IPEUMYIIECTBEHHO BECHON U JIETOM,
OJIHAKO yJIaJIeHne ILTIOMa, OT TPOJInBa ObLIO OosIbInM, YeM Brosth CaMOUICKOTO MOIyoCTpO-
Ba. BecHoil u sietom 1ipu ciabom (1-3 M/c) BOCTOUHOM U FOrO-BOCTOYHOM BETDE, KOTODBIi
peobsiaiaa B JAHHBIE CE30HBI TOJIa, ILUTIOM PACIIPOCTPAHSIICS TEPIeHINKYISIPHO Gepery
(29% ciaryuaes). OceHbIo IIIIOM ObUL «OpUKAT» K OEPEry 10j| AefCTBUEM CUJIbHBIX 3aI1a[HBIX
U [OTO-3aIIaJHBIX BETPOB. 3aTOKM MOPCKUX BOJ, 4yepe3 bajrwmiickuit nponus B Kanunun-
IPAJICKUIT 3aJIMB, BBIPAXKEHHBIE HA [TOBEPXHOCTH MOPsI, IPOUCXO/IUIIH [IPU BETpe 3aIa/IHOrO
U ceBepo-3anaaHoro Hanpasienuii (B 24% ciydaeB) B OCHOBHOM OCEHBIO U B HAYAJIE 3UMBIL.

MaxkcumaJibHbIe CPEIHEMECTYHbIE TIIOMA/IM BEIHOCA 3AJIMBHBIX BOJ[ COOTBETCTBOBAJIM
[IEPUO/TY ITOJIOBOJIbsI, KOTOPOE B Pa3Hble OBl MPUXOAMIOCH Ha (eBpasib-anpesib. B ato
BpEMsI eIlle OTCYTCTBYET aKTUBHOE PA3BUTHE IJIAHKTOHA, TIO9TOMY MOYKHO CJI€JIATh BBIBOJ,
YTO IUIIOM HACBINIEH TEPpPUreHHOl (Heopranmdeckoii) B3sechio. Jlerom Takxke bukcupo-
BAJIMCh 3HAUUTEJBHBIE TI0 IO/ IUIOMBI (B TOM HUHCJIe a0COTIOTHBIN MAKCUMYM ), ITO
MOKET OOBSICHATHCSI OTCYTCTBAEM CUJILHBIX BETPOB, CIIOCOOCTBYIONIMX PA3PYIIEHUIO ILIIOMA.
[TroM B TeIIBII IEPUOJ, TO/Ia HACKHIIEH OPTaAaHMIECKONH B3BECHIO, TIOCKOJIbKY B KajuHuH-
IPaJICKOM 3aJIUBe WJIeT NHTEHCUBHOE PA3BUTHUE COJIOHOBATOBOIHOTO IIJIAHKTOHA, KOTOPKIH,
[OCTyTAasi B MOpe, IMPOJIoJKaeT cBoe paspurue. CpeHsist MIIOMAIb ITIOMa 3a [IEPUOJL, ISTh
7eT cocTaBmaa 35 kM2, MakcnMasbHas — 296 kM. OcTaeTcs OTKPBITHIM BOIIPOC O BKJIAIE
B ILUIIOM B3MYyYHMBAHUSA JOHHBIX OCAJIKOB, IOCKOJIBKY IIPU IPOJBUYKEHUHU ILIIOMa OT IIPOJIUBA
Ha CEBEPO-BOCTOK OH MOIAJIAeT B 30HY aKTUBHOI GeperoBoii abpasuu.

Tlopcmy THUKOBBIN KCIEPUMEHT B TIEPUOJT, UCCJIEIOBAHUIN TTO3BOJIMIT BePUMDUITTPOBATD
CIIyTHUKOBBIE JIAHHBIE W OIEHUTH MOIIHOCTD IJIIOMa: B MapTe oHa jocruraja 8 M. ['uapodu-
3nYecKune JaHHbIe IOATBEPAN/IN JOCTOBEPHOCTD CIIYy THUKOBBIX.

Baarogaproctu. C6op v aHAIN3 METEOPOJOTUIECKUX U TUIPOMDUINIECKUX JTAHHBIX BbI-
nosiHeHs! 3a c46T roczaganusg 110 PAH (rema NeFMWE-2024-0025). Ananus CIly THUKOBBIX
JAHHBIX TojepKad u3 cpeacts BOY um. U. Kanra (tema NeFZWM-2023-0004). AsTo-
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In the context of high anthropogenic pressure and eutrophication of the waters in the southeastern
Baltic Sea, it is important to monitor the plume of highly productive waters from the Kaliningrad
Lagoon through the Baltic Strait. Seasonal and interannual variability in plume propagation was
estimated using satellite data from January 2020 to October 2024, and was then compared with
expeditionary salinity measurements. The plume area was largest during the flood period (February—
March) and the summer period (June-July), when strong winds contributing to plume dissipation
were absent. Analysis of wind conditions and plume movement direction showed that, in most cases,
the plume propagates along the coast to the northeast towards Cape Taran, predominantly in
response to southwest and southeast winds. In autumn, dominant westerly winds press the plume to
the coast. The hydrophysical structure of the plume corroborates the findings derived from satellite
data.
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Abstract: Northern Ladoga is a region of Southeastern Fennoscandia with complex geological and
tectonic structure. It is crossed by the Raakhe-Ladoga junction zone of the Karelian craton and the
Svecofennian orogen. Analysis of existing data on the petrophysical properties of rocks in the region
was carried out as part of a complex geophysical modelling of Northern Ladoga. Based on these data,
a summary table of the properties of the rocks of the Northern Ladoga region was compiled using
modern geological maps.
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1. Introduction

Structure of evolution of Precambrian complexes is one of the main problems of
modern geology. Southeastern Fennoscandia is the largest area of basement rocks outcrop
in Russia. It has been of particular interest for geological and geophysical research since
the 1940s to the present day.

The territory of the Northern Ladoga region consists of tectonic structures of various
composition and genesis. The southeastern part belongs to the Late Paleoproterozoic
intracontinental orogen, the South Finland granulite belt, containing shales and gneisses
of granulite and amphibolite facies with the presence of sulfides and carbon. The North-
western — the Raakhe-Ladoga zone of junction of the epi-Archean Fenno-Karelian Craton
and the Paleoproterozoic Svecofennian [Proterozoic. .., 2020] This tectonic seam within the
Northern Ladoga Region is also known as the Meyeri thrust zone [Baltybaev and Vivdich,
2021]. It has a length of about 40 km and a width of up to 20 km. Its complex structure
is characterized by alternation of gneisses, migmatites, and crystalline schists erupted by
numerous Archean granite-gneiss domes and Proterozoic intrusions [Morozov et al., 2024].

The complex structure of the region is clearly manifested in the form of contrasting
anomalies of the geophysical fields. Regional and local geophysical research in the Northern
Ladoga region has been conducted since the middle of the 20th century. One of the most
notable results of recent years is the MT/MYV soundings profile Vyborg-Suoyarvi [Sokolova
et al., 2016]. In 2025 researchers from Schmidt Institute of Physics of the Earth RAS
are planning an aeromagnetometric UAV survey along the part of this profile crossing
the Raakhe-Ladoga zone. Geological and geophysical model of this area will be built
based on these results and other previous geophysical studies, including a regional map of
gravitational anomalies. Thus, in order to solve this problem, it became necessary to create
a unified database of petrophysical properties of rocks of the Northern Ladoga region.

2. History of studying the petrophysical properties of rocks in Southeastern
Fennoscandia

Today, despite the long history of studying the east of the Fennoscandian Shield,
petrophysical data on the rocks of the Ladoga region are quite limited. This is due to the
fact that the main attention of researchers was previously focused on the more developed
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minerogenic areas of the northeast of the region [Goev et al., 2023]. In addition, the process
of regular sampling of rocks in this shield area is difficult due to the increased spread and
thickness of sedimentary and fluvioglacial rocks, as well as the large areas of the lakes. The
results of systematic petrophysical research conducted in the Russian part of Fennoscandia
since the early 60s, mainly by the forces of VSEGEI, IFZ RAS, geological institutes of the
Karelian and Kola Scientific Centers of the Russian Academy of Sciences, St. Petersburg
State University, St. Petersburg State University have been presented, for example, in
publications [Geophysical. .., 1968; Golod et al., 1979; Petrophysics. .., 1986; Stepanov et al.,
2013].

Over the following decades, the knowledge about physical properties and composition
of Fennoscandian rocks was supplemented and analyzed by many researchers. One of the
most significant in the framework of generalizing tasks are the works of Kischenko and
Grishin [1991] and Grishin [1990] on the southeastern part of the shield. Also, the GGUP
«Mineral» created a digital database for all samples taken at different times in the territory
of Karelia. However, it covers only certain areas that were important for solving geological
exploration tasks, and leaves a lot of blind spots for continuing systematic petrophysical
research of the remaining territories of the eastern part of the shield.

The key stages in the further history of studying the physical properties and com-
position of rocks in this region were the construction of the Kola superdeep and Onega
parametric wells [Onega. .., 2011; Zhamaletdinov, 2020]

The petrophysical maps compiled under the guidance of N. B. Dortman [Petrophysi-
cal..., 1980] are still used today as the most complete generalization of the information
obtained on the magnetic and density parameters of the rocks of russian part of Fennoscan-
dia.

N. B. Dortman's petrophysical maps were based on the materials of a long-term study
of more than 200,000 rock samples from the eastern part of the shield. In addition, calcu-
lated data on the magnetization of rocks from maps of the anomalous magnetic field were
used. Map legends distinguish petrophysical groups within geological formations accord-
ing to the variation of the mineral or chemical composition of rocks and the percentage of
rock-forming minerals.

3. Block structure of the Fennoscandian Shield according to petrophysical data

N. B. Dortman in [Petrophysical. .., 1980] identifies crust blocks based on the differen-
tiability of the physical properties of rocks due to the peculiarities of the manifestation of
mantle and crustal movements and thermodynamic regimes. The petrophysical zoning of
the shield proposed by the authors largely coincides with the generally accepted tectonic
one. According to the set of petrophysical parameters, five megablocks were identified:
Murmansk, Kola, Belomorsky, Karelian and Ladoga. Within the megablocks, large Archean
blocks and troughs, Early Proterozoic trough structures and synclinor zones are clearly
distinguished by the difference in density and magnetic characteristics. The border be-
tween the southwestern part of the Karelian and Ladoga blocks runs through the territory
of Northern Ladoga region. Unfortunately, in N. B. Dortman's work, due to the limited
amount of field data available to the authors, the Ladoga block of interest is characterized
and dissected noticeably weaker than the others.

N. N. Kolesnik highlights another, more detailed scheme of the block structure of
South Karelia in accordance with petrophysical parameters and the nature of geophysical
fields in his work [Kolesnik, 1984]. He concludes that there are arched uplifts of the Moho
surface up to 30-35 km within the Ladoga and Onega megablocks, suggesting further
division of the latter into smaller, submerged or lowered blocks. On the territory of Ladoga
region, these are: Salminsky and Vyborgsky blocks of sialic type, with a thick granite layer
of potassium granite massifs, including rapakivi o = 2.55-2.65g/cm?; the Ladoga block
of the femic type, characterized by crustal basification and a reduced granite layer of the
diorite-enderbite series with o = 2.75-2.85g/cm?; the Suoyarvi block of long-term uplift
with a thick granite layer o = 2.58-2.62g/cm?. According to N. N. Kolesnik, this structure
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is confirmed by the sharp contrast of alternating positive and negative anomalies of the
gravitational field and the presence of large magnetic anomalies of high intensity.

Cluster correlation analysis of anomalous components of potential fields based on
1:1,000,000 scale maps in the GISIntegro system allowed to identify 4 characteristic clus-
ters. According to the designations in Figure 1: (1) — areas of weak negative gravitational
anomalies and strong magnetic ones created by rocks of Archean tonalite complexes, heav-
ily processed in the Proterozoic; biotite gneisses, kalevium crystal shales; (2) — positive
gravitational anomalies and weakly negative magnetic ones caused by gabbrodiorites and
kalevium potassium-granite complexes; Ludikovian volcanogenic-sedimentary rocks; (3) -
strong magnetic anomalies against the background of zero gravitational effect, confined to
granite and granulite kalevii and metamorphosed quartzites of earlier age; (4) — weak nega-
tive magnetic and gravitational effects are observed in Archean granites and plagiogranites,
as well as various rocks of Kalevian age: granodiorites, monzodiorites, gabbro et al.

60

28 | 32

Figure 1. Cluster analysis of magnetic and gravitational anomalous fields on a scale of 1:1,000,000.
The boundaries of Lake Ladoga and the tectonic and rock complexes are plotted according to [Mints
et al., 2020]. The clusters are described in the text of the article.

4. Petrophysical properties of rocks of the Northern Ladoga region

The patterns of formation of petrophysical groups in mapping differ to varying degrees
from the patterns of actual changes in the physical properties of rocks. Therefore, the
petrophysical groups identified by researchers can be characterized by fairly wide ranges
of changes in magnetic susceptibility and density. Therefore, as N. B. Dortman warns,
the averaging of physical characteristics over rock complexes can often be the reason for
the apparent discrepancy between geological maps and maps of geophysical fields. Local
gravitational and magnetic anomalies may be mistakenly attributed to deeper levels, while
in reality they are caused by lateral changes in physical properties within the same group.
On the other hand, the presence of structural blocks of various compositions with a high
contrast of petrophysical parameters within a single geophysical anomaly may indicate
the depth of the sources of the anomaly. Therefore, when conducting geological and
geophysical modeling, it is extremely important to take into account both a priori literature
information and measurements on field samples.
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An analysis of the literature data on the physical properties of rocks in Ladoga region
made it possible to compile summary working tables of the physical properties of rocks in
the Ladoga region. This work is based on petrophysical and petromagnetic maps edited by
N. B. Dortman, compared with modern geological concepts of the geological structure of
the region [Kulikov et al., 2017] and supplemented by these sources.

Table 1. Summary table of the properties of rocks in the Northern Ladoga region in accordance with
the petromagnetic and petrodense maps [Petrophysical. .., 1980] with the use of other research results
and modern ideas about the geological structure of the region [Kulikov et al., 2017]. p — resistivity,

X — magnetic susceptibility, o — density

Petrophysical properties

Rock types
p, 2m X, 10—° g, g/cm3
Upper Riphean Tagamites 50-400 0-40 2.7-2.75
Lower Riphean Rapakivi granite, wiborgite 1000-10,000 0-40 2.55-2.65
Vepse Montzogabbro, syenites, granites, 5000-10,000 240-550 %G55
potassic ultrabasites
Biotite gneiss, crystalline schist 1000-5000 0-40 2.6-2.65
Potassic granites 1000-10,000 600-1200 2.7-2.8
Enderbites, charnokite, granulites 5000-20,000 1200-2400 2.7-2.75
Diorites, gabbrodiorite, tonalites 5000-20,000 240-550 2.85-2.9
Mon.zodlorltes,granodlorltes, 5000-20,000 0-120 2.6-2.7
granites
Kalevi Tonalites, diorites, gabbro-diorites 6000-20,000 1200-2400 2.8-2.85
Montzodiorite, gabbro, pyroxenites 5000-10,000 0-120 2.65-2.7
PR Granite, migmatite-granite, 10,000-20,000 120-550 2.65-2.75
gneissogranite
Quartzites, §andst0nes, and their 1200-3000 10-1400 2 6-2.65
metamorphic rocks
Lyudikovian Undifferentiated 0-500 40-120 2.9-2.95
volcanic-sedimentary rocks
. Anhydrite-magnesite 10,000-100,000 0-100 2.9
Yatulian
Dolomite, sandy dolomite 1000-10,000 0-100 2.82-2.9
Archean complexes, intensively
processed in the Paleoproterozoic, 3000-10,000 0-40 2.6-2.65
tonalites, granodiorites
Neoarchean Ferruginous quartzites 10-200 40-120 2.65-3
Tonalites, granodiorites 6000-20,000 0-120 2.6-2.7
Diorites, tonalites,
AR Mesoarchean et e 1000-10,000 0-120 2.6-2.65
Phyllites, sulfidized rocks, 10-100 3.128 263

graphitized rocks

5. Conclusion

Petrophysical studies of the Northern Ladoga region in Fennoscandia have a long
history. In the 20th century, significant data was accumulated on measurements of rock
samples. However, due to the limited possibilities for sampling and the concentration of
attention on metallogenic sites, it is still quite limited. Nevertheless, the available data
allowed to compile a fairly complete table of the characteristic values of petrophysical
properties for all stratigraphic units.
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These data will help not only to more accurately solve inverse problems and build
starting models. Thanks to the available petromagnetic and petrodensity maps and models
of block structure, it is possible to carry out a more accurate separation of structures in the
geological interpretation of the obtained geophysical models.

Additional sampling of the studied structures may be required to refine and expand
the database of petrophysical properties, in particular, to build a complex geophysical
model along the Vyborg-Suoyarvi profile.
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Abstract: The Verkhnekamsk potassium-magnesium salt deposit (VKSD) is one of the largest in
the world. The primary challenge in underground salt mining is maintaining the integrity of the
groundwater protective layer, which separates the mined seams from aquifers. In this context, the
Verkhnekamsk deposit is mined using a chamber system room-and-pillar method, ensuring the
stability of the protective layer through inter-chamber pillars. This paper presents the results of a pre-
liminary analysis of the geological and mining conditions in one of the mines of the Verkhnekamsk
deposit. The procedure for forming the initial data set is discussed. Test calculations based on
a limited data set were performed, demonstrating the potential of combining artificial neural net-
work algorithms and discrete mathematical analysis. The results achieved on the formed dataset
successfully identified hazard classes. Thus, it can be concluded that this technology is fundamen-
tally effective for assessing the risk of groundwater protective layer failure. The proposed approach
establishes links between phenomena, their associated risks, and the deformations of underground

workings and the Earth's surface, enabling proactive measures to protect mines from flooding.

Keywords: geodynamic zoning, systems analysis, discrete mathematical analysis, groundwater

protective layer, Verkhnekamsk potassium-magnesium salt deposit.
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1. Introduction

The Verkhnekamsk potassium-magnesium salt deposit (VKSD) is one of the largest
salt deposits in the world. The explored thickness of the potassium-magnesium salts
extends over an area of 135 by 40 kilometers. The primary challenge in underground salt
mining is maintaining the integrity of the rock layer located between the roof of the upper
mined seam and the base of the aquifer, which is referred to as the groundwater protective
layer (GWPL). A breach of the groundwater protective layer can result in underground
water ingress into the mine workings, dissolution of salt rocks, and the collapse of the
mine, leading to significant economic and environmental damage. Mining operations at
VKSD, as well as most potassium-magnesium salt deposits, are conducted using a chamber
system room-and-pillar method, leaving inter-chamber pillars to ensure the stability of the
groundwater protective layer and to protect structures on the surface. However, during
ore extraction, these pillars undergo deformation, resulting in the formation of subsidence
troughs on the surface. All of this indicates the presence of anthropogenic stress on the
layers of the groundwater protective layer and the potential risk of its integrity being
compromised. For instance, out of the seven mines developed within VKSD, two (BKPRU-3
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and BKPRU-1) have been flooded due to water breakthroughs in 1986 and 2006. The
hazardous consequences of mine flooding also include surface subsidence, which occurs
during and after the breakthrough of water into the mine workings.

Studies on the safety of mining operations at the VKSD indicate that the methods
for protecting the groundwater protective layer recommended by current regulatory doc-
uments cannot be effectively implemented in the presence of “anomalous zones” within
the groundwater protective layer. These are zones where geological characteristics differ
significantly from those of adjacent areas of the rock mass. The work by Zubov et al. [2019)]
emphasizes that the most hazardous anomalous zones are those characterized by changes
in the structure, composition, and strength properties of the groundwater protective layer
rocks, including zones located above the edges of the mined-out areas. The challenge of
ensuring safe mining conditions beneath the groundwater protective layer is exacerbated
by the lack of complete and reliable data on the size and location of such zones during the
planning stage. Several studies [Owoseni et al., 2013] highlight the critical role of various
mathematical methods for analyzing geospatial data in identifying such zones.

The assessment of the impact of mining operations on the groundwater protective
layer is based on the observation that water-conducting fractures within the layer emerge
due to the development of tensile deformations and shear stresses, which are typically
concentrated at the edges of subsidence troughs [Baryakh, Gubanova, 2019]. This is a dy-
namically evolving process associated with the progression of mining fronts. Areas with
high gradients of geological and geophysical data and their spatial-temporal distribu-
tion characteristics, such as linear features, offsets, and others, can serve as indicators of
hazardous deformations and the risk of through fractures forming in the groundwater
protective layer. This is analogous to the maximum subsidence values and the length of the
edge part of the subsidence trough [Baryakh, Samodelkina, 2018].

Studies [Baryakh, Samodelkina, 2012; Kudryashov et al., 2004] note that the prerequi-
sites for surface subsidence following complete flooding of a mine include a combination of
the following factors: a high gradient of surface subsidence (exceeding 3-4%), a weakened
zone in the suprasalt layer (4—6 times reduced in strength and deformation properties),
and the presence of a dissolution cavity capable of accommodating the entire volume of
collapsed rock. It follows that assessing the risk of groundwater protective layer failure
requires considering two groups of factors: the characteristics of structurally weakened
zones (areas with increased fracturing and anisotropy, rocks with low strength properties,
soluble rocks, etc.) and mining parameters along with the response of the groundwater pro-
tective layer (high-gradient zones of displacement, deformation, and stress concentration).
Identifying such features based on experimental data is characterized by an unknown,
multidimensional, nonlinear relationship between input and output variables.

The risks associated with deposits, including salt deposits, have been the focus of
extensive research. For instance, in [Baryakh et al., 2021], tests on large salt rock samples
were conducted to analyze the stability of inter-chamber pillars and assess the critical
rate of their transverse deformation. Another study [Baryakh, Tenison, 2021] emphasizes
that one of the most critical tasks in geomechanical support of mining operations is
the accurate assessment of safe mining conditions for the groundwater protective layer.
Recommendations include adopting the ratio of maximum subsidence to mining depth,
which is directly proportional to the slope of the Earth's surface, as a generalized criterion
for defining safe mining conditions for the groundwater protective layer.

Thus, the likelihood of crack formation in the mined rock mass is associated with the
presence of “anomalous” zones of two genetic types:

1.  Structurally weakened areas that originally existed in the geological section (zones
with increased fracturing and anisotropy, rocks with low strength properties, soluble
rocks, etc.).

2. Zones of anthropogenic deformation and displacement that serve as triggers for the
formation of water-conducting channels, for example, in the edge parts of subsidence
troughs.
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In Earth sciences, graph theory is widely used as a method of systems analysis in
geoinformatics, geology, quantitative geography, and landscape ecology [Phillips et al.,
2015; Zhang et al., 2020]. Several factors make graph theory particularly relevant to Earth
sciences: the ability to work with large datasets (Big Data), its focus on spatial flows and
interactions, and the growing attention to agent-based state models. Graph theory provides
tools that facilitate the quantitative assessment of the properties and state of the studied
natural-technical system.

One of the most powerful groups of data systems analysis methods in Earth sciences is
machine learning methods and algorithms [Kolmogorov, 1957; Pedregosa et al., 2012]. These
are used to assess accident risks by jointly studying factors influencing the probability
of occurrence, factors of environmental, population, and infrastructure vulnerability, as
well as internal and external risk factors [Araujo et al., 2011; Ibrahim, Bennett, 2014].
Algorithms such as Naive Bayes, Support Vector Machine, k-Nearest Neighbors, Decision
Tree Bagging Random Forest, and Discriminant Analysis are utilized. The nonlinear nature
of risk problems, combined with the high number of variables, justifies the use of machine
learning methods to assess risk levels.

Thus, the purpose of this study is to present the results of a preliminary analysis of
data from the Verkhnekamsk potassium-magnesium salt deposit using a neural network
approach and the methodology of discrete mathematical analysis. Numerous examples of
accidents involving water inflows into mines worldwide demonstrate that the improvement
of mining methods does not entirely eliminate the possibility of surface water break-
throughs. In this regard, the development of effective methods for assessing hazards and
the degree of risk of groundwater protective layer failure, along with the adoption of
preventive mining measures based on these assessments, is a pressing issue for the VKSD
and for salt deposits in general.

2. Materials and Methods
2.1. Methodology of Discrete Mathematical Analysis

The theoretical and practical aspects of Discrete Mathematical Analysis (DMA) for
spatial data evaluation of the geodynamic hazards of structural-tectonic blocks are most
comprehensively presented in the works of the Geophysical Center of the RAS [Agayan
et al., 2022; Guishiani et al., 2019a, 2021, 2019b]. Below, we outline their key principles.
The identification of anomalous instability values within a set of geological and geophysical
data fields is based on ranking the nodes of a finite two-dimensional grid to select the
worst nodes. The article [Gvishiani et al., 2021] introduces algorithms that account for
various expert perspectives on specified functions, their properties, and dynamics, as well
as on which nodes should be considered the “best”. The study employs the language
of fuzzy sets and fuzzy logic, which offers significant advantages over classical sets and
Boolean logic for conveying different expert interpretations of properties and processes in
the geological environment. We apply this algorithm to address our zoning tasks. Assume
that on the coordinate plane R?(x;, x,), there is a region IT = {a < x; < b;c < x, < d}. For this
region, a set of geological and geophysical fields F consisting of mmm datasets is defined
(in the form of digital maps of various parameters — geographical, geological, geophysical,
geodynamic, economic, and others). The task is to evaluate the stability of the region Il
based on the set of characteristics F:

F={fi,....fu}
firll >R i=1,...,m

or divide the region IT into relatively unstable (conditionally hazardous) and stable (con-
ditionally safe) elements, i.e., effectively perform geodynamic zoning. A regular grid
W = W(hy, h,;) with nodes w is defined within the region IT.
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Next, on the grid W, it is necessary to analyze the spatial distribution of the system of
functions F in the vicinity of the node w. For this purpose, a fuzzy measure of activity p,
ranging from 0 to 1, is defined according to the rules described below.

Step 1. Calculation of the Dynamic Indicator

Each parameter f from the set F is a distribution function on the grid W. For each
parameter f, a dynamic indicator Dy can be determined, which represents the functional
characteristic of the measurement f. The value Df(w) is interpreted as a quantitative
assessment of the behavior of the function f at the node w € W, calculated according to
specified rules. In terms of data analysis, the dynamic indicator D¢(w) serves as a feature.

Step 2. Calculation of the Activity Measure of the Dynamic Indicator

For each dynamic indicator Dy, an activity measure (anomaly measure) uDy is de-
termined within the range from 0 to 1. This measure reflects the degree of expression
of the property f at the node w, as defined by the indicator Dy. The activity measure
uDs is calculated from the dynamic indicator Dy within the framework of the discrete
mathematical analysis methodology. The transition Dy — uDy transforms the analysis of
the measurement f into the language of fuzzy logic: the activity measures uDy for different
dynamic indicators Dy are fuzzy structures on the grid W and can be combined in any
configurations and quantities using fuzzy logic operations and averaging.

Step 3. Calculation of the Integral Activity Measure pg

At the final step of the algorithm, all activity measures uDy are combined into a single
integral indicator pyp. The combination formula is the arithmetic mean of all activity
measures uDy. Depending on the research objective, weighted coefficients for the activity
measures or alternative combination formulas may be applied. To represent the measure
of geodynamic safety, a value inverse to the integral activity measure is used:

Sp=1-pp.

The transformation F — pg converts vector analysis of the system of functions F into
scalar analysis of the resulting anomaly measure p, which, in decision-making theory,
reduces a multicriteria problem to a scalar selection of a utility function. In terms of
geodynamic zoning, the criteria for evaluating the value of Sg based on the set of features
F are defined in Table 1. This ranking approach is appropriate, as an integral measure
expressed in the range from 0 to 1 implies that conditions Sg < 0.25 and Sg > 0.75 indicate
stability or instability, respectively. Values within the range 0.25 to 0.75 suggest uncertainty
and the need for further research.

Table 1. Ranking of the integral measure of geodynamic safety Sg

Geodynamic safety measure Node (structural block), Sg
Hazardous <0.25
Neutral €(0.25;0.75)
Safe >0.75
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Thus, the algorithm includes the following parameters: 1) “Dynamic Indicator” — each
dynamic indicator is interpreted as a quantitative assessment of a specific property of the
initial data. 2) “Activity Measure of the Dynamic Indicator” — the measure reflects the
degree of activity of the dynamic indicator on a scale from 0 to 1. 3) “Safety Measure of the
Dynamic Indicator” — the value inverse to the activity measure of the dynamic indicator.
4) “Integral Safety Measure” — represents the combination of the safety measures of the
dynamic indicators.

2.2. Formation of GIS-Oriented Database

To construct an integral safety measure applied to the problem of zoning sections
of the VKSD mining fields by the degree of risk of freshwater breakthrough into mine
workings, aimed at refining assessments of the risk of groundwater protective layer integrity
disruption, three groups of initial data, combined into a GIS-oriented database, are used:

1. Natural characteristics (anomalies in the structure of the groundwater protective
layer, depth of mining operations, effective thickness of the groundwater protective
layer, physical and mechanical properties, etc.) of the geological environment and
salt strata.

2. Mining-technological characteristics (number of mined seams, parameters of the
mining system, extracted thickness, etc.).

3. Instrumental observation data characterizing the response of the rock mass to mining
operations (convergence of mining chambers, surface deformation, collapse of the
inter-seam technological layer, geophysical data, etc.).

To ensure the application of data analysis methods, it is necessary to create a consoli-
dated data table by recording all available parameter values into a single spatial data layer.
For this purpose, data layers were merged by transferring the attributes of the layers into
a unified temporary data layer. Additionally, non-spatial tabular data were included in
the new data layer by correlating the numbers of sections and blocks. All object features,
divided into groups, were converted into numerical classes and correlated with each other.

The initial mining-technological data were supplemented with surface relief analysis
data characterizing the features of the relief Lllze(w), leze(w), |[Vgel(w). The first two indica-
tors — Lllze' leze, describe geomorphological variability, while the third, |Vg,|, represents the
relief gradient. Indicators L}, L%, characterize the dissection of coordinate sections of the
relief at the internal node w, both in absolute values and angular measurements [Agayan
et al., 2022]. The resulting indicators are transformed into vector lines (using standard
edge detection algorithms such as the Canny method and Hough transform), from which
linear densities are then calculated to obtain continuously distributed parameter fields
(Figure 1).

Modern tectonic movement areas are reflected not so much in height fields, curvature,
and slope steepness, but in the density and depth of dissection. The terrain ruggedness
index (TRI) [Migon, Michniewicz, 2017] — a measure of vertical dissection in a given neigh-
borhood - is considered the most appropriate for calculating dissection parameters while
preserving the geomorphological meaning of the term (Figure 1a). For indicators L} (w),
leze(w), |[Vgel(w) and TRI, the arithmetic means and range (the difference between the
maximum and minimum values within a section) were calculated. For subsidence data,
arithmetic mean values were computed.

As aresult, a single vector data layer was created, encompassing all available initial
data (257 attribute fields and 1,665 data rows).

3. Results

As the initial data for modeling, 22 attributes were selected from 257 attribute fields
based on the highest data completeness in the table and their role as the most generalized
features. The selected features include groups of natural anomalies, mining-technological
parameters, and instrumental observation data. Data rows with missing attribute values
were removed. As a result, a dataset containing 1,615 rows was created. In the current
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Figure 1. Linear Densities of Relief Indicators. a — terrain ruggedness Index; b — relief gradient
|[VRe(w)]; ¢ — cosine transformation, relief measure yL]lQ .(w); d — cosine transformation, relief measure
uLE (w).

test calculations, surface subsidence values were used as the hazard indicator. Correlation
matrices and thresholds for the strength of correlation were calculated for the computed
dynamic indicators Dy and their activity measures uDy. The matrix includes Pearson's
pairwise correlation coefficient. The lower threshold for the presence of a correlation was
determined using Student's criterion (Equation 1), and the intervals for correlation strength
were defined according to Equation 2:

t
r=—F— (1)
VtZ4n-2
1—7’0
Tint = —5— (2)

Thus, for the dataset used (with 1,615 rows for each indicator and a significance level
of 0.95), the intervals for the strength of correlation were defined as follows:

¢ Weak correlation: 0.049-0.366;
e  Middle correlation: 0.366-0.683;
*  Strong correlation: 0.683-1.

In Figure 2, the calculated correlation matrix for 22 dynamic indicators uDy is pre-
sented. The strength of the correlation is shown using a discrete color scale. Out of 231
correlation values in the initial data, 200 exhibit weak correlation. This is a positive result
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from a data analysis perspective, as features should not be collinear; otherwise, high data
dispersion reduces the generalization ability of the integral measure of geodynamic safety
Sp(w). The parameters of geological anomalies in group 2-4 show strong correlation due
to multiple overlaps in the data. Additionally, group 2—4 has a moderate correlation with
the parameter of roof depth. A moderate correlation is observed in the group of indicators
related to backfill and the mining method for group 9-11. Similarly, a moderate strength
of correlation exists between the TRI index and the relief indicator ,uLllge(w). The surface
subsidence parameters within group 20-22 show strong correlation. Meanwhile, all other
features demonstrate low correlation with surface subsidence, indicating an a priori lack
of direct relationships between the chosen “hazard” criterion and the considered features.
Subsequently, calculations were performed based on two approaches: 1 - DMA approach,
involving the calculation of activity measures for the dynamic indicators uDy and the
integral measure of geodynamic safety; 2 — neural network approach, based on training the
algorithm using the created data sample.

2 [ 3

Correlation

(0.10/0.20[-0.06[-0.21]0.26] 0.02 [0.00 0.05| 0.04 |0.03|0.06]-0.03]-0.05 0.08|-0.05|-0.09 -~
0.00{0.09 [0.09[-0.08] 0.27 [-0.12|-0.10/-0.06|-0.02[ 0.08 |0.05|-0.11]0.01 | 0.00| 0.02|-0.01 coefficient
[0.01]0.05]-0.11|-0.11]0.29]-0.10[-0.09]-0.06|-0.03| 0.08 | 0.03|-0.11[ 0.00 [-0.04]-0.03]-0.06

[0.010.14]-0.14]-0.11| 0.31|-0.13]-0.10]-0.09]-0.05] 0.2 [0.09 | 0.10] 0.0 [ 0.07 | 0.08 | 0.06 - 1
[0.26]0.18 |-0.37[-0.24] 0.45|-022[-0.19[0.18/-0.09] 0.17 | 015 |-0.16| 0.05 | 0.10 | 0.10 | 0.10 0.84

0.69
0.54
0.37

0.18

0

-0.18
-0.37
-0.54
-0.69
-0.84

-

Figure 2. Correlation matrix of the compiled data table. 1 — mined seam; 2, 3, 4 — types of geological

anomalies; 5 — roof depth; 6 — chamber width; 7 — chamber length; 8 — mining-technical load
coefficient; 9 — mining-technical axial spacing coefficient; 10 — type of backfill for the mined-out
space; 11 — chamber mining method; 12 — mean value of the TRI index within the section; 13 — range
of TRI index values within the section; 14 — mean relief gradient |Vg.(w)| within the section; 15 — relief
gradient range |Vg.(w)| within the section; 16 — mean value of the cosine transformation within the
section, relief measure yL}{e(w); 17 — range of cosine transformation values within the section, relief
measure yLllee(w); 18 — mean value of the cosine transformation within the section, relief measure
yLIZQe(w); 19 - range of cosine transformation values within the section, relief measure yLIZQe(w);
20 — mean value of surface subsidence within the section; 21 — minimum surface subsidence value
within the section; 22 — maximum surface subsidence value within the section.

Based on the calculation of activity measures for the dynamic indicators uDy of
the features, the integral measure of geodynamic safety Sp was computed using DMA
algorithms. In this case, two variants of the measures were calculated: one based on
all the data (features 1-22) (Figure 3) and another excluding surface subsidence data
(features 1-19) (Figure 4). In the case of DMA-zoning, a priori known mining-technological
and geological features of the sections were not used. However, the activity measures of
the dynamic indicators enable the identification of anomalous zones that correlate with
geological anomaly zones.

Test calculations based on a limited dataset demonstrate the potential for the combined
application of ANN algorithms and DMA. Despite the dataset's limitations, successful
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Figure 3. Geodynamic safety measure derived from all data (features 1-22, Figure 2).

results were achieved in recognizing hazard classes. This allows us to conclude that this
technology is fundamentally suitable for assessing the risk of groundwater protective layer
failure.

The further successful application of data analysis algorithms largely depends on the
careful and detailed preparation of the initial data. This primarily concerns the choice of the
“hazard” criterion. In the presented text, surface subsidence with arbitrary thresholds in
millimeters was chosen as such a criterion. However, for assessing the risk of groundwater
protective layer failure, a different indicator should be selected, such as section accident
rates or surface deformation of the sections. To improve prediction accuracy, particular
attention should be given to data collection and preparation, as well as to the geological
and geophysical properties of the rock mass.

Mining-technological features, such as the year sections were first developed, min-
ing technology, and backfill technology for mined-out spaces, show great potential for
application. Using such features allows for their consideration during mine planning and
enables variational hazard modeling, which helps determine optimal mining-technological
parameters for resource extraction.

DMA algorithms are well complemented by ANN algorithms. Neural networks can be
most effectively used for the discovery and synthesis of new recognition features and for
variational calculations. As a result, the developed system (algorithm and training dataset)
can be effectively trained on known data from already developed sections and applied to
new areas where mining operations have not yet commenced.

4. Conclusions

Systems analysis will make it possible to establish fundamental relationships between
observed phenomena, their associated hazards, and recorded deformations in mine work-
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Figure 4. Geodynamic safety measure derived from data excluding surface subsidence (features 1-19,
Figure 2).

ings and the Earth's surface. New methods and algorithms will enable the identification of
hazardous anomalies in the groundwater protective layer (zones of increased gradients,
linear zones, etc.), allowing for a more precise analysis of the relationship between the
morphological features of the distribution of geological and geophysical parameters in
the overlying strata, the geomechanical criteria for groundwater protective layer integrity
disruption, and instrumentally recorded deformations of the rock mass. Frequently, the
“anomalous” nature of such zones in failed stoping blocks with underground water in-
flows was identified only retrospectively, based on post-incident analysis. Ultimately, the
causes of accidents are often attributed to ineffective protective measures, suboptimal
design parameters recommended by regulatory documents, or omissions during geological
exploration activities.

This will enhance the efficiency of assessing the risk of groundwater protective layer
failure through the so-called emergent effect, achieved by integrating three critical compo-
nents into a unified system: observations of the impact of mining operations on the ground-
water protective layer, instrumental data on the state of the geological environment, and
modern methods for data processing, modeling, and interpretation. A system-analytical
method for assessing the risk or hazard of groundwater protective layer integrity disruption
will formalize both the process of identifying anomalous hazardous zones and improve the
reliability of risk assessment results. Consequently, it will also enhance the effectiveness of
technical and design solutions needed to prevent such failures. Using a system-hierarchical
approach to evaluate the geodynamic stability of salt rocks, the next step is to assess the
stability of mine chambers, workings, and inter-chamber pillars.

In addressing this issue, the systems approach serves, on the one hand, as a tool for
multifactor analysis of initial data and for the adequate formulation of scientific problems,
and on the other hand, as an effective way to solve them. It helps uncover fundamental
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relationships and derive new empirical dependencies between the state of inter-chamber
pillars and the groundwater protective layer and the parameters of mining operations,
verified by data from field geomechanical observations. Systems analysis of the interactions
between individual components of the natural-technogenic system (which the groundwater
protective layer itself constitutes) makes it possible to identify its properties associated
with the risk of underground water breakthroughs.

Acknowledgments. We acknowledge this work employed facilities and data provided by
the Shared Research Facility “Analytical Geomagnetic Data Center” of the Geophysical
Center of RAS (http://ckp.gcras.ru/). This work was conducted in the framework of
budgetary funding of the Geophysical Center of RAS (registration number FMWG-2025-
0005) and Mining Institute of the Ural Branch RAS (registration number 124020500031-4),
adopted by the Ministry of Science and Higher Education of the Russian Federation.

References

Agayan S. M, Losev I. V., Belov I. O,, et al. Dynamic Activity Index for Feature Engineering of Geodynamic Data for
Safe Underground Isolation of High-Level Radioactive Waste // Applied Sciences. — 2022. — Vol. 12, no. 4. — DOIL:
10.3390/app12042010.

Araujo M., Rivas T., Giraldez E., et al. Use of machine learning techniques to analyse the risk associated with mine
sludge deposits // Mathematical and Computer Modelling. — 2011. — Vol. 54, no. 7/8. — P. 1823-1828. — DOLI:
10.1016/j.mcm.2010.11.066.

Baryakh A. A., Gubanova E. A. On flood protection measures for potash mines // Journal of Mining Institute. — 2019. —
Vol. 240, no. 6. — P. 613-620. — DOI: 10.31897/pmi.2019.6.613.

Baryakh A. A., Samodelkina N. A. Water-tight stratum rupture under large-scale mining. Part II // Journal of Mining
Science. — 2012. — Vol. 48, no. 6. — P. 954-961. — DOI: 10.1134/s1062739148060020.

Baryakh A. A., Samodelkina N. A. Geomechanical Estimation of Deformation Intensity above the Flooded Potash Mine //
Journal of Mining Science. — 2018. — Vol. 53, no. 4. — P. 630-642. — DOI: 10.1134/5106273911704262X.

Baryakh A. A., Tenison L. O. Justification of engineering safety criteria for undermining of water-proof layer in the Upper
Kama Salt Deposit // Gornyi Zhurnal. — 2021. — No. 4. — P. 57-63. — DOI: 10.17580/gzh.2021.04.08. — (In
Russian).

Baryakh A. A., Tsayukov A. A., Evseev A. V., et al. Mathematical Modeling of Deformation and Failure of Salt Rock
Samples // Journal of Mining Science. — 2021. — Vol. 57, no. 3. — P. 370-379. — DOI: 10.1134/s1062739121030029.

Gvishiani A. D., Agayan S. M., Bogoutdinov Sh. R. Investigation of systems of real functions on two-dimensional grids
using fuzzy sets // Chebyshevskii Sbornik. — 2019a. — Vol. 20, no. 1. — P. 94-111. — DOI: 10.22405/2226-8383-
2019-20-1-94-111. — (In Russian).

Gvishiani A. D., Agayan S. M., Losev 1. V., et al. Geodynamic hazard assessment of a structural block holding an
underground radioactive waste disposal facility // Mining informational and analytical bulletin. — 2021. — No. 12. —
P. 5-18. — DOI: 10.25018/0236_1493_2021_12_0_5. — (In Russian).

Gvishiani A. D., Kaftan V. L., Krasnoperov R. L, et al. Geoinformatics and Systems Analysis in Geophysics and Geo-
dynamics // Izvestiya, Physics of the Solid Earth. — 2019b. — Vol. 55, no. 1. — P. 33-49. — DOI: 10.1134/
s1069351319010038.

Ibrahim A. M., Bennett B. The Assessment of Machine Learning Model Performance for Predicting Alluvial Deposits
Distribution // Procedia Computer Science. — 2014. — Vol. 36. — P. 637-642. — DOI: 10.1016/j.procs.2014.09.067.

Kolmogorov A. N. On the representation of continuous functions of many variables by superposition of continuous
functions of one variable and addition // Doklady Akademii Nauk SSSR. — 1957. — Vol. 114, no. 5. — P. 953-956. —
(In Russian).

Kudryashov A. I., Vasiukov V. E., Fon-der-Flass G. S., et al. Faults on the Verkhnekamskoe deposit of salts. — Perm :
Mining Institute UB RAS, Perm State University, 2004. — P. 194. — (In Russian).

Migon P., Michniewicz A. Topographic Wetness Index and Terrain Ruggedness Index in geomorphic characterisation
of landslide terrains, on examples from the Sudetes, SW Poland // Zeitschrift fiir Geomorphologie, Supplementary
Issues. — 2017. — Vol. 61, no. 2. — P. 61-80. — DOI: 10.1127/zfg_suppl/2016/0328.

Owoseni J. O., Tamarautobou E. U., Asiwaju-Bello Y. A. Application Sequential Analysis and Geographic Information
Systems for Hydrochemical Evolution Survej, Shagari Environ, Southwestern Nigeria // Amerikan International
Journal of Contemporary Reserch. — 2013. — Vol. 3, no. 3. — P. 38-48.

Russ. J. Earth. Sci. 2025, 25, ES4004, EDN: SMDOXS, https://doi.org/10.2205/2025es001015 100f 11


http://ckp.gcras.ru/
https://doi.org/10.3390/app12042010
https://doi.org/10.1016/j.mcm.2010.11.066
https://doi.org/10.31897/pmi.2019.6.613
https://doi.org/10.1134/s1062739148060020
https://doi.org/10.1134/S106273911704262X
https://doi.org/10.17580/gzh.2021.04.08
https://doi.org/10.1134/s1062739121030029
https://doi.org/10.22405/2226-8383-2019-20-1-94-111
https://doi.org/10.22405/2226-8383-2019-20-1-94-111
https://doi.org/10.25018/0236_1493_2021_12_0_5
https://doi.org/10.1134/s1069351319010038
https://doi.org/10.1134/s1069351319010038
https://doi.org/10.1016/j.procs.2014.09.067
https://doi.org/10.1127/zfg_suppl/2016/0328
https://elibrary.ru/SMDOXS
https://doi.org/10.2205/2025es001015

ON AN APPROACH TO ZONING Risks OF GROUNDWATER PROTECTIVE LAYER FAILURE... Losev ET AL.

Pedregosa F., Varoquaux G., Gramfort A., et al. Scikit-learn: Machine Learning in Python // Journal of Machine Learning
Research. — 2012. — Vol. 12. — P. 2825-2830. — DOI: 10.48550/ARXIV.1201.0490.

Phillips J. D., Schwanghart W., Heckmann T. Graph theory in the geosciences // Earth-Science Reviews. — 2015. —
Vol. 143. — P. 147-160. — DOI: 10.1016/j.earscirev.2015.02.002.

Zhang Y., Li]., Lei Y., et al. 3D simulations of salt tectonics in the Kwanza Basin: Insights from analogue and Discrete-
Element numerical modeling // Marine and Petroleum Geology. — 2020. — Vol. 122. — P. 104666. — DOI: 10.1016/j.
marpetgeo.2020.104666.

Zubov V. P, Kovalski E. R., Antonov S. V., et al. Improving the safety of mines in developing Verkhnekamsk potassium
and magnesium salts // Mining Informational and analytical bulletin. — 2019. — Vol. 5. — P. 22-33. — DOLI:
10.25018/0236-1493-2019-05-0-22-33. — (In Russian).

Russ. J. Earth. Sci. 2025, 25, ES4004, EDN: SMDOXS, https://doi.org/10.2205/2025es001015 11 of 11


https://doi.org/10.48550/ARXIV.1201.0490
https://doi.org/10.1016/j.earscirev.2015.02.002
https://doi.org/10.1016/j.marpetgeo.2020.104666
https://doi.org/10.1016/j.marpetgeo.2020.104666
https://doi.org/10.25018/0236-1493-2019-05-0-22-33
https://elibrary.ru/SMDOXS
https://doi.org/10.2205/2025es001015

RUSSIAN JOURNAL of EARTH SCIENCES

AHAJIN3 I'PVIIINPOBAHNSA BYVJIKAHNYECKON CEMCMUYHOCTU TIO
JAHHBIM U3BEPYKEHUSA BYJIKAHA ABI'YCTHUHA 2006-I'O TT'OJA

https://elibrary.ru/XPILAB

ITonyueno: 3 nexabpsi 2024 r.
ITpunsaro: 3 urons 2025 r.

Ony6aukosano: 6 urosst 2025 r.

© 2025. KoJljleKTUB aBTOPOB.

E. M. FpeKOB*’1’2 , II. H. ITe6amn!

1I/IHCTI/ITyT TEOpUU IPOTHO3a 3€MJIETPSCEHUN U MaTeMaTUIeCcKol reodusnkn Poccuiickoit akageMun HaykK,
Mocksa, Poccust

2MockoBCcKHit rocyfaapcrBeHHbIi yHuBepcuTer umenu M. B. JlomonocoBa, dusnyeckuit dpakynbrer, kadenpa
dusuku 3emiu, Mocksa, Poccust

* Konrakr: Esrenuit Muxaiiysiosnu 'pekos, grekov.em16@physics.msu.ru

Pabora nocssmena anaan3y IpoCcTPAHCTBEHHO-BPEMEHHOI'O IPYIIINPOBAHUS COOBITHI ByJIKAHUYE-
CKOM CefiCMUYHOCTH, IIPUYPOYEHHOM K ByJKaHy ABrycruna xa Ajsicke. Bolia BblsiBiieHa HEOTHO-
POZHOCTH CEMCMHUYIECKOTO PEeXKMMa B (PUHAIBHON cTaauy NoAroToBku usseprkenus 2006-ro roma
OTHOCHUTEJIbHO PEKUMOB B IIEPHUOIBI BYJIKAHIIECKOTO 3ATHIINbS] M HAYAJIHHOM CTAUN aKTHBU3AIUN
celicMUIHOCTH. DTa (pUHATBHAS CTAJIUs, IPEIIIOJIOKATEIHLHO, ACCOIMUPYETCS € IPOIECCOM UHTPY3UN
MarmMbl B JIafKy, [0 3aBEPIIEHUIO KOTOPO HAYAIOCh U3Bepkenue. [Ipu getasmpHOoM paccMOTpeHNH
CEeICMIUYIHOCTH TOH Pa3bl yAAI0Ch BBIICINUTD IBA CEACMUYECKAX PEKUMA, OTIUIAIONIUXCS IO OCHOB-
HBIM XapakKTepucTukaM. [IprdeMm onun n3 peKMMOB O TapaMeTpaM CXOXK C TeM, ITO HAOJIIOIAICST
Ha paHHEN CTaJuu MOJATOTOBKM — BBICOKOE 3HAYEHUE MapaMeTpa HAKJIOHA rpaduka MOBTOPSIEMOCTH
(b-value) u Hu3Kasi cTeneHb Kiacrepusanuu. Bropoil ke umeer Gosiee HU3KOe 3HadeHue b-value
U NIPEICTaBIIsIeT CODOM CepHUH KJIACTEPOB, KOTOPBIE 3aBEPIIAIOTCS HANOOJIee CUJIBHBIM COOLITAEM

B CEPHUH, IIOCJIE Yero Yepe3 HEKOTOPOe BpeMsl HAUMHAETCS HOBasl CEPUS.

KnroueBrie ciioBa: ByJKaHWYECKas: CEICMUIHOCTD, TPYNNUPOBAHNE CEHCMUYIHOCTH, METOJ, OIMKali-

mIiero coceja, BYJIKAHUIECCKHUE POU.

Huruposanme: ['pexor, E. M., II. H. [llebanuu Ananus rpynnupoBaHus BYJIKAHUYIECKON
CEHCMUYIHOCTH IO NAHHBIM u3BepxKkeHus BysnkaHa Asrycruna 2006-ro roma // Russian Journal of

Earth Sciences. — 2025. — T. 25. — ES4005. — DOI: 10.2205,/2025es001025 — EDN: XPILAB

Bsenenue

IIpenoceuikoil fyist 9T0l pabOTHI SIBJISIETCST BOIIPOC HIONEHHOCTH /9K30I€HHOCTH CO-
ObITHit B ceficMumanocTr. M3BeCTHO, UYTO B «KJIACCUIECKONW» TEKTOHMYIECKON CEHCMUTHOCTH
[OYTHU BCErJa COOBITUS PA3E/ISIOTCA Ha JIBE TPYIIILL: IepBas — HecBasanubie (GpoHoBbIe)
COOBITHSI, KOTOPBIE, KAK CUUTAETCs, IPOUCXOJIST HE3aBUCUMO JIPYT OT JIpyTa, BTOpas — KJia-
CTEPU30BAHHBIE COOBITHUSI, TO €CTh 3eMJIETPSICEHNSI, CTATUCTUIECKU CBI3AHHBIE C JIPYTUME
3eMJIETPSICEHUSIMA U TUMOTETUYIEeCKNA WHUIMUPOBaHHbIe nMu. CyIIecTByeT TUIoTe3a, 9To
Takoil 3PPEKT SIBIISIETCS PE3yJIbTATOM HAJMYMS BO3MYINEHUI Pa3/IMIHON MPUPOIBL: K-
30TeHHas — BO3MYIINeHUE, BbI3BAHHOE BHEIHUM 110 OTHOIIEHUIO K CHUCTeMe HCTOUYHUKOM,
IHAOTEHHAd — BO3MYIIIEHNE, KOTOPOE SBJISETCS TPOIBIAECHUEM CAMOOPTAHU3AIlN BHYTPHU
cucremsl [Sornette and Helmstetter, 2003|. Takas rumoresa npejjiaraeT OTBETHI Ha, CJIEJLy-
forrre BOIpockl. [loteMy B TEKTOHHYECKON CEICMUYIHOCTH MTOYTH BCET/Ia €CTh MMEHHO JIBE
rpynbl cobbrtuii? Eciin HanpsizKeHHOe COCTOSHUE CUCTEMbI (POPMUPYETCH 1101, BJUSHAEM
JIBU2KEHUST TEKTOHUIECKUX IJIUT, TO MIOYEMY €CTh COOBITHSI, Y KOTOPBIX HET HI (DOPIIOKOB, HI
a(pTEPIIOKOB, IPUIEM 3a9aCTYI0 TaKuX 00abIHCTBO? OIHAKO HEKOTOPBIE BOIIPOCHI B TAKOMH
TUIOTE3€ OCTAIOTCS OTKPBIThIMU. HampnmMep, 3BOTIONMUOHUPYET JIN CeiCMIYIecKas CUCTEMa,
BO BpeMEeHH, 4TOOBI NMETHh BO3MOXKHOCTH MPOSBJISITh IHIOTEHHBbIE BO3MyIeHusi? [logemy
B HEKOTOPBIX PEXKUMAX CEHCMUYHOCTH MPAKTHUIECKU OTCYTCTBYET BTOpPAasl IPYIIa COObITU?
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Ecrb cBuzieTebCTBA, YTO HAJNIAYNE KJIACTEPOB B CEHCMUYHOCTHU ITOKA3BIBAET, HACKOJIBKO
cucremMa TpenmH cOpMUPOBAHA U IOArOTOBJIEHA K paspymienuto |Narteau et al., 2002].
Torja B cirydae BYJIKAHUYECKON CEHCMUYHOCTH C JIOKAJIbHBIM HHTEHCHBHBIM BHEIITHUM HC-
TOIYHUKOM, BO3MO2KHO, ITapaMeTpPbl KJaCTepu3allun 6yﬂyT OTJINYaThCA OT TOro, 49TO O6I)I‘IHO
Ha0JII0JaeTCd B TEKTOHNIECKOi ceficmuanoctu | Traversa and Grasso, 2010]. ccnenosanne
CPYIIUPOBAHUs COOBITUII [TO3BOJISET YCTAHOBUTDH CTATUCTUIECKHE CBIA3U MEXKJIY 3€MJIeTpsice-
HUSIMH U BBIJIEJISTD KJIacTepbl coObITHiT. VIHTEpEeCHO MpoaHam3upoBaTh, KaK € 9TOH TOUYKA
3peHus BeJleT ce0sl ByJIKAHUYIECKAsT CEfICMIUYHOCTD, IOCKOJIbKY OHA, BEPOSTHO, UMEET OTINY-
HBII OT TEKTOHUYECKON CECMUIHOCTH MEXAHW3M WHUMAAINH. TaKuM 00pa30M, 9TO MOXKET
POJITH CBET HA MEXaHU3M HHUIUAINN 3eMJIETPSICEHUIT B 11eJ0oM. B TakoM KOHTEKCTE, Bepo-
ATHO, B IIEPBYIO OY€PE/b CTOUT OOPATUTH BHUMAHIE HA BYJIKAHO-TEKTOHIMYECKHUE COOBITHUS,
[IOCKOJIbKY OHHU CXOXKHU 10 MEXaHU3MY C TeKTOHH4Yeckumu cobbrrusiymu [[opdees, 2007], no
[IPU 3TOM UMEIOT BYJKAHUYIECKUI NCTOYHUK ITPOUCXOKICHUS.

Janrmbie

B 370it pabore ucciieryercst ceiicMUIHOCTD, IPUYPOYEHHAS K BYJIKaHY ABIyCTHHA HA
Aussicke u ero msBepxkenuio 2006-ro rojia. ABrycTuHa siBJISIETCSI CTPATOBYJIKAHOM, 00pa3yio-
UM OJJHOMMEHHBI! OCTPOB, OH UMEET OJINH BEPTUKAJIbHBIN MATAIONINN KAHAJI, BbIsIBJIEHHBII
B ToMorpabudeckux uccienopanusx [Koulakov et al., 2023]. B pa6otre [Jacobs and Mcnutt,
2010], mocesamennoit nzsepxkernto 2006-ro roja, ¢ MOMOIIBIO aHAIN3A CEHCMUIECKON aK-
THUBHOCTH II€peJ N3BEPKEHNEM ObLIN BBIJEJIEHBI JBa POsi CEHCMUYIECKUX COOBITHI, B pabore
[Jacobs and Mcnutt, 2010] orn obosnavensl, Kak juHHBI (¢ 30.04.2005 o 10.01.2006)
u Koporkuit (mmmHoit 13 uacos mo 11.01.2006), gasee Mbl GyeM MOIB30BATHCS TEMH JKe Ha3Ba-
ausimu. [Ipu arom u3sepzkenne quaocsk ¢ 11.01.2006 mo 16.03.2006. ITpugem ¢ 11.01.2006 mo
28.01.2006 naburro/1aiach B3pbIBHASI BYJIKAHUYIECKAsT AKTUBHOCTh, a TOCJIe 28 sHBaps HAada-
JIACh TIPOJIOJKUTEIbHAS 9PYITUBHAs (ba3a (MOCTOSHHBINA BRIOPOC IEIIAa), KOTOpast 3aTeM
waBHo nepenuia B 3¢ dy3uBHyio dbasdy (ucredeHne JaBbl) B IEPBYIO Heeo (eBpaJist, ocje
Yero U3BEPIKEHUE 3aBEPIINIOCh IKCTPY3uBHON dazoil, Havasmeiica 3 mapra [Buurman and
West, 2010]. JauHHBIH poii 3HAMEHYET HAYaJI0 CeHCMUYECKO aKTUBU3AINY BYJIKAHA TI€PE]]
u3BepzkeHneM. Koporkuil poii cBsA3bIBAIOT ¢ (DUHAJIBHBIM [IPOPHIBOM JIABBI K IOBEPXHOCTHU
u HauasoM usBepxkenus, B [Jacobs and Mcnutt, 2010] upeanosaraercs, 90 B HEM CMEIIAHBI
COOBITHUSI IBYX THIIOB: BYJIKAHO-TEKTOHUYIECKNE U JIuHHONepuoaabe. C Hada0M U3BepIKe-
HUS CEfICMUYHOCTD CTaJIa HOCUTH SIN30MYECKUil XapaKTep, OoJbias JYacTh COOBITHI CTajIa
uMeTh rUOPUAHBIA U JyimHHONEepUOAHbI Ul [Buurman and West, 2010]. B naunoit pabore
ocoboe BHUMAHUE YIEJI€HO UMEHHO JJIMTHHOMY POIO, TaK KaK U3BECTHO, 9TO OH COCTABJIEH
MMEHHO COOBITHSIMA BYJIKAHO-TeKTOHMYecKoro tuna [Power and Lalla, 2010].

B pabore ucnosb3yiorcs JaHHbIE KaTajora ByJKaHUYeCKol obcepparopunu AJsicKu
(AVO) [Power et al., 2019], xoropsiii mokpsiBaeT nepuo, ¢ 1989 roga no 2018, 3a KOTOPLIit
3aduKrcupoBaHo Beero 121 212 ceiicMuyeckux coObITHIL. 38 9T0 BpeMsi Ha, ByJIKAHE IIPOM30IILIO
TOJIBKO OJIHO m3BeprkeHue. Jlajgee Mbl Oy/ieM pacCMaTpPUBATh YIACTOK BOKPYT BYJIKAHA CO
caeayromumu rpaaumamu: ot —153,48 mo —153,39 o monrore n ot 59,34 no 59,38 no mmpore,
YUCJI0 COOBITHII B KATAJIOTe B 9TOM ydacTKe 3a Bcé Bpems:: 6446. OCHOBHas 4acTh COOBITUMN
CKOHIIEHTPHPOBAHA BO3JIE HOBEPXHOCTH (IIyOUHBI 10 5 KM), a TaKzKe HellOCPEeICTBEHHO IO
BYJIKAHUYECKON MOCTPOIiKOH (puc. 1). Bo Bpemst JyIMHHOrO posi cOBBITHS CKOHIIEHTPUPOBAHDI
1o rirybussr 0,5 KM.

Jlajiee B paboTe aHAJIU3UPYETCsl IEPUOJL JJIMHHOIO POst, & TAKKe JIJIsi CDABHEHUsI HECKOJIb-
KO IIePUO/IOB BYJIKAHUYIECKOTO 3aTHUIIbS — 33/I0JIT0 J0 U MOCJIe U3BEpXKeHns. TakuM o6pa3oM,
MbI CDABHUBAEM CEHCMHUIECKHUE PEXKUMBI B TIEPUOJT CEICMUIECKON aKTUBUBAINN TIePe]] h3-
BEpXKEHUEM C [IePHOJAMU OTHOCHTE/IBHOIO IIOKOsI BYJIKAHA, KOIJA Ha HEM HE IIPOUCXOJUT
u3BepxKenuit. JIMMHHBIA poil TOMOIHUTEIHLHO pa3/ieseH Ha JaBe ¢das3bl. Bropas dasza mnpu-
MEPHO COOTBETCTBYET IIPOLECCY HAadaa HHTPY3uU MarMmbl 110 gaiike [Cervelli et al., 2000],
nara paszenenus (21.11.2005) BriGupasach M0 U3MEHEHUIO B CEiCMUYIECKONH aKTUBHOCTH,
B TO BpeMsl KaK II0 IIOBEPXHOCTHBIM JehOpMAaldAM [aTON Hadaga UHTPY3UH CUUTAETCS
17.11.2005. IIpu stoMm, coracuo [Power and Lalla, 2010] cobbITHst JJIMHHOTO POsi OTHOCATCS
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Puc. 1. pacnpenenenne 3emeTpsiCeHuil 3a BECh IEPUO B KATAJIOre B PACCMATPHUBAEMOM yYaCT-
Ke, TPAHUIbI yIaCTKA OTMEUYEHbI KPACHBIM MPSIMOYTOJHLHUKOM. PUOIETOBBIM OTMEUEHBI COOBITHSI,
[IPOU3OIIEIINE B IEPUOJ] UHTPY3UH. 1epHBIMU KOHTypaMy IOKa3aH pesbed ocTpoBa. /lanabie

o penwede: [OpenTopography, 2021].

K BYJIKAHO-TEKTOHUYIECKOMY THUIY. |'DAHUIIBI IEPUOIOB OTMEYEHB BEPTUKAIHHBIMY JINHUSIMU
Ha puc. 2.

Ilepwosbl BYJIKAHUYECKOTO 3ATHUIIbS JO U TIOCTE U3BEPXKEHUs PA3JIEJICHBI Ha, HECKOJIHKO
YYIaCTKOB JIJIsI OIIEHKU BO3MOXKHBIX BPEMEHHBIX BapHAIil celficMuyeckoro pexkuma. 1leprosibt
KOPOTKOT'O POsi ¥ IIEPUOJ], BO BpeMsI U3BEPKEHNS NCKJIIOYEHBI U3 PACCMOTPEHNS U3-3a HAJIAIHUS
COOBITUI PA3JIMYHOIO TUIIA HA ITUX yIACTKaX. 1aKKe UCKJIOUYEH IIePUOJ] B HECKOJIBKO JIET
IIoCJle U3BEPIKEHNs, TaK KaK CpeJla MOXKeT HaXOJUThCS B BO3MYIIEHHOM COCTOSIHUH IIOCJIE
U3BEPKEHNUd, a B JAHHOM CJIydae Hallla IeJIb CPABHUTH PEXKUMBL B II€PUO/IbI BYJIKAHNYIECKOTO
3aTHUIIbS C PEKUMOM, IIPEJIBENIAIONTAM U3BEPKEHNUE.

Meroan:

JLJ1st KarK/10T0 [epUoia BPEMEHN BBIMUCISIETCS [IPEJACTaBUTEIbHAST MATHUTY 1A U Hapa-
MeTp HakJoHa rpaduka nosropsemoctu (b-value).

Jisi onpesiesieHNs MPEACTABUTEIFHON MATHUTY/IBI IIEPUOIOB UCIIOJIb30BAJICT METOT,
GFT (Goodness-of-Fit Test) [Mignan and Woessner, 2012].

s pacuera nmapamerpa HakioHa rpaduka nosropsiemoctu (b-value) ucrosb3oBasics
meron Bennep [Bender, 1983].

[TockobKy reoMeTpusi pacCMaTPUBAEMOl CEHCMUTHOCTH C1ab0 MEHSIETCsI CO BPEMEHEM,
Jyist ppaxTabHOll pasMepHOCTH HOJIydeHa oueHka dy = 2,74 meronom I'paccGeprepa-
[pokauuua |Grassberger and Procaccia, 1983] 3a Bech 1epuo BpeMeHU B KaTajiore B BbIJIe-
JICHHOM yYaCTKe C MPeJICTaBUTEeIbHON MarauTynoi 0,3.
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Puc. 2. (a) — pacupesesnenue cobbIThil pacCMaTPUBAEMOrO yIacTKa BO BPEMEHH, Cepble KPYXKKH —
ceiicMuyueckrue COOBITHSI, CUHsIsI JIMHUsI — aKTUBHOCTD, KpacHasl I10JIOCA — IEePUOJl U3BEPIKEHMUS,
BEPTUKAJILHbBIE 3€JICHBbIE JIMHUA — TPAHUIIBI PACCMATPUBAEMBIX EPHOJIOB BpeMenw; (6) — mpubinzkeH

Iepuo/ JJIMHHOI'O POs.

Jist anasM3a rpynnMpoBaHs CEHCMUIHOCTH UCIIOJIB30BAJICA METO OJIMzKaiiiiero cocea
Ben-3uona-3ansuuna |Zaliapin and Ben-Zion, 2013; Zaliapin et al., 2008]. O 3akmovaeTcst
BO BBEICHUU METPHUKH B 0OOOIIEHHOM IIPOCTPAHCTBE KOOPANHATEI-BPEMA-MATHATYIA, KOTO-
past MO3BOJISIET YCTAHABIUBATD YPOBHU CTATUCTUIECKON CBI3AHHOCTH MEXKLy COOBITUSIMU
u OOBEJIMHATH UX B KJIACTEPhl. B KadyecTBe METPUKU BBOJIUTCS (DYHKIUU OJU30CTH BUIA
[Baiesi and Paczuski, 2004; Shebalin et al., 2020]:

d
A 0—bm; .
t,]rl-]. 10 , tl]>0 ) (1)

Mij =
/ +oo, I j <0

rJe tij — BpeMsl MexJly COOBITUAMHY i U J; fjj — IPOCTPAHCTBEHHOE PACCTOSIHUE MEXJLy UX
TUIIONEHTPAMU U H; — MarHUTY/a cobbITust i; b — mapamerp 3akona ['yrenbepra—Puxrepa
[Gutenberg and Richter, 1945]; d ¢ — dbpaxranbHast pa3sMEPHOCTD PACIPE/Ie/IeHU TUIIOLEHTPOB
zemJierpsicernii. [1o cyTu sTa dpyHKIMs Onpeie/isieT BepOsiTHOCTh CJIyYaifHOrO BOSHUKHOBEHUST
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BTOPOTO COOBITHSI Ha COOTBETCTBYIOIIEM PACCTOSIHUU IO IMIPOCTPAHCTBY W 110 BPEMEHU OT
[IEPBOro, B MPEJIOJIOKEHNH, YTO BCe COOBITUSI HE3aBUCUMbBI. eM MeHbIIle 3HaYeHUe ITON
dYyHKIINU, TeM MeHee BEpOsITHO CIydaiiHOe BOZHUKHOBEHME TAKON Hapbl COOBITHI, U TeM
6oJiee BEPOATHO, YTO OHU B3aMMOCBA3aHbI. CUMTAETCS, 9TO CBA3AHHDBIC M HE3ABUCHMbBIE
COGBITHS MOTYT GBITH OTIPEJICNICHBI BBEICHAEM MOPOTOBOTO 3HAYMeHNs 10: econ [Ist aphl
cobbITHIT 17; Pas 1%, TO COBLITHS B3AMMOCESI3aHbL.

YT06bl TPOUJLIIOCTPUPOBATHL paboTy MeToma, obparuMces K cxeme Ha puc. 3. s
MIPOU3BOJIBHOTO COOBITHSI MOXKHO HANTH «OJIMKAMNIIEro cocesiay, MpeInecTBYONEro emMy mo
spenmenn, o muamvymy dymxmm (1). Tlopor 1° onpenensercs mo pacipeeenu o 3HaTeHmIT
dbyskuun (1), BBIUUCIIEMON JIJIsi KAXKI0I0 COOBITHS U COOTBETCTBYIOIIErO eMy «OJIizKafiiero
cocesia» B paMKax BBejieHHON Merpuku. Ha puc. 3(a, 6) cxeMaTH4HO HAPUCOBAHBI TPU KJla-
crepa cobbiThii. B KaxkmoMm KimacTepe OJMKANIIIM cOCeIoM JJIsT JTI000r0 YKeTITOr0 COOBITHS
Oymer b0 KpacHoe cobbITHE, JTUOO JIPYToe YKeJIToe U3 TOro ke Kiyacrepa. Ho mjist KpacHBIX
cobbITuil GumKalmuM coce1oM GyeT KeaToe coObITHe M3 APyToro Kiacrepa (o6parum
BHUMAHHE, 9TO COCEIOM KAKOTO-JTUO0 COOLITHS MOXKET OBITH TOJBKO COOBITHE, TPOM3O0IIe]-
1ee paHblle Hero 110 BpeMenu). [IoHATHO, 9T0 0GOONIIEHHbIE PACCTOsHMA 110 OuzKaiinero
cocelia JJIsk KPACHBIX COOBITUH OKaXKyTCs B CPEIHEM OOJIbIIE, IeM I XKeIThIX. [loaToMy Ha
pactpeseeHnn 0DOOIEHHBIX PACCTOSHUN IO OJIMKAMIIIEr0 COCeIa TU IBa KIACCA PACCTOS-
Huit copmupyroT ase Mojbl (puc. 3(B)). VIMeHHO Takast cuTyarysi OObIMHO HABJII0IAeTCs
B TEKTOHUYECKON CEHCMUYHOCTH, TJI€ COOBITHS ¢ MEHBITUMU OOOOIIEHHBIMUA PACCTOTHUSAMA
pejcTaBieHbl adrepiokaMu. 3ajada JeKJIacTePU3aii COCTOUT B UICHTUMUKAINH YKeJI-
THIX COOBITUI KaK crpynnupoBabix. s sroro nabiroieHHoe (peaibHOe) PACIPeIeIeHne —
rojybag juaus Ha puc. 3(B), HEOOXOAUMO JEKOMIIO3UPOBATDL HA JBE KOMIIOHEHTBI — IIPa-
BYIO 1 JIeBYIO ((POHOBOIO 1 KJIACTEPHU30BAHHYIO), & 3aT€M OIIPEJ/IEJINTH IOPOrOBOE 3HAUEHIE
0DOOIIIEHHOTO PACCTOSIHUSA, ¢ KOTOPOTO MBI OYJIEM CINTATH COOBITHsI CIPYIIUPOBAHHBIMHU.
CobbITUsI, OTHOCSIIMECS K ITUM JBYM TPYIIIAM, TAKyKe UHOTA HAZBIBAIOT HE3aBUCUMBIMU
" CBA3aHHBIMU, COOTBETCTBEHHO. Ha puc. 3(B) YIIOMAHYTBIE KOMIIOHEHTBI ITOKa3aHbI KpaCHOfI
U JKEeJITOHN JIMHUEH COOTBETCTBEHHO, TIOHSATHO, YTO KaXKJasi U3 HUX B OT/IEJIHLHOCTH HE SIBJISIETCS
GyHKIMEH MIOTHOCTH PACIPEIESIEHUsI, OHU COCTABJISIIOT €€ TOJBKO B COBOKYITHOCTH.

B ciygae 6umomaibHOi (GOPMBI JEKOMIIO3UIUIO MOXKHO IIPOU3BECTH 110 METOY PaOOTHI
[Zaliapin and Ben-Zion, 2013] ¢ mOMOIIBIO ANITPOKCUMAIINY PACTIPEIEIEHAST CYMMOMN TBYX
JIOPHOPMAJIBHBIX pacipezesennii, mubo no merony paboret [Shebalin et al., 2020]. B nocnen-
HeM ciiydae, o Meroly [Shebalin et al., 2020], nucnosnb3yercst TUIIOTE3a O TOM, YTO IIPABYIO
KOMIIOHEHTY MOYKHO allllPOKCHMUPOBATH PAaHIOMA3UPOBAHHBIM KaTajioroM. IIporiemnypa pas-
JOMUBAIMKA [TPU3BaHA PA3PYIIUTH CYIIECTBYIONMAE CBI3U B KATAJOre U CMOJIEIUPOBATD,
KAKOBO OBbIIO ObI paCIpe/le/IeHIe TeX YKe COOBITUI, et Obl OHU ITPOUCXOUIN CIIyIaiiHo. DTa
IPOIIE/Iypa COCTOUT U3 JIBYX STAIOB: yIaJeHUe 3aBeJ0MO CIPYIITUPOBAHHBIX COOBITHII C TOMO-
IIBIO IPEBAPUTEIHHOIO HOPOora (0OBIYHO OH BBIOGUPAETCS 110 HOJIOBUHE BBICOTHI IIPABOIl MOJIBI
pacupegesenus (puc. 3(B)) U nepeMenuBanue BPEeMEeH COOBITUI OTHOCUTEIbHO KOOPIAMHAT
CUIONEHTPA U MATHUTYI, TO €CTh KarKJI0My HabOpy HIUPOTa-I0JIr0Ta~-TIyOnHA-MArHATY 14
CTABUTCsI B COOTBETCTBHE CJIyYaiiHO BBIOPAHHOE BpeMsi JIpyroro cobbiTust B Kartasore. lasee
HAXOIUTCS TaKOU KO DUIMEHT Kk, TPU YMHOXKEHUU HA KOTOPBIA MOJIyYeHHOE PAHJIOMU3UPO-
BaHHOE PACIIPeIe/IeHIe HAMIYYITIM 00pa30M alllPOKCUMUPYET IIPAaBBIil CKJIOH PEAJHLHOIO
pacupeesenus (puc. 3(B)), pe3y/brar yMHOXKEHUS PAHIOMU3UPOBAHHOIO PACIIPEIeIIeHIs
Ha k cxeMaTHYHO IOKA3aH KpacHOil juaueil Ha puc. 3(B), 9310 u ecrb (oHOBas (IpaBas)
KOMIIOHEHTA PEAJIbHOTO pacupeesenus. [locie dero mojydentas KOMIOHEHTa BBIYATACTCS
U3 PEATLHOIO PACHPE/IEJIEHHS C TIEJIBIO TIOIYIUTh BTOPYIO KOMIIOHEHTY — KJIACTEPU30BAHHYIO
(sieBy10), Ha puc. 3(B) oHa IIOKa3aHa KeJTol JimHueill. [IoHATHO, 4TO IIpaBasg KOMIIOHEHTa
HEUJICAIbHO COBIIAIAET C PEaJbHBIM PACIIPEEIeHIEM, 9T, KaK MOKA3aHO Ha PUc. 3(B), MOXKeT
PUBOJIUTH K OTPUIATEIHHBIM 3HAYCHUAM JIEBO KOMIIOHEHTHI, 9TO He NMeeT MaTeMaTHIeCKO-
IO CMBICJIA U SIBJISIETCS PE3YJIBTATOM HETOYHOCTH anmpokcumaryn. Jaree puHa bpHbIi TOpOr
1n° HaXOMTCH MyTeM ypaBHUBAHUS JI0JIel ONMMGOK OTHECeHNs He3ABUCHMBIX TIAD COOBITHIT
K CBSA3AQHHBIM U HA0DOPOT.
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Puc. 3. CxemaTuuHasi MIUTIOCTPALUS AEKJIACTEPU3AIUN METOA0M OimzKaiiniero cocena. (a) — pac-
[peJiesIeHre SIUIEHTPOB cobblTnil; (6) — pacupenenenue coObITUIT IO BpeMEHU U MAraurtye; (B) —
CXeMATUIHOE M300parKeHue pacrupejiesieHnss O0OOIMEHHBIX PACCTOSTHUHN 710 OJirKaiiiero cocena,
rostybast TUHUSA — HABJIIOIEHHOE paclpeie/leHle, KpacHast JTUHUS — (DOHOBast KOMIIOHEHTA, YKEeJITast
JIMHUS — KJIACTEPU30BAHHASA KOMIIOHEHTA; (T) — COBMECTHOE PACIPEIEJICHAE ePEMACIITAONPOBAHHBIX

paccrosiuuii R u BpemeHn T, JUIsl HATJISTHOCTH IOKA3aHO OOJIbIIIE COOBITHI, YeM U300pazkKeHO Ha,

(a, 6).

BusyaJbHblit KOHTPOJIb ONpe/Ieientst opora 70 yI06HO 0CyMeCcTBIATE C TIOMOIIBIO JIBY-
MepHoro npezcrasienus byukuuu (1) [Zaliapin and Ben-Zion, 2013| B gBoiinom sorapudmu-
yeckoM Macirabe. Pynkuusa (1) pasgensgercd Ha J1Ba MHOXKUTENA: EPEMACIITAOUPOBAHHOE

d
Bpems T = ti]-IO_O'sbmf U TIepeMacIiTabupOBAHHOE PACCTOsiHUE R = 7 ; ]f 1070-5bm; JBymepHOE

pactpenenenne Bequand T u R Jitst Tap BCEX COOBITHI M COOTBETCTBYIONIUX «OJIMKANRTIIAX
cocejieity OOBITHO XOPOIIO JEMOHCTPUPYET Pa3fe/ieHne HE3aBUCHMBIX U CBSI3AHHBIX COOBITHIA.
3Hadenune mopora 170 [IPEJICTABJISIETCS HA JUArPaMMe IIPSIMOIl, OMPeIeIsieMoil ypaBHEHUEM
IgT +I1gR =1 g170. CxemMaTuuHbIH IPUMED TAKOTO PACIpeIeIeHus! IpeIcTaBieH Ha puc. 3(r),
cuHel TUHWeH MoKa3aH MOPOT, Pa3IessIONInii IBe TPYIIThl COOBITHIA.

XoTs M3BECTHO, UTO B OOJIBITUHCTBE CJIy9a€B [JIsi TEKTOHUIECKON CECMUIHOCTH PAC-
npejiesienne 000DIEHHBIX PACCTOSTHII 0 OJIMyKAMIIero cocefia nMeeT GUMOJIATIBHBIN BHJL, TO
ecTb HABJIIOAETCsl JIBE TPYIIIBL COCeeil: ¢ MEHBIIMMHU OOOBIEHHBIMU PACCTOSHUAMHE (JIeBast )
u ¢ 6osbimumu (ipaBas). U TakKke B Cjlydae TEKTOHUYECKON CeCMUYHOCTH OKA3bIBAETCS,
qTO TpHU pa3jejeHun COOBITHII Ha JBe TaKue IPYIIIbI, jJeBas COOTBETCTBYET adTepIIOKO-
BBIM COOBITHsIM. MOXKHO MTOKa3aTh, YTO 9TO HE BCETJAa MMEHHO TaK, HAIpUMep, B pabore
[Maaomumn, 2023] upu anamuse ceiicmuanoctu Kamudopaun nabiromanocs pacipe/iesenne
C TpeMsi MOJIaMH. BBIJIO MOKAa3aHOo, YTO OJHA U3 MOJI COOTBETCTBOBAJIA CEICMUIHOCTH pailoHa

Russ. J. Earth. Sci. 2025, 25, ES4005, https://doi.org/10.2205/2025es001025 6 of 20


https://doi.org/10.2205/2025es001025

AHAU3 IPYIIITUPOBAHUS BYJIKAHUYECKON CEMCMUYHOCTHU IO JAHHBIM U3BEP>KEHUA. . . I'PEkoB u IIIEBASTUH

reif3epoB, TO eCTh METOJT TIOJXOMUT U JIJIsl BBIJIEJIEHIS PA3IMIHBIX PEXKUMOB CEICMUIHOCTH
u B Oostee obieM cMmbiciie. B cirydae ke BYJIKAHHYIECKON CEHCMUIHOCTH COOBITUST OOBITHO
HaXOJISTCS TOPAa3/I0 OJIMKe JIPYT K JAPYrY, YeM B TEKTOHUYECKON CEICMUYHOCTH, U B CpaBHE-
HUU C Hel BYyJIKaHUYI€CKad CeﬁCl\ﬁHqHOCTb, 6])1.]'[& 6])1 O/THUM CILJIOITHBIM KJIaCTE€POM. Or/:LHaKO
B JIAHHOIN paboTe IEeJIbIo SIBJISIeTCs YCTAHOBUTh, €CTh JIM B TAKOW CEACMUYHOCTH KaKas-Tubo
«BHYTPEHHSIST» CTPYKTYPAa, HADJIIOAI0TCS JI TaM IPYIIIbI COOBITHH, TOI00HBIE ABYM I'DYIIIIAM,
BBIJIEJISIFOIIIUMCST B TEKTOHUYIECKOI ceficMuIHOCTH. B TakoM cMbIcjie IpyImmoil cobbITuii niu
KJIACTEPOM SBJISETCST TIPOCTO HADOP COOBITHI, KOTOPbIE TTPOU3OIIIHN OJIMKe APYT K JAPYTY
B IIPOCTPAHCTBE W BPEMEHU, Y€M IIpovne coObITrs. Ecan Takme rpymnbl 00pa3yroT JTOIOIHU-
TeJILHYI0 MOJIy Ha paclpejie/leHnu OOODIIEHHBIX PACCTOSHUN, TO MBI TOBOPUM, UTO COOBITHS
MOXKHO Pa3JIe/IUTh Ha JIBa KJACCA: KJIACTEPU30BaHHBIE U HEKJIACTEPU30BaHHbIE. Kcan ke
Ha pacrpeeeHnn HAOJII0IaeTCs BCErO OHA MOJA, TO Mbl TOBOPUM, 9TO IPYIIUPOBAHUE
(kJIacTepu3aIUs) MAJIO WM OTCYTCTBYET. B 00I1eM CMbIC/ie B KOHTEKCTE BO3MOKHOCTHU CyIIle-
cTBOBaHMsI OoJIee JIBYX MO/, Pa3eJisiTh COOBITHSI UMEHHO Ha KJIACTEPH30BAHHBIE U (DOHOBBIE
HE COBCEM KOPPEKTHO, IOTOMY 9YTO Yy HUX MOXKET OBITh MPUPOJA OTIMUYIHAS OT TOI, 9TO
HaOJIIOAeTCsT B TEKTOHUIECKOH CeCMUIHOCTH, OHAKO Jiajiee B paboTe MbI MO-TIPEXKHEMY
Oy/eM Ha3BIBATDH JIEBYIO MOJIy — KJIACTEPU30BAHHON YaCThIO, a IIPaByIo — (DOHOBOIA.

Pe3ynabrarst

B Tabs1. 1 npencraBiensl oIy YeHHbIE 3HAYEHUS TAPAMETPOB [IJIs BBIOPAHHBIX IIEPUO/IOB:
M, — npencraBuTesbHAS MArHUTyAa, N, — 9UCI0 COOBITHUIA, BBIIIE IOPOra MPEICTABATEIHHO-
cru, b-value — mapamerp HakJioHa TpadUKa MOBTOPSIEMOCTH, k — JI0JIs HECKOPPEJIMPOBAHHOMN
CEeiCMUYHOCTH, OIIPEJIeJIEHHAsT METOIOM JIEKOMIIO3UINH, k1 — JI0JIsl HECKOPPEJIMPOBAHHOMN Cceli-
CMHUYIHOCTH, OIIPEJIEJIEHHAs] C IIOMOIIBIO [TOPOTa, OJIYI€HHOr0 BPYIHY0. 2K esIThIM OTMeYeHbI
IEPUOABI, OTHOCAIINEC K JJIUHHOMY POIO.

Ta6aumna 1. [Tapamerpsl paccMaTpuBaeMbIX IEPUOIOB

Tlepuon, M, N, b k kq
1 12.10.1989-01.01.2001 0,3 467 1,65 0,87 0,96
2 01.01.2001-01.01.2003 0 186 1,39 0,92 0,97
3 01.01.2003-30.04.2005 0 219 1,19 0,86 0,93
4 30.04.2005-21.11.2005 0,1 145 1,82 0,96 0,94
5 21.11.2005-10.01.2006 0,1 296 1,46 0,65 0,78
6 01.01.2010-01.01.2016 -0,4 259 1,25 0,85 0,92
7 01.01.2016-01.01.2018 -0,93 1021 0,916 0,95 0,98

Ha puc. 4 mpencraBieHbl COOTBETCTBYIONIUE IIepromaM U3 Tabjr. 1 pacmpemencHus
00O0DIIEHHBIX PACCTOAHIIN 10 OJIMKANIIEr0 Cocea.

JJ1s1 TIeproOIOB 33/10J1T0 10 U3BEPKEHNUsI 10 Havasa JUIMHHOTO post (puc. 4(2-3)), mus
[IEPUOJIOB Yepe3 HEeCKOJILKO JIeT ocie usBepkenus (puc. 4(6-7)), a Takwke s HepBOi
daspr gmunaOrO post (puc. 4(4)) Habomaercs cxoXKuil BUj PacpeIeJeHusi — HOUTH OJIHOMO-
JlaJIbHOE paclipejiesieHue C JJIMHHBIM «XBOCTOM» cjeBa. PopMa pacupejiesieHnsl OTIMIaeTCs
or upounx B nepuoj, uHTpysun (puc. 4(5)), rme oTCyTCTBYET 3TOT «XBOCT». [I0CKOJIBKY
B JAHHOM CJIydae paclpeeeHns TPaKTHIECKN OJHOMOJAIBHBIE, I BCEX TEPUOIOB, KPO-
Me TIeprojia UHTpy3un (Homep 5 B Talbul. 1), npeaBapuTesbHbIA TOpOr GbLI BEIOPAH HE 1O
IIOJIOBMHE BBICOTBI MOJBI, & TaK, 9TOOBI 00pe3aTh «XBOCT» — 3aBEIOMO CBA3AHHBIE COOBITHS.
[Tosrygennsre TakuM 00pa30M IEKOMIIOZHIMY HOKa3aHbl Ha puc. 4. OmHako, BBIIY TOTO, 9TO
BTOpas KOMIIOHEHTa, KpaiiHe MaJjia, pe3y/ibTaT JeKOMIIO3UINN OKa3bIBAeTCsl HEOTHOZHATHBIM
U JIOIyCKaeT HECKOJIBKO BapUAHTOB. [109TOMY JJIsl OIEHKM CTEIeHU KJIACTEPU3AINN TAKKe
HCTIONb3yeTes albTepHATHBHBI MeTO/: ¢ ioMorntpio uamn IgT +1gR = Ign! ma asymeprom
COBMECTHOM paCIIPeIEIeHUN TIepeMaclITaONpOBaHHbLIX paccTosanii R u Bpemen T, BU3yasb-
HO HAWJIYYIIUM O0pPA30M Das3essroniell JBe Pyl 3HaueHud (pruc. 5), 3T MOPOroBbIe
3HAYCHUS MMOKA3aHbI KPACHBIMI JIMHAAMEA HA PHUC. D, a MOJy9eHHbIE ¢ TAKAM IIOPOTOM IIOJIA
doHoBoit ceficmuaHOCTH 0603HAUEHB! ki B Tabm. 1.
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i
Puc. 4. Pacupenesnenns 0600IIeHHBIX PACCTOAHUI 0 OJIMKAIMIIEr0O cOce/la B BEIOPAHHBIX BPEMEHHBIX
epuojiax, rojaybas rucrorpamMma — (paKTHIeCKOe peabHOEe paclipesiesieHie, KpacHas IHCTOrDaM-
Ma — annpoKcuMarusi (POHOBOI KOMIIOHEHTHI PACIPEeIeHNUs], XKEITask TUCTOIPAMMa — IIOJIy IeHHASsT

KJIacTepru30BaHHasi KOMIIOHeHTa. Homepa rpadukoB cOOTBETCTBYIOT HOMEpPaM IEPHOAOB B Tabur. 1.

YT0b6bl MOSICHUTH CMBICJ ITOJOOHBIX PACIIPEIE/ICHII, PACCMOTPUM IOAPOOHEee, IJist
npumepa, puc. 5(6), GygeM JABUraThCs BJOJIb KPACHON JIMHUM, HAUMHAS C IPABOIO HUXKHETO
yria:

e  Cuepsa cupaBa OT JIMHUK HAGIIONAIOTCS IAPhI COOBITH JlajieKkue (OTHOCUTEJILHO IIPOIKX)
IpYT OT ApyTra IO BPEMEHU, HO OJIM3KHUE 10 PACCTOSHU. Takme cOOBITUS HAXOISITCS
BBIIIE IIOPOT'a U CYUTAIOTCS HECBA3aHHBIMMU.

o  Jlasee, npu JBUXKEHUU BIOJIb [IPSIMON, PACCTOSIHUS 110 BPEMEHU ITOCTEIIEHHO YMEHbIIa~
FOTCs, HO TP 9TOM M PACCTOSIHUS 110 IIPOCTPAHCTBY yBEJINIUBAIOTCHA. Takme coObITHsT
BCe ellle BbIIIe II0pora.

e  Jlasee, npuMepHO Ha yPOBHE 3HAYEHUS —3 110 BEPTUKAJIBHON OCH, HOSIBJISIOTCS IIaPbI
u ciaeBa OoT npsMoii. Ha takoMm ypoBHE COOBITHSI CIpaBa U CJIEBA UMEIOT ITPUMEPHO
OJIMHAKOBBIE IIPOCTPAHCTBEHHBIE PACCTOSHUSI, HO OTJIMYAIOTCS 3HAYNTEIHHO BPEMEHHBIM
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Puc. 5. CoBmecTHbIE HEHODMUPOBAHHbBIE PACIIPEJIEIEHHS [TepeMacITabuPOBAHHBIX PACCTOSHUMA R
u Bpemen T. [IBeToBast mKkaga COOTBETCTBYET YUCILY COOBITHI C JAHHBIMU IEPEeMacIITa0NnPOBAHHBIMUI

PacCTOAHUAMU 10 OJIKaMIIIero coceza. KpaCHbIe JIMHUU COOTBETCTBYIOT IIOPOI'OBBIM 3HAYCHUAM.

paccrosaueM. CobbIThsI CJIeBa OT NPSIMON UMEIOT aHOMAJBLHO (OTHOCUTEIHHO IPOYUX)
MaJible BpeMEHHBIe DACCTOSIHUS, [IO9TOMY CUUTAIOTCS CBI3aHHBIMU.

OrcyTcTBrE aHOMAJIBHO OJIM3KHUX 110 IPOCTPAHCTBY COOBITUI MOXKET MOBOPHUTH O TOM,
9TO BCE COOBITUS M3-3a BBICOKOH IJIOTHOCTH HACTOJIHLKO OJIM3KU JAPYT APYTY, ITO MACKHPYIOT
MIPOCTPAHCTBEHHOE TPYIIUPOBAHUE.

W3 pacmipejiesiernii MOXKHO CJIeJIaTh BBIBOJI, UTO B MEPUOIBI BYJIKAHUYIECKOTO 3aTHIIIhS
u B nepsyio dasy JUIMHHOTO post HabJojaeTcsa aHoMaJbHO HU3Kag (2-8%) 10 cpasHe-
HUIO C TEKTOHHYIECKON CEeCMUIHOCTHIO JI0JIsT KJIACTEPU30BAHHOM ceiicMuaHocTu. B pabore
[Koulakov et al., 2023] npemiosaraercsi, 9To ByJIKAHNIECKasl IIOCTPOHKA CJIOYKEHA CUIIBHO
paz3apobeHHBIME U (DO IOHACKHIIIIEHHBIMI MAarMATHIeCKUMH TopogamMu. MoxKHO Tpeino-
JIO)KUTH, YTO B TIEPUOBI BYJKAHUYIECKOTI'O 3aTHUIIbS MMOCTOSTHHO TEKYIIUAE IIPOIECCHI B TaKOM
cpejie IPOAYIUPYIOT MHOXKECTBO CJIA0BIX CEICMUYIECKUX COOBITHUIA, & BBICOKAS CTEIEHb Pa3-
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JPOOJIEHHOCTH HE TTO3BOJIsIET 00pa30BBIBATHCA KJIacTepaM, MOJO0OHBIM TeM, UTO OOBITHO
HaOJIIOAIOTCS B TEKTOHUIECKO ceficMumanocTu. Bo BpeMst ke BTOPOil ha3bl NJIMHHOTO POst
dopma oTimuaeTcs — OJHOMOIAJIBLHOE pacipe/iesenue 6e3 «xBocray. st Takoro pacrpeje-
JIEHMSI MOYKHO IPOU3BECTH JIEKOMITO3UIINIO, OJIHAKO OHA OKA3bIBAETCsl HEOJHO3Ha4YHOi1. Ha
puc. 4(5) upuBejeHa JIUIIb OJJHA U3 BO3MOXKHBIX JEKOMIIO3HIIMIA.

Bropas ¢aza giamHHOrO post

Paccmorpum mogpobuee Bropyio dhasy JIHHHOTO posi — mepuo mHTPy3un. OTMeTnM, 910
XOTg pacupejesienne Ha puc. 4(5) saBJiserca 0JHOMOJAIBHBIM 1, Ka3aJ10Ch Obl, HET OCHOBAHUIL
IPOM3BOJIUTH JIEKOMITO3UIINIO, TOKA3AHHBII BADUAHT HanboJiee YIadHO AlIPOKCUMUPYET Ipa-
BBIN CKJIOH HADJIIOIAEMOTO PACIIPE/IeIeHnsT OOODIIEHHBIX PACCTOSHUN 10 OJIMKAMIIETO coceia
110 CPaBHEHUIO, HAIIPIMED, C PACIIPEIEICHNEM [IePEMENTAHHOr0 KATaIora 0e3 IpeaBapuTeIb-
HO#t 06peskn (puc. 6). B naHHOM ciiydae mepeMenaHHOe paclpejiesieHne JeMOHCTPUPYET
OTKJIOHEHHsI OT HaOJIIOJEHHOrO B JjieBoi 4yactu (puc. 6), 9T0 MOXKET KOCBEHHO IOBOPUTH
0 TOM, YTO HaOJIIOJAEMOe OTHOMOJAJILHOE PACIIPEIE/IEHNE HE SBJISIETCS MOJTHOCTBIO NMEHHO
(OHOBBIM ITUKOM.

21-Hos6-2005--10-51HB8-2006 21-Hos6-2005--10-5HB8-2006
T T T T T T

o

»

&
T
L

o
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T
L

o
T
L

o °
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3 @
T T
. .
MnoTHocTs pacnpeeneHms

[rn
-

MAoTHOCTH pacnpeneneHvs

L L . . . . . o1 L L L L L L L

6 -4 2 0 2 4 6 -10 -8 ) -4 0 2 4 6
Ig min. (7.
g min,(n)

S

o

]
T

3
&

2
Ig mini(:,ij)

Puc. 6. /Ia BapmaHTa JEKOMIO3WIMI ITPU MEPEMENIUBAHUYU BCeX COOBITHI ydacTKa (6e3 mpes-
BapUTeJIbHOI 06pe3KHu JIeBOl 4yacTh) st Bropoit dasbl aymuaOro pos (21.11.2005-10.01.2006).
losy6ast ructorpamma — pakTUIECKOe peaabHOE paclpeesieHne, KpacHas THCTOrpaMMa — (OHOBAs

KOMIIOHEHTa pacClpelde/IeHud, JKEITast rucrorpaMMa — IIOJydeHHasd KJIACTCPU30BaHHAA KOMIIOHEHTA.

Crour ynoMsiHyTbh, 9TO HOXO0Kast (OpMa pacrpesiesieHusT y2Ke HaOII0IaIach B JIPYTUX
paborax, HApuMep, B JabOpaTOpHBIX dKcrepuMmenTax [Mamowkuna u dp., 2024] u s
TEeXHOreHHOU ceficmuunocTu [Bapanos w dp., 2020]. IIpudauHONl 5TOr0 MOXKET SABJISATHCS
BBICOKAsl aKTUBHOCTb, KOTOpasl CHUZKAeT TOYHOCTh JIOKAIIMKM U IPUBOIUT K CJIMSTHUIO JIBYX
TpyIIL.

Taxkum 06pa3oM, eCcTh OCHOBAHUS IOJIATATH, 9TO CEICMUIECKHIT PEKUM BO BTOPOil dasze
JJIMHHOTO POsi IMeeT HEKOTOPYIO HEOIHOPOIHOCTh, MACKUPYIOILYIOCsI HETOYHOCTHIO JIAHHBIX.

JlomosiHuTEIbHBIE TOATBEPXKIEHUS ITON T'MIIOTE3BI MOXKHO YBHUIETH HA COBMECTHBIX
HEHOPMUPOBAHHBIX PACIIPE/IEJIEHAAX IePEMACIITAONPOBAHHBIX paccTosHuit R u Bpemen T
(puc. 5).

IIpu cpaBHeHUN TaKUX pacupeneseHuil /I Iepruoia BTOpoit (a3bl MJIMHHOTO PO C Iie-
pUOAMU 3aTHINbs, MOXKHO YBH/IETh KAI€CTBEHHOE OTJINYINE MEXK Iy HUMU: B [IEPUOJ 3aTUIIIbSI
pacIrpe/ieJieHre BBITSIHYTO BJosIb Hanpasienus 1g T +1g R = const (T u R nepemaciirabupo-
BaHHBIE BPEMsI M PACCTOsSIHUE, CM. pa3l. «Merossl» ), a B epuo, Bropoii dhas3bl JJIMHHOIO
post — 3arubaeTcsi, mepecekasi ITO Hanpapienne monepék. Cxoxast curyarnust HabJII0IaIaCh
B pabotre [Zaliapin and Ben-Zion, 2013], rae 6buiu uccienoBanbl (GOPMbI TAKUX PacIipe-
JleJIeHUil Ha CUHTETUYEeCKHUX JAHHBIX M Pa3JIMYHBIX BapUAHTAX PAHIOMU3AIMHN PeabHOIrO
karajora FOxnoit Kamudopuun. Tam npuBeneno nojobHoe pacipejesienne Jiuist COObITHi,
cMOZIeTMpOBaHHBIX [IyacCOHOBCKMM MPOIECCOM, OCHOBHAS YACTh TAKUX COOBITHII OKA3bIBAET-
csl BBITAHyTa BoJib npamoit 1g T +1g R = const. Ecyin npoananmmsupoBars HOPMBI I0IO0OHBIX
pacrpeiesennii 1y MOJEIbHBIX JaHHBIX u3 |Zaliapin and Ben-Zion, 2013, nabmronaemoe
LIS TIepuojia MHTpy3uu pacupeeiaenue (puc. 5(5)) okasbiBaeTcs GOJIbIIE IIOXOKUM Ha, CILy-
Jail paHIOMU3AIMN KaTaJjora, KOrja KOOPAUHATHI COOBITUN — PABHOMEPHBIE CJIydYaiiHble
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HCIIa, & BpeMeHa COXpaHeHbl Ucxofubie [Zaliapin and Ben-Zion, 2013]. BosMoxkHO, B HateMm
cJIydae UcciemayeMast CeHCMUIHOCTD II0JT BYJIKAHOM HACTOJIBKO ILUIOTHO CKOHIIEHTPUPOBAHA
B IIPOCTPAHCTBE, UTO MOIPEITHOCTU B OIPEJIEJIEHUN KOOPIUHAT IPUBOAAT K CJIyIaiiHOMY
PACIIPEIEJIEHUIO SIHUIIEHTPOB 110 IPOCTPAHCTBY, CKPbIBas I'PYIIINPOBAHIE.

st Toro 9To0BI 000#TH 3Ty MPOOIEMY MOXKHO IPUMEHUTH AJIbTEPHATUBHYIO (OYHKITHIIO
6IM30CTH, HE BKJIIOYAOINLYI0 PACCTOSIHUST MEXK LY COOBITUSIMU:

1 _ t,-]-IO‘””i, tij > 0 (2)
Nij = +oo, ;<0
rie ¢ — Hekoropblit Koaddunment. [Ipu ¢ = b/2 Beipaxkenne (2) coBmagaer ¢ mepemac-
mrabuposaHHbiM BpemeneMm T. Jlasee Mbl ncnoss3osanu 3uavenne ¢ = 0,3 [Frohlich and
Davis, 1990; Shebalin et al., 2020]. Pacnpeenenne ¢ Takoii dbyHKmeit 6;1m130cTH st BTO-
poii ¢a3bl AJIMHHOTO POsi MPEJCTABJICHO Ha puc. 7. IIporeaypa nepeMenuBanus B JaHHOM
cJIydae JIMIIEeHa CMBICTIA, MTOTOMY JJIs JEeKOMIO3UIIUN 9Ta MPOIEypa 3aMeHeHa, [IPOCTO
nepeorpeiesieHneM OIMKANRIINX coceliell TToc/Ie yaaaeHns U3 KaTajiora 3aBeIOMO CBA3AHHBIX
coObITHi. 3aBEIOMO CBS3aHHBIME COOBITUSIME IIPU ITOM, aHAJIOTHIHO pabore [Shebalin et al.,
2020], camraroTcst COOBITHS, JJIsl KOTOPBIX 3HaueHne (hYHKIUU OJIM30CTH MEHbIIE opora,
OIIPEJICJIEHHOIO 110 TIOJIOBUHE BBICOTHI IIPABOIO MAKCHMyMa Ha IPABOM CKJIOHE (puc. 7).

0s 21-Hos6-2005--10-AHB-2006

MnoTHocTb pacnpegeneHns

0.05 1 1 1 1 1 1 1 1 1 1
-8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3

g
lg min (1)

Puc. 7. Ananms rpynnmpoBaHHs CEHCMUHYECKHX COOBITHI ¢ moMONbio dbyHkImm Gamsoctu (2)
1711 BTOpoit dasel JiinHHOrO posi. CuHsis rucTorpaMma — (pakKTUYECKOe paclpesiesieHre 3HaAYeHU
dbynknum (2) syt Beex COBBITHI OTHOCHTEIBHO COOTBETCTBYIOMMX «OIIDKARIINX Ccocesieli», KpacHast
rUCTOrpaMMa — aIlllPOKCHMAIUsl IPABOM IPYIILI COOBITHIA, »KEJITasi TUCTOrpaMMa, — IOJIy I€HHAsT

KJlaCTepu30BaHHasdA KOMIIOHEHTA.

BugHo, uro B TakoM ciiydae IPOsIBJISIETCS OMMOJAJIBHOCTD PACIIPEJIe/IeHNsI, CBUIE-
TEJIbCTBYIONIAs O HAJUIUHU JBYX IPYII COObITU. UTOOBI IPOIEMOHCTPUPOBATH, UTO ITA
0COOEHHOCTH TPHUCYIIA MMEHHO JTJAHHOMY [EPHUOJLY, PACCMOTPUM AHAJIOTUIHBIE PACIIPEIC/IEHNUS
JJIs OTHOI'O U3 IIEPHUOJIOB BYJIKAHUYIECKOI'O 3aTUIIIbA W JIJIA HepBOﬁ (1)33131 JJIMHHOT'O PO
(pue. 8), BuaHO, 9TO KaIeCTBEHHO (hOPMa PACIIPEIESIeHNIT COXPAHNIACH — OIHOMOJIAIbHAST
dopma ¢ AJIUHHBIM «XBOCTOM» B JIEBOI YACTH.

Jajee OymeM UCIIOIB30BATH AJIBTEPHATUBHYIO (DYHKIIUIO OJIM30CTH ’71‘1]" Torma jrst
BTOPOiT pa3bl JJIMHHOTO POsi TAKUM 00Pa30M BbIJIe/sIeTCsT 42 KacTepa, OHU MOKA3aHbI Ha
puc. 9.

B kax oM kjacTepe onpeiesnmM caMoe CHJIbHOe COOBITHE, KAK OCHOBHOM TOJTYOK, COOBI-
THsI, KOTOPbIE [IPOM3OIILIN JIO0 HETO — KaK (POPIIOKH, a IOCje — KakK adTePIIOKH. XOTsI, BO3-
MO2KHO, 9TH COOBITHSA IT0 CBOMM XapPaKTEPUCTAKAM HE B IOJHOU MePe COOTBETCTBYIOT JAHHBIM
TepMUHAM JJIsI TEKTOHUIECKOW CEHCMUIHOCTH, IS yA00CTBa /1ajee OyIeM UCIOJIb30BATh UX.
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HonroTta
Puc. 9. Kiacreps! cobpituil Bo BTopoii dase IIMHHOIO pos. (&) — paclupejiesieHne B IPOCTPAHCTBE,
(6) — Bo Bpemenu. Cepble KPy?KKH — HE3aBUCUMbBIE COOLITHs (PyHKIUA GJIA30CTH OTHOCHTEIHLHO
Guimekaiinnero cocena GoJIbIIe IOPOTa), CHHUE — CBsI3aHHBIE COObITUs (DYHKIMS GIN30CTH MEHbIIE
opora); KpacHbIM OOBEJIEHBI COOBITUS, ¥ KOTOPBIX €CTh «IOTOMKH» (TO €CTh CBA3AHHBIE C HUM

CO6I)ITI/IH); CUHUMU JIMHUAMU IMOKa3aHbl CBA3U MEXKJLY COOBITUSIMU B KJjiacrepax.

B knacrepax 37 adrepmokoB u 58 dopmokos. I[lapaMeTpbl HE3aBUCUMBIX U CBA3AHHBIX
coOBITHI BTOPO# (ha3bl JJIMHHOTO POsi TpuBeJeHbl B Ta01. 2. Onpeie/ieHsl mapaMeTp HaKJI0Ha
rpaduka moBropsieMoctu b, MakcuMasibHast My, U cpeiHsis M MaruuTyibl.

Tabmmma 2. [TapaMeTpbl JIByX PEKUMOB CEACMUTHOCTHU

b Mmax M
KnacrepusoBanubie 0,989 1,5 0,4401
Hecsaszannbie 1,906 1,1 0,2726

Obcyx/1eHne pe3yIbTaToB

st ceficMuaHOCTH B paiioHe BYJIKAHUYECKON MOCTPORKY ByJIKaHAa ABIYCTHHA B TIEPUOJIBI
BYJIKQHIIECKOT'O 3aTUIIbsi HAOJIIOJAeTCsI HU3Kasl CTEleHb KJIACTEPU3aIlui, 9TO caMo 10 cebe
SABJISIETCS JIOBOJIBHO HEOOBIYHBIM SIBJIEHUEM, OJIHAKO, TAKOE yzKe HaDJII0MAJIOCh, HAIIPUMED,
JIJ1s1 CODBITHIA, CBA3AHHBIX C refi3epHoil akTuBHOCTBIO [ Maaomun, 2023]. Takzke usBecTHO, 9TO
CTelleHb KJIaCTepU3aluy nanaer ¢ ryounoii [Shebalin et al., 2020]. D10 MOXKeT GBITH CBS3aHO
C YMEeHbIIIEHUEM C IIyOMHON IJIOTHOCTH TPEIIUH — IIOTEHIIHAJILHBIX 09aroB CECMUYECKIX
COOBITH MJTM, MHBIMA CJIOBAMH, CTETIEHW TOTOBHOCTH Cpenbl K paspymmennio |Narteau et
al., 2002]. B TakoMm ciydyae rumores, IOUYeMy B JAHHOH cuTyanuu HabIHOJaeTcs TakKoi
3bderT, MoKeT OBITH HECKOTBKO. DTO MOXKET OBITH CBA3AHO C OCOOEHHOCTHIO TPUPOJIBI CAMOM
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BYJIKAHUIECKON CEHCMUTIHOCTU, CO CBOMCTBAMU CPEbl BYJIKAHUYIECKON MOCTPOMKMU, JT1OO
¢ 6osee ciokHBIME D heKTaMu, HAIPUMED, KAK Pe3yJIbTAT HHTEHCUBHOIO JIOKAIM30BAHHOTO
IIOCTOSIHHOT'O BO3JIEfICTBUSI NCTOYHUKA B BHUJE MarMaTHIECKOl KaMepHI.

Paccmorpum mogpobHee epuo gmuHHOTO post, ou Jyuiica ¢ 30.04.2005 mo 10.01.2006.
[Tepuox, npumepno, ¢ 18.11.2005 mo 10.01.2006, coryacuo ucciaemoBanusM e OpMAaIInii,
COOTBETCTBYET IIPOLECCY UHTPY3un MarMmbl 1o gaiike [Cervelli et al., 2006]. A cramusa 10
9TOr0 COMPOBOXKIAJIACH PAJUAIBHBIME J1e(DOPMAIIASIME, KOTOPbIE YIAJIOCH AIIITPOKCUMUPO-
BaTh TOYETHBIM C(HEPUIECKUM MCTOTHUKOM, TIPUMEPHO, Ha IIyOuHe yposHsi Mops | Cervelli
et al., 20006], Taxoii a3¢pdekT MOKET ObITH BHI3BAH MOBLIIICHUEM JABJICHUAS B MAIMATHYECKON
kamepe. K tomy ke B [Buurman and West, 2010] npuBoguTcst aHaIn3 9acTor ceficmu-
YEeCKHX CUIHAJIOB BO BpeMsl m3Bepxkenus. [lokazaHo, 4ro 10 Havaja u3Bep:keHus (KOHeI|
JUINHHOT'O POl ¥ KOPOTKUI POii) IPeoBJIaIaloT BBICOKOYACTOTHBIE (MMEeTCs B BHUJLY OTHO-
CHUTEJIBHO OCTAJILHBIX BYJIKAHUIECKAX CUIHAJIOB) COOBITHsI, KOTOPbIE OOBIYHO aCCOUUPYIOT
C BYJIKAHO-TEKTOHMIECKUMU 3€MJIETPSICEHUSIMUA. B 1aCcTHOCTH, KOPOTKHUil poit B [Buurman
and West, 2010] runioreTrnyecKku CBA3bIBAIOT ¢ (DUHATBHBIM IPOPHIBOM KAHAJIA K IIOBEPXHOCTH.
A B [Power and Lalla, 2010] yka3aHo, 9T0O Bce COOBITUS JJIMHHOIO POsI MOYKHO KJaccudu-
[UPOBATH KaK BYJIKAHO-TEKTOHUYECKHE. TaknuM 00pazsoM, MOXKHO IIPEJJIOKUTD CJIe Ty FOIIuii
CLIEHAPHIL: 33J10JI10 JI0 u3Bep:KeHust (IIPUMEPHO, 3a 256 CyTOK) HAbJIOIAeTCs CeficMUYecKast
AKTUBU3AIUs, B 9TOT IIEPUO/L IIPOSIBJIAIOTCS PAUaJIbHbIe TehOpMAIy, BHICOKOE 3HAYCHUE
b u HuzKas creneHb Kjacrepusanuu; 3areM depes 206 cyToK, cyzs 1o jedopMaiuaM Ha
[TOBEPXHOCTH, HAYMHAETCA UHTPY3US MAarMbl, CefiCMIYeCKas aKTHBHOCTD U CTEIIEHb KJIACTe-
pHU3aIyK MOBBIMAIOTCSA, TTapaMeTp b cHmKaeTcsa. 110 OKOHYAHUIO JIJTHHHOTO POsT TPOUCKOJIUT
WHTEHCUBHBII KOPOTKUII POii COOBITHUIA, IIOCIe KOTOPOTO HAUMHAETCS U3BEPIKEHME.

OrmeTnM, ITO CEHCMUIHOCTH BTOPOil (Da3bl JJIMHHOTO POsI 38 BBIYETOM KJIACTEPOB
ITOKA3BIBAET PEYKUM CXOXKHUI I10 ImapaMerpaM ¢ TeM, 9TO HADJIIOMAJICA 0 HAYAJA WHTPY3UH
BO BpeMsi 1epBoii dasbl — dasbl paguaabHbX gedopMmarmii (rapaMerpbl CeiCMUIHOCTH
post 110 Hadama nHTPy3mna b-value = 1,822, M = 0,2766, M. = 1, napaMeTpbl HeCBS3aHHOIM
CeHCMUYHOCTH BO BpeMsl Iepuoia unTpysun: b-value = 1,906, M = 0,2726, M = 1,1),
a CefiCMUYHOCTh KJIACTEPU30BAHHBIX COOBITHN 3HAYATEILHO OTJINIAETCS 110 CBOUM IMapa-
merpam (b-value = 0,989, M = 0,4401, M,y = 1,5). D10 MO3BOJIsIET PeJIIoIaraTh, ITo
CIIEPBA IOBBIIIIEHNE JABJIEHNAS B MAarMaTUIECKON KaMepe BbI3bIBAET OTKJIUK CPEJbl B BUJIE
CEIICMUIHOCTH C BBICOKAM 3HAYEHUEM HAKJIOHA IpaduKa MOBTOPSIEMOCTH, OTHOCATEIHHO
HUBKMMU MarHUTYIaMU U HU3KON CTEIEeHBbI0 KJIACTEPU3allin, 3aTeM HAUYNHAETCSI IIPOIECC
JIOKQJIbHOT'O Pa3pyIIeHNs CPEeJbl P BHEJIPEHUH MarMbl, KOTOPBI NMeeT y2Ke JIPYyrue Ia-
paMeTphl, IIPXA STOM MEPBBIN MIPOIECC BCE €IE MPOIOIKAECTCH. ITO IaCTUIHO OObSICHSIET
HabJIIoIaeMble Bapualmu b-value B 9TOT EPUO: HAJIOKEHHUE JBYX MPOIECCOB ¢ PA3HBIMU
peKuMaMu CeiCMUYHOCTH.

Paccymorpum mogpobiee BhIIEIEHHBIE KIACTEPHI BO BTOPOH (hase JIUHHOTO POsi, TIPEI-
MIOJIOXKUTEJIBHO, COOTBeTCTBYoMIEeil nHTpy3un. Ha puc. 10 MOXKHO MPOC/IEINTE CJIEIYIONLY IO
TEHJIEHINIO: CIIEPBA IIPOUCXOIUT CEPUsl KJIACTEPOB IIPUMEPHO B KOHIIE KOTOPOil peajin3yercs
CUJIbHEliIIee B cepun COObITHE, 3aTeM HAOJIONAETC CEHCMUYIECKOe 3aTUIINBE 0 HAYAJIA CIIEITY-
1o1eit cepun KjactepoB. V3 9Toil KapTUHBL BBIIAAAET YeTBepTas cepusd (OTMEYeHO KPaCHOM
crpesikoit Ha puc. 10), B Hell cusbHeliIee cOObITHE OKA3AIOCH TIEPBBIM B CEPUH, ITO MOXKET
OBITH PE3YJIBTATOM HETOYHOCTH HAIIEr0 METOJIa BbIIEIEeHUs KJIACTEPOB, MO0 HETOIHOCTH
caMuX JaHHBIX. TAaKXKe ¢ OCTOPOYXKHOCTHIO CTOUT OTHECTHUCH K MEPBOM U MOCJEIHEH CepUsiM,
TaK KaK OHU MOI'YT ObITb 0Ope3aHbl IPAHUIAMU IIEPUOIA.

Ecnmu o6beaunuTh KIacTepbl B CEPUH, MOJYyIaeTCss B COBOKYITHOCTH 98 opIiimokos
u 32 adreprioka. To ects HOpIIOKOBas aKTUBHOCTD IIPeodIaiaer Ha L adTepIIOKOBO B OT-
JIMYre OT TOTO, YTO Yallle BCEro HaDJIIOIAETC B TEKTOHUYECKOI ceficMuIHOCTH. BO3MOXKHO,
9TO BBI3BAHO TEM, UTO B JAHHON CUTYyaIluu IIPOUCXOUT BBIHYKJIEHHOE pa3pyIleHne ellle He
IIOATrOTOBJIEHHOM CPEJIbI IO/ AEHCTBUEM MHTEHCUBHOTO BHEITHETO NCTOYHUKA, B TO BpeMs,
Kak oOpazoBaHue adTepITOKOB 3aBUCUAT OT COCTOSTHUS CPEbl U CDOPMUPOBAHHON CHCTEMBI
tpemu [Narteau et al., 2002].
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Puc. 10. Pacupesesienne KiacTepoB BTOPOii YaCTU JAJIMHHOIO Posi BO BpeMenu. CUHME KPYKKHA — CPeJi-
Hee T0JIOYKEeHMe COOBITHI KJTacTepa BO BPEMEHH, [P STOM 3HAUEHUE TI0 BEPTUKAJIN — MOPSITKOBBII
HOMeDp KjacTepa. PuoseToBble KPY>KKH — COOBITHS, BXOIAIINE B KJIACTEPHI, CEPble — OCTAJIbHBIE,
HECBSI3aHHBIE COOBITHST; (PUOJIETOBBIMU 3BE3AMU MTOKA3AHBI CUJILHEHIINE COOBITHS B CEPUSX KJIACTe-

poB. KpacHoii cTpeskoil oTMedeHa cepus, BBITAJAIONIAs U3 00IIeil 3aKOHOMEPHOCTH.

Mozxkno BBIJICJIUTL DAl Ka9E€CTBEHHbBIX TeH,HeHL[HfII

1)  Yewm GoJiblile MATHUTYA, OCHOBHOI'O COOBITHUS, TeM 60JIbIIe Y HEro (bOPIIOKOB U TEM
Gosbiie ux MarauTyaa (puc. 11(a) u puc. 11(6)).

2)  Yewm GoJbIlie MATHUTYJIA OCHOBHOTO COOBITHS, TeM JutnHHee cepust (opimokos (puc. 11(r)).

3)  Ywucso u MarauTya HGOPIIOKOB PACTET BO BPEMEHH 110 MePe HPUOJIUKEHMs K OCHOBHOMY
ToTuKy (puc. 12).

Sarubanue rpadukos Ha puc. 11 B paifoHe MAJIBIX MATHATY/T OCHOBHOTO TOJTIKA MOXKET
OBITH BBI3BAHO TeM ke 3(P(PEKTOM, 9TO U 3arubaHue rpaduKa MOBTOPSIEMOCTH.

IIpeaoxkum ojHy U3 BO3MOXKHBIX MHTepIpeTaruii. CaMm 1porecc HHTPY3UH HEOTHOPO-
JIeH, KaKMe-TO yIACTKHU IIPOXOIATCs 0€3 COMPOTUBJIEHU, & B KAKUX-TO MECTaX BCTPEUIAIOTCS
«1pobKu». UTOOBI CJIOMATDH MPENsiTCTBIE, HY2KHO HAKOIUTH JIOCTATOYHOE KOJIMIECTBO HAIIPSI-
JKEHUH, 3aBUCsIIIee OT YCIOBHON MPOYHOCTH STOTO HPENSTCTBHUs (3ATHIIbE MEXKJLY CEePHsIMHE).
Korna nakomniennbie HAIPSXKEHUS [IOCTUTAIOT HEKOTOPOIO IOPOTOBOIO 3HAYEHH ST, HAYHHAESTCS
MIPOIIECC PA3PYIIEeHUs], TPUIEM OH, BUIUMO, IPOUCXOJUT ITOCTEIIEHHO, & He MIHOBEHHO. TaKoe,
Hanpumep, onucano B mojesau JIHT [Coboses, 2019]. Tlpuuém BesmanHa MAKCUMAIBLHOTO
TOJIYKA, BEPOSTHO, 3ABUCUT OT IIPOYHOCTH [PEISTCTBU, 8 TAKXKe BIIUET HA JJINTEIHHOCTD
MpOTIecca Pa3pyIIeHus U HA KOJIMIECTBO U CHTy (hOPIIOKOB. CBSA3b ¢ KOJTMIECTBOM U CHJIONH
bOpPIIOKOB, BEPOSITHO, TpUBHAJIbHA U CJenyeT u3 3akoHa ['yrenGepra—Puxrepa [Guten-
berg and Richter, 1945] n HaIMYUsA HUZKHETO MOPOTa MATHUTYI, TO €CTh GOJIBINAsT YaCTh
cs1a0bbIX (QOPIIIOKOB IIPOCTO HE 3aPErUCTPUPOBAHA, IIPU HOPMHUPOBKE 2K€ HA MArHUTYIHDIN
JMama30H, BEPOsITHO, 3aBUCAMOCTh MOXKET MCUe3HYTh. CBsi3b XK€ C JJIUTEHbHOCTBIO, BUIUMO,
XapaKTepu3yeTrcd CKOPOCTHIO HAKOILJICHUS HAIIPSXKCHUNA U CBOXCTBAMU CPEbI.

Yacrb U3 NPUBEJEHHBIX TeHIeHNuii /i1 (OPIIOKOB y2Ke ONUCAHbI, Hanpumep, B [Helm-
stetter and Sornette, 2003].
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Puc. 11. 3aBucuMocTn OT MATHATY/BI cuiIHefiero cobbitust B cepun: (a) — uncsa hOpPIIOKOB cepun,
(6) — cpenneit MarHUTYABI POPIIOKOB, (B) — 00LIEH JIUTEJILHOCTH cepur (OT MEPBOro (POPIIOKA

J10 nocsiesHero adrepiuioka), (r) — mmresasHOCTH GOPIIOKOB (0T mepBoro (hopIIoKa 40 OCHOBHOIO

TOJTIKA).
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Puc. 12. 3aBUCHMOCTH OT BPEMEHH JO OCHOBHOIO TOJYKa: (&) — 4uncsia pOpIIOKOB (IIOCTPOEHO
10 COBOKYTIHOCTH TPEX CAMBIX JJIMHHBIX cepuii), (6) — MaKCUMAIBHON MarHUTYyIbl (GOPIIOKOB
(IIOCTPOEHO TOJIBKO 110 CaMoil JIMHHOM cepun). B 060X cilydasx UCHOIB30BAIOCH OKHO IIUPUHOMN

JBOE CyTOK.

CrouT OTMETHTD, YTO B OIMUCAHHYIO BBIIIE KAPTUHY HE B IOJHON Mepe YKJIa IbIBAETCS
[IPOCTPAHCTBEHHOE paciipeiesienne atux cepuii (puc. 13).

Buso, 9aT0 cobbITHS cCaMOill JIMHHO ceprur He CJIMIITKOM JIOKAIM30BAHBI B IPOCTPAHCTBE.
PaccrosiHme oT OCHOBHOI'O TOJTYKa JI0 OOIINEil Macchl COOBITHII cOCTaBJsieT OKOJIO 1,5 KM,
riyonna maHHOTO coObIiTust 0,23 KM HAJ YPOBHEM MOPsi, & CPEIHAS TJIyOWHa COOBITHI
B nepuoy, uatpy3un — 0,71 kM Hazg ypoBaeM mopst. K Tomy ke MHOrMe cOObITHS ITOi cepun
[IPOU3OIILIN B CTOPOHE, Ha 3allajle OT OCHOBHOI'O ODJIAaKa.
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Puc. 13. Pacupenenenne cepuit B MpOCTPAHCTBE, KPYXKKH KAXKJIOTO I[BETA COOTBETCTBYIOT HOMEPAM
cepuii. Camas qiuHHas cepusi Ne6 — GUpIo30Basi, €6 OCHOBHOW TOTYOK YKa3aH KPaCHOW CTPEJIKOM.
YepHoii nuHUel MOKa3aHa IPUMEPHAs YCJIOBHAs NPOEKIUs JafiKu Ha MOBEPXHOCTH u3 [Zhan et al.,
2022].

C ommoii cToponbl, HaIpUMeEp, B padore [Zhan et al., 2022| maiika nepej paccMaTpu-
BaeMbIM U3BEpP:KEHUEM MOJIE/IMPYETCsl B BUJIE SJLIAIICONIAIBHOTO TEJIa, PACIINPSIOIIErOCst
B CTOPOHBI BHYTPH BYJIKAHUIECKOH MOCTPOUKH. A OCHOBHBIE CMEIIEHHS TIOBEPXHOCTH TAKOU
MOJIEJIA OKA3bIBAIOTCS, HAIIPABJICHBI B OOJIBINEH CTEeleHn KaK Pa3 Ha 3amajl U BOCTOK.

C npyroit CTOPOHBI, 3TO MOYXKHO YACTUYIHO OOBSCHUTH OOJIBIIMMMU ITOTPEITHOCTSIMEI
B Jokanuu 3emierpsicernit. Hanpumep, B [Lalla and Power, 2010] morpermsocTs B ropu3oH-
TaJBHOM JIOKAIIUU 3€MJIETPSICEHIST MOXKET JOCTUTATh 3HAYEHHsT 0K0JI0 500 M 151 HAITEro
CJIydasi, XOTsl B HaIlleil paboTe UCIOIb3YI0TCs JAaHHbIE, JJIs KOTOPBIX JIOKAIUS OMPEIe/Isiiach
JIPYTUM METOJIOM, 3TO JAET KOCBEHHOE IIPEJICTABJIEHIE O TOYHOCTH KOOPJIUHAT SIHUIEHTPOB.
K romy xe, kak mokazano B pabore |Power et al., 2019], momokeHne SMUIEHTPA MO JBYM
pa3HBIM METOJAM OTIMYAeTCS B cpefHeM Ha 1,2 KM.

3akJroyeHue

B pabore 6bu1a npoaHau3upoBaHa CEHCMUYHOCTD ByJIKaHa ABrycTUHa Ha AJIsICKe
B MEPUOJbI 3aTUIIbsI U BO BPEMs JJIUHHOTO POsi, HADJIIOMABIIETOCS Tepe]l N3BEPKEHUEM
2006-ro roga [Jacobs and Menutt, 2010].

B ocHOBHOM B 1IepHOBI BYyJIKAHUIECKOTO 3aTUIIbsT HAOIIOMACTCS CEICMUIHOCTh, CKOH-
[EHTPUPOBAHHAS B BYJKAHUIECKON ITOCTPOIKE MU IO/ Heil ¢ HEMHOTO TIOBBIIIEHHBIM, OTHO-
CHATEJILHO CTAHIAPTHOTO, 3HAYEHNEM HaKJ/IOHa rpaduka mosropsgemoctu ot 0,916 no 1,39
(mepuog, 1989-2001 rr. uMeer BbICOKOE 3HAYECHHUE b, OJHAKO 3T0 MOXKET ObITh CBA3AHO C ILIOXOM
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[PEJCTABATELHOCTHIO U €€ M3MEHEHUSIMU BO BPEMEHU 33 JJIUTEIbHBIN IPOMEXKYTOK BpeMe-
HU), a TaKzKe HU3KOii crenenbio rpyunupoanus (2-8%), nanpumep, uporus (60-80%) mis
[IePHOJIOB 3aTHINl Ha ByJaKaHax drHa u Besysuit us pabors! [Traversa and Grasso, 2010],
a TakKzKe B CPaBHEHUM CO 3HAYCHUAMU JJISl «KJIACCUYECKON» TEKTOHUYECKOHN CeiiCMUYIHOCTUA
1oxxuoit Kanudopuuu: okoso 70% us paborst | Traversa and Grasso, 2010] u okoso 63% u3
paboret [Baparos u Illebanun, 2019]. Takoil pexkum CeACMUIHOCTH MOKET OObICHITHCS
KaK 1 OCOOBIMU CBOMCTBAMHU CPEJIbI BYJKAHUYIECKON IMOCTPOUKH, TAK U IIPUPOJION ITOH ceit-
CMUYHOCTH, HAIIPUMED, HATPEB OT HEIIyOOKON MarMaTUYecKOl KaMepbl WJIN YKe IIPOIeCCaMu
B Hell caMOii.

Jlasiee 6bLI TOAPOOHO PACCMOTPEH TEPHO JIHHHOrO posi. Ha ocHoBaHmy MHMOpPMAIINN
00 M3MEHEHNSTX AKTUBHOCTH WM MOBEPXHOCTHBIX nedopmarmsx |Cervelli et al., 2006; Jacobs
and Menutt, 2010] MOXKHO TIPEIIIOIOKUTD, YTO STOT IIEPHUOJ OXBATHIBAET JBA [IPOIECCa:
criepBa pajuajibHble 1edOPMAIIU U MOJHSTHE BYJIKAHUIECKON MOCTPOITKY, 3aTeM UHTPY3UsI
o naiike. Tak»Ke M3BECTHO, YTO € ITUM IIEPUOJIOM CBA3AHBI CHJIbHbIE AHOMAJIMH U BPEMEHHbIe
Bapuanuu HakJoHa rpaduka noBropsgemoctu [Jacobs and Mcenutt, 2010]. C nomorbo
MeTo/Ia GJIMzKaiIero cocea ¢ pasiandHbiMu GyHKuusMu 6susoctu [Frohlich and Davis,
1990; Zaliapin and Ben-Zion, 2013; Zaliapin et al., 2008] y1aaoch BBIIEIUTH BPEMEHHYIO
KJACTEPU3AINIO COOBITHI BO BPEMsi BTOPOM TaCTH POsi, CBA3AHHON, MPEIIOI0KUTETLHO,
C HHTPYy3uei 1o faike.

CelicMUYHOCTD 38 BBIYETOM KJIACTEPOB IMOKA3BIBAET PEXKUM CXOXKHI 110 IapaMeTpaMm
¢ TeM, 9TO HADJIONAJICS JI0 HAYaJla MHTPY3UH BO BPEMsI PAIUAIBHBIX j1edopMarmii. 1o
TO3BOJISIET HHTEPIIPETUPOBATH TAKYIO CEHCMITHOCTD KAK OTKJIUK CPEIbI Ha O0IIee TIOBBIIIEHIE
JaBJIEHUsI B MarMaTUIeCKOil KamMepe, KOTOPOe IPOIOJIKAETCsI U BO BpeMsi BTOPOii ba3bi.
Bropyio ke "gacThb ceficMuuHOCTH (KJIACTEPU30BAHHYIO), HAOJIOJABIIYIOCS BO BPeMsl BTODPOIt
dazbl, JIOTUYHO CBS3aTH C IPOIECCOM UHTPY3UH.

Mo>KHO 3aMETHUTH, YTO KJIACTEPHI BO BPEMEHU TaKKe OObEeINHSIIOTCS B CEPUH, PA3IEIeH-
HbIe IPOMEXKyTKaMu — ray3aMu. IIpuyemM B OCHOBHOM Takue cepuy KJIacTePOB OKAHYNBAIOTCH
CAMBIM CHJIBHBIM COOBITHEM CepUU. TaKylo TEHIEHIINIO MOXKHO HHTEPIIPETUPOBATH KAK
HaKOIIJICHUE HAIPSYKEHUl C MOCTAeAYIoMuM cOpOCOM U pa3pyIIeHreM, KOTOPOe ITPOUCXO-
muT nocrernedHo. OHAKO, B OTJIMYUE OT TEKTOHUYECKON CEiCMUYHOCTH, TYT B Ka4eCTBE
UCTOYHUKA HAIPKEHNH BBHICTYIIAET WHTEHCUBHBIM BHENIHUII UCTOYHUK — JIABJIEHHE Mar-
MBI. DTO, BUJINMO, TAKKE IIPUBOIUT K CIab0i aTePITOKOBOIl aKTUBHOCTHU TI0 CPABHEHUIO
C TEKTOHNYECKON CeICMUYIHOCTBIO.

Baaromaproctu.  ABTOpPBI BeIpazkatoT OjiaromapHocThb npodeccopy Baaaumupy Bopucosuuy
CMUPHOBY 3a KOHCYJIBTAIMIO U IIeHHBIE 3aMedaHus K pabore. Pabora BbIo/iHEHA B PAMKAX
roCyJIapCTBEHHOTO 33 iaHus IHCTUTYTa TeOpUHU MPOrHO3a 3eMJIETPSICEHUN U MaTeMaTHIeCKO

reopusuku PAH.
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The paper is devoted to the analysis of spatiotemporal grouping of volcanic seismicity events
confined to the Augustine volcano in Alaska. Heterogeneity of the seismic regime in the final
preparation stage of the 2006 eruption was revealed relative to the regimes during periods of calm
and the initial stage of seismic activation. This final stage is presumably associated with the process
of magma intrusion into the dike, upon completion of which the eruption began. A detailed analysis
of the seismicity of this phase revealed two seismic regimes that differ in their main characteristics.
One of the regimes is similar in parameters to that observed at the early preparation stage —
a high value of the magnitude-frequency distribution slope parameter (b-value) and a low degree
of clustering. The second has a lower b-value and represents a series of clusters ending with the
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OCEN JIMHEMHBIX AHOMAJIMM MATHUTHOT'O ITOJIS

A. . H_IKJIﬂpyK* , K. M. Ky3nemnos

MockoBckuit rocynapcrBennblit yausepcurer umenu M. B. Jlomonocosa, r. Mocksa, Poccust
* Konrakr: Anekceit JImurpuesnya I1Iknsapyk, alexsh9898@yandex.ru

Crarbst IOCBsIIEHA IPIMEHEHNIO CBEPTOUHBIX HeltpoHHbIX cereil (CHC) s aBroMaTH3NpOBAHHOIO
BbIJIeJIEHHS OCel JIMHEHHBIX aHOMAJINK MarHUTHOTO 10Jis. B xome paboThl cocTaBiieHa OpUTHHAJIbHAS
apxurektypa CHC nHa ocHoe U-Net ¢ ncnosbpzopanneM npenobydeHHbix BecoB VGG-16, o6yyenune
KOTODPO# BbINOJIHEHO Ha BbIOOpKe m3 500 MozmenbHBIX HpUMepoB. PaccmarpuBaemblit B pabore
IIOJIXO/], MOKET CTATh ONTHMAJbHBIM HHCTPYMEHTOM IIPH CTPYKTYPHON MHTEPIPETAIIH AHOMAJILHBIX
MarHuTHBIX mojieit. B pesysbrare anpobaruu npejnaraembix CHC, mHa npumepe mosist oHOTO
u3 y4JacTKOB BapeHIieBa Mopsi, BbIJEIEHbI OCH JTUHENHBIX AHOMAJIHi, BO MHOTOM COBIIAJIAIOIIIE
C IIOJIO?KEHHUEM OCeH, MOJIy4YeHHBIX PYYHOR 9KCIEPTHON MHTepIIpeTalueil, 9TO IIOKA3bIBACT BBICOKYIO

9bHEKTUBHOCTh IPUMEHEHUsT COBPEMEHHBIX TEXHOJIOTHUI NCKYCCTBEHHBIX HEHPOHHBIX CETEM.

Kimouessie ciaoBa: CBépTouHbIE HEPOHHBIE CETH, MArHUTOPA3BEIKA, JHHEHHbIE AHOMAJIUU MATrHUT-

HOro 1oJist, BapenrieBo mope, maikm.

Owuruposanme: [llknspyk, A. /1. u Kyzueros K. M. Ilpumenenne cBEPTOIHBIX HEHPOHHBIX CeTeil
JUISL BBIZICTICHAsT OCEH JIMHEHHbBIX aHoMasmit MaranTHOTO oy // Russian Journal of Earth Sciences.
— 2025. — T. 25. — ES4007. — DOI: 10.2205/2025es001003 — EDN: OZAKIC

Beenenune

Ha ceromusmmmmit 1eHp 7151 pelieHnst pa3inIHbIX 3329 U3y IeHusl TJIyONHHOIO CTPOSHMS
3emun, JIyHbr 1 Ipyrux 0ObEKTOB B KOMILIEKCE Ie0JIOTO-re0(MU3NIECKUX METOI0B aKTUBHO
UCIOJIB3YIOTCs OTEHIMAJIBHBIE T10JIsI (TPABUTAIIMOHHOE M MATrHUTHOE). VIX KaueCTBEeHHBIIH
aHaJIN3 MO3BOJIAET COCTABUTh CXEMBbI, B TOM YHNCJIC CBA3aHHBIC C TEKTOHUKON M3yYIaeMbIX
objtacreit. B Takoil aHA/N3 BXOAAT BBIJIEJEHUE JIMHEHHBIX CTPYKTYP MOJIs, KJIACCH(DUKAIIIS
U KJlacTepu3alus aHOMaJIUi U MHbIE IIPOLEeY PhI.

B pamkax mannoit paboThl paccMOTpPeHa 3a/1a49a BbIIEJEHUs JUHEHHBIX aHOMAJIII Mar-
HUTHOTO II0JIsI, KOTOPBIE MOTYT OBITH IPHYPOYEHbI, HAIIPUMED, K PA3TMIHBIM TPOTIKEHHBIM
MArMaTUIECKUM KOMILIEKCaM (JaiikaM), Pa3JIOMHBIM 30HAM, & TaKKe T€XHOTC€HHBIM JIMHEl-
HBIM O0beKTaM U Jp. B HacTosdlee BpeMs ee pellleHne BO MHOTUX CJIydasX CBOJUTCH HA
[IEPBOM 3Talle K IOUCKY Hanbosiee nHMOPMATUBHBIX TPAHC(HOPMAHT C ITOIXOIANINME SIPAMU
npeobpazoBanus (HAIPUMED, BHICOKOYACTOTHAA (DUILTPAIUs, BEIYUCICHAE [OJTHOTO TOPH-
30HTAJIBHOTO TPAJINEHTa U T.II.), U HA BTOPOM JTAIle — DYIHAsI SKCIEPTHAS WHTEPIIPETAIIHUSI.
B nmamnoit pabore paccMOTPEH METOJ [0 BBIIAEJIEHUIO JUHEHHBIX CTPYKTYDP MOTEHINATBHBIX
1oJieil, OCHOBaHHBII Ha CBEPTOYHBIX HEMPOHHBIX CETHAX.

OcHoBHBIE TOHATHASA

Ceéprounas ueitponnas cerb (CHC) — 310 THII MHOrOC/IORHOrO TiepcenTpoHa (Heii-
DPOHHOI}1 CeTH IPAMOIO PACIPOCTPAHEHNUsI ), YACTh CJIIOEB KOTOPOl CKOHCTPYUPOBAHA TAKUM
06pa30M, YTO CBsI3b MEXKJIy HMMU OIUCHLIBAETCs JIMCKPETHON cBEpTKOi [Xadwxun, 2016;
Venkatesan and Li, 2017]. Ha BX0os Takux CJI06B MOAAETCS IUCIOBAs MATPUIA, C KOTOPOI
CBOPAYMBAETCS $IJIPO, OIpeieisieMoe BecaMu HefipoHoB. Ha BBIXOI IIpecTaBIsieTcss MaTpuIia
9HCJIOBBIX MPU3HAKOB, KOTOPAsi, B CBOIO OYEPElb, IMOJAAETCH HA BXOJ CJIEIYIONIErO CJIOH
(puc. 1).
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IIPUMEHEHUE CBEPTOYHBIX HENPOHHBIX CETE!l [/ BBIJEJEHUS OCEH. . . IIIknapyk 1 Ky3HELOB

Bxonnsle naHHbBIE
B sUCHKe Bxonnas marpuiia JaHHbIX

Brixonnas Marpulia Npu3HaKoB

Snpo ceepTku

BrixonHbIe 1aHHBIE
B sueiike

Puc. 1. Cxema paboTbl CBEPTOYHOTO CJIOSI.

Marpuria, nosiydaeMast B pe3yJjbraTe CBEPTKH, 00/IAJIA6T MEHBIIUM Pa3MepPOM, T.K.
[IEHTD s/ipa Mpeodpa3oBaHUsl HE MOXKET COBIAJATH C IMOJIOXKEHUEM KpaWHWX 3HAYEHUMN
BXOJIHON Marpunbl [Stankovic and Mandic, 2021]. D1o BuaHO U3 puc. 1, rie HEBO3MOXKHO
IEPEMECTUTD sIJIPO BBIIIE WU JieBee. B cilydae, eciin pa3MepHOCTb BBIXOJHON MaTpPUIIBI
JIOJIZKHA, COBIAJATH C PA3MEPHOCTHIO BXOIHON MPUMEHSIETCST METOJT nadduHe — UCKYCCTBEHHOE
nobaB/ieHIe HYJIEBBIX 3HAYEHUH 110 KpasiM BXOJHON MaTpuiibl. Kcu Ha BBIXOJE HA0H60POT
HY?KHBI MATPHUIII MEHBIIIETO Pa3Mepa, TO MPUMEHSIETCST METOJT — ¢mpudute — yBeJTHIeHNe
mara nepemerienus sgjapa cBéprku [Stankovic and Mandic, 2021]|. Takue meTombl MOy T
OBITH MIPEJCTABJICHBI OTIACIHHBIMUA CJIOSIMU HEHPOHHOW CETH.

Takxke B npakTuke npumenennss CHC npumensitorest cinon ob6sedunenui (nysunaa),
MIPEJICTABJISIIONIAE CODOM CKATHE MATPUIILI ITyTEM CJIOXKEHUsT 3HAYEHUN €€ COCeIHUX IJIEMEH-
ToB (puc. 2a). DTOT CJI0H BaXKeH JJig U3BJIeYCeHUs JOMAHUPYIOMUX npu3Hakos. O0beaunenue
MOXKeT OBITH OCHOBAHO Ha, BBHIOOPE MAaKCHMAJBHOI'O UJIU cpejiHero 3uaderus B Oioke. Cy-
MECTBYET 1 oOpaTHasl Olepals, yBeJIUINBaIONasi pa3MEPHOCTb MATPUIIBI — PACUUPEHUE
(ancemnaunz) (puc. 26) [Stankovic and Mandic, 2021].

1335 92|« 45 | 45 | 92 | 92

45 1 0 | 38 | 87 | Coonossemmenns | 45 | 92 | Cooitprenmpenns | 45 | 45 | 92 | 92

71|67 |31 | o Aapo 2x2 87 | 83 Hapo 2x2 87 | 87 | 83 | 83

87 | 13| 76 | 83 87 | 87 | 83 | 83
() (6)

Puc. 2. IIpumep paborsl ciost obbeuHeHns (&) u cjost pacmuperust (6).

Coznanue o0ydaromeil BELIGOPKH

st BBIOOpA apXUTEKTYPhI CBEPTOYHON HEHPOHHOM CETH W OIpeJIe/IeHUs] BECOB €€ Heli-
POHOB, TIOJIyYaeMbIX B XOJie O0yIeHMsI, HEOOXOIUMO MOJATOTOBUTH OOYIAIONIYIO BBIOOPKY.
B xozne mammHO#t paboThl OHA COCTAB/IEHA U3 IPUMEPOB, KOTOPbIE BK/IIOYAIOT ITAPHI BXOIHBIX
(MarHnTHOE T0JIe) M BBIXOIHBIX (MOJIOXKeHue JinHeaMeHToB) Marpull. O6yJaromas BEIOGOP-
Ka MOXKeT ObITh KaK cOOpaHa Ha OCHOBE Pa3sMeYeHHBIX peasibHBbIX IIPUMEPOB JIAHHBIX, TAK
¥ CO3JIaHa CHHTETUIECKUM TTyTEéM. [Ipr 3TOM BakHO, YTOOBI OHa ObLIa PErpe3eHTATUBHOMN
¥ BKJIIOYAJIA, IOCTATOYHOE KOJUIECTBO MPUMEPOB [1jist 3 MHEKTUBHOTO 00yUeHUs aJrOpUTMA.
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O6yuaroniast BLIGOPKa MOXKET JOCTUTATh HECKOJIBKUX COTEH, a IOPOii U THICSY OTAEIbHBIX
npunmepos. OOl U3 CJI0KHOCTE]! IPH UCIOJIb30BAHIN MAIIMHHOTO 00y IeH s IS PeLICHUs
387144 MHTEPIPETAINN TOTEHINAJIBHBIX T0JIel sIB/IseTCst 3aTPy/(HEHHBIH IOUCK U [OJAIOTOBKA
HeOOXOMMOro GOJIBIIOrO KOJMIECTBA PEAIBbHBIX IIPOMHTEPIIPETUPOBAHHBIX (PA3METEHHBIX)
Jgansbix. [TosroMmy B paboTe MACCHB JAHHBIX CO3JAH CHHTETHYECKHUM IIyTéM. B nabreii-
IIeM JIJIst YILy dIleHHs] Pe3y/IbTaTOB IJIAHKPYETCs JOLOMHUTEIBHO HCIOIb30BaTh PeaIbHbIe
IIPUMEDBI JJIs 00y YeHHUsI.

B kadecTBe MOJEIN AHOMAJIBHOIO MAHUTHOTO 11071t AT JIMHEHHO BBITSIHYTOIO HCTOY-
HUKa PaccMOTpeH 3 deKT IPsIMOYrOIbHON IPU3MbL, F€OMETPUYECKUE [aApAMETPLL KOTOPOit
6/M3KY K Mojenu Jaiku [Byasues u dp., 2019]:

= x + + y + + 7+ — 1y,
AT = /(Tox + X)2 + (Toy + Y)2 + (Toy + Z)2 = Ty

rjie X, Y, Z — KOMIOHEHTHI aHOMAJIbHOI'O MarHUTHOI'O 110Jis1, T — HOpMaJIbHOE MarHUTHOE
nose, a Tox, Toy, Toy — COOTBETCTBYyIONINE €r0 KOMIIOHEHTHI. B paMkax JaHHoil paboThl
PACCMOTPEHBI TOJIBKO BEPTUKAJIBHO HAMATHUYEHHBIE IIPSIMOYTOJIbHBIE IIPU3MbI, KOMIIOHEHTHI
MarauTHOTO 3 deKTa KOTOPHIX MOXKHO 3amucats [Plouff, 1976]:

X =], In(r+#;) 2 Zi gf ;
A e

i\l &2 m || G
Grl]l & m || G

Z = —J,arctan

rzue J, — HaMarHU9IeHHOCTDb IPU3MBL, &;, #;, C; — KOOPAMHATHI I'PAHUI, IPU3MBI 110 ocaM Oy,
Oy 1 O, COOTBETCTBEHHO B IPEANOTIOKEHUH, ITO TOIKA PACIETa PACIOJIOKCHA B HAYAIE
CUCTEeMbI KOODIMHAT, & I — PACCTOsIHUE OT TOYKH Pacdéra J0 yIrjia IIPU3MbI C KOOPIMHATAMU
&is My G

st pacaéra dpopmupyercs o0sacTb padMepoM 192 x 192 sgeliku, 9TO IpU MACIITA-
6e, manpumep, 1:10000 coorBercTByeT obsactu mopsiaka 20 X 20 kM. BaxkHo oT™MeTuTs,
YTO pa3Mep d4YeeK MATPUIILI He sIBJISETCS apaMeTPOM, YHYacTBYIONIUM B OOYYeHUHU U Pa-
bore HeiiponHoi cetn. KommdaecTBO siIeeK BBIOPAHO MCXO/I M3 APXUTEKTYPhl HEHPOHHOM
CeTH, UCIOJIb3yeMoil B paboTe, 0OYCIOBIIEHHON CKOPOCTBIO OOyYI€HUsT M BO3MOXKHOCTSIMU
[IEPCOHAJILHOTO KOMIIBIOTEDA.

Asroput™ co3manust 06ydarorieil BBIOOPKU COCTOUT U3 CJIEJYIONTUX IIYHKTOB:

1.  C nomoripo reHeparopa CiaydaiHbIX YHCeJT 3a/1af0TCsI [TOJIOYKEHEe U TeOMeTPUIeCKIe
apaMeTpbl IPU3Mbl, & UMEHHO IMUPUHA, JJIUHA, BHICOTA U YTOJ MMOBOPOTA, & TAKKe
HAMArHMYEHHOCTD U TapaMeTphbl HOPMAJIBLHOTO noJis. [Ipeness n3aMeHInBOCTH TApa-
MEeTPOB HOJ0OpaHBI TAKUM 0OpPa30M, YTOOBI BBIUUC/IIEMbIE AHOMAJIMYA MArHUTHOT'O TIOJIsI
OBLIN TI0TOOHBI PeaJbHO 3aUKCHPOBAHHBIM;

2. Beruncsstercss MarHuTHBI 9OEKT 0Ty 9eHHON TPU3MBI B TOYKAX MATPHIBI PA3MEPOM
192% 192 sveex (puc. 3a);
3. Coszmaérest MATDHIA, XaPAKTEPHU3YIOMas [IOJIOYKEHHe JIMHeAMEeHTa. B Hell HaJ| MCTOvHH-

KOM 33JIaéTca 3Hadenre 1, a ocrajabable suefiku pasabl 0 (puc. 36);

4. Cozpmaérea MaTpuIa €O 3HAYCHUSIMU MCKYCCTBEHHOM 1omexu (miyMa): Jid KasKIoi
AYEHKY BBIYUCISIETCS CIIydaiino 3Hadenne u3 guanazona 10-50% ot aMmmury b1 paccdu-
TAHHOTO 110J1s1. [IOCKOJIbKY CHHTeTHYIeCKre MOJIEIN JIOJI2KHBI XaPAKTEPU30BATH PEATHHO
CYIIECTBYIONIHE OIS, XapaKTEPU3YIONIUeCs [IaJIKOil (DOPMOii, TO IOy YeHHAS MATPUIIA
CIVIaYKUBAETCsT PUIBTPOM OCPEJTHEHUsI B CKOJIb3IeM oKHe pa3mMepoM 30 x 30 sueek
(puc. 3B);

5. Tlonydenubiii MarauTHbINA 3(PQEKT IPU3MBL U IITyMa CyMMEUPYIOTCst (puc. 3r).
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Puc. 3. IIpumep moaesn u3 obyuaromieii BBIGOpKH: (&) — MArHUTHBINA 3((EKT JINHEHHO BBITAHYTOR
npusmsl; (6) — HOJIOXKEHUe JIMHeaMeHTa, ucnosbsyemoe mist o0ydaenust CHC; (B) — ciryvaiiHblii nryM;

(r) — nrorosast Mozennb myist o6ydennss CHC.

st 3bderTuBHOrO 00yUeHsI HEHPOHHOU CeTH HEOOXOIUMO IIPUBECTU BXOHbBIE JAHHBIE
(aHOMAJILHOE MArHUTHOE TIOJIE) K PA3MEPHOCTH BBIXOJIHBIX (MATPUIA, XapaKTEPU3YOIIAsT
[IOJIOZKEHUE JINHEAMEHTA) — BBIIOJIHUTH HOPMAJIU3AIUIO. DTO 0COOEHHO BasKHO LpU paboTe
¢ 6obIMMHU OObEMAMEI JAHHBIX, TJI€ KAXKIBIA 3J€MEHT MOXKET WMETb Pa3/IMIHbIf Tra-
na3oH 3Havenunii. [TojyyeHHass MaTpUIla MarHUTHOIO I10JIsl HOPMaJIU3yeTcsl U IIPUBOIUTCS
K juanasony ot 0 mo 1.

B pesynbrare kaxkapiit mpuMep u3 00yvaoIieil BEIOOPKY BKIIOYAET B Ce0si (B MATPHUIIHL:
MarHuTHOE I10JI€ ¥ IIOJIOYKEHUE JIMHEHHOM cTPpYKTYPhI. [ mpubinmzKeHnsi CHHTETHIECKIX
JAHHBIX K PEaJIbHBIM OJHA MOJIE/Ib BKJIIOUAET CIydaiiHoe KosmdecTBO oT 1 10 10 muHEeHHBIX
O0BEKTOB, CJIyUIaHBIM 00PA30M PACIIOJIOKEHHBIX HA KapTe.

Jlist 0bydenHust HEWPOHHOI ceTu co3gaH MaccuB u3 500 HAOOPOB TOJIEl U TIOJIOXKEHUS
JINHEAMEHTOB.

Cosaave Moziesn HEPOHHOU ceTH U €& 0d0yueHume

st pertienust 3a71a4n HEOOXOAMMO BBIOpATh onTuMaibayto apxurektypy CHC, Brioua-
IOIIYIO0 B ce0sl PA3IMIHbIE KOMIIOHEHTHI, TAKHE KAK CBEPTOYHBIE CJIOM, CJIOW IIyJIMHTA W WHBIE
CKPBITBIE CJIOU, TAKUM 00pa3oM, 4To0ObI Hambosiee 3hdOEKTUBHO 00pabaThIBATH BXO/IHBIE
JaHHBbIE U IePEXOIUTh OT KOHKPETHBIX OCOOEHHOCTEI BXO/IHOM MaTPHUIILI K O0Jiee aOCTPaKT-
HBIM JleTajsgM. Kpome Toro, KaxK bl CJI0ifi HEHPOHHOM CeTH MOXKET BKJIIOYATH PA3JIMIHBIE
dbyukun akrusanuu Heiiponos [ Xadxun, 2016].

3aJiaty BbIJIEJIEHUS JIMHEHHBIX CTPYKTYP B MOJIE MOXKHO OTHECTH K 3a/1a9e CErMEeHTAIIH
uzobpaxkenus [Shapiro and Stockman, 2000]. B nacrosimee Bpemsi B pasziundabix cdepax Jiis
pelienust Mo I00HBIX 3a/1a4 IIPUMEHSIETCsI TOTOBasl ADXUTEKTYPa CBEPTOYHON HEHPOHHOM ceTH
— U-Net. Ona Hassana B 9ecTb GyKBbI «U», KOTOPYIO HAIIOMUHAET eé cTpyKTypa (puc. 4).
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DTa apXUTEKTypa UMeeT JBe YaCTU: KOJUPYIOILYI0, KOTOPas yMEHBIIAeT pa3Mep n300-
pakeHus, U JeKOIUPYIOILYIO, KOoTopas yBeaudusaer ero obparao [Ronneberger et al., 2015].

Konupyrormiast 4acTh COCTOUT M3 HECKOJILKUX CBEPTOUYHBIX CJIOEB, KOTOPBIE TTOCIEI0Ba~
TEJIbHO YMEHBIIAIOT [IPOCTPAHCTBEHHOE pa3pelleHre MOJEIN, OJHOBPEMEHHO YBEJININBAs
YHCJIO0 KAHAJIOB (TUIyOHHY) KApThl IPU3HAKOB. DTO HO3BOJIET CO3HaBaTh 6ojiee HHGOPMATUB-
Hble TTPU3HAKNA AHOMAJIBHOTO MATHUTHOTO 10JIs. JleKomupytoriast 9acTh TaKKe COCTOUT W3
HECKOJIBKIX CBEPTOYHBIX CJIOEB, KOTOPbIE YBEJIMYUBAIOT pa3Mep M300pakeHus U IIOCTEIIEHHO
YMEHBIIAIOT KOJUIECTBO TIPU3HAKOB, TIPUBOJISL UX K 1-My pesynbratusHOMY |Ronneberger
et al., 2015].

B apxurexktype CHC U-Net Beca B KOaupympIleii U JeKOAUPYIONIEH JacTIX CBsi3a-
HBI, 9TO IIO3BOJISIET COXPAHATH JIETAJIM BXOIHBIX JIAHHBIX HECMOTPsI HA MHOYXKECTBO CJIOEB,
YMEHBIIAIONMX UX padMepHocThb [Ronneberger et al., 2015].

o obyuenust CHC mepBoHavua/bHBIE Beca 3aJIaI0TCsl CIydaiHbIM obpaszom. s yiryd-
IeHus 00y4YeHnsl HEfPOHHOI CEeTU BO3MOXKHO HCIIOJIB30BATH IIPEI00yYEeHHBIE BECa MOJEIN
rirybokoro obyuenust, 3pHEKTUBHO PeNraionine 3a1a9n CerMeHTalun 0O0beKTOB Ha M300-
pakenusix. B s3bike nmporpammupoBanusi Python cymecrByer muoxkectso mozeseit CHC,
00y4eHHBIX cerMeHTHpoBaTh uzobpaxkenus:: VGG [Simonyan and Zisserman, 2014] (puc. 5),
ResNet [He et al., 2016], Inception [Szegedy et al., 2015], EfficientNet [Tan and Le, 2019]
u 1p. Bee onm 00y4dennr Ha BBIOOpPKE, cocTosimeit n3 Oostee ueM 14 MUJLIMOHOB M300paKeHuil,
npesicTaBIeHHbIM B 6ase nanubix ImageNet [Deng et al., 2009]. Januble cern 06ydeHbl st
CerMeHTAaINN N300parKeHuil, He CBSI3aHHBIX C [E0JIOr0-re0U3NIECKUMU 3a/[a9aMU, [T03TOMY
HCIIOJIB30BATh Beca 6e3 J000yUeHusI B HAIEH 3a1ade HEBO3MOYKHO.

64 64
128 64 64 2

BbixogHaa
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cermeHTauumn

BxoaHoe
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¥

L4l g
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PacwupeHune 2x2

=» CsepTka 1x1

Puc. 4. Cxema cBéprouHoii HelipoHHOIt cern apxurekTypbl U-Net [Ronneberger et al., 2015].

BrimmerniepetinciieHHbIE MOJIEN PA3THIAIOTCI MEXKTY OO0 KOJIMIECTBOM CJIOEB CBEPTKU
U IYJIMHTA, HO IPUHIIAM JefCTBUSA ¥ HUX CXOXK. JlJ1s1 3a/1a9u BbIIe/I€HIsT JINHEHHBIX AHOMAJIHI
ONBITHBIM I1yTéM BbiOpana cerb VGG-16 (puc. 5), koropag cocrout u3 16 HacTpauBaeMbIx
c10€B: 13 cy10€B CBEPTKU U 3 IOJIHOCBSI3aHHBIX CJIO€B. Takzke B JIaHHOI CETH IIPHUCYTCTBYET
5 CJI0€B IIyJIMHTA, KOTOPbIE YMEHBINAIOT H300pakeHue BABoe. MOXKHO BBIJIETUTH HECKOIBKO
[PEUMYIIECTB B UCIIOJIb30Banuu 1peobydenubix BecoB VGG-16 [Simonyan and Zisserman,
2014]:
1. Pannwme cion VGG-16 (uepsbie cBEPTKU) 00yUEHBI PACIIO3HABATH YHUBEPCAJbHBIE I1AT-

TEepHBI: TPAHUIIBI, TEKCTYPBI, JIMHUU. DTHU IIPU3HAKHU TIOJIE3HBI JayKe JIJisi HePOJICTBEHHBIX

3aa4 (HApUMep, JIMHEHHBIX MATHUTHBIX AHOMAJINH );
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2. IIpenobytuenmbie Beca CIyzKaT XOpoIeil HadaabHO TOYKOM, COKpalas BpeMs 00y IeHusI.
Mogenp He HAYMHAET «C HYJIsS», & cpa3y (DOKYCHPYETCs Ha aJaNTAIlUU K ITOCTABJICHHON
3a/1a1e;

3.  Hcmomb3oBanue mpe100yIeHHBIX BECOB CHUKAET PUCK T€PeobyIeHust, OCOOEHHO eCJTH

JAaHHBIX MaJIo.

st mocrpoenust coocrBennoii CHC tuna U-Net ¢ npepobydeHHBIMU BecaMU CETH
VGG-16 cayugaiinbie Beca fekonepa (jieBas yactb Ha pucynke 4) ceru U-Net 3amenensr Ha
npenobyuenubie Beca cetu VGG-16. Ha cieyromem srante CHC moobydasiack Ha MOATOTOB-
JIeHHOH BBIGODKe, onucanHoil Beite (puc. 3) [lkaapyx v Kysneuos, 2024].

Jjist otleHKHM TOYHOCTH 0OyYeHUsT BBIMOJHEHO Pa3JieieHne MOoAr0TOBIEHHON BEIGOPKY Ha
o0yJaroryio u TecTroByio B coorHotmrennn 80:20 cOOTBETCTBEHHO.

CeepTka 1

CeepTKa 2

CsepTka 3

CeepTka 4

28 x 28 x 512

Tx7x512

11/x 112 x 128

-—- -

7 Cseprka 3x3, RelU
=7 O6veanHeHue 2x2

__] MonHocBA3aHHbIN CAOM

224 % 224 x 64
Puc. 5. Ceéprounas Heiiponnas cerb VGG16 (o [Simonyan and Zisserman, 2014] ¢ nonosnnenusimu).

Ipu o6y4enue HelpoHHOI ceTn HEOOXOAUMO 3a1aTh rutepnapamerps [Xadxun, 2016]:

1.  OurmMmmsaTop, KOTOPBIA OyeT HUCIOJIb30BATHCA JJIsi MAUHAMU3AWHA (DyHKIAU I10-
repb. Hekoropoie u3 nonyssapubix onrumusaropos: Adam, SGD (Stochastic Gradient
Descent), RMSProp u apyrue;

2. Cropocth 00ydeHust, KOTOpasi OMpeJessieT, HACKOJIbKO CYIEeCTBEHHO OyIyT KOPPEKTH-
POBATBLCS Beca HEHPOHHOI CeTH ¢ yI6TOM (PYHKIINU TOTEPh Ipu €€ 00yJIeHnH;
3. Merpuka Jiyisi OIEHKH KadecTBa MOJEIN HEMPOHHOI ceTw BO BpeMsi 00ydeHUsi. DTO

MOXKeT ObITh, HAIIPUMED, CpeHsisa KBanaparndeckas ommbka (MSE), kpocc-saTpOmnmst
(Cross-entropy), cpeanee pacxoxkjenue (Accuracy) u ap.;
4.  KoamuecTsa 310X, TO €CTh KOJMYECTBO IUKJIOB 00yUYeHNs HAa BCeM HaDOpe JTaHHBIX;
5.  Pasmep 6arva, KOTOPBIH OnpeessieT, CKOJIbKO MoJjiesieil n3 BBIOOPKU JIJIst 00y T€HUS
Oymer 06pabOTaHO 3a OIHY IMOXY OOyIeHUS.

Bo Bpems obyuenust HeIIpOHHON CETH BayKHO OTC/IEKUBATH U3MEHEHUE OIMUOOK, ITOOLI
OIpPee/INTh, KOIa MOJEb JOCTUTAeT ONTUMAJIBLHOTO YPOBHS IIPOU3BOIATEIHHOCTH.

s perteHus 3aa9u BBIJEIEHUS JIMHEHHBIX AHOMAJINI MOTEHIIUAIBHBIX [TOJIei ObLIN
BBIOpaHBI CJIeyOIIHe mapaMeTpbl 00ydeHus: onrumusarop — Adam, ckopocTs 00ydYeHuUst
— 0,0001, merpuka onenku KadecrBa — Accuracy + Cross Entropy, kommdecrso smox — 50,
pasmep Garda (KOJUYECTBO KapT Jjist 0fHOM 31oxu) — 25. Ha cunreTnueckux npumepax mo
Merpuke Accuracy nosryueno snadenue — 0,996, mo MSE — 0,003.
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Anpobamus 06yuennoit CHC na mozmenbHOM mpuMepe

Jljist OeHKY TOYHOCTH pabOThl HEPOHHOI ceTH CO3/IaHa BAJIMIAIIMOHHAS BBIOODKA U3
MOJIEJIbHBIX IIPUMEPOB, KOTOPBIE HE BXOJWU/IM HU B 0OYYAIOI[yI0, HU B TECTOBYIO BBIODODKU.
Omna cocrout u3 100 mpuMepoB, Ha KOTOPBIX KOJUIECTBO JIMHEHHBIX aHOMAJUN Ha OIHON
Kapre BapbupoBaJioch oT 6 10 10. Ha cuaTernyecknx mpuMepax ¢ 60JIbIIIM KOJIHIECTBOM
smaeamenToB (0T 6 710 10) cBEpTOYHAS HEHpPOHHAsS CeTh PaboTaeT ¢ TOYHOCTHIO Gosee 0,9 10
merpuke Accuracy (puc. 6). OcHoBHBbIE OMIMOKKM BO3HMKAIOT HA IIE€PECEUCHUSX JTMHEAMEHTOB
¥ Ha Kpadx Mojeseil aHOMaJbHOTO MArHUTHOTO TIOJIS.
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Puc. 6. Pesynbrar paborst CHC Ha cunreTnveckux npumepax: (a), (6), (B) — MozesibHbIE HPUMEDBI

¢ auHelHbIMU aHoMasusamy; (r), (1), (e) — BblgesenHble ynHeaMeHThI ¢ noMonsio CHC.
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Anpobamus 06yuennoit CHC na npumepe nosist yaactka BapenneBa mops

B kauectse npumepa s orpaborku ajropurma nosydentnoit CHC ucnosib3oBano aHo-
MaJbHOe MarHUTHOE I0ojie yaacTka Bapeniiesa mops. B peruone mmupoko pacrnpocTpaHeHa
CEeTh JTAa€K PA3JUIHOIO IIPOCTUPAHNS, IPOABIECHHBIX B MATHATHOM II0JI€ B BUJE JIMHEITHBIX
asomasmit [JToieun u dp., 2023]. B KadecTBe mprMepa pacCMOTPEH HEGOJBIION YIaCTOK
(50 x 50 KM) BBICOKOTOYHOM JETAIBHOM MMJIPOMATHUTHONW CHEMKH, B IIEPUMETPE KOTOPO-
0 B aHOMAaJIbHOM MAIHUTHOM II0JI€é OTYETJUBO IIPOSBJIAIOTCA KDPYyIHbIe Jaiiku (puc. 7).
[IpenBapurenbro, s ucnosbzoBanus odydennoit CHC, pazmepHOCTh MOJEIN aHOMAJIBHO-
0 MAarHUTHOTO TIOJIsI pa3perkaJiach J10 pasdMepa 192 x 192 sqeiiku. CTOUT OTMETUTH, UTO
paccMaTpUBAEMBII AJITOPATM [PUMEHNM K KapTaM JIIo0oro pasmepa. UTobbl IPUMEHUTH
CHC mj1g JaHHBIX MHOTO pa3Mepa HeoOXOAUMO BBIIOJIHUTH JBe MPOIeAyphl: 1) yBeandenue
pa3Mepa MaTpHIlbl JJAHHBIX JI0 PAa3MepOB KpaTHbBIX 192 myTéMm J100aB/IeHIs siIeeK ¢ HYJIEBbIMU
3HAYEHUSIMU U 2) pasjieJieHue Beeil 06/1acTi JaHHBIX Ha narTdy pasmepoM 192 x 192 sueiiku.

-
0 10000 20000 30000 40000
Paccrosinue, M

Puc. 7. ArOoMa/IbHOE MArHUTHOE TOJIe YYIaCTKa JETAJbHBIX HIPOMArHUTHBIX paboT Bapeniesa

MODsI.

Ceéprounasi HepOHHAsI CeTh, OOyYEHHAsT HA CHHTETHIECKUX MOJIEJISIX, TPUMEHEHA
K aHOMAJILHOMY MATCHUTHOMY IIOJIIO C TIeJIBIO BBIJEICHNs JTUHEHHBIX MATHUTHBIX aHOMAJIUI,
cBsi3aHHBIX ¢ addekrom or gaexk (puc. 7). Ha puc. 8 npejicraBiieHO cpaBHEHNE PE3YJIbTATOB
npumenernss CHC (u8pHBIil 11BeT) U pe3ysIbTaTOB KOMIUIEKCHON MHTEPIPETAIMH, OMMCAHHON
B pabote | Depruxos u dp., 2020] (;xénrerit meer). CTOUT OTMETHTD, YTO HECMOTPST HA TO,
9TO B MpUMeEpaxX U3 00ydaroleil BEHIOOPKHA MaKCHMAJILHOE KOJTUIECTBO JimHeaMeHToB — 10,
nosiyaentast CHC criocobHa BBIJIEIATH HEOIPAHUIEHHOE KOJUIECTBO JIMHEHHBIX 3JIEMEHTOB.
CBsI3aHO 9TO B MEPBYIO OYEPEh C TE€M, U9TO CETh HE YIUTHIBAET CEMAHTUKY <«O0BEKTOBY,
a JINIb aKTUBUAPYET COOTBETCTBYIOIINE TUKCEJIN, TIOXOXKNE HA 00yJIEeHHBIE TTATTEPHBI.

Pesynbrar Boienenubx anomasmii ¢ nmomornsio CHC BusyasbHO Koppeaupyer ¢ pe-
3yJIBTATOM KOMILIEKCHOI muTeprperarueir. OHAKO IIPU 5TOM B pe3yJsibraTax paboThl ceTh
ecTh 00JTaCTH, He BBIIEJIEHHBIE IKCIEPTOM. TakKe BCTPEJaloTCst 00/I1acTH, KOTOPhIE HE CBSI-
3aHbI B €JIMHBIIT MACCUB, XOTsI U COCTABJISIOT IEMOUKY. JlJIs ToATBEpKIeHUS BbIICICHHBIX
JINHEAMEHTOB PACCUYUTAHA BHICOKOYACTOTHAS COCTABJIAIONIAS AHOMAJIBHOTO MATHUTHOTO TI0JIS
(®unbrp BICOKHX Yacror (PBY) — 5 kM) (puc. 9). Bugao, 9ro snHeaMeHTHI, HEBbIIEJICH-
HBIE C TIOMOIIBIO KOMILIEKCHO uHTepnperaiun [ deprukxos u dp., 2020], HO BbIIeI€HHbIE
¢ iomorpio CHC, oTHOCATCST K TIOJIOXKATEIBHBIM JIHHEHHBIM BBICOKOYACTOTHBIM MarHHUT-
HBIM aHOMAJIHUAM. J[OMOTHUTEIbHO BBIJIEIEHHBIE JINHEAMEHTHI TPEOYIOT MOITBEPIKIEHUS
C TIOMOIIBIO JAPYTIUX reopU3nIecKux METOJ0B, HAIPUMED CefCMOPA3BEIKU WU JAHHBIX
OypeHus.

Baxxno ormMeTnTh, 9TO MpUMEHEHNE CBEPTOIHON HEHPOHHON CETU ABJSIETCS WHCTPYMEH-
TOM U TpeOyeT JajbHENIeil IKCIePTHOW NHTEPIIPETAIIH.
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- |
0 10000 20000 30000 40000
Paccrosinue, M

Puc. 8. Ocu nmHeHHBIX aHOMAJIMII MAarHUTHOT'O I10JIsl, IPUYPOYEHHBIX K JIaKOBOMY KOMILIEKCY,
MOJTy 9€HHBIE 10 pe3yabraram ucnosb3oanrneM CHC (4€pHblii nper) u o pesysabrataMm KOMILIEKCHOR

nnrepnperanuu | Yepruros u dp., 2020] (xénreiit uper).

| E—
0 10000 20000 30000 40000
Paccrosinue, M

Puc. 9. BoicokouacToTHAast COCTABIIAONAs AHOMAJIBHOrO MarauTHOro nosst (PBY — 5 kM) ¢ Hane-
CEHHBIME OCSIMU JIMHEIHBIX aHOMAJIMI MAarHUTHOI'O IIOJIsl, IPUYPOYEHHBIX K JalKOBOMY KOMILJIEKCY,
HOJIyYeHHBIe 110 pe3yJbraraM ucnosbzosanus CHC (u€pHblit 1BeT) U 10 pesy/braTaM KOMILIEKCHOI

nurepnperanuu | Yepruros u dp., 2020] (xéareiit uper).

BriBoapr

IIpumenenne cBEPTOYHBIX HEHPOHHBIX CETEl SBJISETCH aKTYAJbHON W BaXKHOI 3a/adeit
B KOHTEKCTE COBPEMEHHBIX MCCJeIoBaHuil B 0bjiacTu reodusnku. Bor HECKOJBKO acIeKTOB,
110 KOTOPBIM 3Ta TeMa aKTyaJlbHa:

1. Onmumusayusa pecypcog: ABromaTudeckoe BbIIEIEHIE aHOMAJHIA C UCIOJb30BAHIEM
CHC moxeT cyIecTBeHHO CHU3UTh HEOOXOIMMOCTh BPYIHYIO 00pabaThIBAThH M AHAJN3H-
poBaTh 60JIbIIE OOHEMBI IAHHBIX. DTO MO3BOJISIET UCCIIEIOBATESIM COCPETOTATNBATHCS
Ha 0oJIee CII0XKHBIX aCHEeKTaX MCCJeIOBAHM, & TAKXKe ONTUMU3UPOBATH HCIIOJIb30BAHUE
BBIYUC/IATEIHHBIX PECYPCOB.

2. Yayuwwenue mounocmu ewvidenenusn anomasut: CHC obragaor CriocobHOCTHIO W3-
BJIEKATH CJIOXKHBIE TPOCTPAHCTBEHHBIE U BPEMEHHBIE 3aBUCAMOCTH U3 JAHHBIX. DTO
criocobcTByeT 0oJsiee TOYHOMY U 3(MDPEKTUBHOMY BBIIEIEHUIO JIMHEHHBIX aHOMAJIMI
B reo(pU3UYECKUX MOJISAX, ITO MOMKET MPUBECTH K 00Jiee HAJEKHBIM PE3YIbTATAM
WHTEPIIPETAIHN.
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3.  Ilpumenenue 6 passuwHBLLL 00AGCMAL 2€0husuku: TEXHOJOTHMH OOpabOTKM JIAHHBIX,
OCHOBAHHbBIE HA CBEPTOYHBIX HEHPOHHBIX CETSAX, MOLYT OBITH YCIIEITHO IIPUMEHEHbI
B PA3JIMYHBIX ODJIACTSX reO(U3NKHU. DTO JIEJAeT JAHHYIO TeMy YHUBEDPCAJBHON U mep-
CIHHEKTUBHOMI JJIdA PA3JINIHbIX HaHpaB.HeHI/Iﬁ I/ICCJ'IG):LOB&HHP’I.

4.  Paszsumue memodos obpabomku daHHbir: BHEAPEHNE CBEPTOYHBIX HEAPOHHBIX ceTeil
B reopU3NIeCcKre NCCIeOBAHNSI CIIOCOOCTBYET PA3BUTUIO METOIOB 0OPAOOTKHU U aHAJIN3a,
JIAHHBIX B IIEJIOM. DTO MOXKET IPUBECTH K HOBBIM IIOJIXOJ[AM K PEIIeHHIO IIPOodJieM
U 3aJ1a9, CBSI3aHHBIX ¢ reO(U3NIECKUMU U3MEPEHUIMU 1 HABJIIOCHUSIMU.

B xoze nceaenoBanus MOCTPOEH W IIPOTECTUPOBAH HA MOJEJBHBIX U PEAJBHBIX JIaH-
HBIX aJITOPUTM Ha OCHOBE CBEPTOYHON HEHPOHHON CeTH A1 PEINCHNS 38891 BHIICICHN
JIMHEHAHBIX aHOMAJIMI MarHUTHOrO mojd. IIpueenéHuble npuMmepsl ajs bapeHiesa Mops,
[IO3BOJISIIOT IIPEJIIIOJIOKNATh, YTO AJITOPUTM BbLICJICHNAS JTUHEHHBIX aHOMAJIUI MATHUTHOI'O
I0JISI MOYKET SIBJIATHCA MHCTPYMEHTOM KadeCTBEeHHON nHTeprperanuu. JJaHHbI MeTOI MOXKeT
[IOCJIY>KUTH OCHOBOI JJIsI pa3pabOTKKU U yCOBEPUICHCTBOBAHUS HOBBIX MOIXOI0B K PEIIEHHIO
Pa3HOOOPA3HBIX 3aJa4 B 00JIACTH TeO(PU3NIECKAX HUCCICIOBAHMTIA.

Baaromapaoctu. lVlccienoBanus BBITIOJHEHBI TP (PUHAHCOBOMH MO IepKKe MexK IMCIUILIIHI-
HapHBIX HAyIHO-00pa30BaTEIbLHBIX ITKOJ MOCKOBCKOrO YyHUBEpCUTETa B paMKax CoryaneHust

Ne 23-1T101-13.
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The article focuses on the application of convolutional neural networks (CNNs) for automated
extraction of magnetic anomaly field lineaments. In the course of the work, an original CNN U-Net
based architecture with pre-trained VGG-16 weights was developed, and its training was conducted
on a sample of 500 model examples. The approach presented in this work can be an optimal tool
for structural interpretation of magnetic anomaly fields. As a result of testing the proposed CNNs
for magnetic field of the Barents Sea local area, the axes of the linear anomalies were identified,

largely coinciding with the position of the axes obtained by manual expert interpretation. These
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Abstract: In this study, we focus on the crustal structure in the vicinity of the source area of the
May 20, 2011 Khastakh earthquake with M,, = 4.7. An interest in this seismic event is connected
with a fact that it occurred within the Lena-Anabar trough at the margin of the Siberian platform,
which is characterized by very low level of seismic activity. Spatial characteristics of the gravity and
magnetic fields were studied and 3D models of the crustal density and magnetization contrasts were
constructed using data on gravity and magnetic surveys and GIS INTEGRO software. A network of
buried faults, to one of which the Khastakh earthquake is related, has been revealed. The presence
of a magmatic intrusion, probably, playing a role in the redistribution of the crustal stress-strain
state in the vicinity of the considered seismic event, is suggested based on the constructed crustal 3D
models. The obtained results regarding structural frames of the Khastakh earthquake source were
verified by previous magnetotelluric and seismic studies.

Keywords: gravity and magnetic fields, Khastakh earthquake, Siberian platform, GIS INTEGRO.
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Introduction

The Siberian platform is characterized by a low level of seismic activity. Rare and weak
earthquakes occur within its territory, primarily, concentrating along the platform margins
[Imaeva et al., 2021; Radziminovich and Shchetnikov, 2008; Seminskii and Radziminovich,
2007; Seredkina et al., 2015]. The northeastern margin of the Siberian platform is not an
exception — only few seismic events with M < 5 were registered there during the whole
period of instrumental observations (since 1963) (Figure 1). Therefore, such events are
of special interest. The strongest of them is the May 20, 2011 Khastakh earthquake with
M, = 4.7 [Seredkina and Melnikova, 2018]. According to the data of the Yakutsk Branch of
FRC GS RAS (https://yakgsras.ru/), its epicenter is located within the Khastakh graben-
rift of the Lena-Anabar trough, in the relative proximity of the Olenek bitumen field
[Khudoley et al., 2022] (Figure 1). Uncertainties of the earthquake epicenter are about
2 km in longitude and 9 km in latitude. Five foreshocks with M < 5.0 (K, =7.9-10.3)
were detected during 4 days before the mainshock which was followed by only one weak
aftershock (K, = 8.3) (https://yakgsras.ru/). A source depth of 3 km, scalar seismic moment
of 1.3 x 10'* N'm and focal mechanism of the Khastakh earthquake were determined in
[Seredkina and Melnikova, 2018] from intermediate-period surface wave amplitude spectra
using a method by Bukchin [1990]. These source parameters are characterized by low
residual values (0.218) and, therefore, can be regarded as reliable. Resolution of the
obtained depth is good as a partial residual function has a sharp minimum [Seredkina and
Melnikova, 2018, Fig. 6¢]. The depth uncertainty, estimated as a depth range in which the
partial residual function varies by 10% of its minimum, is about 2 km.
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Figure 1. Tectonic map of the Lena-Anabar trough and adjacent areas according to [Khudoley et
al., 2022] with the following abbreviations: AH, Anabar High; BTT, Buolkalakh-Taimylyr Trough;
KhR, Khastakh Rift; KDA, Kuoisk-Daldynsk Arch; KG, Kyutingda Graben; NLT, Nizhne-Lena
Trough; NVFTB, North Verkhoyansk Fold and Thrust Belt; OFZ, Olenek Fold Zone; OH, Olenek
High; UH, Udzha High; UR, Udzha Rift; UT, Uyelin Trough. Epicenters of regional earthquakes
(M > 3.0, 1963-2022) are plotted according to the catalog by the Yakutsk Branch of FRC GS RAS
(https://yakgsras.ru/). Magnitudes were recalculated from energy classes using a relation from
[Rautian et al., 2007]. The focal mechanism of the May 20, 2011 Khastakh earthquake with M, = 4.7
is plotted in a lower hemisphere projection according to [Seredkina and Melnikova, 2018].

The main objective of the current study was to reveal the features of the deep crustal
structure which specify the position of the source area of the Khastakh earthquake. Accord-
ing to the experience of our recent research [Kulyandina et al., 2024] and many other studies
[Dong et al., 2022; Kim et al., 2022; Yang et al., 2023; Zhang et al., 2010, etc.], to achieve
this goal, an integrated analysis of geophysical fields of different nature has been chosen as
the most productive approach. The extensive geophysical datasets, collected during a re-
gional stage of oil and gas prospecting in the Lena-Anabar trough, were used [Chenborisova,
2016a,b]. With applying modern GIS-technologies (the GIS INTEGRO software developed
in VNIGNI [Cheremisina et al., 2021], a variety of morphological/statistical parameters
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of geopotential fields’ spatial distribution [compiled in Buzikova et al., 2004; and Lisnik,
2006] as well as their modeling results were examined. Thus, for the clarification of the
seismotectonic pattern in the area of the Khastakh earthquake, 3D models of the crustal
density and magnetization contrasts were constructed and compared with the results of
previous 3D magnetotelluric field inversion [Slinchuk et al., 2022] and the nearest reflection
seismic cross-sections [Kontorovich et al., 2013].

Data and Methods

To better understand the factors, controlling the development of the Khastakh earth-
quake source area, as well as to identify potential sites of new seismic events in the
considered zone of the Lena-Anabar trough, we analyzed geophysical images of deep
crustal structures in a certain volume around the earthquake location, which reflect the
corresponding inhomogeneities in the distribution of physical properties of rocks, namely,
density and magnetization. To study the morphology of anomalous geopotential fields,
as well as to conduct their 3D inversions, data from regional gravimetry [Buzikova et al.,
2004] and magnetic surveys [Lisnik, 2006] (Figure 2) were used with the GIS INTEGRO
software package being applied as a toolkit [Cheremisina et al., 2021]. The gravity field
data are results of regional gravimetric surveys at a scale of 1:200,000, carried out mainly
on a grid of (3 x 3)—(2 x 3) km (an error in measuring the anomaly values is 0.5-1 mGal)
[Buzikova et al., 2004]. Magnetic field anomalies are results of regional geomagnetic surveys
at a scale of 1:200,000 carried out at an altitude of 200 m with a fluxgate aerial magnetome-
ter AEM-49 (analog field recording division value of 3.5 n'T/mm, nonlinear zero drift of
up to 30 nT/hour, and temperature coefficient of 8 nT/1 °C) [Lisnik, 2006]. The selected
program tool combines the capabilities of a geoinformation system to spatially compare
heterogeneous geological and geophysical information in order to carry out its integrated
interpretation, offers a wide range of procedures for morphological and statistical analysis
of geophysical fields, as well as for geophysical modeling and inversions in grid models of
various dimensions.

120° 126° 120° 126°
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Figure 2. Distribution of the geopotential fields over the area under study: the map of gravity field
(Bouguer anomalies, intermediate layer density is 2.67 g/cm?) (a) [Buzikova et al., 2004] and the
magnetic anomaly map (b) [Lisnik, 2006]. Tectonic lines are plotted according to Figure 1. Regional
seismicity according to the catalog by the Yakutsk Branch of FRC GS RAS (https://yakgsras.ru/) is
superimposed on panel (b). The regional prospecting geophysical profiles are shown as dark green
lines: AB — the line of the cross-section in Figures 4 and 5. The line of the composite seismic profile
(Reg_3) in Figure 7 is marked as 3-3’. The epicenter of the Khastakh earthquake is marked by a violet
star.
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In our previous study [Kulyandina et al., 2024], the technologies of GIS INTEGRO
have already allowed us to trace the main features of the spatial character and calculated
statistical parameters of the gravity and magnetic fields within the Lena-Anabar trough, and
to compare them with regional seismicity for establishing correlations of potential fields’
anomalies with regularities in the distribution of earthquake epicenters. To support the
obtained results and to characterize in more details the Khastakh earthquake source area,
at which we concentrate in the current research, an additional informative transformation
of the gravity field was reviewed — namely, the coefficient of the asymmetry in the field
distribution (Figure 3a). This dimensionless parameter Skew (skewness) is estimated in
the sliding square window (in particular, of 10 x 10 km size with 50% spatial overlapping)
over the area under interest according to the known determination:

Yi -3 1

Skew = 3
n o

where x;, i = 1, n are grid values of the field in each square window and x =) ! _; (x;)/n is
a corresponding arithmetic mean, and o =)} _; (x; —7)2/11 is a dispersion.

This characteristic is effective in highlighting linear gradient zones of the geopotential
fields, which are marked by a transition from positive to negative Skew-values (from a left-
skewed statistical distribution of grid values of the field in a window to a right-skewed
one). The analysis of the asymmetry parameter of the gravity field compliments the results
of the detection of the local linear anomalies in the magnetic field (example according to
[Kulyandina et al., 2024] is presented in Figure 3b) in terms of providing well-distinguished
images of elongated crustal structures with material properties contrasting with the host
environment (faults, dykes, etc.).

Volume distributions of density and magnetization contrasts in the area of the Lena-
Anabar trough, embracing the Khastakh earthquake source zone, were also recovered using
GIS INTEGRO, in which procedures of spectral 3D inversions of the potential fields have
been realized [Mitsyn, 2018] based on developments by [Kobrunov and Varfolomeev, 1981;
Priezzhev, 1989]. In this approach, the solution of the inverse problem of gravity and
magnetic fields is delivered via the following formalism in a spatial wavenumber domain
(according to [Priezzhev et al., 2014]):

0) K(wlwaI Z)
[ oKlwr wy2)e 742"

1
D(wq,wy,z) = ;G(wpwz,

where D(wq,w;,2) is a density spectrum at depth z, G(wy,w,,0) is a spectrum of the
observed gravity/magnetic field, K(w1,w,,2) is a function describing the density spectrum
dependence on depth (z), w; and w, are spatial wavenumbers corresponding to horizontal

coordinates x and y, respectively, r = w/w% + a)i is a radial wavenumber, y is the gravity
constant. The equivalence of the solutions of the ill-posed inverse geophysical problem
(non-uniqueness) is reflected in a wide variability of possible kinds of K-dependences,
arbitrary in a general case. The parameters of the procedure of the inverse problem
solution, responsible for the choice of this dependence, are usually set in accordance with
preliminary regional experience or constraints from other geophysical data.

In our case, the iterating through the parameters and their final selection were real-
ized via comparison of the variety of the resulting density/magnetization perturbations
(local anomalies) with the images of the deep structure features available from the data
of profile seismic and magnetotelluric soundings [Chenborisova, 2016b; Kontorovich et al.,
2013; Slinchuk et al., 2022] (Figure 2a). The current cube of 3D distributions of density
or magnetization contrasts were cut into vertical slices along the lines of the prospecting
profiles and corresponding anomalous features in the different cross-sections were com-
pared iteratively up to achieving the appropriate convergence in their depth characteristics.
Installations of cross-sections of the finally chosen solutions for the magnetic and gravity
fields are shown in Figures 4 and 5.
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Figure 3. The distribution of the asymmetry parameter of the local gravity anomalies (in part of
the unit) (a) and the results of the detection of the linear positive magnetic anomalies (according to
[Kulyandina et al., 2024] on the background of the map of the local component of the lithospheric
magnetic field (in nT) (b). Brown lines — known faults. The red lines — inferred faults in the area of
Khastakh earthquake. Turquoise hatching marks the Olenek bitumen field. The remaining symbols
are shown in the legends to Figures 1 and 2. Black rectangle in panel (a) marks the area shown in
panel (b). The epicenter of the Khastakh earthquake is marked by a violet star.

Results and Discussion

Our analysis of the potential fields’ spatial morphology, based on a traditional pos-
tulate of a conservative inheritance of the lineaments of the field on tectonic structures,
was aimed at imaging a fault network pattern, which could be related to the Khastakh
earthquake development.

Areal distribution of the skewness parameter, demonstrated in Figure 3, is character-
ized by linear structures with a regular conversion from positive to negative Skew-values
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Figure 4. Spatial installation of the vertical sections of a 3D model of magnetization contrast along
the set of geophysical profiles (a) and cross-section of this model along the line AB passing through
the epicenter of the Khastakh earthquake. The Khastakh earthquake source location according to
[Seredkina and Melnikova, 2018] is given as a violet star and inferred faults — as red lines. Color axis
direction: X — East, Y — North, Z — depth. Inserted map demonstrates position of the cross-section

lines.

(generally, reflecting a transition of the dominance of small field values to big ones). These
Skew-disturbances of different intensity mark the corresponding depth-spatial variations
in density which may be associated with boundaries of various crustal blocks (“step-wise”
anomalies) or linear structures with local density contrasts. Whether the latter belong to
weakened or, conversely, “healed” by heavy magmatic material (dikes) fault zones should
be reflected in the spatial order of Skew-changes, but cannot be distinguished in the Skew-
distribution without additional information. The known large faults in the considered
region (the largest faults at the Olenek High, faults along the Kyutingda graben sides and
at the frontal zone of the North Verkhoyansk Fold and Thrust Belt (NVTB)) are marked
by similar bright linear anomalies in the Skew-distribution (Figures 3a and 1). According
to the patterns of these images (following the lines of Skew-transition from negative to
positive values), we have inferred a network of faults around the Khastakh earthquake
epicentral area (Figure 3a), which were not revealed by geologists earlier because of the
thick Mz sedimentary cover in the graben [Khudoley et al., 2022]. A general strike of the
majority of the inferred faults corresponds well to the NW pattern of the regional fault
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Figure 5. Spatial installation of the vertical sections of a 3D model of density contrast along the
set of geophysical profiles (a) and cross-section of this model along the line AB passing through
the epicenter of the Khastakh earthquake (b). The Khastakh earthquake source location is given as
a violet star and inferred fault — as red lines. Color axes and profile line locations are the same as
those in Figures 2 and 4.

system, with some of them being continuations of the known faults at the Olenek High.
Several of these buried disjunctives correspond to elements of a pattern of local magnetic
anomalies which have been highlighted by their axial lines in [Kulyandina et al., 2024] and
are now replicated in Figure 3b. They probably represent the fault zone with mineralization
development or filled with magmatic material. Several weak instrumentally registered
seismic events are likely related to the revealed fault structures (Figure 3a). The epicenter
of the Khastakh earthquake, the most strong event within the considered region, has ap-
peared to be coincident with the cross of disjunctive structures stretching in sub-latitudinal
and NW directions. It is worth noting that the focal mechanism of this earthquake was
determined in [Seredkina and Melnikova, 2018] as a normal fault with nodal planes oriented
also in sub-latitudinal directions (strike angles are 105° and 295°) (Figure 1).

The assumption of the Khastakh earthquake source development in the fault plane
of the sub-latitudinal strike is supported by the analysis of the results of the 3D spectral
inversions of the gravity and magnetic fields. Figures 4 and 5 show the resulting models of
density and magnetization contrasts and present the spatial installations of the model cross-

Russ. J. Earth. Sci. 2025, 25, ES4008, EDN: CJVEY]I, https://doi.org/10.2205/2025es001004 70f13


https://elibrary.ru/CJVEYI
https://doi.org/10.2205/2025es001004

GeoPHYSICAL IMAGING OF THE CRUST FOR THE SOURCE AREA OF THE KHASTAKH EARTHQUAKE. .. KULYANDINA ET AL.

sections along the network of the regional geophysical prospecting profiles [Chenborisova,
2016a,b], Reg_3 profile line [from Kontorovich et al., 2013], as well as an additional section
along the line AB, passing through the Khastakh earthquake with the source location [ac-
cording to Seredkina and Melnikova, 2018] being marked by a star. Ideas on the SW-dipping
fault plane can be inferred from the analysis of the density and magnetization modeled
sections across the hypocenter (Figures 4b and 5b). They are additionally supported by
the fact that one of the nodal planes, determined from surface wave inversion (Figure 1),
is characterized by steep SW-dipping (a dip angle is 75°) [Seredkina and Melnikova, 2018].
Therefore, based on strikes and dip of the inferred faults (Figures 3, 4 and 5), we can suggest
this nodal plane to be a rupture plane. The obtained images also confirm a concept of the
presence in the neighborehood of the earthquake source of a magmatic intrusion, probably,
fed by this magma-controlling fault. The intrusive body is located at the depths of 6-8 km
and characterized by a positive density contrast and enhanced magnetic properties at its
top.

Obtained from the analysis of the potential fields assumptions about the seismotec-
tonic pattern, associated with the Khastakh seismic event, were verified with geoelectric
modeling results: data of prospecting MTS profiling as well as results of regional 3D
resistivity modeling performed in [Slinchuk et al., 2022]. Figure 6a demonstrates the pro-
jection of the Khastakh earthquake source [according to Seredkina and Melnikova, 2018]
on the geoelectric section along the nearest MTS profile [Chenborisova, 2016b], where it is
attributed to the area of contrasting electrical resistivity pattern. This resistivity contrast,
probably, corresponds to the base of the resistive Paleozoic carbonates overlapping the
conducting Riphean terrigenous and fluidized sedimentary infill of the Khastakh graben. It
is also worth noting that in this resistivity cross-section one can clearly distinguish images
of three faults, which correspond to similar structures inferred from the spatial distribution
of the Skew-parameter of the gravity field and presented in a planar view in Figures 3
and 6b. Figure 6b shows the horizontal slice of volume geoelectric model at 3-km depth
which is correspondent to the earthquake source. This figure demonstrates that the seismic
event was formed in the zone of lateral contact of resistive and conductive zones. The
entire adjacent area of increased conductivity is enclosed between faults identified based
on the analysis of potential fields and can be confidently interpreted as an area composed
by terrigenous sediments of enhanced fluidization, and so — as rheologically weak one.

The additional understanding of the seismotectonic features responsible for the Khas-
takh earthquake comes from the revision of the reflection seismic section along the profile
Reg_3 from [Kontorovich et al., 2013], where the location of the source corresponds to the
anomalous disturbance of the reflection horizons and the variations in the character of
the reflectivity pattern which could be produced by faulting and injection of magmatic
material (Figure 7).

Finally, we compared the obtained results with crustal features revealed in previous
studies of weak and strong seismic events occurred in different regions of the Earth. In
terms of seismic wave velocities, earthquakes are commonly related to zones with a sharp
contrast of P- and S-wave velocities [Arefiev et al., 2006; Kayal et al., 2002; Wei and Zhao,
2016] that is also realized in the Eastern Siberia, for example, in the source area of the
January 17, 2014, earthquake (M, = 4.3) in the south of the Siberian platform [Seredkina et
al., 2015]. In many cases the correlation of such zones with areas of significant variations of
the Poisson's ratio [Gou et al., 2020; Krylov and Ten, 1995] and attenuation (i.e., rheological
properties) [Kopnichev and Sokolova, 2003] is additionally determined. The aforementioned
areas of enhanced seismicity and seismic velocity peculiarities are frequently found in the
nearest neighborhood with the areas of crustal conductivity contrasts [Sokolova et al., 2007;
Sokolova et al., 2016; Unsworth, 2009]. In terms of the gravity field, fault zones, in which
seismic events are concentrated, are often marked by gradients of gravity anomalies [Kim
et al., 2022; Wu et al., 2015; Yang et al., 2023; Zhang et al., 2010] as we have previously
emphasized for the Lena-Anabar suture [Kulyandina et al., 2024] and confirmed in this
study. Magnetic field features, traced in the epicentral areas of strong and moderate
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Figure 6. Spatial localization of the Khastakh earthquake source (violet star), projected on a 1D
geoelectric section along the composite MTS profile [Chenborisova, 2016b] (a) and on the horizontal
slice of a volume geoelectric model (3D MT inversion results [Slinchuk et al., 2022]) at the depth
of 3 km (b). In panel (b): prospecting regional MTS and CDP profiles are shown as black lines,
with yellow one indicating the line of section presented in panel (a). Known faults are shown as
brown lines, Khastakh rift borders — green lines [according to potential fields’ analysis in Kulyandina
et al., 2024], inferred fault lines in (a) and (b) — red lines (according to the analysis of the resistivity
cross-section and the gravity field Skew-parameter distribution in Figure 3). The remaining symbols
are shown in the legends to Figures 1 and 2.

earthquakes, are more controversial. In some cases, strong seismic events are observed
within strong negative magnetic anomalies [Wu et al., 2015; Zhang et al., 2010] while in the
others, they are nucleated within both strong positive and negative magnetic anomalies
even within a single region with a relatively uniform seismotectonic pattern [Yang et al.,
2023]. Magnetic anomaly gradients [Kim et al., 2022] and abrupt changes in the bottom
depth of lithospheric magnetic sources [Filippova and Filippov, 2024; Wen et al., 2021] could
also accommodate strong seismicity. As far as moderate earthquakes are concerned, they
are comprised to the areas with weak magnetic anomalies of both signs and their boundary
zones [Dong et al., 2022], which are probably correspondent to the magmatic injections or
mark mineralized fault zones that is consistent with our results (Figures 3 and 4).
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Figure 7. The composite CDP seismic cross-section Reg_3 with interpretation by [Kontorovich et al.,
2013]. Red triangles and corresponding blue dashed lines are wells: Khs 930, Khastakh 930; Chal,
Charchikskaya 1; Tiu 50, Tiumyatinskaya 1. Violet star is the Khastakh earthquake source. Position
of the Reg_3 profile is shown in the inset.

Therefore, the seismicity distribution, determined primarily by the geodynamic pro-
cesses, is controlled to a significant extent by structural, compositional, and thermal
heterogeneity of the crust, which are reflected in the anomalous geophysical fields. It is
widely accepted in the aforementioned papers that rigid blocks with high seismic wave ve-
locities, enhanced resistivity, density, and Poisson's ratios accumulate stresses which could
cause ruptures of weakened fault zones and could be dropped in earthquake sources. Ac-
cording to our 3D inversion of the gravity data (Figure 5), the development of the Khastakh
seismic event is likely to be controlled by a combination of these factors. The distribution
of the magnetic properties of the crust in the source area of the considered event (Figure 4)
along with the available geoelectric data (Figure 6) [Chenborisova, 2016a,b; Slinchuk et al.,
2022] allow us to suggest the relation of the Khastakh earthquake to the boundary of the
magmatic body bordered by magma-feeding or magma-controlling fault zones. To sum up,
the intrusive body with a positive density contrast and enhanced magnetic properties at its
top can be regarded as a concentrator of stresses which could be caused in the study area
by a dynamic impact of the areas bordering the Siberian platform [Imaeva et al., 2021]. The
focal mechanism of the Khastakh earthquake — almost a pure normal fault formed under
the influence of the sub-horizontal SW-NE extension (Figure 1) [Seredkina and Melnikova,
2018] — quite agrees with such a hypothesis as the extension with the same orientation
dominates in the adjacent areas of the Olenek Bay [Filippova and Melnikova, 2023; Imaeva
etal., 2017].

Conclusions

To clarify the seismotectonic pattern in the area of the rare May 20, 2011 Khastakh
earthquake with M,, = 4.7, occurred on the Siberian platform, spatial characteristics of
the gravity and magnetic fields were studied and 3D models of the crustal density and
magnetization contrasts were constructed using data on gravity and magnetic surveys
[Buzikova et al., 2004; Lisnik, 2006] and GIS INTEGRO software [Cheremisina et al., 2021].
The obtained results were compared with the available seismological and geophysical
information: earthquake focal mechanism [Seredkina and Melnikova, 2018], results of
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previous 3D magnetotelluric field inversion [Slinchuk et al., 2022] and the nearest reflection
seismic cross-sections [Kontorovich et al., 2013]. The following results were obtained:

1.  The buried disjunctives, probably representing fault zones with mineralization devel-
opment or filled with magmatic material, have been revealed. The epicenter of the
Khastakh earthquake has appeared to be coincident with the cross of these structures
stretching in sub-latitudinal and NW directions.

2. SW-diping fault plane, associated with the source area of the study seismic event,
has been traced based on the results of the 3D spectral inversions of the gravity
and magnetic fields. A steep SW-dipping nodal plane is also seen in the previously
determined earthquake mechanism. This nodal plane (with strike and dip angles of
105° and 75°, respectively) could be regarded as a rupture plane according to our
data.

3. The presence of a magmatic intrusion, probably fed by the inferred magma-controlling
fault, is suggested in the vicinity of the Khastakh earthquake source. This intrusive
body with a positive density contrast and enhanced magnetic properties at its top can
be regarded as a concentrator of stresses which could be caused by a dynamic impact
of the areas bordering the Siberian platform, namely, the Olenek Bay.

Therefore, the study has provided insights that the seismicity distribution in the
region of Lena-Anabar trough, depending primarily on the geodynamic settings, is also
controlled by structural and compositional heterogeneity of the crust. This fact, along
with the revealed pattern of the fault network within the area of the Olenek bitumen field,
should be taken into account in seismic hazard assessment for the study region in which
strategic mineral deposits of the Sakha Republic (Yakutia) are located.
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Abstract: The problem of strong earthquake forecasting is a pressing issue. This issue has attracted
special attention from scientists around the world working in this area. Interesting and encouraging
results have been obtained over the past 50 years. Geophysical (geomagnetic, geoelectric, ionospheric),
geodetic, hydrogeochemical and other methods are particularly widely used. Despite the use of
modern equipment, methods of collecting, processing and analyzing the data obtained, there is no
clear idea of the spatio-temporal features of the manifestation of precursor anomalies. The results
obtained show the most diverse nature of the manifestation of precursors, differing in form, intensity
and duration in time. In such a complex situation, anomalous changes in many geological and
geophysical parameters have been identified that are not associated with the processes of preparing
strong earthquakes or changing the weak seismicity of the region under study. These anomalous
changes have a duration of 10-15 days to 10 years or more. They can have different forms and
intensities. They are comparable in the noted parameters with anomalies caused by the processes of
preparation of strong earthquakes. A distinctive feature of these anomalies is their more frequent
manifestation in geological and geophysical parameters. The article examines the features of the
manifestation of local anomalous variations of the geomagnetic field of the type under consideration
on the territory of Uzbekistan. Determining the nature of the manifestation of these anomalies has
scientific and practical significance in solving the problem of forecasting strong earthquakes.

Keywords: geomagnetic field, anomalous magnetic variation, earthquake precursor, shape, intensity,

period.

Citation: Maksudov S. Kh., Yusupov V. R., Khakimov E. N., Sagdullaeva K. A., Shakhriyev B B., and
Nazarov S. X. (2025), The Manifestation of Local Anomalous Variations of the Geomagnetic Field in
Uzbekistan in Connection With the Problem of Earthquake Forecasting, Russian Journal of Earth
Sciences, 25, ES4009, EDN: SRKXAX, https://doi.org/10.2205/2025es001037

1. Introduction

The problem of forecasting strong earthquakes is one of the most urgent in the
seismically active regions of the globe. Strong and destructive earthquakes that have
occurred in the last 10-15 years on the globe (in Sumatra 2009, Italy 2009 and 2014, Haiti
2011, Russia 2013 (Kamchatka), Nepal in 2015, Turkey in 2023, and Morocco in 2023)
confirm the need to expand geological and geophysical research on their forecasting. Today,
comprehensive studies are being conducted in the USA, China, Japan, Russia, Uzbekistan
and other countries of the world to solve the problem of forecasting strong earthquakes.
According to the data of the last 5-10 years of research, the results have been obtained
showing:

* the manifestation of earthquake precursors is not for all earthquakes;
*  the occurrence of strong earthquakes without any abnormal changes in geological and
geophysical parameters;
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* the manifestation of abnormal changes in geological and geophysical parameters that
are not accompanied by strong (M > 5) earthquakes, activation of weak seismicity of
the studied area. Anomalous changes of the latter, “non-precursor” type, have been
recorded in geophysical (geomagnetic, geoelectric, pulsed electromagnetic) fields and
hydrogeochemical parameters.

2. Materials and Methods

This article presents the results of geomagnetic research in Uzbekistan for the period
2021-2024. During this period, the Yangibazar magnetic Observatory (operating since
1923) and 14 magnetic stations were in operation (Figure 1). Some of them have been in
operation for more than 30 years. Absolute proton magnetometers Geometrics — 856 (USA),
GSM-19T (Canada) and MV-01 (Russia) are used. The sensitivity of these magnetometers
is 0.1 nT. The total error in identifying local anomalies is no more than 0.4-0.6 nT.
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Figure 1. Location of magnetometric stations on the territory of Uzbekistan.

The modulus of the total geomagnetic field vector (T) is measured. The measurement
frequency at all magnetic stations is after 10 minutes, and 144 magnetic field values
are obtained in 24 hours. The absolute or relative daily and monthly average values of
the geomagnetic field were used for data analysis. Changes in the relative values of the
geomagnetic field at the stations are considered relative to the Yangibazar Observatory. The
distance from the observatory to the nearest magnetic station is 40 km (station Nazarbek,
No. 10), the longest distance is 1375 km (Mangit station).

3. Discussion of the Results Obtained

Figure 2 shows the change in the absolute values of the geomagnetic field for the
period from June 10 to July 5, 2023. The change occurs at 10 out of 15 stations (the numbers
near the curves in all figures correspond to the station numbers shown in Figure 1). Here,
during the slow growth of the geomagnetic field, a decrease occurs, reaching a minimum
value on June 15. Then there is a slow increase in the field value until June 30th. And then
there is an increase in the rate of growth of the magnetic field, reaching a maximum on
July 5. As you can see, the beginning and end of this anomaly occurs at about the same
time in all stations. This anomaly did not appear at the other 5 stations.

An example is a change in the magnetic field at the Bakhmal station (11), where the
anomaly did not appear. The table shows the values of the correlation coefficient of the
anomalous change at the stations relative to the Yangibazar Observatory data. As can be
seen from the table, the correlation is very high and amounts to 0.84-0.99. The exception,
as noted, is the change at the Bakhmal station, where the correlation coefficient is 0.17. In
this case, it is difficult to determine the location of the “focus” of this anomaly by the values
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of the correlation coefficient or by the change in the intensity of the anomaly. The anomaly
is the largest in terms of the area of manifestation identified in Uzbekistan. According to
the size of the manifestation on the territory of Uzbekistan and its slight attenuation with
distance, the anomaly may have manifested itself outside the territory of Uzbekistan.
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2023-Year

Figure 2. Changes in the average daily values of the geomagnetic field at 11 magnetic stations in
Uzbekistan.
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Table 1. Correlation coefficients of changes in the geomagnetic field at stations relative to the

Yangibazar magnetic Observatory

Yangibazar Observatory

No. Station names Q)
1 Shakhimardan 0.99
2 Chartak 0.99
3 Zarabag 0.98
4 Zomin 0.95
5 Jumabazar 0.91
6 Tamdi 0.91
7 Koytash 0.89
8 Chimion 0.89
9 Mangit 0.88
10 Nazarbek 0.84
11 Bakhmal 0.17

The manifestation of a local anomalous variation at the magnetic stations of Nazarbek
(10), Chartak (2), Kharabek (12) and Shakhimardan (1) is considered below (Figure 3).
The bay-shaped anomaly of a positive sign began to manifest itself from the beginning
of June 2022 and lasted until the beginning of October 2023. Figure 3 shows the change
in the monthly average values of the geomagnetic field at the marked stations relative
to the Yangibazar Observatory (0). The geomagnetic field change at Chimion (8) station,
where this anomalous variation did not occur, is also shown here. The nature of the
field change at this station differs significantly from the changes observed at the four
stations mentioned above. Note that the Chimion (8) magnetic Station is located 50 km
away. northeast of Shakhimardan station. The amplitude of the anomaly is 2-2.7 nT,
the minimum value is 2nT at Chartak (2) and Shakhimardan(1) stations and — 2.7 nT
at Nazarbek (10) and Kharabek (12) stations. The duration of this bay-like anomaly
increases in a southerly direction. The duration at the Nazarbek station (10) is about
9 months, at the Chartak station (3) — 13 months, at the Kharabek (12) station — 15 months
and at the Shakhimardan(1) station — 16 months. By the nature of the decrease in the
southern direction, it can be assumed that the “focus” of this anomaly is located south of
Shakhimardan station.

A similar anomaly was observed at Zarabag (3), Zhumabazar (5), Bakhmal (11),
Koytash (7) and Jangeldi (14) stations. The anomaly begins on May 12 and ends on
August 13, 2024 (Figure 4). The duration of the anomaly is three months. The highest
intensity is observed at the Zarabag — 16 nT station. Further north, it decreases, amounting
to 7;5;4;2.5nT at the stations of Jumabazar, Bakhmal, Koytash and Jangeldi, respectively.
As can be seen, the intensity of the anomaly decreases in the north direction. This anomaly
does not appear at the more remote Tamdy (6) station (curve 6).

More detailed information about anomalies of this type from the previous research
period was provided in our publications [Maksudov, 2024; Maksudov et al., 2021], which
showed a wide spatiotemporal manifestation of these anomalies. Each case of anomaly
differs in form, sign, intensity, and duration. They do not correlate in time with strong
earthquakes that occurred within the region or with the activation of weak seismicity in the
area. The first cases of this type of anomaly were reported back in the 1960s [Gryaznovskaya
et al., 1970; Pudovkin and Tanichev, 1970a,b]. The large amount of measurement errors
at that time raised doubts about the reliability of the identified anomalies. Nevertheless,
the detected anomaly values exceeded 2-3 times the RMS error of the measurement of the
components or the modulus of the total vector of the geomagnetic field.
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Figure 3. Changes in the relative monthly average values of the geomagnetic field at the Nazarbek,
Chartak, Kharabek, Shakhimardan and Chimion stations for the period June 2022 — October 2023.

Long-term, high-precision and frequent geomagnetic measurements in the territo-
ries of geodynamic polygons of Uzbekistan allowed us to register numerous anomalous
variations of this type [Maksudov, 2024; Maksudov et al., 2021].

Interest in anomalous variations of this type is of particular importance due to the
fact that in some cases anomalous changes in the geomagnetic field associated with the
preparation of strong earthquakes have been identified [Abdullabekov, 1989; Abdullabekov
and Maksudov, 2002; Abdullabekov et al., 1994]. The parameters of the anomalous variations
associated with earthquakes and those discussed in this article are comparable. The fact
is that on the territory of Uzbekistan, which belongs to the seismically active territories
of Central Asia, comprehensive geological and geophysical studies on the problem of
earthquake forecasting are being conducted. Among the methods used is geomagnetic,
which provides operational and informative results [Abdullabekov, 1989].

Research on the search for geomagnetic precursors of strong earthquakes in Uzbekistan
began in 1968. The research was carried out using the methods of repeated profile, area
and stationary regime measurements. Repeated changes were carried out with a frequency
from once every 15 days to once every 3 months or less. The measurements were carried
out at 1100 points with varying durations in terms of both area (profiles) and time intervals.
The total length of the profile and area surveys was about 7750 km. The total number of
stationary stations in the early 1980s in the entire territory of Uzbekistan was 36.

Long-term, high-precision and frequent geomagnetic measurements in the territo-
ries of geodynamic polygons of Uzbekistan allowed us to register numerous anomalous
variations of this type [Maksudov, 2024; Maksudov et al., 2021].

The research was organized in the territories of active regional faults, natural under-
ground gas storage facilities, large reservoirs, exploited oil and gas fields, etc.
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Figure 4. The change in the average daily values of the geomagnetic field at 5 stations in Uzbekistan.

As a result of more than 55 years of research, local anomalous variations of the

geomagnetic field have been recorded due to:

processes of preparation of strong earthquakes;

activities of an underground natural gas storage facility;

activities of a large reservoir;

exploitation of oil and gas fields;

processes occurring at various depths in the Earth's crust, upper mantle, and possibly
deeper.

The local anomalous variations of the geomagnetic field given in the last paragraph

were recorded as a result of long-term stationary measurements and frequent repeated
measurements at the points of profile, area surveys.

The currently established features of the manifestation of these anomalous variations

are as follows:

they manifest themselves in various forms, intensity, duration and sign;

they are not confined to any specific geological, tectonic, geomorphological structures,
regional faults, seismically active zones, or geophysical fields;

long-period anomalous variations of this type can be overlaid with the same shorter-
period anomalous variations of various shapes, intensities and linear sizes;

they have a different configuration of manifestation on the square;

the configuration, magnitude, and area of these anomalies may change over time;

in most cases, the changes are reversible.
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From this point of view, local anomalous variations of a nature that is not yet known,
which were previously recorded [Maksudov, 2024; Maksudov et al., 2021] and those dis-
cussed in this article are the object of careful research. Determining their nature is a prob-
lem, the solution of which will increase the accuracy and reliability of identifying local
anomalous variations caused by the processes of preparing strong earthquakes. As the
research results show, a wide spatiotemporal spectrum of these local anomalous variations
has been revealed. We are not aware of studies in the territories of seismically active regions
where geomagnetic studies are conducted on the problem of predicting earthquakes with
such a duration and a dense network of magnetic stations as in Uzbekistan. Consequently,
there are also no statements about the nature of the manifestation of these local anomalous
variations.

The analysis of all identified local anomalous variations shows a wide spatiotemporal
spectrum of their manifestation. The linear dimensions range from the first kilometers
to the first thousands of kilometers. The intensity of the anomalies ranges from 2.5nT to
8-10nT. The duration of the anomalies ranges from 15 days to seven years or more. The
shapes of the identified anomalies are bay—shaped, sinusoidal, and trending. A bay-shaped
anomaly has a positive or negative sign. Common to all identified cove-like anomalies is
the reversible nature of their changes.

The reversible and short-lived nature of the changes in the identified local anomalous
variations in the geomagnetic field suggests that these variations are not related to chemical,
seismotectonic, or thermal processes in the lithosphere. These processes seem to occur very
slowly and should have an irreversible part of the change in the considered variations of the
geomagnetic field. If long-term (months, years) local anomalous variations can somehow
be explained by the proposed mechanism [Zeynalov, 1966], then short-period (tens of days,
the first months), apparently, cannot be explained by these mechanisms. The migration
rate of these anomalous variations through various layers of the Earth (from the core to the
crust) is also unknown today.

Therefore, it is difficult for us now to express even a tentative opinion about the
nature of these variations. It can be noted that data from the geomagnetic field alone is
probably insufficient to determine the nature. Given the urgency of solving the nature
of these anomalous variations, it is proposed to conduct special long-term high-precision
geomagnetic studies. Research, apparently, should be organized both in seismically active
and weakly seismic areas at the same time. The duration of the observations will depend
on the results obtained in the course of comprehensive research. To reliably determine the
nature of the detected anomalous variations, special studies on electrodynamics and other
geophysical methods should be conducted, as well as data on seismicity should be used.

Determining the nature of these local anomalous variations is of fundamental and
applied importance. The applied aspect is primarily related to the relevance of solving the
problem of forecasting strong earthquakes.

4. Conclusions

Based on the analysis of the obtained results of geomagnetic studies in Uzbekistan
and the available data for other regions, it is very difficult to draw certain conclusions
about the nature of the identified local anomalous variations. In our work [Maksudov et al.,
2021], we cited the available statements of various researchers regarding the nature of this
kind of local anomalous variations [Bullard, 1948; Elsasser, 1941; Lowes and Runcorn, 1951;
Vestine et al., 1947]. The different spatial and temporal characteristics, linear dimensions,
and intensity of these anomalous variations make it difficult to make certain assumptions
about their nature. The complex geological and tectonic structure, the thermodynamic
situation of the lithosphere, and the highly gradient manifestation of static geophysical
fields in Uzbekistan determine the possibility of such a diverse manifestation of the revealed
anomalous variations of the geomagnetic field. Local anomalies of small linear sizes and
short duration in time may characterize processes within the Earth's crust. Longer-lasting
and with larger linear dimensions anomalous variations may be related to processes within
the mantle and deeper.
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Given the urgency of solving the nature of these anomalous variations, it is proposed
to conduct special high-precision geomagnetic studies. They should be organized by
stationary and repeated area measurements in both seismically active and aseismic (weakly
seismic) regions simultaneously. To reliably determine the nature of the detected anomalous
variations, special studies on electrodynamics and other geophysical methods should be
conducted, as well as data on seismicity should be used.

Determining the nature of these local anomalous variations is of fundamental and
applied importance. The applied aspect is primarily related to the relevance of solving the
problem of forecasting strong earthquakes.

Currently, geomagnetic research on earthquake forecasting is being expanded at the
Institute of Seismology of the Academy of Sciences of Uzbekistan. New magnetic stations
are being installed, and new profiles for repeated magnetic measurements have been laid.
The total length is about 3500 km with 330 measuring points of the geomagnetic field.
Since 2025, repeated measurements on profiles have been carried out once a month.
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Abstract: The article presents the results of a comprehensive analysis of fault tectonics in the north-
western part of the Verkhoyan-Kolyma orogenic region. The studies were performed on a regional
scale. Based on a digital relief model, lineaments were identified manually and automatically. The
results obtained in combination with literature data allowed us to perform tectonophysical recon-
structions using the model of P. L. Hancock (1985). Based on the reconstructions, we determined the
expected areas of tectonic structures that had the highest hydraulic activity during collision processes,
which are presumably associated with gold deposits and ore occurrences in Eastern Yakutia. Areas

promising for the discovery of new ore objects were identified.
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Introduction

The territory of Eastern Yakutia is currently considered one of the most promising
in terms of discovering new gold ore objects, including large and super-large deposits
[Antonov and Gamyanin, 2021; Volkov, 2016]. At the same time, a significant part of the
known large objects were identified in the southeastern part of the Verkhoyan-Chersky
orogenic belt (Dora-Pil, Tallalakh, Malotarynskoye deposits) and the South Verkhoyansk
orogenic belt (Nezhdaninsky ore region, Dybinsky ore cluster, Zaderzhninskoye deposit).
The situation is different on the northern continuation of the same metallogenic zones of
the Yana-Kolyma orogenic region (Figure 1). In the northern segment of the Verkhoyan-
Chersky orogenic belt, the only large deposit Kyuchus, has been discovered, and in the
northwest of the Verkhoyan orogenic belt, only a few ore occurrences have been discovered,
the most promising of which is Dyandi. This situation is also due to the inaccessibility of
these territories for field research.

The main part of gold ore objects of various ranks in the northwestern part of the
Verkhoyansk-Kolyma orogenic region are of hydrothermal type. It is known that hydrother-
mal processes are controlled by fault tectonics [Cherezov et al., 1992]. Thus, we can talk
about fault tectonics as one of the most important ore-controlling factors in relation to the
studied territory.

There are very few works devoted to the study of the framework of faults for the
Verkhoyan-Kolyma orogenic region. A detailed study of fault tectonics and folded struc-
tures of the Mesozoic Verkhoyan-Kolyma system is devoted to the work of Gusev [1979],
from which it follows that the main part of the mapped faults acquired their appearance in
the late Mesozoic.
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Figure 1. Schematic diagram of metallogenic zones of Eastern Yakutia [after Antonov and Gamyanin,
2021] 1 - Siberian craton; 2 — Gakkel Ridge; 3 — Eurasian oceanic basin; 4 — continental slope;
5 — shelf; 6 — Okhotsk-Chukotka marginal-continental Late Cretaceous volcanic belt; 7 — Jurassic
volcanic belts; 8 — transform fault; 9 — rift basins. Boundaries: 10 — southwestern (A) and northeastern
(B) sectors; 11 — East Yakut metallogenic belt; 12 — metallogenic zones (I — Verkhoyansk, II — Tarynsk,
III - Nizhneyansko-Selyannyakhskaya); 13 — metallogenic subzones (K — Kularskaya, AYu — Allah-
Yunskaya). 14 — promising ore districts: DO — Dyandinsko-Okhonsoysky; Ba — Badransky; TT - Tuora-
Tassky; In — Intakhsky; BO — Bular-Onocholokhsky; JB — Jurassic-Brindakitsky; Nya — Nyavlenginsky.
15 - rifts; 16 — ophiolite massifs; 17 — promising oil and gas bearing areas. Deposits: 18 — Sn, W, Mo
(a — small and medium; b — large); 19 — Au, Sb, Hg (a — small and medium; b — large); 20 — Ag, Pb, Zn
(a — small and medium; b — large); 21 — Au, Ag (a — small; b — medium; ¢ — large); 22 — administrative

boundaries. Green outline — boundaries of the study area.

The above circumstances prompted the authors of this article to analyze the frame-
work of faults in the northwestern part of the Verkhoyan-Kolyma orogenic region using
a set of modern methods for processing Earth remote sensing data and tectonophysical
reconstructions. The results obtained allowed us to draw up a scheme of potentially
promising areas for the discovery of gold ore objects.

Research Region

The Verkhoyansk fold-and-thrust belt formed in the late Paleozoic-Mesozoic on the
subsided margin of the Siberian paleocontinent. It is composed of thick terrigenous-
sedimentary strata that formed on the shelf, continental slope and foot of the passive
margin of the Siberian paleocontinent on the margins of the Okhotsk terrane and the
Kolyma-Omolon superterrane (Figure 2).
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Figure 2. Schematic geological map of the northwestern part of the Verkhoyansk-Kolyma orogenic
region (compiled based on the materials of [Borisova et al., 2016, 2020]). 1 — Paleogene-Neogene
sediments; 2 — Cretaceous sediments (sands, sandstones, siltstones, mudstones, interlayers and lenses
of coal, conglomerates); 3 — Jurassic-Cretaceous sediments (sandstones, siltstones, mudstones, inter-
layers and lenses of coal); 4 — Jurassic sediments (sandstones, conglomerates, siltstones, mudstones,
interlayers and lenses of coal); 5 — Triassic formations (sandstones, limestones, siltstones, mudstones,
interlayers of tuffs, gravelites); 6 — Permian sediments (sandstones, siltstones, mudstones, interlayers
and lenses of conglomerates); 7 — Carboniferous-Permian sediments (sandstones, siltstones, mud-
stones); 8 — Carboniferous sediments (sandstones, siltstones, mudstones, conglomerates, dolomites,
limestones); 9 — Devonian sediments (sandstones, siltstones, anhydrites, gypsums, limestones, calcare-
ous shales and sandstones, conglomerate lenses); 10 — Silurian-Devonian sediments (limestones and
dolomites); 11 — Cambrian sediments (dolomite, conglomerate, sandstone, siltstone, limestone, shales,
argillite, trachybasalt covers); 12 — Vendian sediments (dolomite, limestone, sandstone); 13 — Riphean
sediments (limestone, dolomites, marl, sandstone, shales, conglomerate lenses); 14 — dikes of basic
rocks; 15 — granites, granodiorites, monzogranites; 16 — major faults (I — Priverkhoyansky marginal
suture; II — Central Verkhoyansky; III — East Omoloysky; IV — Emiss fault system; V — Adycha-
Tarynsky; VI — Yansky); 17 — minor faults; 18 — large gold ore deposit Kyuchus; 19 — small gold ore
deposits; 20 — gold occurrences.

To date, there is no generally accepted complete history of the region's development.
We will briefly outline its main established stages.

In the Middle — Late Devonian and Early Carboniferous, several rifts formed within
the eastern margin of the paleocontinent, leading to the separation of large continental
blocks from it, including the Okhotsk and Omolon cratonic terranes, the Prikolymsky and
Omulevsky terranes. As a result of rifting, the Oymyakon small ocean basin was formed.
After the rifting stage, the east of the Siberian paleocontinent developed in a passive margin
regime.
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At the very end of the Late Jurassic, the Kolyma-Omolon superterrane collided with
the Verkhoyansk passive margin of the Siberian paleocontinent, as a result of which in
the Cretaceous the Verkhoyansk terrigenous complex formed a fold-and-thrust orogen
containing belts of collisional granitoids [Kungurtsev and Goshko, 2023]. At this time,
regional shifts were laid with the formation of a fold-and-thrust structure [Konstantinovsky,
2007]. It is assumed that noble metal mineralization in the study area is associated with
the influence of accretion-collisional processes of the formation of the South Anyui suture
and the Novosibirsk-Chukotka orogenic belt (Aptian-Albian time) [Prokopiev et al., 2018].
Considering that mineralization is controlled by fault structures, it can be concluded that
the faults acquired their final morphological appearance at the end of the Early Cretaceous
(125-105Ma). It is important that, unlike the North-Eastern sector (see Figure 1), the study
region is characterized by metallogenic specialization mainly in Au and less in Sb, Hg, Ag,
Pb, Zn [Antonov and Gamyanin, 2021]. The Kyuchus Au-Sb-Hg deposit is located in the
eastern part of the study area. It is localized in the northwest of the Kular-Nera shale belt
(terrane) in the hinterland of the Verkhoyansk fold-and-thrust belt in the zone of influence
of the regional Yana fault. To the north are localized small deposits — Mastakh, Kyllakh,
Yemelyanovskoye and Emys.

In the western part, the Dyandinsko-Okhonosoi gold ore region deserves special
attention, located in the extreme north of the Verkhoyansk metallogenic zone near the
Laptev Sea coast among the shales of the Upper Carboniferous — Lower Permian (see
Figure 1). The ore region extends in a submeridional direction for a distance of about 90 km
with a width of 10-15km. Ore bodies are represented by veins, as well as stockworks in
sandstone layers. The large Dyandi ore occurrence and a significant number of insufficiently
studied gold ore occurrences (Nikolaevskoye, Nochka, Otkrytoye, Yasnoye, Shkolnoye,
Okhonosoy, etc.) are known here. The strike of the ore-controlling faults is submeridional,
conformal to the strike of the metallogenic zone [Antonov and Gamyanin, 2021].

Research Methods

The research methodology is described in detail in the works [Minaev et al., 2024;
Ustinov et al., 2024], therefore, below we will note only the main most important stages.
Lineament analysis of the territory was carried out using a special technique based on the
construction and processing of a digital elevation model (DEM), proposed and verified on
real geological objects by the employees of the laboratory of Geoinformatics of IGEM RAS
[Ustinov and Petrov, 2016]. The technique is effective even in areas with weakly dissected
relief. The DEM of the territory was created using open data from the radar interferometric
survey of the globe's surface ASTER GDEM (Global Digital Elevation Model) of the third
version. The work used a model with a generalization level of 1 km/pixel. The choice of
the DEM generalization level is determined by the aim of the work and, in accordance with
it, the scale level of the available geological materials

The survey results are raster images with the values of the relief elevation marks for
each pixel in GeoTIFF format, containing metadata on the georeferencing. The lineaments
on the DEM were identified using software based on neural network technologies developed
with the participation of individual authors of this article [Grishkov et al., 2023].

The general principles of operation of this software are based on the fundamental
concepts of the functioning of neural networks and are aimed at extracting sets of unique
features of an image or a specific object. This is achieved through parallel image processing
in different layers of the network using alternating convolution layers (image processing
with local operations using filters) and compression (image compression by combining
filter values), as well as a fully connected layer that forms the result from the obtained
values. As a result, lineaments are identified in the form of short straight segments, which
can be interpreted as so-called “mega-cracks” feathering an extended fault structure [Petrov
et al., 2010; Rebetsky et al., 2017].
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Before the procedure for identifying lineaments using the created neural network,
a method of nonlinear directional image filtering was used at the stage of preliminary
preparation of the DEM for the most accurate identification of lineaments. In this study,
directional filtering was used to improve the boundaries of the gradient transition between
pixel values, in order to highlight certain image characteristics based on their frequency
associated with the structural features of the territory. Directional image filtering, in
accordance with well-known techniques [Enoh et al., 2021; Paplinski, 1998; Suzen and
Toprak, 1998], was performed in four main directions: N-S (0°), NE-SW (45°), E-W (90°),
SE-NW (135°), with the construction of corresponding shadow relief schemes in order to
emphasize all possible orientations of the structures identified in the image. The study
also used the technique for identifying and verifying large fault zones proposed by Sivkov
et al. [2020]. It is based on the analysis of the spatial position and the creation of density
schemes of non-extended lineaments identified automatically by various software tools.
For each linear segment of the lineaments identified using a neural network (based on
a DEM with a resolution of 1 km/pixel), we calculated and assigned the true azimuth of its
strike as an attribute. Based on this attribute, the lineaments were ranked by classes and
eight schemes of relative specific densities of linear objects were constructed with a step of
22.50°.

By now, a situation has arisen where most experts in the field of fault tectonics admit
the rupture type of rock destruction, but to describe the kinematics of displacement along
the formed rupture, they mainly use shear displacement (from the mechanics point of view).
In addition, it is assumed that most of the known faults of the Verkhoyan-Kolyma Mesozoic
system were initially formed as strike-slip faults and thrusts [Gusev, 1979]. To reconstruct
the parameters of the regional stress state (RSS), the kinematics of the main faults and the
stages of formation of the framework of fault structures based on the interpretation of the
identified lineaments, it is necessary to adopt one of the common tectonophysical models
of the formation of the paragenesis of the feathering cracks of the main fault (the main
structure of the first order on the scale of the study area) in the shear zone. For shear zones
(before the formation of the main fault take place), natural patterns of second-order faults
have been established and explained from the standpoint of mechanics [Rebetsky et al., 2017,
Seminsky, 2003]. At the initial stage, in a relatively homogeneous RSS for a certain territory,
en echelon systems of tensile cracks (one system) and shear (two conjugate systems) arise.
In shear zones, the orientation of cracks in these systems corresponds to the stress state of
pure shear [Gzovsky, 1975]. If a slight compression or extension across the strike axis of the
zone is superimposed on a pure shear, the regional stress state may remain close to a pure
shear, but the orientation of the compression and extension axes, as well as the associated
orientation of the cracks, change in a regular manner [Gzovsky, 1975; Seminsky, 2003].
This initial RSS of the shear zones and the cracks that arose as a result of its action can be
considered as corresponding to the 1st stage of the development of the main rupture — the
stage of its preparation.

There are various explanations for the formation of second-order faults around already
active faults from the standpoint of mechanics [Hancock, 1985; Seminsky, 2003].

P. L. Hancock provides the most complete summary scheme of the series of secondary
structures observed in shear zones before the formation of the main fault in them and after
its formation [Hancock, 1985] (Figure 3). This model was used as the main one in our study.

The software “Lineament Stress Calculator” (author A. D. Svecherevsky, IGEM RAS)
was created specifically to solve the tasks of our study to interpret the orientations of the
identified lineaments using the P. L. Hancock model. The developed software conducts
automatic analysis of linear vector data, identifying and classifying various types of cracks
based on their geometric and spatial characteristics. The results of reconstructing the
orientation of the axis of the principal compressive or tensile forces in the region for each
of the zones of dynamic influence of faults on the assumed period of ore formation allow
visualization of segments of structures that are predisposed to shear to varying degrees,
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Figure 3. Systems of echelon structural elements formed in a strike-slip fault zone by pure shear
[Hancock, 1985]: Y — main shear, R and R’ — conjugate Riedel shears, X, P — secondary shears,
e — tensile cracks, n — normal faults, t — reverse faults, f — folds, S; — cleavage, o1 — axis of maximum

compression, 03 — axis of maximum extension.

areas of concentration and dispersion of deformations. Shear stress on the fault plane (7,,)
and effective (0,) normal stress can be calculated using the formula [Jaeger and Cook, 1979]:

S-S
T, =7tsin2¢ when 7= %,
51+S3
= —Pr)+ 20,
o, = ( 7 )+ TCcos2¢

where Sy is the stress value along the axis of maximum compression, S; is the stress value
along the axis of least compression, P is the fluid pressure, ¢ is the angle between the
normal to the plane of the fault and the axis of action of the stress S; (Figure 4).

The slip tendency () of a certain structural element (segment) of a fault can be
calculated as the ratio of shear (tangential) stresses to effective stresses:
Tn

Oy

In this case, the most hydraulically active segments of fault structures have y ~ 0.6
[Fuchs and Miiller, 2001; Jaeger and Cook, 1979].

We used these approaches to reconstruct the framework of faults based on structural
and geomorphological features, determine the parameters of RSS, establish the kinematics
of the main identified fault zones, identify the most hydraulically active fault segments,
and reconstruct the stages of structure formation.

In this case, without reliable information on the values of stresses and fluid pressure,
and also taking into account the fact that a significant difference between the values of
Sy and Sj3 is required for the formation of a strike-slip fault at S; > S3 [Zobak, 2010], we
adopted the conditional values of S; = 70MPa and S; = 20MPa. In this case, the values of
shear stresses at the adopted values of the angle ¢ reach 25 MPa, which corresponds to the
average values of shear stresses for modern settings of intraplate orogenesis, subduction
regions and boundaries of lithospheric plates [Rebetsky et al., 2009]. In addition, with
such values of S; and S; for our sample of objects, the values y < 0.67, which simplifies
further classification. Considering that the difference between the values of S; and S3
affects the value of y, we assumed that segments with y values from 0.45 to 0.67 were
hydraulically active. Fluid pressure was ignored in our model as a variable that does not
have a significant effect on the final result. According to Yu. L. Rebetsky, fluid pressure
is 0.6-0.8 of the lithostatic pressure for modern areas of intraplate orogenesis [Rebetsky,
2008].
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Figure 4. General scheme for determining the slip tendency () based on a combination of orientations
of regional anisotropic stresses (black symbols — orientation of the maximum compression axis) with
orientations of segments of fault structures with calculation of the ratio of shear (7) to normal
stress (0y,) for fault segments: S — orientation of the axis of maximum compression, Sy — axis of
minimum compression, Sy — regional orientation of the axis of maximum compression. Segments
demonstrating the highest degree of hydraulic activity are indicated in yellow and orange [Fuchs and
Miiller, 2001].

Additional numerical modeling was performed based on the assessment of the acting
stresses according to the normalized Mohr diagram [Rebetskiy et al., 2022] taking into
account the pore pressure and adjusting the depth of the estimated stress state. As a result
of restoring the values of the principal acting stresses, a new ratio was obtained S; = 33 MPa
and S; = 3MPa (in comparison with S; = 70MPa and S3 = 20 MPa adopted in the article).
An additional iteration of modeling showed that:

1. The ratio of the principal acting stresses changed towards a more pronounced stress
deviator, which led to an increase in the absolute values of the degree of hydraulic
activity of the faults. Nevertheless, the qualitative interpretation based on a relative
comparison of the tendency to shift y (degree of hydraulic activity) has not changed;
the same lineaments are distinguished as in the original model.

2. The result of variational modeling with different orientations of the principal axis
of compressive stresses showed that its geometry, together with the elements of the
occurrence of tectonic faults, determines the degree of hydraulic activity of faults, but
not the absolute values of stresses.

Results

As already mentioned, lineaments were automatically identified for the study area
based on the DEM (Figure 5)

The approach used, given the high spatial resolution of the DEM, made it possible to
identify many short lineaments (6820) in the area.

Considering that the modern morphological appearance of the faults of the Verkhoyansk-
Kolyma orogen was acquired in the Mesozoic [Gusev, 1979], in order to supplement the
framework of faults from the state geological maps (see Figure 2), it was decided to man-
ually identify extended lineaments (while ignoring relatively small ones) based on the
DEM (Figure 6). Such lineaments can mark long-lived fault zones. For further operations,
the lineaments identified manually are divided into straight segments. A total of 3209
such segments were identified. It can be noted that when selecting both in automatic and
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manual mode, the overwhelming majority of lineaments are noted in the western part of
the study area, which is associated with the more dissected relief of the Verkhoyan Range,
which occupies this area.

128°28’ 132°54’
N=6820

2218

132054/

Figure 5. A digital elevation model visualized in GIS with a spatial resolution of 1 km/pixel) with
lineaments (blue lines) created by a neural network and rose diagrams of their orientations. The
color scale reflects the elevation marks of the relief. n — the number of lineaments.

In accordance with the methodology proposed by D. V. Sivkov and co-authors [Sivkov
et al., 2020], diagrams of relative specific densities of lineaments were constructed for
orientation intervals with identified trends (Figure 7).

All the diagrams show local maxima of the relative specific density of lineaments,
which line up in linear “chains” and form some trends. Such trends formed from a set
of closely spaced coplanar lineaments. Accordingly, the maxima of the relative specific
density lining up, coinciding in azimuth with the lineaments of certain orientations, will
mark large linear geological objects, most likely, zones of extended faults.

On the generalized rose diagram of lineament trends (see Figure 7I), the north-eastern
striking system is clearly distinguished. In Figures 5 and 6, this system is not so clearly
manifested. This can be explained by the fact that the lineaments mostly mark smaller
feather structures.

The authors of the article attempted to reconstruct the parameters of the RSS based
on the model of Hancock [1985] for the main faults of the eastern part of the study area —
Emissky, Yansky and Adycha-Tarynsky (see Figure 2). No reconstructions were made for
the East Omoloy strike-slip fault because the thick cover of Paleogene-Neogene sediments
did not allow for identifying a sufficient number of lineaments in its conditional zone of
influence. The reconstruction was based on small lineaments identified automatically. In
this case, lineaments identified manually were not used because there were not enough of
them within the conditional zones of influence of the faults under study.
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128°28' 132°54’
N=3209

132054’

Figure 6. A digital elevation model visualized in GIS with a spatial resolution of 1 km/pixel with
manually selected extended lineaments (blue lines) and a rose diagram of their orientations. The
color scale reflects the elevation marks of the relief. n — the number of lineaments.

For each of the faults, an individual damage zone of the same name was determined.
The damage zones consist of a conventional line (“trend”) of the fault under study and
the elements of fault tectonics, which can be represented by faults (mega-cracks) of higher
orders or lineaments. For the purpose of correct reconstruction, the latter are divided
into rectilinear segments. The width (conventional “zone of influence”) of the damage
zones was determined experimentally, since the traditional concept of a “zone of dynamic
influence of a fault” does not quite fit the studied structures of a supraregional scale. For
each damage zone, depending on the scale of development of the main structure, the RSS
was reconstructed within “zones of influence” of different sizes — from 10 to 100 km. It
was established that for both damage zones, the orientations of the principal stresses of
the RSS were preserved at a width of the “zone of influence” from 10 km to several tens
of kilometers. A change in the orientations of stress axes clearly occurred in the case of
mutual overlapping of “zones of influence” of different structures. The boundaries of such
a transition were fixed and served in our models as limiters of damage zones in width.

The results of the reconstruction of the parameters of the RSS (Figure 8) show that in
all cases in the eastern part of the studied territory the axis of regional compression had an
east-northeast orientation (~65°), which may indicate uniform conditions for the formation
of the faults under consideration and, in general, corresponds to the hypothesis of the
connection of their formation in connection with orogenic processes and accretion-collision
events of the formation of the South Anyui suture and the New Siberian-Chukotka orogenic
belt.

In the western part of the study area, only a few gold ore occurrences are localized (see
Figure 2). The main Central Verkhoyansky fault and the Priverkhoyansky marginal suture
are located within its boundaries. Both structures extend along the entire western region.
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90

Figure 7. (a)-(h) — schemes of relative specific densities of lineaments by orientation intervals
with identified trends (shown as bold black lines) according to the method [Sivkov et al., 2020]:
(a) 11-34°; (b) 33.5-56.5°% (c) 56-79°% (g) 78.5-101.5°%; (d) 101-124°; (f) 123.5-146.5°; (g) 146-169°;
(h) 168.5-11.5°. The color shows the relative specific density of lineaments from 0% (yellow) to 100%
(dark red); and (i) generalized rose diagram of the orientation of lineament trends. n — the number of
objects used to construct the rose diagram.

No reconstruction of the RSS parameters was carried out for the Priverkhoyansky marginal
suture, since it is a boundary zone between the Siberian craton and the Verkhoyansk-Kolyma
orogenic region and is partially overlapped by a thick cover of Cretaceous sediments. For
the Central Verkhoyansky fault, the RSS parameters were reconstructed based on the
lineaments identified by automatic and manual methods (Figure 9). As a result, it was
revealed that the axis of regional compression during the fault formation was oriented
similarly to the eastern part (~65°).

Thus, it can be assumed that the regional orientations of the principal RSS axes have
been reconstructed for the northwestern part of the Verkhoyansk-Kolyma orogenic region.

Based on the results of reconstructing the orientation of the principal regional com-
pression and extension axes, calculating the slip tendency coefficient (y), it is possible to
visualize segments of established and inferred (lineaments) fault structures, with vary-
ing degrees of susceptibility to transtension. The calculations were carried out for faults
reflected on the State Geological Map and lineament density trends identified using the
methodology [Hancock, 1985] as co-scale objects (Figure 10).

Due to the uniform parameters of the reconstructed RSS, calculations of the slip
tendency coefficient (y) were carried out jointly for the entire study area.

As a result, the segments of the structures under consideration are classified from
impermeable to highly permeable and presented in a combined diagram (see Figure 10a).
For clarity, a diagram of the influence zones of fault segments and segments of permeable
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Figure 8. Reconstruction of the parameters of the regional stress state for the Emisskaya (a); Yanskaya
(b) and Adycha-Tarynskaya (c) damage zones according to the model of P. L. Hancock based on linea-
ments identified automatically. 1 — Y-cracks; 2 — R-cracks; 3 — R’-cracks; 4 — P-cracks; 5 — X-cracks;
6 — T-cracks; 7 — not determined; 8 — fault “trend” (shear line). Blue arrows — orientation of the axis
of maximum compression; green arrows — orientation of the axis of maximum extension. n — number
of objects used to construct the rose diagram.

and high permeability lineament density trends is constructed (see Figure 10b). In this
case, the width of the damage zone for all structures is conventionally accepted as 10 km.

From the figures provided, it is clear that, with the exception of several ore occurrences
located in lowlands where it is impossible to identify reliable lineaments, all gold ore objects
of hydrothermal genesis are located in the conventional zones of influence of permeable and
high permeability structures in the Aptian-Albian period, which confirms our calculations.

Conclusions
The following conclusions can be drawn from the results of the study:

1. A comprehensive structural-lineament analysis was carried out for the territory of
the northwestern part of the Verkhoyansk-Kolyma orogenic region based on various
data, scientific and methodological author's approaches to identifying lineaments
using a digital elevation model, including its multidirectional filtering, and the use of
geoinformation technologies.

2. Based on the P. L. Hancock model of secondary structures development in the shear
zone and the identified faults, the parameters (orientations of the principal stress
axes) of the regional stress state, as well as the kinematics of the main faults for
the study area for the supposed period of ore formation, were reconstructed. The
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Figure 9. Reconstruction of the parameters of the regional stress state for the Central Verkhoyanskaya
damage zone according to the model of P. L. Hancock based on lineaments identified by automatic
(a) and manual (b) methods. 1 — Y-cracks; 2 — R-cracks; 3 — R’-cracks; 4 — P-cracks; 5 — X-cracks;
6 — T-cracks; 7 — not determined; 8 — fault “trend” (shear line). Blue arrows — orientation of the axis
of maximum compression; green arrows — orientation of the axis of maximum tension. n — number of
objects used to construct the rose diagram.
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Figure 10. Results of reconstruction of hydraulic activity of segments of tectonic elements:
(a) — classified segments of the entire fault network from the State Geological Map and lineament
density trends; (b) — diagram of influence zones (orange lines) of fault segments and segments
of lineament density trends of permeable and high permeability. Areas of overlapping influence
zones of several faults are colored red. 1 — impermeable segments; 2 — low permeability segments;
3 — segments of medium permeability; 4 — permeable segments; 5 — segments of high permeability,
6 — Kyuchus large gold deposit; 7 — small hydrothermal gold deposits (I — Mastakh; II - Emis and
Yemelyanovskoye; III — Kyllakh); 8 — hydrothermal gold ore occurrences.
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results of the paleoreconstructions correspond to specific tectonic events previously
identified by other researchers [Prokopiev et al., 2018].

3. Calculation of the slip tendency (transtension) coefficient taking into account the
established orientation of the principal axes of the regional stress state allowed us to
identify the most hydraulically active segments of fault structures that correspond to
north-northeast, northeast, sublatitudinal and west-northwest orientations.

4. From the point of view of predicting the location of gold ore deposits, further detailed
work should be focused on studying the zones of influence of hydraulically active
faults. These supraregional and regional structures could act as fluid pathways in the
process of hydrothermal ore formation.
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According to biostratigraphic data, Bathonian and Callovian (Malyshevka and Tochinskoe
Formations), Oxfordian (Sigovoe Formation), Volgian and Ryazanian (Yanov Stan Formation),
Valanginian and Hauterivian (Sukhaya Dudinka Formation) stages were recognized in the core
of Novoyakimovskaya-1 well. Characteristic species of mollusks from the Bathonian-Hauterivian are
figured. For the first time, members previously established in the Bazhenovo Formation and the Lower
Tutleim Subformation were traced into the Yanov Stan Formation. All studied formations except
for Malyshevka Formation contain glendonites. Glendonites are pseudomorphs after cold-water
mineral ikaite and can be used as indicators of cold water paleoenvironments. The size of glendonites
varies from a few to 9-10 cm. Glendonites are morphologically diverse, however, no patterns in the
distribution of glendonites of different shapes across the section are noted. Glendonites are abundant
in the lower part of the section (Bathonian and Callovian stages), but their number decreases up the
section. The stratigraphic distribution of glendonites is compared with the stages of climate cooling
in the Arctic region. All studied glendonites are composed of two types of calcite; this feature is
stable for glendonites of different ages and can be used for microscopic identification of glendonites.

Keywords: glendonite, climate fluctuations, sedimentary environment, Jurassic, Cretaceous, West
Siberia, Yenisey-Khatanga regional depression.
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Introduction

Glendonites are pseudomorphs after metastable mineral ikaite (cold-water calcium
hexahydrocarbonate, CaCO; -6 H,0). They are widely distributed in the Jurassic and
Cretaceous sediments within the Yenisey-Khatanga regional depression and were mentioned
as either “star-like calcite concretions”, “concretions of brown calcite” or “antraconite” in
publications and unpublished reports since the early 1960s, when drilling of numerous
deep wells began here [Baybarodskikh et al., 1968]. However, these pseudomorphs have not
yet been studied in the region, and information about their occurrences is mainly limited
to stratigraphic distribution, while data on location, morphology, and composition of the

host sediments are not available.
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The parametric well Novoyakimovskaya-1 was drilled in 2020 in the western part of
the Yenisey-Khatanga regional depression (coordinates 71.75347°N, 90.90119°E, Figure 1),
reaching a depth of 5020 m and penetrating a thick succession of Middle Jurassic-Lower
Cretaceous deposits (Bajocian—Bathonian to Hauterivian), represented within the core.
Since stratigraphic subdivision, as well as age and position of formation boundaries differ
significantly in publications [see Rogov et al., 2024; Skvortsov et al., 2025], data on glendonite
distribution in this study was complemented with information on lithological composition,
finds of characteristic mollusk taxa allowing for precise dating of the studied deposits, and
also confirming the identification of formations.

A 50 o ,/’ -\u_,\\rf":j(l i \,__\‘ - _:‘
- @

70° / 90°

o <

' Nbvdyakimovskéya-f
‘Lborehole
& {70°
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Figure 1. Map showing the studied borehole.

The section of the Novoyakimovskaya-1 well is unusually rich in glendonites, which
are associated with deposits of different ages. The glendonites have different morphologies,
belonging to three main morphotypes known from the Phanerozoic [see Rogov et al., 2023],
and are found in different facies. These features make this well unique, and the study of
glendonite finds from the core of this well is promising for clarifying the factors that control
the distribution of these pseudomorphs, which have not yet been completely understood.

During the Middle Jurassic-Early Cretaceous, the studied area was located on the
periphery of the West Siberian sea and was adjacent to land; throughout the Late Jurassic,
coastal-marine sedimentation settings dominated here [Kontorovich et al., 2013]. In the
end of the Middle Jurassic and in the beginning of the Late Jurassic (when Tochinskoe
and Sigovoe formations, containing most abundant glendonites, accumulated), the sedi-
mentation depths were probably 25-50 m or less [Kontorovich et al., 2013]. The extensive
Late Jurassic transgression had almost no effect on the depositional environments in the
marginal area of the basin, and the Yanov Stan Formation apparently also accumulated
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in the shallow part of the sea, with depths comparable to those which existed at the end
of the Middle Jurassic [Kontorovich et al., 2013]. The mentioned paleoclimatic reconstruc-
tions show that after a significant and prolonged cooling in the Middle Jurassic, a gradual
warming of the climate occurred throughout the Late Jurassic, with the peak of warming
during the Volgian, while the Ryazanian was probably cooler. This is consistent with the
presence of glendonites in the Ryazanian stage of Western Siberia [Vasileva et al., 2025].
Shallow marine depositional environments dominated during Berriasian, Valanginian and
Hauterivian stages. Due to ongoing regression, by the beginning of Barremian continental
environments established in the study area [Kontorovich et al., 2014].

Materials and Methods

The material for the research included descriptions of cores, photographs, macroscopic
descriptions of glendonites, extracted specimens of fossils, as well as selected samples
of glendonites. Glendonites from different stratigraphic levels were photographed, and
the size, orientation and morphology of the encountered glendonites were noted during
core description. Mollusks, which were used to determine the age of the deposits, are
present in all the formations, but are most numerous in the Yanov Stan Formation [Rogov
et al., 2024]. The selected mollusk specimens (stored in the Aprelevka branch of the All-
Russian Research Geological Oil Institute, VNIGNI) were photographed after coating with
ammonium chloride. Transparent polished sections of glendonites were made from the
samples on epoxy resin; petrographic and cathodoluminescence studies were carried out
on an Olympus BX-53 microscope with an attachment for “cold” cathodoluminescence
(CITL) Mk5, Cambridge Image Technology Ltd. (Department of the Regional Geology,
St. Petersburg State University). Scanning electron microscopy and microprobe analysis
were carried out on a Hitachi 5-3400N microscope with analytical attachments, at the
Centre for Geo-Environmental Research and Modelling (GEOMODEL) (for samples NYa-
9 and NYa-11). Glendonite studies using methods including visual description in core,
examination of samples under a stereomicroscope, and stained petrographic sections under
an optical microscope were also carried out at the Aprelevka branch of the All-Russian
Research Geological Oil Institute (VNIGNI), and some of the results of these studies were
previously published [Olenova et al., 2023].

Results
Lithostratigraphy, Biostratigraphy and Glendonite Distribution

During the study of the core of the Novoyakimovskaya-1 well, several options of
subdivision into formations were proposed by different specialists based on the logging
data and the results of the core study. The subdivision used in this work is based on
a comprehensive interpretation of the lithological structure of the intervals according to
the core, as well as the obtained biostratigraphic data.

Upper Bajocian-Lower (? Middle) Bathonian (Malyshevka Formation, Depth
~4955-5020 m)

The Malyshevka Formation comprises the lowermost part of the section and is com-
posed of sandstones with subordinate siltstone beds (Figure 1). The boundary between
the Malyshevka and Tochinskoe Formations is drawn by the disappearance of massive
sandstone layers. Macrofossils in the Malyshevka Formations are rare, and it was possible
to identify a single belemnite from the depth 4988.16 m. Despite poor preservation, it is
tentatively identified as Paramegateuthis sp. (mid-Bajocian to Lower Bathonian in Siberia,
Figure 3.1) due to laterally compressed alveolus combined with wide alveolar angle (26°)
characteristic for the members of this genus. Glendonites are not recorded, although their
presence in the Malyshevka Formation was noted for neighboring areas [Baybarodskikh
etal., 1968].
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Figure 2. Biostratigraphy and glendonite occurrences in the Middle Jurassic Tochinskoe Formation
(for captions see Figure 4).

Upper Bathonian (?)-Upper Callovian (Tochinskoe Formation, Depth 4800-~4955 m)

The Tochinskoe Formation is composed of gray and dark gray siltstone (Figure 2). The
glendonites are abundant as well as ammonites and bivalves (Figure 3.2-9). The ammonite
occurrences allow the recognition of the upper part of the Lower—-Middle Callovian Cado-
ceras milaschevici Zone (depth 4888.97 m) and the Upper Callovian Longaeviceras nikitini
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Figure 3. Bajocian-Hauterivian mollusks from Novoyakimovskaya-1 borehole. Scale bar is 1 cm ex-
cept ammonite specimens marked with letter “b”, which are enlarged by two times (x2). All specimens
were coated with ammonium chloride. 1 — Paramegateuthis sp., incomplete cast of alveolus surrounded
by fragments of the rostrum; specimen 427/NYa-1, Malyshevka Fm, Upper Bajocian—-Lower Batho-
nian, depth 4988.16 m (a - right side view; b — dorsal view; ¢ — cross-section from posterior side; white
dotted line denotes rostrum fragments, crushed anteriorly due to lateral compression); 2, 3 — Cadoceras
sp. indet., Tochinskoe Fm., Upper Bathonian-Lower Callovian, 2 — specimen 423/NYA-1, depth
4913.33m; 3 — specimen 419/NYA-1, depth 4906.8 m; 4 — Pseudocadoceras ex gr. nanseni (Pompeckj,
1899), specimen 416/NYA-1, Tochinskoe Fm., Upper Callovian, Nikitini Zone, depth 4888.97 m;
5 — Percacosticeras sp., specimen 412/NYA-1, Tochinskoe Fm., Upper Callovian, Nikitini Zone, depth
4851.85m; 6 — Longaeviceras cf. nikitini (D. Sokolov, 1912), specimen 423/NYA-1, Tochinskoe Fm.,
Upper Callovian, Nikitini Zone, depth 4848.33 m; 7 — Longaeviceras cf. bodylevskii Meledina, 1977,
specimen 406/NYA-1, Tochinskoe Fm., Upper Callovian, Nikitini Zone, depth 4822.4m; 8 — Platy-
longoceras sp.juv., specimen 405/NYA-1, Tochinskoe Fm., Upper Callovian, Nikitini Zone, depth
4815.2 m; 9 — Platylongoceras hotledahli (Salfeld et Frebold, 1924), specimen 403/NYA-1, Tochinskoe
Fm., Upper Callovian, Nikitini Zone, depth 4800.35 m; 10 — Mclearnia cf. broenlundi (Ravn, 1911),
specimen 323/NYA-1, Sigovoe Fm., Oxfordian, depth 4471.24 m; 11 — Amoeboceras cf. mansoni Pringle,
1936, specimen 324/NYA-1, Sigovoe Fm., Upper Oxfordian, Serratum Zone (?), depth 4469.31 m;
12 — Amoeboceras ovale (Quenstedt, 1845), specimen 326/NYA-1, Sigovoe Fm., Upper Oxfordian,
Serratum Zone (?), depth 4467.95m; 13, 15a — Prohomolsomites cf. petschorensis (Bogoslowsky, 1902),
Sukhaya Dudinka Fm., Valanginian/Hauterivian boundary beds, Bojarkensis Zone; 13 — specimen
26/NYA-1, depth 3155.95m; 15 — specimen 29/NYA-1, depth 3141.15m; 14, 15b,18 — Buchia sublaevis
(Keyserling, 1846), Sukhaya Dudinka Fm., Valanginian-Hauterivian boundary beds, 14 — specimen
27/NYA-1, depth 3148 m; 18 — specimen 44/NYA-1, depth 3115.05m; 16, 21 — Prohomolsomites sp.
Sukhaya Dudinka Fm., Valanginian/Hauterivian boundary beds, Bojarkensis Zone; 16 — specimen
35/NYA-1, depth 3129.81 m; 21 - specimen 187/NVK-1, depth 3088.1 m; 17 — Buchia crassicollis (Key-
serling, 1846), Sukhaya Dudinka Fm., Valanginian/Hauterivian boundary beds, specimen 37/NYA-1,
depth 3126.87 m; 19 — Solemya cf. woodwardiana (Leckenby, 1859), Sukhaya Dudinka Fm., specimen
176/NVK-1, depth 3112.91 m; 20 — Buchia cf. sublaevis (Keyserling, 1846), Thracia cf. lata (Muenster,
1839), Sukhaya Dudinka Fm., specimen 178/NVK-1, depth 3111.59 m; 22 — Meleagrinella ex gr. subo-
valis (Zakharov, 1966), Sukhaya Dudinka Fm., Lower Hauterivian (?), specimen 198/NVK-1, depth
3078.8 m.

Zone (depth 4850-4885m), underlain by the interval with Upper Bathonian (?)-Lower
Callovian cadoceratins. Both zones have wide spatial distribution in the Arctic and adjacent
regions and form part of the Callovian scale included in the latest version of the Boreal
Standard zonation [Kiselev, 2022]. The Milaschevici Zone of the Arctic corresponds to
the uppermost Lower Callovian (Enodatum Subzone) and the lower part of the Middle
Callovian (Kosmoceras jason Zone) of the Subboreal sequence. In the studied section, the
presence of only the Middle Callovian part of the zone is paleontologically justified by
the finding of Pseudocadoceras ex gr. nanseni (Pompeckj). This species is a characteristic
taxon of the Cadoceras arcticoides biohorizon (lower part of the Middle Callovian). This
microconch, together with the corresponding macroconch Cadoceras (Protolongaeviceras)
arcticoides Kiselev et Meledina, is widely distributed in the Panboreal Superrealm (Kos-
moceras jason Zone / upper part of the Cadoceras milaschevici Zone), primarily in the
European Russia, Franz Josef Land, East Greenland, and East Taimyr [Kiselev, 2022].

The Nikitini Zone is characterized by numerous finds of ammonites of the genera
Platylongoceras (Figure 3.8-9), Longaeviceras (including L. cf. nikitini (Sokolov), Figure 3.6
and L. cf. bodylevskii Meledina, Figure 3.7, as well as finds not identified to species level),
and Percacosticeras (Figure 3.5).

Below the Milaschevici Zone, juvenile Cadoceras s. str. were found (Figure 3.2-3; depth
4906.8 m and 4913.33 m). These finds suggest a Late Bathonian—Early Callovian age of the
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deposits. The bivalves are abundant, but represented by taxa of a wide stratigraphic range,
belonging to the genera Nucula, Limea and Quenstedtia.

Upper Oxfordian (Sigovoe Formation, Lower Subformation, Depth 4400-4500 m)

The Sigovoe Formation is represented by interbedded greenish sandstones and silt-
stones (Figure 4). The cored interval is presumably attributed to the Lower Sigovoe Subfor-
mation by analogy with the sections of wells located nearby [Borisov, 2019, Figure 6]. Fossil
finds are rare in the Sigovoe Formation. Ammonites are found in a narrow range in the
middle part of the interval (4467.95-4469.31 m). These ammonites referred to as genus
Amoeboceras, which, despite the small size of the specimens, can be identified to the species
level and allow us to accurately date this part of the section to the Serratum ammonite
Zone. A single specimen (Amoeboceras cf. mansoni Pringle, Figure 3.11) has weakened
sculpture on the internal whorls — a characteristic feature for Amoeboceras associated with
Prionodoceras serratum—P. koldeweyense, that are diagnostic for this ammonite zone [Sykes
and Callomon, 1979]. Additionally, the age is confirmed by findings of A. ovale (Quenst.)
(Figure 3.12), another species characteristic for the Serratum Zone [Mesezhnikov et al., 1989].
Bivalves Mclearnia cf. broenlundi (Ravn) that have a wide stratigraphic distribution were
also observed in the interval (Figure 3.10), along with a single fragment of Buchia. The
lowermost part of the interval contains glendonites.

Volgian—-Ryazanian (Yanov Stan Formation, Depth 3822-4112 m)

The biostratigraphic characteristics and composition of the Yanov Stan Formation
were previously discussed in detail by the authors [Rogov et al., 2024]. The same article
provides information on stratigraphic distribution of glendonites and their photographs.
In addition to the published materials, it should be noted that in the studied section of the
Yanov Stan Formation, it is possible to identify members that were previously identified
in the contemporary Bazhenovo and Tutleim Formations of Western Siberia [Panchenko,
2023; Panchenko et al., 2015, 2022] (Figure 5). In the Lower Volgian—-lowermost part of the
Middle Volgian of the Yanov Stan Formation there are numerous phosphorite concretions
with a lenticular shape, similar to those developed in the Lower Middle Volgian member
1 (phosphate-clay-siliceous, lenticular-layered) and in the Middle Volgian member 2a
(siliceous lenticular-layered) of the Bazhenovo and Tutleim formations (West Siberian
platform). Such a comparison is also confirmed by macrofaunal associations: inoceramids
and Buchia bivalves recorded together with ammonites Dorsoplanites and Pavlovia and
relatively frequent belemnite rostra (in the Bazhenovo Formation they are common present
in member 1 and 2a, becoming extremely rare higher in the section).

The Lower Volgian interval of the Yanov Stan Formation with homogeneous lithology
in the depth range of 4110-4092 m can be compared with member 1 of the Bazhenovo
and Tutleim formations, and the overlying alternation of argillites, siltstones with carbon-
ate interlayers in the depth range of 4092-4041 m is an analogue of member 2a. Above
(4041-4020 m) in the studied section of the Yanov Stan Formation there is a homogeneous
interval of thin-layered argillites with the ubiquitous presence of pyrite, while the remains
of macrofauna are extremely rare. This interval can be correlated with the member 2b
of the Bazhenovo Formation (high-siliceous and horizontally layered), which was formed
during the next sea level rise [Panchenko, 2023]. In the overlying interval of 4020-4006 m,
in similar argillites with lens-shaped fabric and relatively high amount of pyrite, ammonites
Epivirgartites and Laugeites are recorded, while benthic fauna was not found. Such features
correspond to the member 3 of the Bazhenovo Formation (high-carbon, siliceous, and
lens-shaped).

Still higher, at 4006-3980 m, clayey deposits with the most homogeneous lithology
and with the maximum concentration of organic matter are developed, which is reflected
in the comparatively high values of gamma-ray logging. The indicated interval can be
quite confidently correlated with the Bazhenovo Formation member 4a (high-carbon, ho-
mogeneous), where the most condensed layers were deposited during the maximum sea
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Figure 4. Biostratigraphy and glendonite occurrences in the Upper Jurassic Sigovoe Formation.

level rise. It is noteworthy that both in the Bazhenovo and Tutleim Formations, as well
as in this part of the Yanov Stan Formation, ammonites occur quite often, among which
Praechetaites are most typical. Buchia bivalves are also present here. In the Yanov Stan
Formation, the boundaries of this member are highlighted by pyritization and high ra-
dioactivity levels (high-amplitude peaks on gamma-ray logging) (Figure 5), similarly to the
Bazhenovo Formation of Western Siberia, and is interpreted as microhiatuses [Panchenko,

2023].

A lithological shift (increase in silt content and appearance of carbonate layers), as well
as presence of inoceramid bivalves in the interval of 3980-3944 m, in which the fundamental
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logging characteristics are inherited from the underlying unit, allows us to recognize the
member 4b of the Bazhenovo Formation. The presence of ammonites Praetollia in this unit
confirms this correlation.

The level of disappearance of inoceramid bivalves and appearance of relatively large
Buchia shells and ammonites of the Hectoroceras kochi Zone, together with the formation of
rhythmically arranged and carbonate-containing deposits, allows for a reliable comparison
with the base of the 5a member of the Bazhenovo and Tutleim Formations. In the black
shale basin of West Siberia, the most significant faunal change takes place at this level,
which is apparently reflected in the Yenisey-Khatanga regional depression. Based on the
presence of numerous Buchia shells in the core together with ammonites Hectoroceras kochi,
Borealites spp., Surites spp. and uniform lithological composition, the interval 3944-3822 m
is ascribed to the member 5a (Figure 5). In the Bazhenovo and Tutleim Formations, this
member is, as a rule, one of the thickest, which is also true for the studied section of the
Yanov Stan Formation.

Higher levels of the Yanov Stan Formation are not represented in the core. However,
in the very top of the Yanov Stan Formation, there is an increase in gamma-ray logging and
resistivity values from the bottom to up, which allows us to assume that there are analogs
of the member 5b of the Bazhenovo Formation, but without the support from lithological
and biostratigraphic data, this remains speculative.

Thus, the detailed comparison of the Upper Jurassic and Lower Cretaceous sequences
in the Yenisey-Khatanga regional depression and West Siberia shows that in this time
interval in the Yenisey-Khatanga regional depression, glendonites occur at levels correlated
with members 1, 2a, 2b, and 5a, whereas in the Bazhenovo Formation of West Siberia,
glendonites were found only in the Ryazanian member 5a [Vasileva et al., 2025].

Upper Valanginian-Lower Hauterivian (Sukhaya Dudinka Formation, Depth
3160-3060 m)

The Sukhaya Dudinka Formation is composed of gray siltstones (Figure 5); ammonite
finds are much less common than in the Yanov Stan Formation. However, ammonites
of the genus Prohomolsomites (Figure 3.13, 15.1, 16, 21), characteristic for the Proho-
molsomites bojarkensis Zone (Upper Valanginian-Lower Hauterivian) were found (depth
3088.1-3155.95m). Although the first Prohomolsomites specimens appear already in the
upper part of the Upper Valanginian Bidichotomoides Zone, are they not accompanied by
other genera of ammonites only in the Bojarkensis Zone. We suppose that species bojarken-
sis can be as well be assigned to the genus Prohomolsomites. Despite some of its differences
from typical Prohomolsomites (more pointed cross-section, strengthening of the ribs on
the ventral side, the appearance of the ribs on the middle whorls), the North American
species of Homolsomites, to which the type species of the genus H. poecilochotomus Crickmay
belongs [see Imlay, 1956], differ even more strongly from the Siberian Prohomolsomites and
“Homolsomites bojarkensis”. The age of the Bojarkensis Zone is accepted herein considering
the newly published Sr isotope ages [Efremenko et al., 2025], but allowing the possibility
that the base of the zone is located in the Valanginian.

In the Sukhaya Dudinka Formation Buchia sublaevis and B. crassicollis zones were iden-
tified (Figure 3.15.2, 17, 18, 20); the boundary between these two zones is estabshed by the
first appearance of B. crassicollis (Keyserling) (depth 3126.87 m). The uppermost part of the
Sukhaya Dudinka Formation (above 3111.59 m) lacks Buchia findings and is characterized
by an assemblage of various bivalves (genera Oxytoma, Meleagrinella, Nuculoma, Thracia,
Entolium, Solemya, Figure 3.21), which do not allow making conclusions about the age of
the sediments. In the Sukhaya Dudinka Formation, glendonites are rare; they are found
only in the upper part of the interval characterized by the core, above the ammonite and
Buchia findings.
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Figure 5. Upper Jurassic-Lower Cretaceous glendonite occurrences in the Yanov Stan and Sukhaya
Dudinka formations.

Morphology, Size and Facial Distribution of Glendonites

Although glendonites are found in all formations across the large interval from the
Upper Bathonian (Tochinskoe Formation) to the lower Hauterivian (Sukhaya Dudinka
Formation), their frequency and distribution of morphotypes, as well as size of specimens,
vary significantly. The glendonite findings in the Tochinskoe Formation are abundant,
they appear through almost core interval (glendonites are absent in the lowermost 20 m
of the Tochinskoe Formation only). The glendonites are predominantly small (2-5 cm in
diameter) and are represented by rosette morphotype, including pineapple-like specimens
(Figure 6.3, 6, 8-16). Some specimens are flattened (Figure 6.10-11, 14, 16). Stellate
glendonites (Figure 6.2, 5, 7) are also found, but less common, while certain levels contain
bipyramidal (bladed) glendonites, which can reach relatively large size (up ~15 cm in
length, Figure 6.1). Glendonites of the latter morphotype are oriented either vertically or
horizontally (Figure 6.1, 6.4). At the same time, there is no regularity in size or morphology
of glendonites across the section. As in other cases described previously [Rogov et al., 2023],
different glendonite morphotypes may appear within the certain thin intervals. Glendonite
finds are confined to dark gray siltstones.
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In the Sigovoe Formation, glendonites are rarer than in the Tochinskoe Formation and
less variable morphologically. They belong to the stellate morphotype and have an average
size slightly smaller than the core diameter. All the glendonites are oriented parallel to
bedding planes (Figure 7.11-14); they are found within both clayey sandy siltstones and
silty argillites within 3 intervals: in the lowermost part of the formation (~4494.5-4497.7 m
and ~4480-4482 m) and in the its middle part (~4467-4469 m).

Glendonites had never been mentioned from the Yanov Stan Formation before the
present study, and their findings were a surprise. Glendonites from the Yanov Stan Forma-
tion are confined to six narrow stratigraphic intervals: one in the Lower Volgian, two levels
in the Middle Volgian, and three levels in the Ryazanian [Rogov et al., 2024, Figures 2-3].
Glendonites here are medium-sized, with blade-like morphology (Figure 7.3, Figure 3.5,
8-10). Stellate glendonites appear in the Volgian (Figure 7.4, 6, 7.). The glendonites occur
in clayey sandy siltstones with lenses of calcitic argillites, as well as in argillites. They are
horizontal-oriented, parallel to bedding planes, while vertically-oriented glendonites are
rare (Figure 7.10). As in underlying deposits, shape and size of glendonites in the Yanov
Stan Formation is irregular.

In the Sukhaya Dudinka Formation, glendonites are rarer and smaller than in older
deposits (Figures Figure 7.1, 2). Here they are found within two narrow intervals above the
ammonite and Buchia findings, likely of the Early Hauterivian age. These glendonites are
either bladed or stellate (Figure 7.1, 2), and are found within argillitic siltstone.

Petrographic and Cathodoluminescence Characteristic of the Glendonites

Petrographic and cathodoluminescence studies revealed differences in composition of
the glendonites form different intervals of the Novoyakimovskaya-1 well. Glendonites from
the Yanov Stan and the Sigovoe formations are composed of two calcite generations: the
first-generation calcite forms tabular, isometric or rosette-shaped crystals, often zoned in
transmitted light with a colorless central part and a darker edge (Figure 8A-D); the second
calcite generation forms brownish xenomorph crystals filling space between calcite of the
first generation. The cathodoluminescence of these types of calcite also differs: the first gen-
eration of calcite is characterized with zonal cathodoluminescence colors (dark brown center
and bright yellow edges); the second type of calcite has a dark brown cathodoluminescence
colors.

Glendonites from the Tochinskoe Formation are composed of two types of calcite,
authigenic quartz, dolomite, and apatite (Figure 8E, F). The crystals of authigenic quartz are
associated with thin fractures within glendonites or mark the boundary between glendonite
and matrix (Figure 8A, B). The crystals of authigenic quartz have hexagonal section and are
non-luminescent. The crystals of dolomite have saddle-like shape and are with dark red
to brown cathodoluminescence; besides, dolomite and calcite form botryoidal aggregates
(0.3 mm in width) with orange cathodoluminescence. Surprisingly, glendonites contain
micron-sized authigenic apatite crystals with bright purple cathodoluminescence.

Scanning Electron Microscopy and Microprobe Analysis

Scanning electron microscopy and microprobe analysis revealed that calcite types
determined by petrographic and cathodoluminescence analysis, have a slightly different
elemental composition. Calcite of the 1st generation (with tabular, isometric, or rosette-
shaped crystals) is low-magnesium (Mg content is up to 0.1%), while calcite of the 2nd
generation (with xenomorph crystals) contains up to 1.3% Fe, 0.3 Mn and 0.2% Sr, it is
often zonal and can have thin dolomite edge zone (Figure 9). Authigenic quartz crystals are
hexagonal or pyramidal and contain calcite inclusions. Apatite forms slightly elongated
barrel-shaped crystals, often with Fe-rich calcite inclusions within apatite crystals.

Discussion

Based on the lithology and the presence of characteristic mollusk taxa, the lithos-
tratigraphic subdivision of the cored interval of the Novoyakimovskaya-1 well section
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Figure 6. Glendonites from the Tochinskoe Formation (Upper Bathonian—Callovian), scale =1 cm.
1 -depth 4815.3 m; 2 — depth 4824 m; 3 — depth 4842.45m; 4 — depth 4860.05 m; 5 — depth 4832.7 m;
6 —depth 4919.05m; 7 — depth 4848.3 m; 8 —depth 4873.4m; 9 — depth 4918.0-4918.25m; 10 — depth
4920.4m; 11 — depth 4932-4931.1 m; 12 — depth 4898 m; 13 — depth 4911.1 m; 14 — depth 4921.5m;
15 — depth 4929 m; 16 — depth 4933.45 m.
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in the depth range of 3060-5020 m is justified. From bottom to top, the section consists
of Malyshevka, Tochinskoe, Sigovoe, Yanov Stan and Sukhaya Dudinka formations. The
Nizhnyaya Kheta Formation was not characterized with core material. Numerous glen-
donites were found in all formations except the lowermost Malyshevka Formation, with
their number gradually decreasing from bottom to top; most glendonites are found within
argillite and siltstone (Figure 10). Glendonites are most numerous and diverse in the
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Figure 7. Glendonites from the Sigovoe Formation (Oxfordian), Yanov Stan Formation (Volgian—
Ryazanian) and Sukhaya Dudinka Formation (?Lower Hauterivian), scale=1 cm. 1-2 — Sukhaya
Dudinka Fm.; 3-10 - Yanov Stan Fm.; 11-14 - Sigovoe Fm. 1 — depth 3078.5 m; 2 — depth 3080.26 m;
3 — depth 3883.49m; 4 — depth 4031.86 m; 5 — depth 4066.01 m; 6 — depth 4038.84m; 7 — depth
4104.65m; 8 — depth 4065.68 m; 9 — depth 4066.16 m; 10 — depth 4066.94m; 11 — depth 4481.55m;
12 — depth 4496.16 m; 13 — depth 4497.64 m; 14 — depth 4494.51 m.

Tochinskoe Formation. All known morphotypes of glendonites are present here: blade-like,
stellate and rosette-shaped (including the “pineapple” variant). Glendonites of different
types do not occur together, but it is not possible to establish any patterns in the change
of morphotypes across the section. The most common for the Tochinskoe Formation are
rosette glendonites, the rarest are bladed ones. In the Sigovoe Formation, glendonites are
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Figure 8. Petrographic and cathodoluminescence characteristics of the studied glendonites.

A - panoramic photograph of glendonite thin section from the Yanov Stan Fm. (depth 3873.27 m),
plane polarized light, B — panoramic photograph of glendonite thin section from the Sigovoe Fm.,
plane polarized light; C — photograph of NYA-1 sample thin section (Yanov Stan Fm., depth 4019.52 m),
plane polarized light, D — the same under CL; E — photograph of NYA-11 sample (Tochinskoe Fm.,
depth 4932.09 m), plane polarized light, F — the same under CL. The photographs show: HR — host
rock, HC - host concretuion, Gl — glendonite, low-magnesium calcite (Call, shown with green arrows
in photos D and E), high-magnesium calcite (Cal2), authigenic quartz (Qz), authigenic apatite (shown
with white arrows).

found more rarely, being confined to the lower half of the interval characterized by the
core. Here, their morphology is more uniform, and all specimens belong to the stellate
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Figure 9. A, B — photos of the NYA-11 sample (Tochinskoe Fm) thin section under the scanning

electron microscope: Call — low-magnesium calcite, Cal2 — high-magnesium calcite, Pyr — pyrite,
Qz - authigenic quartz, white arrows show crystals of authigenic apatite. C — photo of glendonite
from the Tochinskoe Formation in the scanning electron microscope, Qz — authigenic quartz crystals.

morphotype. In the Yanov Stan Formation, glendonites appear in several narrow intervals,
in all substages from the Lower Volgian to the Upper Ryazanian; and are absent only in
the Upper Volgian interval. Here, comparatively large elongated blade-like glendonites
predominate; stellate pseudomorphs are also present. In the Sukhaya Dudinka Formation,
glendonites are the rarest and smallest in size; they belong to either the blade-like or rosette
morphotypes.

The presence of glendonites in wide stratigraphic intervals shows that low bottom
temperatures were typical for the Yenisei-Khatanga sea during Middle Jurassic to Early
Cretaceous time interval, otherwise the crystallization of ikaite would not have been possi-
ble [for more details, see Rogov et al., 2023]. Previous studies showed that the Arctic region
in the Mesozoic was characterized by a temperate climate [Nordt et al., 2024; Price, 1999;
Rogov et al., 2019]. The depth was relatively small — up to about 50 m, thus, the position
of the sedimentation basin in high northern latitudes and possible penetration of cold
currents were major factors controlling the establishment of low bottom temperatures and
crystallization of ikaite. Glendonites are found in clayey and silty dark-colored deposits;
they were not recorded in sandy deposits in the Novoyakimovskaya-1 well. The lithological
control on glendonite appearance is related to the environment where ikaite is crystallized.
Ikaite is associated with the processes of anaerobic diagenesis — organoclastic sulfate reduc-
tion, as a result of which prokaryotes consume a large amount of organic matter, and under
anaerobic conditions it decomposes with the release of carbon dioxide. Under alkaline
environment of anaerobic diagenesis, carbon dioxide combines with calcium ions leading
to ikaite precipitation [Muramiya et al., 2022; Suess et al., 1982; Whiticar et al., 2022]. In
the Arctic region, glendonites have been described from relatively shallow-water deposits
of similar lithology (dark-colored shales and siltstones) of the Middle Jurassic (Bajocian—
Callovian) — early Cretaceous (Ryazanian—Albian) — of the Yenisei-Khatanga trough [this
study], from the Spitsbergen archipelago [Vickers et al., 2018; Vickers et al., 2025], and Arctic
Canada [Williscroft et al., 2017]. The stratigraphic distribution of glendonites in the Arctic
region coincides with appearance of cold-water fauna and dropstones [Rogov et al., 2019].

After crystallization and stabilization, ikaite dehydrates and is replaced by calcite. The
earliest phase replacing ikaite is low-magnesium calcite, which is preserved in the fossil state
as tabular or rosette-shaped crystals without cathodoluminescence (Call in Figures 8-9); it
is surrounded by darker calcite with an orange cathodoluminescence; this calcite contains
relatively high amounts of Sr, Mg and Fe (Cal2 in Figures 8-9). These two types of calcite
are predominant in almost all glendonites of all the studied formations. Glendonites of the
Tochinskoe Formation are also composed of the same two types of calcite, but in addition,
they contain minerals that are rarely found in glendonites — authigenic quartz and apatite.
Silicified glendonites that underwent post-sedimentary alterations, have been described
from the Oligocene of Sakhalin Island [Vasileva et al., 2021] and Ediacaran of southern China
[Wang et al., 2020]. In the studied glendonites of the Tochinskoe Formation, hexagonal
crystals of authigenic quartz are confined either to small cracks or to contact with the matrix,
so it can be assumed that the source of silica is the host rock. Crystallization of authigenic
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Figure 10. Summary of stratigraphic results and total range of glendonites in the Novoyakimovskaya-

1 borehole.
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quartz begins at temperatures of approximately 60 °C [Allen and Allen, 2005], i.e., it could
have occurred when deposits reached depth of 2-3 km or during interactions with local
heated fluids. The temperatures at which authigenic apatite crystallizes in sedimentary
rocks are not entirely clear: in magmatic rocks apatite crystallization temperatures is
estimated as 650-1430 °C [Satori and Schmidt, 2023], however, in the study region such
high temperatures were not realized. The source of the phosphate is also unclear, but it is
likely to have been mobilized from both the host rock and the glendonite. Phosphorus is
noted in low-magnesium ikaite-derived calcite [Vasileva et al., 2021], so it is possible that
the processes of high-temperature replacement of glendonite (when quartz crystallized)
resulted in some redistribution of the minerals within the glendonite, and phosphate
crystallized into a separate phase — apatite.

Conclusion

The conducted studies of glendonites of the Novoyakimovskaya-1 well draw the
following conclusions:

1. Stratigraphic studies show that the studied formations belong to the Bathonian-
Callovian (Malyshevka and Tochinskoe formations), Oxfordian (Sigovoe Formation),
Volgian and Ryazanian stages (Yanov Stan Formation), as well as the Valanginian—
Hauterivian stages (Sukhaya Dudinka Formation) (Figure 10).

2. For the first time, a detailed correlation of units of the Bazhenovo and Tutleim forma-
tions (West Siberia) and the Yanov Stan Formation of the Yenisei-Khatanga regional
depression is provided.

3.  Glendonites are confined to the strata of the Bathonian (?)-Callovian, Oxfordian,
Volgian, Ryazanian and Hauterivian age. The most abundant glendonite findings
occurred in Tochinskoe and Sigovoe formations; their number gradually decreases up
the section. The stratigraphic distribution of glendonites is consistent with the stages
of cooling in the Arctic region. Thus, glendonites in the studied deposits act as an
indicator of cold paleoclimatic conditions.

4.  Morphologically, glendonites are represented by blade-like, rosette-shaped, and stel-
late forms; there is no pattern in the vertical distribution of these morphotypes by
type or size.

5.  Glendonites from all stratigraphic levels are composed of two types of calcite: low-
magnesium (ikaite-derived calcite) and calcite with high amount of Mn, Sr, Fe (formed
during cementation). This feature can be used for microscopic identification of glen-
donites. Apatite and quartz are present as accessory minerals, which were formed
under some high-temperature influence.
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O60011IeHBI PE3YIbTaThI (hAMaILHOIO aHAJIN3a PA3pe30B IOPBI-HUKHEro Meja 3amaauaoit Cubupu,
BepxHero majeo3ost Taiimbipckoro, Tyrrycckoro u Ilewopckoro 6acceitnos, Benma bBasrruiickoit cune-
KJIN3bI. Pa3pa60TaHa KOHIICIITya/IbHadA CEAUMEHTOJIOTUYIECKad MO/EJ/Ib, OIMUChIBAIOIad MUTPAIUIO
O6CTaHOBOK OCaIKOHAKOIIJICHU A IIPpU HO,IL’I)éMe U IMaJieHun ypPOBHSA MOPsA B SIIMKOHTUHEHTAJIBHBIX
HaH€O6aCCeﬁHaX TYMUJHBIX YMEPEHHBIX KJINMATUICCKUX I10ACOB. OH& IIO3BOJINJIa YCTAHOBUTDH O6H.II/I€
3aKOHOMEPHOCTH CTPOEHUsI TPAHCIPECCUBHO-PErPECCUBHBIX MOCJIEI0BATEILHOCTEN ctoeB. [losyuen-
Hble PE3YJIbTAThl MPEACTABIAIT COO0 3(p(HEKTUBHBIN UHCTPYMEHT IJIsl HAJIe0oreorpadpuaecKux
PEKOHCTPYKIINI U CEKBEHTHOI'O aHAJIM3a TEPPUIEeHHBIX CEPOIBETHBIX (popMaIiii BHE 3aBUCHMOCTHU

OT UX BO3pacTa, reOTeKTOHUYECKOUN ITO3UIUU U IIPOCTPaAHCTBEHHOI'O PACIIOJIO?KEHUA.

KunroueBble ciioBa: >SNMKOHTUHEHTAJIbHBIE MOPsi, I'YMUJIHBIA KJIAMAT. UKJINIYHOCTHb CeJIMEHTa-
) }
U, TpaHCI'PECCUBHO-PErpeCCuBHbIE KOJIeDaHMsI YPOBHsA MODPH, 00CTaHOBKH OCa/JIKOHaKOILJIeHUd,

CEeIMMEHTOJIOTUYEeCKad MO/IEJIb.

Muruposanwme: [Mlummos C. B. O6mue 3aKOHOMEPHOCTH IUKJION€HE3a B SIMTMKOHTUHEHTAIbHBIX
Gacceiinax ¢ Teppurennoii ceqnmentanmeit // Russian Journal of Earth Sciences. — 2025. — T. 25. —
ES4012. — DOI: 10.2205/2025es001041 — EDN: XKFDMF

BBenenune

C npoTepo30si 10 KAHO30i B yCJIOBUSIX TYMUJHOTO YMEPEHHOTO KJIMMATA HA, IIE/Thb-
dax IMUKOHTHHEHTAJBHBIX MOPEH U MPUMBIKAIONINX K HUM pPABHUHAX (DOPMUPOBAIUCH
TepPUTeHHbIE CepOoIBeTHBIE (POPMAIH, KOTOPHIE OTJINYAIOTCS TOJUMAINAILHBIM COCTABOM
U CYIIECTBEHHON JlaTepaJibHOU N3MEHYUBOCTHIO.

st HUX XapaKTepHbl MHOIOKPATHO MOBTOPSIONIUECS MTOCIE0BATEILHOCTH CJIOEB, Ha-
KOIIJIEHUE KOTOPBIX MPOUCXOMIIO B PEXKUME MUTPAIMOHHOTO TPAHCIPECCUBHO-PErPECCUBHOIO
nkJoreresa [Pomanosckud, 1985].

K macrosmemy BpeMenn OmmyOJIMKOBAHO 3HAUATENBHOE KOJMIECTBO PAOOT, OCBAIIEHHBIX
METOJAM M3y4eHUsl [UKJIUIHOCTU U OCOOEHHOCTSIM cTpoenus ytux (opmarmit [Bomeunkuna
u Aanexcees, 1991; Byw, 1977; Jagd u dp., 1971; Heanos, 1967; Maxedonos, 1985]. Takue
UCCJIEZIOBAHMSI, BBITIOJIHSIIONINECS B PAMKaxX (DyHJIAMEHTAIBHON HAYIHON MPOOJIEMBI CO3/IaHMUST
TEOPUU TUKJIUIHOCTH CEIUMEHTAINN, UMEIOT U CYIECTBEHHOE MPAKTUIECKOe 3HAYEHUE,
MIOCKOJIbKY C PACCMATPUBAEMbBIME KOMILJIEKCAMHU CBSI3aHbI TUMAHTCKUE 3aIachl YIIIeBOJI0POIOB
u yryeit. B aToit cuTyanun KavecTBo CTpaTUrpadpuIecKuX MOCTPOSHUH U MUHEPATEHUYECKUX
MMPOTHO30B B 3HAYUTEJBHON Mepe OmpeesisieTcsl TOHUMAHueM 3aKOHOMEPHOCTEH CTpOeHwUsT
CJIOEBBIX CHUCTEM, ODPa3yIOIIUXCsl B PE3yJIbTare TPAHCTPECCUBHO-PEIPECCUBHBIX ITUKJIOB
OCaJIKOHAKOIIJICHMA.
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OBLLU/IE 3AKOHOMEPHOCTHU HUKJIOTEHE3A B SIITMKOHTUHEHTAJIBHBIX BACCEWHAX C TEPPUT'EHHOM CEAI/IMEHTAL[I/IE?I ITumnos

B nacrosimeit crarbe npescTaBieHa KOHIENTYAJIbHAS MOEIb ITUKJIOT€He3a B SIUKOH-
THHEHTAJbHBIX OAaCCEeiHAX C TEPPUTEHHON CeIMMEHTAINN, KOTOPas pa3paboTaHa Ha OCHOBE
aHanu3a obmmpHoro dakrudeckoro marepuasa. OHa orpakaer obIHe 3aKOHOMEPHOCTH
CTPOEHUs CJIOEBBIX CHUCTeM, (DOPMUPOBABIINXCS 32 CYET MHUI'DAIMH 0OCTAHOBOK OCAJIKOHA-
KOILIEHUS B TE€YEHUE OJIHOTO ITUKJIA MMOIbeMa U HaJleHns ypoBHs Mops. Vcmosb3oBanue Toi
MO/IEJIN TIO3BOJISIET IIPOTHO3UPOBATH JlaTepaJibHble N3MEHEHUs I10CJIeJ0BATEILHOCTEN CI0€B,
IIPEJICTABJICHHBIX B OOHAXKEHUH WU KepHE CKBAXKUHBI.

TeopeaneCKHe IIOJIO2KE€HNd, KJII0Y€BbI€ IIOHATAA 1 TEPMUHbDI

Ocayounble hopmaruu, 06pa3yoImecss B SMUKOHTHHEHTAJIBHBIX MOPSIX, COCTOSAT U3
napazenepayud [Ipaeynos, 1973] — upocreiimux cucrem cjioes, GOPMUPOBAHIE KOTOPBIX
MIPOUCXOIUIIO OJrarojiapst TPaHCIPECCUBHO-PEIPECCUBHBIM ITUKJIAM MUTDAIMH 0OCTAHOBOK
ocasikoHakoruteHus [loaoskunckud, 1868; Pomanoscrud, 1985; @poaos, 1995; Rutot, 1883].
Ha ceiicmonpoduiisx onn umeror B JUH3 (KIXHOGOPM) U UMEHYIOTCS «CeHCMOIIaKeTaMu»
[Iresuneep, 1998]. B cexBenc-crpaTurpadgun nx Ha3blBAIOT «Iapaceksencol» | Van Wagoner
et al., 1990].

OTHU TpexMepHBIE Te0JIOTHIECKUE TeJIa MOIIHOCTHIO 0 50 M U MPOTSIKEHHOCTHIO HoJtee
100 KM He JOCTYIIHBI [JIsT MPSIMOTO HAOJIIOIEHNUS TTeTuKOM. HemocpecTBeHHO ymaeTcss BUIETh
TOJIBKO UX CJIyYailHble BepTUKAJbHBIE CEUEHNs, [IPEICTaB/IEHHbIE B OOHAXKEHUSX UJIH KEepHe
cKBaxKuH. Takue oHOMEPHBIE TPAHCTPECCUBHO-PETPECCUBHBIE TIOCJIEIOBATEIBHOCTA CI0EB MbI
GyzeM uMeHOBaThb yuksomemamu [Ilsanos, 1992; Weller, 1930]. CunonumMamu 9T0ro TepMUHA
SIBJISIFOTCST «OCHOBHOM puTM» [H6anos, 1967], «asemenTapHbiil ukiuT»> [Maxedonos, 1985;
Tpogumyx u Kapozodun, 1977], «371eMeHTapHBIH CeIMMEHTAIMOHHBIN UK [Pomanoscru,
1985], «smronukiay [Bomeunkuna u Aaexcees, 1991].

ITepBy10 CTPYKTYpHO-TEHETHIECKYIO MOJIE/Ib aparerepanun paspadboran H. A. Tosos-
kuHckuil [losoekuncrud, 1868]. OH, aHAIM3UDYsT PE3YJILTATH U3YIEeHUs] PA3PE30B IIEPMU
Kamcko-Bomkckoro bacceitta, mokasaJs, 9TO CJIOW MECIYAHUKOB U Mepreseil 00JeKaoT n3-
BECTHSIKHU, 00pasysl «IeoJIOrMYecKyio dedeBuity» (puc. 1).

(a)
R
’_ N 3
R, T,
T
T, /
(0)
A B C D
(B) R, %; R, R,
R, R R, T,
TZ
T, T, T,
T, .

T e W (R s
Puc. 1. Teonormueckast gedeBuna [OMOBKMHCKOTO (maparenepanms). a — CJIO€Basg CTPYKTYpPa;
6 — paruu A-D; B — mukiorembl. 1-3 — cion: 1 — mecyaHUKOB, 2 — Meprejyeif, 3 — U3BECTHsI-
KOB, 4 — mHAEKCHI cjoeB: 11 — TpaHCIPeCCUBHBIN NeCYaHUK, 19 — TPAHCI'PECCUBHBIN MepTrelb,
T3 — TpancrpeccuBHBIN n3BeCTHsK, R| — perpeccuBHbIil U3BeCTHAK, Ro — perpeccuBHEIN Mepresib,
R3 — perpeccuBHbIii ecuanuK; 5 — TpaHcrpeccuBHas moBepxHocThb (TS); 6 — moBepxXHOCTD MaKCu-

masbHOro 3aromterust (MFES).

Huxueit u BepxHeil rpaHUIIAME 9TOTO TEOJIOTHIECKOTO TeJjla SBJISIIOTCST TPAHCTPECCUB-
uble opepxHocTH (TS), mpu nepecedeHnr KOTOPHIX BDUKCUPYIOTCST TIPU3HAKN yBETMIEHHsT
rIyouHbI Oacceitia. TpaHCIPECCUBHYIO M PErPECCUBHYIO TTOC/IEI0BATEILHOCTH CJIOEB pa3ie-
JIFIET TI0BEPXHOCTH MakcuMaibHOro 3aromierns (MFS), naz KOTOPOit OSBIISIOTCS IPU3HAKY
obmestenust (cM. puc. 1, a).
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B paceMarpuBaeMoit aBTOPOM MPOKCUMAJIBLHOM 1acTh napareHepanuu (CTpOeHue Jiu-
CTAJIbHOI TacTh He 06CY’KIAeTCsl) TPEICTABIECHBI BEPTUKAJIbHBIE cedeHnst 4 THHOB, (CM.
puc. 1, B), 9T0 NO3BOJIAET PA3IE/UTh ee HA 4 faryuu — OTHOCUTEIHHO OJHOPOIHBIE YACTU
€JIMHOTO OJIHOBO3PACTHOTrO MHTepBasa [[Jetcaep, 1992], oTamdatonumecst OT CMEXKHBIX OCOOBIM
TUOOM IHKJI0TeM (CM. puc. 1, 6).

XapaKTepuCTUKON KazKI0i (haluy MOXKET CIIy’KUTh UJeaAbHAA UYUKAOTMEMA, OTPAZKAIO-
masl MOJIHBII HAOOpP CJI0EB, IPEICTAaBJICHHLIX B OTHOCUTEILHO OZHOPOMHOM YacTh Iapare-
Heparun (cM. puc. 1). Jlisa cocTaBiennst uaeansbHON TUKIOTEMBI HEOOXOMMO YCTAHOBUTE
3aKOHOMEPHOCTH JIaTepabHbIX BapHaluil Ioc/ieloBaTe/]LbHOCTell CI0eB B PACCMaTPUBACMbIX
YACTHBIX paspe3ax. Ty 3aJady OMOraeT PelluTh paspaboTKa KOHIENTYaJIbLHON MOJIEIN ce-
JIMMEHTAIIUN B najeobacceiiie, IOCKOJILKY UMEHHO MUIPallisl 00CTAHOBOK OCAIKOHAKOILICHHS
110 JIMHUAM, IIepIeHINKY/ISPHBIM IIPOCTUPAHUIO Gepera BO BpeMs TpaHCrpeccuil U perpec-
CHil, SIBJIsIeTCs OCHOBHOI MPUYMHON (POPMUPOBAHUS CJIOEBOI CTPYKTYPhI HapareHepanuii
[[Tonoeruncrut, 1868; Pomarnoscrut, 1985].

MaTepI/IaJIIJI N METOobl

IIpencraBisiemast paboTa OCHOBaHA Ha MAaTEPHAJIAX, COOPAHHBIX aBTOPOM IIPU OMUCAHUN
OOHAXKEHUN W KepHA CKBAaXXUH CYMMapHONW MOMHOCTHIO OKoyio 40000 M. DTO paspess
10pbl — HKHero Mest 3anajsoit Cubupn [Tuw.aos, 2024], Bepxuero naseoszosi Taiimbipckoro,
Tynrycckoro u Iewopekoro 6acceitnos [[Huwnos, 2010], Berna BanTuiickoit CHHEKIN3BL.
x axa/iu3 BBIOJHEH HA OCHOBE MHTErPAIMU CTPYKTYpHO-BemecTBeHHoro [I[saros, 1992]
u reHernyeckoro [ @Pponos, 1984] noaxonos; npuHImnos danuansHoro anammusa [ Walter, 1893]
u cekBeHTHO! crparurpadun [[Tosamenmoep u Aanen, 2014].

ITpouecc uccieoBanusi, KOTOPBI OAPOOHO 06cy ke B Mororpaduu [[uwaos, 2010],
MOXKHO Pa3JIeJINTh HA CeMb 9TanoB (puc. 2).

1.  TlocsoiiHoe onmcanue pa3pe3oB, IpU KOTOPOM MPUCTAIHLHOE BHUMAHUE YEISIOCh MEXK-
CJIOEBBIM I'DaHUIIaM W IIEPBUYHBIM IIpU3HaKaM IIOPOJ, 3aKJ/JIIOYEHHBIX MEK/1y HUMHA
(BelecTBEHHBIN COCTaB, CTPYKTYPa, TEKCTYPa, OKPACKA, HEOPIraHUIeCKUe BKJIIOUEHUS,
OPUKTOIEHO3bI, UXHOMOCCUINU, HOBOOOpa30Banus). g yTOYHEHNs ITUX XapaKTepu-
CTHK UCIOJIb30BaHbI PE3YJIbTATHI MUKPOCKOIIUIECKOIO U3y YeHusl MLIA(OB.

2.  Tunmszanusi cJI0eB MO COYETAHUSIM TEPBUYHBIX TPU3HAKOB IIOPOJ], U OCOOEHHOCTSIM UX
uamenenuii [HIuwaos, 2010, 2024]. PekoHcTpyKius yCJIOBUi HAKOILJIEHHS YCTAHOBJICH-
HBIX TUOOB (auHaMuKa cpejpl, Eh, pH, coseHocTb) n ocobeHHOCTEH UX M3MEHEeHNit
B IIporiecce cJoeobpa3oBaHust onupaercst Ha mybmukanuu [Byw, 1977; deavmo. . .,
1979; Benrosun, 1957, 1962; Maxedonos, 1985; Ob6cmanosku 0cadkoHakonieHus. . .,
1990; Iasauduc u Huxugopos, 2007; Petinex u Cunex, 1981; Ceanu, 1989; Xaanem,
1983]. IIpu 3TOM MCIIOIB30BAHBI SHEPTETUIECKIE 30HBI SIMUKOHTHHEHTAJIBHOTO Bacceii-
Ha [[rwin, 1965]: Z — HU3KOAMHAMUYIHOE MEJIKOBO/bE, Y — JIUHAMUYHOE MEJIKOBOJILE,
X — HU3KOJMHAMHUYHOE [IyOOKOBOIbe; U 30HBI pammna [Burchette and Wright, 1992]:
BHYTPEHHsIsI, PACIIOJIOXKEHHAas BbIIle 0a3rca HOPMAJIBHBIX BOJIH, CPEJIHSAST — MEXKJLY
6azrcaMy HOPMAJILHBIX U IITOPMOBBIX BOJIH, BHEIHsISI — HUXKe 0a31ca IMTOPMOBBIX
BOJIH.

3. Cocrabiienne Jjisi KaxKJI0r0 MCCJIEOBAHHOIO Pa3pe3a JIMTOJOTMIEeCKON KOJIOHKH C Tpa-
HYJIOMETPHYIECKON KPUBOIi, KOTOpasi yaobHa Ui aHAIN3a BEPTUKAJIHHBIX TOCIEI0Ba-
TEJILHOCTEN CJI0EB, PACCMATPUBAEMBIX KaK PE3YJIbTAT MUTPAIUN SHEPreTHIECKUX 30H
najieobacceiita.

4.  PekoncTpykiust 06CTAHOBOK OCA/IKOHAKOILIEHHs] Ha TPAHCTPECCUBHBIX U PErPECCHBHBIX
dazax ceguMmeHTanN, KOTOpasi 0a3upyeTcst Ha TeHEeTHIECKONW MHTEPIPETAINH THIIOB
CJIOEB U aHAJIM3€ UX BEPTUKAIHHBIX B3aMMOOTHOIIEHUI HA OCHOBE (DAIUABHOTO 3aKOHA,
Bausibrepa, riacsimero, 4ro 06cTaHOBKY (POPMUPOBaHUs COIVIACHO 3aJIETafONUX JIPYT
Ha JIpyre [OpoJ rpaHudmIn Ha womaau | Walter, 1893].

5.  Pesyabrarhl MpemblIyInero 3Tama HUCIOIb30BAHBI JJIsi AHAJN3a CMEHBI 0OCTAHOBOK
0CaIKOHAKOILJIEHNS BO BPEMEHU, KOTOPbhIe TO3BOJIMJIN JJIsi KAXKI0OT'0 YaCTHOIO pa3pesa
[IOCTPOUTH KPUBYIO KOJIEOAHWST YPOBHSI MOPSI M YCTAHOBHUTD IOJIOKEHHUE KJTIOYEBBIX
moBepxuocteit TS u MFS. Takum obpazom, ompeeieHbl IPAHUIIBI ITTKIOTEM.
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K&)K,Z[Oﬁ oTpazKaeT OJHa mAcaJibHad NUKJIOTEeMa — BEePTHUKaJIbHagd IIOC/Ie10BaTEeJIbHOCTD
BCeX THUIIOB CJIOEB, IIPEACTABJICHHBIX B 9TOM MHOXKECTBE.
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7. B TecHOi B3anMoCBsA3U € 9TAnoM § BBIIOJHEHO BUPTYaIbHOE MOJEIUPOBAHNE PE3YIIbTA-
TOB TPAHCTPECCUBHO-PEIPECCUBHON MUTPAIH OOCTAHOBOK ocaKoHaKomIeHns. OHO
HO3BOJIMJIO OIHUCATH MOJMMUKAIMU CJI0EBOI CTPYKTYDHI €J[MHOM MapareHepaIyy 1 pas-
JIeJIUTH €€ Ha OTHOCHTEJILHO OJHODPOAHBIE YacTH — (AIUH, OXapaKTepU30BaB KaykILyIo
uIea bHON nuKIIoTeMOi (eM. puc. 2).

HanpHeitmas pabora BKIIOYAIA CJEAYIONHE Ipoeaypsl (puc. 3).

1.  JeranpHas KOppeadnust paspe3oB IO KPUBLIM KOJIEO0AHUS yPOBHS MOPS U M30XPOHHDBIM
nosepxaocTaM TS u MFS. Takoit mojaxo/i IpUHIUINAILHO OTJIMYIAETCS OT BBIOJI-
HsIeMBIX 10 COCTaBY TOPOJ M Pe3yJbTaTaM reopU3NIECKUX UCCIIEI0BAHUIN CKBAXKUH
COIIOCTABJIEHUIT, KOTOPbIE 6A3UPYIOTCS HA MPOCIEKUBAHAN JIATOJOTUIECKUX IPAHUT] —
JIMAXPOHHBIX COrIacHo npasuiy LosoBkunckoro [[oaoskuncrud, 1868].

2. TlocTpoenue aUTOJIOrO-reHeTHYECKNX MpoduIIeii M0 HECKOJLKUM B3aUMHO IIepeceKa-
FONTUMCST JIMHUSIM, 9TO, IO CYIIECTBY, OOECIIEUNBAET CO3/JaHIe TPEXMEPHOH MOzem
HCCJIEyeMOr0 CTpaTUTrpahpuIecKOro MHTEPBAIa, KOTOpas OTPasKaeT MPOCTPAHCTBEHHO-
BpEMEHHBIC U3MEHeHHsI 00pa3yIoNIX ero naparcHepariyii.

3. Cocrapiienne cepun majgeoreorpaduaeckKux CxeM JJisd y3KUX UHTEPBAJIOB T€OJIOTUIECKO-
ro BpeMeHU, COOTBETCTBYIONUX TpancrpeccuBabiM (Tmax) u perpeccusabiv (Rmax)
MAKCHAMYMaM.

O06cy2k1eHne POIeCcca PEIleHrs] IIePEeYnCIeHHBIX BhIIIE 3a/1a4, BBIXOJUT 33 TeMaTude-
CKHe paMKHU HACTOAIIEH ITyOIMKAINH, 1 OHU YIOMSAHYTHI 3/€Ch 10 JIBYM IIPUYUHAM.

Bo-mrepBrIix, 910 0becnednBaeT BepudUKAINIO PE3YABTATOB MPEIIECTBYIOMNX ITAIIOB
uccyenoBanus (cM. puc. 2). Jacro 0Ka3bBaI0Ch HEOOXOJAUMBIM BHECTU KOPPEKTUBLI B THUIIU-
3aIMI0 CJIOEB, PEKOHCTPYKITHIO 0OCTAHOBOK OCAIKOHAKOILJIEHHS, CXEMBI CTPOEHUS HJI€AJIBHBIX
[UKJIOTEM U TapareHepanuii. Takue urepanuu BIIOIHAINCH 10 TEX TIOP, TOKA HE YIaBAJIOCDH
TOCTPOUTH XOPOIIIO COMIACYIOIIYIOCH ¢ (DAKTHIECKIM MaTepHaJjoM BHYTPEHHE HE ITPOTHBODE-
YUBYIO CUCTEMY IIPEJICTABICHUT 00 OCOOEHHOCTSX IBOJIIONUH ITPOIECCOB OCATKOHAKOTIICHUS
B rajieobacceiine u (OPMHUPOBABIIUXCS [IPU ITOM CJIOEBBIX TOCJIEIOBATETHHOCTSX.

Bo-Brophix, mMeHHO KOppeisnus pa3pe30B, JUTOJOTO-TeHETHIeCKe TPOMUIN U -
Jieoreorpaduyuecke cXeMbl (CM. PUC. 3) MMEIOT CYIIeCTBEHHOE IIPAKTUIECKOe 3HAUYEHME,
IIOCKOJIBKY SABJIAIOTCA OCHOBOII IIPOIHO3a CTPOEHHsS I'€0JIOIMYECKOI'0 IIPOCTPaHCTBa IIPU
cTpaTurpadUIecKnX U MIHEPAreHNIeCKAX MCCIEIOBAHUIX.

Pesynbrarst

OCHOBHBIM 3JIEMEHTOM pa3pabOTAHHON KOHIENTYaJbHON CeINMEHTOIOTTIEeCKON MOIe-
JIV SIBJISTFOTCSI CXEMBI I1aJIe0re0rpapUIecKoil CUTYyallMl B SMMKOHTHHEHTAJILHOM Oacceiine
C TEPPUIE€HHON ce/MMeHTaNuell BO BpeMsl TpaHcrpeccun u perpeccun (puc. 4). OHu, Kax 110-
Ka3bIBAET IPAKTUKA, IO3BOJISIOT 00bSICHUTH OCOOEHHOCTH CJIOEBOI CTPYKTYPHI abCOIOTHOTO
OOJIBIIMHCTBA [UKJIOTEM, YCTAHOBJIEHHBIX B pa3pe3ax.

Ha puc. 4 nuausmu A-T' mokasaHbl OCHOBHBIE BapPUAHTHI JIATEPAJIbHBIX PsIOB 00-
CTAHOBOK OCAJIKOHAKOILJICHUsI TEPPUIEHHOIO PAMIA ¢ M30JUPOBAHHBIMU (CM. puc. 4, A)
U OTKpBITBIME (M. puc. 4, B) nmobepe:kbsamu, ¢ 3cTyapuem u JeJbTol OTKPLITOro (cMm. puc. 4,
B) u uzonuposannoro (cm. puc. 4, I') noGepexuii B ycrbsx pek. B Teyenune onHoro nuxia
IOIbeMa U IaJI€HUsT YPOBHs MOPS KaK/IbIIl U3 3TUX PsA/ioB (POPMUPOBAJ 0c0DOe cedeHue
€JINHON IapareHepaluu.

Ceuenme A obpasyercss B pe3y/ibTare MUTDAIUd OOCTAHOBOK HAaKOILIEHUS: IJIyOOKO-
BOJHBIX WJIOB; NUCTAJIBHBIX TEMIIECTUTOB; JIOCKYTHBIX [TECKOB; IIECKOB IIO/IBO/IHBIX BAJIOB,
pa3Ie/IeHHBIX MEXKBAJIOBBIME JIEIIPECCUSIMU; TIECKOB 0APOB; UepeIOBaHUil AJIEBPUTOB U IEC-
KOB TIOJ[BU?KHOT'O MEJIKOBO/IbsI JIAUYH; TJIMH U AJIEBPUTOB MAJIOIOBUXKHOI'O MEJIKOBOJIbSI
JaryH, TopdsHUKOB IpubpekHbIX 6osior (puc. 5, a). BosHuKaOIIy0 IpH 9TOM cUCTeMY
csioeB MOKHO pazgesutb Ha Tpu dbanuu: I, 1T, IIT (em. puc. 5, 6). Kaxayio u3 nux yjaercs
WIeHTUMUIPOBATh B pa3pe3ax Mo IUKJI0TEMaM TPEeX THUIIOB, OCODEHHOCTH KOTOPBIX OTpa-
JKaIOT UJIeaIbHbIE IUKJIOTEMBI (CM. puc. b, B, T, 11): | — HI3KOIMHAMUIHOTO TIyGOKOBOJIbST;
IT - murammanoro meskoBompst; 111 — marynsr.
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Puc. 3. O6paboTKa pe3y/IbTaToB MCCIIeA0BAHNS YaCTHBIX pa3pe3os (cM. puc. 2.). IlosicHenus B TeKcTe.
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Puc. 4. O6cTaHOBKN 0CAIKOHAKOIIEHHsI TPAHCIPECCUBHBIX (&) u perpeccuBHbIX (6) das3 B smm-
KOHTHUHEHTAJILHOM OacceiiHe ¢ TeppureHHON cemmMenTarmeit. 1-19 — o6CTAHOBKU HAKOIIEHUS:
1 — riIy6OKOBOAHBIX UJIOB (IJIMH M AJEBPUTOB), 2 — AUCTAJIBHBIX TEMIIECTUTOB (TPaJalliOHHBIX
JepesioBaHMIl AlleBDUTOB U [ECKOB), 3 — JIOCKYTHBIX IIECKOB (JIMH30BHJHO-IIOJIOCYATBIX YepeOoBaHmMil
AJIEBDUTOB M IIECKOB), 4 — IIECKOB HOJBO/HBIX BAJIOB, PA3/eJIEHHBIX 3aU/IMBAIOIIAMICS MEXKBAJIO-
BBIMH JEIPECCUSIMU, 5 — eCKOB 6APOB U IISIKEH, 6 — IECKOB 9CTyapueB OTKPBITHIX MMOOEPEKUiA,
7 — "epe/I0OBaHUl AJIEBPUTOB U [IECKOB IIPOJIEJIBT OTKPBITBHIX II0OepexKnil, 8 — mecKOB (DPOHTA M PaB-
HHUHBI JIeJIbT OTKPBITHIX [100epexnii, 9 — rajJevyHnKoB, FPABUITHUKOB, IIECKOB IIPOMOUH U IIPOTOK
JeJIbT OTKPBITHIX Tobepexuit, 10 — yepeqoBaHmil aJ€BPUTOB M MECKOB MOIBUYKHOTO MEJTKOBOIbS
JaryH, 11 — rIMH u ajJeBPUTOB MAJIOIOABUZKHOTO MEJIKOBOJbS JIAryH, 12 — YepeIoBaHUil aJeBPUTOB
¥ TIECKOB 3CTYapuWeB M30JIMPOBAHHBIX MObepexuil, 13 — uepemoBanmii aJIeBPUTOB U MTECKOB TPOJEIHT
W30JIMPOBAHHBIX 10Gepexuii, 14 — meckoB (ppoHTa ¥ PABHUHBI JeJIbT M30IMPOBAHHBIX OOEPEKUil,
15 — mecKOB MPOMOWH U MPOTOK JAEJIbT M30JIUPOBAHHBIX 10Oepexnii, 16 — TOpMhsIHNKOB HU30BBIX
6os10T, 17 — YepenoBaHUl aJIEBPUTOB, MTECKOB U I'PABUIHUKOB PEYHBIX MOiM, 18 — rajevHukos,
TPaBUITHUKOB U IIECKOB pedHbIX pycer; 19, 20 — reomopdosorndeckne 3meMeHThI cymu: 19 — pednbre
JOJIMHBL U TIpuOpezkHble HU3MeHHOCTH, 20 — Bomopa3saensr; 21-24 — ropabie mopossr: 21 — yrim,
22 — apruJJINTHI U aJIEBPOJIUTHI, 23 — U€pPe/IOBAHUS AJIEBPOJINTOB U IIECYAHUKOB, 24 — IIeCHaHUKH,
IPaBeJIUTHI M KOHIVIOMEPATHI; 25 — MOJCTHUIAIONINE TOPObLl; 26 — OCHOBHBIE BAPUAHTHI JATEPAJIHLHBIX

Ppsi/IoB 0OCTAHOBOK ocajikoHakomenus:: A, B, B, T
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OBLLU/IE 3AKOHOMEPHOCTHU HUKJIOTEHE3A B SIITMKOHTUHEHTAJIBHBIX BACCEWHAX C TEPPUT'EHHOM CE,[LI/IMEHTALU/IE?I ITumnos

Qanus 1 bopMuposanack HuxKe 6asmuca MTOPMOBBIX BOJH (CM. pHC. 5, &) 3a cUer

MIPENMYIIECTBEHHOIO OCAXK/IEHUS aJIeBPOIIEINTOBBIX JACTHII, IEPEMEIIAEMbIX BO B3BECIX U3
MpUOpPEX)RHBIX 00J1acTell MPUIIOBEPXHOCTHBIMY U ITPUIOHHBIMU T€UEHUSIMHU WJIM MYThEBBIMU
MOTOKaMM HU3KOH 1mtotHocTH [O6emanosku ocadkonakonierus. . ., 1990; Petinex u Cunex,
1981]. Ona J0KaMM3yIOTC B AUCTAJIBHOl YacTu naparenepanuu (cM. puc. 5, 6) u ee BepTH-
KaJbHble cedeHus! (UKI0TEMbl HU3KOAMHAMUIHOTO TJIyGOKOBOJIbS) IIPECTABIISIOT COOOM
BapUAINd UIeaJbHON rocienoBaTenbrocTn ¢10eB XB-II-XA—XB-I (cMm. puc. 5, B).

B nmauasie Tpancrpeccun za nmopepxuoctu T'S HAKATUINBAINCH IUCTATHHBIE TEMIIECTUTHI —
[JIMHUCTBIE AJIEBPUTHI € MPAJAIMOHHBIMYU CJIORKAMI TOHKO3EPHUCTBIX 11ecKoB (cioii XB-IT).
ITo mepe yBesimdeHus TJIyOUHBI JOJIsI ICAMMUTOBBIX IIPOCJIOEB IIOCTEIIEHHO YMEHbBIIAJIACE.
B komeunom cuere, ocemasi TOJHKO AJE€BPOIETUTHI, 00pa3yIoliye rIyOOKOBOIHBIE CUJIN-
KaTHbIe Wbl (HUXKHsIS TPAHCIPecCuBHag 4acThb ¢aod XA). Ilo MuHUMAIBHOMY KOJUYECTBY
aJIeBPUTOBBIX YACTUIl U MOBBIIIEHHOMY COJEPYKAHUIO IIPUMECH OPIaHUYEeCKOTO BEIECTBA
B cpesiHeit qacTu ciost XA MOXKHO ycraHOBUTh mosepxHocTh MFS (cm. puc. 5, B).

YBeuuenne 011 AJIeBPUTOBBIX YACTHIL B BEPXHEH YacTh 10t XA, BEpOSITHO, SIBJISIeTCS
CJIEJICTBUEM HadaJIa MajeHns ypoBHs Mops. JlajibHeiiliee pa3BuTue perpeccuu IpuBOIIIO
K BO30OHOBJIEHUIO HAKOILICHUS JUCTAJIBHBIX TEMIIECTUTOB U (POPMUPOBAHUIO cjost XB-I,
OTJIMYAIONIETOCS YBEJNIEHNEM KOJTUIECTBA U TOJIIIIHBI IPAIAIIMOHHBIX [TECIAHBIX CJIONKOB
K KPOBJIe, KOTOPas sBJIAETCs HOBepXHOCThI0 TS (eM. puc. 5, B).

Qanus 11 HakanamBasach B 00CTAHOBKAX cpejHero (Mexkjy 6asmcaMy IITOPMOBBIX
U HOPMAJIbHBIX BOJIH) U JUCTAJILHON YacTU BHYTPEHHEro pamiia (Bblile 6a3uca HOPMAaJbHBIX
BousiH) (cM. puc. 5, a). Jus aroit cpenneit yacru napareneparnuu (cM. puc. 5, 6) xapakrep-
HBI [UKJIOTEMBI JIUHAMIIHOTO MEJIKOBO/Ibs, OCODEHHOCTH KOTOPBIX OTPaXKaeT HIeaIbHAs
UKJIOTeMa, obpasoBanHast cHu3y Beepx cjaosiMu Y C-II—-YB-III-YC-II—-YB-II-YB-I—
YC-TII-YB-ITII-YC-III-YB-III-YC-IV (cm. puc. 5, r).

IIpu mombeme ypoBHSI MOpPsI B MOsiCe TIOJBOJIHBIX BAJIOB, pa3eeHHbIX MEXKBaJTOBBIMU
JenpeccusiMu, Ha roBepxHoctu T'S (popmupoBasiocs depesioBanue cioes Y C-II u YB-III.
Ux nepekpsiBaioT ocajaku 00JIaCTU JIOCKYTHBIX [IECKOB — JIMH30BUIHO-IIOJIOCYATHIE Y€PEI0BA-
HU{, aJIEBPONETUTOB U TcaMMUTOB cyio Y B-II. XapakTepHoe 7719 Hero cokpaiienne K BepXy
JIOJTH TIECYAHBIX CJIOMKOB MOXKHO CUMTATDH CJIEJICTBUEM CHUYKEHUsI BJIMSIHUSI IIITOPMOBBIX BOJIH
npu yBesudenun riayounsl. Kposis aroro ciost asisercs nopepxuocrbio MFS (em. puc. 5,
r).

Bo Bpems perpeccun Ha mopepxaoctu MFS B mosice JIOCKYTHBIX ITECKOB, HAKAILIMBAJICS
cioit YB-I, koTopslit oT/imyaeTcs yBeJrndeHnM KOJUYECTBa M TOJIIIMHBI IECYAHBIX CJIONKOB
OT TOJOIIBEI K KPOBJIE, UTO, BEPOSATHO, CBSI3aHO C yMEHbBIIIEHNEM TJIyOnHbI. Bhime 3ameraor
ornoxkenus noBoaHbix Banos (YC-IIT) u mexpBasosbix jenpeccnit (YB-III). Paspes sen-
YaroT IIECYAHUKH BIOJIEOEPErOBBIX OCTPOBHBIX 0apoB, obpasyromue ciaon Y C-IV u YC-III.
x xposis upencrasisier coboii mosepxuocts TS (eM. puc. 5, r).

Qarusa [11 makammBagach B 00CTAHOBKAX HU3KOAMHAMUYIHOIO MEJIKOBOIbs 38 OGapamu
(em. puc. 5, a). OHa JIOKaIM3yeTCss B MPOKCUMAJIbHON yacT cedenust A (cuM. puc. 4) u ujeH-
TudUIUPYETCS 110 IUKJI0TeMaM JAaryHbl. VIX crennduky oTpaxkaeT I0C/IeI0BATEIbHOCTD,
BIIEPBbIE ONUCAHHAS KAK «JIEMEHTAPHBIN IUKJ/I» YIJIEHOCHBIX IIEPMCKUX OTjioxkeHuil [ Mawke-
donos, 1961]. Cuusy BBepx ee obpasyior cion ZA-I-7ZB-1-YC-III-ZB-II-ZA-II-KG
(em. puc. 5, ).

UccnenoBanus COBPEMEHHBIX JIATYH TyMUJIHBIX 10s1coB [Hsanos, 1967; Maxedonos, 1985;
Ocrosnroie 3axonomeprocmu. . ., 1985; Petiner u Cunex, 1981] mokasasu, uro 3aech oT Gepera
K 6apy mpescTaB/ieHa CIeIyIoIas MOCIeI0BaTeIbHOCTD: TOPMIHUKN 32007 I0U€HHOr0 mobepe-
kbt (KG); aieBpuThl U INIMHBI MAJIONOABUKHOIO MeJIKOBOIAbs (ZA-1, ZA-11); uepenoBanus
IVIMHUCTBIX aJI€BPUTOB U IIECKOB IOJABUKHOTO MeJKOBouba (ZB-1, ZB-11); necku ThLI0BOM
wactu Gapa (YC-III) (cm. puc. 5, a).

IIpu nogbeme ypoBHs MOPsl Wbl IpUbpeKHOM 3acTolinoil obiacru (ZA-I) nepexpbi-
BaJIi OTJIOKEHUS IIOJBUKHOIO MeaKOoBojba (ZB-1). 3mech, BO BpeMs MITOPMOB, 3a CUET
[epexJiecTa BOJIH yepe3 6ap, HAKAILJIMBAJIUCh TOHKO3EPHUCTHIE MTECKH, & MEXKJIy IITOPMaMU —
rimHACTEIE aeBpuThl. OCTPOBHON Gap 3aTAIUIMBAJICS U MATPUPOBAJ B CTOPOHY Gepera |3en-
kosuy, 1957; Heanos, 1967], bopmupys ciaoit YC-III. B ero cpezmeit gacru jiokaamusyercs
IPaHyJIOMETPUIECKIH MAKCUMyM, MapKupytommuii mosepxaocts MFS (em. puc. 5, x).
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Puc. 5. O6cTaHOBKM OCaIKOHAKOIJIEHUsI TEPPUTEHHOIO PaMIla ¢ U30JIMPOBAHHBIM IoGepexkbeM (a)
1 (HOPMUPYIOIIEECs] TPU UX TPAHCIPECCUBHO-PEIPECCUBHON MUTpAIUU CEeUEHUe MapareHepalium,
pasnesrennoe Ha darun [-111 (6), KOTOpBIE XapaKTEPU3yIOT HIEAJbHbIE IUKJIOTEMBbI: | — HU3KO-
JUHAMUYIHOTO I1yGokoBogpst (B), II — nuaammanoro meskoonsst (r), III — narysst (x). 1 — da-
UU TIapareHepanuy U UX HOMepa; 2—4 — CJIoM4YaToCTh: 2 — NOPU30HTAIbHAs, 3 — BOJIHHCTAS,
4 — xocast; 5—7 — depemoBaHUs: D — I'PAIAIUOHHBIE, 6 — JUH30BUIHO-TIOJI0CYATHIE, 7 — BOJIHUCTHIE;
8—10 — TeKCTypBI: 8 — OMOJI3aHUs U MPOCAIOK, 9 — buoTypbaruu; 10 — 3Haku psidbu; 11 — u3BecTKO-
BHUCTOCTB; 12 — BhIAeseHus cyibdunos; 13, 14 — koukpenun: 13 — cumeputoBble, 14 — KaJIbIIUTOBLIE;
15, 16 — rpasuii u ragpku: 15 — MeCTHBIX IIOPOJ| (MHTPAKJIIACTHI), 16 — 5K30THUECKUX MOPOZ, (IKCTPAK-
sactel); 17 — nxaodoccuiny; 18-21 — opranudeckne ocTaTku: 18 — MOPCKOMH IVIAHKTOH U HEKTOH,
19 — mopckoit 6erToc, 20 — sppuraauuubiil 6eHTOC, 21 — pacTenusi, 22 — KopHH in situ; 23-26 — rpa-
HUIBI cJioeB: 23 — nocrenennasi, 24 — ropusoHTa bHast, 25 — 6yrpucrasi, 26 — BosaucTast. OcrajibHble

ycJI0BHBIE 0603Ha4YeHus M. Ha puc. 1, 4. Jluauio cevenus A cMm. Ha puc. 4.

Russ. J. Earth. Sci. 2025, 25, ES4012, https://doi.org/10.2205/2025es001041

9 of 18


https://doi.org/10.2205/2025es001041
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Bo Bpems perpeccun 6ap cmemalscss B cTopoHy Mops. Ilpu sTomM 0oOGpasoBhIBAINCH
0CTpOBa, U CTENEHb U30JIAIUN JIATYHBI OT OTKPBITONH aKBATOPUY YBEIUINBAIACH. DTO IPUBO-
JIJIO K COKPAIIEHUIO [UIOMAJM OJBUKHOIO MesiKoBoibs (ZB-11) u pacmmpenuio 3acToiHOI
obsactu ocaxnennst wios (ZA-II). YV Gepera HaKammMBaIMCh TOPMOSIHUKE HU30BBIX GOJIOT
(KG), kpoBiisi KOTOPBIX fBJIsI€TCs MOBepXHOCTBIO TS (eM. puc. 5, ).

Ceuenne B sBisiercs ciencrBueM TPaHCIPECCUBHO-PETPECCHBHOIO CMEIIEHUsT 0OCTaHO-
BOK TEPPHUIE€HHOI'O PAMITA C OTKPBITHIMU [T00EPEKbSIMU: TJIyOOKOBOIHBIX MJIOB; JUCTAJIBHBIX
TEMIECTUTOB; JIOCKYTHBIX IIECKOB; IIECKOB ITOJIBOJHBIX BAJIOB, PA3/E/IEHHBIX MEXKBAJIOBBIMU
JIEIIPEeCCUsiMU; T1eCKOB iisizka (puc. 6, a). Takoil JiarepaabHbIil Psiji BO3HUKAET HA yIACTKAX
CO 3HAYUTEJILHBIM YKJIOHOM JIOHHOT'O ITPOMUJIst, KOTOPBI, PEsITCTBYsI 00pa3oBaHuio Hapa,
npuBO/MT K (OPMUPOBAHUIO TIIsiKa [ 3enkosuy, 1957, 1962]. B pesynabrare cevenns: B co-
crout u3 danuit I u I (cMm. puc. 6, 6, B, ), KOTOPbIE ONUCAHDI BBIIIE, & €0 CIEMUMUKON
siBsiercst orcyrcersue damum [11.
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Puc. 6. O6cTanoBKH 0CAIKOHAKOIIEHHsI TEPPUTEHHOTO PAMITA ¢ OTKPBITBIM nobepekbeM (a) n popmu-
pyIolleecst Ipu UX TPAHCIPECCUBHO-PErPECCUBHON MUI'DAIUU CEYEHUE IapareHepalyy, Pa3iejeHHoe
ma damun I, I (6), KOTOpbIE XAPAKTEPU3YIOT UIEAJIBHBIE UKJIOTEMBI: | — HU3KOIMHAMUIHOIO
riry6okoBopst (B), I — nuHaMuaHOro MesikoBoApst (). YcsioBHBIe 0603HAUYeHUsT CM. Ha puc. 1, 4, 5.

Jlunuio ceuenus b cMm. uHa puc. 4.
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Uccnenoanust coBpeMeHHBIX nobepexkuit [ Maxedonos, 1985; Obcmarnosku ocadkoraron-
aerus. . ., 1990; Petinex u Cunex, 1981] nokaszauum, 9410 UPpU3HAKU OCAIKOB IUIsiKel U 6ApOB
(0cOBEHHO OCTPOBHBIX) OUEHDb OJIM3KH, U CAMHU 110 cefe He CIIOCOOHBI OBECIIEYUTD JIOCTOBEPHYIO
UJIeHTUDUKAIIIO 3TUX 00beKTOB. [[09TOMYy HMUKIOTEMBI HU3KOIUHAMUYIHOTO TJTyOOKOBO/IbSI
(bauus I) u nunamuanoro meskoBoubs (danus II) Mmoo oTHECTH K cedenuio B ToabKO
BBITIOJTHUB KOPPEJISIIUI0 YaCTHBIX PA3Pe30B U MMOKA3aB, YTO MO HAIPABJIEHUIO K cyIe (da-
st 11 BEIKJIMHUBaETCSsI, CMEHsISICh IIOBEPXHOCTBHIO Hecorjiacusi. 1orga MOKHO CYUTATh, YTO
B €e COCTaBe MPEJICTABIIEHBI OTIOKEHUST TISKEH OTKPBITHIX MTO0EPEXKUil, PACTIOIOKEHHBIE
BJOJIb 3poaupyemoii cyrm. CylecTBeHHYIO TOMOIIb TPU TAKOM AHAJM3€ MOTYT OKAa3aTh
ceficMuaeckue MpoOMUIN BBICOKOTO pa3pelleHns, K KOTOPBIM IIPUBsI3aHbl pACCMaTPUBaEMble
pa3pessbl.

Ceuenue B ob6pa3yeTcss TaMm Tie B MOpe C OTKPBITBIM MOOepeKbeM BITaaeT peka. Ha
TPaHCTPECCUBHOM (haze 31ech (GOPMUPYIOTCsT TIIYOOKOBOIHBIE UJIbI; JUCTAIHHBIE TEMIIECTUTHI;
JIOCKYTHBIE [TECKU; TIECKU ITOJIBOHBIX BAJIOB, PA3JIEJIEHHBIX MEKBAJIOBBIME JEIPECCUSIMU;
MMECKU 3CTYAPUST; OTJIOKEHUsT PETHON JIOJUHBI: TAJIEYHUKN, TPABUIHUKN U MECKU pPycJia,
BOJIHUCTBIE YePEeIOBAHNUS AJIEBPUTOB U IIECKOB NOHMBI, TOP(hIHUKYA HU30BbIX 6osior (puc. 7,
a). Bo Bpemsi perpeccuy HaAKAIIUBAIOTCS TIyOOKOBOHBIE WJIBL; IUCTAJIbHbBIE TEMIIECTUTHI;
qepeJIOBaHNUsI AJIEBPUTOB U [IECKOB TIPOJIEJIBTHI; TeCKU (DPOHTA U PABHUHBI JIEJIBTHI; TAJIeTHUKH,
rPaBUIHUKY, IECKU JEJIETOBBIX TPOMOMH U TPOTOK; TOP(IHUKN HU30BBIX OOJIOT HA JIETHTOBOM
pasHuue (cM. puc. 7, 6).

Ceuenne B cocrour uz tpex dammii (M. puc. 7, B). 10 mucranpHagbHaa darms 1
XapaKTePUCTUKA KOTOPO y2Ke ObLIa JaHa BbIIEe, U JABe 0cobble dannm: neHTpaabaas [V
U npokcuMaJsibHas VI.

Qanusa IV dopmupoBamach B ycThe PeKn 3a CUET B3aUMOJIEHCTBUs IIPECHOTO OJIHO-
HAIPABJIEHHOTO PEYHOr0 MOTOKA M COJIEHBIX MOPCKHX BOJI, C ITPe00JIa Iatolieil BO3BPATHO-
IOCTYNATEIbHOM BOJHOBON ruapoaunaamMukoil. OcobeHHOCTH CTPOEeHUsT (PUKCUPYEMBIX 3/1€Ch
MUKJIOTEM 3CTyapud U JAeJIbThl OTKPBITOT'O IIO6epe)KI)5{7 OTpazKaeT njaeaJsibHasd IMUKJIOTeEMa,
B KoTOpOit candy BBepx mpegacrasienbr ciaon Y C-III—-YB-II-YB-I-YC-I-YC-IV -KG
(em. puc. 7, m).

ITomobHbBIE TIOC/IEI0BATEILHOCTH YCTAHOBJIEHBI HE TOJIBKO B I'OJIOIIEHOBBIX JIEJIBTAX PEK
Muccuncunm, Knanr, Ceneran |Jeavmaot. .., 1979], Ho u B paspesax maneo3ost — Me3030s1 |Byuw,
1977; Jdybrosa u dp., 2022; Ceanu, 1981; @ponos, 1972, 1984; Xoanem, 1983; Hluwnos, 2010;
HTuwnos u dyb6rosa, 2021; Huwsos u XKypasaes, 2001, 2009].

Ha TpamncrpeccuBHOM 3Talte NpUyCTHEBYIO YaCTh PEIHON JIOJMHBI 3aTAILINBAIO MODE,
U 06pa30BbIBAJICS BOPOHKOOOPAa3HbIil 3amB — acryapuil (cMm. puc. 4, a; 7, a). 31ech Ha
noBepxuocTu TS HakammBasuck necku cios Y C-I11. Biarogapst naspHeiimemy moabemy
YPOBHSI MOPSI UX HEPEKPBIBAJIA OCAJTKH CPETHEr0 PaMIla, — JMH30BUIHO-IOJOCUYAThIE Yepeio-
BaHUsI aJEBPUTOB U TeCKOB cjiost Y B-II, kpoBiist koToporo siBisiercst moBepxHOCThI0O MFS
(em. puc. 7, m).

Bo Bpemsi perpeccun Girarojapsi MoOHUXKEHUIO 6a3UCa PO3UU PEUHAasl JOJIUHA YIiTyo-
asanack [[Tosamenmuvep u Aanen, 2014]. T0 TPUBOINIO K YBEIUIECHUIO 00'bEMA TBEPIOTO
CTOKa, U B MODCKOii Bacceiin BbyiBuraiach geibra (cMm. puc. 4, 6; 7, 6). Ilpu sTom npoucxo-
t0: (POPMUPOBAHUE MIPUYCTHEBBIX OAPOB, MOIPYKUBAIOIINX PEYHON OTOK; 0OPAa30BAHUE
U MUTPAIHs JEJTHTOBBIX ITPOTOK K 9HEPIeTUICCKH HANOOJIee BBITOJHBIM ITyTIM CTOKA, 9TO
MPUBOJUJIO K BO3HUKHOBEHUIO HOBBIX M OTMHUPAHUIO MPEKHUX JIETBTOBBIX JIOACTEH; M0-
I'Ppy?KeHHe OTMEepINUX JIeJIBTOBBIX JIONACTEH NP YIIOTHEHUN 0CaJIKoB [deavmu. .., 1979;
Obcmanosru ocadkonarxonsenus. . ., 1990; Iasauduc v Huxugpopos, 2007; Petinex u Cunex,
1981]. B pesyubrare na nosepxuocru MFS nakanmpamucs: owioxkenus npoaeasrsl (YB-I) —
qepeIOBaHUs AJIEBPUTOB IVIMHUCTHIX U IIECKOB TOHKO3E€PHUCTHIX, HAPYIIEHHBIE TEKCTYPaMU
OIIOJI3aHUST; eCKU (DPOHTA JeJbTHI U J1esibToBOi paBHUHBL (Y C-I) 0T TOHKO3epHUCTLIX BHU3Y
JI0 CPEJIHE3EPHUCTHIX BBEPXY € OCTATKAME OEHTOCA U (DpArMEHTAMHU HA3EMHBIX PACTEHUI;
necku JienbroBbix npomonH u npotok (YC-IV), y ocHOBaHMsI KPYIIHO3EPHUCTHIE C TPABUEM
U TaJIbKOM, a Y KPOBJIM MEJIKO3EPHUCThIE C OCTATKAME KOPHEBBIX CUCTEM in situ; TopdsHUKN
HHU30BBIX 60J10T J1esibToBOl paBHuHbI (cii0it KG), KpOBJIsI KOTOPBIX SBJISETCS IOBEPXHOCTHIO
TS (cm. puc. 7, ).
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Puc. 7. O6cTaHOBKE 0CaKOHAKOIJIEHHs] TEPPUIEHHOIO PaMIIa ¢ 9CTyapheM U JeJIbTON OTKPBITOrOo
06GepeXbsl B YyCThe PEKH Ha TPaHCIPECCUBHON (a) u perpeccuBHoil (6) dasax cequMeHTAIINH
u GpopMupyIOIIeecs: IPU UX MUTPAIUN CedeHne mapareHeparun, pa3aenennoe na damun [, IV, VI
(B), KOTOpBIE XapPaKTEPU3YIOT UJCANbHbIE [UKJIOTEMBL: | — HU3KOAMHAMUYHOTO IIyGOKOBObs (T),
IV — scryapust u mesbTbl OTKpBITOro nobepexxbs (1), VI — pekn (e). YcaoBHble 0603HAUEHHUS CM. HA

puc. 1, 4, 5. JIunuro ceuenus B cM. Ha puc. 4.
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Danus VI Hakammpaiach Ha TPAHCTPECCUBHON dase ceumenTanuu (M. puc. 4, a; 7, a)
[IPU 3AII0JIHEHUU OCAIKAME [epeyrIyOJeHHbIX peunbix gouut [[Tosamenmuvep u Aanen, 2014]
u o6pa3syer IPOKCUMAJIbHYIO 4acTh cedenus B (cm. puc. 7, B). Cuenuduky ee ciroeBoii
CTPYKTYPBI OTPaXKAT IIUKJIOTEMbI PEKU, KOTOPBIE 3aJI€ral0T C Pa3MbIBOM Ha IOJCTHJIa-
IOIUX OTJIOYKEHUSX, OTJINIAIOTCS YMEHBITEHHEM I'PAHYJIOMETPUIECKOT0 COCTABA OPOI, OT
1ce(UTOBBIX Y OCHOBAHUS JI0 MEJUTOBBIX BBEPXY, U XapaKTEPHBI JJIsi KOHTUHEHTAJIbHBIX
TOJII Pa3HOro BospacTa [Bomsunkuna u Aaekcees, 1991; Byw, 1977; Hadd u dp., 1971;
Obcmanosku ocadkonaronsenus. . ., 1990; Petinex u Cunex, 1981; Ceanru, 1989; Xoasem,
1983; Ilsanos, 1992; Hluwmnos, 2024; Hluwaos u dybrosa, 2021]. B uneanbuoil nukioreme
cuu3y Beepx npejcrasiensl ciaon KC—KB—KG (cm. puc. 7, e).

ITogbem ypoBHST MOpsT TPUBOJINII K HAKOILIEHUIO B pycie pexu cjos KC, ciaokenHoro
y OCHOBAHUsl OCRJKAMU CTPEXKHEBOIl 9acTH MOTOKA (IPABEIUTHI U IPyOGO3EPHUCTDIE TIecda-
HUKH), KOTOPBIE K BEPXY, 3a CYET MEAHIPUPOBAHUS, CMEHSIIOT HAKOILICHUs TPUOPEIKHBIX
oTMeJIell ¢ 3aMeJIJIEHHOM CKOPOCTHIO TeueHus! (IIeCIaHNKY OT KPYIHO- [0 MEJIKO3EPHUCTHIX).
Brarogapst mpomosrkaroreiicss O0OKOBOII MUTPAINK [TOTOKA HA OCAJTKAX PYCJIa 3aJIETAI0T
ornoxkenus noimel [Ceanu, 1989], obpasyronme cioii KB — gepeoBanue ajieBponToB
[JIMHUCTBIX C OCTATKAMM KOPHEe U [eCUaHUKOB Pa3HO3EPHUCTHIX, CojepKalnux rpapuii. Hus-
MEHHbBIE YIACTKH MOUMBI M CTAPUIHI 3a00Ia9NBAJINCE, U 31eCh (POPMHUPOBAIUCH TOPGhIHUKH,
obpazyromue cioit KG (em. puc. 7, 6).

IIpu majieHun ypoBHST MOPsT JJOMUHUPOBAJIA, JIOHHAST SPO3Usl M PEYHBIE JOJIUHBI yTJIy0-
asumack [ITosamenmuvep u Aanen, 2014]. B sro Bpemst (em. puc. 4, 6; 7, 6) dopMuposansacs
9PO3UOHHAS OBEPXHOCTh B OCHOBAHUU CJIEAYIONMIEH IUKJIOTeMbI (CM. puc. 7, e).

Ceuenue I siBiisiercst Bapuanueii cedennst A, B IPOKCUMAaJIbHON 9aCTH KOTOPOI'O JIOKAJIU-
3YIOTCsI OCAJIKU PEKH, BIaapieil B jgaryny (cm. puc. 4). 3nech npezcrasiens: damun 1111
(pacemorpennt npu onucanuu cedenust A), V u VI (puc. 8). Xapakrepucruka mocseaneit
JIaHA [PU OIUCAHUM cedeHus B.

Qanus V dopmupoBasachk B yCThe BIaJaomieil B taryny peku. [ljis Hee XapaKTepHBI
[UKJIOTEMBI 3CTyapHs U JIJbTHI N30JUPOBAHHOIO [T00EPEXKbsi, KOTOPBIE SIBJISIIOTCS BAPUAIINSI-
mu uzeasbuoit nocaenosareabuoctu ZB-11-ZA-1-7ZB-1-ZC-1-ZC-1I-KG (cMm. puc. 8, x).

Takue nMUKJI0TEMBI OBLIN BIIEPBBIE YCTAHOBJIEHHBIX B IIEPMCKUX pa3pe3ax TailMbIpCKOro
u Ilewopckoro Gaccetinos [[Tuw.aos, 2010], a 3aTem n B KepHe U3 I0PbI — HUXKHETO MEJa
Samnaganoit Cubupu [Hluwaos, 2024]. OHM HAIOMUHAIOT HUKJIOTEMbI 3CTYapUsl U JEJILTHI
OTKPBITOrO 10bepexkbsi haruu 1V, HO oTyImIaroTCs HU3KOM J10J1eil 11cepuTOBBIX 00JIOMKOB
(0COBEHHO IKCTPAKIACTOBBIX) M IPYOO3EPHUCTHIX TECIAHBIX PA3HOCTEN; IIIIOX0H COPTUPOBKOIL
¥ TOBBIMIEHHON TJIMHUCTOCTBIO ICEMUTOB U IICAMMHUTOB; OTCYTCTBAEM OCTATKOB MOPCKOIA
dayubl 1 obuaMeM (hparMeHTOB KOHTHHEHTAJIBHO (yiophl. [lepeunciieHnHble 0COOEHHOCTH,
[O-BUIMMOMY, CBA3AHBI CO CIEIUMUKOI IprueMHOro bacceiina — JaryHbl, KOTOpast, B OTJIIMYNE
OT OTKPBITOrO MOPsi, HM€JIa IIOHUKEHHYIO COJIEHOCTb U HU3KYIO THIPOAMHAMUKY, 9TO OBLIO
MIPUYUHON €/1ab0i1 COPTUPOBKHU MPUHECEHHOI'O PEKOil Marepuasia. Kpome TOro, mockoJbKy
JIaryHbI 06Pa3yIOTCsl IIPU HE3HAUUTENbHBIX YKJIOHAX IMOBEPXHOCTH [3enkosuy, 1957, 1962],
BIA/IAIONINE B HAX PEKH MMEIOT HEDOJIBIIYIO CKOPOCTH TEUEHUS U [EPEMEIIAIOT IPENMYIIe-
CTBEHHO «TOHKHE» JaCTUIbl. [Ipr 9TOM OCHOBHBIM KPUTEPUEM OTHECEHUS HAOIIOIAEMBIX
B paspesax IUKJIoTeM K (aiuu V siBJISeTCsl apareHeTuIecKasi CBsI3b C 0CaKaMU JIaryHbI,
KOTOPBIE BXOJAT B COCTaB UX TPAHCI'PECCUBHON YACTH, 3aMEINAIOT 10 JIaTepasii, 00pa3yioT
MIOJICTUJIAIONINE U TEPEKPBHIBAIOIINE CJION.

Ilpu noBbInIeHUM YyPOBHS MOPsi (CM. puc. 8, a) yCTbe PEKH, BIAJIABIICH B JIAryHY,
[IPEBPAINAJIOCh B 3CTyapuil. Biaronaps HaKOILIEHNIO AJUTIOBUS B II€PEYTIIyOJIEHHON JI0JIMHE
[HTozamermuep u Aanen, 2014] 3nech BozHuKAaI 1eUIAT OCATOIHOIO MATEPUAJIA, U BOJHOBASI
3pI0b TIEepepacIpeessja HAKOIUBIINECsT PDaHee OTJIOXKeHUs, (POPMUPYs Ha MOBEPXHOCTH
TS uepenoBanue ajleBpUTOBOIO U IecYaHoro Mmarepuadia ciost ZB-II. Ha Hem 3ajerator
AJIEBPOIIEIUTOBbIE OTJIOYKEHUST MAJIONIOJIBUYKHOTO MEJIKOBObsI JIAryHbI — coil ZA-I, kposiist
KOTOPOTO IIpescTaBisier coboii mosepxuocts MFS (ecm. puc. 8, ).
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Puc. 8. OGcTaHOBKM OCAJIKOHAKOILIEHWS BHYTPEHHErO DAMIIA C SCTyapueM W JIeJIbTON B yCThe
peKu, BIaJamoell B JaryHy, Ha TpaHcrpeccusHoi (a) n perpeccusHoit (6) daszax ceguMeHTAINN
u dopmupyIOIeecs IPpU UX MUTPAIMK cedenune, paszaenennoe na damun 11, 111, V, VI (B), koropbie
XapaKTepu3yoT uieasabHble nukaoreMsl: 11 — jaryust (r), V — acTyapust U JeJbThl H30JIMPOBAHHOIO
nobepexbs (1), VI — pekn (e). Yenosable 0603Hadenust cM. Ha puc. 1, 4, 5. JInauio cedenns [ cm.

Ha puc. 4.

Ipu nanennn yposHsT MOpst (CM. puc. 8, 6) 06bEM TBEPJOTO CTOKA PEKU yBETMINBAII-
csl, ¥ B JIA'YHY BBIJIBUTAJIACH JEJIbTa. AJIEBPOIEUTOBBIE YACTUIBI BHIHOCUIUCH JIAJIBIIE,
dbopmupyst npozensry (ZB-1). Boime 3aserator necku jenbrhl (ZC-I) u mecyansiit MmaTepu-
aJ1, 3a0JHSABIMA JeabToBble npomontsl u nporoku (ZC-1T). Ha 3a6omovueHHbIX yuacTKax
JIEJIBTOBOM PABHUHBI HAKAILIUBAINCH TOpdsauku, obpasyiomue cjioit KG, Kposist KOTOporo
siBsisiercst opepxHocTbio MFS (em. puc. 8, ).
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3akiroueHue

B pesysibrare mpeupuHATOr0 MCCIeN0BaHUS YIAJI0Ch CO3/1aTh OOOCHOBAHHYIO OOIIHP-
HbIM (DAKTUIECKAM MATEPHAJIOM BHYTPEHHE HE IIPOTUBOPEYUUBYIO KOHIEIITYAJIbHYIO CEJIU-
MEHTOJIOTUIECKYIO MOJIE/Th, OMUCHIBAIOIILYIO CJIOEBYIO CTPYKTYPY HapareHeparuit, hopMupo-
BABIIUXCS B SIIMKOHTUHEHTAJIbHBIX MaJ1e00acCeiiHaX TYMUIHBIX YMEPEHHBIX KJIUMATHIECKTX
[IOSICOB 33 CHeT MUTPAINU 0OCTAHOBOK OCaIKOHAKOIJIEHHUS IIPH IIOIbEME U IaJIeHUH yPOBHS
MODH.

ITo cymecTBy, T0 HOBBIIi, 1OCTATOYHO F(PPEKTUBHBIN HHCTPYMEHT U3yJIeHUsI CEPOIIBET-
HBIX TEPPUTEHHBIX 0CAIOYHBIX (hopMaIinil, BHEe 3aBUCUMOCTH OT X BO3PACTa, T€OTEKTOHUIE-
CKOU TIO3UIINHU ¥ TPOCTPAHCTBEHHOTO pacioiozkerusi. OH MO3BOJISIET ONTUMHU3UPOBATH PADOTY
110 ONKMCAHUIO Pa3pPe30B, 0becrednBas Iepexo] OT PYTUHHON KOHCTATAIINN BEPTUKAJIBHOM
CMEHBI JINTOJIOTUYECKUX PA3HOCTEN K OCMBICJIEHHOMY «YTE€HHIO» 3allUCH I'€0JIOTUYECKUX CO-
OBITHIT; 1a€T BO3MOXKHOCTD BBIIIOJIHATD JIETAIBHYIO KOPPEJIAIUIO PA3PE30B U IPOTHO3UPOBATD
UX JIaTepaJibHble U3MEHEHUs.

IIpu sTOM cileyeT MOHUMATD, YTO MPEJIO?KEHHAS MOJEIb OTPAYKAET TOJBKO CaMbIe
o0I11I1Ie 32aKOHOMEPHOCTH CTPOEHUST TPEXMEPHBIX OCAIOUHBIX TeJl, (DOPMUPYIOIIIXC B TE€IEHHE
OJTHOT'O TPAHCI'PECCUBHO-PErPECCUBHOTO IIMKJIA OCAIKOHAKOILTEHUS. B mporiecce nccieroBanus
KOHKPETHBIX 0OBEKTOB €€ HEOOXOINMO YTOUYHSATh, KOPPEKTUPOBATH U JETAJM3NPOBATH 10
pe3yJibTaTaM ONUCAHUS Pa3pe30B, KAPOTarXKa U CEeCMUKM.

Baarogaproctu. ABTOp BbIpaykaer MCKpeHHIOIO npusHareabaocts FO. B. Pocrosuesoit
u B. I'. Ky3nueroBy 3a 1ienHble 3aMevIaHis IPH MOJATOTOBKE cTaThu. Vlcciei0Banne BHIIOIHEHO
B pamkax roczagarust UTT/] PAH (tema FMUW-2021-0003)
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PaccMaTpuBaroTCsl pe3ysIbTaThl METPOTEHETHIECKON TUIU3AIN KUCIBIX BYJIKAHATOB (JAIAT-PUOJIA-
TOBOTO COCTaBa) KPOBJIK He(TEHOCHOIO JOIOPCKOIO KOMIUIEKCA MECTOPOXKAEHHUSI, PACIIOIO0KEHHOIO
B EymmzaposckoMm nporube 3amnaHo-CubupCKoi mInThl. DTOT KOMILIEKC BYJIKAHUTOB MMEET CJIOYKHOE
CTPOEHVE U TI0 Pe3yJIbTaTaM OMpPOOOBaHUsI CKBAXKUH XapaKTepPU3yeTCsl KpailHe BHICOKON M3MEHUYMBO-
CTBIO TIPOYKTUBHOCTHU TIOPO/I, HEPABHOMEPHOI 0OBOJJHEHHOCTBIO, BEPOSITHO, HAJIMYMEM HECKOJBKUX
yPOBHeil BojoHeTSHBIX KOHTAKTOB. VI3yueHne kepHoBoro marepuasia (0koso 850 mor. M) u nopog,
B numdax (1320 mTyk), a TakyKe IPUMEHEHNE BBICOKOTOUHBIX METOJOB MCCJIEIOBAHMIl (HAIpUMED,
MHUKDPO30H/IOBOI'O M PEHTIeHO(DA30BOr0 aHAIM30B) IIO3BOJIMJIM Ha OCHOBE BENIECTBEHHBIX, CTPYK-
TYPHBIX ¥ TEKCTYPHBIX IPU3HAKOB BBIIEIUTH 32 THUIIA [TOPOJ, OObEIMHEHHBIX B 7 IPYIIIT CXOIHBIX
obpaszoBanuii. B pesysibrare reHeTM4eCcKOil MHTEPIIPETAIMN CTPOEHUS TIOPOJL YCTAHOBJIEHO IIPUCYT-
CTBHUE B paspese JIaB, JaBOOPEKUNii/KIACTONAB, JABOKJIACTUTOB, Ty(OB, 03€PHBIX OTJIOKEHUN 6e3
¥ C HAJIMYHMEM MHUPOKJACTUKH, & TakKe MeracoMaTruToB. O6pa3oBaHms EPBBIX YETHIPEX MEHETH-
YECKUX THUIIOB B PACCMATPUBAEMOM KOMILIEKCE TOPOJ, IPeodsIaaloT. B u3ydaeMbIX ByJIKAHUTAX
JOCTOBEPHBIE NIPU3HAKU PA3BUTHUsI TOPU30HTOB KOP BbIBETPUBAHUSI HE BBHISABJICHBI. ByJIKaHUTHI Xa-
PaKTEpU3YIOTCsl PA3HON CTENEeHbI0 BTOPUYHON ITPEOOPA30BAHHOCTH, B KOTOPBIX (DOPMUPOBAHME
YIYUIIEHHBIX KOJJIEKTOPCKUX CBOMCTB IMPOMCXOIUJIO B OCHOBHOM 33 CYET BBIIMIEIAYNBAHNUSA, IPO-
VICXOJIMBIIIETO TIOJ] AefiCTBUEM PACTBOPOB HA IUIyOWHE, a TAKYKE BOSHUKHOBEHHUS] TPEITMHOBATOCTH.
HawmnygmuMu KO/IEKTOPCKAMEU CBORCTBAMU OTJIMIAIOTCST B OCHOBHOM 3(h(Dy3UBBI C MEPIUTOBOM
TEKCTYPOU, BYJIKAHOKJIACTUTHI U 3P y3uBbl MUHIAJIEKAMEHHBIE. ByIKaHUTAM C YTy YIIEHHBIMA
dunprpammonno-emMmkoctabivu cBoiicTBamu (PEC) xapakTepHbl 3HaMeHUs IOpUCTOCTH 110 25-28%

¥ IIPOHUIIAEMOCTH JIO MEPBBIX J1eCATKOB M/1.

KroueBsie ciioBa: BYJIKAHUTHI, IETPOTUILI, TEHOTUIIBI, KOJUIEKTOPCKHE CBONCTBA, JTOIOPCKUN KOM-

mekc, 3armaaHno-Cubupckasl IInTa.

Ouruposanme: Pocrosresa 0. B., Hemosa B. /1., Hemuenko H. B., Tomacenko C. B.,
[TycreimeaukoBa B. B. Ilerporenermyeckasi TUIM3aIus KUCIBIX BYJKAHUTOB KPOBJIM HEMDTEHOCHOTO
JIOIOPCKOI'O KOMILIEKCA MeCTOpoxKaeHus: B EnmsaposckoM nporube 3anaHo-Cubupekoit nmrer //
Russian Journal of Earth Sciences. — 2025. — T. 25. — ES4013. — DOI: 10.2205/2025es001042 —
EDN: DMLDTW

BBenenune

Kak usBectro, 3amnaano-Cubupckuit 0caI09nblii MerabacceifH COCTOUT U3 JIBYX dTarKelt
HedTEerasoHOCHOCTH: JIOIOPCKOIO U I0PCKOo-KaitHozoiickoro. B moropckom komiutekce (JIFOK)
Bamnaino-Cubnupckoil mIuTsl 00HAPYKEHO OKOJIO 41 3aseKu yriaeBoopo/IoB 1 37 HEIPOMBIII-
JIEHHBIX IIPUTOKOB HE(MTH U ra3a, NPUYPOUEHHBIX K [1aJI€030HCKUM U TPUACOBBIM TOJIIIIAM
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[IIIeun, 2006]. 3ameTHast JacTh 3TUX HEMDTENPOSBIEHNH BBISBIEHA B KPOBJIE TOPCKUX
00pa3oBaHmil, CPEIn KOTOPBIX MOTYT BCTPEUATHCHA M BYJIKAHOTEHHBbIE OPOIbI. V3ydenue
He(TEHACHIIEHHBIX BYJIKAHUTOB, OTHOCAIIAXCS TPEUMYIIECTBEHHO K TOPOJAM IIEPBUYIHO
B OCHOBHOM HEIIPOHUIIAEMBIM, BBI3BIBAET OCOOBII MHTEPEC, YINThIBAs CBOeoOpasus PpOpMU-
pOBaHUS B HUX KOJIJIEKTOPCKUX CBOUCTB UM CJIOYKHOCTBH X CTPOEHMUSI.

B mpenenax mzyuaemoro mecropoxkienusi, B HjamzapoBckom mporube 3amaHO-
CubupcKoil IIuThl, B KPOBJIe HE(PTEHOCHOI'O JIOIOPCKOI0 KOMILIEKCa, BBIJAEJISIETCS TOJIIA
KHCJIBIX BYJIKAHUTOB, KOTOPBIE 10 CUX IOP OCTAIOTCS HEJOCTATOYHO U3YyYEHHBIMU. J1acTb
HCCJIEIOBATEIEH CINTAET, YTO HePTEIPOsiBJICHNE B HUX IMOJTHOCTBIO MJIM YaCTUIHO MOXKET
OBITH CBSI3aHO C PA3BUTHEM I'OPU30HTOB KOD BBIBETPUBAHUS, (POPMUPYIOMIMMCST IO 3TUM
obpazosanusm [Cmuprosa u dp., 2024; Xpomosa u dp., 2015]. Ilo apyrum manabm [Ilma-
k06 u Op., 2023], MeTacoMaTUIECKHE IIPOLECCHI, BKJIOYAIOIINE BBIIIEJAIUBAHIE, MOTJIH
MPUBOJIUTH K YBEJIMYEHUIO IIYCTOTHOCTH. DTOT KOMILIEKC BYJIKAHUTOB TI0 PE3YJILTATAM OIIPO-
OoBaHMS CKBayKUH XapaKTePU3yeTCs KpaiiHe BBICOKOI M3MEHYHMBOCTHIO IIPOJYyKTHUBHOCTU
IOPO/JI, HEPABHOMEPHO#T 0OBOIHEHHOCTHIO, BEPOSTHO, HAJIMINEM HECKOJbKUX YPOBHEH BOJOHE-
draubx KoHTakTOB. HeomnokpartHo paccmarpuBaembie mopoast JJFOK Obumm TunusupoBanb
[0 pasJudHbIM KpuTepusMm [Cumuprosa u dp., 2024]. Boubiiol o6beM pasHOCTOPOHHUX
WCCJIEIOBAHUI BBIIIOJTHEH B YACTU MHTEPIIPETAINN JTAHHBIX CEHCMOPA3BEIKH, HAIIPABICHHBIX
Ha KaprupoBanue obsacreil ¢ osbimerHEbIME OEC, MHOrOYNCIEHHBIX TEKTOHUIECKUX HAPY-
menuit [Cymupros u dp., 2022; Cmuprosa u dp., 2024; Xpomosa u dp., 2015; IlTmaxos u dp.,
2023]. Tem He MeHee, BOIPOCOB O CTPOEHUM STUX BYJIKAHUTOB €II€ OCTAETCS JOCTATOTHO
MHOTO, B CBSI3U C Y€M BO3HUKJIA HEOOXOINMOCTh B IIPOBEIEHUN OOJIee TIIyDOKOTO aHAII3a
KEPHOBOT'O MaTepHuaJIa.

B nammnoit craTthe paccMaTpUBAIOTCA PE3YILTATH PA3PAOOTKH II€TPOreHETUIeCKONH TH-
MMI3aIUN UCCIIEIyEeMbIX MTPOAYKTUBHBIX BYJIKAHUTOB, BKJIIOYAIONIEN BBIJIEJIEHIE PA3HOCTEH
IOPOJT, UX TEHETHUYECKYIO HMHTEPIIPETAINIO, & TAKYKe OINEHKY KOJLUIEKTOPCKUX CBOMCTB.

XapakTepuCcTHKa M3y9aeMbIX 00pa30BaHMIA

NsygaemMoe MeCTOPOXK IeHNE HAXOJIUTCS B IeHTpaIbHO JacTu OposIoBCKOI MeraBIiaiu-
ubl 3anaguo-Cubupckoii wimTsl B npejeiax Eausaposckoro nporuba (puc. 1). Enuzaposekuit
porud, TPOCTUPAIONINANCS C I0rO-BOCTOKA Ha ceBepo-3amnas Ha 143 kM npu mmpure 54 KM,
orpaHuveH Ha 3amajie KpacHOJIEHUHCKUM CBOJIOM, Ha, CEBEPO-BOCTOKE — BepXHEISIMUHCKUAM
BaJIOM, Ha BOCTOKe — CBIHBEIaHCKON TEPPACOil, Ha Iore — CeJJIOBUHOM, OTJIeJISIoNeil pac-
cMmaTpuBaemyio crpykrypy or FOxkuno-Esmzaposckoro nporuba [Cypros u Xepo, 1981;
Texmonuueckas xapma. . ., 1998]. MecropoxK jenne umveer mwiomaps 15 x 20 KM.

Jlotopcknit KOMILJIEKC, B TIpeJiesiaX MCCIeIyeMOr0 MECTOPOXK/ICHUSI, TIPEICTABIEH MOIII-
HBIMH BYJIKAHOI€HHBIMH TOJIIIAMHU IIPEUMYIIECTBEHHO JAIlUT-PUOIUTOBOrO cocrasa [Kom-
moposuy u dp., 1975; Cmuprosa u dp., 2024]. MOImHOCTD BYJIKAHATOB, KPOBJIS KOTOPBIX
BCKpBbIBaeTCsl Ha riryomHax okoJio 2700 M u HuKe, 110 reopU3MIECKUM JAHHBIM COCTABJISIET
me menee 400 m. Ha ceiicmuueckux npoduiisx ByJIKAHOIE€HHAs TOJIIA XapaKTePU3yeTCs
cepueil MoJI0ro 3aJIeraiolinX OTPAYKAIOIINX IOBEPXHOCTEH ¢ KPYTONAIAIONINMA PA3PHIBHBIMA
napymerusiMu amuTygamu 10 100 M. Ornoxenus JIKOK nessitest Ha 6710Ku, 910 06yCJIOB-
JIEHO Pa3BUTHEM JIBYX CHCTEM TEKTOHHYECKMX HapyIieHuit cyomepumanonaabaoro u C3-I0B
MIPOCTUPAHMUS.

Kuciibie ByIKaHUTBI ¢ FOr0-3al1a/ia, TPAHUYAT C O3 HEIPOTEPO3OACKIMEI BBHICOKOTEMIIE-
paTypHbIME MeTaMopduTamu dyHaMeHTa KpacHOJIEHNHCKOIO CBOJIA, C CEBEPO-BOCTOKA, —
¢ naJsieo3oiickuMu KapbonaTubiMu obpaszoBanusamu [[adpuna, 2018]. B uenrpasibHoil yacTu
MECTOPOXKIEHUsI KPOBJIsS TEPMCKO-TPUACOBBIX BYJIKAHUTOB IMEPEKPBHIBACTCS IOPCKUMU TEPPU-
PeHHBIMU OTJIO’KEHUsIMA 3aBOJIOYKOBCKOM cepun |Byavntukosa u dp., 1972], a Ha duanrax —
TPHACOBBIMU TE€PPHUTEHHBIMHA TOJIIAMEA YeIsOnHCKON cepun [ITyukos, 2010].

Tlosyaennnie Bo3pacTHble matupoBku U-Pb meromom mo mupkoHaM CBHAETEIBCTBY-
0T O MPUYPOYEHHOCTH KUCJIBIX BYJIKAHUTOB K MEPMCKO-TPUACOBOMY ITAILy MarMaTU3Ma
(266,0 +4,0-246,4+3,5 mutr sier [ladpuna, 2018] u 254+2 —248,2+1,3 mun aer [ Cmuprosa
u dp., 2024].
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Puc. 1. Pacniosnoxkenne (a) u kKoHTYpbI (6) npeaosaraeMoil IpoLyKTUBHOCTH BYJIKAHUTOB KPOBJIH

JIOK n3yyaeMoro MecTopoKaeHus (TOUYKaMHU IOKA3aHO PACIOJIOKEHUE CKBAYKIH ).

Marepuajibl 1 METOIbI

B xoz1e ipoBesieHHOTO HTCCIEI0BAHNS IPOAHAIM3NPOBAHBI JaHHbIE 110 12 CKBayKuHaM
C CyMMapHBIM 00bEMOM OTOOPAHHOIO KepHa 0K0/I0 850 TOT. M, a TaKKe MOPOJIbl U3y IaJNCh
B nwmudax (okosto 1320 mryk). MunepasbHBIl cocTaB paccMaTpUBaeMbIX 00pa30BaHUI
JIOTIOJTHUTEJIHHO OIIPEJIEISIICS € TOMOIIBIO 9JIEKTPOHHON MUKPOCKOIINH, BKJIIOYAIONIEHl MUK-
PO30HIOBbIE U3MEPEHHMs, 1 METOaMU PEHTI€HOBCKON JU(DPAKTOMETPUU. DTH BHUJIBI BHICOKO-
TOYHBIX PAOOT BBIIOJIHSINCH B CTPYKTYPHBIX MOIPA3EIEHUSIX T€0JI0rMIeCKOro haKkyIbreTa
MI'Y umenn M. B. JIoMoHOCOBa € MCHOJIB30BAHIEM PACTPOBOTO JIEKTPOHHOI'O MUKPOCKOIIA
JEOIL JSM-IT500 (anammruk B. O. dnackypr, 42 onpexnenenusi) u audpaxromerpa Rigaku
MiniFlex 600 (amamutuku B. JI. Kocopykos u A. B. I'pauesa, 400 npo6). IIpu onenke
KOJIJIEKTOPCKUAX CBOUCTB MOPOJT YINTHIBAIUCH PE3YIHTATHI JTAOOPATOPHBIX MCCJIEIOBAHUIMA
dbmwmana 000 «JIYKOMJI-Unxuanpuars «KoramsmHUTIHedTH>.

OcobeHHOCTBIO KEPHOBOI'O MaTepuaJia paccMarpuBaeMbix obpasosanuit JTFOK sBistercst
JOBOJIBHO HHU3Kas OXapaKTEPU30BAHHOCTDH MPOJLYKTUBHOIO BBHICOKOM3MEHUYNBOIO Da3pe3a
B CBsI3U C KpaifHe CJIOXKHBIM COOTHOIIEHWEM MPOJYKTUBHBIX U HEIPOIYKTUBHBIX MOPOJI,.
Hecmorps Ha 370, B X01e padoT yjanoch 0600IHUTE Pe3yIbTaThl NCCIIeI0OBAHUI KEpHA TaKUM
00pa3oM, 9TOOBI MOIYIUTh JOCTATOYHO HAJIEXKHBIE TAHHBIE O CTPOEHHUHN IIEJIEBBIX TOPH30HTOB
[IOPOJI-KOJLIIEKTOPOB.

Boiienienne THIIOB TIOPOJL U UX T€HETUYECKAs TUITH3AIUS IIPOBOJIMIINCH C UCIIOJBb30BAHNU-
€M MeTOIMYECKUX TOJIX0/I0B, U3JI0KeHHBIX B padotax E. @. Maseesa [1980], B. T. @poaosa
[1984, 1995], II. @. Emeavanenko u E. B. Hxosaesoti [1985], a takxke J. McPhie et al. [1993].
Cornacuo E. @. Maseesy [1980, cTp. 7], TEPMUHOM «BYJIKAHUTHI» B OT€UECTBEHHON T€OJIOTHI
u 3a pybe:koM 0003HAYAIOT TMPOAYKTHI ByJIKaHU3Ma, BKJIOUaoNme 3hdy3uBHble, By/IKa-
HOKJIACTUYECKHE U BYJKAHOTE€HHO-OCAJI0YHBIE PA3HOCTH, HE3ABUCUMO OT MX XUMHYIECKOTO
cocTaBa. B TaKOM HOHMMAHUU 3TOT TEPMHUH OYJIET HCIOJIB30BATHC B JIAHHOM CTATHE.

Twuner mopo

OrnpeesisiromuMy IPU3HAKAMU JIFOOBIX TOPHBIX TIOPOJL SIBJISIFOTCSI BEIIECTBEHHBINA COCTAB
u crpyKrypa [@poaos, 1992]. DTH XapaKTePUCTHKH, & TAKXKe TEKCTYDHBIE PU3HAKH, CTAIIH
OCHOBOH JJ1s1 BBIZIEJIEHUST THUIIOB TIOPOJ.

ITo HabOpy MEPBUYHBIX MOPOIO0OOPA3YIONINX MUHEPAJIOB U3ydaeMble BYJIKAHUTHI sIBJIs-
IOTCSL B I[€JIOM OJTHOTUITHBIMU U OTHOCATCH K MarMaTHYECKUM II0PO/iaM KHCJIOIO COCTaBA,
OTBEYAIONINM PUOJUTAM U JarnuraM. Jddy3uBHbIE PASHOCTH BYJKAHUTOB MPEJCTABIEHBI

Russ. J. Earth. Sci. 2025, 25, ES4013, https://doi.org/10.2205/2025es001042 30f18


https://doi.org/10.2205/2025es001042

IIETPOTEHETUYECKAS TUIMNU3ALUA KUCJIBIX BYJIKAHUTOB KPOBJIMU HE@TEHOCHOI'O JOKOPCKOI'O KOMIIJIEKCA. . . POCTOBLLEBA n ap.

MAJICOTUITHBIMU TTOPOJIAMH, B KOTOPBIX PETUKTOBbIE CTPYKTYPBI CTEKJIOBATOM OCHOBHON Mac-
CBbI TPYJIHO PA3JIMYUMBbI M3-3a [POIECCOB JEeBUTPpUMUKAIINU. ByIKaHUTHI XapaKTepU3yIOTCs
PA3HOM CTENEeHbI0 BTOPUIHOM TPeodPa30BAHHOCTH, KOTOPAas MOYKET MO-PA3HOMY IPOSIBJISITHCS
JdazKe B OJJHOTUITHBIX pa.3HOCT5{X IIOpO)I. HpI/I Ha/JIn4Yum Ha.I/I60.Hee NHTEHCUBHBIX BTOpI/IquIX
U3MEHEHUH, MTPUBOIAIINX K [MOJIHON MOTepe MePBUYIHBIX BEIIECTBEHHBIX W CTPYKTYPHBIX MIPH-
3HAKOB, MOPObI PACCMATPHUBAJIACH KAK METACOMATHYIECKHE 00PA30BaHusd (METACOMATUTEI).
MuHepaJsbHBIH COCTAaB MOPOJ, JOMOJHATE]HHO YTOYHAICH PEHTIeHO(MA30BBIM 1 MUKPO30H10-
BBIM aHAJM3aMu. B KepHe OT/IeTbHBIX CKBAaXKUH, HAPSILY C IMTUPOKUM DA3BUTHEM BYJIKAHUTOB,
TAKKe YCTAHOBJIEHO HAJMYUE OCAJI0YHBIX TOPOJ| (HAIPUMED, aJIEBPOJIUTOB U APTUJIJIATOB).
[TepBuynbIe MPU3HAKE MOPOJ], OTPAXKAIONIUE [IPOIECCHI UX 3aPOXKICHUS, SIBJISINCH OCHOBON
I pa3paboOTKN WX TUITHA3AIMHA, KOTOPasl IIPOBOJIMIIACEH C OIOPOil Ha Pe3yJIbTaThl MAaKpPO-
¥ MUKPOCKOITMIECKUX UCC/IeI0Bannil. [Ipn UCIoIb30BaHIN ITUX METOINIECKUX TOIXO/I0B
BBIJIEJISIJIACH TIETPOTUIIBI JIJIsT XaPAKTEPUCTUKK BYJIKAHUTOB M METACOMATUTOB, & TaKKe
JINTOTHIIBL JIJTsl ONUCAHUS OCAJIOYHBIX MOPOJ. THIIOBBIE PA3HOCTH MOPOJ OObEINHSIINCH
B IPYIIIBI IO CXOJHBIM IIPU3HAKAM CTPOEHUs. ByJIKAHUTHI PE3KO MPeod/IaIaloT CPen pac-
cMaTpuBaeMbIX obpazoBanuil. Hajimume KOJIEKTOPCKUX CBONCTB B M3ydYaeMbIX MOPOJIAX
JHIOK 3adukcupoBaHO TOJBKO B BYJIKAHUTAX.

B xoie IpOBeICHHOTO UCCIIEIOBAHUST YCTAHOBIIEHBI CJIEJYIONIHE IPYIIIBI TUIIOB TOPO/T
(rabir. 1, puc. 2): (1) acdbdysuBos adpupoBbIX ¢ pa3HBIMU TEKCTYPAMU: MACCUBHOM, MUHIAIEKA~
MeHHO#1 (my3bIpuaToil), nepauTosoil; (2) 3¢dbdy3uBos MOPGUPOBBIX ¢ PA3HBIMA TEKCTYPaAMU:
MACCHUBHOM, 110JI0CYaTOMN, QIIIONIAJIBHON, MUHIAIEKAMEHHO} (ILy3bIpYaToil), IepJInTOBOIL;
(3) adbdysusos cheposuToBbix; (4) BYJKAHOKIACTUTOB; (5) OGJIOMOYHBIX, IVIMHUCTBIX U
OPraHMYeCcKUX MOPOJ, ¢ IPUMECHIO MUPOKJIACTUKY; (6) 06JIOMOYHBIX U TVIMHUCTBIX TOPOJL
6e3 npuMecu nupokiaacTuky; (7) mMeracoMaruToB. Beero GbLIO BBIIEIEHO OKOJIO 32 meT-
POTHUIIOB W JIUTOTHUIIOB, CPEJIU KOTOPBIX HAMOOJIee MUPOKO PACIIPOCTPAHEHBI BYJIKAHUTHI
BTOPOIi, TPeThell U YeTBepTOl TPy MOopo. [Ipu HHTEpIpeTaluy JaHHBIX re0(DU3NIECKUX
uccnenosannii ckpaxkuH (I'VIC) BO3MOXKHO HCHOJIB30BAHUE KAK OTJEIBHBIX METPOTUIIOBR
U JIUTOTUIOB (HALPUMED, CJATAONINX 3HAYUTEJbHbIE HHTEPBAJIbl Pa3pe3a), Tak U UX IPYIII,
obbeuHsIIoNre cxoaHble paznoctu [Hemosa u dp., 2024].

I'enernyeckas TUNIA3aI A

Bbijiesienre IeTpOTHIIOB U JIMTOTUIIOB HEOOXOJNMO JIJIs TPOBEJICHNS T€HETUIECKUX UH-
TeplpeTanuii, KOTOpble MO3BOJIAIOT BBIABIATH 3AKOHOMEPHOCTH CTPOEHHUS TOJIIL U CO3aBaTh
¢ GOJbINEll CTENEHBIO JOCTOBEPHOCTH T'EOJOTMUECKHE MOJIEJIU, B TOM [uciae Hedreraso-
BBIX MECTOPOXKJICHWI. [IpyM TreHeTHYeCcKNX MHTEPIPETAIIUAX PEKOHCTPYUPYIOTCS CIOCOODI
1 ycyioBust (POPMUPOBAHUS PA3INYHBIX 0Opa3oBanuil. [Ipy OIpe/IeIeHuN TeHETUIECKUX 0CO-
Gennocreit crpoennst n3ydaemoro komiuiekca JIFOK 6buin uCIoIb30BaHbl METOIUIECKUE
HOJIXO/IBI U KIACCUDUKAINY BYJIKAHMIECKUX M BYJIKAHOTE€HHO-OCAJIOTHBIX MOPOJL, U3JIOKEH-
Hble B paborax E. @. Maneesa [1980], B. T. @poaosa [1984, 1995], II. @. Emervanenro
u E. B. fxosaesoti [1985], u J. McPhie et al. [1993], a Tak»ke yauTBIBAINCH pasHOOOPa3me
1 XapaKTep PACIpPEJIeJeHNs BbIABICHHBIX THIIOB MOPOJL O PA3pe3aM CKBaXKUH. B pesysbra-
Te NPOBEJIEHHOTO MCCIIEA0BAHUS ObLIO YCTAHOBJIEHO 5 TEHETHYIECKUX I'PYII 00pa30BaHuMil
(tabm. 2): (1) BynkanorenHast, (2) oca0UHO-ByJIKAHOTe€HHAsI, (3) BYJIKAHOTEHHO-OCAI0THAS,
(4) ocamounas u (5) MeracomaTHdeckas. ['PyIIIBI OIPA3ETAIOTCH HA PAJBI C BBLIEICHIEM
FEHETHIECKHUX THUIIOB.

K rpynne ByskaHOTeHHBIX 00pa30BAHUII OTHOCATCS ITOPO/IbI, C(OOPMUPOBAHHBIE Mar-
MaTrIeckuMu nponeccamu. O6pasoBaHus 0CAI0IHO-BYIKAHOTCHHOI TPYIIIIBI OTINIAIOTCST
HAJIMYINEM OOJIOMOYHON CTPYKTYDBI U BEIYIUM BJANSHAEM HA WX (POPMUPOBAHUE BYJIKAHIIC-
CKOHl JIesATeIbHOCTH. ByJIKAHOr€HHO-0CAI0MHOl IPYIE OTBEYAIOT MOPOJIBI, TIPOUCXOKICHUE
KOTOPBIX 0BYCJIOBJICHO JEfiCTBIEM 9K30MCHHBIX (DAKTOPOB IPH yIACTUH B UX CTPOCHAH HUDPO-
KJIACTHIeCKOro Marepruasa. Ocaoannie 06pasoBanns chOPMUPOBAHBI TOIBKO IK30TCHHBIMH
nporneccamu. MeTtacoMaTnaeckast TpyIIa MPeJICTaBIeHa TIOPOJIAME, KOTOPBIE TIPETEPIe/TH
SHAYNUTE/IbHbIE BTOPUYHbIE U3MEHEHHs C IIOJIHOMN HOTepeil IIePBUYHBIX IPU3HAKOB 33 CUET
MHTEHCHBHBIX METACOMATHIECKHX 3AMEIIEHH M, BO3MOKHO, IPOPAGOTKH IHAPOTEPMAIBHBI-
mu pacrBopamu. CieJlyeT OTMETUTD, 9TO BCe PACCMATPHBAEMbIE NOPOJBI B TOM MJIM MHO
Mepe 3aTPOHYTHl BTOPHIHBIME [IPEOOPa30BAHUSIMY, HO K METACOMATUYECKOH IPYIIIE IOPOJ
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Ta6mnna 1. Tunsr nopos n3ydaeMbix o6pa3oBaHuii KpoBiu Joropckoro komiuekca (JJHOK) mecro-

poxzenus B Enmzaposckom nporube 3anaauno-Cubupckoit mimTst

I'pymmsr

HeTpOTI/IHbI " JINMTOTUIIBI

IlepBas rpymma:

3bdy3uBe! ¢ abupoBoit
cTpykTypoit (A)

Bropas rpymnma:

3¢bdy3uBBI ¢ TOPHUPOBOIT
crpykrypoit (I1)

Tperbs rpymnma:
3¢ dy3UBBI B OCHOBHOIT
macce cdeposurosbie (C)*

YerBepTas rpymma:
BYJIKQHOKJIACTUTBI

(KJI, KT)

[Iaras rpynma:

00JIOMO'HBIE, [VIMHUCTBIE U OPTaHM-
YeCKUe IIOPOJIbI C IIPUMECHIO ITHPO-
KJIACTHKH

(Taur, Tap, Tos)

lecras rpymnma:
0OJIOMOYHBIE U TVIMHUCTBIE TIOPOJIBI
6e3 IpuMecH IUPOKJIACTHKH

(Au, ApAu, Ap, Apos)

CenpMmasi rpymma:
meracomaruTsl (M)

C maccusHol Tekcrypoit (Al)
C MuHIaIeKaMeHHON TeKeTypoil (A2)
C nepsauroBoii TekcTypoit (A3)

C maccussoit rexcrypoit (I11) ¢ MuUKpOIMTOBOM MM
nurepcepranbuoi (I11-1), Burpoduposoit nim
ruastonunToBoii (I11-2) u yuacTKOBOM
cnabosbipazkennoit cepommrosoit (I11-3) crpykTypamu
B OCHOBHOI Macce

C nosocuaroii Tekcrypoii (I112)

C dmonnanbHoOll TekeTypoii tamunapaoit (I13-1)
u «3ursaroobpasnoii» (I13-2)

C munzazekaMenHoii rekcrypoii (114)

C nepamrosoit Texcrypoit (I15), Bkirouast peaxue
Tepexo/iHble Pa3HOCTU € HaJIUdueM cepoJIuTOB
U MUHJIQJIUH

C cdheponmuramMu ¢ paguaIbHO-Iy IACTHIM CTPOSHUEM
(C1-1), ¢ cdeponuramu ¢ Heyerkum crpoenuem (C1-2)

C smuroduzamu (C2)

JluroksacTuueckne ¢ GPEKINEBOit CTPYKTypOi
(6pexuns nmaposast) (KJI): ciemeHTHpOBaHHAST JTABOH
(KJI1), ¢ ax3orennsM 3anonuurenem (KJI2),
rexroHoKIacTuTh* ¥ (KJI+)

Burpoknacruueckue (KT1)
Kpucramnno-surpoknacrudeckue (KT2)
Kpucraso-surpo-murokiacrudeckue (KT3)
Jluroksacro-kpucraJio-surpokiacrudeckue (KT4)
¢ «dbsaMMe»

Anesponurst (Tai) ¢ IpEMECHIO IMPOKJIACTUYECKOTO
MaTepuaa (PacCessHHOIO U CKOHIIEHTPUPOBAHHOIO
B JIMH3BI UM IIPOCJION)

Aprumrer ajeBpuTHCTbIE U ajeBposnTosbie (Tap)
C HPUMECHIO [TUPOKJIACTUYECKOIO MATEPUATIA
(paccestHHOTrO ¥ CKOHIIEHTPUPOBAHHOIO B JIMH3BI NN

npocsion): 6e3 (Tapl) u ¢ HUTEBUIHBIMU BKIIIOUECHUSIMU
opraamndeckoro semecrsa (OB) (Tap2)

CKOILIEeHNSI OPTaHUIECKOTO BEIECTBA,
MIEPECIANBAIOIIUECS C TOHKUMHE IIPOCIIOSIMHE
nupoksacTuxu (Tos)

Anesposur (An)

YepenosaHue aJeBPOJIMTOBBIX W TJIMHUCTHIX TIPOCJIOEB
(ApAum)

ApruumnT aneBpurucThlii u aneBpuToBbIi (Ap)
Aprunar ¢ obunuem OB (Apos)
Kanbuuro-rimaucTo-kBapuesble mopogst (M):
omroponabie (M1) n meree ogHOpPOMHBIE (C OTIETHLHBIMA

PeJIMKTaMU IEPBUYHBIX KOMIOHEHTOB 6e3 (M2)
u ¢ BriroueHusimu Huresuaaoro OB (M2og))

IIpumevanus k Tabiume:

*) adbdy3uBbI 3TOi IPyNIBI OGBIMHO TAKKE COAEPKAT (PEHOKPHUCTAIIIBI U UX CPOCTKU.
**) MeTpOTHUI BBIJEJISETCS YCJIOBHO IIPH OTCYTCTBUM YBEPEHHOCTH B OJHO3HAYHOCTH TPAKTOBKH IIEPBHIHOCTHU
UM BTOPUYHOCTH CTPYKTYPHBIX IIPH3HAKOB.
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Puc. 2. Mukpodororpadun 0OCHOBHBIX THUIIOB MOPO U3Y9IAEMbIX 0OPA30BAHUI KPOBJIH JIOIOPCKO-
ro komiuiekca (JIFOK) mecropoxkpenusi 8 Enmsaposckom nporute 3ananuo-Cubupckoi NUInThL.
1-10 — BynkanuTst: 1 — 3¢ddy3ussl aduposbie ¢ nepauToBoi Tekcrypoit (A3), 2 — addysusbt nopdnu-
poBsle ¢ MaccuBHOl Tekcrypoit (I11-1), 3 — acpdysussl nopdupossie ¢ dironnaIbHOI JTaMUHAPHOI
tekcrypoit (I13-1), 4 — adpdy3ussl nopdupossie ¢ HIIONIATBLHON «3Ur3aroo6pa3HoOi» TEKCTYPOit
(T13-2), 5 — adbdy3usbl TOPMOUPOBBIE ¢ MUHIAIECKAMEHHON TEKCTYPOH (MUHIAIUHBI BBITIOTHEHDI
xsapueMm) (I14), 6 — adpdysusbr nopdupossie ¢ nepsurosoii Tekcrypoii (I115), 7 — addysussr cdepo-
smrossle (C1-1), 8 — mmroknacrudeckuit Bynkanokiactut (KJI1), 9 — kpucraiio-BUTPOKIACTHIECK UL
BysnkaHokaacTuT (KT2), 10 — IMTOK/IACTO-KPUCTAIIIO-BUTPOKIIACTUIECKHI By IKAHOKJIACTHUT € (DbsIM-
me (KT4), 11 — cKOIeHnsI OPraHuIeCcKOro BEIIECTBA, IEPECIANBAIONIMECH ¢ TOHKAMHU IIPOCIOAMHA
nupokiactuku (Tos); 12 — meracomarur (M1). ITmr — nosessle mmarsl, KB — kBapn B Musmaim-
Hax, OM — BKIIIOYEHUS BYJIKAHUYECKOIO CTEKJIa TUla dpbsiMMe, [Ip — BKIIIOUEHMST IMPOKIACTUKH,
OB — HUTEBUIHDBIE BKJIIOYEHUsT OPraHUIECKOro BerecTBa. Mukpodororpadun cieranbl Ipu OHOM

HHUKOJIE.

ObLIN OTHECEHBI 00PA30BAHNUSI, IEPBUIHBIN I€HE3UC, KOTOPBIX BOCCTAHOBUTD JOCTOBEPHO HE
IIPEJICTABIISIIICS BO3MOYKHBIM.

PaccmarpuBaembie 06pa30BaHust MOYTH MTOJTHOCTHIO OTBEYAIOT MIPOAYKTAM HA3EMHOI'O
KHCJIOT'O BYJIKAQHU3MAa, XapaKTePU3YIOLIerocsd IePUOIUIECKIMI U3JINAHNAMNA J1aB U UHTEHCUB-
HOM 9KCIUIO3UBHOM JiesTeabHOCTRIO. Cpeu 00pa30BaHuii ByJIKAHOTEHHON I'PYIIIIBI BBIIEIISIOT-
¢sl IBA OCHOBHBIX TeHeTmuecknx tuna: (1) massl u (2) gaBobpexdnu,/knactoasbl. K xucabiv
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Tabimma 2. ['eHeTnyeckast TUNIU3AIUsT U3yIaeMbIX 0OPA30BAHUI KPOBJIU JOIOPCKOTO KOMILIEKCA,

(JIOK) mecropoxaenus B Ennszaposckom nporube 3anaano-CubupCKoi maInTst

I'pynna Pan l'eneTnyeckre TUbI Ierporunet /JIuToTHITBL
JIABOBBIE KYTIOJIa
JIABBI A1-3, I11-5, C1-2
Byskanorennas 3bdy3uBHBLI JIaBOBBIE TIOTOKH
JaBobpekunsi /Kiacronasa® KJI1
0CaI0THO-
. JIABOKJIACTATEI KJI2
3bdy3uBHBLI
BYJIKAHOKJIACTUIEC-
Kuit  marepuas  6e3
YeTKUX [IPU3HAKOB
Oca1049HO- p KT1-3
By/IKAHOTCHHAS 0CaI09HO-9KCILIO3UBHBILH Ty bl HpUYpOEHHOCTI
K MHUPOKJIACTUIECKUM
IIOTOKAM
MUPOKJIACTUIECKUE
noroku: HecnasgHuble KT4
U CIasHHbBIE
Bynkanorenno-
SKCILIO3UBHO-
0CaI0OYHAST . Ty puTHI ozepHble (?) Tos, Tapl, Tap2, Tan
0CaI0IHBII
Ocamounas 0CaI0IHbBIH ozepubre (?7) Au, ApAn, Ap, Apos
Meracomarudeckast BTOPUYHBIH METaCOMATHATHI M1, M2, Mos

IIpumevanus x Tabsune:

*) T@HOTHUII BBIAECJIACTCA YCJIIOBHO U3-3a PA3BUTUA BTOPUYIHBIX I/ISIVIGHBHI/II‘/‘I7 3aTpyaAHAIONNX ero OTindaThb OT J'Ia,BO6peK‘{HI>’I.

JlaBaM OTHOCHATCS KYTIOJIa U MOTOKU, UMEIOIIUE CXOHbIE TIeTPpOorpadudecKre TPU3HAKY, HO
orymyaromuecst Mopdoiiorueit e, Kymosa (3xerpysun) GopMUPYIOTCs 38 CYeT BLIKUMAHUS
BA3KOIl JIABBI U3 BYJIKAHMYECKOTO KaHaJsa, K KOTOPOMY OHHU IpuypoueHbl. VX BbICOTa MOXKET
KOJIE6ATHCs OT IEPBBIX JecaTKoB MeTpoB 110 600 M u Gosee [Maaees, 1980]. Kymnosa moryr
COYETATHCS C MPOPBIBAIOIIUME UX JIABOBBIME IOTOKaMHU. JIaBOBbIE TIOTOKH, IIPE/ICTABIISIFOIIIE
coboit Tesa 3 Y3UBHBIX TOPOJ, VAJTUHEHHON JIEHTOOOPa3HO (hOPMBbI, UMEIOIINEe KUC/IbIH
COCTAB XapaKTePU3YIOTCs JJIMHOIM 00b4HO He 6ostee 10 KM 1 pa3HOil MOIIHOCTBIO (OT [EPBBIX
zecaTkoB Merpos 10 150 M) [Hacedkun, 1975]. OquumM U3 BasKHBIX JIUATHOCTUYECKUX PU3HA-
KOB JIABOBBIX [TIOTOKOB sIBJISIETCS HAJIMYNE TEKCTYP (DJIFOMIAIbHOIO TEeUYEHHs, 8 TAKXKE TOHKAs
mosrocyaTocThb. 1lo mpucyTcTBHIO B pa3pese cKBaxKuH neTpoTuros 3ddy3usos 112 u 113,
OTJIMIAIONINEC TTOAOOHBIMIA TEKCTYPAMU, OJHO3HAYHO OMPEJIEIISIETCs] PA3BUTHE JIABOBBIX
MOTOKOB. JIaBOBBIM KyIIOJIaM U IIOTOKAM CBOWCTBEHHO 30HAJIBHOE CTPOEHHUE, KOTOPOE YETKO
IPOCIIEXKUBAETCsT OT Tlepudeprn K IEHTPATBHBIM YacTaM ByJaKaHmdeckux Ten [Maaees, 1980;
Hacedxun, 1975; McPhie et al., 1993] (puc. 3). C arumu 06pa3soBaHUIMU COIOCTABJIEHBI
3¢ dy3uBbI IEPBOIi, BTOPOii 1 TpeTheil Py BbIAeIeHHbIX TUIoB mopoy, (Al-3, I11-5, C1-2).

B pesynbraTte apobisienus Ba3kux JjiaB GOPMUPYIOTCS JaBOOPEKIHH, KOTOPBIE ITPOC/Ie-
JKABAIOTCS B BEPXHUX W HUYKHUX YACTHAX JIABOBBIX ITOTOKOB, 8 TAKIKE CJIATAI0T AlIMKAJIbHBIE
9acTy KymnoJioB. JlaBoOpekdnn cocTosaT u3 00JIOMKOB JIaB, CIASHHBIX WJIM CIIEMEHTHPOBAHHBIX
JIaBO# TOrO Ke U3BEPXKEHUsl. DTOMY THILy oOpas3oBaHuii orsedaer merporurn KJI1.

K obpazoBanusam oca109HO-BYIKAHONE€HHON I'PYIIIBI OTHECEHDI JIABOKJIACTUTHI U TY(BI.
[Toposei, citoxKeHHBIE OOJIOMKAME JIaB, CIIEMEHTUPOBAHHBIMU THIPOXUMUIECKH, OTHOCSIT
K JIABOKJIACTUTAM, KOTOPBIE OOBIYHO PA3BUTHI BO BHEINHUX (HUXKHWX, BEDXHAX U KPAEBHIX)
YacTAX JIABOBBIX IIOTOKOB, & TAKXKe B ANUKAJIbHBIX U MMepU(EePUIeCKUX JACTAX JTABOBBIX
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< obcuanaH
— naea c ctheponutamu

~— naea nopdupoBasi, MacCCMBHas

«— naBa ¢ cpeponutamm
—obcuagnaH

T KpYNHOBE3UKYJIApHaA naBa

“—— naBoGpekuus
nupoknacTuyeckme oépasoBaHuA

Puc. 3. BonasbHOE CTpOEHHE OTOKA KUCIBIX J1aB [mo McPhie et al., 1993, ¢ ynporeruem|. O6mmuii

BUJ B IUIaHe (&) U C yKasaHWEM 30H 0Opa30BaHUsl Be3UKyJI, cpeposautoB u dparmentanuu (6).

Ky1o0Jj10B. JIaBokjaacTuThl npeacrasiersl nerporunom KJI2. Tlopoasr ¢ 0610MouHON CTPYK-
TYPOU, COCTOSAIINE U3 BYJIKAHOKJIACTHIECKOTO MATEPUAJIA C IPUCYTCTBUEM BYJIKAHUIECKOTO
CTeKJIA, KPUCTAJLIOKIacTOB (KBapua, 1) u dbparmMentoB Kucibix 3¢bdy3uBOB COMOCTABIECHBI
¢ pasimuHbiME pasHoBugHOCTSME Tydos (KT1-4). O6pasopanusi, BblIeIsieMble B IIETPOTHIL
KT4, ¢ Bioyenusivu (hbparMeHTOB CTEKJIA C PACIIEIUIEHHBIMU KPasiMi (M3BECTHBIE 110J1 Ha-
3BaHueM (bsnMMe), ObLin HanboJee YBEPEHHO OTHECEHBI K HAKOIIEHUAM HHPOKJIACTUIECKIX
11oTokoB. Hayimune Tydos B uzydaembrx oryoxkenusx JJHOK cBujerebeTByeT 0 BHICOKOM
9KCIIO3UBHOI JIEATEJILHOCTH CYIIECTBOBABIIIETO B IIPOILIOM HA3eMHOIO BYJIKAHA.

Bynkanndeckune m3Bep:KeHUsT MOTYT COITPOBOXKIATHCS TETIonaaamMu, TedpoBbIi Ma-
TepraJl KOTOPBIX ILIAIE0OPA3HO OCeIaeT Ha 36MHYIO TOBEPXHOCTH, B TOM JHCJIE [TOTa1ast
B MECTa HAKOILIEHUSI OCAIOUYHBIX 00Pa30BaHU, BCTPEUasCh B HUX KaK B PACCETHHOM BHUJIE,
TaK W B TOHKHUX MPOCJOsiX. [10JOOHBIM pa3HOCTSM, COJIEPKABIINM KAaK OCAJIOIHYIO, TaK
¥ TUPOKJIACTHIECKYTIO COCTABJISIIONLYIO, OTBEYAIOT TOPO/IbI BYJIKAHONCHHO-OCAI0YHOMN IreHe-
tuveckoii rpynnsl (Tydduram) (Taa, Tapl, Tap2, Tos). Ocanounass COCTABISIOMAS ITUX
opoz1, (GOPMHUPOBAIACH, CKOPEe BCEro, B 03EPHBIX YCJIOBHUAX, UTO MOATBEPKIACTCS HAJIUINEM
TOHKOT'O &JIEBPUTOBOIO U TJIMHUCTOTO MaTEPUAJIa, TOPU30OHTATBLHON CIOUCTOCTH, HUTEBUTHBIX
BKJIIOYEHUI CAIIPOIIEJIEBOI0 OPTAHUIECKOTO BEIIECTBA, a TaKyKe JIOKAJIN30BAHHBIM [IPOCTPaH-
CTBEHHBIM PACIOJIOKEHUEM.

O6pazoBanusi 0CaJO0YHON TEHETUIECKONH IPYTIIHI OTINIAIOTCA OT PACCMATPUBAEMBIX
BYJIKAHOTE€HHO-OCAJ[0YHBIX TIOPOJI, TOJIBKO OTCYTCTBUEM B HUX BYJIKAHOKJIACTHYECKOTO MaTe-
puasa. Vx ocaxjieHne Tak»Ke IIPOMCXOMIO B 03epHOit obcranoeke (As, ApAm, Ap, Apos).

B orgenbuyo rpymy 6buiu Bblaesiensl MeracoMarutsl (M1, M2, Mos), yrparusiiue mo-
YTHU TIOJIHOCTHIO TIEPBUYHBIE TPU3HAKY CTPOCHUS M MMEIOIINE KAJbIIUTO-JIMHACTO-KPEMHEBBII
coctaB. 1o HAJIMYMIO B HUX MECTAMU PEJIUKTOB POTYILIATON BUTPOKJIACTUKHI, PEIKO HATEBHI-
HBIX BKJIIOYEHUIT OPraHUIeCKOrO BEIeCTBa, a TaKyKe UX COUETAHUIO B Pa3pese ¢ 0CaI0IHBIMA
obpazoBanusiMu (03epHOrO renesuca) u TydbdUTAMU IPEIIIOIAraeTCsl, YT0 UHTEHCUBHbIE
BTOPUYHBIE TTPEOOPA30BAHUS ITUX TOPOJL, MOTJIH OBITH CBSI3AHbI C TIOIAJAHUEM THPOKJIACTUKA
B BOJIHYIO CPEJIy U €e OBICTPBIM OCTBIBAHUEM WU 00YCIOBJIEHBI IeHICTBHEM THIPOTEPMAJIHHBIX
MTPOTIECCOB.

ITo pacnpenenennio BbIIEJIEHHBIX TUIIOB BYJIKAHUTOB 110 BEPTUKAJM U JIATEPAJIU, VIU-
TBIBasi UX T'€HETHIECKYIO MPUHAJIEXKHOCTh, B m3ydaemoM komiuiekce JIFOK BoisBiena
3aKOHOMEPHAsT CMEeHa MOPOoJl. B 3aBUCHMOCTH OT CTENeHN PaCKaJeHHOCTH, JJTUTEIbHOCTH
OCTBIBAHUS ¥ PACIIOJIOKeHUs] (B IEHTPAIbLHBIX YACTIX IIOTOKOB JIaB U,/ MK GIU30CTH K YKEPJLy )
[IPOCJIEXKUBAETCS OIPEIE/ICHHAs ITapareHeTuIecKas IOCIe0BATeIbHOCTh PA3HBIX TUIIOB BYJI-
kauuToB (puc. 4). HauGosiee BbICOKOTEMIIEDATYPHBIMYI U MEJJIEHHO OCTBIBAIOIIUMU SIBJISIOTCS
pa3HocTH, orBevaroriue 3Ody3uBaM ¢ TOpPGUPOBOil CTPYKTYPOR U MACCUBHOM TEKCTYPOii
(TT1), 3aTeM NpU CHUXKEHUW TEMIIEPATYPbl U GoJjiee GLICTPOM OCTHIBAHUE (DOPMUPYIOTCS
abdysussr cdeposurosoie (C), koropsle cMmensitorcst dddy3uBamu kak adbuposbivu (A),
TaK U HopGUPOBBIME ¢ MUH/IAIeKaMeHHON 1 /uyu epiurosoit Tekcrypamu (114 u I15), gacro
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COUETAOIIMECS € BYJIKAHOKJIACTUTAMU: OPEKIUSAMHE, coCToAmMMEA 3 06soMKoB Jas (KJI)

u rydamu (KT).

YMEHbLUEHUE TEMNEPATYpPbl U BPEMEHN OCTbIBAHUA

Puc. 4. ITociemoBaTe IbBHOCTH CMEHBI OCHOBHBIX THUIIOB BYJIKAHUTOB B 3aBUCUMOCTH OT TeMITEpa-
TYPHOIO pexkuma U BpemeHu ocTbiBanus. [11 — addy3uBbl nopduposble ¢ MACCUBHOI TEKCTYPOii;
C1 — addysussl cepoautosbie 6e3 muTodu3oB; C2 — 3ddy3uBsl cheposnTOBBIE C TUTODUIaAMUT;
A — sddysussr adupossre; 112-115 — apdysussr mosiocyarsie, GaonIaIbHbIE, MAHIATEKAMEHHBIE
u nepautosbie; KJI — BysiKaHOK/IACTUTHI JIUTOKIACTHYECKHE ¢ OpekyuneBoit cTpykrypoit; KT — Bys-
KaHOKJIACTUTHI C JINTO-, KPUCTAJIIIO- U BUTPOKJIacTamu. Mukpodororpadun caemanbl Ipu OJHOM

HUKOJIC.

Creryer orMeTuTh, 9T0 cheponToBbie 3hdy3uBbl XapaKTEPU3YIOTCS HAIUIHEM B OC-
HOBHOIT Macce cepOINTOB PATINATBHO-IYICTOTO CTPOEHNUS, COCTOSIIINX M3 BOJIOKOH ITOJIEBBIX
[IIIATOB U MUHEPAJIOB KpemHeseMa, (00br9Ho Kpucrobasura, ksapia). Cdeposursr o6pasy-
IOTCsI TIPY BBICOKOTEMITEPATYPHOM JeBUTpuUKAIUN ByJIKaHnIecKoro crekyia. Coriacao G.
Lofgren [1971], cdepomnTsr, hopmupyiomuecs: mpu temmeparypax okosio 700 °C, orinaa-
FOTCS MMIIPOKO PA3HECEHHBIM PACIIOJIOXKEeHNEM BOJIOKOH. CHOITONOI00HBIE CBA3KHM BOJIOKOH
(bow-tie) BosauKatoT ipn Temueparypax ot 400 o 600 °C, a cdepriueckue nyuKn pajnaibHO-
JIVIUCTOTO CTpOeHusT obpasyiorcs mpu Temreparypax < 400 °C. Pazmepnt cdepoauToB MOTYT
OBITH PA3JIMIHBIMA (0T MUKpOCKOImIeckux (momm MMm) 1o 10-20 cm) [Emeavanenko u dxo-
saesa, 1985; Steven and Lipman, 1976]. B usyuaeMbIx ByJIKaHUTaX BCTPEYAIOTCS KaK MeHee,
TaK u Gosiee BRICOKOTEMIIEpATYPHBIe (HampumMep, ¢ JuTodusamu) ceposnTOBbIE CTPYKTYDHL.

Munanekamenubie 3bdy3uBbl 00PA3YIOTCS IPHU IEPEXOE MATMATHIECKUX TOPOJ B I1a-
JICOTHUITHOE COCTOSIHUE, B KOTOPBIX IIYCTOTHI OT IY3bIPHKOB r'a3a (BE3UKYJIbI), BOSHUKAIONIIX
Ipu oTAe/JIeHNN OT MarMbl JIETYYNX KOMIIOHEHTOB, BBIIIOJHAIOTCA BTOPUYIHBIMU MHUHEDpaJIaMU.
Obuitne, popma U PaCIIOTIOKEHIE BE3UKYJ KOHTPOJUPYETCsl psiioM (haKTOPOB, CPeJid KOTO-
PBIX MCXOHOE CONIEPYKAHUE JIETYINX KOMIIOHEHTOB B Marme, BS3KOCTh PACILIABA, CKOPOCTH
nekomipeccun u auddysnn, cansHUs My3bIpbKoB rasa [McPhie et al., 1993]. Munanusbt
B paccMaTpuBaeMbiX 3pdy3uBax OOBITHO MOJHOCTHIO WM YACTUIHO BBIITOTHEHBI KBAPIIEM
WIN XJIOPATOM, PeXKe APYTUMU MUHEPAJIAMU, & TAK2KE JaCTO CO CJEJAMU BBINEIAINBAHUS.

ITepiuroBsie 3¢ dy3uBbI (GOPMUPYIOTCSI B PE3YJIBTATE TUAPATAINN BYJIKAHUIECKOTO CTEK-
Jia, COTTPOBOKTaloINelics yBeautdenneM oobema. Hampsikenust, Boguukaomnue npu auddy3un
BOJIbI, BBICBOOOYKIAIOTCS 32 CUET 00pa30BaHNs KOHIIEHTPUIECKUX TPENIUH, PACIIOIOKEHHBIX
BOKpPYT cepriecKnux, HEruIPATUPOBAHHBIX sijiep. [ uaparaius MOXKeT ITPOUCXOIUT KaK BO
BpeMsl, TaK U II0CJI€ OCTBIBAHUS JI0 IIOBEPXHOCTHBIX TEMIIEPATYP MAarMaTUYECKUX PACILIABOB.
Cumraercst, aTo 6oJIee BBICOKOE COJEpKanne BOIbI B iepsute (70 5%) MpemMyIecTBeHHO CBsl-
3aHO C BJIMSTHUEM BHEITHUX (PAKTOPOB, & MMEHHO BO3/I€HCTBAEM IIOBEPXHOCTHBIX M I'PYHTOBBIX
Boz1, [McPhie et al., 1993]. TlepauTsl MOryT GBITH MAKPO- M MUKPOCKOIIMUECKIX PA3MEPOB.
lMugparanus mepBoHAYAIBLHO 3aTPATMBAET BHEIIHAE IIOBEPXHOCTH JIABOBBIX ITOTOKOB U KYIIO-
JioB. B paccmarpuBaeMbix 00pa3oBaHUAX MEPIUTOBBIE 3P DY3UBBI MOTYT CJIATATH OTIEIbHBIE
UHTEpPBaJIbl Pa3pesa.

OcHOBBIBasICh HA 0COOEHHOCTSAX (POPMUPOBAHUST TIOPOJT IPU BYJIKAHUIECKUX U3BEPIKEHI-
X U PACIPEICTICHUN PA3HBIX TUIIOB BYJIKAHUTOB, B M3YIa€MOM KOMILJIEKCE TOPO/T BBIIC/ICHBI
IleHTpaJsibHasl (MM BHYTDEHHsIsI ), II€PEXO/[HAsI U BHEIIHsIsl 30Hbl KPYITHON BYJIKAHIMYECKOM
nocTpoiku. /Ijist 1eHTpaabHOM 30HBI BYJIKAHUIECKOH TTOCTPOMKHM, OTBEYAIONIEH KePIOBOit
¥ BepXHel ee 9acTsiM, CBONCTBEHHO pa3BUTHE OOPA30BAHUI JIABOBBIX KYIIOJIOB U IIOTOKOB,
JIJIs BHEITHEH — Iepec/ialBaHue JIABOBBIX TIOTOKOB C JIABOKJIACTUTAMU U Ty(daMu C mpeodJia-
JlaHuEeM BYJIKa@HOKJIACTUICCKUX HaKOIJIEHUIA. HpI/IMep reHeTUYeCKOon UHTeIlIpeTallu I1I0POo/1
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Puc. 5. Teosioro-reodusndeckasi XapakTepPUCTHKa pa3pe3a OJHON M3 U3ydaeMbIx CKBaxkuH (A)
¢ dororpadusamu GpparmenTos kepHa B gHeBHOM cBere (B), mumdos (B) u ykazanmem npunaziex-
HOCTH TOPOJT K TEHETHIeCKUM rpymmaM obpasosanmii (I'). 1-4 — meTpoTumbsl mopoJ1, yCTaHOBIEHHBIE
B pe3yJIbTaTe MaKpo- U MUKPOCKOIMMIECKUX UCCIeNOBaHuit: 1 — B ocHOBHOM 3 dy3uBbI ophupo-
Boie, maccuBuble (I11), oTaenpaBIe TPOCTION ¢ TIONTOCYaTOl N dunonganbHoi Texcrypoit (112 n I13);
2 — a¢dpdysussl ceponurosble 06b19HO 63 U penko ¢ auroduzamu (C1,2); 3 — apdysussr nep-
surossie (115), 4 — Bynkanoknacturel (KJI u KT), B cpenneit yactu paspesa ¢ npeobsaganuem
nmupokactudeckux pasaocreil (KT), orpaskaomux nepuosipl SKCIIO3UBHBIX u3Bepxkennit. 111, KT2,
I15 u C1 — uHIEKCHI YCTAHOBJIEHHBIX METPOTHUIIOB, YKa3aHHbIe B Tabsune 1; ITur — mosiessle mmarTsr;
Cd — cdepoaursr; Xit — xmoput. KpacHbIME TOYKaMU Ha KepHE 0003HAYEHBI MeCTa 0TOOpa 00Pa3IioB

opo/, pororpadun nIHdOB KOTOPHIX IIPEJICTABIEHbI Ha PUCYHKE.

kposu JTFOK oxHO#l 13 m3y4aeMbIX CKBaXKUH, OTBEYAONINX IEHTPAJIBHON 30HE JIpEeBHei
BYJIKAHMYECKOI TTOCTPOMKM, IIPUBEJIEH HA PUC. D.

B xo71e 11poBeIEHHOrO Ucc/e0BaHus Hajumdue ropu3oHTOB Kop BbiBerpuBanus (KB),
B OTJIMYHE OT MHEHUs Dsijia aBropoB [Cmuprosa u dp., 2024; Xpomosa u dp., 2015], B nsyva-
€MOM KOMILJIEKCE TI0POJ] He ObLIO J10cTOBepHO ycraHnosieHo. Cornacio M. E. Cmupnosot
¢ coaemopamu [2024], K mpogyKTaM KOP BbIBETPUBAHUS, OTJIXIAIONUMCS HAUJLY YIIAME
KOJIJIEKTOPCKIMU CBOHCTBAMU, OTHOCATCS CHJIBHO M3MEHEHHBIE PUOJAIMTOBLIE JIABBI C pa3-
BUTHEM BTOPUYHBIX KBapIa, [JIMHUCTHIX MUHEPAJIOB (BKJIIOUYAs XJIOPUT), & TaK¥Ke KaJbIUTA.
Cuunraercst, 9TO B KPOBJIE IEPMCKO-TPHACOBOTO BYJTKAHNIECKOTO KOMILIEKCA, & TAKYKE BHYTPU
TOJIIIY BYJIKAHUTOB 10 BEPXHEH MOBEPXHOCTH IOKPOBOB JIAB IIPOCJIEKUBAIOTCSA KOPBI BHIBET-
PUBaHUS MOITHOCTHIO 0 10-25 M, KOJTMYIECTBO KOTOPHIX B MOCJETHEM CIyYae B OTIACTbHBIX
pa3pe3ax CKBayKMH MOXKET JOXOJUTH JI0 3—5 TOPU30HTOB.

Kak u3zBecTHO, BrOpmYHbIE M3MEHEHUS MOTYT OBITh CBSI3aHBI C JIEHCTBUEM CAMBIX
PA3JIMIHBIX ITPOIECCOB KAK C MPOSBJIEHUEM BBIBETPUBAHUSA, TAK U C PA3BUTHEM HAJIOXKEH-
HBIX TIPOIECCOB HA TVIyOUMHE, HAIIPUMED, C THAPOTEPMAIBLHON TpopaboTKoit mopoa. Ksapir,
TJINHUCTBIE MUHEPAJIBI U KAJBIIAT SBJIAIOTCS IITHPOKO PACIIPOCTPAHEHHBIMU BTOPUIHBIMA
MUHepaJIaMi, KOTOPbIe MOT'YT UMETh Pa3HbI T€HE3UC, B TOM YUC/Ie (POPMUPOBATHCST TPU
neficrun HuskoreMueparypHbix (10 200-400 °C) ruaporepMaibHO-METACOMATHIECKUX PO~
neccoB |Ipamernuyrud, 2012]. OTamauTenbHO 9€pTOit KO BHIBETPUBAHUS SIBJISIETCST UX
30HAJIBHOE CTPOEHUE, 3aKOHOMEDHAsI CMEHA TIOPOJ, ¢ HaPACTAIOIIell CHU3Y BBEPX MHTEHCUBHO-
CTBIO BTOPMYHBIX M3MEHEHH{t, YTO XOpOIo B HuX npociexusaercs [Cmpazos, 1963; dposos,
1992]. Topomel, HAXOMSICH HA 3€MHON IIOBEPXHOCTH BCET/IA TOIBEPralOTCs BO3IEHCTBUIO
9K30T€HHBIX IIPOIECCOB ¢ 0OPA30BAHUEM BBIBETDEJION MOBEPXHOCTH, HO Jjisi 00pa30BaHUA
[TOJTHOTIEHHBIX KOP BBIBETPUBAHUS M UX CEpHii Tpebyercsi cOueTaHue I1eJIoro psijia (haKkTopOB,
IefICTBYIONINX YCTONYNBO Ha IIPOTSKEHUH JIJIUTEILHOIO BpeMeHH. BbIOOpOYHOCTS pa3BH-
THUsI TOPU3OHTOB KOP BBIBETPUBAHUSA 110 OIHOMY THILY IIOPOJI C yYETOM BCeil crenmndukn
ux o6pa3oBanus (ILIOMAIHOTO PACIPOCTPAHEHNS], JJINTEJLHOCTH PA3BUTHA, CTAOMILHOCTH
HEOOXOMMBIX YCJIOBHIA) TPEJICTABIISAETCS MAJOBEPOSTHBIM.

Ilo mmeroruMces y HAC JAHHBIM CPEIU PACCMATPUBAEMBIX IIOPOJT SIMU30AUIECKNA BCTPE-
YAIOTCsl BYJIKAHATHI € IPU3HAKaMu GoJiee 3aMeTHON TiMHu3anuy ([IPEeUMyIIECTBEHHO 3a CYeT
Pa3BUTHsI CJIEOJUCTBIX MUHEPAJIOB), KOTOPBIE TPYJHO CONOCTABATH C MOJHOIEHHBIMU IPOJYK-
TaMHU KOD BBIBETPHUBAHUS, TAK KAK B HUX OTYETJIMBO IIPOCJIEKUBAJIACH IIEPBUYHbIE TPU3HAKH
CTPOEHUSI TIOPOJ] ¢ COXPAHEHNEM OCHOBHBIX COCTABJIAIONINX KOMIIOHEHTOB, B TOM YHCJIE CJ1ab0
YCTONUHUBBIX K BTOPHYIHBIM IpeobpazoBanusM (Hanpumep, [Tm) (puc. 6.1). B atux passoctsx
BBIsIBJIEHO Hasimane noHmKeHHbIXx PEC, 410 He 1mo3BoJIsieT paccMaTpUBaTh UX B KATECTBE
HamnboJIee MPOILYKTUBHBIX IMOPOA-KOJLIEKTOPOB. Cpe HUX MPUCYTCTBYIOT OOBIYHO BYJIKAHO-
KJIacTuaeckue obpasosanust (Tydbi), a Takzxke 3¢bdy3uBbl (IPEUMYIIECTBEHHO HEPJIUTOBLIE).
ITomo0Hble TOPO/IBI, €Ciid U PacCMaTPUBATh B Ka9eCTBE PA3HOCTEll € IPU3HAKAMH BBIBET-
pUBaHUs, TO TOJIBKO KAK HAXONAIINECS HA HAYAJIBHBIX CTAUAX PA3BUTHUS TMIIEPTEHHBIX
MIPOIIECCOB, IIPU 9TOM He MCKJIIOUasi BO3MOXKHOCTD BJIMSHUS U JPYTUX (PaKTOPOB TVIMHU3AINH.

B paspese cKBaxXuWH BBIJIETAIOTCS BYJIKAHUTHI C WHTEHCUBHON XJIOpUTH3AIUEt
(puc. 6.2, 3). Bropuunble BblJejieHUsT XJIOPUTA B TOI MJIU UHOI CTEIEHU IPOCJIEKUBAIOTCSI
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110 BCeMy pas3pe3y CKBarKHMH. B 1opojiax ¢ HHTEeHCUBHBIM BbIIIeJIa9lBaHAEM U BO3HUKHOBE-
HUEeM BTOPHYHOU IIOPUCTOCTH XapaKTepHO (POPMHUPOBAHHUE XJIOPHUTA, B TOM UHCJIE B BUIE
KPYCTUMUKAIMOHHBIX KOPOYEK, YaCTO COYETAIONIUXCH B IIyCTOTaX C BHOBb 0OPa30BaHHBIMU
CEPUIIUTOM M MIHOMOPMHBIMI KPHUCTAJIJIAMA aJIbOUTA, UTO yKa3bIBAET Ha BO3JeiicTBUe TUj-
pOTepPMaJIbHBIX PACTBOPOB, a HE IOBEPXHOCTHBIX IIPOLECCOB. XJIOPUTU3AINA TaKyKe MOXKET
nporekaTh u 6e3 popMupOBaHUs IIyCTOT BbINeIadnBanusd. Haawdue Bble/leHU XJIOPUTA,
KOTOPBIE UMEIOT IMUPOKOEe PAcIPOCTPaHeHue, ABJIAeTCH XapaKTePHOl 0COOEHHOCTBIO JIIs
paccMaTpPHBAEMBIX BYJIKAHUTOB. XJIODUTAM CBOHCTBEHHA cIabasg yCTOMYNBOCTD B 30HE THIED-
remesa, 9To 0BYCIOBICHO BO MHOIOM Okuciennem Fe? " okTasapmdeckix cerok Mumepasa
[LILavikos, 2006]. Dra 0COOEHHOCTH XJIOPUTOB HE MO3BOJISIET X PACCMATPUBATH B KAUECTBE MO~
POZ000Pa3yIoIIero IIMHACTOTO BEIeCTBa KOP BBIBETPUBAHNUS, €CJIH, KOHEYHO, MATEPHHCKAME
IIOPOJIaMH He ABJIAIOTCA XJIOPUTOBBIE CIIAHIIBI.

Puc. 6. Dororpaduu kepa u 1o usydaeMbix nopog. 1 — syakasokaacrutsl (KT) ¢ rimausamei
(Ko =16%, Kup = 0,08 x 1073 MKM2); 2 — 3¢bdy3uUBBI IEPIUTOBLIE C XJIOopuUTH3ane; 3 — 3dpdy3uBbI
MIEPJINTOBBIE C XJIOPUTH3AIedl U IPU3HAKAMU BBINEIAINBaHNA; 4 — KOHTAKT MECOMATHICCKIX
U OCaJI0YHBIX OOPA30BaHMil; 5 — KOHTAKT C YIVIOBBIM HECOIJIACHEM IIOPOJi KPOBJIH JIOIOPCKOI'O
kommiekca (JJFOK) u Boimesekamux OTIOKEHU TIOMEHCKON CBUTBI B PA3PE3€ OJHON M3 CKBAYKHUH
n3ydaemMoro Mecropoxienust. @ororpadun mmdos ciesanbl B cKpeleHHbix (1, 2) HUKOJIsAX U 1pH

onuoM (3, 4) HuKOIIE.

ITo maHHBIM TPOBEIEHHBIX MUKPOCKOMMYIECKUX M MUKPO30HIOBBIX UCCJIEOBAHMIA, a TaK-
K€ PEHTIeHOCTPYKTYPHOT'O aHAJIN3a HPUCYTCTBUE KAOJMHUTA, SBJISIONIETOCS TUITHYHBIM
MHHEPAJIOM KOD BBIBETPUBAHUS, OOBIYHO (POPMUPYIOIIUMCS 10 KUCIBIM MAarMaTHIeCKUIM
IOPOJIaM, B U3y9IaeMbIX 00PA30BAHUAX HE OBLIO BBISBJIECHO.

TToposibl, KoTOpBIe ObLIN OTHECEHBI K MeTacomaruTaM (M), sIBJISIIOTCS, CKOpee BCero,
IIPOAYKTAMH IIpeoOpa30BaHMs IIEPBUYHOIO BEIECTBA B PE3yJIbTaTe JIEHCTBUS IIPOIECCOB,
OTJIMIAIONIUXCST OT BBIBETPUBAHUSI. DTO MOJTBEPIKIAETCS UX JIOKATBHBIM PACIPOCTPAHEHUEM
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Ha OIIPEJIEJIEHHOM YPOBHE B €IMHHYHBIX CKBaXKHHAX, B OCHOBHOM OJ[HODOJIHBIM (MOHO-
JINTHBIM) CTPOEHUEM, [IPEUMYIIECTBEHHO KPEMHEBBIM cOCTaBoM (KBapia okosio 53-54%),
repecjaanBaHueM C OCAI0YHBIMU TOPOJAMU, OTIAIAOIIMMICI OOBITHO HAJTUINEM (DOHOBBIX
JINTOTEHETUIECKUX BTOPUUIHBIX n3Menenuii (puc. 6.4). Ipeamonaraercs, aro ux GopMupo-
BaHUE CB3aHO C MPeoOpPA30BAHNEM MUPOKJIACTHIECKOTO MaTEePUAJIa, COTPUKOCHYBIETOCS
C BOJHOI Cpe/ioif ¥ IOIABINEr0 B O3€pHBIE ycJOBHUs. lIpm 3TOM moOC/emyolee BIUsHAE
FUPOTEPMAJIBHBIX IIPOIIECCOB ITOJIHOCTBIO TaK»Ke HE MCKJIF0OUaeTCs.

B paspesax ckBarXuH, BCKPBIBAIONINX KOHTAKT KPOBJIU PACCMATPUBAEMBIX JIOIOPCKUAX
00pa30BaHUIl C BBIMIEIEKANUMY OTJIOKEHUSIMA TIOMEHCKOW CBUTHI, IPU3HAKNA PA3BUTHS
KODBI BbIBeTpUBaHUs He Ol o0HApyKeHbI (puc. 6.5).

[IpuBeieHHbBIE JaHHBIE KACAIOTCS JUCKYCCHOHHBIX BOIIPOCOB, PACCMATPHBAIOIINX OCODEH-
HOCTH CTPOEHUS M3yJIaeMbIX TOJII BYJIKAHUTOB. Hajm4ne mMOTHOIEHHBIX KOP BBIBETPUBAHUS
B IpeJesiaxX JIPYTUX Pa3BelOYHBLIX ILIOMaeil B KposJe mpoopckoro komiuiekca (JIFOK)
MIOJITBEPKIEHO MHOT'OYNCJIEHHBIMU UCCJIEIOBAHUSIMI.

XapaKTepI/ICTI/IKa KOJIJIEKTOPCKHUX CBOIICTB

BysKaHUTBI OTHOCSITCS K THIIAM TIOPOJI, KOTOPbIE PACCMATPUBAIOTCS B IHUCJI€ HETPAJIH-
IIMOHHBIX KOJUIEKTOPOB. IlepBUvHAs IyCTOTHOCTD B HUX MOYKET OBITH CBA3aHA C HAJTMIUEM
IIy3BIPHKOBBIX (BE3UKYJISIPHBIX) II0DP, CHUCTEMBI YCAJOYHBIX TPEIUH BOKPYT CHEpOJITOB,
MEXK3EPHOBBIX TIOD B BYJKAHOK/IACTUTAX, & TAK¥KE C JIPYTUMU OCOOEHHOCTSIMU TIEPBATHOTO
crpoenust ytux nopox |Wang and Zhou, 2020]. B pesysbrare npoBeIeHHOIO UCCIIEI0BAHMS
YCTaHOBJIEHO, UTO KOJIJIEKTOPCKIE CBOMCTBA M3YYaeMbIX BYJIKAHUTOB B OOJIBITEH CTEeHN
KOHTPOJIUPYIOTCs JIEHCTBIEM BTOPUYHBIX MPOIeccoB. Jljisi OpoJ CBONCTBEHHBI HAJIOXKEHHBIE
BTOPUYHBIE U3MEHEHHUsI, CPEJId KOTOPBIX OCHOBHBIMHU #ABJIAIOTCs: (1) OKpeMHeHue: pa3BuThe
TPEIIH, 3aJe9eHHBIX KBAPIEM U yIaCTKOBOE OKPEMHEHHE 0 30HAM PaCTBOPEHMsI, OKBaPIIe-
BaHue (10 NepJIUTaM, BUTPOKIACTAM U JIP.), PA3BUTHE KBaplia B MUHIAINHAX; (2) KapOoHa-
Tu3aiys (BblIeJeHNs CUIEPUTa U KAJbIUTA) YIacTKOBasl (0ObIYHO 110BepX (heHOKPUCTAIIIOB
ITur) nam no Tpemusam, (3) xmopurusanys, (4) wumrusanus, (5) arbOUTH3AIMS: PA3BUTHE
UIMOMOP(MHBIX TaOJIUTIATHIX KPUCTAJIOB aJb0UTa B MyCTOTAX PACTBOPEHUSI, MECTAMU B BU-
Jie obuIbHBIX KpycTudukanmii; (6) BbIIeJaunBaHUE IO TPENTUHAM, OCHOBHON Macce M 110
M, (7) rpemunoBarocTs. Cpey COIYTCTBYIOIUX BTOPUYHBIX BbIJIEJICHUN BCTPEIAIOTCSI:
dboopuT, okcuaHbIE coeuHeHns TUTaHa (PyTUI Wi anaras?), nuput. Haauaue neoguTos
B PacCMATPUBAEMBIX TIOPOJIaX HE OBLIO BBISIBJIEHO.

BerimenaanBanune eBuTpudunmpoBaHHONR CTEKJIOBATON OCHOBHOI MacChl, (PeHOKPU-
crasnos Il n yacTy MUHIAINH, pACTBOPEHNE BJOJb CTEHOK TPEINH, & TaKyKe Pa3BUTHE
BTOPUYHON TPEIIUHOBATOCTHU SABJISAIOTCS OCHOBHBIMU BTOPUYHBIMU IIPOIECCAMU, KOHTPOJIU-
pytomumMu HhopMUPOBaHKE (DUITHTPAUOHHO-EMKOCTHBIX CBOWCTB U3YyYaE€MbIX BYJKAHUTOB
(puc. 7).

B paccmarpuBaemMbix 06pa30BaHUSIX BCTPEUAIOTCSI OJMHAKOBBIE ETPOTHUIIBI TOPOJ] KAK
6€3, Tak ¥ ¢ HAJMYIUEM TIPU3HAKOB BBINEJTAIMBAHUS, YTO CBUIETENHCTBYET O HEPABHOMEDHOM
JIEHCTBUN HAJIO’KEHHBIX BTOPUIHBIX MPOIECCOB, CBA3AHHBIX, CKOPEe BCEro, ¢ MpOpaboTKOi
rUApOTEPMAaIbHBIMA pacTBopamu. Tak, 3¢ddy3usbl mopdupoBbie ¢ MACCUBHON UM TIEPJIU-
TOBOI TEKCTYPOIl MOT'YT OBITH TPEJCTABIEHBI KAK TOUYTH HETOPUCTHIMU, TAK ¥ TOPUCTHIME
passocramu (puc. 2.2, 6 u puc. 7.1, 2, 5). BoisiB/ieHre UHTEPBAJIOB MHTEHCUBHOIO BBIIIEJIAUU-
BaHUsI I 3aKOHOMEPHOCTE NX PA3BUTHsI sIBJISIETCST BasKHeiimelt 3a1aqeii. B paccmarpuBaeMbix
BYJIKAHUTAX HAUOOJIbIIAas BTOPUYHAS IIOPUCTOCTD IIPK €€ HAJIMYNU OoTMedaeTcsd B 3 dy3uBax
nopduposeix ¢ nepantosoil Tekcrypoii (I15), Bynkanokimacrurax (KJI u KT), a rakxke B a¢p-
dyzuBax nopbuposbix ¢ Mungagekamennoii rekcrypoit (I14). B ByskanuTax ¢ 1epauroBoit
CTPYKTYPOIi U MACCOBBIM BBIIIEIAIMBAHIEM TIEPIUTOB oTMedeHbl Bhicokue PEC: mopucrocTh
MOKeT cocTaBydaTh 110 20-28% npu npoHunaeMocTu 10 IepBbIxX gecaTkoB M (puc. 7.5).
JlyunieMy NPOHMKHOBEHMIO BBHIMIEIAIUBAIONIAX PACTBOPOB CIIOCOOCTBYET PAa3BUTHE B HHUX
[EPJIUTOBBIX TPEIHH.
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Puc. 7. Mukpodororpadun nerpoTuos n3yIaeMbIX BYJIKAHATOB KPOBJIHU JOIOPCKOIO KOMILJIEKCA
(AIOK) mecropoxnenus B EnuzaposckoM nporube 3ananuo-Cubupckoit nursl. 1 — 3¢dbdy3uss
nophupoBbIE ¢ MACCUBHON TEKCTYpoil ¢ BoimemaanBanuem ocuosHoi maccer (I11) (Kn=17,4%,
Kop=0,15 x 1073 MKMQ); 2 — 3¢ dy3uBbI TOPMGUPOBBIE ¢ MACCUBHON TEKCTYPOIl ¢ BBIIIEIAINBaA-
HHMEM IOJIEBBIX IIIATOB U 0OPa30BAHUEM B IIyCTOTAX BTOPUYHBIX BBIAEJCHUHN JIMOKCHUIA TUTAHA
(1) (Km=21,1%, Kup=0,45x 1073 MKM2); 3 — 3ddy3uBBl ¢ BIOPUIHBIMU IIyCTOTAMH BbIIIE-
saguBanua Mexkay cdepomuramu (Cl) (Ko=7,1%, Kup=0,02 x 1073 MKMQ); 4 — 3ddy3uss
C HOJIHBIM ¥ YaCTHYHBIM BbIIEIadBAHIEM MUHIAMNH, BeinoHeHHBIX KBapreM (I14) (Ko=18,1%,
Kup=0,30 x 1073 MKM2); 5 — 3¢ dy3uUBbI ¢ UHTEHCUBHBIM BBIIIEIAYNBAHUEM IEPJIUTOB U 00-
pPa30BaHMEM BTOPUYIHBIX HAMOMOPMHBIX KpUCTALIOB anbbuta B mycroctax (I15) (Ko =28,9%,
Knp = 0,95x 1073 mxm2); 6 — BysKasoKIacTHTbI ¢ npusHakamu sienadnsanns (KT) (K= 15,3%,
Kop=0,14 x 1073 MKMQ). It — moneswie mmarsl, KB — kBapi B MuHgaauHax, Ay — ajbOUT,

Ir — nuokcun turana. Mukpodororpadun cies1anbl IpU OHOM HUKOJIE.

3akiroueHue

B pesysnbrare npoBemgeHHOr0O BCCIEI0BAHASA B PACCMATPUBAEMOI TOJIIIIE BYJIKAHUTOB
BBIJIEJIEHO OKOJIO 32 IEeTPOTHIIOB U JINTOTUIIOB IIOPOJ, OObEIMHEHHDIX 110 BEIECTBEHHBIM,
CTPYKTYPHBIM U TEKCTYPHBIM IIPU3HAKaM B 7 OCHOBHBIX I'DYIII. YCTAaHOBJIEHO, YTO CPEIN
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Cumcok uTeparypsl

MU3yYIaeMbIX TOPOJI MIPeodIa1al0T KUCable 3P Y3UBDI, OTIMIAIONINECS JOCTATOIHBIM PA3HO-
00pA3HBIM CTPOEHUEM, U BYJIKAHOKIACTUTHI. ByJKAHOTE€HHO-0CA0IHbIE, OCAI0OTHBIE TIOPOIBI
¥ METACOMATHUTHI PACIPOCTPAHEHBI B 3HAYNTEIHHO MEHBIEH CTEIIeHN.

IIo ocobennocTssM HOPMHUPOBAHUS C YIETOM IIEPBUYHBIX IIPU3HAKOB IIOPOJ] IIPOBE/IEHA
WX TeHeTUIeCKas TUIN3aIns. Bcero BhIIBIEHO b TeHETUIECKUX IPYIII 00Pa30BaHuil, KOTOPHIE
IOIPa3/Ie/IeHbl Ha PS/IbI ¢ BBIIEJEHHEM TeHeTuIecKux TUoB. Cpeay reHeTUIeCKuX THUIIOB
YCTAHOBJIEHBI JIABBI, JTABOOPEKINH/ KJIACTOJIABbI, JIABOKJIACTUTHI, TY()bI, 036PHBIE OTIIOKEHHUSI
¢ HAJIMYUEM HUPOKJIACTUYIeCKOro Marepuadia (Tyddursl), o3epHble OTI0XKeHUs 6€3 IHpOo-
KJIACTUKN U MeTacoMaTUThI. OOpa30oBaHms MEPBBIX YETHIPEX MeHEeTUUECKUX TUIIOB B paspese
peobJIaIaIoT.

Ilo ocobenHOCTSIM pacipe/ie/ieHus Pa3HbIX TUIIOB BYJIKAHUTOB B pa3pe3e CKBaKUH I10
BEPTHUKAJN U JIATEPAJIN BBISIBJICHA APAr€HEeTHYECKAasl IOCJIEI0BATEIbHOCTD CMEHBI TIOPOT,
B 3aBHCUMOCTH OT CTEIeHU WX PACKAJEHHOCTU U BPeMeHHU ocThiBaHUs. Hamnbosiee BEICOKOTEM-
EePATYyPHBIMU U MEJIJIEHHO OCTBIBAIONIUMU SIBJIAIOTCSA 3P DY3UBLI TOPGUPOBBIE C MACCUBHOIT
TEKCTYPOii, XapaKTepHBIE M YKePJIOBOi (barun ByJIKaHa U MEHTPAJBHBIX TaCTeH JIABOBBIX
MMOTOKOB. ITa IIOCJIEI0OBATEILHOCTD 3aBepInaeTcsi oopasoBanneM 3hdy3uBoB abUPOBBIX, ITE€P-
JINTOBBIX U MUHJIaJIEKAMEHHBIX, & TaKyKe BYJKAHOKJIACTHIECKUX HakollieHuii. [eHeTnaeckast
TUOHU3ANHS [TOPOJL II03BOJIMIIA OIIPEJIEINTh JAUAIHOCTUYIECKUE IIPU3HAKY [EHTPAJIbHON (uim
BHYTPEHHEH ), IepexoJHOi 1 BHeIHel (aruaibHbIX 30H KPYIHOH BYJIKAHUYECKON MOCTPOMKY.
Hanuume ropusoHTOB HOJHONEHHBIX KOp BhiBeTpuBanus (KB) B m3yuaeMoM KoMILIEKce
TOPO/T He ObLIO JOCTOBEPHO YCTAHOBJIEHO.

Brorgpieno, uTo n3yvaemble BYJIKAHATHI XapPaKTEPU3YIOTCST PA3HON CTEIEHbI0 BTOPUT-
HOIl m3MeHeHHOCTU. HamIydIimmMu KOJLIEKTOPCKUMU CBOMCTBAMU OTINYAIOTCsT 9 y3UBbI
¢ mepsmrosoit Tekcrypoit (I15), Bynkanokmactursl (KJI u KT) u addysusbr Munmamekames-
ubie (I14), nperepneBnnME BbllIeJauuBaHUE U IPOPABOTKY MMIPOTEPMAJIbHBIME PACTBOPAMHU.
BrimenaanBanue JeBuTpudUIImPOBaHHON CTEKJIOBATON MACChl, (peHOKpucTasaos I u yactu
MUWH/TaJINH, paCTBOpeHI/Ie BJ/IOJIb CTE€HOK TpeHlI/IH7 a TaK>Ke paSBI/ITI/Ie BTOpI/I‘{HOfI TpeHlI/IHOBa—
TOCTH OTHOCATCS K OCHOBHBIM BTOPHUYHBIM ITPOIECCaM, KOHTPOJIUPYIOMIAM (DOPMUPOBAHIE
GUIHTPAIMOHHO-eMKOCTHBIX CBOICTB MCC/IEyeMbIX BYJIKAHUTOB. BarkHeiireit 3amadeii siB-
JISIETCsI OlIpejieJieHre 0CODEHHOCTEl JIeliCTBHSl PACTBOPOB Ha IJiyOuHe, (pujibTpalyss KOTOPBIX
obecrieanBaIa B OCHOBHOM BO3HUKHOBEHIE BTOPUYIHOM MyCTOTHOCTH ¥ (POPMUPOBAHUE TIOPO/I-
KOJIJIEKTOPOB. ByslKaHUTaM C yJIy9II€eHHBIMU KOJUIEKTOPCKUMU CBOMICTBAME XapPaKTEPHBI
3HAYEHHs IIOPUCTOCTH 110 25—28% U MPOHUIIAEMOCTH J0 IIEePBLIX JecaATKOB M/I.
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PETROGENETIC TYPING OF VOLCANICS FROM THE TOP OF THE
OIL-BEARING PRE-JURASSIC COMPLEX IN THE ELIZAROVSKY
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The results of petrogenetic typing of acidic volcanic rocks (rhyolites and dacites) of the top of the
oil-bearing pre-Jurassic complex of the field located in the Elizarovsky trough of the West Siberian
plate are considered. These volcanic deposits have a complex structure and, according to the results
of well sampling, are characterised by extremely high variability of rock productivity, irregular
watering, and, probably, the presence of several levels of water-oil contacts. The study of core
material (about 850 linear m) and rocks in thin sections (1320 samples), as well as the application
of high-precision research methods (e.g. microprobe and X-ray phase analyses) made it possible
to identify 32 types of rocks based on composition, textural and structural features, which were
united into 7 groups of similar deposits. As a result of genetic interpretation of the rock structure,
the presence of lavas, lavobreccia/clastolavas, lavoclastites, tuffs, lake sediments without and with
pyroclastics, and metasomatites was established. The formations of the first four genetic types
predominate in this rock complex. In the studied volcanics no reliable signs of the development of
weathering horizons were not revealed. The volcanic rocks are characterised by different degrees of
secondary transformation, in which the formation of improved reservoir properties was mainly due
to leaching, which occurred under the action of solutions at depth, as well as the appearance of
fracturing. The best reservoir properties are characterised mainly by effusives with pearlite texture,
volcaniclastics and amygdaloid effusives. Volcanic rocks with improved filtration-capacity properties
are characterised by porosity values up to 25-28% and permeability values up to the first tens
of mD.
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CraThsl OCBAIIEHA KOMIUIEKCHOMY aHAJIN3y HE(DTEra30HOCHOCTH JOIOPCKOTO BYJIKAHOT€HHO-0CAI0Y-
soro xkommiekca (JFOK) B mpegmenax 3anaano-Cubupckoro ocamounoro Gacceiina. Ha ocuose
CYIIEeCTBYIOIIEH eTPOreHeTUIecKoi Tunn3anun ByskaunToB Kpossu JJFOK paspaborana monesnb
KPYHIHBIX ITUKJIOB U3BEP2KEHUS], YCTAHABINBAIONIAS PACIIPe/ieIeHre ITOPO/I-KOJIJIEKTOPOB U HEKOJIJIEK-
TOpOB. s CHUXKEeHUsT HEOIIPEeIEIEHHOCTH MEXKCKBAYKUHHOM KOPPEJIAIUU IIPEIJIOKEHa METOTUKA
paszesnenus MopoJy MO CTAHAAPTHOMY KOMILIEKCY reodusndeckux ucciemosanunii ckpaxkun (I'MC),
OIICHUBaIOIaA BEPOATHOCTDH IIPUHAIJIC?KHOCTHA IETPOT€HETUYICCKUX THUIIOB K KOJIJIEKTOpaM HJIA
HekoJutekTopaM. COBMeCTHAsT MHTEPIPETAINs JAHHBIX CEICMOPA3BeIKN, CKBAYKIMHHBIX MAaTEPHUAJIOB,
HeTpOFpa(bI/I‘IeCKI/IX " JINTOJIOTHYIECKUX HCCJIe,[LOBa,HI/Iﬁ KepHa IIO3BOJIAJIa OTOXKJIECTBUTH 3JIEMEHTEI
IIMKJIOB B CEeMCMUYIECKOM MOJIe 1 NOCTPOUTH HNOBEPXHOCTHU YCJIOBHBIX I'€OJIOTUYIECCKUX TeJI, CBA3aH-
HBIX C IPUPOJIHBIMU pe3epByapamu. lIpumenenne pa3paboTaHHOTO aIrOpUTMa HA MECTOPOKICHUN
B Bamaanoit Cubupn (Gonee 300 ckparxkmn) mokazasno, aro JIFOK cioxen cepueit u3 10 un30-
BHJHBIX ITaYeK, JaTePaJIbHO MEPEKPBHIBAIOIINX TEPPUTOPUIO «UEPENNYIHO»: OT OJHON HadK! Ha
BOCTOKE JI0 HAJIOXKEHUsI TPEX MAYeK Ha CEBEPO-3amajie. XOTs s TOJHOIO IMOCTPOCHUS MOJIEJIN
JIOK, npuromnoit st JIaHUPOBaHUS pa3pabOTKU U JIOPA3BEJIKM, TPEOYeTCs JTOMOTHUTETLHOE
n3ydeHne THAPOJAMHAMUIECKON CB3M MeXKy oObeKTaMu (yCJIOKHEHHON BBICOKON JIaTepasibHOM
n BepTHKaJ’[bHOﬁ U3MEHYINBOCTbHIO U PAa3PbIBHBIMU Ha,pyH_IeHI/IHMI/I)7 npoaesianHad pa60Ta (bOpI\H/IpyeT

OCHOBY ISl TIOCJIEAYIOEro 3 @MEKTHBHOIO UCCIIEI0OBAHNS IOJOOHBIX ITOPOI.

KiroueBslie ciioBa: BYJIKQAHUTBI, METOIUKaA KJIaCCI/I(bI/IKaJ_II/II/I Iopoa IO JJaHHBIM FI/IC, KOJIJICKTOPCKUE

CBOICTBA, JOIOPCKU KOMILIEKC, 3anaHo-Cubupckast minTa.
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IPUPOIHLIX PE3ePBYapOB BYJIKAHOIEHHO-0CALOTHOIO JOIOPCKOrO KOMILTEKCa 3amanno-CubupcKoro
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BBenenune

B Bamanno-Cubupckom ocagousHoM OacceiiHe NMPUHSITO BBIIEJIATD JIBa dTaxka HedTe-
ra30HOCHOCTH. BepxHuil — I0PCKO-KANHO30MCKUIT IIPEICTABIEH TEPPUTEHHBIMHI TOPOIAMH,
JIOCTATOYHO XOPOIIO U3YUY€H, TAK KAK K HEMY IIPUYPOYEHO OOJIBITUHCTBO Pa3padaThIBaeMbIX
MecTopoKaeHuit. HimKHuit — 1010pckuit 9TaxK, mpeacTaBAeHHbI TeTePOTeHHBIMU TTOPOIAMEI
dbyumaMenTa, n3yden ciabo, HO MHTEPeC K HEMY C KaXKIbIM T'OJIOM HAPACTAET B CBA3U
C TIepCIIEKTUBON HApAIMBAaHUsS PECypPCHOit 6a3er Y B.

Nzy4uenune nHedTEra3s0HOCHOCTH JIOIOPCKOTO BYJIKAHOTEHHO-OCAJOYHOTO KOMILIEKCA,
(JHOK) siBisiercst HETPUBHAJILHOMN 3a/1adeil 110 IpUYrHe HeOOXOAUMOCTH YI6Ta ero crenudu-
YEeCKUX KadeCTB, U3-38 KOTOPBIX YCTOABINHECS TPAJIUIMOHHBIE METOIbI IONCKA U Pa3BEIKI
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N3V4EHUE NMPUPOJAHBIX PESEPBYAPOB BYJIKAHOTIEHHO-OCA/JJOYHOI'O JOKOPCKOTI'O KOMIIJIEKCA. . . AJIEKCEEB U AP.

MECTOPOXKJIEHUI He MOTYT OBITH IPUMEHEHBI B MOTHON Mepe. OCOBEeHHO 9TO KacaeTcs: ByJI-
KAHOTEHHBIX IIOPO/I, TAK KAaK [IPUYPOYEHHBbIE K HUM MECTOPOXK/IEHUS B MUPE BCTPEYAIOTCS
JIOCTATOYHO PEJIKO, OIBITA WX Pa3BEJIKU U Pa3pabOTKH, OIMMCAHHOIO B JIMTEPATYPE, MAaJo.

Bri6op 3 dHeKTUBHBIX TOIXOI0B MCC/IEIOBAHNS BYJIKAHOTE€HHO-0CAJOTHOTO KOMILIEKCA,
OTJIOKEHUH, ONUPASCH HA KOTOPbIE MOKHO CTPOUTH MOJIEJIHU C IIPOIHO3HOI CIIOCOOHOCTHIO, YI0-
BJIETBOPAIOIIEH IEJISIM [IJIAHUPOBAHNS PAa3pabOTKH, SIBJISETCS aKTyaJbHON 3a/a4deil B CBS3M
¢ TeM, uTo B 3amna/fHoit Cubupu KoJIMIecTBO MECTOPOXKIEHNUIT, T/Ie OH BBOJIUTCS B pa3paboTKy,
HEYKJIOHHO pacTér. Perrenne Bompoca HEBO3MOXKHO 0€3 MPAKTHYECKH OPUEHTHPOBAHHON
TUNU3AIAN TTOPOJI, AJANTAIIMA METOIOB BBIIEJEHIUS KOJJIEKTOPOB C YIETOM CJI02KHOTO XapaK-
Tepa MyCTOTHOTO IPOCTPAHCTBA, MOA00Pa, IIJIOMIAIHBIX METO/OB IIPOI'HO3a C MCIOIH30BAHIEM
JUCTAHIMOHHBIX METOJIOB, TAaKNX Kak 3D-ceiicmopasseska.

N3zyuaemoe MeCcTOPOXKIEHIE MHOTOILTACTOBOE, OCHOBHOI TEXHOJIOTHEl ero pa3padboTKu
ABJISIETCs OypeHre HaKJIOHHO-HAIIPABJIEHHDBIX CKBAYKUH C ITOCJIELYIONUM T'HIPOPA3PHIBOM
wracra (I'PIT) ¢ nesnpio naTencndukanuu nmputoka. Hannane TeXHOreHHO TPEIMHOBATOCTH
MPUBOMINAT K MCKAXKEHUIO TPOdUIIEil TPUTOKA B CKBAXKUHAX, OMPEIEISIeMbIX 110 TPOMBICIOBO-
reodusnueckum uccseposanusm (III'N), aTo He M03BOJISIET UX NOJHONEHHO IIPUBJIEYDL B Kade-
CTBe IPSIMBIX METOJIOB JIJIsl TIOUCKA ITPU3HAKOB KOJIJIEKTOPA 10 JPYIUM KOCBEHHBIM JIAHHBIM,
TakuM Kak reodusndeckue uccienopanus ckpaxkun (I'IC), marepuasbl 1abopaTopHOro
HCCJIEIOBAHUS KEPHA, PE3y/IbTaThl Ta30BOI0 KapoTarka B mporecce OypeHnsi. ITu pakTh
Cy?KalOT CIIEKTDP BO3MOXKHBIX TIOJIXOJIOB JIJIsI BBIJIEJICHUST KOJIJIEKTOPOB, U YCJIOXKHSIIOT TIPOIIECC
JI0Ka3aTeIbCTBA JOCTOBEPHOCTU METO/IOB JIOKAJIN3AIUA 00BHEKTOB PAa3pabOTKH B pa3pese
¥ TIPOTHO3a MX PA3BUTHUS IO ILIOIIAH.

CraThbs MOCBSIEHA M3YUIECHUIO JOIOPCKOIO KOMILJIEKCA Ha IIPUMEpEe OJIHOTO pa3paba-
THIBAEMOI'O0 MeCTOpOXKAeHusi 3amaaHo-Cubupckoro HedrerazoHocHOro 6acceitHa U oTpa-
2KaeT KJIIOYEBbIE BBIBOIBI, MTOJIyJYeHHBIE TP YBI3KE PE3yIbTATOB yIUIyOJIEHHOTO aHaaIn3a
KepHa € IeTPOpU3NIECKUME, IIPOMBICIOBO-T€O(MU3NIECKUMA U CEHCMUIECKUMU JTAHHBIMU,
IIPOBEJIEHHBIMH C T€J1bI0 (DOPMUPOBAHUS B3aNMOCOIVIACOBAHHBIX IT0/IX0/I0B 3D DEKTUBHBIX
uccsienosanmii JIFOK, mporuosa pazsutus B HeM KOJIJIEKTOPOB IO TLIOMIA/M U IJIAHUPOBAHKS
HaJibHeleit pa3paborku. HeoOxoammo mogIepKHYTh, 9TO JOCTUYKEHUE 3asBJIEHHON TIeTH
PEJICTABIISIET COOOI CJIOKHYIO, PASHOHAIIPABJICHHYTO 33/1a1y, KOTOPYIO HEBO3MOXKHO DEITUTh
B paMKax OJIHOI MUCIUIIINHBI, [I09TOMY CJIeAyeT PabOTATh B CJIAYKEHHOI MYIbTUIACITUILII-
HApHOU KOMaHJe.

ITerporeHernyeckas THOA3aNUs BYJKAHATOB KPOBJM He(TEHOCHOrO JOMPCKOro KOMILIEKCA

B crarbe [Pocmosuesa u dp., 2025] jyist n3ydaeMbIX HOPOJ| BYJIKAHOTEHHO-0CA,J0YHOIO JI0-
IOPCKOT'0 KOMIIJIEKCA TIPE/IJIAraeTCsl MCIIOIb30BaTh TEPMHUH «BYJIKAHUTHI», KOTOPBINA IITHPOKO
IIPUMEHSIETCsI B OTE€YECTBEHHOI reosoruu u 3a pydexkom. Ilom «Bynkammramms» mOHHMA-
FOTCsI JIIOOBbIE MPOJYKTHI BYJIKAHU3Ma, BKJIOUaomue 3hdy3uBHbIE, BYJIKAHOKIACTUIECKIE
U BYJIKQHOT€HHO-OCAJIOYUHDBIE PA3HOCTH, HE3ABUCUMO OT UX XMMUYECKOTO COCTaBA.

Bynkanorenno-ocarounsrit komiieke JTFOK Ha n3ygaeMoM MeCTOPOKIEHUN UCCIIEI0BAH
IIyTéM aHAJM3a CYNIIeCTBEHHOI'O 00bEéMa KepHa U MIINGOB C yTOYHEHUEM COCTaBa IOPOT,
METO/IAMHU PEHTTEeHOMIIYOPECIIEHTHOTO, PEHTT€HOCTPYKTYPHOI'O aHAJIN3a U 30HI0OBON 3JIEK-
TpoHHOI MuKpockomnuu. [lo Habopy MepBUYHBIX TOPOI00OPA3YIONINX MIUHEPAJIOB BYJIKAHUTHI
U3y1IaeMOr0 MEeCTOPOXKIEHUS OJHOTHITHBI I OTHOCATCS K MarMaTHIeCKNM IOPOJIaM KHUCJTIOTO
COCTaBa, OTBEYAIONINM PUOJUTAM U JaruTaMm. Kak mpaBuio, OHA XapaKTepPU3yIOTCs Pa3HOit
CTEIIEHbIO BTOPUYIHBIX HpeO6pa3OBaHI/II‘/'I7 BJINAHUE KOTOPbIX MOXKET CyHIeCTBEHHBIM O6p3,30M
CKa3bIBATHCS HA MUHEPAJIHLHOM COCTABE ITOPOJI U KOJUIEKTOPCKUX cBoiicTBax. llopoan crpym-
MUPOBAHBI B INTOTHUIIBI U IETPOTHUIIBI, TPOMHTEPIIPETUPOBAHHBIE ¢ TOYKH 3PEHUS UX T€HE3NCA,
IPEIONPEENSIONEro MOpdhOJIOruio reojorudeckux tes (tadu. 1). VI3 BblgeseHHbIX MDY
nmopoy JIFOK Ha ocHOBaHWM T€HETHYIECKOI MHTEPIIPETAIINN COCTABIIEHA CXEMa UX HJICAJTU3H-
POBAHHOI'O «COHAXOXKJeHUs» (puc. la), ucxo/isd U3 KOJIEKTOPCKUX CBOMCTB MeHETUIECKUX
THUIIOB [IOPOJI TOCTPOEHA aHAJIOTMYHAs CXeMa COOTHOIIEHUs KOJIJIEKTOPOB M HEKOJIJIEKTOPOB
B OJTHOM TWKJIe u3Bepxkerns (puc. 16).
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Ha wuccienyemMoM MeCTOPOXKIEHUU JIOKA3aHO HAJUIME MHOYXKECTBEHHBIX KaHAJIOB U3JIUsI-
HUSI JIAaB, UX YePeJOBaHMus C IIPOLYyKTaMU SKCILJIO3MBHBIX U3BEPXKEHUI, a TaKKe BJIASHUE
HAJIO2KEHHBIX TEKTOHUYECKUX IIPOIECCOB, pa3bUBINNX BYJIKAHUIECKHE OKPOBBI Ha OJI10-
ku. Cjie10BaTeIbHO, PACCMATPUBAEMBII KOMILJIEKC UMEET KpaiiHe CJIOXKHYI MOPQOJIOIUIO
U COOTHOIIEHHE [TOPOI-KOJLJIEKTOPOB U IIOPO/I-IIOKPLIIIEK, OCJIOXKHEHHBIX Pa3PhIBHBIMY Ha-
DYIIEHUSIMHA C BBICOKOAMIUIUTYHBIMU cMerneHusivu [Hemosa u dp., 2024; Cmuphosa u
dp., 2024; Xucamymournosa u dp., 2021; Xpomosa u dp., 2015]. Bes pazpaboTku MeTOnOB
naeHTH(UKAIIE JIEMEHTOB [UKJIA U3BEPXKEHNs, HleaIn3uPOBaHHasl CXeMa KOTOPOro IpeJl-
cTaB/JeHa Ha PUC. |, pemrenne 3amadu oToXKaecTBaennsa oobekToB JJHOK B ckBakumax n ux
[IPOCJIEXKUBAHUS 110 TUIOMAIM (KOPPEJIAIHsl) He IPEJCTABISAETCS BO3MOXKHBIM.

BHYTPEHHAA 4YaCTb NOTOKa AUCTanbHas (BHeI.IJHﬂH) 4YacTb NMNOTOKa
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Puc. 1. IlpuHnunmanbHble cxeMbl cooTHomeHust [no Bonnichsen and Kauffman, 1987,

C ,HOHOJIHGHI/IHMI/I] (a) BBIJIEJICHHBIX THUIIOB IIOPO/[ B pa3pe3e OJHOI'0 KPYIIHOI'O IUKJIa U3BEepXKe-

uust U (6) KOJIJIEKTOPOB — HEKOJLIIEKTOPOB.

[lo munepanbnomMy cocraBy udydenusie mopoasl JJFOK 10BOIbHO OJHOTHIIHBI, HE HMEIOT
SIBHBIX IIPU3HAKOB, O0YCJIOBJIEHHBIX PA3JIMIHBIM BEIECTBEHHBIM COCTABOM, IO KOTOPOMY
WX MOYXKHO Pa3JindaThb B CKBaKHHaX 10 nokazanusMm meronos ['MIC. B sroil cBsi3u ciemy-
€T OXKHJATH, ITO OCHOBHBIE KOHTPACTBI B HOJAX re0U3NIECKHX METOIO0B 00YCIOBIIEHBI
u3MeHeHusMU GuIbTpaMoHHO-éMKocTHBIX cBoiicTB (DEC), nosromy pemienue 3a1a4u uieH-
TrdUKAIMA 3JIEMEHTOB [UKJIa U3BEPXKEHUs BUUTCS, IPEXKIE BCETO, YepPe3 MOUCK HAIEKHBIX
METO/IOB Pa3eeHns OPOJ Ha KOJIJIEKTOPHI U HEKOJIJIEKTODHI. Jlasee, onupasach Ha KEPHO-
BbI€ UCCJIEOBAHMS, HEOOXOUMO BBIIOJHUTL PAOOTY 110 UJIEHTU(MUKAIINN OCHOBHBIX I'DYIII
opoJ; B ckBaxkuHax. Ha TperbeMm sTarie HEOOXOINMO BBISCHUTH YCJIOBHSA, IPU KOTOPBIX
dopMupyercs oTpazkaronuii TOPU30HT B CEHCMUYECKOM BOJIHOBOM IIOJIE, I KaKUM 00pa3oM
OoTpazKalollasl I'PaAHUIlA CBA3aHA C JIEMEHTAMHU IUKJIA N3BEPIKEHUS.
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Ta6muna 1. [Terporunusanysi HOPoA, JOIOPCKOIO KOMILIEKCA ¢ MeHeTHIecKoii nHTepuperanueii [Pocmosuesa u dp., 2025]
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OcHOBY (baKTHIECKOTO MATEpPHAa [0 U3YIAEMOMY MECTOPOXKIEHUIO, UCIIOJIb30BAHHOMY
B HCCJIEIOBAHUN, COCTABJIAIOT JAHHbIE TeO(DU3NIECKIX U [€0JI0r0-TEXHOJIOTMIECKIX HCCIIEI0-
BaHMii, a TaK»Ke OIpoboBaHme B 0b6cazkeHHOM cTBoJie bosee dem 300 ckBakuu. N3 aux 20
OXapaKTEePU30BaHbI KEPHOM C BBICOKHMM IIPOIIEHTOM BBIHOCA U3 JIOIOPCKOT'O BYJKAHOTEHHO-
0CaJI0YHOTO KOMILTEKCa ¢ obiuM MeTpakoMm Oosiee 1000 moromubix meTpos. KomaudaecTBo
n3ydeHHbIX 00pas3nos npesbimaer 960. Takrke yaInTBHIBAIOTCS TOKA3aTeNN U PE3YJIbTATHI
paboTsl jo0bBaomux ckBakuH. CeficMuYecKnii MaTepuaJ MpeJCTaBiIeH 00pabOTaHHBIMU
nauabiMu 3D-ceficMopa3Be K B BUE aMIIUTYTHOTO Kyba 1 KyOa BEPOSTHOCTU KOJIJIEKTOPA,
OXBATBIBAIOIIUX TEPPUTOPUIO, MTOKPHIBAIOILYIO IBE TPETU M3YIAEMOI0 MECTOPOXK ICHMUSI.

Paszpaborka nerpodusmaeckux MeTOZ0B pa3/esieHus MOPOJi Ha KOJIJIEKTOPHI
¥ HEKOJLJIEKTOPBI

B konTEKCTE BCErO BBINIECKA3AHHOIO CTAHIAPTHBIE IeTPOMUIUIECKIE 33/ a9l TONCKA
CII0COOOB BBIJIEJIEHUSI TOPOI-KOJIJIEKTOPOB M PA3pabOTKN METOJIOB KOJIMIECTBEHHOI'O OIIpeie-
JIEHUSI UX OCHOBHBIX IIAPAMETPOB, KOTOPBIE IPUHSIITO HA3BIBATH IOJICYETHBIME, TPHOOPETAIOT
HOBBII cMbIcs. Tak Kak MeTo/bl re0U3NIECKUX UCCIIEIOBAHII CKBAaKUH HE CIIOCODHBI Ha-
MIPSIMYIO OIIPEIEJISATh JINTOTUIBI U TIETPOTHUIIBI, TPEJCTaBICHHBIE B Tab/1. 1, TO IpemiaraeTcs
crepBa pazpaboTaTh METOJbI Pa3/IeIeHUsI IOPOJ] HA KOJUIEKTOPHI U HEKOJIJIEKTODBI, a 3aTeM
COOTHECTU C HUMH I'€HETUYIECKIE THUIIBI U OTPaKAIoIIe CefiICMIYECKHe I'DAHUIIBI.

Tpagumonno 060CHOBaHIE METO/IOB PA3/IEIE€HUs IOPO/ HA KOJUIEKTOPHI M HEKOJLIEK-
TOPBI TPOBOJIUTCS C UCIOJIb30BAHUEM JIBYX BUJIOB KPUTEPUEB: NETPOMUIUIECKOIO U CTa-
TUCTUYECKOr0. B 0CHOBE 1eTpodpU3MIECKOro — JIEKUT IIOCTPOEHUE 3aBUCUMOCTENR MEK Ly
K03bdunrenTaMu JUHAMIIECKONH TOPUCTOCTH U APYTUMHE [TapaMeTPAMU, OIPEIe/ITeMbIMU
110 pe3yJIbTraTaM JabopaTOPHOTO HcceoBanns Kepua. [Ipu sTom staboparopHbie 3aMepbl
OCYIIECTBJISIOTCS. Ha CTAHJAPTHBIX IUJIMHIPAIECKUX 00pa3iaX, KOTOPHIE BBIMUJIUBAIOTCS U3
HanboJIee IJIOTHBIX U KPEIKUX IIOPOJ, IO9TOMY OHHU HE B JJOCTATOYHON Mepe XapaKTePU3yIOT
HEOJTHOPOTHOCTH KOMILJIEKCA UCCIIEIYEMbIX OTJIOYKEHMIA.

CraructuyecKuii Kputepuii siBjisiercsi 6oJjiee YHUBEPCAJIbHBIM, OH IIPUMEHUM J[JIsi BCEX
THUIIOB KOJIJIEKTOPOB BHE 3aBUCUMOCTU OT CTPYKTYPbI IIyCTOTHOT'O IIPOCTPaHCcTBa. B obiie-
[PUHSITOM BapHaHTe OH 0a3upyeTcsl Ha AHAJIU3e KyMYJIATHBHBIX KPUBBIX (HAKOILICHHOMN
BEPOSITHOCTH ), IOCTPOEHHBIX OTAEJbHO [0 HHTEPBAJIAM KOJLJIEKTOPa U HEKOJLJIEKTOPA, BbLIE-
JIEHHBIX C HCIOJIB30BaHueM IPsAMbBIX Tpu3HAKOB 110 ['VIC, BBI3bIBAEMBIX TPOHNKHOBEHUEM
durbTpaTa 6ypoBOro pacTBOpa B IJIACT B MMPOHUIAEMBIX PA3HOCTAX TIOPOL, INOO PE3YILTATOB
onpeesiennsi TPOMUIS MPUTOKA TI0 JAHHBIM ITPOMBICIOBO-T€O(U3NIECKUX UCCIICIOBAHUIA.

ITo knaccuduranum KOJIEKTOPHI JOIOPCKOTO BYJIKAHOTE€HHO-0CAI0THOTO KOMILTIEKCA
OTHOCHATCHA K CMEIIAHHOMY THILY, TAK KaK XapPaAKTEPU3YIOTCs HAJINYNEM CPa3y HECKOJIbKIX
BHJIOB IIyCTOTHOTO ITPOCTpaHCTBa. Ha m3yduaeMoM MeCTOPOXKICHUN MeTPOdU3nIECKue KPUTe-
pHUU OIpeieSileHus KOJJIEKTOPA JAI0T JIOCTATOYHO BBICOKOE 3HAUEHIE IPAHUIHON IIOPUCTOCTH —
15,3% (m aTo Ha Taybune Gosee 3000 merpos!). IIpu sTom, B psige ciaygaes mocse 'PIT
MIOJTyI€HBI TTPOMBIIIJIEHHBIE TPUTOKNA U3 WHTEPBAJIOB IIPU rOPA3/10 MEHBIINX 3HATCHUSTX
[IOPUCTOCTH, ITO CKOPEE BCEro, 0OYCIOBIIEHO BJIMSHIEM OCOOEHHOCTEH CTPYKTYPHI IIOPOBOIO
IIPOCTPAHCTBA HOPO/IBI.

WcnonszoBanne crarmdeckoro kpurepus B JJFOK B obmenpuusToM BapuaHTe 3aTpy/i-
HEHO, TaK KaK B CHUJIy HU3KOIl IIPOHUIAEMOCTH IPsIMbIe KAYeCTBEHHbIE IIPU3HAKU KOJLJIEKTOPA
o ' C nposiBiistiroTcs ¢j1abo UM He IPOsIBJISIOTCS. BOBCE, a IIpUBJIeYeHne IPOoduieil mpuro-
Ka 1o ganabiM [IT'V umeer cBom orpanmyeHus, CBI3aHHbIE C HI3KOI 1yBCTBUTEIHHOCTHIO
MpUOOPOB TIPU MAJIBIX J€ONTAX U MCKAYKEHUSMHU MOJIOKEHUI MPUTOYHBIX MWHTEPBAJIOB TOCTIE
nposesenust ['PII. B aToit cBa3u HEOOX0IMMO U3BICKUBATE JIpyrue He MeHee 3D dEKTUBHBIE
BApPUAHTHI.

IIpumenuTs craTucTwdecKuii Kpurepuil Jijis 0OOCHOBAHUS BBIJICICHUS KOJLUIEKTODA
[TO3BOJINJIN JIAHHBIE CITelna/ibHOi 00paboTku (dororpaduili KepHa B YIBTPADUOIETOBOM
cgere (YOC). st 3TOTO TOCPEICTBOM KOMITBIOTEPHOTO AJITOPUTMA OCYIIECTBJIEHO UX RGB!-

1 RGB - a66pesuarypa ocrosHbIx 1Betos: kKpacusiii (Red), senéusiii (Green), u cunnit (Blue). Paznoxenue —

O3HavaeT OlIpelesieHrne BKJIaJa KazKI0r'o U3 IIBETOB.
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pazioxkeHune, Mo pe3yabTaTaM KOTOporo cchopMupoBaH 1mudpoBoit 06pa3 JTIOMUHECIIEHTHOTO
CBEYEHUS, 3aTeM HA €r0 OCHOBE PACCUNTAHA YUCIOBAd KPUBas MHTEHCHUBHOCTH CBEUCHUSI
KepHa B yJIBTPadUOIETOBOM CBETE, JUAITA30H 3HAYEHUN KOTOPBIX IPUBEIEH K WHTEPBAJLY OT
0 o 1. Uaentuunocts ycaoBuii pororpadupoBanust U COOTIOICHIS CPOKOB M3y U€HUsT KEPHA
B JIADOPATOPHUH HO3BOJISIOT BBIAEJSTH HEDTEHACKHIIEHHBIE TOPOIBI C MCIIOJIH30BAHUEM ITOCTO-
SIHHOTO TTOPOTOBOTO 3HaveHus — (.25, MOM0OPAHHOTO SMIMPUIECKH, UCXO/S U3 TPEBBIIICHUS
HaJ| YPOBHEM (POHOBOI'O CBEYEHMSI U IIPOBEPKU CTATUCTUKOM 110 pabOTAIOIMIMM CKBAYXKIHAM.
Heobxommmo oTMETHTD, ITO TAKMM 00Pa30M MOYKHO HICHTU(MHUITNPOBATH TOJIBKO HedTeHa~
CBIIEHHBIE KOJUIEKTOPHI, & BOIOHACHIIIEHHBIE MHTEPBAJIBI CJIEAYET UCK/II0YATh U3 BHIDOPKH,
9TOOBI M30€2KATh OIMIMOOK IIPU OIPeJIeJIEHNN KPUTHIECKUX 3HAYEHU JJist KojteKkTopa. st
sroro ¢dororpadun KoJOHOK KepHa pu RGB-anaim3e HeobXo M0 OrpaHYuTh KPOBJIEH
camoro BepxHero cpersiierocs B Y PC umHTEepBajIa U MOAOIMBON caMoro HukHero. Ilerpo-
dusnyeckuit maanmer ¢ npuMmepoM pesdyibrara RGB-pazmoxenus: dpororpaduit KOJIOHOK
KepHA IIPeJICTaBJIEH Ha PIC. 2a.

Ha puc. 26 npencraBiensl KyMyJIATUBHBIE KPUBBIE [JIs OIIPEIEIEHUs] TPAHUIHOTO
3HaYeHUsT KOI(DDUIMEHTa [IOPUCTOCTH CTATUCTUIECKUM CIIOCODOM 10 PE3yJIbTaTaM AHAJ3A,
dororpaduit kepaa B YO 110 Beeil mmeroreiicss BLIOOPKE, OHO JI0 JIeCATHIX JI0Jel COBIIa1aeT
C TAKOBBIM OIPEJIEJIEHHBIM TeTpodu3ndecKuM crocoboM. CireoBaTesIbHO, B TEJIOM IO BCei
BBIOOPKE TIPOIYKTUBHBIE TIOPOJIBI BEAYT ce0si KAK MIOPOBBIE KOJLIEKTODHI.

JI1s1 IpOsiCHeHUsI TPUYIKH TI0JIyYeHHs IIPUTOKOB u3 uHTepsasos ¢ Kn<15,3% Boimo-
HEHO IIOCTPOEHNE aHAJIOIUYHBIX KYMYJISITUBHBIX KPUBBIX OT/IEJIHHO 10 KaXKJ0W CKBaKUHE.
OHo moKa3aJI0 MUPOKHH pa3zdpoc MO CKBAKMHAM TPDAHUIHBIX 3HAYEHUI MOPUCTOCTH KOJI-
sektopa ot 10,3% 1o 24%, 3T0 roBOPUT O TOM, YTO MOJyUYeHHAS KPUTHICCKAS BEJIMIHHA
B 15,3% upenacrasiager coboii HEKOE Cpe/lHee 3HAYEHUE TI0 BHIGOPKE, KOTOPOE HE SABJISETCS
abCOJIIOTHBIM HUKHUM IIPEJIEJIOM KOJIIEKTOPA. B 9TOi CBsA3M JIOTMYHBIM JTAJbHENRIIINM I~
TOM HCCJIEJIOBAHUI CTAJIO JIeTAJbHOE U3yJIeHNe MaTEPUAJIOB 10 CKBAaXKWHE C MIUHUMAJIbHBIM
3HAYEHNEM I'DAHUYHOIO 3HAYEHUs KO3 PUIMEeHTa TOPUCTOCTH.

Ha puc. 2B npecraBiienbl KpuBble HAKOILIEHHON BEPOSTHOCTHU 110 KEPHY U3 CKBAXKUHBI,
r7e BbIABJIEHO cBeueHnne KepHa B YPC ¢ MUHMMAJIHLHBIMYU 3HAYECHUSAMEU KOIDDUImEeHTA
nopucrocrtu — 10,3%. TecroBast IpoBepka Ha IPeJMET BO3MOXKHOIO MCIOJIL30BAHUA OTCEUKH
o nopuctoctu B 10,3% 11 BBIAEIEHAA KOJJIEKTOPA BO BCEX CKBAXKMHAX MTOKA3aJIa, 9TO
Pe3y/IbTaThl BCTYIAKOT B IPOTUBOPEYNE C JaHHbIMU aHajm3a (pororpaduit kepaa B YDPC,
a Takke ¢ pesyiabraramu [II'M B ocTaJbHBIX CKBaXKMHAX, [TO9TOMY 9TO 3HAUEHHE HE TOXOIUT
B KadecTBe yHUBepcaJybHOrO. Ilo-Bummmomy, HIKHMN abCOIOTHBIN Ipejiesl KOJLIEKTOPa
B BYJIKQHOTeHHO-0cat09HbIX nopogax JIFOK onpenesnsiercs coueranneMm cpa3y HECKOJIBKUX
¢daKTOPOB, KOTOPHIE MPEJICTOUT BBISICHUTD.

Metomuka BhIgBiIeHUd KOJLTeKTOpoB o I'MIC

Wcxons U3 MeTO/I0B BBIABJIEHUs, ByJKanorenHo-ocaaounbiii JJFOK uzygaemoro mecro-
POXKJIEHUST COMEPKUT KaK MUHUMYM JIBA THIA KOJJIEKTOPOB. I1epBbIit — yCIOBHO «4MCTO
MMOPOBBI» KOJIJIEKTOP: YBEPEHHO ONPEJIEIAETCS [0 TPAHNTHOMY 3HAYEHUIO KOIDDUIIEHTA
nopucroctu Ky, = 15,3% kax npu momorntu neTpopu3naeckoro KpuTepusl, Tak U HOCPe/I-
CTBOM CTaTHCTHIECKOro. BTOpoil XapakTepusyeTcst MeHbIIM 3HadenueM Kii,,, HO TobKo
OJTHO¥ BEJTMYMHBI IPAHUIHON TIOPUCTOCTH JIJIsl €10 BBIIEJEHUS HEJIOCTATOYHO.

Ha puc. 3 mpejcraBiena THOITYHASI CUTYAIUS, KOT/Ia B KPOBEJILHONW YaCTU XOPOIIIEro
HeTEHACHIIIEHHOrO TJIACTa IIPU BCEX MPOYUX PABHBIX CBONCTBAX HAOIIONAETCS 3HAYUTE -
HOE CHHMIKEHUE YIEJIBHOrO 3jieKTpudeckoro comnporusienus (YIC). Dror apdert MoxKHO
OBLIO OBl O0LACHUTEH HAJTUIUEM TPEIUH, 3AM0JHEHHBIX TPOBOJISIIEH JKUIKOCTHIO, KOEH sIBJIs-
eTcd IJIaCTOBas BOJA, OJHAKO MHOXKECTBO IIPOBEIAEHHBIX ONMPOOOBaHUM CKBAYKUH II0KA3aJ10,
9TO TOJO0HBIE AHOMAJINK HE XapaKTePU3YIOTCsl MTOBBIIIEHHONH TIPOHUIIAEMOCTBIO, K KOTOPOii
TPEIUHOBATOCT JIOJIKHA TPUBOIUTEL. KpoMe TOT0, BBITIOJTHEHHBIE UCCIEOBAHUS € TIOMOIIBIO
JIEKTPUIECKUX TJIACTOBBIX UMUJZKEPOB MMOKA3aJU OTCYTCTBHE 3HAYUMBIX CHCTEM ITPOBO-
pamux TpemuH. ConocraBieHne NHTEPBAJIOB aHOMAJIHUI ¢ OIMUCAHUSIMUA KEPHA [TO3BOJINIIO
YCTaHOBUTH, YTO OHU HAUOOJIEE JACTO MPOSIBIISIOTCS B TIOPOJaX ¢ OPEKIUEBON CTPYKTYPOIt,
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Puc. 2. O6ocrosanue Ky, craTiucTugeckuM criocoboM 1o csedenuto kepra B Y®: (a) nerpodusu-
deckuil mwianmer ¢ pesynabraramu RGB-pasziioxkenus dpororpaduit kosonok kepua: K — koaddu-
enTel nopucrocry; Ks — koadbdunuents: Bogonaceimersoctun (MII3 — Mozess nepexo(Hoi 30HHI,
I — A — mogens laxuosa — Apun); RGB — pasnoxenne dororpaduii kepHa B yibTpadroaeToBoMm
cBere 110 OCHOBHBIM IiBeraM (kpacHblii (Red), seséustit (Green), u cunuit (Blue)), L — nudposoit
obpas momuHeceHIuy KepHa B Y®; UYD — Kpusasi MHTeHCUBHOCTHU cBeveHust KepHa B YDC; (6)

II0 BCEM HMMEIIMUMCA TaHHBbIM; (B) 10 O,ILHOﬁ CKBaKMHE€ C MUHUMMAJIbHBIM 3HaYCHHUEM KHI‘p"

9TO MOXKHO OOOCHOBaTH HAJIUYMEM KAaK MUHHMYM JIBYX CPEIl: IIJIOXO IIPOBOSIIETO JIEK-
TPUYIECKUI TOK «MATPUKCA» U «3AIIOJHUATEJSI», KOTOPBIA MOXKET UMEThb 00Jiee BBICOKYIO
3JIEKTPUYIECKYIO MPOBOINMOCTD. Tak:Ke HaandneM OpeKJINeBOl CTPYKTYPhI Yy TOPOJIBI MOXK-
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HO OOBSICHUTH YMEHBIIIEHNE BEJIUYNHBI IPAHUYHON OPUCTOCTH OTHOCHTEIBHO IIOPOIOBOIO
sunadennst B K =15,3% y mopoBOro KoJuieKTOpa.

Takum oOpaszoM, Ha BbIIBIEHUN (P (PEKTa CHUKEHUS YAETbHBIX JIEKTPUIECKUX COITPO-
TUBJICHUH B HerTeHaCI)IHLeHHOM IJ1acTe MO2KHO ITOCTPOUTH METOJAUKY BbIJIEJE€HUA IIOPOI-
KOJIJIEKTOPOB ¢ OpekvneBoii cTpykrypoil. Baxkao ormerurs, 9To anoManu cHmkenns: YO
B HePTEHACHIIEHHOM ILJIACTE BBHI3BAHBI IIPEKJIE BCEIO HAJMYIUEM BTOPOil Cpeibl («3aloIHuTe-
JIsT» ), SJIEKTPUIECKAs] IPOBOJMMOCTH KOTOPOH 3HAMHUTENBHO MIPEBBINIAET TAKOBYIO Y OCHOBHOI
(«MaTpuKCay ), 109ToMy 3DGhEKT CHUKEHUsI COIPOTUBIIEHHs UMeeT boJiee OBIILYI0 IPUPOJLY,
qeM HAJIMIHe y MOPOJ OPEKINEeBOl CTPYKTYPHI.
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Puc. 3. I'eodusnuecknii nnanmer ¢ anomasueii cauxkenus Y 9C B KpoBiie He(DTEHACHIIIIEHHOTO
mracra: 'K — ramma meros; [1C — morenmman cobersennoit monspusanun; PK — pagnoakTuHbIi
kaporax (I'TKno u 2HHK); Y9C — MHOr030H10BbI METO/ YAEIbHBIX JIEKTPUIECKAX COIPOTHBIICHUI;
Kn — koaddunmentsr mopucroctn; KB — kosdpdunmentsr BooHackmenHoct B Macirabe or 1 g0 0
(MII3 — monenb nepexonsoit 3061, [ — A — o mozmesn Taxuosa — Apun); @K — duarn kosuiekropa
(o xpurepuio mys moposoro Kosekropa (Kiu>15,3%); o Becemy kosutekropy); CyMM. — CyMMapHbIe
raszonokasanus npu oypenun; C3, C4 — razonokasanusi 1o HepTAHBIM romoJsioraMm Merana; AU —

AKyCTUYECKUN UMIIE/IAHC.

st peasu3ariuu OMUCAHHON BBIIIE UJIEN HEOOXOIUMO pas3padboTaTh METOJ, PacueéTa
VIC, Ha KOTOPBI HAJUYIHE BTOPOI MPOBOJMAIIEH Cpelbl HE BIUSET WU BIUsSET cJabo.
B macTosimee BpeMs CyIecTByeT MHOXKECTBO MOJIEJIeH, TaK HA3bIBA€MOU MEPEXOJIHON 30-
uel (MII3). Cpeau Hux MoxkHO yKasaTh: Bpykca — Kopu, JIsam6aa, Ckenra — Xappucona,
Tumypa, J-byaxnuio (mogens Jleseperra), KCIIII (konueniust ¢BS3aHHOCTH TOPOBOIO
npocrpancrsa). Bee MII3 npeacrasisior coboil (DyHKIMIO, BHIPAYKAIONLYIO 3aBUCUMOCTD
ko3 dburmenTos BomoHackimeHHocTh (KB) oT BBICOTHI HaJI 3epKaioM dnctoi Boas! (3UB)
u GUABTPAIMOHHO-EMKOCTHBIX CBOCTB. OCHOBOI JIJIsT MX TOCTPOEHUS CJIy?KAT KAIIJLIS-
pUMETPUYECKUE UCCAETOBAHUS KePHA. 1aK KaK CTAHIAPTHBIE MUJINHIPUIECKHE 00PA3IIbI
B OCHOBHOM BBIITMJIMBAIOTCsI U3 IEJIOCTHBIX y9acTKOB KepHa, To MII3 ryraBabiM 06pasom
XapaKTePU3yIOT HACHIIIEHNE MOHOJUTHBIX OJIOKOB, TO €CTh PE3yJIbTAThI UX IPUMEHEHUS
BemyT cebsi KaK OYATO BTOPAasi BHICOKOIIPOBOISAINAS CPE/Ia OTCYTCTBYET.

O06e Moj1e/Tl B 9MCTO TIOPOBOM KOJLIEKTOPE AT UICHTUIHBIE 3HAYEHUSI, 8 IIPA HAJIUIUN
BTOPOIt cpebl ¢ 60Jiee BBICOKOI JIEKTPUUIECKON TPOBOINMOCTHIO BOJIOHACHIIIIEHHOCTD 10
JIEKTPUIECKON MOZEN Oy/IeT BBIIIE, 9TO ITO3BOJISET BBIIESATH HA KAIECTBEHHOM YPOBHE
[OPOJIBI, JJIsi KOTOPBIX XapakrepeH 31oT adderr (eMm. puc. 3 rpek KB, macmrab obpar-
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ubiit). s ynobersa B pabore BogoHackineHHOCTh 110 MII3 MOXKHO mepecuuTars ¢ TeMu
K€ CAaMBIMU TTapaMeTpaMU SJIEKTPUIECKON MOJEIN B PACIETHBIE YIEIbHbBIE JJIEKTPUIECKUE
COIIPOTUBJIEHUS U CPaBHUBATL UX 3aMepenubiMu. Ha puc. 3 (Tpek Ri,Re) npesacrasieno
conocrasisienne dakruaeckux (Ri) u cuarernaecknx (Re) BEJMYUH MIACTOBBIX CONPOTHB-
JICHU, TI0 PACXOXKICHUIO KOTOPBIX BLIJESIOTCS MIPEIoaraeéMble MHTEPBAJIbI PA3BUTHS
Opekunii.

B nmoarBepKieHne clelaHHOIO BBIBOJA HA, PUC. 2a IPeJCTaB/IeH ILIAHIIET, HA KOTOPOM
MPOMJITIOCTPUPOBAHDBI PE3YIBTATHI OIpeIeeHUsT KOIMDPUITHEHTOB HACHIIIIEHIS TBYMSI CITOCO-
6aM 110 MOJIeJIU IEPEXOHOI 30HbI, TTOCTPoeHHol 110 Meroguke Bpykca — Kopu (K MII3)
[Brooks and Corey, 1964] n o obmenpunsitoit Mosesu JJaxHoBa — ApUn ¢ HCIIOJIb30BAHIEM
JIAHHBIX 110 YIeJIbHBIM 2JieKTpudeckuM cotporusierusM (Ks ¥YIC). Kak BuuHOo u3 pucys-
Ka, B IPEHMYIIECTBEHHO IIOPOBOM KoJulekTope ¢ Km>20%, 4ro mpepnlmaer rpaHIYHYIO
BeJIMMHHY, ONpeICIEHHYT0 eTpodusnaeckum crocoboM B 15,3%, 0be Momenu JaioT o9eHDb
O/TM3KMe 3HAYEHUsI, 9TO HEeJb3s CKa3aTh O BEpXHEil JacTH IJIACTa, IJie 110 JTEKTPUIECKOH
MOJIE/IN TTOJTYIaIOTCs CUJIHLHO 3aHMKEHHDbIE 3HAYEHNA KOI(PMDUINEHTOB HePTEHACHIITIEHHOCTH,
XOTsI HepTAHOE HACHINIEHNE MMPUCYTCTBYET, YTO BUIAHO 110 dororpadun KojgoHku B YDC.
B sroit wacTu miaacra nopucrocTh coctasiger 11-13%, uro zasemomo mumzxe 15,3%, Ho
BBIIIEe MUHMMAJIbHOI orcedkn B 10,3%. CymecrBenHoe pacxozKIeHne KPUBBIX ABJIACTCH
Ka9eCTBEHHBIM MPU3HAKOM HAJMYNS BTOPOW IMPOBOMNMAINEH CPEIbl, B JTAHHOM CJIydae OHA
[PUYpPOUEHa K MOPOJIaM ¢ OPEKYNEeBOi CTPYKTYPOIl, 9TO BHJIHO 10 (poTorpadusimM B JTHEBHOM
u yabTpaduoaeToBoM cBere. Takum 06pa3zoM, MOXKHO MPUNATH K BBIBOJLY, UTO IS PA3IAI-
HBIX THIIOB KOJIIEKTOPOB HEOOXOINMO MPUMEHATH CBOU WHIWBUIYAJIbHBIE KOJMIECTBEHHDIE
KPUTEPUH.

MeTO,Z[I/IKa pa3aejeHud IopoJa Ha KOJJIEKTOPbI 1 HEKOJIJIEKTOPbI

Panee 1o pesynpraram npoBel€HHBIX paboT 1o ulydenuto ByiakanuToB JIFOK cue-
JIAHO TPEJIIIoJIoyKeHne 00 MHNBUIyaJIbHBIX TPAHUIAX TP BBIJEJIEHNN KoJuteKTopa. s
«9HCTO TTOPOBBIX» PA3HOCTEN 3Ta BEJIMIMHA OIIPeesieHa HA OCHOBE IIPUHSTOTO PAaHee IeT-
podusuaeckoro kpurepus — 15,3%, a nmpuBjieUeHnE CTATUCTUYECKOTNO KPUTEPHs HA OCHOBE
crienuaIbHON 006paboTku doTorpaduii B yIbTpadroIeTOBOM CBETE MO3BOINIO BLISCHUTD,
9TO B TOPOJAX ¢ OPEKINEBON CTPYKTYPOIl HMKHSAS TPAHUIA KOJLUIEKTOPA MOXKET yMEHb-
maetcs 10 10,3%. BeposiTHO, Ha BeIMYMHY IIOPUCTOCTU B OPEKYUSX OKA3bIBACT BJIMSHUE
Mecra 0oT6opa 00pasnos u suadenue 10,3%, Toxke BeCbMa YCJIOBHOE, HO TE€M HE MEHEE, OHO
000OCHOBAHO B CTATHCTHYIECKOM CMBICJIE HA MMEIOIeMcs (DAKTHIECKOM MaTepuaJie.

Takum obpasom, B paspesax JIFOK nzyuaemoro mecTopoxieHust K KOJJIEKTOPAM OT-
HeCEeHBbl PA3HOCTH CO CJIEMYIOMUME XapakTepuctukamu: Ko > 15,3% (npenmyniecTBeHHO
noposblii koswtekTop); K > 10,3% npu ycioBun Hajmdus IpU3HAKA CHUZKEHUSI COLPOTUBIIE-
HUS B HE(DTEHACHIIIEHHOM ILIACTE.

Onpenesienne BEPOSITHOCTH OTHECEHNUS TeHeTHIECKUX THUIIOB K KOJUIEKTOPaM
¥ HEKOJIEKTOPaM

B Ta6s. 1 mo pegymbraTaM JIMTOIOrO-METPOrpadUIecKOro N3y IEeHUS TOPOT CAETIAHDBI
IIPE/IITOJIOYKEHNST O BO3MOXKHO ITPUHAJIEXKHOCTH M€HETUIECKUX THUIIOB K KOJIJIEKTOPAaM, HO
oHu He 1udpoBanbl. Ha puc. 4 mpejcraBieHbl I'MCTOIPAMMBI BEPOSTHOCTU KOJIJIEKTOPA
¥ BeJTUYIUH KOIPDUIIMEHTOB MOPUCTOCTH IO TUIIAM TOPOJ, TIOCTPOEHHBIE Ha OCHOBE J1abopa-
TOPHBIX MCCJIEIOBAHUN KEPHA M TPU3HAKA JIIOMUHECIIEHTHOI'O CBEYEHUs KOJOHOK IO JAHHBIM
creruaibHOil 06paboTku dororpaduit. Hanbosbinyo BeposTHOCTh OTHECEHUST K KOJIJIEKTO-
py umeror kiacrosiasel (KJI), onu ke uMeroT camble BLICOKUE 3HAYEHUST KOIDDUIMEHTOB
MIOPUCTOCTH, B cpemaeM npesbimatonue 20%. 3aTeM CIemyioT ByJKAHATHI ¢ MEPJIATOBOM
rekcrypoit (I15), ux cpenusst OpucTOCTH cocrasiser okoo 16%. Tperbumu mo BeguduHe
BEPOSITHOCTHU OTHECEHUsT K KOJLIEKTOPY uayT ByiakaHokaactutsl (KT), ¢ mocrarouno Bwico-
KUMHF 3HAYEHUAMU cpegueil nopucroctu okoyto 20%. VaTepecnas curyanysi ¢ ByJKAHATAME
¢ opdpUpPoOBOl CTPYKTYpOil. XOTsl MaCCUBHBIE BYJIKAHUTHI M BYJIKAHUTHI C IIEPJIUTOBOM
CTPYKTYPO#l UMEIOT NMPUOJIU3UTEIBHO OJUHAKOBYIO BEPOSITHOCTD IIPUHAJIEZKHOCTH K KOJI-
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JIEKTOPY, PA3HOCTU C MEPJIMTOBOI CTPYKTYPOU MMEIOT ropasno 60jiee BHICOKNE 3HAYEHUS
K03 PUIMEHTOB MOPUCTOCTH, JOCTATAIOmMuX B cpexaeM 18% mporus 9% y MaCCHBHBIX, 9TO
COOTBETCTBYET HEKOJLIIEKTOPAM.

PyxoBosicTBysiCch KOJIMYECTBEHHBIMH XapPAKTEPUCTUKAMU 110 BEPOATHOCTH ITPUHAJIJIEXK-
HOCTU T€HETUIECKOI'O TUIA K KOJUIEKTOPY HJIU HEKOJIJIEKTOPY, IIPECTABIEHUs] O CTPOCHUN
pPa3pe30B U PACIIOJIOKEHUH IJIEMEHTOB IUKJIa M3BEPKEHNUST B OMOPHBIX CKBAXKUHAX C BHICOKHUM
BBIHOCOM K€PHa MOYKHO IIEPEHOCUTH Ha JPYTUe CKBAXKUHBI, IJIe UMEIOTCA PE3YJIBTAThI BbIeJIe-
HUSI MTHTEPBAJIOB KOJIEKTOPOB U oreHkd uX PEC 1o JaHHbIM reodU3nIecKuX NCCIIeI0BAHIIMA
ckBaknH. TaxuMm 0OpPa30M, BBITOJTHUB KOMIIJIEKCHBI AHAJN3 CKBaYKUHHDBIX JTAHHBIX, MOXK-
HO TMOBBICUTH JOCTOBEPHOCTb MEXKCKBAXKMHHON KOPPEJISIUU, HO 0e3 MPUBJIeYEHUs JTaHHBIX
ceficMOpa3BeIKN €€ HeIb3sl CINTATh JOCTATOIHO OOOCHOBAHHOIA.
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Puc. 4. 'ucrorpaMMbl BEpOSITHOCTH KOJUIEKTOPA M BEJUYIUH KO3(MDMUIMEHTOB HOPUCTOCTH 10 TUIIAM
TIOPOJI, TOCTPOEHHbBIE HAa OCHOBE JIAOOPATOPHBIX MCCJIEIOBAHMI KepHA U MPU3HAKA JTIOMUHECIIEHTHOTO
CBEYEHUsI TI0 JJAHHBIM CIEIUAIbHON 00paboTku dgororpaduii. Beibopka cocrout uz 453 ob6pasios.
A66peBuaTypBbl COOTBETCTBYIOT IIETPOTUIIAM U3 TabJI. 1.

Brinenenne npupoaHBIX pe3epByapoB B JIOIOPCKOM KOMILJIEKCE IO Pe3yJIbTaTaM
o
WHTEPIPETAIMH JaHHBIX ceficMOpa3BeqKu

Tlonxom, B ocHOBe KOTOPOI'O JIEXKUT UAEHTUMUKAINS OCHOBHBIX JIEMEHTOB ITUKJIOB
U3BEP2KEHNUsS 38 CUET BBIJETIEHUS I'eHETHIECKNX THUIIOB BYJIKAHUTOB B OMOPHBIX CKBAXKU-
HaX, OXapaKTEPU30BAHHBIX KEPHOM, U OIPEJETIEHNS BEPOITHOCTU UX HAXOXKJEHUS BO BCEX
OCTAJIbHBIX, UMEET OOJIBIIYIO J0JII0 HEOIIPEIEIEHHOCTH, 00YCIOBIEHHYIO HEOTHO3ZHATHOCTHIO
MIPOCJIEXKMBAHUST TUIIOB MOPOJT OT CKBAXKUHBI K CKBayKuHe. UTOOBI €€ CHATH CJIEIYET MCIIO/Ib-
30BaTh Janabie 3D-ceficMopasBeku.

Cornacuo crparurpaduvdeckoil MpUBSI3Ke CeICMUYIECKOT0 BOJHOBOTO TIOJIsI, SIPKIE OTPH-
aTeabHbIEe OTPAXKEHNsI COOTBETCTBYIOT KPOBJIE HI3KOIJIOTHBIX HHTEPBAJIOB, ITIPEJICTABJIEH-
HBIX TEHETUYECKUMU TUIAMHU ITOPOJI, OTHOCATIUXCS K KOJUIEKTOPAM C BBICOKOI MOPUCTOCTBHIO:
TydOB, BYJIKAHOKJIACTUTOB, NIEPJIUTOBBIX M MUHJAJEKaMeHHbIX JaB (puc. 5). fpkue mo-
JIOXKUTEJIbHBIE OTPaXKeHUusl (POPMUPYIOTCS IIPH [IEPEX0/I€ K BHICOKOIJIOTHBIM OTJIOZKEHUSIM
opMUPOBBIX U CHEPOTUTOBBIX JIaB, KOTOPBIE IIPEUMYIIIECTBEHHO SIBJISIOTCs (DIIIOUIOYIIOpa-
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MU. Beienennble celicMudecKue MavKn MPUYPOYEHbl K KPOBJIE JABOBBIX ITOKPOBOB. JIjs mx
BBIJICJIEHUST U TTPOCTEKUBAHUS 110 TLIOIIA/M TPUBJIEUYEHBI JIOTIOJTHUTEIbHBIE HHCTPYMEHTHI
B BHJIE aHAJIOTa 9JIEKTPOMAIil, KOTOphIE IO (popMe KPUBBIX KOI(PMUIIMEHTOB ITOPUCTOCTH
U OCTATOYHOI BOJOHACHIIIEHHOCTH TIO3BOJISIIOT ITPOBOJIUTDH THIIA3AINIO IIPUPOJIHBIX Pe3epBya-
pos (puc. 5). Jljst BblIe/IeHIs IPUKPOBEJIbHBIX 6peK4nii yJ06HO MCIOIb30BATh [IPU3HAK,
00ycJtoBIeHHBIH 3(hdheKToM cyIiecTBeHHOro camkenus Y 9C B KpOBeJIbHOM dacTu HedTeHa-
CBIMEHHBIX IIJIACTOB.

Brimonsenne coBMecTHO KOPPEISATINN JTAHHBIX CEHCMOPA3BEIKN U MATEPUAJIOB CKBa-
2KWH € OIOPO Ha meTporpaduvIecKue u JUTOJOTHIECKAE UCCIe0BAHUsT KEPHA, TO3BOJIUIIO
OTOXKJIECTBUTD PA3JIMYHBIE 3JIEMEHTHI [IUKJIOB U3BEPXKEHUS U ITOCTPOUTH OBEPXHOCTHU MPE]I-
MTOJIOYKUTEJILHO €JIMHBIX TeOJIOTHIECKUX TeJI, IPUYPOYEHHBIX K HHTEPBAJIAM KOJIJIEKTOPOB,
OKPY?KEHHBIX TIOPOJAMU C U30JIUPYIOMIAMU CBORCTBAMM.

Ha puc. 5. mokazan npumep MHTEpPIPETAIUN CEACMUYECKUX JIAHHBIX B MHTEPBAJIE JI0-
IOPCKOT0 BYJIKAHOTE€HHO-0CAI0THOTO KOMILIEKCa, COOTHECEHHOTO C MPUHIAITNAIBHON CXEMOM
KPYITHOTO TIMKJIA U3BEPYKEHUsI, TPEJCTABJIEHHOTO Ha puc. 1. Snpo nukia mMeer camyro
GOJIBIIIYO TOJIIIUHY, €r0 CJAAraloT MOPOIbI-HEKOJIEKTOPDI, IIPEJICTABIEHHBIE IIPENMYIIECTBEH-
HO TIOP(UPOBBIMU U C(HEPOSIMTOBBIME JIABAMHU, OHU COCPEJIOTOYUEHBI B HanboJiee GJIM3KOM
K T[EHTPY U3BEP’KEHUsT U MPOKCUMAJIBHBIX YacTsiX. [LacThl KOIJIEKTOPBI B HEIIOCPEICTBEH-
HOIT OJIM30CTH K MCTOYHUKY M3BEPIKEHUS PA3BUTHI CJIab0O, OHM B OCHOBHOM IIPE/ICTABJICHBI
TydaMu U NPUKPOBEILHBIMUA OPEKYUSIMU, UMEIOT OTHOCUTEIHLHO HEGOJIBIIYIO MOITHOCTD,
KOTOpasi OOBITHO He MPEBBIIIAET HepPBbIe JECSITKH METPOB. B MpOKCHMAJILHON U JTUCTAJIBHON
YACTSAX MUK U3BEPIKEHUS TOPOJIBI-KOJIJIEKTOPBI MOT'YT OBITH PA3BUTHI JIOCTATOYHO XOPOIIIO,
UX MOIITHOCTb OOBIYHO COCTaBJISIET HECKOJIBKO JECATKOB, U MoxKeT jocrurarsh 100 u maxe
6oJtee MeTPOB. 3716Ch KOJJIEKTOPHI B OCHOBHOI Macce MPeJ/ICTaBIEeHbl BYIKAHOKJIACTHTAMI
(ueTBépras reHeTHUECKas TPYIIIA).
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VYenoBHble 0003HAYEHUS:

TMoreHumanbHblit TOPOBBIIT KONIEKTOP
(Tybl, 1aBOOPEKUHN (BYIKAHOKIACTUTHI),
TNEePJIUTOBbIE U MUHJAJICKAMEHHBIE JIABbI (Byﬂl(aHldTbI)

ITpumepsl ananora snexkrpodaunii B JIOK,
UCMONIB3YEMbIX I TUMTH3ALUU IMIPUPOAHBIX
pe3epByapoB

TTpenMyILeCTBEHHO HEKOJLIEKTOP
(nopduposbie 1 chepoauTOBbIE T1aBbI)

/-/ CeiicMuyeckue nauku

Puc. 5. [Ipumep mHTEpIpETAINT CEHCMUYECKUX JIAHHBIX B MHTEPBAJIE JOIOPCKOTO BYJIKAHOTE€HHO-

0CaI0YHOI'O KOMIIJIEKCa IO JIMHUU celicMu4ecKoro pa3pe3sa (pI/IC ())

Pesynbrars! anamn3a CKBa)KMHHBIX U CEHICMUYECKAX MATEPHAJIOB B IIPEJE/Iax KPYIIHBIX
[WKJIOB M3BEP2KEHUS MTO3BOJISIOT O0ObICHUTH IPUYNHBI U 32aKOHOMEPHOCTH CTOJIb BBICOKOA

Russ. J. Earth. Sci. 2025, 25, ES4014, https://doi.org/10.2205/2025es001043 11 of 16


https://doi.org/10.2205/2025es001043

3y4EHUE NMPUPOJAHBIX PESEPBYAPOB BYJIKAHOTIEHHO-OCA/JJOYHOI'O JOKOPCKOTI'O KOMIIJIEKCA. . . AJIEKCEEB U Aap.

1945 1878 1826 1839 1855 1845 1810 1772
5202

2012
5159 5245 5303 8375 5452 5528 5601

: EE
e S T

A BEN
: - ’ - - S [ o

VYenoBHBIE 0003HAUCHUSA

. I'pannme! pacpocTpaHeHs JIunns ceficMmueckoro
CeiicMirueckie magkn o
ceficMIUECKUX navex paspesa

(6)
Puc. 6. Boiienenue IpupoHbIX pe3epByapoB B JOIOPCKOM KOMILIEKCe: (a) ceficMuuecKast KOppessust
nagek JJFOK, (6) cxema pacnpocTpaHeHus madex o ILUIOmaau paspesa 1-17.

JlaTepasibHOM U3MEHIMBOCTH pa3pesa, KOTOPYIO MOXKHO YCJIOBHO CBSI3aTh C Y/IAJEHHOCTHIO
OT MeCTa W3JIUsTHUS JIaBbl. BOJIM3U 1eHTpa n3BEepKeHn mTpeod/IaialoT yBeImIeHHbIe O0IIie
TOJIIUHBI [UKJIA, K KPAEBBIM YaCTSIM IIPOUCXOIUT uX cokparienue. CienoBaTeibHO, Ha
MOJHATHUSAX OOIFe MOITHOCTU IUKJIA OYyT MOBBIMIEHHBIMU, B MPEJIEIaX MOrPYKEHHBIX
30H OyzmeT HAOJIOIATHCHA WX COKparneHne. drto kacaercs 3(h@dEeKTUBHBIX MOIIHOCTEH, TO
B IIPEJIEJIaX OJHOIO IUKJIa OHU OYIyT BO3pACTaTh IPU YJAJEHUH OT IEHTPA U3BEPXKEHUS.
Ilox mpepcraBiaeHHEBIM Ha PUC. 6 IUKJIOM MOXKHO HAOJIIONATDH JUCTAIBHYIO YaCTh JIPY-
roro KPYyIHOTO MUKJIa U3BepKeHus. B mpakTudeckoit pabore 060coOIE€HHBIE Tea KOJIeK-
TOpa, MPUYPOUEHHBIE K CAMOCTOSITETbHBIM ITUKJIAM U3BEPXKEHUs, YI0OHO aCCONUUPOBATH
¢ MadKaMu-JuH3aMu. TakuM 00pa30M BCEro BBIJIEJEHO JIECATH MMav9eK-JIMH3, IMEIONNX Pas-
JIMYHYIO MPOTS?KEHHOCTD 110 Iromaau. Kak Buano u3 puc. 6 OHM MOKPBHIBAIOT U3y YaEMYIO
TEPPUTOPHUIO KaK YEPEIUIlbl, [TOCIeI0BATEIFHO HAJIETas APYT Ha Apyra. B BocTouHO gacTn
[IPOCJIEXKMBAETCSI BCErO OJ[HA [1aYKa, B HauboJjiee pa30ypeHHON ceBepo-3allaiHOM — OTMedaeT-

sl HAJIOXKEHWE Cpa3y TPEX mavek Japyr Ha apyra (puc. 66). OMosoxkeHne TTavdex B [eJ0M
IIPOUCXOIUT C BOCTOKA Ha 3ala]l.
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3akiroueHue

Ha ocnoBe nerporenernyeckoit Tunuzarun ByakannTos kposiu JIFOK, usinoxkentoi
B cTatbe |Pocmosuyesa u dp., 2025, paspaboTaHa IPUHIUNHATBHAS CXEMa «COHAXOXKICHUS»
BBIJICJICHHBIX TUIIOB IIOPOJL B Pa3pe3e OJHOI0 KPYIHOro NUKJIa u3Bepxkenus (puc. la), a Takxe
CJIeJIAHBI [IPEJJIOJIOXKEHHST O IPUYPOUYEHHOCTH TOPO-KOJJIEKTOPOB U [OPO/I-HEKOIJIEKTOPOB
K ONPEJIeJIEHHBIM 3JieMeHTaM Iukia (puc. 16). Tak KaK cTaHJIAPTHBI KOMIUIEKC HUCCIIEI0-
BAaHUIl B CKBAXKWHAX HE ITO3BOJISIET OIPEE/ISATh [IeTPOreHeTUIEeCKNEe TUIIBI TOPO, Yepe3
KOTODbIE UJICHTUMDHUIUPYIOTCS 3JIEMEHTHI KPYIIHBIX [IUKJIOB M3BEPXKEHUA, I T1esIeil CHUXKe-
HUsT HEOIPEIEJIEHHOCTU IPU MEXKCKBAXKIMHHON KOPPEJISINH OIPEIeJIEHBI NX BEPOSITHOCTH
MIPUHAJIE?KHOCTH K KOJIJIEKTOPAM M HEKOJIJIEKTOPAM, JJIs 9€ero CIIENUAJILHO Pa3paboTaHa
METOUKA UX Pa3JeeHus [0 JAHHBIM CTaHIapTHOro Komiutekca ['MC.

[TocJte wero BLITOTHEHBI PAOOTHI 10 COBMECTHOI KOPPEJISIIAU JIAHHBIX CeHICMOPa3BEIKH
U MaTepruajioB CKBaX>KWH C OIOPOi HA IeTpOorpaduyecKre U JINTOJOTUIECKIE UCCIIEI0BAHUS
KEpHa, KOTOPbIE MO3BOJIMIM OTOXKJIECTBATH PA3JUIHBIE JIEMEHTHI IUKJIOB M3BEPXKEHUS
C OTPAXKAIOIIUMH I'PAHUIIAME B CEIICMIYIECKOM BOJIHOBOM I10JI€ U IIOCTPOUTH IOBEPXHOCTU
YCJIOBHBIX T'€0JIOTHYECKHUX TeJI, KOTOPble MOXKHO CBSI3aTh C IIPUPOIHBIMHI PE3EPByapaMHu.

CorytacHO pe3ysibTaTaM KOMILUIEKCHOTO AaHAJIM3a IIMHPOKOro Hadopa TIeoJioro-
reoU3NIECKUX JAHHDBIX IS H3y9IaeMOI0 MECTOPOXKICHUS, PACIOJIOKEHHOI0 B 3aIafHoi
Cubupu, Ha KOTOpOM 1IpoOypeno Hostee 300 CKBaYKUH U BEJAETCST SKCILIyaTAIHsl, YCTAHOBIIE-
HO, 9TO JIOIOPCKUIl BYJIKAHOTE€HHO-OCAIOTHBIN KOMILJIEKC COCTOUT n3 cepuu 10 madek-anH3,
KOTOpbIE U3YYaeMyI0 TEPPUTOPHUIO MOKPHIBAIOT KaK Y€PeruIlbl. B BOCTOYHON 9acTu mpo-
CJIE2KUBAETCS BCETO OJIHA AYKa, B Hanbosee pa3dypPeHHO ceBepo-3aI1aIHOI — OTMedIaeTCs
HAJIOXKEHHE Cpa3y TPEX Iadek Apyr Ha apyra (puc. 60).

Ilo uroram pabor onpoboBaH ajaroput™m 00pabOTKU T'e0JIOTO-TeO(DU3NIECKUX JTAHHBIX
JIOK, KOTOpPBIt COCTOUT U3 CJIEIYIOIINX ITAIOB:

e  u3ydYeHUe KepHa JijIs NeTPOTe€HEeTUYECKON TUIIN3AINN BYJIKAHUTOB;

e  poinosinenne nutepnperaruun [VIC it neseil pasjiesieHust OopoJ, Ha KOJLUIEKTOPBI
U HEKOJIJIEKTODHI;

®  OIlpeJieJIeHNe BEPOSITHOCTU OTHECEHHSI T€HETHIECKOTO TUIA K KOJJIEKTOPaM HJIH HEKOJI-
JIEKTOPaM;

e  TIPOBeJIEHUE CBOJIHOI KOPPEJdaINN CefiCMIYeCKNX U CKBa*KMHHBIX JAaHHBIX C OIIOPON Ha
erporpaduIecKrue U JIATOJOTTIeCKUE NCCIEOBAHNS KEPHA;

e  BblJIeJIEHNE KPYIHBIX IUKJIOB U3BEPXKEHUS U NPUYPOYEHHBIX K HUM NadeK-JIUHS.

IIpuBeénHbBIl TEpEUEHDb HE SIBJISICTCS MOJHBIM, TaK Kak i noctpoenns mozaean JTFOK,
HA OCHOBAHUM KOTOPOH MOYKHO IJIAHUPOBATH Pa3pabOTKy U JIOPA3BEIKY, HEOOXOIUMO UMETh
[IPEJICTABJIEHNs] O TUJIPOIMHAMUYIECKON CBSI3U MEXKJIy BBIIEJISeMBbIME OObeKTaMu. B Bu-
Iy BBICOKOIl JIaTepaJbHOW M BEPTUKAJIHHON M3MEHIYNBOCTU PA3PE30B, CUIIHHOIO BIIMSTHUS
I3 bIOHKTUBHO-OJIOKOBOI'O CTPOEHUSI, 9Ta TEMa SIBJISIETCS JIOCTATOYHO CEPhE3HO U Tpebyer
CaMOCTOSITEJIBHOIO 00CyKJeHus. TeM He MeHee, NpojesiaHHas paboTa 1Mo3BoJIsAeT cHOPMY-
JINPOBATH OCHOBHBIE MTPUHIUIIBI 3(DPEKTUBHOTO UCCAEIOBAHUST BYJIKAHOT€HHO-0CAI0THBIX
KOMIIJIEKCOB.

Buaromapaoctn. Pabora BbITIoSHEHA B paMKaX TeMbI TOCYyAapCTBEHHOTO 3aanus NeO75-
00439-25-00 T'eodpuzngeckoro nenrpa PAH, yrBepxkénnoit Munobpuayku Poccun.
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This article provides a thorough analysis of the potential for petroleum within the Pre-Jurassic
Volcanic-Sedimentary Complex (PJVC) of the West Siberian Sedimentary Basin. Based on existing
petrogenetic classifications of the complex's volcanic rocks, the article develops a model of major
eruptive cycles, delineating the distribution of reservoir and non-reservoir rocks. To minimise
uncertainty in inter-well correlation, the article proposes a methodology for rock discrimination
using standard wireline logging suites. This incorporates fracture analysis to evaluate the likelihood
of petrogenetic types belonging to the reservoir or non-reservoir categories. The integrated
interpretation of seismic data, well logs, core petrography and lithology enabled cycle elements
to be identified within the seismic field and surfaces to be constructed representing conditional
geological bodies associated with natural reservoirs. Applying this workflow to a field in Western
Siberia involving over 300 wells revealed that the PJVC comprises a series of ten lenticular packages
exhibiting an imbricate lateral overlap pattern, ranging from a single package in the east to three
superimposed packages in the northwest. Further investigation into the hydrodynamic connectivity
between these units is required, however, as this is complicated by the high levels of lateral and
vertical heterogeneity and faulting. This investigation is necessary in order to build a complete
PJVC model that is suitable for field development planning and appraisal drilling. Nevertheless, this
study establishes a foundational framework for the efficient investigation of similar rock complexes
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in the future.
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BerimmosiHeHb!l peBU3ns U aKTyaIu3alysl MECTHBIX CTPATOHOB HinKHero Mmesa FOro-3amamnoro u Ilen-
TpanabHOro Kpeima. /Ij1s1 3TOro MCrosab30BaHbl MaTePUAJIb], IPEJCTaBJIeHHble B MHONOYNCIEHHBIX
myOJIMKaN¥sIX, ¥ PE3yJIbTAThl, [TOJIyYeHHbIE aBTOPAMHE [IpU HccienoBannn obnaxkenuit. CocTaBiieHbI
OGHOBJIEHHBIE MECTHBIE CTPATUIDAMUIECKUE CXEMBbI IIECTH CTPYKTYPHO-(DOPMAIMOHHBIX IO30H
(CPII3). Ilpu nx KOppesuy IPUMEHEHbl He TOJILKO [ajIeOHTOIOTMYECKIe TAHHbIe, HO U YCTAHOB-
JIEHHBIE B Pa3pe3aX BOCEMb OCAJIOUHBIX CEKBEHIINi, COOPMUPOBAHHBIX PETMOHAIBHBIMU ITUKIAMU
cequmenTannu. Ilomaydennble pe3yIbTaThl CO3/IAI0T OCHOBY JIJIsl COCTaBJIEHUSI PETMOHAJIBHOM CTpa-
Turpaduueckoit cxeMbl HUKHero Mmesna Kpeima, oTpazkarolieil OCHOBHBIE STallbl CeINMEHTAIINN

B Iajreobacceiine.

KnrogeBble cioBa: cBuTa, TOJIA, OCAJOYHAS CEKBEHINS, KOPPEJIANUs, CTpaTUrpaduIecKas cxeMa,

HIKHUE Mes1, KpbiM.

Huruposanme: [yb6kosa K. A., ITunuios C. B., Konbanosa A. B. Mecrusie crparurpaduyeckue
nozapaszenennsa auzkuaero meaa FOro-3amamnoro u enrpamsroro Kpemva // Russian Journal of
Earth Sciences. — 2025. — T. 25. — ES4015. — DOIL: 10.2205,/2025es001044 — EDN: FPEYXA

BBenenune

HeitcrBytomas PernmonasbHast crpaTurpaduyaeckas cxeMa HUYKHEMEJIOBBIX OTJIOYKEHUIA
Kpeiva [Cmpamuezpaguneckue cremo..., 1993] orpazkaeT pe3ysbTaThl UCCIAEI0BAHMI, BBIIO-
HEHHBIX B BOCBMUJECATBIE TOJbI IPONLIOro Beka [[laomuurosa u dp., 1984; Tecaenko u dp.,
1980]. Ona comepKuUT XapaKTEePUCTUKY CBUT M TOJII, UX COIOCTABJICHUE ¢ AMMOHUTOBBIMU
30HaMH, sipycaMu U noabsapycamu Obmeit crparurpaduyeckoil mkajbl. [locko/bKy B Heil
OTCYTCTBYIOT, COGCTBEHHO, PEIMOHAJIbHBIE [OAPa3/iesieHust (TOPU30HTBL), TO, O CYIIECTBY,
9TO KOPPEJANHS MECTHBIX CTPATUTPAMDUIECCKIX CXEM.

s FOro-3amnauoro u IenTpasibaoro KpbiMa BhIjIeIEHO IECTH MTOPAOHOB, IPAHUIIBI
KOTODBIX, K COYKAJIEHUIO, He MOKa3aHbl Ha cxeMe (hanmaapHoro paiiornposanust (puc. 1)
[Cmpamuepaguueckue cremo..., 1993]. s KaxKIoro u3 HUX CocTaBjieHa 0cobast MeCTHAS
cxema (puc. 2, 3). Cpeau yCTaHOBJIGHHBIX CTPATOHOB TOJIHKO 10 UMEIOT PaHI CBUTHI, & OCTAJIb-
Hble 37 — TOJIIX U NAYKH, YTO CBUJIETEIHCTBYET O HEJIOCTATOYHON CTENEHU U3y4YEeHHOCTU
paspe3os. [Ipu sToM 3HAYNTENBHAS YACTD TOJIII He SBJISIACh BAJUAIHBIMI CTPATOHAME — OHU
He MMeJI CTPATOTHUIIOB U UX HA3BAHUS MMEJIH OIIUCATE/IbHBII XapakTep («TOJIIIA IIeCYAHUKOBY
U T.JL.).

3a BpewMst, mpore/inee mocje myOIuKAIU 3TONH CXeMbl, CODpaH OONUPHBINA MATEPUAI,
0630p KOTOPOro HpeJcTaBieH B crarbe [Baraboshkin et al., 2024].

To3Hee HOBBIE MeCTHBIE CTPATOHBI BbIIEJIEHBI B Mexkypeube Kaun — Boapaka [Ba-
pabowrun, 1997a; Hrnun, 1997] u npm cocrasnennn sucroe L-36-XXVIII (Esnaropus),
L-36-XXXIV (Cepacronons) n L-36-XXIX (Cmmdepomnons), L-36-XXXV (fara) reoso-
rudeckoit kaprel Maciraba 1:200000 [Jeporcasha 2eonozivuna kapma..., 2008; depotcasha
2eonozivna xapma..., 2006].
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O CAKK LiseTouHoe
o

OEEJ'IOI'OPCK

MasaHka
CUMPEPONONb O

ONeTponasnoBKa

MapT13ay€koe

Ckanucroe &
BAXYUCAPAN
O

o

O Bepxopeube

Kyhbbiweso
o

O CEBACTONONb

Puc. 1. QanmanbHoe palilOHUPOBAHME HUKHEMEJIOBBIX OTyIoKeHui ['oproro Kpeiva [ITaomnukosa

u dp., 1984]. 1-3 paiionsr: 1 — Sanannsrii, 2 — Ilenrpasnbasrit, 3 — Bocrounbtii.

Paspaborana cxema pacuienenus 6eppuaca [opuoro Kpeima [Apradves, 2007]. ¥YTou-
HEHBI 30HAJIbHBIE IKAJIBI 110 aMMOHHMTAM, YTO IT03BOJIAJIO IIEPECMOTPETh BO3PACT PsIa
CTPATOHOB W YTOYHWUTH UX Koppensamuio |Bapabowrun, 1997a,b; Bapabowwun u Tnun, 1997;
Cmuprosa u Bapabowxun, 2004; Arkadiev et al., 2018; Baraboshkin and Mikhailova, 2000;
Baraboshkin et al., 2024].

ITpu cocrapmennn [ocynapcTBeHHON TeOIOrNIeCcKOl KapThl YKpauHsl [Jeporcasha zeo-
Ao2iuna Kapma..., 2008] 6 ycTaHOBJIEHBI TAHTaHCKU (GappeMCKuUil, AlTCKUi APyChI),
phlIeeBcKuii (HIKHUI asibb), TapXaHKyTCKUH (cpenHuil aiabb) U KOBBUIbHEHCKUI (BepXHUI
aJb0) TOPU3OHTHIL

K coxastennio, mpu pabore mas reosorudeckoii kaproit Kpoima macmrrada 1:1 000000
[[ocydapemeentasn 2eonoeuveckasn kKapma. .., 2019], eé aBTOPBI ONUPAINCH TIPEUMYITIECTBEHHO
Ha JIOCTHXKEHUSs IIPOIILJIOTO BEKA, He YUYUTHIBAs COBPEMEHHbBIE IIPEJICTABJIEHUS] O COCTaBe
¥ BO3pAacCTe CTPATOHOB. BMecTe ¢ TeM, OHU yTOYHUIN U JETAIU3UPOBAIN CXEMY CTPYKTYDPHO-
bOPMAIMOHHOTO PAaflOHNPOBAHNS HUYKHETO MEJIa PErHOHA.

B crarbe npejcraBiieHbl pe3y/IbTaThl PEBU3UN M aKTYAJU3AIUN MECTHBIX CTPATUrpadu-
qecKux cxeMm HrzkHero Mesa FOro-3anannoro n lenrpansaoro Kpeiva, mpu koppestsiiun
KOTOPBIX MCIIOJIb30BAHBI UMEIOIINECs: B HACTOsAIIee BpeMsi bnocrpaTurpadudeckne nu Mar-
HUTOCTpAaTUTpapUIECKHe JIaHHbIe, a TAKXKe Pe3yJIbTAThl, I0JyIYeHHbIE C UCIIOJIb30BaHUEM
MeTOJI0B (PalraJIbHOrO aHaJN3a, IUKJIO- U CEKBEHTHON crparurpadun. 9To HEOOXOIUMO
JJIs1 TIOATOTOBKY OCHOBBI BBIJIEJICHNUS TOPU30HTOB, COOTBETCTBYIOMINX PErMOHAIBHBIM ITAIIAM
Pe0JIOTMYECKOI mcTOpun TmaJjeodbacceiita.

MaTepI/Ia.TIbI n METOo/bl

IIpu BBIIIOIHEHUN UCCIIEI0OBAHUSI IPOAHAN3UPOBAHBI IIyOJIMKAIUHN, TIOCBAIIEHHBIE JIH-
TOJOTUIECKUM, OMOCTPATUTPAPUIECCKUM U MATHUTOCTPATUTPAPUIECKIM OCODEHHOCTSIM
paspesoB nuxkuaero Mesa FOro-3anazauoro u enrpansroro Kpeiva [B ToM yuciie Angumosa,
2015; Apradves, 2007; Apxadves u dp., 2012; Bapabowxun, 1997a,b; Bapabowxur u op.,
2016; Bapabowrun v Arnun, 1997; Usarux u dp., 2013; Ilaomuuxosa u dp., 1984; Tecaenro
w dp., 1980; Snun, 1997; Baraboshkin et al., 2024].

B xome mosieBbix pabor 2015-2024 romos usydennl paspesbl (puc. 4) B Gaccelinax
pek: Besnbek — 6eppuac-rorepus (C6pocossiii Jior); Kaua — 6eppuac-ans6 (roper Pesanast,
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3 Speetoniceras subinversum ¢ Lamellaptychus angulicostatus Pict. et Lor. (o 15 m) Globorotalites sigmoicosta
s Dam. (8o 20 m)
o
[ " n PesaHckas ceuta L U
Ol= apatibixckas Tonwa lepecnanBaHme MUHUCTbIX Kaparadcxkan Tonwa
BE . " ) Hoso6o6posckan Tonwa V13BECTKOBUCTbIE NECYaHMKN NecYaHnKoB 1 anesponnTos; Vlasecmﬂxm opranmo»
i Crioceratites nolani, [uHbI cepble, NOTHbIE, o)enes3HeHHble, rpybo3epHuUCTbIe B OCHOBaHWM NYANHIOBbIA FeHHbIE, NecyaHnKn co
K Acanthodiscus radiatus C NPOCNOAMM OHKONUTOBbIX (rpasenutsi), ¢ Lyticoceras KOHomepar ¢ Leopoldia Stylina sablensis Traut.
T ¥ BPEKIMEBNAHBIX U3BECTHAKOB, ambligonius Neum. et Uhl. leopoldiana Orb., Crioceratites ) jontfivaltia calciformis
¢ Lamellaptychus didayi Coq. (20 10 m) duvali Lev. (a0 120 m) sol. (a0 10 m)
v Kilianella roubaudiana Orb. e T~ T T N~ T
: 0 250 m; NERE ™ ™
&| Saynoceras verrucosum = (A ) BepXHAA KOHIOMepaToBan Tonwa
S 2| Neocomites neocomiensis (8o 100 m)
=
S
H KyukuHcKan Tonwa
3 V3BECTHAKN OHKONUTOBbIE, OPraHOreHHO-
I - . [leTPUTYCOBbIE; BHU3Y — Nepecnansanne
3| § Kilianella roubaudiana eCyaHMKOB M M3BECTHAKOB CO Stylina
©o pachystrilina Koby., Heterodiceras luci Detr.
10 60 m)
< _ Ceuta Beuky MecuaHo-anespuToBas ToNWa
< Fauriella boissieri [UHbI EnTo-6ypble, NnecyaHnky, > lMepecnansaHne NECYAHUKOB,
I aNeBPOANTbI C NPOCAOAMMU a71eBPO/IUTOB, MIMH C
5| 8 rpaBennToB W U3BECTHAKOB, Euthymiceras euthymi Pict.,
3 & . o ¢ Fauriella boissieri Pict. Dalmasiceras dalmasi Pict.
g|o Tirnovella occitanica (8o 80 m] (80 15 m]
H
abs . Baitpapckas cauta HuskHas
B Pseudosubplanites VI3BECTHAKM KpacHble 1 NECTpble,
Lo E onticus = MecTamu cepble, bp /AHblE, Tonwa
< P grandis NecyaHuCTbIe, C IMH3aMM NeCyaHu- (30 40 ™)
T Ko ¢ Berriasella callisto Orb.
(8o 140 m;
~ UL~ )
Mopctunatowme obpasosaHus J;t ] J

)
i [[[]l]2

Puc. 2. Pervonanbuas crparurpadudeckas cxemMa HUKHEMEJIOBBIX OTIokKeHu# (3anagHblii paiioH)

[[Tromnurosa u dp., 1984; Cmpamuepaguueckue cxemo..., 1993]. 1 — 5po3noHHAs] TOBEPXHOCTb,
2 — crparurpaduyuecKuii IepepoIB.

Beunasi, Cenbbyxpa, ospar Kosic-Ixxuira); Boapak — 6eppuac-aibb (roper Jnunnas, le-
aynuast, [larwns, Magsrit Kepmen, Bosbimoit Kepmen, Kpemennast, Jlecucrast, 3mennast,
Kusui-Yurup, [Tepsomaiickuit kapbep; AsibMma — rorepus-aanb (paiion cesa ITapruzamckoe);
Casrup — rorepus (Kapbepbl Kypuosckuit u Ilerponasriosckuii); Bemrepex — 6eppuac-
rorepus (oxpecrrnocru cei CosoBbeBka, Mazanka, HoBocesoBka, 3yiickuii Kapbep u ropa
Kynuna). Hamu ony6nKOBaHbI XapaKTePUCTUKU OOJIBITMHCTBA II€PEYUCICHHBIX 00HEKTOB:
KOJIOHKH; IIOCJIOfHBIE OIUCAHWSI; BBIBOJbI, CIAEJAHHBIE B MPOIecce (PaIuaJbHOTO, TUKJIO-
cTpaTurpadUIecKoro u CeKBEHTHOI'O aHAJN3a; CXeMbl COIOCTABJIECHUS U PEKOHCTPYKIINN
obcTanoBok cemuventammn | Jy6kosa u dp., 2022a,b; HTuwaos u dp., 2020, 2019].
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ocL TopHbIit Kpbim
© % 30HbI LleHTpanbHbIN paiioH BOCTOYHBIN palioH
= aMMOHMTOBOM C P
35013 aNnrvpckas genpeccua n bewTepek-bypynbyaHcknin " i i
g Bl % & WKanbl ckoHw YaTbipaara nonparion Benoropcko-CTapoKpbIMCKUIA NoAgpaioH
Sl6|= e P PK,c K,c
Stoliczkaia dispar
DS
S Menuxosckan Tonwa
I - TNWHbI YEPHbIE, NeCYaHNKM, aNeBPONUTLI, Meprenu
% Wg&",’ggﬁg;gﬂg};ﬁgl Tonwa nepecnausanus necta- ¢ Neohibolites subtilus Krimh., Parahibolites
3 HUKOB PasNN{HON NAOTHOCTH; pseudoduvalia Sinz, Aucellina grypheoides Sow.
s BHU3Y - (NHbI C (30 250 m)
= Neohibolites stylioides Renng.
S
S Anahoplites rossicus (a0 50 M) )
< S D (O I O (O Whgonbckantonwa
S AnaDhaletE's daviesi = [WHbI cepble, Y4EpHbIe, NATHUCTbIE; BBEPXY - Bypble,
B dag egig‘,’]’e’;sgg 8 OCHOBAHWM NECYaHUKM, FPaBenTl,
2| Anahoplites interme > dius, Canrupckan cauta ¢ Hoplites dentatus Sozu.él;%sosrgatella agassiziana Pict.
Is) Hoplites dentatus MNepecnansanme necyaHnKos A PRy
_ UrMuHC . Kypckan Tonwa
S PIOSIOth/IttES archm/c/tgnus Neohibolites minimus List., [MHbI YEPHbIE, YeluyiyaTble, C IPOCAOAMM NecyaHNKOB, CUAEPHUTOB,
I Lgnrr::eerﬁellt/,aprir ’Zﬁ’:ﬂ? Leymeriella sp., ¢ Hedbergella planispira Tapp. - ssepxy; Douvilleiceras mammilatum List.,
ES V! g , Hypacanthoplites sp. Leymeriella tardefurcata Leym. - BHu3y
S| Leymeriella tardefurcata, (30 300 m
I |Proleymeriella schrammeni P (A0 200 m)
E| Hypacanthoplites jacobi I N
K| Acanthohoplites nolani L BepxHaa noaronwa
>s| parahoplites melhioris, | T kb cepble 1 BypoBaTo-cepble, CBepXy NECTpbIE, C
bs| 3 Colombiceras cuaepuTamu; ydactkamu necyaHuctole ¢ Acanthoplites
s 3 crassicostatum = trautscholdi Sim., A. nolani Seun. - BBepxy,
S| &l Epicheloniceras Tonuya cepbix FaH ¢ caepHTamy © Neohibolites wollemanni Stoll. - s1n3y
E|O|  subnodosocostatum P, EY (50 100 m)
Zhs Dufrenoya farcata semicanaliculatus Blv., g
S| peoprenoyafurcata, | " Deshayesiles deshayesi Leym. |
Z Deshg esites Wels;ll (a0 300 m) :: B HuxHas noatonwa
§ Proghelomceras S|  MmHbI TéEMHO-Cepble C NPOCNOAMM CHAEPUTOB
T albrechtiaustrige e 5 c Aconeceras nisum Orb., u Izl,e;;‘zli;itg?(/)iltles
e ; - T~ ° .-
°S| Colchidites securiformis ’E BoratoBckan Tonwa BBepXxy, Silesites
HE Silesites seranonis = Kpynworaneurie scer;zoz{ztartb ;
2| - KOHIIOMepaTbl, rpaBe- urthohibolites
- g g Barremites strettostoma TS, NECHAHMKM, trubatchensis
EEES L~~~ L~ [AWHbI, MbIBbI roTe- St. Verg. - BHn3y
o al § Holcodiscus na\ma KpacHo-6ypbix oprauoreu- PUBCKMX U3BECTHSAKOB (A0 400 m)
=| |8|¥% caillaudianus = Hbl cCu ¢ Mesohibolites uhligi Schw.
E s Nicklesia pulchella trubatchenS/s St. Verg. (a0 20 m) (80 250 m)
Sbs| |T )
[ o e e, (N N S iy o B e o M gy A g /2 N\ N e N N e — ]
T
z ,<|  Pseudothurmannia ) MasaHckas ceuta
| 'S angulicostata = ! KococnomcTble necku, necyaHmkm, Tononesckas Tonwa
z Craspedodiscus KOHIIOMEPaTbl 1 U3BECTHAKM C TMHbI Cepble, NeCYaHMCTbIE, C CMAEPUTaMK,
bs QI discofalcatus, Cymatoceras pseudoelegans Orb., c Lamellaptychus angulicostatus Pict. et Lor.
s g Subsaynella sayni = Phyllopachyceras katschiense Druz. (40 m)
g Speetoniceras subinversum (A0 300 m)
=
3! ~
=
Ops 3eneHoropckas Tonwa
S
I Crioceratites nolani, Mecuakku, KOHEAOMepaTL), ?
%[ Acanthodiscus radiatus TREBSHTES, IHG! ¢ :
]S: Lyticoceras sp.
(80 30 m)
,,,,,,,,,,,,,,,,,,,, ~— ]
% _ Tonuwa 6ypbiX U3BECTKOBUCTLIX HaHukoBCKas Tonwa
< & I-?I"y”nce.’t"s verrucosum = | (rum ¢ Neocomites neacomiensis Orb, BepxHaa noatonwa TopnmHckas Tonwa T/WHbI cepo-3enéHble,
S || Neocomites neocomiensis | | amellaptychus didayi Cog. (o 45 mj| VI3BECTHAKM ENTO-Cepble TMH T necyaHnKos,
= 5 MECYAHNCTbIE, OPraHOTEHHbIE, | | oo a00 1 menkoranedHbix ( cupeputos ¢ Lamellaptychus
= Kilianella idayi i
Ehs 5 Mmepresn ¢ Tonwa< KOHIOMepaTos didayi Coq., Neocomites neo-
Tz > s roubaudiana Orb., ¢ Lamellaptychus ~~ comiensis Orb., - BBepxy,
S E| Kilianella roubaudiana f & Thurmannices thurmanni Pict., didayi Coq. L. seranonis Coq., Kilianella
3= g| Stylina multiseptata Kusn. (80 250 m) roubaudiana Orb. - BHU3y
g (R0 40 m) (80 250 m)
< ) o 5 Hwxnas nogronwy C cBuTa [MUHbI BypoBaTO Cepble, C peaKuMn
= Fauriella boissieri & | FanHbl ¢ npocnosmm necya- NpOCNOAMM NECYAHUKOB, a1€BPONUTOB, MBBeCTHHKOB c
- < Tonwa cepbixX MUH HWKOB, aNeBpO/INTOB, pexe Euthymiceras Euthym/ Pict. (go 10
5B ¢ ryBKOBbIMM bUOrepMam, M3BeCTHAKOB ¢ Euthymiceras CrapoKpLIMCKan Tona
S| Tirnovella occitanica B OCHOBAHMM 4acTo Mbi6bl euthymi Pict. (no 60 "9» BanyHHble KOHIOMepaTb
Q TUTOHCKMX U3BECTHAKOB e (A0 60 m deopocuiickue
= c Conobelus conicus Blv,, BeaeHeKbIpCKan cBuTa
af aluiad P [lByaKopHas cBuTa Mmeprenu
g’§ . Aptychus malbosi Pict,, N3BecTHAKM ¢ npoc- MNepecnansaHue FMNH, N3BECTHAKOB, ¢ Berriasella
I Pseud::#cbﬁhlmtes Berrlase//(a pr/s\gasensls Pict. JI0AMM NECHAHNKOB, mepreneiic Pseudosubplanites grandis callisto (Orb.)
§ P grandis 0 60 M m”H/IC' Bergals)ella (Maz.), P. ponticus (Ret.), (80 100 m)
I callisto (Orb.) Berriasella jacobi (Maz.)
) _ _ (mo1S0m) (30 100 m)
MoacTunatowye obpasoBaHus J, J, J, Jt

Puc. 3. Pernonasnpnas crparurpaduyueckas cxeMa HUKHEMeJIOBbIX orsoxkenuii (IleHTpasibHbIMR
u Bocrounsrit paiionst) [[Liomuukosa u dp., 1984; Cmpamuepaduueckue cxemoi. .., 1993]. Yeaosubie

0603HAYEHUST CM. Ha PUC. 2.

Jlj1st BBISIBJIEHUSI OCHOBHBIX 3aKOHOMEPHOCTEH ITPOCTPAHCTBEHHO-BPEMEHHDBIX M3MEHEHUIH
HIZKHErO MeJla COCTABJIEHO IECTh CBOJHBIX Pa3pe3oB (CM. puc. 4, 5), KOTOPbIe UCHOJIb30Ba-
HBI B T€OUCTOPUIECKON MOJENN, OTPaKAIOIIEH BOJIIONNI0 0OCTAHOBOK OCAIKOHAKOIIJICHUST
B masieobacceiine, STambl 9PO3UH, XAPAKTED TEKTOHUIECKUX JIBUKEHUN 1 KOJIeOaHUs YPOBHS
Mopst (puc. 5).

DTU HOCTPOEHUST B COYETAHNU C IPUMEHEHHIEM I10JIXO0B CeKBEHTHOM cTpaTurpadun
[ponos u dp., 1998; 2Kemuyezosa, 2014; Posamentier and Allen, 1999] mosBosmamm ycTaHOBATS
0CaJI0OYHbIE CEKBEHIMN — PErHOHAIbHBIE M€OJIOMMYeCKHe TeJla, OrPAHIIeHHbIE HECOTIACUSIMU
WA KOPPEJTUPYEMBIMU ¢ HUMU COIVIACHBIMY [TOBEPXHOCTSIMU, TOBEPXHOCTH MAaKCUMAJIBLHO-
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LiBeTouHoe

BE/IOrOPCK

Puc. 4. Cxema cTpyKTypHO-DOPMAIMOHHOIO PAlOHUPOBaHUsT HUXKHEro Mesa o [ocydapemeennas
zeonozuneckas kapma..., 2019, ¢ uamenenusmu|. 1-6 — Ilpearopnast cTpyKTypHO-POPMAIMOHHAS
sona: 1 — Baiimapckas crpykrypHo-dbopManmonnas nongona (CPII3), 2 — Bennbexckas CPII3,
3 — Kaunnckasa C®PII3, 4 — Burakckas CPII3, 5 — Bemrrepek-Bypynpunnckas CPII3, 6 — Besio-
ropcko-Crapokpemvckag CPII3; 7 — cTpaTOTUIBI U OMOPHBIE PA3PE3bl MECTHBIX CTPATOHOB (& — MO
MarepuajaM Jpyrux Hcciegosaresieil, 6 — u3ydeHnble apropamn): I — cBuTa 6€4Ky, 2 — KyUKUH-
CKasl CBUTa, 3 — HOBOOOODOBCKAsI CBUTA, 4 — IMUPOKOBCKAS TOJIIA, J — OaJaKIaBCKas TOJIIIA,
6 — JOpryHbCKas ToJIIA, 7 — KAHApUHCKas Toqma, 8 — Gespbekckast Toua, 9 — ajbarckast TOJIIIA,
10 — xapatabIXCKasi cBUTa, 11 — roqybuHcKas Touma, 12 — pe3anckasi CBUTa, 18 — Kaparaickast
cBUTA, 14 — BepXOpeUYEHCKasi CBUTA, 15 — GuacajnHCKasl CBUTA, [6 — MaHTyIICKasi cBuTa, 17 — mia-
pHuHCKas cBUTA, 18 — cesbOyXpUHCKasA CBUTA, 19 — TaCKOPHHCKas Touma, 20 — OUIOK-THKOMCKAs
ToJa, 21 — cajarupckasi Tosmna, 22 — MmaMakCcKas TOJIa, 23 — aHrapckasi TOJIa, 24 — MeXKIro-
pbeBcKas TOJINA, 25 — COJIOBbEBCKAs TOJIIA, 26 — 3€JIEHOTOPCKas ToJjma, 27 — Ma3aHCKasl CBUTA,
28 — KyHUYCKas CBUTA, 29 — rOpJMHCKas ToJIa, 30 — Taiiranckas Tojma, 31 — 60raToBcKas TOJIIA,
82 — MeMXOBCKasl TOJIA; 8 — CBOJAHBIE pa3pe3bl, COCTaB/IeHHbIEe B HacceiiHax pek: | — Besnbbek,

IT - Kaua, IIT — Boxpaxk, IV — Asnbma, V — Casrup, VI — Bemrrepex.

ro sarormternst (MFS) u tpancrpeccusabie nosepxuoctu (TS) (em. puc. 5). Meromuka

BBIIIOJIHEHHBIX [IOCTPOEHUI U3JI0KeHa B crarbe |ybkosa u dp., 2022b|, koropas nocss-
eHa 0COOEHHOCTSM CTPOEHUsT JIBYX CEKBEHITUI: BepXHEOEPPUACKO-HIKHEBAIAHKUHCKOM
U BEPXHEBaJIAHZKMHCKOIA.

B crarbe MBI He paccMaTpuBaeM BEPXHIOI YaCTh BEPXHEIOPCKON — HUXKHEOEPPHUACCKO
ceksennuu (3ona Berriasella jacobi), KoTopasi reHeTuyecKu CBA3aHa € IOPCKUM ITAIIOM Pa3-
BuTHs OacceitHa. Bpiie 3ajieraror BoceMb CeKBeHIUI HIKHero meja: | — 6eppuackast, 11 —
BepxHeOepprackast — HIKHeBaslaHKuHCKas, 111 — BepxueBanamkuackas, IV — BepxHueBa-
JIAHXKWHCKas — HU2KHErOTepuBCKas, V — BepxHerorepuBckas — amnrckasi, VI, VII, VIII —
nozaueanbockue (em. puc. 5). OHE BMecTe ¢ aMMOHUTOBBIME 30HaMu [Arkadiev et al., 2018;
Baraboshkin et al., 2024] co3maroT reoXpOHOJOIMIECKAN KapKAC JJIsl PEBU3UU MECTHBIX
CTPATOHOB, YTOYHEHUsT UX MPOCTPAHCTBEHHO-BPEMEHHBIX B3aUMOOTHOIIEHUM, BbISIBJICHUST
I0/Ipa3/ieJIeHUi-CUHOHUMOB.

AKTyanu3upoBaHHBIE CTPATOHBI CIPYIITMPOBAHBI B IIIECTh MECTHBIX CXEM, COCTABJIEHHBIX
st crpykTypHO-dbopMmaronnbix 1oa30n (CPII3) mukuero mesa FOro-Sananuoro u Ilen-
rpasbioro Kpeiva [Tocydapemeennasn 2eonoeuneckasn xapma..., 2019], rpaHuiibl KOTOPBIX
OBLIM OTKOPPEKTUPOBAHBI B COOTBETCTBUU € UMEIOMUMCsI (PAKTUIECKUM MaTEPUATIOM (CM.
puc. 4).
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Puc. 5. ['eoucropuueckasi momenb HuxkHero mena FOro-Bamaguoro m Ilenrpanbroro KpbiMma.

1 — KOHIJIOMepATHl M MECYAHUKU Me/bT; 2 — KOHIVIOMEDPATHI M IMeCUYaHUKM MoOepexkwuil; 3 — mec-
YAaHUKU MEJKOBO/Ibsl; 4 — M3BECTHSAKHN MEJIKOBO/Ibsl; § — Mepreyin TIyOOKOBOIbsl, 6 — TJIMHBI TUIy-
OOKOBO/IbsI, 7 — KOPAJIJIOBblEe HNATY-PUMBI; 8 — OTIIOXKEHU, yaJeHHbIe IIOCTCEINMEHTAIIMOHHBIM
Pa3sMbIBOM; 9 — mepepbIiB B OCAIKOHAKOIIeHUN; 10 — IMOBEPXHOCTH MAKCHUMAJIBHOTO 3aTOILICHUS
(MFS); 11 — rpancrpeccusnble nosepxaoctu (T'S). Iludpel B Kpy»KKax — CBOJHbBIE Pa3pe3bl, CM.
puc. 4.

Pesynbrarst

BerinosiHeHHBIE HCCIIEIOBAHES TO3BOJISIIOT [IPEJIJIOXKUTH OOHOBJIEHHYIO CXEMY KOPPEJIAIUH
MECTHBIX CTPATOHOB HUKHETo Mena (puc. 6, 7) Baitmapckoit, Benbbekckoit, Kaunnckoit,
Bemrrepek-Bypynbuunckoii u Besoropeko-Crapokpbivckoit COII3 (cm. puc. 4).

Batinapckas CPII3

I cekBenIust ¢ pa3MbIBOM 3ajieraeT Ha IOPCKO-OeppuaccKux Oaiiapckoii u 6eeHeKbIp-
ckoil cBuTax. Eé HIDKHsST 9acTh MOIHOCTHIO H0 M CJIOXKEHA TTeCIaHUKAMU, AJIEBPOTUTAMU
¥ U3BECTHSIKAME CBUTBHI OE€UKY, BEPXHsIsl TPAHUIA KOTOPOH paCIoJiaraeTcs: HaJl MOA30HON
Riasanites crassicostatum [Apxadves, 2007; Apkadves u dp., 2012]. BepxHiOI0 4acTh CEKBEH-
nuu MOIHOCTHIO /10 100 M 06pa3yIoT U3BECTHSIKU € KOPAJUIOBBIMEU U I'YOKOBBIMU OeorepMaMu
KYYKWHCKOM CBUTBI, KOTOpas oTHeceHa K moaz3oHe Berriasella callisto Bepxuero 6eppuaca
[Apradves, 2007; Aprxadves u dp., 2012].

NMurepramy II, III u IV cekBeHImii cOOTBETCTBYIOT IVIMHBI C IIPOCTIOSIMHE [TECHAHUKOB
U U3BECTHSIKOB HOBOGOGPOBCKON TOJIIIH, KOTOPBIE COMIOCTABJISIIOT ¢ Bepxamu Geppuaca (30-
na Thurmanniceras otopeta) — uukKauM rorepuom. jis pacwieHeHUs] 9TOI0 UHTEPBAJIA
MOIITHOCTBIO 250 M HEOOXOAUMBI JIOIOJTHUTEILHBIE UCCICTOBAHMSI.

K V cekBeHIMH OTHECEHBI TOJIIM MUPOKOBCKAsl (TJIMHBI € MIPOCJIOSIMA U3BECTHSIIKOB,
AJIEBPOJINTOB, II€CYAHUKOB BepxHero Gappema), GasjakiaBckas (IJIMHBI C KOHKDEIUSMI
CHJIEDUTOB CpEJIHEro anbba) U HUKHsIS YacTh YOPIYHBCKOH (MPaBeIUThI M KOHIJIOMEPATHI
cpennero anbba). VX Jmurosornyeckne XapakTepUCTUKY, OCOOEHHOCTH TPAHUIL U BO3PACT
TPeOYIOT CYIECTBEHHOTO yTOYHEHUs. VIMelomuecs: B JINTepaType CBEJIEHUS O IPUCYTCTBAN
B Kapbepax Basakiasel rimH HuKHero anta [Bposuna, 2012; Iepbununa u Jloeunos,
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2012], BO3MOKHO, SIBJISTFOTCSI OCHOBAHUEM JIJIsl U3MEHEHUsI BO3PACTa IMUPOKOBCKOM TOJIIIH.
dukcupyeMblil B pazpe3ax IepepblB Ha IPAHUIIE HUXKHETO U cpejHero anra [Bapabowkumn
u dp., 2016] MOXKeT cTaTh HPUINHON MOCJIE/IYIONIEro PA3/IesIe s [ISTON CEeKBEHIMN Ha, JIBe:
BEPXHETOTEPUBCKYIO-HIUKHEAIITCKYIO U CPEIHEAIITCKY0-CPeTHeaIbOCKY 0.

K VI Bepxmeasn0OCcKoil ceKBeHINN, BO3MOXKHO, OTHOCUTCS BEPXHsISA JACTh YOPTYHBCKON
TOJIINM, TIPEICTABJIEHHON MOJMMUKTOBBIMU IIeCYaHNKaMu. BmecTe ¢ TeM, TOCKOIbKY ba-
pabowrur u dp. [2016] cauTaroT OMUGOYHBIMEI ONPEIEIEHNs] CPEIHEATBOCKIX AMMOHUTOB
U3 MEeCYAHNKOB B paiione r. Basakiasa u y c. UepHOpeube, MOXKET 0Ka3aTbCsl, YTO BCH
YOPIrYHBCKAs TOJIIA, OTPAHNYEHHAS HECOIJIACUSIMHU, OTHOCUTCH K VI cekBeHImu.

Oroxkenust VII cekBeHImm, COOTBETCTBYIOIIEH aMMOHUTOBOM 30He Mortoniceras inflatum
BEPXHEro ajpda, BEPOSATHO, PA3MbBITHI.

VIII cekBeHnuio, BEHIAIONIYIO Pa3pe3 HIKHETO Meja, 00pa3yioT BEPXHEATHOCKHE TIec-
YaHUKM C TPOCOsIME TydOB MOITHOCTBIO 70 200 M, KOTOpBIE BbIJe/JIeHbl B KAHAPUHCKYO
rommy |epocasra 2eonozivna xapma..., 2006, c. 48]. CHHOHEMOM 3TOTO CTPATOHA SIBJISIETCS
«TOJIIA IECIAHUKOB» (CM. puc. 2).

Benbbekckas CPII3

I cexBennust Geppuaca ¢ pa3MbIBOM 3aJieraeT Ha OeJeHEKbIPCKON cBUTE 1 OeIbOEKCKOM
Tosme (CUHOHUM <«HUKHsisl KOHIVIOMEPATOBas TOJINA») I0pbl — paHHero Geppuaca. Kak
u B Baiimapckoil mon3one, 37€Ch yCTAHOBJIEHBI CBUTHI OEYKY M KYIKHHCKAsl CyMMapHOMN
MOIIHOCTBHIO 710 150 M.

Broigesennag panee (¢M. puc. 2) Imec4aHo-aJeBPUTOBAs TOJIIIA YIPA3IHEHA U OTHECEHA
K cBure Geuky [Apradves, 2007; Apradves u dp., 2012]. BospacT cBUTHI u 3aJeraromieit
Ha Hell KyYKWHCKOM TOJIIN YTOYHEH P KOMILJIEKCHOM M3ydeHun paspesa «Kabanwmit jor»
[Cpuwenko u dp., 2018b]. Yeranosnennas B. B. ApkajbesbiM ajnbarckas TOIIIA (CHHOHUM
«BEpXHsisl KOHITIOMEPATOBasl TOJIIIA» ) MOIIHOCTBIO /10 70 M K Geppuacy OTHeceHa yCJIOBHO,
MMOCKOJIBKY OCTATKOB (hayHbI HE COJIEPKUT. B mpeyraraeMoM BapHaHTe CXeMBI MBI COXPa-
HIWIN €€ MMO3UIMIO B BepxHeil yacTu | cekBeHIUU, XOTs, BEPOSTHEE BCErO, ITO OTIOKEHUST
TpaHCcrpeccuBHOTO TpakTa Il cekBeHIMM, T. €. BO3pACTHON aHAJIOr HU30B KAPATJIBIXCKOM
CBUTHI.

IT cekBeHIMM COOTBETCTBYIOT KOHTJIOMEDATHI, TPABEJIUTHI M MECUAHUKI KAPATIIBIXCKOM
cBUTHl MOITHOCTHIO j10 10 M. [To amMmMoOHUTAM OHA COMOCTABJIEHA C HUXKHUM BAJIAHXKUHOM,
HO €€ IIPUIIOJIONIBEHHAs YacTh oTHOcuTCs K 30He Kilianella otopeta [Bapabowskun, 1997a;
Bapabowrun u Hnun, 1997; Ipuwenko u dp., 2018a]; mocsieitsis B COBDEMEHHOM 30HAJIBHOM
cragapre obinactu Teruc [Szives et al., 2024] onpezensiercst Kak nog3oHa Thurmanniceras
otopeta B coctase 3oub! Tirnovella alpillensis Bepxnero 6eppuaca.

Ceksenrusim [1I u IV coorBercrByer Hecormacue.

K V cekBenrum oraeceHpl BEepXHErOTEPUBCKUE TJIMHBI TOLYOMHCKON TOJIIINA MOITHOCTBHIO
710 20 M, KOTOpPbIE HECOTJIACHO 3aJIeraloT Ha KapaTJIbIXCKON CBHTE.

Bappem — cpenneannbckas qacte V cekBennuu, a takxke cekennuu VI, VII u VIII
ObLIM PA3MBITBL B PE3yJIbTaTe ajab0CKOr0 TEKTOHUYECKOro mojbeMa (cM. puc. 5).

Kaynnckasa CPII3

Omnoxennst | cekBeHIIMU 3/1€Ch OTCYTCTBYIOT, ¥ HA MIOPOJAX TPUACA — IOPBI C YTJIOBBIM
HecoryiacueM 3aJieraer 11 cekBeHIus BepxHEro beppuaca — HUXKHETO BaJIAHMKUHA, CJIOYKEHHAs!
KOHIJIOMEPATAMI, IPABEJINTAME U IECIAHNKAMA KAPATJIBIXCKOI CBUTBHI MOITHOCTHIO 10 10 M.
[Teponavabhblii crparurpadudeckuii 00bem 31oit cBuThbl [Srun, 1997] usMenen, Tak 4ro eé
BEPXHsIsl TPAHUIIA C [IEPEKPBIBAIOIIEN PE3aHCKOI CBUTON COOTBETCTBYET HECOIJIACHIO MEXKILY
HUDKHUM U BEPXHUM BaJaHXKuHOM |Jy6Kosa u dp., 2022b|, KOTOpOe BBHISBIEHO B OOHAXKEHUAX
rop Peszanas u Benaga [Bapabowxun, 1997al.

Nurepsas 111 cekBeHnuu 06pa3yeT HUXKHsIsl 9aCTh Pe3aHCKOil ¢cBUTHI (110 50 M), BO3pacT
KOTOPOH OIIpe/eseH 110 HaXO/IKaM aMMOHUTOB KakK IO3/HUNA BaJIaHXKUH — PAHHUNA IOTEepUB
[Bapabowrun, 1997a.b; Bapabowkur u Hrnun, 1997).

K IV cexkBennum oTHECEHBI BEpXHSIS YaCTh PE3AHCKON CBUTHI MOIMHOCTHIO 110 50 M. OT
IIOJICTUJIAIONINX OTJIOYKEHUI €€ OTJIesIsieT TTOBEPXHOCTh HECOIJIACHsl, BBINIIE KOTOPO#l ycTa-
HOBJIEH TPAHCIPECCUBHBIN JIal — IEPEOTIIOKEHHbIE AMMOHUTHI, TAJIbKA U IPABUN KBapPIA
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Cucrema
Otnen

Apyc

AMMOHUTOBbIE 30HbI
(Arkadiev et al., 2018;
Baraboshkin, 2024)

Moabapyc

CeKBeHUMN

MpearopHas CH3

Baipapckas COM3

Benbbekckan CPM3

KaunHckasn COM3

ME/IOBAA

Anbbckuin

Mortoniceras perinflatum

Mortoniceras rostratum

=

Mortoniceras inflatum

Vil

BepxHuit

Hysteroceras orb.-varicos.

\

Dipoloceras cristatum
Neanahoplites daviesi

Paranahoplites intermedius

?

? Leymeriella tardefurcata

AnTCKUM

?

? Nolanicaras nolani

? Parahoplites melchioris

Cpes. |Bepx. HM)KH,‘ CpeaHuit ‘

Aconeceras nisus

HuxH.
Aconeceras
nisoides

Bappemckui

Patruliusiceras uhligi

Heinzia caicedi

BepxHui

Holcodiscus caillaudianus —|

Nicklesia pulchella
Taveraidiscus hugil

HuxH.

HuxkHMi

foTepuBCKUiA

Pseudothurmannia ohmi
Craspedodiscus discofalcatus
Milanowskia speetonensis

Speetoniceras inversum
Crioceratites duvali

BepxHuit

KanapuHckas Tonwa

TMecyaHnKm, aNeBpoONUTbI U INIHDI, C
npocnosmu Typos u TydeuTos (80 200 m)

YopryHbcKan Towa
MecyaHnKM NOAMMUKTOBbIE,
B HUKHEM 4acTu — rpaBenTbl
1 KoHriomepartsl (40 250 m)

A =TT |

I
banaknascKas TonL;
[MHBI C KOHKpeuuami
cuaeputos (g0 100 m!

T

®

)

T

Theodorites theodori

? Crioceratites loryi

HWxKHMi

Leopoldia desmoceroides

BanaHMKMHCKUIA

HusHui

Eleniceras tauricum
Teschenites callidiscus
Himantoceras trinod

\Y

BepxH.

Campylotoxia campylotoxa

Neohoploceras submartini

Thurmanniceras
pertransiens

Beppuacckui

Thurmanniceras otopeta

N

L= 1

LLpokoBcKas Tonwa
TAMHbI C NPOCAOAMM
CUAEPUTOB, U3BECTHAKOB,
anesponuToB,
necyaHukos (20 400 m)

Hoso6o6posckan Tonwa
[NUHbI N3BECTKOBUCTbIE
C NPOC/NOAMU OHKO/IUTOBbLIX
U3BECTHAKOB, Yy KPOBAU —
necyaHUKoB
(&0 250 m)

?

Berriasella callisto

?

Riasanites
crassicostatum
Neocosmoceras
euthimi

BepxHuit
Fauriella boissieri

um
Cnow ¢ T. occitanica
n Retowskiceras

retowskyi
?

Tirnovella
occitanica

HWXHWMI

Crow ¢ ]
Malbosiceras chaperi

grandis

Pseudosubplanites [ |

Berriasella
Jacobi

Berriasella jacobi

|

(a0

Tony6uHckan
Tonwa
TuHbI
M3BECTKOBbIE

CenbbyXxpUHcKan cBuTa
IMecyaHMKM KBapLEBbIE [ayKOHUTOBbIE U3BECTKOBbIE
(0-20 m), y KpoB/IM — NECYAHMKM rpayBaKKoBble (40 5 M)

T

Llapu1HCKan ceuta
V13BecTHAKM AeTpuToBble (40 1 M|
MaHrywcKan ceuta
~_Mecuanuky, KOHrnOMepaTbl,inMHbl (a0 IO_M)J
T T T T T

|

L L
BunacanuHckan cauta
NnHBI ¢ Npocnoamn
cuaepuTa u
pacTUTeIbHbIMM
ocTaTkamu

(2o 100 m)

________ IR

BepxopeuyeHcKan cBuTa
W3BecTHAKKM uedanonogosble,
coounaamu rngporetuta
(o 2 m)

L—

20 m)

Kaparauckas ceuta
Kopannosble
M3BECTHAKM,

PesaHckasn

ceura necyaHvkm (go 10 m)
NecyaHukm u
anespoNuTbl .
(20 100 m) =TT T

KyukuHckana ceuta

W3BECTHAKM C KOPaN/IOBbIM U ryGKOBbIMM
6uorepmamu, anesponutsl (40 100 m)

KoHrnomepatbl, rppaBennTbl, NECHaHUKM, U3BECTHAKM

Anbarckan mnug]a
KoHrnomepatsl (80 70 m)

L~

Kapatnbixckas ceuta

(8o 10 m)

T~ T 1 T~TT—]

baiipaapckas
csuta (J,-K,)

BepeHeKbIpckas
cauta (J,7K,)

Csuta 6euky
MecyaHuKuM, aneBpoNUTbI, U3BECTHAKM (A0 50 m)

Benbbekckan Tonwa
KoHrnomepartsl

C /IMH3aMM NeCYaHNKoB

B BepxHeii YacTu

(80 40 m)

Puc. 6.

Crparurpaduyeckas cxema mmkHero mena (Baiimapckas, Beabbekckaa n Kaunnckas

CO®II3). Vcaosuble obo3HaYeHus cM. Ha puc. 2. llperom mokasan crparurpadundecknii oobeM

CEKBEHITUN.

B «JIAMOHUTOBBIX pybamkax», ocdarubie 3epra [Bapabowrun, 1997a; Jybrosa u dp., 2022b].
BosMmoxkHO, 3Ty YacTh pa3pesa B JabHEHIIEM CJIEYeT BbIIEIUTH B CAMOCTOSITEILHYIO CBUTY.
YcraHoB/IeHHAsT paHee TOJIA «OypbhIX MECYaHUCTHIX TJIMH U aJIEBPOJIMTOB C IIPOCIOSMEI
U3BeCTHSKOB U GochOPUTOBBIX CTSKEHHiT» (CM. prc. 2), KoTopasl 10 COBDEMEHHBIM IPeJI-
craBeHnsM cooTBeTcTByeT 30He Theodorites theodori mmzkuero rorepusa |Baraboshkin
et al., 2024], BKJIIOYEHA B BEPXHIOIO 4aCTh PE3aHCKOM cBuThI [Srun, 1997].

K BocToky npoucxogur dannanbHoe 3amernenue, n IV ceKBEHIHIO 00pa3yioT U3BECT-
HSIKHU ¢ KOPAJUIOBBIME HUOrepMaMi MOIIHOCTBIO 0KoJsio 10 M. IlepBoHaYAIbHO UX OTHOCHIIN
K Kaparadckoii roJie (cM. puc. 2), HO [O3/Hee IepeBe B padr ¢cBUThI [ Srun, 1997]. B cBasu
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ocul <
° Sl AmmonuToBbIe 30HbI | 5 Npearopras C3
. 2 (Arkadiev et al., 2018; z
Lla 9| & Baraboshkin, 2024) 2
=3
3 g 2|8 K Butakckaa COMN3 BewwTepek-bypynbuntckan COM3 | benoropcko-Crapokpbimckas COM3
Mortoniceras perinflatum
Vil
,<| Mortoniceras rostratum Mamakckan Tonwa
B HuxKHelt yacTn Menuxosckas Tonwa
&
. . [WHbI, BbILLE NECYAHUKN [NMHbI M3BECTKOBUCTbIE, C IPOCAOAMMN
S| Mortoniceras inflatum | Vil P o
@ KBapLesble C NPOCA0AMM M3BECTHAKOB, NECKOB, Mepreneit
s | 2 FUH (a0 100 m)
g Hysteroceras orb.-varicos. | VI (&0 300 m)
o - =
2| Dipoloceras cristatum | | | |/  —  —  — AL\l ]
< S Neanahoplites daviesi WHponbckan Tonwa
T — " [uHbI € Npocnoamu necyaHukos (40 200 m
ofl Paranahoplites intermedius P (a )
9l Canrmpckaatonwa (| [ | || ||| |}/ """
i ? [NunHbI ¢ npocnoammn Kypckas Tonwa
T Nec4aHnKos, rpasesnTos u [NUHbBI C KOHKPeLMAMK CUAEPUTOB
§ ? Leymeriella tardefurcata U3BECTHAKOB (Ao 200 m)
ey (zo 300 m) A~
< ? -
ol
&|  ?Nolanicaras nolani
" " —1 |N~~" Tttt TTT T TaiiraHckas Tonwa
s | of| ? Parahoplites melchioris . u
S| o B HUXKHEl YaCTU [IMHBI Cepble ¢
x| Qf .
oo Aconeceras nisus Aurapckas Tonwa NPOCNOAMM CUAEPHTOB, B
= TIHbI C KOHKPeLMAMN -
z g > I BEpPXHEi — INHbI NeCTpoLBeTHbIE
(1S ¢ _f . CMAEpUTOB, B BEPXHEN
; 8 | Deshayesites deshayesi Aep P (mo 500 m)
RS - > 4acT1 — C NPOCoAMM
=| S .3 Deshayesites volgensis| \/
|8 ? aNeBPOAINTOB U NECYAHNKOB
= : (80 300 M) P S
? Boratosckan Tonuwa
2 Patruliusiceras uhligi KpynHoraneyHble
<|zp—»>7+>+---——"7"7-—7-" |~~""""""""""-- I
S 5 -f KOHrnomeparbl,
z| & rpaBenuThI,
QE) 3 Heinzia caicedi Manocanrupckas Tonwa necyYaHnKu, MUHbI
3 KoHrnomeparbl v rpaBenuTbl (80 250 m)
= 3| £ Holcodiscus caillaudianus —| cnpocnoamuramd N LT T T
S (m0 100 m)
ol T s Nicklesia pulchella
= § T Taveraidiscus hugii
i p : = -
S|T Pseudothurmannia ohmi T Ne T~ TS T~
s i i BUIOK-AIHKOliCKas ToNWA
< | Craspedodiscus discofalcatus
I Milanowskia spectonensis [MWHbI Gypble M3BECTKOBUCTbIE, Tononesckan Tonwa
8 _ P — C MPOCNIOAMM NECYAHNKOB NuHbI NecyaHncTble ¢
§ g Speetoniceras inversum (&0 45 m) ’( KOHKpeuuamu cugepura,
x - . " T~—1 T T~
2 Crioceratites duvali PRUBNE LA Y OCHOBaHUA — KOHIIOMepaTb!
= . X — 0500 m
a Theodorites theodori KyHuuckan csuta A )
o
s ’S N , - TMHBI M aneBpoNTbI
= ; ? Crioceratites loryi [\ W3BECTKOBUCTbIE, C
= i . NPOCNOAMM NECHAHMKOB
T| Leopoldia desmoceroides P (6onee 60 m)
,<| ¢|_Eleniceras tauricum  —
S| B|_Teschenites callidiscus | |,
S| ©1 Himantoceras trinodosum MasaHckas cauta TopanHcKas Tonwa
§ 2| Neohoploceras submartini MecyaHnKm, KOHrOMepaTbl, KoHrnomepartbl, necqaHnkn
§ > |campylotoxia campylotoxa anespo/NTI, MnHBI (A0 300 M) M IWHDBI B HUXKHE vacTm,
e E - 0 FAVHBI C NPOCNOAMN
Thurmanniceras
RS ertransiens eNIeHOrOpCKan ToNLa M3BECTHAKOB U NECYaHUKOB
pertr TMecyaHMKK, MIMHBI, KOHIIOMEPaTbl, 8 BepxHeii (10 250 m)
Thurmanniceras otopeta M3BECTHAKM (80 40 M
? ,\/?\\/‘\ —
= - B ACKOPMHCKasA ToNLL Conosbesckan Tonwa
.8 | Berriasella callisto 1
S| 2 g‘bm;' gmaol:_gzp%n'x;b(h%rgﬁrﬁ) W3BECTHAKM C BUOrEpMamm, MMHbI, CyntaHoBckas cauta
z § ? T TT T~ T T~TT—1 anesponnTsl (40 50 m) [nHbI, € peakMmu npocnoamn
% 3 Riu_sanl’tes necyaHWKOB, aNeBpPOAUTOB U
>s|a| T | crassicostatum | M3BECTHAKOB (40 200 m)
3 S | Neocosmoceras
S g euthimi | R~
< MeKropbeBcKas cBuTa R A
§ oo o [7IMHbI C NIPOCNIOAMM NECHAHMKOB Crapokpbimckas
2 32| Retowskiceras 1 aneBpoNnTOB, U3BECTHAKOB Tonua
s 38 retowskyi (Ao 180 m) BanyHHble
z| £8 ? KOHIOMepaTh!
FESES) Cnonc | (20 60 M)
s Malbosiceras chaperi A m
S Pseudosubplanites [
&-_E grandis N P W I N N P [OgysnkopHas cauta (J,-K,)
-g S i cBuTa BeaeHeKbIpckasn cauTta N1HbI, N3BECTHAKM
5, . . .
K Berriasella jacobi (0-K) (UK,) (80 900 m)

Puc. 7. Crparurpaduueckas cxema mmkHero mena (Burakckas, Bemrrepex-Bypynbannckas

u Benoropcko-Crapokpsimckast CPII3). Veiaosuble 0603HaueHns cM. Ha puc. 2. IIBeToMm moka-

3aHbl I'PAHUIBI CEKBEHITUM.

¢ yrparoit crparoruna b. T. duuHbIM ObLT MPeIOKeH TApPacTPATOTUII Ha Tope Jlecuctast,

MIOCJIOIHOE OTMCaHNe KOTOPOTO MpuBeneHo B pabore |[Huwwios u dp., 2020]. Ilo maxoxme-

Huio ammonuta Theodorites sp. U IOJIOKEHUIO B pa3pe3e CBUTA COIOCTABJIEHA C HUYKHUM
rorepusoM [Bapabowrun, 1997a,b].
Ipunononeernyo 9acTh V ceKBeHIMN 00pasyeT BepxopedeHcKas cButa | STnun, 1997]

(CI/IHOHI/IMI;I «Ile(baJIOHO,ZLOBI)Ie HU3BECTHAKH», «IIa9Ka KpaCHO—6ypI>IX OPraHOI'€HHBIX U3BECTHA-

KoB» [Ilnomnuxosa u dp., 1984; Cmpamuzpagpuueckue cremo. .., 1993]) co crparorumnom Ha

r. Benas y ¢. Bepxopeune [Snun, 1997]. Cabmunckast Tomma (o g. Cabusr, Hbre ¢. [Taptn-
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3aHCKOE) yIpas3jiHeHa, T. K. IIPeJICTABIIsIeT CO00H BOCTOUHOE MPOJIOJIZKEHIE BEPXOPEUEHCKOMH
CBUTBHI.

DTOT KOHIEHCUPOBAHHBIIN CTpATArPAQUIECKIN HHTEPBAJ MOIIHOCTHIO JI0 2 M, COTIOCTaB-
JISIeMBIii ¢ BEDXHUM MOTEPUBOM — BepxHUM Gappemom [Bapabowrun, 1997a; Baraboshkin et al.,
2024], 06pa3yoT U3BECTHIKH IIECUAHUCTBIE KPACHOBATO-Oypble, C 0OJIUTaMU TUAPOIETUTA,
u docdaToB, ocTaTKAMI AMMOHUTOB U JAPYTOil MOPCKO# (ayHbl. 31eCh YCTAHOBJIEHBI MHOTO-
qHCIIeHHBIE Hecoryiacusl (IIOBEPXHOCTU «TBEPJOrO JIHA» ). BEPOSITHO, 9TO TPAHCTPECCUBHBII
Jar (MM HECKOJIBKO HAJIEraloIIuX JIPYT Ha JIPYra TPAHCTPECCUBHBIX JIArOB), (GOPMUPOBAB-
MAiicst B yCJIOBUSX Aeduimra ocaJoqHoro Marepruaa. Ha HeM, mo-BHAUMOMY, COTJIACHO
3aJIeraloT TVIMHBI OHACATIMHCKON CBUTHI MOmHOCTHIO 110 100 M. Cyjst o amMmmonnTam [Bapa-
Gowxun, 1997a; Baraboshkin et al., 2024], eé Bo3pacT — no3mHUit GappeM — CpeHUI AIT.
Mapbunckas Tosma (M. puc. 2) yupasiHeHa, T. K. OHa siBJIFeTCHd YaCThio OMaCaJMHCKON
cBuTHl [dHun, 1997].

VI cexBennus npejcraBiieHa IeCcIaHIKaMI, KOHIVIOMEPATAMU U IVIMHAMU MAHTyIICKON
CBUTBI, CTPATOTHII KOTOPOli HaxomuTcd y ¢. IIpoxiannoe, panee c. Maurym | Yepros u Hrum,
1975; Anun, 1997].

K VII cekBenmun oTHECEHA IIAPUHCKAsI CBUTA MOIITHOCTBIO /10 1 M, BbIJIeJIeHHAsI paHee
B panre tomu | Jepros u Tnun, 1975; Hnun, 1997]. Kak cButa ona ynomunaercs B paboTe
[Huxuwwun u dp., 2009]. B kagecrBe cTpaToTUna IPUHAT Pa3pe3 HA BOCTOYHOM CKJIOHE IODDI
Kpemennas [Apradves u dp., 2021]. Ero 06pasyor JeTpUTOBbIE U3BECTHSIKH, COIEPKAIIIE
raJibKU TOJCTUJIAIONINX TTOPOJL, U TIEePEOTIIOKEHHBIE OCTATKU MOpPCKOro 6enroca. Cura OT-
HOCHTCH K BepxHeMy ayb0y, 3one Mortoniceras inflatum [Bapabowkun, 1997a; Baraboshkin
et al., 2024].

VIII cekBeHmus IpejcTaBiieHa ceJibOYyXPUHCKON CBUTOI co crparoTuroM Ha rope Cejib-
Oyxpa [Hnun, 1997], koropas coorBercrByer 30He Mortoniceras inflatum Bepxuero annba.
FEé cuHOHMMAMU SIBJSIIOTCST «TOJIIMIA ITECYAHUKOB CBETJIO-CEPBIX» U <«IAYKa [MeCUaHUKOB
cepo-3esieHbIX> (cM. puc. 2). B HuKHel J4acTu CBUTY 00pasyIOT IPAaBEIUThI U3BECTKOBBIE
[JIAYKOHUTOBBIE, COCTOSINIE U3 ODJIOMKOB KBapIla, OCHOBHBIX 3(DdY3UBOB U IMECIAHUKOB.
Bepx#usist 9acTh cI02K€Ha eCIAHUKAMI M3BECTKOBBIMHU C IJIAyKOHHTOM. MomrHocTs yBemam-
BaeTCs C CEBEPO-BOCTOKA Ha foro-3amnaj ot 0 jgo 20 M.

Burakckas CPII3

3mech K | cekBeHIMM OTHECEHA TACKOPUHCKAST TOJIIA MOITHOCTBIO j10 50 M, CJIOYKEeHHAsT
IJINHAMA W AJIEBPUTAMU C I'yOKOBBIMH OMOre€pMaMu, KOTOPBIE HECOTJIACHO 3aJIeraioT Ha
Oaiimapckoil 1 OeIeHEeKBIPCKOIl CBUTaX IOpPbI — HIXKHEro Oeppuaca. ToJima ¢ OMOpHBIM
paspesom B 0Bp. Tac-Kop Ha r. Hareip-Zlar npeminoxkena B [Jeporcasha 2eonozivuna xapma...
2008]. Eé cunoHuMaMu sSIBJISIOTCH <TOJIIIA CEPBIX IJIUH C I'yOKOBbIMU Guorepmamus (CM.
puc. 2) U «Ky4dKHHCKas Toumas [Apkadves, 2007; Aprxadoes u dp., 2012]. Ilo naxomkam
aMMOHHUTOB 9TOT MHTEPBaJ COIOCTaBJIeH ¢ moa3oHoit Berriasella callisto Bepxuero 6eppuaca
[Apxadves u dp., 2012; Baraboshkin et al., 2024|. Tnunbt B kapbepe Ha 1. YaTeip-Jar u na
JloaropyKoBcKoii siijie, cojepzkaliye BaJaHKUHCKUe aMMOHUTHL [Jwcenkxo u Baxpywes,
1974; Baraboshkin et al., 2024], B OTJIeIbHYIO TOJIILY He BBIJEJIEHBI, MOCKOIBKY UMEKT
HE3HAUNTETBHYI0 MOIHOCTh U PA3BUTHI BECHMa JIOKAJILHO (3AIIOJHssT SPO3UOHHBIE BPE3HI).

Cexsenrusam 11, IIT u IV coorBercTByer crparurpadudeckoe Hecoriacue.

V CeKBEHIWIO CHU3Y BBEPX 00Pa3yrT OUIOK-SIHKOWCKAsl, aHTapCKasi W CAJTUPCKAst
rommu [eporcashna zeonozivna kapma..., 2008]. VIx CHHOHUMAMM COOTBETCTBEHHO SIBJISIFOTCST
«ToJImA GYPbIX U3BECTKOBUCTBIX MIMH» (CM. PUC. 2), «TOJIIIA [JIMH, [IECYAHUKOB, [PABEJIUTOB,
KOHIIIOMepaToBy | Tecaenko u dp., 1980] u «rosma cepbix mmH ¢ cugepuraMu» (CM. puc. 2).

Buiok-saukoiickas Tosma (o crapoMmy Ha3BaHuio ¢. MpaMOpHOE) MOIIHOCTBIO 10 45 M
CJIOYKEeHA, TJINHAMY U3BECTKOBUCTBIMH, C IIPOCIOSIMU IECIAHIUKOB, KOTOPBIE COIEPKAT aMMO-
HUTBI BepxHero rorepusa [Bapabowkun u Snun, 1997].

Mautocanrupckyio ToJtry MomHOCTHIO /10 100 M 00pa3yioT KOHTVIOMEPATHI TTOJTUMUK-
TOBBIE U TPABEJIATHI ¢ Tpocaosyu TyinH. OHE [0 TOJIOXKEHUIO B pa3pe3e YCJIOBHO OTHECEHBI
K BEPXHEMY rOTepuBy — bappemy.
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Amnrapckas tosma (o p. Arrapa B gosimse Casrupa) momzocTbio 10 300 M mpes-
CTaBJIEHA TVIMHAMU C KOHKDENUSMU CHJepuTa. B BepxHell 9acTu mPUCYTCTBYIOT IIPOCJION
mecyaHukoB. [lo aMMoHMTaM U GeJIEMHATAM €€ COIIOCTABJ/ISIOT C HUXKHUM U CPEJTHUM AIITOM
[Apywuy v dp., 1981].

Canrupckas ToJia MOMHOCTHI0 10 300 M CJI0XKeHa TVIMHAME C TPOCJIOSIME TIECIaHUKOB,
TPaBEJINTOB U M3BECTHSKOB. K€ BO3pACT HyXKIaeTCs B JAOMOJTHUTEIHFHOM ODOCHOBAHUM, TO-
CKOJIBKY IO ITaJIEOHTOJIOTMYECKUM JAHHBIM 3/1€Ch OTCYTCTBYIOT OTJIOXKEHUsI BEPXHEIO AIlTa
n HIKHEro ansba |Bapabowkun u dp., 2016]. K 30l ToImEe MBI OTHECN KOHCTAHTHHOBCKYTO
TOJIILY CPeHero ajbba MOmHoCTho 10 30 M (eM. puc. 2).

VI, VII u VIII cekBeHIMsIM, HO-BUIUMOMY, COOTBETCTBYET MaMaKCKasi TOJIIA (10
crapomy Hassaumio ¢. Crporanoska — Mawmax) [/eporcasha zeonozivna xapma..., 2008].
E€ cuHOHUMOM SBJISIETCsl «TOJIIIA [EPECJanBaHus IIeCIAaHUKOB U ruH» (cM. puc. 2). Pas-
pe3 CHHU3Y BBepxX O0pa3yIOT IJIMHBI, Yepe/IOBaHUE IJINH U [TeCUaHUKOB, TECIAHUKN KBAPIl-
IJIayKOHUTOBBIE 0011elt MorHocTho 10 300 M. Ilo3nHeannOckuit Bo3pacT, ompeie/IeHHbIH 10
6enemuuty Neohibolites stilioides [ITaomnuxrosa u dp., 1984], nHykaercsa B yroYHeHUN.

Bemrrepek-Bypyapunackas CPII3

I cexBenrus, 3aeraforias Ha Pa3MBITON MOBEPXHOCTU IOPCKOIT — Geppuacckoii beme-
HEKBIPCKOI CBUTHI, B HUYKHEI 9aCTU IIpeJCTaBjIeHa MEXKTOPbEBCKOIl CBUTOI, a B BepxXHEl —
COJIOBBEBCKOIT TOJIMIEN.

MezKkropbeBckas CBUTa II€PBOHAYAJIBHO BbliejieHa B paunre tosu |Jeporcasna 2eo-
noziuna Kapma..., 2008]. Dro cuHOHMM HMKHEH Hoxrosmu Gerrepekckoii Tomu (CM.
puc. 2). B. B. ApkajibeB 0THOCHT €€ K cBUTEe DEUKY, IIOCKOJIbKY 3/1€Ch YCTAHOBJIEHBI CJIOU
¢ Malbosiceras chaperi, ammonnToBble moa30ubl Dalmasiceras tauricum, Neosmoceras euthimi
u Riasanites crassicostatum [Apradves, 2007; Apxadves u dp., 2012]. Tlo mamemy MHEHHIO,
TOT MHTEPBAJI, OTJEJIEHHBIN OT CBUTHI O€YKY Pa3BUTHIM Ha, 3HAYUTE/ILHON TEepPUTOPUN
cTparurpadUIecKuM HECOIVIACHEM, JIYYIlle PACCMATPUBATH B PAHTE CAMOCTOSTENIHHON CBUTHI
co crpaToTurioM B oBp. Enucapait, p. Capbl-cy, onncanne KOTOPOro IIPUBEIEHO B pabore
[Apxadves u dp., 2012, c. 50]. Paspes monaocThI0 80 M 06pa3yOT U3BECTHIIKA ¢ OHOrepMaMi,
[VIMHBI U AJIEBPOJIUTHI.

CosoBbeBcKas ToJIIa yeranosieHa B [epoicasna 2eonozivna xapma..., 2008, c. 38|.
Eé cunonnmMoMm siBJisieTcst BepXHss HOATOIA GenrrepeKckoii Tosmu (M. puc. 2). Paspes mor-
HOCTBIO 710 50 M 006pa3yIOT IVIMHBI C IPOCJIOSIME ITECIAHIKOB, AJIEBPOJINTOB U M3BECTHSIKOB,
dparmentapro obHaykeHHbIE B paiione cc. Banku, Mexropse u CosioBbeBka. IlepBonadaibHo
TOJIILY COIIOCTABJISLIN C BAJIAHKUHCKUM sipycoM [Jepotcasra zeorozivna kapma..., 2008;
Iromnurosa u dp., 1984; Cmpamuepaduueckue cremo..., 1993]. B. B. Apkajases oTHO-
CUT 9TOT MHTEPBAJ K KYJIKHHCKOI CBATE Ha OCHOBAHUM HAXOIOK aMMOHHUTOB Riasanites
crassicostatum (Kvan. et Lys.) u Malbosiceras cf. malbosi (Pictet) BepxHeGeppuacKoi 30HbI
boissieri [Apradves, 2016].

Huxmroro gacts 11 cekBennuu MoImHOCTHIO /10 40 M 0Opa3yeT 3eJIeHOTOPCKAast TOJIIIA
OOJINTOBBIX M3BECTHHAKOB, TVIMH U IECYAHUKOB C JIMH3aMU KOHIVIOMEPATOB. EKé majeonTo-
JIOTUYECKasl XapaKTepPUCTUKa OTCYyTCTByeT. 110 IOJIOKeHU0 B pa3pese U OIpeesIeHUsIM
coorromtennit 87Sr /86Sr 5101 MHTEPBAT MOKHO CONOCTABUTH ¢ MO3HIM GEPPUACOM — PaH-
HuM BaJamkuuoM [y6xosa u dp., 2022b]. Bepxueit wacru II cekBennuu coorsercrByer
PaHHEBAJIAHKUHCKUH MHTEPBAJ HIPKHUN YaCT! Ma3aHCKOI CBUTHI MOmHOCTHIO 710 100 M [Ba-
pabowrun u Hrnun, 1997; Jybrosa u dp., 2022b; Baraboshkin et al., 2024], KoTopblit coKeH
MMeCIAHUKAMHI W KOHIJIOMEDATAMU.

IIT cexBeHnIus mpescTaBieHa MO3IHEBAJAHKUHCKIME [TECIAHNKAMEI U KOHIJIOMEPATAMU
BEPXHEHN 9acT Ma3aHCKOl cBuThI MomHoCThI0 10 100 M [Bapatowkun u Tnun, 1997; Tybrosa
u dp., 2022b; Baraboshkin et al., 2024|. YI3 cocTaBa 3TOr0 WHTEpBAJIA MBI IIPEJIATAEM
HUCKJIIOYUTh BEPXHUI IIOJIyMETPOBBIA CJION ITeCIaHWKOB WM OTHECTH €ro K BBINIeJIezKallei
KyHUUCKOI CBHUTE.

IV cexBenius BeHuaer 1mocyie[0BaTEILHOCTD HUZKHETO MeJia 1o130HbI. it cooTBeTcTBYeT
BblIesieHHas Hamu [y6rosa u dp., 2022a] KyHudckas cBuTa MOIIHOCTBIO Gosiee 60 M co
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crparorunoM Ha I. Kyaud y c. IIBerounoe. OcHoBaHue cBUTHI 00pa3yloT OTHOCUMbIE paHee
K BepXaM MAa3aHCKOU CBHUTHI IECYAHUKHN H3BECTKOBBIE C TrajbKaMU KBapIia, IHOKPBITHIMA
OypBIMU ILJIEHKAME OKCHJIOB KeJjie3a, U OCTaATKAMU MOPCKOUN (hbayHbI, KOTOPBIE MPEICTABIISI-
10T co00i1 TpaHncrpeccuBHbIi Jar. [lo-BunMoMy, IM COOTBETCTBYET «IIauKa KPaCHO-OyPBIX
OPraHOI'eHHBIX U3BECTHSKOB» (CM. puc. 2). Bplie corsiacHo 3aj1eraior IJIMHbL ¢ IPOCJIOIMU
[IECYAHMKOB U KOHKpenusaMu cujgepura [Jybxosa u dp., 2022a], KoTopble HECOIIACHO HEepe-
KPBIBAIOTCsI IOpoiaMu Tajieoreda. CBUTY MOXKHO COIIOCTABUTH C BEPXHUM BaJIAHXKHMHOM —
HIDKHUM FOT€PUBOM HA OCHOBAHHUHU HAXOAKM B 40 M BBIIIIE MOJOMIBHI CTPATOTUIIMYECKOTO
paspesa ammonuta Spitidiscus rotula [Bapabowkun u Hrun, 1997].

Besaoropcko-Crapokpseimckass COPII3

I cexkBeHnnmo 06PaA3yIOT CYJITAHOBCKAS CBUTA U CTAPOKPBIMCKAST TOJIIIA, 3aJIETafOIIne
C pPa3MbIBOM Ha JBYsIKOPHOIl CBUTEe BepxHeil 10pbl — Oeppuaca. CyJTAaHOBCKYIO CBUTY CJIArat0T
IJINHBL C MPOCJIOSMU IECYAHUKOB, AJEBPOJUTOB U M3BECTHAKOB MOIIHOCTHIO 10 200 M,
KOTOpBIE 110 HAXOJIKAM aMMOHUTOB CONOCTABJIAIOT ¢ GeppuacoM [Apkadves u dp., 2012;
I'puwenko u dp., 2016]. CTapoKpbIMCKas TOJINA KOHIVIOMEPATOB MOITHOCTHIO 710 60 M B
Hanpasiennu Kk Crapomy KpbiMmy 3aMeriaer HUZKHIOIO YaCTh CYJITAHOBCKOW CBUTHI U SIBJISIETCS
TPAHCIPECCUBHBIM JIATOM.

K II u III cekBenmnusM, BEpOATHO, CJIELYET OTHECTU FOPJUHCKYIO TOJIILY MOITHOCTHIO
1o 250 M. E€ HiKHIOI0 9acTh 00pa3yioT KOHIVIOMEPATHI U IIECHAHUKH C IIPOCJIOSIMHU TJINH,
a BEPXHIOI0 — IVIMHBI C IIPOCJOSMHI U3BECTHSKOB U ITECIAHUKOB. BalaHKUHCKHUI BO3paCT
CTpaTOHa, OCHOBAaHHBIN Ha Haxomkax Thurmanniceras sp. u Didayilamellaptychus didayi
(Coq.) [[Tromnukosa u dp., 1984], Tpebyer monosHUTETHHOrO 060CHOBaHMsI. B mybmKkanun
[puwerxo u dp., 2016] 5Tu OTIIOXKEHUSI OTHECEHBI K 3€JIEHOIOPCKOIl TOJIIIIE, & €€ HUAKHSI
qacth (20 M) comocraBiieHa ¢ 6ePPUACCKUME MAHUTOXPOHAMH.

IV cekBennuu, mo-BUAMMOMY, COOTBETCTBYET HUKHSAS IACTh TOIMOJIEBCKOH TOJIIIHU, CJIO-
JKeHHasl y OCHOBAHUS KOHIVIOMEPATAMU, Ha KOTOPBIX 3aJI€TaI0OT TJINHBI C KOHKPEIUAMU CHJIEPHU-
Ta. DTOT UHTEPBAJ MOIITHOCTHIO 0K0JI0 200 M COITOCTABJIEH C HUKHUM TOTEPUBOM, [TOCKOJIBKY
B pa3pesax bacceitnoB pek Tonac u Kyuyk-Kapacy naiiensr ammonutsl Didayilamellaptychus
angulicostatus (Pict. et Lor.) u Duvalia binervia (Rasp.) [Bapabowxun u dp., 2016].

V CeKkBeHIHUIO CHU3Y BBEpX 00pa3yloT: BEpXHsdsl 9acTh TOmoJeBCKoi Tosmmu (10 300 M),
COIIOCTABJISIEMAasi C BEPXHUM IOTEPUBOM — HUZKHUM OappeMoM; BepxHeDappeMcKasi — allTCKast
TaliraHCKas TOJIIA TVIMH MOITHOCTBHIO J10 500 M, HU?KHIOIO 9aCTh KOTOPOI 110 HAIIPABJIEHUIO
kK Crapomy KpbiMmy 3ameriaer 60raroBckast TOJIIA MOITHOCTBIO 10 250 M (KOHIVIOMEpATHI,
IPaBEeJINTDHI, IECIYAHUKU U TJIMHDI); HUXKHE-CPEJIHeATbOCKas KyPCKas TOJIIA [JIMH ¢ KOH-
kperusMu cuieputos (10 200 M); MHIOIBCKAST TOJINA TIIMH ¢ TPOCJIOSIMU MECTAHUKOB (10
200 m).

VI, VII u VIII cekBenrmsaMm, no-BHIUMOMY, OTBEYAET MEJIMXOBCKAs TOJIIIIA, CIOKEHHAS
TJTMHAMU U3BECTKOBUCTBIMU C IIPOCIOSMHI M3BECTHAKOB, TIECKOB U MepreJieit MOITHOCTBIO JI0
200 M.

Bcee BhizesieHHbIe B 110/130HE CTPATOHBI TPEOYIOT MOMOJHUTEIHHOIO W3YUEHUS IIJIst
YTOYHEHUSI UX COCTaBa, CTPOEHUsI, 0DOCHOBAaHUSI BO3PACTa U BBIOOPA CTPATOTHUIIOB.

3akiroueHue

PeBusus u akTyam3anus MECTHBIX CTPATOHOB HUXKHEro Meja FOro-3amaamnoro u en-
TpajabHoro KpbiMa 103BOIMIM YCTAHOBUTH CUHOHUMBI U YIIPA3IHUTH N30BITOYHBIE HAMMEHO-
BaHUsl, UCIOJIb30BATH HOBbIE CBUTHI U TOJIIIH, BBLIEJIEHHbIE HOocae nybukanuit [[Liomnurosa
u dp., 1984; Cmpamuepaguseckue cxemoi. .., 1993], yrouanTh 06beMbI cTpaTUrPadUIECKIX
II0APa3IesIeHUt.

Tlokazana mu3kasi crernenr m3ydeHHoctun bBailimapckoit, Burtakckoit u Bemoropcko-
CrapoxpsiMckoit COII3. Ha srux Tepputopusix HEOOXOJAMMO BBIIIOJHEHNE KOMILJIEKCHBIX
[AJIEOHTOJIOTUYECKUX, JINTOJIOIMIECKUX, [TaJIl€OMArHUTHBIX U T€OXUMUYECKUX UCCJIEI0BAHUN
OOHasKeHN M KePHA CKBaXKMH, HAIIPABJIEHHBIX Ha BbIJEJEHHE CBUT U BLIOOP UX CTPATOTUIIOB.

Cocrasyiennl 06HOBJIeHHBIE cTpaTurpadudeckue cxembl mectu CPII3. IIpu ux kop-
peﬂﬂHHH UCIIOJIb30OBaHbI HE TOJIBKO IIaJIECOHTOJIO'MYeCKUue JlaHHble, HO U yCTa.HOBJ'IeHHbIe
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B pa3pe3ax BOCEMb OCaI0YHBIX CEKBEHIINi, C(DOPMUPOBABIINXCA B PE3YJITATE PETHOHAIBHBIX
3TAIlOB PAaHHEMEJIOBOI CeIUMEHTAIINN.

Ilonyvuennbie pe3ysIbTaThI, CO3JIAIONINE OCHOBY JIJIS BBIJEJICHUSI OTCYTCTBYIONIUX JIO
CUX TIOp TOPU30HTOB M COCTABJIEHUS ITOJTHOIEHHON PEruOHAILHOM cTpaTurpaduaeckoit cxe-
MbI HI2KHETO MeJsia Kpbima, MOryT OBITH IPEACTABIEHBI HA PACCMOTPEHIE PErnOHAIbBHON
MeKBeIOMCTBeHHOM crparurpaduuaeckoii komuccun (PMCK).

Baarogaproctu.  cciieoBanue BBINOMHEHO 3a CY6T TpanTa Poccuiickoro HayIHOTO (HhOHIA
Ne 24-27-00197. Asropsl npusHarenbhsl periersenram M. A. Porosy (I'IH PAH) u I1. 1O. Byr-
posoit (CIIGIY) 3a obcyxKienne BOIPOCOB crpaTurpadui U NeHHbIE 3aMeTaHusl.
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The revision and updating of the local geological units of the Lower Cretaceous in the Southwestern
and Central Crimea have been carried out. For this purpose, the materials presented in numerous
publications and the results obtained by the authors during field studies were used. Updated local
stratigraphic schemes of six structural and facies subzones were compiled. In their correlation, not
only paleontological data but also eight sedimentary sequences established in the outcrop sections
and formed as a consequence of regional sedimentary cycles were employed. The results obtained
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provide a foundation for the development of a regional stratigraphic scheme of the Lower Cretaceous
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The article presents results of studies of the stromatolites from Middle Ordovician deposits of the
Moyero River section (Siberian platform). It demonstrates that despite the growing dominance of
skeletal metazoans against the backdrop of Great Ordovician Biodiversification Event (GOBE) in
Siberian Platform reef systems, microbial communities remained integral components of reef forma-
tion from the Middle Ordovician onward. These communities functioned both as crucial auxiliary
elements and as sole framework builders. Stromatolites are associated with bioherms dominated by
skeletal metazoan reef-builders (Angarella sp., Moyeronia sp., tabulate coral, Cryptolichenaria miranda,
and stromatoporoid, Priscastroma gemina). This indicates that in some parts of the platform, due to
regional peculiarities, microbial communities not only retained their role in Middle Ordovician reef
systems, but also formed bioherms without symbiosis with other reef builders. Microbial communi-
ties form two distinct stromatolite types: less numerous spheroidal forms (SS and SS-I) and more
prevalent stromatolite bioherms (SS — LH). The persistence of microbial influence in this region is
attributed to specific depositional environment conditions. Due to their morphology and diagenetic
alterations, these stromatolites have a potential for hydrocarbon reservoir formation. The study
highlights that while contemporary reef zones in the Ordovician of West Taimyr are prospective yet
poorly understood reservoirs, the Moyero River organogenic build-ups serve as valuable geological
models. Further research into their structure, texture, and genesis is essential to refine predictions
for Ordovician reservoir distribution. These findings emphasize the need to consider stromatolites as

significant targets in reservoir exploration.
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Introduction

Stromatolites are laminated benthic microbial deposits [Riding, 1991]. That type of
microbialites is widespread for Precambrian and Early Paleozoic deposits of the Siberian
paleocontinent [Belenitskaya et al., 1990]. In the same way as on other platforms microbial
organisms of stromatolite structure were a major type of reef-builders until the Great
Ordovician Biodiversification Event [Kuznetscov and Zhuravleva, 2022]. Along with the
increase in marine invertebrate biodiversity, the main reef-builders also changed during
this event. The Ordovician witnessed a remarkable change in reef composition [Lee and
Riding, 2018; Webby, 2002] — a transition from microbial dominated to metazoan dominated
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frameworks. However, due to a variety of regional factors (water depth, salinity and
temperature), this transition was not a one-step process.

Stromatolites of the Siberian Platform have been the subject of numerous studies since
the mid-20th century [Kuznetscov and Zhuravleva, 2022]. The major interest of past re-
searchers was mainly focused on the Cambrian reefs as they were seen as a possible reservoir
for oil and gas. The main results of their study are summarized in the fundamental work —
Stratigraphy of oil and gas basins of Siberia (Cambrian of Siberian Platform) in two volumes
[Pegel et al., 2016; Sukhov et al., 2016]. However, the Ordovician stromatolite organogenic
buildups have received immeasurably less attention. Lower Ordovician hemispheroidal
type stromatolites that extend across the Siberian Platform from the Yenisey River to the
Lena River [Krylov, 1975; Maslov, 1960; Sychev et al., 1982] are well known. Previously, it
was assumed that the distribution of stromatolites in the Lower Ordovician was limited only
to the south of the Siberian Platform, where they formed a reef system [Yadrenkina et al.,
1979]. However, the recent discovery of Lower Ordovician stromatolite bioherms in the
Moyero River section, which are a prolongation of the Upper Cambrian ones, challenges this
statement. It shows that the reef system in the north of the Siberian platform, which started
in the Cambrian, continued its development. The characterization of Lower Ordovician
stromatolite bioherms is published in a recent paper by the authors [Lykov et al., 2024b]. It
was also considered that stromatolite bioherms didn’t form the Middle Ordovician [Kanygin
et al., 2007], because previously it was thought that their formation had completed by the
end of the Lower Ordovician. Nevertheless, the authors found small stromatolite bioherms
in the Middle Ordovician of the Moyero River section during fieldwork. However, they
were first noted by E. I. Myagkova and co-authors [Myagkova et al., 1977] as algae bioherms.
But due to the lack of time and different focus of the work, they did not make a detailed
characterization. The purpose of this study is to elucidate the features of middle Ordovician
small rounded stromatolites in order to reconstruct the conditions of their growth and
formation. Their detailed description has not been provided before.

Geological Setting

In the middle Ordovician time Siberian Platform was situated in low latitudes, closer
proximity to the equator [Cocks and Torsvik, 2021]. It gradually migrated from the Southern
Hemisphere during the Early Ordovician to the Northern Hemisphere by the Late Ordovi-
cian [Cocks and Torsvik, 2007]. The Siberian paleocontinent at that tame embraced several
basins, the largest of them is the Tungus Syneclise (or the Tungus basin) [Kanygin et al.,
2007]. The Moyero river section is located in the northern part of the Siberian Platform in
modern coordinates adjacent to Anabar land (Figure 1A).

In the Ordovician of Siberian Platform two carbonate series of contrast lithology could
be distinguished: 1) warm water tropical carbonate series (Tremadocian-Floian) and 2) cool-
water carbonate series (Sandbian-Katian) [Dronov, 2013]. These two series are separated
in the Moyero river section by a relatively thick and well-developed transitional interval
(Dapingian-Darriwilian) with alteration of cool water and warm water carbonates. The
latter become less and less abundant upward the section. The authors consider the influence
of cold currents (upwelling) to be one of the main reasons for the change in the type of
carbonate sedimentation [Dronov, 2013; Lykov et al., 2024a].

The Moyero river reference section is one of the most complete and continuous Or-
dovician sections on the entire Siberian platform [Myagkova et al., 1963]. Thus, the study of
Great Ordovician Biodiversification Event (GOBE) manifestation in the reef community’s
development against the background of facies peculiarities of the Siberian paleobasin is
most promising in the Moyero River section deposits. However, due to its remoteness,
it remains rarely visited by researchers, as a result of which many aspects of Ordovician
paleogeography, sedimentary and paleoecology conditions are insufficiently studied. Out-
crops along the Moyero River are traditionally marked with specific numbers such as Nos.
69,70, 71,72 (Figure 1B) and so on given to them by O. I. Nikiforova in 1951 [Myagkova
et al., 1977]. The Ordovician strata are almost horizontal or slightly tilted (2° to 3°) to the
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Figure 1. Geographical position and outcrops of the studied deposits. A. Position of the Moyero
section on the Siberian platform indicated with a white star. B. Map, showing locations of the 69 to
72 outcrops along the Moyero river. The studied outcrops, marked in orange color.

south. The Ordovician succession of the Moyero river is subdivided into four formations
(from the base upward): Irbukli, Kochakan, Moyero, and Dzheromo formations [Kanygin
et al., 2016; Pokrovsky et al., 2018]. The studied objects here come from the upper part
of Kochakan formation (Figure 2A), which crops out along the right bank of the Moyero
River (outcrops Nos. 71 (Figure 2B); 72; 72A separated by the Bugarikta river). That whole
formation includes the upper Ugorian, Kimaian, Vikhorevian, and Mukteian Regional
Stages (upper Floian-lower Darriwilian stages) [Bergstrom et al., 2009; Kanygin et al., 2007].
The small rounded stromatolites are found only in two layers related to the uppermost
Mukteian Regional Stage (Figure 2). To be precise they are available for observation in the
lower part of outcrop Nos. 71; middle part of outcrop Nos. 72, upper part of Nos. 72A.
The part of the section in which they occur is represented by variegated violet-red, more
rarely green siltstones (aleurolites) and calcareous (less frequently dolomitised) mudstones
intercalated with greenish gray bioclastic limestones with numerous bioherms of different
size (Figure 2A, C).

Materials and Methods

Fieldwork was conducted in July 2013, August 2020, July 2021, and July 2022, during
which a total of 50 samples were collected by A. Dronov and N. Lykov. These samples were
processed into longitudinal and tangential thin sections for lithological and paleontolog-
ical identification and from two of them polished slabs were made. In total, forty-eight
2.5%2.5cm and five 5x5 cm thin sections were prepared in the thin section laboratory of
the Geological Institute of the Russian Academy of Sciences. Eight of these samples were
taken from the stromatolite bioherms, half of them were prepared using blue colored epoxy
resin to mark pores. Microphotographs were captured using a 6.3 Mpx, USB 3.0 Aptina
camera.

The study of bioherms was carried out according to the methodology suggested by
[Yao et al., 2023], definition and classification of bioherms and carbonate rocks to [Dunham,
1962; Frolov, 1993; Logan et al., 1964; Riding, 1991, 2002]. Detailed studies of the structure
of rocks were performed on a scanning electron microscope JSM 6610 LV (JEOL, Tokyo,
Japan), equipped with an energy dispersion spectrometer IE350 (OXFORD INSTRUMENTS,
Abingdon, Oxfordshire, England), which was used to determine the elemental composition
of individual nanocrystals. Small samples of rocks measuring 8 by 10 mm were glued to
the holder with electrically conductive carbon tape before being viewed with an electron
microscope. Then, to remove the charge formed due to the interaction of the electron beam
with the sample surface, they were sprayed with a thin conductive platinum coating. The
thickness of the platinum coating was 20 nm. The coating was produced in the JFC-1600-
JEOL device (JEOL, Tokyo, Japan). The samples were examined in the secondary electron
mode (“secondary electron image”, abbreviated “SEI”). The observation mode is indicated
as a stamp on the pictures. In the secondary electron mode, the topographic contrast of the
sample surface is clearly visible. In this mode, the maximum resolution is reached. The
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Figure 2. A. Simplified lithology and stratigraphy column of the studied section (stromatolite bio-
herms and oncoids marked with orange arrows). Abbreviations: R. stage — Regional stage; Muk. — Muk-
teian; Vol. — Volginian; Ki. — Ku. — Kirensko — Kudrinian; Che. — Chertovskian; Bak. — Baksian. Legend:
1) bioclastic grainstones; 2) stromatolite bioherms and oncoids; 3) Angarella and Moyeronia bioherms;
4) tabulate coral (Cryptolichenaria miranda) and stromatoporoid (Priscastroma gemina) bioherms;
5) variegated violet-red, more rarely green siltstones; 6) intercalation of peloidal wackestones and
calcified or dolomitised siltstones; 7) reddish iron oolites; 8) erosion boundary. B. Field photo of Nos.
71st outcrop (upper layer with stromatolite bioherms marked with an orange arrow). C. Field photo
of the upper (second) layer with studied objects (stromatolite bioherms marked with orange arrows;
Metazoan skeletal dominated bioherms are marked with white arrows).

analytical conditions for studying the samples were an accelerating voltage 30 kV, spot size
40-45, and working distance 10-14 mm.
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All the samples (polished slabs and thin sections with stromatolites) are stored in
Mineralogical and petrographic museum named after L. V. Pustovalov (Gubkin Russian
State University of Oil and Gas).

Description

The part of the section (Figure 2A) under consideration contains two layers with meta-
zoan dominated bioherms and stromatolites (Figure 3A, B, C). Stromatolites are represented
by two main variations (Figure 4) — spheroidal and hemispheroid structures. According to
Logan's classification [Logan et al., 1964] — SS — LH (the form of transition from spheroids
to laminated hemispheroids). Less common is the spheroidal type (oncoids) and inverted
stacked hemispheroids (SS and SS-I types according to 18]). Each stromatolite small bio-
herm and oncoid are roughly 2-3 cm in size. The largest observed measures are 3 cm in
height and 7 cm in diameter. a shallow pit resembling an indentation is occasionally noted
in their central part.

Metazoan dominated bioherms are represented by a combination of skeletal metazoan
and microbial reef builders (in a subordinate position). These bioherms are underlain by
bioclastic limestones with wave ripple marks noted on the top surface of them, indicating
shallow water conditions at the time of the beginning of bioherm formation. In the lower
(first) layer skeletal metazoan reef-builders are Angarella sp. (Figure 3D), Moyeronia sp., and
Cryptolichenaria miranda (tabulate coral) [Myagkova et al., 1977]. Later, in some bioherms
V. G. Khromych found and identified stromatoporoids, represented by a single species
Priscastroma gemina [Khromykh, 1999]. Their average thickness is about 0.5 m. In the upper
(second) layer the largest number of bioherms is composed by Angarella sp. and Moyeronia
sp. with the auxiliary role of microbe communities. Their morphologies are convex-upward
and have the largest dimensions of all bioherms (maximum height 0.5-0.8 m, maximum
diameter up to 3 meters).

Most often, the location of stromatolite bioherms is not accidental. They form clusters
both independent and confined (Figure 3A, B) to the periphery of metazoan dominated
bioherms (Figure 3C, D). In clusters, their number varies from several units to dozens.
Typical stromatolite bioherms with underlying deposits are well represented on a polished
slab (Figure 4), which consists of three layers.

Layer 1 is represented by reddish cross-laminated quartz siltstones (Figure 4, 5A—
B) with different carbonate clasts — large (0.5x1 cm) Angarella shells, ooids, microbial
peloids and intraclasts; their reddish color is presumably due to the abundance of hematite
envelopes covering quartz grains and in the matrix. Towards the top of the layer, the
number of carbonate clasts increases (Figure 5B). a few thin empty cracks are also noted
in the layer. The contact of layers 1 and 2 is gradual in terms of predominance shift from
terrigenous to carbonate components.

Layer 2 (Figure 4, 5C, D) is grayish-green ooidal-bioclastic limestone (grainstone) with
sparite matrix, numerous shell fragments (mostly Angarella), oolites, and microbial peloids
and intraclasts, admixture (10%) of quartz grains is noted in thin sections of that layer.
The size of bioclasts varies from 0.1 to 1 mm, ooides — 0.1-0.15 mm. They are formed
mainly by ostracod shells. In addition, there are also large (up to several cm) hematitized
fragments (Figure 5E) of stromatolite oncoids (spheroids). There are a few empty pores,
clearly distinguishable due to staining (blue color), in the thin sections.

Layer 3 (Figure 4, 5H) is greenish gray limestone, mostly hemispheroidal and less
spheroidal (boundstone), with a stromatolite structure (Figure 5F-H, 6). In the basal parts
there are large (2-5 cm) Angarella shells, on the surface of which the growth of microbial
colonies begins (Figure 4). In bioherms, microbial colonies grow upward from shells or
redeposited spheroids. Numerous branching low-amplitude stylolites are noted (Figure 5H),
which together form a system of fractures. In the latter, dark brown clayey matter with
residual hydrocarbons is observed within them. The columnar forms of stromatolites with
a layered texture are composed of micrite (calcite) and have dark gray color. Between them
there is sparite which recrystallized from micrite in the rock matrix. There are leaching
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Figure 3. Field photographs of the studied layers with the bioherms: white arrow indicates the
stromatolite bioherms and oncoids, orange arrow — metazoan dominated bioherms. (A) The stroma-
tolites on top of the bioclastic grainstone from the bottom (first) layer; (B, C) General view of the
inter-location of stromatolite and metazoan dominated bioherms, showing that the stromatolites are
confined to larger metazoan dominated bioherms (tabulate coral, Angarella sp. and Moyeronia sp.)
from the upper (second) layer; Cl — white dotted boxes indicate areas of stromatolites clusters; (D)
Angarella bioherm from the upper (second) layer. The hammers in (B) are approximately 30 cm high.
The entire length of the scale bar in (A, C, D) are 5 cm, and each square indicates 1 cm.

Figure 4. The Polished slab with three layers is highlighted (white a dotted line): layer 1 (Al): reddish
cross-laminated siltstones with rare bioclasts; layer 2 (BL): grayish-green bioclastic limestone with

large Angarella shells (As), microbial peloids and intraclasts, ooides, ostracod shells, and bryozoan
fragments, secondary hematitized clasts of stromatolites (Hs); layer 3: small hemispheroidal stroma-
tolite bioherms (Sb) and stromatolite spheroids (SS), according to [Logan et al., 1964] SS and SS — LH
types of stromatolite structures.

pores that are now filled with secondary calcite. Finally, single quartz grains occur in the
matrix between stromatolite columns.
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Figure 5. Photos of the thin sections in plane polarized light: As — Angarella shells; Mp — microbial

peloids and intraclasts; Br — fragments of bryozoans; Oo - ooids; P — pores with or without calcification;
Strom - stromatolites (laminated microbialites); St — stylolites. A — cross-laminated quartz siltstones;
B — uppermost part of siltstones with an increased amount if bioclasts; C-D — ooidal-bioclastic
limestone (pack-grainstone); E — hematitized fragments of stromatolite oncoids (spheroids); F-
G - bioherms and oncoids (spheroids) with marked stromatolites textures; G — center part of oncoid
limestone; H — stylolites in stromatolite bioherms.
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Figure 6. Bacterial calcite biofilms found in microbial limestones with a stromatolite texture (layer 3)
(SEM photos, EDS spectrum of the calcite).

Stromatolites have a rather peculiar type of void space. The determining factor of its
formation is the layered texture of stromatolite formations. The largest voids are confined
to the interlayer space, along which fracturing and leaching voids develop (Figure 7A-B).
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It should be noted that abundant calcite mineralized bacterial biofilms are prominent in
the void space (Figure 7C). The bacterial origin of these structures is confirmed not only
morphologically, but also by the increased carbon content. Significantly smaller voids
1-2 microns in size are confined to the interaggregate space inside the stromatolite layers
(Figure 7D). Numerous stylolite seams filled with transformed organic matter are noted in
the rocks, which form a system of connected channels.
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Figure 7. SEM photos of the microtextures of stromatolites. A, B — voids confined to the interlayer
space; C — bacterial calcite biofilms in the void; D — interaggregate voids 1-2 microns in size.

Discussion

The cross-bedding structures of siltstones and presence of ooides in bioclastic lime-
stones indicate an active hydrodynamic environment before stromatolite’s growth. It seems
that in the final stage of bioclastic limestones formation (the time before they were fully
cemented in early diagenesis) spheroid stromatolites (SS types) were transported and accu-
mulated here. Inverted stromatolite structures (SS-I) most likely formed under the influence
of short-term currents that facilitated a single overturning of stromatolites, which prevented
the formation of a spheroidal type. In the aftermath, these sedimentary conditions were
preserved at the time of formation of bioherms. Thus, spheroid stromatolites turned out to
be the substrate for the bioherm form of stromatolites (5SS — LH type). Similar modern
stromatolites have been found in the intertidal zone of the Bahamas, where a variety of
shells served as substrates for stromatolite growth [Feldmann and McKenzie, 1998].

Such small microbial (a number of authors attribute them to algal genesis) bioherms
are extremely common in the Lower Paleozoic of the Siberian Platform [Kanygin et al.,
2007; Luchinina et al., 2013], the greatest flowering of this type of bioherms occurred in
the Early and Middle Cambrian and the beginning of the Ordovician. At some stages
of sedimentary paleobasin development in the Cambrian age, they formed stromatolite
fields within the “Sakhai organogenic strip” [Kanygin et al., 2007; Zhuravleva, 1979]. In the
second half of the 20th century, V. A. Luchinina [Luchinina, 1973] proposed a term for such
spherical formations (small bioherms) on the example of the lower Cambrian — “Calyptra”
(from Greek “cap”; corresponds to the dome in modern algae). This term entered the
Russian-language literature. a characteristic feature of this type of bioherms is that they are
located at the same level as their base, forming a field or “carpet”. Meanwhile, the detected
bioherms in the Moyero River section form 2 levels in study section that have been traced
in several outcrops over a total length of more than 3 km. Therefore, it can be assumed
that this term is also suitable for the described bioherms.
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“Calyptras” (small stromatolite bioherms) found in the Middle Ordovician of the
Moyero River section differ from those described by V. A. Luchinina in that they are not
associated with larger stromatolite bioherms or form large fields exclusively by themselves.
An important feature of the development of the studied stromatolites in the outcrops
No. 71 and 72 is their co-occurrence with metazoan dominated bioherms. Microbial
communities have equivalent significance in the structure of the studied levels, together
with the predominant metazoan bioherms (Angarella sp., Moyeronia sp., tabulated corals
and stromatoporoids). The combination of small bioherms with various reef-builders in one
layer can apparently be explained by the unstable environmental conditions in the shallow
part of the basin. Apparently, marine oxygenation [Lee and Riding, 2018] may provide more
favorable conditions for the development of Angarella sp. and other new non-microbial reef-
builders. However, at the middle Darriwilian of the Moyero river section, these conditions
were not yet sufficient for a general ecological shift towards a microbial-metazoan consortia
characteristic of more recent times [Krdger et al., 2017; Webby, 2002]. Due to this, microbial
communities did not lose their important role. In contrast, as a result of deteriorating
environmental conditions at the end of the Middle Ordovician, microbial communities once
again took a dominant position in reef building in the study part of paleobasin [Jeon et al.,
2025]. Further studies of the Ordovician of the Siberian Platform may provide a better
understanding of the transition in the development of reef systems against the GOBE
background in different parts of the paleobasin, showing the importance of taking into
account regional differences.

Conclusions

Despite the appearance and increasing role of metazoan skeletal organisms in reef
systems of the Siberian Platform, microbial communities continued their active develop-
ment since the Middle Ordovician. They were included in reef formation both as auxiliary,
but extremely important subjects, and acted as the main framework formers. The latter is
directly evidenced by the finding of two types of stromatolites in association with bioherms
dominated by other species. The first, less numerous one is represented by spheroidal
stromatolites (SS and SS-I). The second, more numerous, is represented by stromatolite
bioherms (SS — LH). Apparently, the preservation of the role of microorganisms in this
part of the Siberian Platform is related to the depositional environment conditions. Due
to the specificity of their morphology and secondary processes, they can be considered as
potential hydrocarbon reservoirs.

Low Paleozoic carbonate deposits of the West Taimyr are potential oil and gas bearing
area according to drilling data [Vilesov et al., 2022]. Ordovician part is envisioned as
a prospective complex with potential reservoirs confined to reef zones of the carbonate
platform margin [Bukatova et al., 2022]. However, given the peculiarities of the core material,
organic build-ups from West Taimyr area are still poorly understood. But at the same time
the organic build-ups of the same-age part of the Moyero River section can be considered
as potential reservoir rock models. In this regard, it is necessary to further study their
structure, texture and genesis, which will make it possible to refine the forecast of the
development of Ordovician natural reservoirs. The new data obtained may encourage the
following researchers to consider stromatolites as potential reservoirs when searching for
potential reservoirs.
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