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MEOTEKTOHNKA N TEOANHAMWKA

VIOK 551.24 (234.9)
DOI: 10.23671/VNC.2019.2.31973

K CONOCTABAEHMIO KATACTPOPUYECKOM MYALCALMN
(MOCTBYAKQHMYECKOTO B3PbIBONOAODOHOIO
BHE3AMHOIO rad30AMHAMMYECKOTO BbIOPOCQ)
AeAHMKO KOAKO € CyOBYAKAHNYECKMM
rnpoLueccamm GOPMUNPOBAHUS N GYHKLMOHMPOOBAHS
TPYOOK B3pbIBA (ANATPEM)

M.T. Beprep, 4. r.-Mm. H., npod.

leodmanyeckmin MHCTUTYT — punuan OIreYH OHL| «Bnagnkaeskasckuin Hay4HbIn
ueHTp Poccurckon akagemum Hayk», Poccus, 362002, PCO-AnaHus, r. Bnagukaekas,
yn. MapkoBa, 93a, e-mail: berger7 @rambler. ru

AHHoTaums: CyLLecTBYHOT ONpeeneHHbIe aHanorn B MexaHuame nposiBfieHns CyoBYNKaHUYECKMX, BYNKa-
HUYECKUX N NOCTBYNKAHMYECKMX ra30AMHAMNYECKNX NPOLECCOB B3PLIBHOrO MW B3PbIBONOAOOHOMO Tuna. o
BMNOJTHE AOCTOBEPHO 3atNKCMPOBAHHbIM MHOFMMU UCCIIEA0BATENAMI OCOOEHHOCTAM UX NMPOSIBNEHUS, K NOcnes-
HUM W3 HUX OTHOCWUTCS B3PbIBOMOAOOHbIN ra3ofnHamMnyecknini BbIopoc negHuka Konka. Hanbonee CyLiecTBeH-
Hblil 9NEMEHT CXOACTBA MeX[y 3TUMU NpoLeccamit COCTOUT B X ra3ofMHaMU4eCKOM XapakTepe, y4acTuu B
Ka4ecTBe OCHOBHOr0 paboyero Tena B X NPOABNEHNI NMPUPOAHbLIX Fa30B, UMEKOLLMX BbICOKOE, @ Ha OTAEbHbIX
aTanax CBePXBbICOKOE AaBNieHNe. VIMEHHO 3TOT MOMEHT NPeACcTaBNsAeT HAMOONbLUIMA MHTEPEC NPW N3YHEHUN Ka-
TacTpoOUYECKON nynbcaunm negHuka Konka, onpemesieHnn ee npupoasl, MAEHTU(UKaLMN ee reoanHamn4ecko-
ro Tuna. CyLiecTBOBaHMe aHanornin Mexay napokcu3masnbHbIM B3pbIBONOA0OHbIM BbIOPOCOM NeAHKKa Konka u
npoueccamn OpMUPOBaHMA N (OYHKLMOHNPOBAHUSA CY6BYSIKAHUYECKMX TPYOOK B3PbIBA MPONUBAET JOMONHU-
Te/bHbI CBET HA HEKOTOPbIe AeTanu NpoLeccoB NOArOTOBKM M NPOSBNIEHMS 3TON Nyfbcauun. uatpemonogoo-
Has MOP(OCTPYKTYpa (KPyrnHasa BbIEMKA, NPeACTaBNsAoLAasa CO60M B €6 BEPXHEN YaCcTH YCThe ra30BbIBOAALLEr0
KaHana) CyLleCTBYeT B TbISIbHOI 4acTy Noxa NefHnka Konka B y3ne nepeceyeHns cy6uimpoTtHoro Goipxy-bap-
30HACKOro 1 cybmMepuanoHanbHoro BoctouHo-pkumapainckoro pasnomos. [1poMcxoxaeHne OaHHOW BbleMKU
CBSI3aHO C KOHLEHTPUPOBAHHBIM MHTEHCMBHBLIM NMPOPLIBOM OFPOMHOr0 KOMNYECTBA BbICOKOHAMOPHbLIX FMY6UH-
HbIX NOCTBYNKAHUYECKIUX Fa30B, MX MOLLHbIM BO3[EACTBMEM HA FOPHbIE MOPO/bI B 30HE NPOPbLIBA U NOCEeaAyto-
LLMM B3PbIBONOA0OHBIM ra30HaMU4YECKUM BbIOPOCOM NIEIHMKA, @ TAKXKe HEKOTOPOro KONn4ecTsa Matepuana
€ro ropHoONoOpoAHOro cybcTpaTa M3 BepXHEl YacTu ra3oBbIBOJHOIO KaHana, Ha MecTe KOTOPOA BO3HWKNA Aua-
TPEMONOA06HAs BbleMKA. 3an0NHEHNE XXe 3TON BbIEMKI NPOKU30LLIO0, B OCHOBHOM, B pe3ynbTate 06pyLLEHNS ee
CTEHOK, 06paTHOr0 NajeHns B Hee 4acTy BbIOPOLLEHHOrO MaTepmana \ NocTyniaeHns maTtepuana nocneayoLnx
06BanoB, a 0T4aCTK, BOSMOXKHO, 3a CHET MPMBHOCA MaTepuana npoaykToB Pa3pyLUEHUs HIDKenexallnx nopoa
BOCXOJALLMM ra30BbIM NOTOKOM, NPOAO/DKABLUMMCS KaKOe-TO BpeMs Noc/e Bbi6poca NeHNKA (Lo ncyepnaHus
OCHOBHOI0 KOJIMYECTBA NPOPBABLUMXCS B 3TY 30HY BbICOKOHAMOPHbIX IMY6UHHBIX ra30B).

KnioueBble cnoBa: negHuk Komnka, NoCTBYNKAaHMYECKWU A B3PbIBONOAOOHLIA ra30fMHAMUYECKNii BbIOPOC,
Cy6BYIKAHNYECKIME NPOLIECChl (POPMMPOBAHUS 1 (DYHKLMOHUPOBAHMS TPYOOK B3PbIBA, ANATPEMbI.

Ins umtuposanusa: beprep M.T. K conocTtasnieHnto katacTpodnu4eckon nynbcauumn (MOCTBYIIKAHNYECKOro
B3PbIBONOA06HOr0 BHE3AMHOr0 ra3o0AMHaMMYeckoro Bbiopoca) nefHnka Komka ¢ cyoBynkaHu4eckumu npoLec-
camu hopMUpoBaHUs U DYHKLMOHUPOBAHWA TPYOOK B3pbiBa (fuatpem). eonorns v leogpusuka HOra Poccun.
2019; 9 (2): 6-21. DOI: 10.23671/VNC.2019.2.31973.
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CBoeobOpazue nposiBICHHs BYJKaHUYECKON AEATENbHOCTH TPYOOK
B3pbIBa B CPaBHEHUM C JEHCTBYIOIIMMH ByJIKaHAMM 3aKJIIOYAeTCS B
UX CPaBHUTEJIBHO KOPOTKOM >KM3HH, HU3KOTEMIIEPATYPHOM XapakTepe
TPAHCIOPTUPYEMOI'0 MaTepuaa U Ipyrux 0COOCHHOCTSX.

C. d. Kocmposuyxuii

Nwmetotuecs Marepualnbl MO T€OJIOTUH, TEKCTYPHO-CTPYKTYPHBIM
O0COOEHHOCTSIM M BEIIECTBEHHOMY COCTaBY 3allONHSIONIUX TPYyOKH TO-
PO TIO3BOJISIIOT C YBEPEHHOCTHIO TOBOPUTH O BBIXOAE MPAKTUUYECKU
BCEX, Jake€ KUMOEPIUTOBBIX, TUATPEM Ha 3€MHYIO MOBEPXHOCTh U O
dbopMuUpPOBaHUU UX TMOJIOCTEH MyTeM BbIHOCA (BBIOpOCA) BMEIIAIOIINX
MOPOI.

B. A. Munawes

BosmorkHO, 4TO TpyO0OOpa3HbIe xKepia 00pa3oBaluCh Mol BO3IEH-
CTBUEM CTPYH HECYIIHXCS BBEPX Ia30B TaM, IJIe OHU BBIXOAMIN Ha TO-
BEPXHOCTH BJIOJIb TPEIIUHBI, HITH B MECTE MEPECCUCHHUS JIBYX TPEIIHH.

I Maxoonano

MotiHble BOCXOASIIIME MOTOKM Ta30B MMEIOT pEIlarollee 3Have-
HUE... 175 GOPMUPOBAHUS JUATPEM.
B. A. Munawes

BeeapeHmne

B psne npemmectByromux myonukanuii [beprep, 2006, c. 34; 2007, c¢. 182 u np.]
aBTOp YK€ OTMEYaJl HAJIMYME B ThUIbHOM YacTu joxka jenHuka Konka (B anuueHTpe na-
POKCH3MaJIbHOTO B3PbIBONOAOOHOTO T'a30MHAMHUYECKOr0 BBIOpOCA JIEAHUKA) KPYHHON
OTpHLIATENLHON THAaTPeMOnon00H0i MOP(OCTPYKTYpbI, pAaCIIOIOKEHHON B y3i€ mepe-
CeueHUs IByX NIyOMHHBIX pa3ioMoB — cyomupoTHoro Ceipxy-bap3onackoro u cyomepu-
JIMOHAJIBHOTO, HA3BAHHOT'O aBTOPOM B 3TOM €ro yactu BoctouHo-/[>xumapaiickum.

Kparkass Mmopgonoruueckasi XapakKTepuCcTUKa 3TOH MOP(POCTPYKTYPHI («BBIEMKH»,
«yIIyOJeHUs», «MYyJbAb» U T.11.) 1aHa B paborax [Bacekos, 2011, c. 79; IleTpaxos u ap.,
2004, 2006; u 1p.] u OyaeT NpUBEICHA HUXKE.

Orta MOp(OCTPYKTYpa, CyIIeCTBOBABIIas B TIEpBOE BpeMs MOCIe BBIOpOca, a 3aTeM
3aIl0JIHEHHAs U MOrpedeHHasi MaTepraIoM CBEXHUX 00BajiOB, Oblja MPUHATA PSIIOM HC-
cliezioBaresiei 3a My BRIOMBAHUS HITH MTOJJOOHYIO €l CTPYKTYPY 9K30reHHOTro (00BaIbHO-
YIApHOTO) MPOUCXOKACHUS. [TISI1IMONOTH ke B OOJBIIMHCTBE CBOEM UTHOPUPOBAIIU CaM
(axT ee cymecTBOBaHUS, HE JaBasi 3TOMY (aKTy HUKAKOTO OOBSICHEHUS U He Tperoa-
rasi HIKakoi ()yHKIIMOHATBHOU POJTH 3TOi MOPPOCTPYKTYphI B KOKMHCKO# KaTacTpode.

Ora BecbMa UHTEpecHast MOP(POCTPYKTYpa, OCTABIIASCS, K COXKAJICHHUIO, HE U3y4eH-
HOMW CKOJBKO-HUOY/Ib J€TaJbHO, KOHEYHO, HE MOXKET CUMTATHCS HHU BYIKAHUYECKOH, HU
JTa)K€ CKPBITOBYJIKAHUYECKON (KPUIITOBYJIKAHUYECKOM ), HO, BIIOJIHE BEPOSITHO, YTO UMEH-
HO OHa Urpajia poJib OCHOBHOI'O BBIBOJHOT'O KaHAJIA MPU KOHLEHTPUPOBAHHOM CTPYHHOM
IIPOPBIBE OTPOMHOTO KOJIMUYECTBA BBICOKOHAIOPHBIX MTyOUHHBIX MMOCTBYIKaHUYECKHUX Ta-
30B B IIOJUIETHUKOBOE MTPOCTPAHCTBO JieAHNKa Koska Ha 3aBepluaroniemM npeanapokcus-
MaJbHOM 3Tare MOATOTOBKU ra30JUHAMHYECKOT0 BbIOpOCaA JIEAHUKA U B MOCIEAYIOLIEM,



8 Geology and Geophysics of the South of Russia 9(2)2019 ['eonorvs n reogmanka KOra Poccim

BILIOTh JI0 MCYEPIIAHHUSI OCHOBHOIO KOJIMYECTBA MOCTYIMBIIUX B paiioH JeaHuka Komika
[TyOMHHBIX MMOCTBYJIKAHMYECKHUX Ta30B U MPEKPaIIeHNs HHTEHCUBHON (yMapoiIbHOH Jie-
SITEIBHOCTU B JIAHHOM paiiOHe.

Brionxe BO3MOXKHO TakKe, 4TO B XOJI€ MPEANapOoKCU3MaIbHOTO POPhIBA TITyOUHHBIX
MOCTBYJIKAHUYECKUX I'a30B Nof ieqHUK Kosika, a 3aTeM U B X0/1e CaMOro ra30InHaMU4€eCcKo-
ro BBIOpOCA JIAHHKA, a TaKKe MOCIEAYIOEr0O MHOTOTHEBHOTO MOCTKATACTPOPHUECKOTO
MHTEHCUBHOTO MTOBEPXHOCTHOTO CTPYHHOTO Ta30BBIJENEHUS 3Ta MOP(OCTpyKTypa Oblia
CYIIECTBEHHO MpopaboTaHa BEICOKOHATIOPHBIMH M B KAKOH-TO Mepe HarpeThIMH ra3aMu u
COZIEP>KaBIIUMCSI B BHICOKOCKOPOCTHOM T'a30BOM MOTOKE OOJIOMOYHBIM MaTepHUajIoM.

B3pbiBonogoOHBIN HampaBleHHBIM Tra3oAuHaMU4YecKkuil BbIOpoc mnenHuka Konka
2002 roma — pe3ynbTaT MPOSIBICHUS HE BYIKAHHMYECKOH WM CyOBYIKaHMYECKOM, a 1mo-
CTBYJIKaHWYECKOH festenbHoCTH Ha LlenTpansHom KaBkasze. OH He UMeeT MpsIMOTo OTHO-
HIEHUS K BYJIKAHUYECKUM M3BEPKEHUSIM, B TOM YHCII€ B3PBIBHBIM, 3KCINIO3UBHBIM, a30-
BbIM, ()peaTHuecKuM, MOTYBYIKAaHCKUM, «YIbTPABYIKAaHCKUM» U T.T. TeM He MeHee, Iie-
JBIA PsiZi BECbMA CYIIECTBEHHBIX 00CTOSITENBCTB JIe/IaeT MMPABOMEPHBIM U JKeJIaTeIbHBIM
conocrasienune KonkuHckoit karactpodsl ¢ nmpoueccamu popMupoBanus U GyHKIIHOHU-
poBaHUs TPYOOK B3phIBa (UATPEM): TIO UMEIOIIUMCS MHOTOYUCIEHHBIM (PAKTHUYECKUM
JTAHHBIM ¥ [IUPOKO PaCIpOCTPAHEHHBIM (XOTSI U HE OOLICTIPUHSATHIM) TPEACTABICHUSIM,
TUaTpeMBbl pu UX GOPMUPOBAHUU U MOCIEAYIOMEM (PyHKIIMOHUPOBAHUH UMEIU BBIXOJ
Ha 36MHYIO TIOBEPXHOCTh; OCHOBHBIM JICUCTBYIOIINM (haKTOPOM MX POPMHUPOBAHUS OBLITH
BBICOKOHAIIOPHBIE TTyOMHHBIE Ta3bl; MPOLEcChl (POPMHUPOBAHUS UIH K€ (PYHKIIMOHUPO-
BaHUS IMATPEM, [0 KpallHEeW Mepe, B HEKOTOPBIX CITy4asix HOCUIIM B3PBIBHOM WUJIU B3PbI-
BOMOAOOHBIN XapakTep (0COOEHHO C yY4ETOM TOTO, YTO OJHUM U3 UCTOYHUKOB HCXOMHOM
SHEPTUU B3PHIBOB MOXET OBITh BHYTPEHHSS DHEPIHsi CHIIbHO CXaTbhiX ra3oB [[lokpos-
ckuit, 1980, c. 13; benomyxos, 2010, c. 32; u ap.]), yeMy MOIIIO CITIOCOOCTBOBATH, TMpe-
JKJI€ BCETO, HAIMYUE B3PHIBOCIIOCOOHBIX Ta30B B COCTaBE Ia30BOM CMECH U HETIPOHHMIIAEL-
MBIX (Ta30yMOPHBIX) OAPHEPOB HA MYTH JBMKEHUS BHICOKOHATIOPHBIX ITTYOMHHBIX T'a30B
K 36MHOU MOBEPXHOCTH (B 00JIACTh MOHIKEHHBIX JAaBICHUN); B COCTaBE 3aMOIHSIOIIETO
JaTpeMbl MaTepuala, Kak B ciydae JeaHnka Koska, Hepeako OTCyTCTBYET FOBEHUIIbHBIN
MaTepua; SHI0TeHHbIe TPUYUHBI GOPMUPOBAHUS U (PYHKIIMOHUPOBAHUS TUATPEM U Te-
HE3MCa 3HAUNTEIBHON YaCTH CBA3aHHBIX C JUaTpeMaMy 00JI0MOYHBIX MTPOAYKTOB ra3o/Iu-
HAMHUYECKOT0 BbIHOCA (BBIOpOCA) yCTAHABIMBAIOTCS BIIOJHE OTHO3HAYHO U HEOCTIOPUMO.

K coxanennto, kak ormeuatrotr 1. M. IletyxoB u A.M. JlunskoB [1978, c. 72], «te-
Opus Ta30MHAMHUYECKOTO BBIOpOCA KaK MCTOUHMKA CEHCMHUYECKOTO M3IIy4YeHUs KpaiiHe
cnabo pa3zpaboTaHa, 4YTO MPEMATCTBYET YBEPEHHOW AUATHOCTHKE STUX SBICHUI, 0COOEH-
HO B CJIIOXKHBIX M IUCKYCCHOHHBIX CITy4asiX».

B sToM mutane HeoOXxoaumMo oOpaTuTh BHUMaHUE Ha PE3ybTaThl, OTyYEHHBIC TTPH
U3yYEHUHU B3PBIBOMOJOOHOTO HAMPABIECHHOTO Ta30AMHAMHMYECKOTO BHIOpOCa JIeAHHUKA
Konka [3aanumBunu u ap., 2004, 2005a, 20056, 2007 u ap., 3aanumBmin, XapeboB,
2008], KoTOpbI€ NOJOKMIN HAauaj0 MTOCTBYJIKAHUYECKON Ira30re0JMHaMMIECKOM celicMo-
JIOTUH, UMEIOIIe MHOTO 00111ero ¢ ITy0oKo pa3paboTaHHON, MHTEHCUBHO Pa3BUBAIOIICH-
Csl BYJIKAHUYECKOW CEMCMOIIOTHUEM.

Bonpockl TEpPMUHOAOTM

Kax ormeuarot JI. A. HoBukos u P. M. Cno6oxackoit [ 1978, c. 6], «B HacTosiliee BpeMs
HIMPOKO PaclpoOCTPaHEHbl IPEACTABIECHUS O TOM, YTO JUATPEMbl BOSHUKAIOT B CBSI3U C
NeSITeTbHOCTBIO Ta30BOM (pa3bl». ABTOPHI [TaM e MPUBOIAT U (aKThl, CBUICTEIBCTBY-
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IOIMe O TaKOM 00pa30BaHUM AMATPeM (CM. HUXKE). TakuM ke — B Ka4eCTBE Ta30MpOBO-
JSIIMX KaHAJIOB — HEPENIKO SIBISETCS U mocinenyomiee GyHKIMoHupoBanue nuarpem. C
y4eTOM 3TOT0, B TeX CIyyasxX, KOTJa MarMaTuueckoe WIn TUAPOTepMalibHOE (TUIPOTEp-
MaJbHO-METAacOMATUYECKOE) 3al0OJTHEHHE TPYOOK OTCYTCTBYET, 3TH TPYOKHU MOTYT OBIThH
HAa3BaHBI 2A306bIMU.

[Iupoko uCroab3yeMblii B 0OT€UECTBEHHON T€0JIOTUH TEPMHUH «TPYOKH B3phIBa» UMe-
€T COBEpIIEHHO OYEBUIHYIO I'€HETUYECKYI) OPUEHTHUPOBKY. BO3MOXKHO, 3Ta OpUEHTHU-
POBKa HE Bcer/a sBIseTCs MpaBUIbHON. Bo BeskoM ciyuae, mpeacTaBieHust 00 yuacTuu
B3pBIBOB B Mporieccax GOpMHUPOBAHUS STUX TPYOOK HE SBISIFOTCS OOLIEIPUHATHIMH U B
HEKOTOPBIX paboTax oTBeprarwrcsa. Takum o0pa3oM, UMeeTCs MPOTUBOPEUUE MEXKIY MPH-
HUMAaeMbIM B 3THX paboTax JeHCTBUTEIbHBIM (aKTyalIbHBIM) 3HAYCHUEM TEPMHUHA «TPYO-
KU B3pPbIBa» U €ro OyKBaJIbHBIM 3HAUYCHUEM.

[ToaTomy, MOKeT ObITh, OoJIee 1eIeco00pa3Ho MPH HAMMEHOBAHUU THX TPYOUaThIX
o0pa3oBaHMii UCTIOIH30BATh HE CTOIbh OYEBUIHOE B TEHETUYECKOM CMBICIIE, MEHEe TIPo-
3padHoe MO CBOEMY OyKBallbHOMY 3HAUEHUIO (XOTS U aHAJIOTMYHOE T10 €r0 JeHCTBUTEINb-
HOMY 3HA4€HHI0, 3a(pUKCHPOBAaHHOMY B CIIOBapsX, — CM., Hanpumep, [ Tomkees, 1986, c.
134]) HaumeHOBaHKE, KaK ATO JenaroT, B yacTHOCTH, A. JI. HoBukoB u P. M. Cno6oackoit
[1978], cormmacHO KOTOPHIM JUATpPeMbl MPEICTABIAIOT COOON «BEPTUKAJIbHBIC KaHAJIbI
TpyO4aroil (opMbl, 3aNIOJHEHHBIE MOPOAMHU PA3IMYHOTO COCTaBa M MPOUCXOKICHUSDY
[HoBuxkos, Crioboxackoii, 1978, c. 3].

ABTOp HHCKOIIBKO HE HACTanBaeT Ha 00Pa30BaHUU ITUX TPYOOK (UATpEM) B pe3yilb-
TaTe B3pbIBOB. O/IHAKO ydacTHe B UX BO3HMKHOBEHHUH, B pa3pabOTKe TpyOUaThIX MOJIO-
CTeil, B pa3pyIIeHUH 1 BRIHOCE (BHIOPOCE) BMEMIAIOIINX TOPO/] 3SHAYUTETBHBIX KOTUYECTB
BBICOKOHAIMIOPHBIX MTyOMHHBIX MAarMaTHYE€CKUX WIIM BYJTKAaHUYECKUX Ta30B, OCHOBHAs, Be-
IyIasi pojb 3TUX ra30B B CYOBYJIKAaHMYECKHX Ipolieccax GpopmupoBanust MOpHOCTPYK-
TYp, OOBIYHO UMEHYEMBIX TPYOKaMH B3pbIBa, HE MOTYT BBI3bIBATH HUKAKUX COMHEHHIA.

Cynst o B3pbIBONOAOOHOMY Tra30IMHAMUYECKOMY BBIOpoCY seqHnka Konka u ocras-
JICHHON THM BBIOPOCOM B €T0 SMUIEHTPE TUATPEMONOA00HONH MOphOoCTpyKType, TpUH-
UNHAIBHO TOA00HBIE TPyOUaThie 00pa30BaHU B HEKOTOPBIX CIy4Yasx MOTYT BO3HUKATh
U B pe3yibTaTe JAesITeIbHOCTH 3HAYUTEIbHBIX KOINYECTB BHICOKOHATIOPHBIX ITyOMHHBIX
NOCMBYIKAHUYeCKUX Ta30B.

U xots1, B oTIMuMe oT KatacTpoduueckux coObITHii Ha neanuke Komka B ceHTAOpe
2002 roma, 3TH Ta3bl HUKTO HEMOCPEICTBEHHO HE HAOII0al, UX BeChbMa CyIIECTBEHHAs
poOJb B CyOBYTKaHHYECKHUX Mpolieccax (GOpMUPOBAHUS U (PYHKIMOHHPOBAHHS TPYOOK
B3pbIBa (AMaTpeM) MpPU3HAETCS BCEMHU HMCCIENOBATENsIMU, TOT/Ia KaK MCCIeI0BaTeNu Co-
obiTuit 2002 1. Ha neaHuke Kosnka B OONBIIMHCTBE CBOEM BOT yKe Ooliee JecsATH JIeT
IBITAIOTCS YCMOTPETh Clenbl AecTBHs 00BanoB ¢ I. Jkumapaitxox Moj JETHUKOM (B
ero nmutocgepHoMm cybcTpare) Ha ITyOMHE B MHOTHE JIECATKH METPOB B JIOXKE JICAHUKA
U CJIe[Ibl IOTOKOB BO/IBI HA BHICOTE B COTHM METPOB Ha CKajlax, MpujiaBas IJaBHOE, pe-
nraroree 3HaueHue B Konkunckoit karactpode 3TuM oOBasiaM U BOJE, U, B TO K€ BpeMms,
MOJIHOCTBIO UTHOPUPYS, COBEPILIEHHO HE YUHUThIBas U naxke orpuuas [[lo3nanun, ['eBop-
ksH, 2008; BacskoB, 2011] yuactue B coObITHSAX Ha eqHUKe Koska SBHO MPOSIBUBIIMXCS
Ha 36MHOM TTOBEPXHOCTH, BCEMH HAOIIONABIINXCS B TEUCHHUE MTPOIOIKUTEILHOTO BpeMe-
HU (2 HEKOTOPBIMU U3 Halmromareneil He 6e3 mociaencTBUi as cebs HemoCPEICTBEHHO
OIIYTIABIIUXCS ), MHOTOKPAaTHO JOKYMEHTAIbHO (B TOM YHCIE XUMHKO-aHATIUTUYECKH)
3a(UKCUPOBAaHHBIX MOIIHBIX KOHIIEHTPUPOBAHHBIX (CTPYWHBIX) BBIACIECHUI BHICOKOHA-
MOPHBIX TOCTBYJIKAHUYECKUX ra30B (pymapon).
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BrioniHe BO3MOKHO, BIIpoYeM, U MPOSBICHUE COOCTBEHHO B3PBIBHBIX WJIM B3PbIBO-
NOAOOHBIX I'a30lMHAMHUYECKUX SIBIEHUH B Xoz1e (OpMHUPOBAHUSA U (YHKLIHOHUPOBAHMS
nuarpeM [Koctposuukuii, 1976; Crpaxos, 1978; u ap.].

IIpu Bcex BHOJNHE €CTECTBEHHBIX XOPOIIO M3BECTHBIX PA3IMUMAX MEXIy CyOBYIl-
KaHWYECKUMU, BYJIKAHUYECKUMHU U MOCTBYJIKAHWUYECKUMHU ITPOLECCAMU B3PBIBHOTO HIIU
B3pBIBOMNOI00HOTO THIIa UMEIOTCS U BECbMa CYIIECTBEHHBIE 3JIEMEHTBI CXO/ICTBA B BbI-
3bIBAIOIIMX MX NPUYMHAX (AEHCTBYIOIIMX (hakTOpax) M MEXaHHW3ME MX IPOSBICHUS,
CTOJIb K€ €CTECTBEHHBIE U 3aKOHOMEPHBIE, SABISIOIIMECS BaKHBIMM apryMEHTaMU IIPU
pacm@poBKe IpUpobl KaracTpoduueckoil mynbcanuu JieaHnka Komka, garomiue no-
HOJTHUTENIbHBIE OCHOBAHUS, MOJTBEPIKIAIOIINE €€ B3PBIBONOI00HBIN ra30JUHAMUYECKHH
XapaxTep.

[To-Buaumomy, Haubosnee CylEeCTBEeHHbIE paziuyus MKy STUMH MPOIeCCaMu CO-
CTOSIT B TEMIIEPATYPHBIX YCIOBUAX MX MPOTEKAaHUS, 0COOEHHO — B IOCTUTaeMbIX MAKCH-
MaJIbHBIX TeMIIeparypax, a TaKkKe, pa3yMeeTcsi, B OTCYTCTBUU KaKUX-JIMOO paciiaBHBIX
MarMOnposIBICHUN U UX MPOAYKTOB B CIIydae IOCTBYJIKAHUUYECKON AEATEIbHOCTH — IIPU
3aM0JTHEHNUH TIPUIOBEPXHOCTHBIX MOABOAIIMX KaHAJIOB (TPELIMH U IPYyTUX MoJocTei) u
IIOBEPXHOCTHOM IIPOSIBJIEHUH ITOCTBYJIKAHUYECKUX IIPOLECCOB.

Yro kacaercs, B 4aCTHOCTH, (hOopMUpOBaHUs TPYOOK B3phIBA, TO, 110 B. A. MunameBy
[1984, c. 212], «BynKaHHYECKHE MPOLECCHI, B XO/1€ KOTOPHIX MPOUCXOIUIN pa3paboTKa
U 3aTI0JIHEHUE MOJIOCTEeH paccMaTpUBaeMbIX TPyOUaThIX TeJ, MPOTEKaIU B YCIOBUAX J10-
CTaTOYHO BBICOKHX, HO JAJIEKO HE IOCTOSIHHBIX TeMnepaTryp». (B npuseneHHOM B yka3aH-
HOH paboTe aHaJIN3e TEMIIEPAaTYPHOro pexkuma (hopMupoBaHus auatpem B. A. Munares
OTPaHUUYMBAETCS OLICHKAMM MMEHHO MaKCHUMAaJbHBIX TEMIIEPATyp BYJIKaHUYECKUX IPO-
nieccoB. OCHOBHOE BHMMaHHE NP 3TOM YyAEJSEeTCs 3Taly 3alodHEHUs TpyOdaThIX Io-
JOCTel ¥ BO3HMKILUM Ha 3TOM 3Tale BEIIECTBEHHBIM 00pa30BaHUSAM MarMaTHueCcKoro,
IUPOMETaMOPPHUUECKOr0 U METACOMATHUECKOrO IeHe3Hca. )

Haubonee xe cyliecTBEHHbIHN 31€MEHT cxo0cmea MeXly CyOBYJIKaHUYECKHUMH, BYJI-
KaHUUYECKUMH U MOCTBYJKAaHUUECKUMHU MPOLECCAaMH B3PBIBHOTO MJIM B3pPBIBOIOAOOHOTO
TUIA COCTOMUT B UX 2a300UHAMUYECKOM XapaKTepe, y4acTUH B KaueCTBE OCHOBHOIO pa-
6ouero Tena B UX NPOSBICHUU NMPUPOJHBIX ra30B, UMEIOILINX BBICOKOE, & HA OTACIbHBIX
JTanax — CBEPXBBICOKOE JaBieHHEe. IMEHHO 3TOT MOMEHT Mpe/cTaBiseT HauOOIbIINI
UHTEpeC MPU U3yUEeHUH KaTtacTpoduueckol mynbcanuu gegauka Komka, onpenenenun ee
HPUPOJIbI, HACHTU(DHUKALINN €€ Te€0JMHAMUYECKOTO TUIIA.

O POPMUPOBAHUN AUATPEM

Cornacuo B. A. Munamesy [1984, c. 211-212], «B cnoxxHOM mporiecce GpopMupoBa-
HUS IMaTpeM CielyeT pa3inyarh JBa MIABHEHIIMX ATara: Tan pa3paboTKu MOJIOCTH U
JTan ee 3anoiHeHus. [Ipu Hepa3pbIBHOM B3aUMOCBSA3aHHOCTH 3THUX 3TANIOB U YAaCTUYHOM
UX [IEPEKPHITUN BO BPEMEHH BYJIKAaHUYECKHUE MPOLIECCHl HA Ka)KJIOM U3 HUX pa3Inyajnuch
110 TEMIIEPATYPHOMY PEXKHUMY, 1aBJICHHUIO, COCTABY U CBOMCTBAM «pabovero Tenay, 1nHa-
MHUKE ¥ MHOTHM JIPYTUM MapaMeTpaM. B cBs3u ¢ 3TUM aHanu3 GU3NIECKOTO COCTOSHHS
(hOpMHPOBABIINX TUATPEMBI BELIECTB, AMHAMHUKHI U MEXaHNU3Ma 00pa30BaHus TPyOUaThIX
TEJ IPU HAJIMYUU TOCTATOYHO MIPEICTABUTENIBHBIX MAaTEpUAIOB CIIEAYET IPOBOAUTD IIPHU-
MEHUTENIbHO K Ka)KJIOMY U3 IVIaBHEHMILINX 3TANOB B OTAEIBHOCTHY.

C y4eToM M3J0KEHHOIO, B JlajibHEiIIeM Hac OyJleT MHTEepecoBaTh, INIaBHBIM 00-
pa3oM, NEepBbIM M3 ATUX ATANoOB (3Tall pa3padOTKU MOJOCTU TPYOOK B3phIBA) U €r0
pe3yJbTaThl — MIMEHHO Ha 3TOM 3Tare Hanbouee IBHO, B HAanOojIee YMCTOM BHJIE TIPOSB-



Geology and Geophysics of the South of Russia 9(2)2019 ['eonorvs u reoguanka fOra Poccim 11

JSIOTCS Ta30IMHAMUYECKHUE MPOLIECChI, XapaKTep KOTOPHIX B HAMOOIBIIEH Mepe CXO-
JIeH ¢ Tpolleccamu, MpoucxoauBmumMu B ceHTs10pe 2002 r. B anuiieHTpe KonkuHckoit
KaTacTpodsl.

[To coBpeMeHHBIM MPEACTABICHUSIM, «IUATPEMbl BO3HUKAIOT B CBSI3U C JCSITEIbHO-
CThIO Ta30BOM (ha3pl. OO0 3TOM CBUACTENHCTBYIOT: 1) Upe3BBIYAHO BBICOKAS MOJBUXK-
HOCTH OOJIOMOYHOTO MaTepuaia...; 2) OTCyTCTBUE WA He3HAYUTENbHOCTh TEPMATbHOTO
KOHTAKTOBOTO0 MeTamMopdu3Ma BO BMEMIAIOIIUX MOpoaax; 3) MOJHOE OTCYTCTBUE B He-
KOTOPBIX IUaTpeMax Kakoro-mubo MaTepuana MarMaTu4ecKoro npoucxoxaeHus» [Hosu-
koB, Crobockoi, 1978, c. 6].

[lepeuncrienHbie MpU3HAKK, OE3yCIIOBHO, NAJIEKO HE MCUEPIBIBAIOT CBUICTEIIHCTB
yuacTus (6osiee TOro, OCHOBHOM pOJIM) BICOKOHANOPHBIX NTyOMHHBIX ra3oB B (popMu-
poBanuu guarpeM. O6 3TOM CBUIETENBCTBYIOT U HaJHUKE PacTpyO00Opa3HBIX pacIliu-
peHUil B yCThe HE MOABEPTIIMXCS TIIyOOKOM 3pO3UH AUATPEM, U pPaTuaIbHO-KOHIIEHTPU-
YyecKasl TPEIIMHOBATOCTh BMEIIAIONINX TOPOJ, U YelryeoOpas3Hasl MmiIacTUHYaTask OTAelNb-
HOCTh BMEMIAIOIIUX MOPOJ B MPUKOHTYPHOU 30HE, U HEKOTOpPHIE APYTrHe XapaKTepHbIE
npu3Haku 3TUX obpazoBanuii [KoctpoBuukwuii, 1976; HoBukos, Cnoboxackoit, 1978;
Munames, 1984; u np.]. Bce 3Tu npu3Haku B MOJHOM Mepe MPOSBUINCH U BOIU3U OT-
MEUEHHOM BBIIIE TUATPEMONON00HONH MOP(OCTPYKTYphI B THUTLHOM YaCTH JIOXKA JICTHU-
ka Konka. 9T0, COOTBETCTBEHHO, MOATBEPKIAET UMEHHO TUATPEMOMNO00HBIN XapaKTep
3TON MOP(HOCTPYKTYPHI U OHOBPEMEHHO CBUAETEILCTBYET B IMOJIb3Y MPEACTABICHUN O
razoquHamuueckoil mpupoae KonkuHckoil karacTpodsl, pacKpbiBasi HEKOTOPhIE BeChMa
CYIIIECTBEHHBbIE OCOOCHHOCTH €€ TMOATOTOBKU M MPOSBIEHUS, MPOTEKABIIUX MpHU Oe3yc-
JIOBHOM y4acTUU (TOYHEE, OCHOBHOM POJIN) BHICOKOHAMIOPHBIX ITTYOMHHBIX MTOCTBYJIKAHU-
YECKUX ra30B B Kaue€CTBE OCHOBHOTO (paKTOpa, BHI3BABILIETO 3Ty KaracTpody, U OTMEUEH-
HOM auarpemMornono0HOi MOP(HOCTPYKTYphl B Ka4eCTBE OCHOBHOTO BBIBOJHOTO KaHala
NP TIPOABMXKEHUU 3THUX Ta30B B MOMJIEAHUKOBOE MPOCTPAHCTBO jenHuka Komka (cwm.
Hwke) [Evans et al., 2009; Klimes et al., 2009; Mark et al., 2012; Zaalishvili et al., 2014;
Zaalishvili, Mel’kov, 2014].

Cy11ecTBYIOT BO MHOTOM Pa3IMYHBIC TIPECTABICHUS O KOHKPETHOM MEXaHU3ME BO3-
HUKHOBEHUS TPYOOK B3pbIBa (Auarpem). Paznuuue sTUX npeacTaBieHuit B KaKOW-TO Mepe
MOKET OBITh CBSI3aHO C JCWCTBUTEIHHO UMEIOUIUM MECTO Pa3IUYHBIM T€HE3HCOM ITUX
TpyOOK U, B YaCTHOCTH, C PA3TUYHBIM MIPOUCXOKACHUEM MPUPOAHBIX Ta30B, UTPAIOIINUX
OCHOBHYIO POJIb B UX ()OPMUPOBAHUU.

Cornacao A. Putmany [1964, c. 352-353], TpyOku B3pbIBa B BEpXHETPETUUYHBIX OT-
noxenusx Erunrta Bomu3u Kaupa Bo3HMKIM TIpH (ppeaTHuecKuX HKCIUIO3UBHBIX HU3BEp-
JKEHHSIX, CBSI3aHHBIX C BHEJIPEHHEM MOIIHOTO 0a3albTOBOTO CHILJIa B BOJJOHOCHBIE MeC-
YaHWKH, TEPEKPHIThIE HEMPOHUIIAEMBIMU TTTUHUCTBHIMU MOpo/aMu. B pesynbsrare 3TOro
«371eCh, KaK B NMapOBOM KOTJIE, pa3BUBAIOCH OYEHb BHICOKOE JaBICHUE, KOTOPOE CMOTIIO
MIPEOIOJIETh COTPOTUBIICHUE KPOBIMY.

OTu coOBITHS BO MHOTOM (TIPEXKJE BCEro, M0 MX HMCXOMHBIM MPUYMHAM M OCOOCH-
HOCTSIM TPOTEKAaHUS), KOHEYHO, CYIIECTBEHHO OTIMYAIOTCS OT TOTO, YTO MPOU3OIILIO
Ha nennuke Konka B centsiope 2002 r. Ho, mpu Bcex BecbMa 3HAUUTENBHBIX OTIMYHUSAX,
HEJb351 HE 3aMETUTh U HEKOTOPOE CXOACTBO MEXKAY ITHMH COOBITUSMU U COOBITHSIMHU Ha
nennuke Konka (B reoqMHaMUY€CKOM CUCTEME 3TOTO JIeTHUKA), T POJIb HEMPOHUIIAEMO-
ro 6aprepa, 00ecreurnBaBIIero BOSHUKHOBEHHE 0YEHb BBICOKOTO Ta30BOTO JaBJICHUS O]
HUM, BBITIONHSI JIETHUK. B KOHEYHOM HTOTE COMPOTUBICHHE JISTHUKA (TOUHEE, ero reo-
CTaTUYECKOE JABJICHHWE W CUJIBI €T0 CIETUICHUS ¢ BMEIIAIIIUMU TOpoAaMu) ObLIO mpe-
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OJI0JIEHO MHTEHCUBHO ITyJIbCALIMOHHO BO3PACTABLIMM I'a30BbIM JJaBICHHEM, B pe3ysIbTaTe
Yero MpoM30LIesT B3pbIBONOIOOHBIN ra30IMHAMUYECKUI BHIOPOC JeTHHUKA.

Boob6e xe, o0bsicHeHHe ¢akTa cyrecTBoBaHus B Ka30ekckoil HeOBYIKaHNYECKOM
00s1acTH TITyOMHHBIX UICTOYHUKOB BHICOKOHAIOPHBIX MOCTBYJIKAaHMYECKUX I'a30B U MapOK-
CU3MAaJIbHO MPOSBIISIONIUXCS BOCXOISAIIMX KOHIIECHTPUPOBAHHBIX TOTOKOB 3TUX Ia30B HE
TpeOyeT MpHUBJICUEHUS MPEACTABICHUN O KaKUX-JIMOO JIOMOJHUTENbHBIX (B 4aCTHOCTH,
(dpeaTnyecknx) UCTOYHUKAX MPUPOIHBIX ra30B U MPUYMHAX BOZHUKHOBEHHUSI aHOMAJIbHO
BBICOKHMX IUIACTOBBIX JIaBJICHUI ra3a MO HEMPOHULIAEMBIMU OapbepaMH.

UYro ke KacaeTcs XapakTepa MpopbIBa ra30B Ha 3eMHYIO TOBEPXHOCTb, TO OH BO MHO-
TOM OIIpeJeNsieTcs] HATMYUEM WM OTCYTCTBHEM Ia30ylOpPHOTO (HENPOHUIIAEMOTO MU
cy1abo nmpoHMILIaeMoro) 6apeepa co cBOOOAHOM (OTKPBITON) BepXHEH MOBEPXHOCTHIO Ha
IIyTH BOCXOJAIIEH MUTPALMU BBICOKOHAIIOPHBIX IIPUPOAHBIX Fa30B, a TAKIKE €0 JIUTOJIO-
TMYECKUM COCTaBOM, MOIIIHOCTBIO, INTyOMHOM 3a1eranus 1 IpyruMu (hakTopami, onpesie-
JSIFOIMMU TIPOYHOCTHBIE, TUIOTHOCTHBIE, (GUIIBTPALIMOHHBIE U APYTHe JUTO(U3NUECKUe
CBOWCTBA MOPOJI, CIIAararoIluX 3TOT Oapbep, BEIMYUHY €ro Teé0CTaTHUeCKOro AaBICHUS U
CHJIBI €T0 CLEIUICHUS ¢ BMEIIAIOLUIMMU OPOAAMHU.

B sTOoM oTHOIIEHUM B 00acTH M3yueHMs TPYOOK B3pbIBa CYIIECTBYIOT pa3iM4HbIC
npeacrasienus [Crpaxos, 1978; HoBukos, Cnobonckoit, 1978; Munames, 1984; u np.],
YTO TAK)KE MOXKET OBITh CBSI3aHO C pa3/InunueM MPUPOIHBIX YCIOBUN B PA3IMYHBIX CIydasx
U JICUCTBUTENIFHO CYIIECTBYIOIIMMH Pa3IMYMsIMU B XapaKTepe MpopbiBa ra3oB — B OJHUX
CITy4asiX B3phIBOMOI0OHBIM, COPOBOKAAIOLIMMCS JPOOJICHUEM CTEHOK ra30I0ABO/ISIIETO
KaHajia, pa3pylieHHEeM MepPEeKPBIBAIOILET0 ATOT KaHal Ia30ylopHOro 0apsepa U BEIOPOCOM
00JIOMOYHOTO MaTepualia Ha HoBepXHOCTh [CTpaxos, 1978], B Apyrux ke ciydasx CpaBHU-
TEJIHO TIOCTETIEHHbBIM, KOT/Ia «BBIXOJI I'a30B Ha NOBEPXHOCTD IUIAHETHI HE SBJISETCS B3phI-
BOOOPA3HBIM, HO IIPU 3HAUUTEIbHBIX HANPSHKEHUAX, 00YCIOBICHHBIX BHICOKUMHU JaBJICHU-
MU U CKOPOCTSIMHM MCTEUYEHUS IOTOKA, HOCUT XapaKTep JOCTaTOYHO MPOAOIIKUTEIBLHOIO
(HEeCKOIIbKO YacoB — CyTOK — HeJIelb) mpotieccay [Munames, 1984, c. 233].

B reogunamuueckoii cucreme nennuka Konka B centsaope 2002 r. mocnenoBarenbHO
IpOSIBUIIUCH 00a OTMEUEHHBIX ciyyas (MexaHu3ma). CHavana, Ha mpeakaracTpoduue-
CKOM 3Tare MOArOTOBKU ra30MHaMUYECKOro BEIOpOca JeJHHUKA, TPOSIBUIICS BTOPOM Me-
XaHU3M, CPABHUTENIBHO MOCTENEHHBIH U TOCTAaTOYHO MPOIOJIKUTENIbHBIN, UTUBIINICS B
TEUeHHE HECKOJIbKUX HeJleNb, KOI/Ia ra3 MyJbCallMOHHO MOCTyNaJl B [OUIEAHUKOBOE ITPO-
CTPAHCTBO, HAKAIJIMBasICh TaM, MOBBIIIAS BEJIMUYMUHY Ta30BOI0O JaBJICHUS I0]] JIETHHUKOM
U OT)KHMas JISIHUK OT ero Jioxka (IIpOU3BO/Is OTMEUECHHBIN B psje pabot aBTopa [beprep,
2007 u ap.] a3pdext razoBoro JoMKpara). 3aTeM, Ha Tare NpoTeKaH!us KaTacTpoQbl, OKO-
710 20 yacoB 20 cenTs16ps 2002 ., B Teu€HNE HEMHOTUX MUHYT MPOSIBUIICS TAPOKCU3MaIb-
HBII B3pBIBONOIOOHBIN HAIIPABICHHBIM ra30AMHAMUYECKUN BBIOPOC JIEIHUKA, T. €. Mep-
BbIi MEXaHU3M M3 YHMCJla OTMEYEHHBIX BbllIe. VM, HakoHel, Ha mocTKaTacTpo(uyecKkom
9Tarne (MoCTNapoKCU3MaIbHOM 3Tale 3aBepIIeHHs KaTacTpo(dbl) B TEUEHUE MHOTUX JIHEH
BHOBb IPOSIBUJICSI BTOPOM MEXaHHU3M, BBIPA3UBILUICS B MPOAOIKUTEILHOM KOHIECHTPH-
POBaHHOM (CTPYHHOM) MCTEUEHHH BBICOKOHAIOPHBIX NTyOMHHBIX MOCTBYJIKAaHUYECKHX
ra3oB Ha 3eMHYIO IIOBEPXHOCTb B YCJIOBHUSIX OTCYTCTBHUS MPENATCTBOBABIIETO 3TOMY He-
poHMIIaeMoro Oapbepa (JIeJHHUKA).

Bce 3tu sTanbl, 0co6eHHO MOCEHUE /1Ba U3 HUX, U COOTBETCTBYIOIIMN UM pa3-
JUYHBIA XapakTep MpOopbIBa ra30B Ha 3eMHYIO MOBEPXHOCThH (OIpeaesieMblid pa3Iuyu-
€M IPUPOAHBIX I'C€OIMHAMMUYECKUX YCIOBUH Ha Ka)XJIOM M3 3THX 3TaroB) MPOSBUINCH
B ceHTa0pe 2002 r. B reoquHamMuueckoil cucteme neqnuka Konka u Ha ee MOBEpXHOCTH
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C IOCTaTOYHOM OYE€BHUHOCTBIO U MOATBEPKAAIOTCS MHOTOUUCIIEHHBIMU JIOKYMEHTAJIBHO
3aUKCUPOBAaHHBIMU (haKTaMHU.

B cBeTe n3n0KeHHBIX BbIIIE TOJI0KEHHUH MOTydaeT pelieHne IBISIOIINIACS B TeUEHUE
JUTUTENILHOTO BPEMEHHU CIIOPHBIM BOIIPOC O Ia30B3PHIBHOM (B3pbIBOOOpa3HOM) MO0 ra-
303PO3UOHHOM (ITOCTENIEHHOM U CPaBHUTEIBHO MPOAOIKUTEIBLHOM) crioco0e pazpyiie-
HUS BMEIIAOLINX [TOPOJ] IPU pa3paboTke TpyOOK B3phIBa: B IPUPOAE MOT'YT UMETh MECTO
00a OTMEUEHHBIX MEXaHN3Ma, B TOM YMCJIEe MX MOCIIeI0BaTeIbHOE POSBICHUE B OHOM
U TOM XK€ MecCTe.

Ha nHayasibHOM e, Tak cKa3aTb, IOJrOTOBUTEIBHOM, 3Talle BOSHUKHOBEHHS TPYyOOK
B3pBIBA, MPOSIBIIAIOLIEMCS B TPELIMHOOOPa30BaHUN U OPEKYMPOBAHUN BMEIIAOLINX T10-
PO ¥ IPOJIBUKEHUH ITUX MPOLIECCOB K 3eMHOW MOBEPXHOCTH, MPE0OIIaAAI0LIIM, HAPSITY
C MEXaHMYECKUM DPa3pyLICHUEM TEKTOHHYECKOW MPHUPOJbI, ABISIETCS, OYEBHIHO, aTEK-
TOHUYECKHH MEXaHU3M THIPOpa3pbiBa, NOTYYHUBIINHI [TyOOKoe 000CHOBaHME B paboTe
V. ®aiida u ap. [1981].

Cy11ecTBYIOT M HEKOTOpbIE APYT'HE YePThl CXOACTBA MEX/Ty IPU3HAKAMH MOATOTOBKH
U MPOSIBJIIEHUS B3PBIBONOAOOHOTO Ta30lMHAMUYECKOro BeIOpoca jenHuka Komnka u npu-
3HaKaMu (OPMHUPOBAHUS TPYOOK B3pbIBA, COACUCTBYIOIIME PACLIM(PPOBKE MeXaHU3Ma
MIPOTEKAHUS 3TUX MPOLIECCOB.

B vactHOCTH, B y3KOH 3K30KOHTAKTOBOH 30HE CyOBYJIKaHHYECKHX KUMOEPIMTOBBIX
TpyOOK YCTaHOBIJIEHBI paJHalbHble U KOHIIEHTPHUECKNUE CUCTEMbI TPEIUH, CUUTAIOIIH-
ecsl BOKHBIM CBHUJETEIBCTBOM Ta30B3pBIBHOIO XapaKkTepa 0O0pa3oBaHUs MOJOCTU KaHa-
na stux Tpyook [Kocrposurkuii, Bnagumupos, 1971; Koctposumkuii, 1976, c. 16, 21,
78]. bonee Toro, no maenuto C. M. Koctposuukoro [1976, c. 78], 0 B3ppIBHOM Xapakre-
pe ra3oBOro MnpopsiBa npu (GOpMUPOBAHUU MOJIOCTEH TPYOOK B3pPbIBA «MOXKHO CYAHUTh
JMIIb TI0 HATWYHIO PAAUaIbHOM U KOHIIEHTPUUYECKON TPELIMHOBATOCTIY. AHAIOTUYHbIE
CUCTEMBI TpelIrH (MOTYYUBIIHE, OJJHAKO, MHOE, 0€3yCIIOBHO, OIMO0YHOE OOBICHEHNE)
3adukcupoBanbl M. M. BacskoBbiM [2011] u gpyrumMu uccnenoBarensiMu B IOpoax, BMe-
LIAIOIIUX KPYITHYIO BBIEMKY B ThUIbHOW YacTu Joxa jJeqHuka Komka. DHnoreHHoe raso-
JUHAMHAYECKOE MPOUCXOKICHUE ITUX CUCTEM TpemuH [Yuccep, 1964; I'eonornueckuii
cioBaps, 1978, c. 283; u ap.] noaTBepKaaeT BeickazaHHoe paHee [beprep, 2007, c. 51-52,
126-128, 182] MHEHHE O TUATPEMOTIOOOHOM XapaKTepe 3TOM BEIEMKH U €€ Ta30M0BOIs-
el pyHKIMOHAIBHOM pPOJU B Mpoliecce MOJrOTOBKY U MPOSBICHUS KaTaCTPO(PHUUECKOro
B3pBIBOMOI00HOTO T'a30IMHAMHYECKOTO BBIOpOCA JIeTHUKA.

ITockoneky oOpa3oBaHue pajnaIbHO-KOHIIEHTPUYECKUX CHCTEM TPEIIMH B TOPHBIX
opoJiax, Kak n3BecTHo [l'eonornueckuii ciosaps, 1978, c. 283], npoucxoaur B pe3yiib-
TaTe JIOKAJbHOTO MOAHATHS U PACTSKEHHSI TOPHBIX MIOPOJ, UX BOSHUKHOBEHHE B THUIBHOMN
30He JegHuKa Konka BHayane mpoucxouiio, BO3MOXKHO, €Ille Ha MOArOTOBUTEIbHOM cTa-
nuu KonkuHckoi karacTpods! (B3pbIBONOAOOHOTO MOCTBYIKAHUYECKOTO HAMIPABIEHHOIO
ra30iMHaMHYECKOr0 BBIOpOCA JIEHUKA), TPEALIECTBYSI TOBEPXHOCTHOMY MPOSIBICHHIO
s¢dexTa ra3oBoro JOMKpara, a 3aTeM COIPOBOXKAAIO €ro U Moce Tyl BHIOpOC Je1-
HUKa.

B cBere M3I0KEHHOTO, CyIIECTBOBAHME PaJUAIbHO-KOHLIEHTPUUYECKUX TPELIUH B
TBHIJILHOM 30HE JIoKa JieAHnKa Konka sBisieTcss OMHUM U3 BaXKHBIX ITPU3HAKOB, O€3yCII0B-
HO, MOATBEP)KIAIOIINX SHAOTEHHYIO ra3oAMHaMuuecKyro mnpupony KomkuHckoil kara-
CTPOdBI, U UCKITIOYAET BO3MOKHOCTb KaKOr0-TMO0 MHOTO €€ 00BsICHEHUSI.

OnHUM U3 pe3ynbTaToB B3pBHIBOMOIOOHOIO ra3oJMHaAMUYECKOro BbIOpOCa JIEAHHKA
Kosxa siBisieTcst BBIHOC (BBIOPOC) KPYMHBIX OOJIOMKOB JIEIOBO-KaMEHHOTO Marepuaia U3
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npopsIBarolero JuTochepHslil (kpuoaurocdepHslil) cyocTpar nenHuka Konka ocHOB-
HOro (Hambosiee KpyMHOro) IMaTpeMOINo00HOr0 ra3omnoABOSAIIEIO KaHalna B ThUIbHOM
YacTH JIoXkKa JIeTHUKA.

OTOT MaTepuall, OCHOBHOE KOJMYECTBO KOTOPOIO MOCHE BbIOpOCa 0Ka3ajaoch CKOH-
LIECHTPUPOBAHHBIM B HEMIOCPEICTBEHHOM OJIM30CTH OT YCThs 3TOr0O KaHajia (TpecTaBIeH-
HOTO TMaTpeMonoA00HOI MOp(hOCTPYKTYpoii) B OCEBOM YaCTH JI0XKa JIEJHUKA (TI0 BEKTO-
py BeIOpOCa), MpeCcTaBiieH Mocie cTauBaHus BecHOM u etom 2003 I conepxkaBIerocs
B HEM JIb/Ia TaK Ha3bIBAEMBIMU «MYPaBbHUHBIMH KyyaMi», ONIMCAHHBIMU BO MHOTHX ITy-
6nukanusx. boxee monpobHoe paccMOTpEeHHE TeHe3Uca ITUX «Ky4» MPEeIIpPUHSITO B OT-
JieNIbHON paboTe aBToOpA.

O ra3oAMHOMUNYECKNX SIBAEHUSIX U ANATPEMOMOAOBOHbIX
MOPDOCTPYKTYPOX B MOA3EMHbIX TOPHbIX BbIDABOTKAX

Cy11ecTBYIOT HEKOTOPbIE aHATIOTMH MEXKY ra30IMHAMUYECKUM BHIOPOCOM JIeTHUKA
Konka 1 BHE3alHbIMHM ra30JUHAMHYECKUMH BBHIOPOCAMU B IMOJ3EMHBIX TOPHBIX BBIpa-
0oTkax. B cBs3u ¢ 3TUM MpeacTaBsieT HHTEPEC PACCMOTPEHHE T€0IOrMYECKUX yCIOBUI
BO3HMKHOBEHUs razonuHamudeckux sisneHuid (IJ[5) B xanuitneix pynaukax Ha Ctapo-
OMHCKOM MECTOPOXKJIeHUH (ceBepo-3amnaiHas 4acth [Ipunstckoro mporuda, PecmyOnuka
bemapycs).

Kax ormeuaror B. fI. lllep6a u ap. [2004, c. 14], BHe3anmHbIe U UCKYCCTBEHHO MHU-
UUPOBAaHHBIE BHIOPOCHI COM U raza MPOUCXOAST TOJBKO MPHU BCKPHITUU TOPHBIMH BbI-
paboTKaMH JIOKAJIbHBIX T€OJOTUYECKUX HAPYLICHUH, MOMYYUBIINX HA MECTOPOKICHUU
Ha3BaHUE MYJIb]] IOTPYKEHUS (TIPU STOM aBTOPHI [TaM ke| UCIOIB3YIOT TOIBKO TEPMUH
«MYIbJa», CUUTasi HEyJayHbIM JOIMOJHUTEIILHOE YTOYHEHHE «IIOTPY>KEHUS»). ABTOPBI
YKa3bIBaIOT Ha OJJHO3HAYHYIO CBS3b BHIOPOCOB COJIM M ra3a C STUMHU MYyJIbJaMH U OTMeda-
1ot [[Ilep6a u ap., 2004, c. 15], 9To Bo Bcex ciyuasx razoguHamudeckue sisinerus (I'15)
3TOTO BUJA MPOTEKAIOT C XapaKTEPHBIM 3BYKOBBIM 3(h(PeKToM (THIa CHIIBHOTO XJIOIKa)
Y COIMPOBOXKJAIOTCS BO3AYLIHOW yaapHOU BOITHOU. «DU3NKO-re0IOrMueCKuil MEXaHU3M
oOpaszoBanust ouaroB /[l sToro Buaa B Hacrosiiee BpeMs He pa3paboTaH, U B JUTepa-
TYPHBIX HICTOUHUKAX OTCYTCTBYIOT JJa)Ke THIOTE3bl BO3MOKHOTO MEXaHH3May [TaM ke].

Kak MoxHO mojnarate u3 npuBeneHHbIX aBTopamu [Illep6a u mp., 2004, c. 14-17 u
Ip.] OMHMCaHMI 3TUX MYJbA U XapaKTEPUCTUKH UX CTPYKTYPHO-TEKTOHUYECKON JTOKAJIU-
3aMu (X IPUYPOUYEHHOCTH K 30HaM TEKTOHHUYECKHX TPEIIMH, B TOM YHCIE K Y3JIaM UX
nepeceyeHms ), OTMEUEHHbIE MYJIb/IbI, — IPEXkKIE BCEro, UX KPyTOMaiaronias, CeKyias Ha-
IJIACTOBaHKME BMEUIAIOIINX MMOPOJ, IEHTPaIbHas YacTh («SIAPO»), CI0KEHHAS TEPEMSIThI-
MU, pa3ApoOICHHBIMH U TEpEMEIIaHHBIMH TOPOAMH, TPEICTABISIOMIUMU COOO0N TUITHY-
HYI0 OpPEeKUYHIO, COCTOANIYIO U3 OOJIOMKOB COJISTHBIX MOPOJI M TaJIONeIMTOBOr0 MaTpHUKca
(3amoHSIONIEr0 MaTepuana), — SIBJISIOTCS M0 UX FeHe3Ucy (MeXaHW3My BO3HUKHOBEHUS)
U (QyHKIIMOHAIBHOM PO CBOCOOPA3HBIMU AUATPEMOIIOJOOHBIMU CTPYKTYpPaMH, SKCILIO-
3UBHBIMU T'a30BBIMU TPYOKaMH, a TIO CTPYKTYPHBIM OCOOEHHOCTSIM CIaralomiux UX Mo-
poI — OpEKYMEBBIMH TPyOKaMHu.

B dyHKIMOHATBHOM OTHOIIEHUU 3TU TPYOKHU MPENCTaBISAIOT co00il (ronaonpoBo-
JSIIKMe, B YaCTHOCTH, ra30MOABOAAIINE (BEIBOAHBIC) KaHAbI, HEMOCPEACTBEHHO CBSI3aH-
HBIE C JTUTOJIOTMYECKH SKPAaHUPOBAHHBIMH JIOKAJIbHBIMU («OYaroBBIMIY) CKOILJICHUSIMU
BBICOKOHAIIOPHBIX MPUPOJHBIX Ta30B, PACIOJIOKEHHBIMH, MI0-BUAUMOMY, B IIOPOBO-TpE-
HIMHHBIX KOJIJIEKTOpaxX U 0coOEHHO B KaBepHaX BbllIeNauynBaHus. Bo3MoxkHO, 4TO MOpo-
JIbI TUX TPYOOK Ha MPENLIECTBYIONINX ra30IMHAMUYECKOMY BBIOPOCY dTanax Takke siB-
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JSFOTCSI Ta30HACHIIIEHHBIMM KOJUIEKTOPaMH, 3KPAaHUPOBAHHBIMU Ta30HENPOHUIIAEMBIMU
COJISTHBIMU Y TIIMHUCTBIMU MTOPOJIaMHU.

Uro ke KacaeTcsl MPOUCXOKACHUS, UCTOYHUKOB BBICOKOHATIOPHBIX T'a30B B KalWii-
HBIX COJIIHBIX TOJINAX U BPEMEHU HAKOIUICHMS ra30B B 3THUX TOJIIAX, TO 3TH BOIPOCHI
BO MHOT'OM I1OKa OCTAIOTCSl OTKPBITBIMU. C 3TUM CBSI3aHO U PEIIEHUE MHOTHX BOIIPOCOB
TeHe3uca IUaTpeMOnoJO0HBIX Ta30BbIX TPYOOK B KAIMHHBIX COJSHBIX TOJIIAX.

[TpuHIMIIUATBEHO aHAJOTHYHAS MO CBOEH (DYHKIIMOHAJIBHOW POIH TUATPEMOTNOA00-
Hast MOPPOCTPYKTypa (HO 3HAUUTENBHO — OoJiee ueM Ha MOPsA0K — OONBIIETo pazMepa B
MOTIEPEUYHOM CEUEHUH ), KaK OBLIIO OTMEUEHO BHIIIIE, CYIIECTBYET U B TLIILHOM YaCTH JOXKA
nenanka Komka.

3AKAKOYEHNE

Cy1iiecTBOBaHUE OMNpPENEICHHBIX aHAJIOTUHA MEXIY MapOKCU3MAJIbHBIM B3pBIBOIIO-
N0OHBIM BeIOpOcoM JenHuKa Konka, nMeromuM, HECOMHEHHO, SHIOT€HHYIO TTOCTBYJIKA-
HUYECKYIO Ta30JUHAMUYECKYIO ITPUPOAY, U MporieccaMu (POpMUPOBAHUS CYyOBYIKaHHYE-
CKMX TPYOOK B3pbIBa, IIOMHMO Ba)XKHOCTH Yy4€Ta 3TOTrO MPH WACHTU(PHUKAIMU TeoInHa-
MHYECKOTO THUMa KaracTpopuueckol myiabcannu jeqHuka Koika, Ba)KHO elle U B TOM
OTHOILIEHUH, YTO OHO IIPOJIMBAET JOMOJIHUTEIbHBINA CBET HA HEKOTOPBIE JI€TaIN IpoLec-
COB MOJATOTOBKH U MPOSIBIIEHUS ATON MYJIbCALIMU C YYETOM HMEIOLUXCS CBEACHUN O 3Ha-
YUTENHHO OoJiee TITyOOKO U3yUeHHBIX Tporieccax popMupoBaHus TPYOOK B3pHIBA.

Hanpumep, B CBSI3M C MMEIOLUIMMUCS MHOTOYUCIIEHHBIMHM CBEACHUSAMH O HUCXOHS-
IeM [IepEMEIEHNN 00JOMOYHOr0 MaTepuana B KaHaje TPyOOK B3pbIBa «OOJIBIINHCTBO
Te0JIOrOB CUUTAET, YTO HUCXOASIIEE JBUKEHNE 00JIOMKOB — PE3yibTaT NaJeHus UX B OT-
KPBITBIH KaHaAJ TOCTIe Ta30BOr0 B3PbIBA, COPMUPOBABIIETO MOIOCTEY» [KOCTpOBUIIKHIA,
1976, c. 30].

Kak 0b1710 0OTMEUeHO BEIIIIe, TUaTpeMonogooHas MopdocTpykTypa (KpymHasi BEIEM-
Ka, IpeCTaBIIAoIas cOO0 B €€ BEpXHEH YacTH yCThe ra30BhIBOASILEIO KaHala) Cylie-
CTBYET M B THUILHOW YaCTH JIOKa JieMHUKa Koiika B y3iie mepecedeHus: CyOnmpoOTHOTO
Cripxy-bap3onackoro u cyomepuanonanbHoro BoctouHo-/[kuMapaiickoro pas3ioMoB.
MHorue uccnenoBareiny CYUTAIOT €€ IMOM BbIOMBaHUS 00BaJIbHBIM yaapoM ¢ I. J[xuma-
paiixox (Wi psIoM 0OBaJIbHBIX YAapOB).

B cBa3u ¢ Takoi mo3uIneil HEOOXOOMMO 3aMETUTh, B YaCTHOCTH, YTO OOBajILl U 00-
BaJIbHBIE yAaphl B JAHHOM MECTE MPOI0JIKAIUCH U MTOCIIE BBIOpOCa JieHUKa. ITO, OlHA-
KO, TIPUBEJIO HE K YIITYOJICHUIO BEIEMKH, @ K €€ 3all0JTHEHUIO 00JIOMOYHBIM MaTepHAIIOM.

NurtencuBHbie 00BaIHI € T. [[PKuMapaiixox v ee OTpOroB MPOUCXOAWIH, KaK U3BECTHO,
¥ Ha TpeAKaTacTpoPpUUECKOM 3Tare, HO OHU HE MOIJIM MPOOUTH (M He TpoOMBaIN) JIe-
HUK ¥ YDTyOuThCS B ero nutocdepHslii cyoctpar [beprep, Horuaes, 2013], oO6pa3oBas B
HEM BbIeMKY IiTyOnHO# okoso 60w [Iletpakos u ap., 2004, 2006], eciiu He Goee.

C y4eToM U3II0KEHHOT0, IPOUCXOKIEHUE TaHHOM BBIEMKH CBS3aHO C KOHLIEHTPHUPO-
BaHHBIM MHTEHCUBHBIM ITPOPBIBOM OI'POMHOI0 KOJIMYECTBA BHICOKOHAIIOPHBIX MOCTBYJI-
KaHUYECKUX ra30B, X MOILHBIM BO3JEHCTBUEM Ha FOpPHbIE MOPOJBI B 30HE IPOPHIBA U
HOCJIEAYIOLIUM B3pPbIBOIIOIOOHBIM ra30lMHAMUYECKUM BHIOPOCOM JIETHUKA, a TAK)KE He-
KOTOpPOTO KOJIMYECTBA MaTrepHalla ero TopHOMOPOAHOIO CyOCTpaTa U3 BEpXHEW 4acTH ra-
30BBIBOJIHOTO KaHaJIa, HA MECTE KOTOPOil BO3HUKIIA IUATPEMOITIOJO0HAsT BRIEMKA. 3aroJ-
HEHHE K€ 3TOM BBIEMKH ITPOU30IILIO, B OCHOBHOM, B pe3yJbTare 0OpYyILIEHHUS €€ CTEHOK,
00paTHOTo MaJeHNs B Hee YaCTH BHIOPOIIEHHOTO MaTepralia U TOCTYIUICHUsI MaTepuaa
nocJeAyomux 00BaoB, a 0TYACTH, BOZMOYKHO, 33 CUET IPUBHOCA MaTepuaia IPOAyKTOB
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pa3pylIeHHs HIDKEISKAIUX TOPOA BOCXOISIIUM Ta30BbIM MTOTOKOM, MPOAOKABIIUMCS
KaKoe-TO BpeMs Iociie BeIOpoca JieqHIKa (10 UcYepIriaHusl OCHOBHOTO KOJIMYECTBA MPO-
PBaBIINXCS B 3Ty 30HY BHICOKOHAIIOPHBIX TITYOMHHBIX T'a30B).

OTxkpsiBiIEECS TIOCTE BhIOpOca neqnuka Komka moxe ocTanoch, K CoXalleHUIo, He-
JIOCTAaTOYHO M3YyYEHHBIM, U JIETAJIU €T0 CTPOEHUs cl1abo OCBelIeHbI B iuTeparype. Hemo-
CTaTOYHO WH(OPMATUBHBI U MPUBEACHHBIC B PA3IMYHBIX UICTOUHUKAX HA3€MHBIC U adPO-
(hoTocHUMKH HTOTO Jioka. TeM He MeHee, HEKOTOPbIE CBEICHUS UMEIOTCS.

B uwactHOCTH, XapakTepusys OOHa)KMBIIYIOCS Iocie BblOpoca jenHuka Konka B
THUIBHOW YacCTH JIOXKA JICIHHMKA BEPXHIOK, YCTHEBYIO 4YacTb KPYIHOM OTpPULATEIIbHOU
MOP(OCTPYKTYpHI, onipeieieHHol aBTopoM [beprep, 2007] B kauecTBe 1UaTPEMOTION00-
Hoii, 1. M. Bacekos [2011, c. 79] ormeuaeT: «B BepxHel 4aCTH BHIEMKH B JTHUIIE YETKO
MIPOCMAaTPHUBACTCS] ACHMMETPUYHOE YIIIyOIeHHE MPOTHKEHHOCTHIO 0KoJio 350 M, 1Mo a3u-
MyTy 75°; ipaBblid (FOXKHBIN) CKJIOH — YCTYII (Ml ¢Opoc) BbICOTOM 10 15-20 M, JIeBbIH —
nosioruii. boree Menkue CyOKOHIIEHTpUYECKHE COPOCHI Kak Obl OKPYXKaIOT BEPXHIOIO
94acTh yrITyOIeHUs».

BnionHe BO3MOKHO, 4YTO OCHOBHOM Ia30BbIM MOTOK B ThUIBHOW 4acTH JieqHuKa Konka
IPU BBIXOJIE U3 YCThsl ra30MOABOSAIIErO KaHata OblI paclpesesieH HE paBHOMEPHO 10
TOPHU30HTAIU, 3 OPUEHTUPOBAH MPEUMYIIIECTBEHHO B CTOPOHY JIEBOTO (CEBEPHOT0) CKJIIO-
Ha yCThSl ATOr0 KaHajla. JTO B KAaKOM-TO MEpEe MOIIIO COJEHCTBOBAThH BBIITOJIAKUBAHUIO
JIEBOTO CKJIOHA KaHaJla B €T0 BEPXHEH, IPUYCThEBOM YaCTH.

[TpumepHo (B 00IIMX YepTax) TAKUMHU, KaK U3BECTHO, OOBIYHO SBISIFOTCS BEpXHHE,
MIPUIIOBEPXHOCTHBIE YAaCTU JUATPEM, HE MOJABEPTLIMXCS 3HAYUTEIBHOMY SPO3HOHHOMY
BO3JIEHCTBHIO (2 AraTpeMonono0Has MOPPOCTPYKTYpa B THUIBHOM YacTH JIOXKa JICTHUKA
Konka BooO111€ MpakTUUeCKH HE SPOAUPOBAHA).

B wactHocTh, kak numryT JI. A. HoBukoB u P. M. Cnio6oackoii [1978, c. 4], «B mpurio-
BEPXHOCTHOW YaCTH CJ1a00 IPOIMPOBAHHBIC TUATPEMBI OOBIYHO UMEIOT pacTpyboobpas-
HOE€ pacIIUpeHHe, HUKE KOTOPOTr0 HAKIOH CTEHOK YBEIIUYUBACTCSI.

Bosnukias B pe3ynbrare mposiBICHUS Ta30BOM MOCTBYIKAHUYECKOM e TEIHLHOCTH,
9Ta IUATPEMONO00HAs MOIOCTh, ECTECTBEHHO, HE UMEET HUKAKOT0 MarMaTu4eCcKoro 3a-
NOJHEHHs (KaK 1 MHOTHE TUITMYHBIE TUATPEMBI ), OTHAKO YHIOT€HHOE Tra30JMHAMHYECKOe
(a HE 00BaIBLHO-yIAPHOE, «IK30TEKTOHUUYECKOE» U T.T.) €€ MPOUCXOKICHUE HE MOXKET
BBI3bIBATh HUKAKHX COMHEHUH.

OnHOBpPEMEHHO 3TO MPOJIUBAET JOMOJHUTENbHBIN CBET Ha KaTacTpoduueckue coObl-
tus Ha nenHuke Konka u B ['enangonckom ymense 20 ceHtsaOpst 2002 ., Kak 1 MHOTHE
npyrue (GpaxTel, OJHO3HAYHO YKa3bIBasi HA UX SHIOTEHHYIO MOCTBYJIKAHUYECKYIO Ta30/11-
HAMHUYECKYIO MPUPOAY U JaBasi BaXXHYIO0 HH(OPMaILIKIO, KacaloIlyocs 0COOEHHOCTEH UX
MPOTEKaHUS B SMUIIEHTPE KaTacTpodbI.
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Abstract: There are certain analogies in the manifestation mechanism of subvolcanic, volcanic and
postvolcanic gas-dynamic processes of explosive or explosion-like type. According to the features of their
manifestation quite reliably recorded by many researchers, the latter of them includes the explosive gas-dynamic
outburst of the Kolka glacier. The most essential element of the similarity between these processes consists in
their gas-dynamic character, the participation of natural gases of a high and at some stages an extremely high
pressure as their main working body in their manifestation. This moment is of the greatest interest in the study
of the catastrophic pulsation of the Kolka glacier, the definition of its nature, the identification of its geodynamic
type. The existence of analogies between the paroxysmal explosion-like ouburst of the Kolka glacier and the
processes of formation and functioning of subvolcanic volcanic pipes sheds additional light on some details of
the preparation processes and manifestation of this pulsation. The diatreme-like morphostructure (a large cavity
representing the mouth of the gas-producing channel in its upper part) exists in the back of the Kolka glacier
bed at the intersection point of the sublatitudinal Syrkhu-Barzond and submeridional East-Dzhimarai faults. The
origin of this cavity is associated with a concentrated intense breakthrough of a huge amount of high-pressure
deep postvolcanic gases, their powerful effect on rocks in the breakthrough zone and the subsequent explosive
gasdynamic outburst of the glacier, as well as a certain amount of material of its rock-bearing substrate from the
upper part of the gas output channel, in the place of which diatreme-like cavity. The filling of this cavity occurred
mainly as a result of the collapse of its walls, the inverse fall of a part of the outburst material and the receipt
of subsequent collapses material, and partly, possibly, due to the introduction of material from the products of
destruction of the underlying rocks with an ascending gas flow that lasted for some time after the ouburst of the
glacier (until the main amount of high-pressure deep-water gases has broken through into this zone).
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AxHOTaums: [arpa-[xaBckas 30Ha NpeACcTaBNAeT Co60il KpariHe HXKHYH0 TEKTOHUYECKY0 eanHuLy bonbLuo-
ro Kaekasa, KoTopasi pacnofioxeHa BAOMb rPaHuLbl ¢ 4epHOMOPCKO-3aKaBKa3CKUM MUKPOKOHTUHEHTOM (MU-
KponnuTon). B reonornyeckom CTpOEHWM paccmarpusaemoil Tepputopum arpa-[hxaBckoi 30HbI MPUHUMAIOT
Y4aCcTIe NeCYaHO-TNUHUCTbIE OTIOXKEHUS HYXKHE, CPeAHEN N BEPXHEN t0pbl, ByNKaHOreHHble NOPOAbl CPeaHeN
t0pbl, @ TAKXXe KapOoHaTHble 06Pa3oBaHMA Mefia U naneoreHa, 06Lias MOLLHOCTb KOTOPOW COCTaBnsfeT 6 kM. B
npoLecce NPoBeAeHNs AeTaNbHbIX PErnoHaNbHbIX UCCMEA0BAHUNA, B M3Y4EHHOM PeruoHe BAOMb NepeceyeHus
yuienuin pek LixeHucukanu n PuoHn, coctaBneHbl reonoro-CTpyKTypHbIe pa3pesbl ANNHON COOTBETCTBEHHO 20 1
30 KMm. XapakTepHOI 0CO6EHHOCTbIO CKI1aA4aToCTI Pa3BUTON B Npeaenax LiXeHMCLKanbCKOro nepeceyeHmns apns-
eTcA toro-3anagHoe (a3. 230-260°) npoctupaxue cTpykTyp. B PUOHCKOM npodpusie B OCHOBHOM pPacnpOoCTpaHeHb!
CKJTafiku C ceBepo-3anafgHoi (a3. 285-315°) 0pMeHTUPOBKOM MX OCeil.

Cknajmyatas CTPYKTypa Me3030iCKIX 0TNOXEHUIA LIXeHNCLKaNbCKOro NepeceveHns 0TAM4YaeTcss MHOromno-
PAOKOBOIA N HEO[MHAKOBOIA ANCNIOLMPOBAHHOCTbIO CaratoLLmMx pa3pes Tonll. B npeaenax reonoro-CTpyKTypHo-
ro npocuns BbIAENSHOTCS OrPaHUYEHHbIE KPYTbIMW Pa3nomMaMu y4acTKN CKNag4aTtocTh, KOTOpble N0O-pa3HOMy
necopmMmMpoBaHbl U MHOT/A He YBA3bIBAKOTCS MeXy C060/ B 0HY CTPYKTYpPY. MpUynNHOIA TaKoro Konnaxa Heof-
HOPOJHbIX ANCHOKALWIA ABNSIETCS BEPTUKANbHAsA ANCrapMOHUS CKNag4aToCTit M MHOTOKPATHOE HaNnoXeHue apyr
Ha [ipyra pa3HOHanpaBfeHHOro TaHreHLMANbHOr0 Cxxatus. CKnag4aTocTb CpeHe-BEPXHEIOPCKIX 11 MENOBbIX OT-
NOXeHNi i PUOHCKOro nepeceyeHns cpaBHUTENbHO npocTa. OHa cnaraeT B 06LLEeM Nonoryt qrnekcypoobpasHyto
CTPYKTYpPY NepBOro nopsjka, wupuHon go 30km. Cyas no 3epkany pa3BuTbIx 34eCb MENKMX CKNaaoK, Monoroe
KPbISI0 3TOV (DNIEKCYPbI OCMOXKHEHO HAKNOHEHHbIMU noA yrnamu 15-30° n3rnéamu, a cMblKatoLLee Kpbino gnek-
Cypbl 3aieraet cybBepTMKanbHo (75-85°).

CknapyatocTb larpa-[>xaBckoi TeKTOHNYECKON 30HbI Oblfla 06pa3oBaHa Ha paHHe-CpeHeabNUNCKON CTa-
Aanu pa3BuTusa bonbworo Kaekasa B npoLecce NposiBfieHnst 6aTCKo (abIreNCKoM) U AeiCTBYIOLLMX HA rpaHnLe
90LIeH-0NNroLeHa (MMPUHENCKON) (ha3 cknagyatocTn. GOpMUPOBaAHME CTPYKTYP NPOMCXOLUIO0 B YCNOBUAX Ce-
BEPO-BOCTOYHOIO TAHMEHLNANBHOr0 CXXaTUs PErnoHa, KOTopoe 6b110 06YCNOBMNEHO NPUABUraHUEM U NPUXaTU-
em YepHOMOPCKO-3aKaBKa3CKOro MUKPOKOHTUHEHTA K [arpa-[hxaBckoi 30He. [Mo3aHeanbnuiickas HoBewLUas
cTagns (NO34HUIA MUOLEH-aHTPONMOreH) NpoTekana y)e B 06CTaHOBKe Cy6MepPUAMOHAIIbHOr0 FOPU30HTAIIbHOIO
[aBNIeHNs Ha aKTWUBHYI [arpa-[hkaBckyto 30Hy. [poncxoannu 3T OBUKEHW BO BPeMs [eACTBUS HOBEMLLUX
1 YeTBEPTUYHbIX (Pa3 CKNaa4aToCTy B YCIOBMSAX XKECTKOM KOMMN3MN HepHOMOPCKO-3aKaBKa3CKOro MUKPOKOH-
TUHeHTa 1 bonblioro Kaekasa. MHOrokpaTHoe pa3HOHANpaBfieHHOE TaHreHLManbHOe CXaTue Cnoco6CcTBoBa-
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N0 BO3HMKHOBEHWIO B npefenax arpa->kaBckomi 30HbI NpoLecca )OpMUPOBAHUS HEOAHOPOAHOW CKNaayaTon
CTPYKTYPbI Pa3finyHOro BO3PacTa, KOTOPbIA NPOAOIKAETCA U B COBPEMEHHYIO AMOXY.

Kntouesble cnosa: bonbLluoi KaBkas, larpa-[xaBckas 30Ha, LixeHucukanu, PUoOHN, MUKPOKOHTUHEHT, CTpa-
Turpadpus, cKnagyatas CTpykTypa, NpuiaBuraHue, TaHreHLManbHoe cxxatie, aTanbl pa3Butis, donekcypa, auc-
rapmMoHus

Ins uutupoBanus: Mmopro6uanu T.B., 3akapas [.[1. Cknagyaras cTpyktypa larpa-[>kaBcKOn TEKTOHWYe-
CKOW1 30HbI bonbluoro Kaekasa (nepeceyeHns BLAOMb YLLENiA pek LixeHnucukanu n Puonn) n ycnosus ee 06paso-
BaHus. feosnorns v [eogusnka Hora Poccun. 2019; 9 (2): 22-39. DOI: 10.23671/VNC.2019.2.31974.

BeeapeHne

I'arpa-/IxaBckas (I'-Jl) 30Ha mpencraBisieT co0OM KpaHIO FOKHYIO TEKTOHUYE-
ckyto enunulyy bonbmoro Kaskasza (BK), pacnonoxxennyto Brosb rpanuisl YepHomop-
CKO-3aKaBKa3CcKoro MUKpokoHTuHeHTa (U3M), koTopasi Ha 3amazie IpoaoJIKAETCS B aK-
Batoputo YepHoro mops. U3M o0Opa3oBajcs B KOHLE 1AJ€03051 WIK B Ha4Yajle ME3030s
U Ha MPOTSHKEHUM BCEro ME€303051 U B MaJIeOreHe pa3zesisiil pa3sHOBO3PACTHBIE M€OCHH-
KkinHaIbHBIe cucTeMbl BK u 3akaBkases [Adamia et al., 2011, 2017; Yakovlev, 2012;
Yakovlev, Gorbatov, 2018; Kangarli et al., 2018; Tari et al., 2018; Tibaldi et al., 2017,
2018; Mammadli, Rogozhin, 2019]. Muorxa B nuteparype B3ameH U3M ynotpeOisior
TEPMUH «MHUKPOIUIMTA», YIIOA0OSIsI ¢ MUKPOKOHTUHEHTOM [ XaunH, 1984].

[IporszxkenHocTh I'-/1 30HBI OT pexr M3bIMTa Ha 3anaze 10 1. J[>kaBa Ha BOCTOKE CO-
craisieT 340 kM. K 3amany ot p. M3eimra I'-/] 30Ha norpyxaercst moq 0osiee MOJIOzbIe
OTJIOXKEHUS U B BUAEC UBEKUIICMHCKOW TEKTOHMYECKON 30HBI pa3BuTa B rpeaenax Cese-
po-3amagnoro Kaskasza [Giorgobiani, 1995]. MakcumanbpHasi IIMpPUHA 30HBI TOCTUTAET
40 kM, KOTOpast Ha 3aMaJJHOM ¥ BOCTOYHOM HaIPaBJICHUSIX MTOCTENEHHO CYKaeTCsI 710 S KM.

[Ipuneraromas c tora k Llentpansnomy Kapkazy I'-J] 30Ha nmocie oOpa3zoBaHus Ha
paHHE-CPEeIHEANBbIIUICKON CTaAUU CKJIAI4aTOl CTPYKTYphbl CEBEPO-3aIlaIHOrO MPOCTHU-
paHus, B Hauaje MO3HeaIbIMICKOro 3Tana (Mo3AHUH MHOLEH-aHTPOIIOI€H) Pa3BUTHUS
permoHa, okasajach B npenenax (popMmupoBaHus TpaHCKaBKa3CKOTO MOMEPEYHOTrO MOJ-
Hatus [MunanoBckuit, 1968]. B 310 Bpemsi oHa UCTIBITHIBAIA CyOMEpPUANOHAILHOE TaH-
TeHIMOHAJIIBHOE CXaTue, BeieAcTBre 4ero ['-J1 30Ha Ha NpOTSKEHUM BCEH aJIbIIMICKON
SMOXM MOABEprajgach MHOIOKPaTHOMY pa3HOHAINPABICHHOMY FOPU30HTAJIBLHOMY JaBile-
HUIO0, 00yCIIOBUBIIEMY €€ CIOKHYIO TEKTOHHUECKYIO CTPYKTYPY.

PaccmarpuBaemasi B cTaTbe TEPPUTOPHS MPEACTABIIIET BOCTOUHYIO YacThb [ -1 30HBI,
ot pexu Texypu no n. Jlxapa, nporskeHHocTblo 130kMm (puc. 1). lllupuna ee Ha 3a-
naze coctanisgeT 30 KM, a Ha BOCTOKE OHA ITOCTENEHHO cykaercs 10 5SkMm. K ceBepy ot
I'-/1 30Hb1 pacnionoxxeHna Uxanra-Jlainunckas Tekronnueckas 30Ha FOxxHoro ckiiona bK,
KoTOpasi orpaHuueHa c rora Canercko-PaunHckum paznomom. Ha BocToke, mocie BbI-
kinHuBaHUA Uxanrta-Jlalnuuckoi 30HbI, ['-]] 30Ha HEMOCPEACTBEHHO KOCO MPUMBIKAET
K Mectusa-TruaHeTCkoll TEKTOHMYECKOW 30HE, pa3rpaHuuyuBasch oT Hee KBaxa-Hanmap-
0a3eBCKUM peruoHalbHBIM pa3zioMoM. Ha rore sta 3oHa no ["arpa-Jl>kaBckomy KOHCeU-
MEHTAllMOHHOMY pa3yioMy KoHTaktupyeT ¢ U3M [Baxanus, 1983; I'moproduanu, 1997;
Gamkrelidze et al., 1998]. B 3amanHoii yactu paccmarpuBaemoii Teppuropuu -1 30Ha ¢
fora orpannueHa TBapuenbCcKoil pernoHambHOHN (IIeKCypoi, IpeACTaBISIONIEH IIeHTpaTb-
HbIl yyacTok ['-J] pa3znomuoii 3oubl. K BocToky rpanuna I'-J{ 30ub1 ¢ U3M yxe mpoxoaut
BJIOJIb FO’KHOTO Kpasi CEBEPHOT0 KPyTOro Kpwuia Paya-JIeuxyMCKol CUHKJIMHAIM, IPOTS-
KEHHOCTBIO 55 kM. Jlanee Ha BOCTOK 10 1. [[xaBa Paua-Jleuxymckast CAHKJIMHAIb OCTE-
MIEHHO CY)KaeTCsI U MePEXOuT B y3KyIo (2-5 kM) Paua-OceTnHCKyI0 rpabeH-CHHKINHAI.



24 Geology and Geophysics of the South of Russia 9(2)2019 ['eonorvs n reogmanka KOra Poccim

~ R iy
~ - i
P I J
C-1
L) AN
3K i - s
Jya -~ =
= N
Ja ~ g S i
\ It —C — .. ——
= S~ —_——- b
{_ - e i = —— -~ J, Ut
\-,; === - la ~~ ~
JobE ha - i —
S Bl J3b S Y h;\\
g - N .
L L) = A5 BO o ks . N Ky
-~ ..KL _3_1—7 A [larepy/Tsageri - }:'I\ AR 9 B
2b 2 BNy ) nS - :
[~ 5 4 ~ . S BT
§ 4 gl s T DmiOm, By}
Ky RN : ; a ~ 2
Iy & E3) S~ : —K,
: i) = ~ PromyRioni'] i 203
B 278 — 0 : N E,
- & K, oSS ) & @
£ - 3 43 %, ~
Ky t4 % EyN, J % el
2 & ) 3 t’S:("""- s Ia S
s o TpTATbITASTK = X '+ g Vo K
ANGRonaypiTAbiol 15 — > g i
X2 o » s P
K, X % .1_1 Qh N ."'-.
Ky NN Lb 2 S S
) i ey S~ 2
Ky ] B b T i
3 Py ]%t)\\\\_l;: T //K;|' =
- b 0 10 kM e L o= Ny
Lb~ - z
[ SIENIISZT il
17 T NOSS 4o

Puc. 1. I'eonocuueckas kapma 102o-6ocmounoti wacmu I azpa-/{ocasckoii mekmoHu4ecKkoi 301bl
(I'eonocuueckas kapma Kasxaza, macuma6 1:500000, noo pedaxyueti /{. B. Hanusxuna, 1976)
E~N;— Onucoyen-Muoyen. E-E,— Ilaneocen-Doyen. K,— Bepxnuii men. K,;b-br, K,a-al — Huocnuii men.
J;0,-tt — Bepxusis opa. Bepxneoxcgopockuil, kummepuosicckuit u mumonckutl spycol. Jok-0;— Cpeonsis
topa. Kennosetickuti u Husicneoxcgopockuii sipyc. J,bt— Cpeounsisi opa. bamckuii sipyc. J,b hd — Cpeounsis
1opa. Batiocckuii apyc. Xooacanvckas ceuma. Jya s,— Cpeonsis wopa. Aanenckuil apyc. Bepxnecopckas
ceuma. J it s;— Huoicnsas opa. Toapcxuii apyc. Huoxcnecopcxasn ceuma. Kpacnvle nunuu — Paznomsl. A-b
u B-TI" — Jlunuu 2eonozo-cmpykmypnuvix npoguneil. IlynkmupHble 1uHuil — 0CU 2NA8HbIX CKAAOYAMbIX
cmpykmyp /

Fig. 1. Geological map of the southeastern part of the Gagra-Dzhava tectonic zone (Geological map
of the Caucasus, scale 1: 500000, edited by D. V. Nalivkin, 1976) E3~N,;— Oligocene-Miocene. E-E, —
Paleogene-Eocene. K, — Upper Cretaceous. K;b-br, K,a-al — Lower Cretaceous. J;o0-tt — Upper Jurassic.
Upper Oxford, Kimmeridzhsky and Titonian sequences. Jyk-0; — Middle Jurassic. Callovian and Lower
Oxford sequences. J,bt— Middle Jurassic. Bath sequences. J,b hd— Middle Jurassic. Bayos sequence.
Khojaly suite. J,a s, — Middle Jurassic. Aalen sequence. The Upper Sorsk suite. J;t s; — Lower Jurassic.
Toar sequence. Lower Sorsk suite. Red lines — faults. A-B and C-D-Lines of geological-structural profiles.
Dotted lines — axes of main folded structures

DTa CTPYKTypa MPOTSHKEHHOCTHIO Oosiee SO KM SIBISIETCS TOJIBKO CEBEPHBIM KPYTHIM KPbl-
oM Paua-JleuxymMCcKkoil CHHKIIMHAJIM U BCELIEJIO KOHTpoaupyercs ['arpa-/[>xaBckum niry-
OMHHBIM Pa3JIOMOM.

I'-J1 30Ha 110 cBOEMY T€0JIOrHYECKOMY CTPOCHHIO U 0COOEHHOCTSIM Pa3BUTHIX CTPYK-
Typ siBIsieTcs nepexonHoi ot 30H IOxHoro ckinona BK k U3M. Ilostomy oHa 1o TekTo-
HUYECKON MCTOPUU PA3BUTHUS U XapaKTePy CTPYKTYP SABISIETCS Hanbosiee cBOeoOpazHoOit
30HOM B ckiaguaroii cucteme FOxuoro ckinona bK.

[To omy6nukoBaHHBIM naHHBIM ['-/] 30Ha CliO)K€HA MOUTHBIMH 10 5 KM HUXKHECPEI-
HEIOPCKUMU TJIMHUCTO-TIECYAHUCTHIMU U BYJIKAHOTEHHBIMH TOJIIIAMHU (2 KM), a TaKXe J10
2KM BEpPXHEIOPCKO-TAaJCOT€HOBBIMU HW3BECTHSKAMH M TECYAHUCTBIMM HM3BECTHSIKAMU.
OHa cuIbHO AUCIIONMPOBaHa B JUHEHHBIE CKIaJAKU KaBKa3cKoro npoctupanus. [locnen-
HUE MMEIOT aCUMMETPUYHOE CTPOEHUE U HAKJIOHEHBI WJIM ONMPOKUHYTHI Ha IOT, C KPYy-
THIM TIAJICHUEM OCEBBIX MOBEPXHOCTEH HA CEBEp, KOTOPhIE MHOT/IA OCIOKHEHBI JOTOJ-
HUTEJIBHBIMU MEJIKUMU CUIIbHOCKATBIMU CKJIaJIKaMH. B ckiaguaToil CTpyKType pa3BUThHI
MO-pa3HOMY OPUEHTHUPOBAHHBIE, B OCHOBHOM KPYThIE, pa3pbIBHbIC HAPYIICHUS Pa3jIvy-
HBIX HarnpaBieHud [[lamkpenunaze, 1964; I'eryuanze, 1976].
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CyuiecTByIOIUX MPEACTABICHUNA O CKJIa4aTol CTPYKType SIBHO HE TOCTATOYHO IS
YCTaHOBJICHHsI OCHOBHBIX ee ocoOeHHocTel. [loaTomy HeoOXoanmMo ObLIO poBecTH 60-
jJee JeTalbHble UCCIIEIOBaHUS JJIS BBISICHEHNSI OCHOBHBIX XapaKTEPHbIX UepT CKJIajya-
TOCTH, C IeJIbI0 YCTAHOBJICHUS YCIOBUI 3BOJIIOLIMU U MEXaHU3MOB €€ (POpMUpPOBaHHUS.

dakTnyeckum MATEPUNAA

Hacrosias paGora sBisieTcs pe3yIbTaToM MHOTOJIETHUX JAETaIbHBIX T€0JI0r0-CTPYyK-
TYPHBIX HCCIIEIOBAaHUM, NMPOBEACHHBIX aBTOpaMu Ha Teppuropun I'-J] TekToHMYeCcKou
30HbI MeranTukinHopus bK. B crarhe geTanbHO pacCMOTPEHO re0JI0THYECKOE CTPOCHUE
U TEKTOHU4YeCKas cTpyKkTypa Pada-JleuxymMckoro pernona, B1osib cedyeHuil pek Lixenucu-
kanu 1 Puonu. B niponecce uzyuenus ckiiaadaroil crpykrypsl 1'-/1 30HBI BIOJIb aBTOMO-
OWJIBHBIX JTOPOT, MIPOXOJAIIMX I10 YIIEIbsIM Ha3BaHHBIX PEK, ObLIM COCTABIIEHBI 1€TaJIb-
HbIE F€0JI0r0-CTPYKTYPHBIE pa3pe3bl, AIUHOW co0TBETCTBEHHO 20 1 30 KM.

MeTtonuka ucciIe0OBaHUN 3aKIII04aach B BECbMa JETaJIbHOM, TOYTU HENIPEPHIBHON
3apHCOBKE CKJIAYaTOCTH BIOJh OOHaxxeHHWH. Macmrab stux paspe3oB (1:1000) Obin
BBIOpaH Tak, YTOOBI OTPA3UTh BCE OCOOCHHOCTH UCCIENyeMOM CTPYKTyphl. M3yuanuce
MOp(OJIOTHS U pa3Mephl CKIA0K, B 3aBUCUMOCTH OT JIMTOJIOTUYECKOTO COCTaBa MOPOJ
1 MOULIHOCTH CJIOEB, a TAKXKE 3aKOHOMEPHOCTHU COOTHOLIEHMSI MEJIKUX CKIIaJ0K ¢ Ooiee
KpPYNHBIMHU CTPYKTypaMHu. V3yueHue ckjiauaTocTu CONPOBOXKIAIOCH CUCTEMATUYECKU-
MU HaOIONEHUSIMH KITUBa)KEH U pa3phIBHBIX HAPYUICHUH pa3HOro MacmTada.

[Toctpoennsie pazpessbl B Macmtade 1:10000 B cBO€H MpUHIMITHAIBHOW OCHOBE J0-
BOJIHO MOJIHO OTPaXat0T OCHOBHBIE OCOOEHHOCTH CKJIA4aTOW CTPYKTYpbl YKa3aHHBIX
nepeceuenuit I'-J] 30ub1. [loaTOMy, 110 HUM OIpeneNsIMCh Xapakrep Mopdororuu, Ha-
MPSDKEHUST CKJIAJ4aTOCTH, HAJIOKEHHbIE CTPYKTYpBI, 3€pKajla CKJIal0K, MOLIHOCTHU OT-
JeNTBHBIX CTPATUTPaQUUECKUX €AUHUI] ME3030HCKIX OTIOKECHUH.

B nponecce u3ydeHus cCkiaayaThiX UM pa3pbIBHBIX CTPYKTYp B IUIaHE M B paspese
OBUIM MCIIOJIB30BaHbl CYIIECTBYIOLIME reojornueckue kaprel macmrada 1:50000 u no-
SICHUTCIbHBIC 3alMCKU K HUM, U3JaHHBIE COOTBETCTBEHHO B 1985 m 1976 romax, a tak-
xe Texrtonuueckass kapra Kapkaza, macmraba 1:1000000, u3nanHas mon peaakuuei
I1. JI. l'amxpenunze B 1974 1. u I'eonornyeckas kapra Kaskaza, macmrrada 1:500000, mox
penaxuueii /. B. Hanuskuna 1976 rona uznanus.

Texronnueckoe crpoenue I'-J] 30HbI U3y4asoCh MHOIMMU MCCIIE0BATEIIMU, KOTO-
pble BHECTH OOJIBIION BKJaJ B YCTAaHOBJIEHUE I€OJOTUYECKOIO CTPOCHUS U TEKTOHUYE-
CKOW CTPYKTypbl peruoHa. [Ipy HanvcaHuu cTaTbu aBTOpaMH ObUIM MCIIOJIb30BAHbI TPY-
nel [amkpenuaze, 1964; l'eryuanze, 1976; Munanosckuii, 1968; MunanoBckuii, XauH,
1963; Xaun, 1984 u ap.].

B reonormyeckom cTpoeHMM paccmarpuBaemMou teppuropuu I'-JI TEKTOHMYECKOU
30HBI MPUHUMAIOT Y4acTHE NECUYAHO-IJIMHUCTBIE OTJIOKEHUS HID)KHEH, CpeHEN U BepX-
HEl 10pBI, ByJIKAaHUYECKUE MTOPOJIbI CPEHEH I0PHI, a TAKKe KapOOHATHBIE ¥ TEPPUTCHHBIE
oOpa3oBaHMsI MeJia U najeoreHa (puc. 1).

Huxnas ropa. Cunemiopckuii sipyc. Moproynbckas cButa. HwkHsst moacBurta
(J,'mr,). Konromeparsl, rpaBelIuThl, pa3HO3EPHUCTBIE MECYAHUKHM M TIMHUCTBIE CJIaH-
1pl. Momaocts — 50-200 M. Bepxusts nozacsura (J,'mr,). [TMHACTBIE CIAHIIBI, IECYaHH-
ku. Momaocts — 400-500 M. HmwxHenmmacOaxckuit noapapyc. Myamickas cButa. Hiok-
usst noxacsuta (J,>ms,). [MHKMCTRIE A, TIecyaHuKu. MomHocTs — 450-500 M. Bepx-
HermHcOaxcKuii moxbsapyc. Myarickas cButa. Bepxuss noacsura (J,°ms,). [nuaucTbie
CJIaHILIbl, aleBpOIUTHl, necyaHuku. MomgHocTh — 400-500 M. Toapckuii sipyc. Copckast
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cuta. Huxkusis nogcsuta (J,%s,). [IIMHUCTBIE CIAHIBI, CIAIOMUCTBIE MECYaHUKU. Mor-
HOCTb — 400-500 M.

Cpennsts ropa. Aanenckuii spyc. Copckas cura. Bepxusts nogcsuta (J,'s,). [nuuu-
CTBI€ CJIAHLBI CO CIIIOAMCTO-KBApLIEBBIMU IIECUAHUKAMU U aJeBpoJuTaMu. MOIHOCTb —
450-500 m. Baitocckuii sipyc. Xomkanbsckas csura. [lepsas noacsuta (J,*hd,). Tydsr, Ty-
(ho-necuaHnKy, CIWINTOBBIE TOKPOBBI, aBrUT-1a0paiopoBbie OpdupHUThl. MOIIHOCTD —
450-500 m. Bropas noacsura (J,?hd,). ABrut-nabpanoposbie Tyho-opekunu u mophupu-
Tb1. Momaocts — 400-500 M. Tpetsst moacsuta (J,°hds). Tydsl, Tydo-Opekunu, 6asaib-
TOBbIE TOKPOBBI, aBIUT-1a0paopoBbie noppuputsl. Momnocts — 350-500 M. YeTBepTas
nozncsuta (J,°hd,). ABruT-nabpanopoBbie Ty(bl, payBakoBbIe MECYaHUKU. MOIIHOCTH —
420-500 M. Kennogeiickuii sipyc (J,k). TpancrpeccuBHo cmenseT Gailocckyro nmopupu-
TOBYIO ceputo. ClI0KEHBI KBapLEBBIMHU II€CUaHUKAMHU, W3BECTHIKOBBIMH II€CUaHUKAMU,
IecYyaHUKaMM, apruInTaMu U KoHomeparamu. MomuHocTs — 100-350 M.

Bepxnss ropa. Oxkcdopackuil, KHMMEpUDKCKUN U TUTOHCKUH sipychl (J;0-tt). Hiok-
He-OKC(OpJCKash TOJIIA MpEeACTaBlIeHA MEeCYaHWKaMU M aprujuiiTaMu. MOIIHOCTh —
70-90 M. BepxHe-okchopAcKkre OTI0KEHHUS COCTOAT U3 PU(OBBIX U3BECTHIKOB, Iecya-
HUKOB U JOJOMUTH3UPOBAHHBIX N3BECTHAKOB. MomHocTh — 30-140 M. KumMepupxekuit
U TUTOHCKHUI APYCHI CIIOKEHbI aprUIIJIMTaMH, KBapI-apKO30BBIMU NE€CYaHUKaMH, pugo-
BBIMH U3BECTHSKaMH U KOHIIoMeparamu. MomHocTh — 250-300 M. OO1ast MOIIHOCTh
BEPXHEIOPCKOU Tonmu cocrasisieT 350-530 m.

HrxH1ii Men HecomacHo 3aJleraeT B NOACTUIAIOLINE OTIOXKEHU. beppuacckuii, Ba-
JaHXUHCKHUH 1 roTepuBckuil sipychl (K b-h). 3BecTHsKH, KBapI-apKO30BbIE MTECUAHUKH,
Melnkue koHromepatsl. Momuocts — 80-150m. Bapemckuit sipyc (K, br). Kpucranmu-
YECKHUE U3BECTHSAKH, JOJIOMUTHU3UPOBAHHbIE U INIMHUCTBIE U3BECTHAKH, Mepresn. Morm-
HocTh — 250-300M. Anrtckuii apyc (K,a). Meprenuctele U3BeCTHAKH, Mepreau. Moi-
HocTh — 20-50 M. AnbOckuit sipyc (K, al). ['munsl, mepresnu. MourHocts — 20-60 M.

Bepxnuuit men. Cenomanckuit spyc (K,s). [TmaykoHUTOBBIE NecHaHUKH, MeEpreiu,
MHbl. MomHocTh — 10-180 M. TypoHckuii 1 koHbskcKui spycol (K,t-k). M3BecTHsKN,
meprenu. MomHocTs — 50-120 M. CanToHCKUH 1 Kamnanckui sipycel (K,st-km). M3BecT-
HskH, Meprenud. MomHocTs — 80-200 M. Maactpuxtckuii sipyc (K,m). M3BecTHsiku, mep-
reqi, rmecyaHuku. MomtHocts — 50-150 M.

Ianeoren. /larckuii spyc (E,d). Kpucrannmueckue u mUHUCTBIC U3BECTHIKHU, Mepre-
. Morsocts — 100-160 M. ITaneonenossiit sipyc. Huxauii naneone (E,'). 3BecTHAKH.
MormHocts — 50-100 M. Bepxuuii nasneoneH-HmwkHuiA s01eHoBbie ToabApychl (E,2-E,').
W3BecTHAKN, MHOTAA IIMHUCTBIE N3BECTHIKU. MomHoCcTh — 25-60 M. CpenHuil 301€HO-
BbIil Toabspyc (E,?). [nHUCTBIE M3BeCTHAKH, Meprein. MorHocts — 20-50 M. Bepx-
He-d01eHoBbIH noabapyc (E,*). Meprenu, muHsl, u3BecTHAKU. Momnocth — 20-120 M.
OmurorieHoBsiit sipyc. Hmwknuii onuronen. Xamymckuii ropu3ont (Es;'hd). Tlecuanuknu,
KOHIIIOMeparhl. MomHocTs — 35-40 M. Cpenunii u Bepxuuii onuroneH (E4>-*). Hekap6o-
HaTHBIE TIIUHBI, TTecdaHuKu. MomHocTh — 40-80 M.

CKAQAYATAS CTPYKTYPO

I{xeHucLHKAJBCKOE NIepeceYeHne

I'eonoro-cTpykTypHbIi paspe3 LIXeHnCIKaIbCKOro epeceuyeHnss HAUUMHAETCs OT Ipa-
BOTO IpuTOKa p. Lxenucukanu no ymensto p. Jlackagypa u IpoAoKaeTcs ¢ ceBepa Ha
10T 110 JosivHbl p. L{xenucukanu, B uepre r. Llarepu, 1o oceBoit yactu Pauya-Jleuxymckoit
cuHKJIMHANM (puc. 2). B Havane npoduis oOHaXeH KOHTAaKT HIKHECBAHETCKOTO BBIXOJA
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AQHTUKJIMHAIIY [1aJIC030MCKON TU3CKoU cepun UxanTa-JIalIMHCKON TEKTOHMYECKOU 30HbI
¢ omtoxkeHussMu I'-J1 30Hbl. ['panuma Mexay 3TUMHU TeOCTPYKTypaMH, MPOXOIas Mo
CBanetu-PaunHckoMy pa3ioMmy Ha IEHHOM ydacTKe MpejcTaBieHa KpyThiM (75°) nmanaro-
IIMM Ha ceBep, B30pocoM. OH pa3rpaHn4MBaeT IIXEHUCLKAIbCKYIO CBUTY KapOOH-TIepM-
CKOT'O BO3pacTa ¢ HUYKHEIOPCKOW BEPXHEN NOJCBUTON MOPIOYJIbCKOW CBUTHI.

B nepByro odepens cieayeT OTMETUTh AHTHKABKA3CKYI0 B OCHOBHOM OPHEHTHPOBKY
CKJIaUaThIX CTPYKTYp B IIpefenax AaHHoro npoduis. JlyroodpasHslit U3rud u cMeHa ce-
Bepo-3amnagHoro (a3. 280-300°) mpocTtupaHus CKIAA0K Ha roro-zamagHoe (a3. 230-260°)
MIPOUCXOUT BIOJIb CyOMEpUANOHAIBHOTO yIembs p. Lixenucukanu (puc. 1).

Moproynbeckasi CBUTa B Ipejiesiax JIMHUM NepecedeHns Ha npoTsbkeHuu 480 M He 00-
Ha)keHa, HO Ha pa3pe3ax CyIIeCTBYIOIMX reosoruueckux kapt (1:50000) mokazaHo, 4To
OHa CMsTa B aCUMMETPHUYHbIE ONPOKHHYTHIE Ha IOT CKIAAKH C KpyThiMH (75°) ceBep-
HBIMH IIaJICHUAMH OCEBBIX MOBEPXHOCTEW. KpblIbs CTPYKTYyp HAKJIIOHEHBI HAa CEBEP IOJ
yrnamu 55-80°. [llupuHa ckianok, KOTOpble UMEOT cyomupoTHblie (260-270°) npoctu-
panus, coctasiser 300-500m. He cMoTpst Ha 3T0, aBTOpPHI cou Oojiee NMpaBUIIBHBIM,
n300pa3uTh Ha Mpo(uie CKIaT4aTOCTh MOPTOYJIbCKOM CBUTHI HOAOOHOM CTPYKType Npu-
Jeraroiiel K Heil HIKHeMyalIcKoi moAcBUThl. Ha rpanuie Mex 1y STUMH CBUTaMH IIpO-
XOIUT KpyTomnazaarouuii (75) Ha ceBep B30pocC.

HOxHee mo mpoduiTio 3a BBHIIEOTMEUEHHBIM PA3JIOMOM pa3BUThI HUXKHSAA, a 3aTeM
BEPXHsIs, MOJICBUTHI MYaIICKOW CBUTHI. DTH OTJIOKEHHUS IUIMHCOAXCKOTO BO3pacTa BIOJb
reoJIoro-CTpYKTYPHOIO paspesa pacrnpocTpaHeHsl Ha 1950m. Myamickas tonma cmsita
B CWJIBHO C)KaTble, aCHMMETpUYHbIe, KpyTo (80—85°) HaKIOHEHHbIE HA 0T pa3HONOPs/I-
KoBble ckJaaku pasmepoM 500-1500m. Kpbuibs M 3aMKH CKJIaI0K OCJIOXKHEHBI Ooiee
MEJIKMMU KOHT'PYSHTHBIMH, @ HHOT/Ia HAJIOKEHHBIMH, CTPYKTypaMu mupuHoit 10-30M, a
uHora cKiaakamMu MeHbie 10 M. B cepenune nanHoro yyactka npoguiis B TONIIE IUIHH-
c6axcKoro Bo3pacTa pa3BUTHI mojioro (25° u 40°) majarolye Ha ceBep Ha/IBUTOBBIE pa3-
JoMbl. B KOHIIe paccMaTprBaeMoOro HHTEpBajia CTPYKTYPbl MyallICKOM CBUTBI CMEHSIOTCS
CKJIaJIKaMH, Pa3BUTBIMH B HUKHECOPCKOW CBUTE TOAPCKOTO BO3PACTa.

Jlanee Ha ror Ha paccTosHUM 1850 M 0OHa)Ke€HBI HUKHUE U BEPXHHE MOJICBUTHI COP-
CKOM CBUTBI. DTH OTJIOKEHHUSI CMATHI B CUJIBHO C)KaThbl€ PA3HONIOPSIIKOBBIE HAKJIOHEHHBIE
Ha 0T CKJIaJIKM, mKpuHa ckiIagok coctasisier 100-150m. Cxknagku acMMMETPUYHBIE C
OCTPBIMU 3aMKaMH U KPYTbIMH (55—75°) KpbUIbSIMU, TNIOCKOCTH KOTOPBIX HAKJIOHEHBI Ha
ceBep moJ yrmiaMmu (65—75°). 3aMKHM U KpbUIbsl CTPYKTYP OCJIOKHEHBI KOHI'PYIHTHBIMH
CKJIagKkaMH OoJiee BBICOKOTo nopsiaka pazmepoMm 10-30M, cpean KOTOPBIX OTMEYaroTCs
Y HaJIOKEHHbIE U MHKOHI'PYSHTHBIE CTPYKTYphl. B KOHIIE 1TaHHOTO y4yacTKa pacroyiokeH
KpyToit (75°) B3OpoC ceBepHOro MajieHusI.

Hanee Ha npoTspkeHnH 220 M TOpOABI MOHOKJIMHAIIBHO 1107 yriioM 80° majaroT Ha 10T,
B koH11e aTOrO MHTEpBaga oTMedaeTcs kpyToii (70°) B30poc ceBepo-3anagHoro najaeHusl.
3a pa3IoMOM PaCIOIOKEHBI CUHKIMHAIIb U CONPSKEHHAs C HUM aHTUKIIMHAIb Pa3MEPOM
30-50 m, nmetote octpble 3aMKU U KpyThie (70—-80°) kpbliabs. Jlanee Ha ror Ha MPOTsKe-
Hun 600 M HaGmonatoTcs KpyThie (70—80°) MOHOKIMHAIBHOIO 3ajeTaHus ClIab0M30THY TE
ciou. B koHIle MHTepBasa 3Ta mayka mopoJi cpe3ana KpyThiM (80°) magaronmm Ha ceBep
B30pocoM. Ha 3Tom yuacTtke mopozs! kpyto (70—80°) majiaroT Ha 10T U B CpelHel yacTH
OCIIoXKHEHBI Tos1oro (15°) majarommM Ha ror GraekcypooOpa3HbIM U3rHOOM CII0€B, HIHPH-
Hoii 50 M. B KoHIle nHTepBasa 3Ta TOMIIA cpe3aHa KpyTeiM (85°), majarouM Ha ceBep,
copocom. 3areM Ha tor Ha pacctosHuUM 330M B BEPXHECOPCKOI CBUTE pa3BUTa TECHO
C)KaTasi HAaKJIOHEHHas Ha FoT aCUMMETpHUYHAas CKJ1aa4atocTb. OceBble TOBEPXHOCTH CKJIa-
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nok nof yritamu 50-60° HaKJIOHEHBI Ha CEBEP. Y UUTHIBAs MONEPEYHOE PACIIOIOKEHHUE K
OCHOBHOM CKJIaJ4aTOCTH 3TU CTPYKTYPBI, OUYEBUAHO, SIBJISIFOTCSI MHKOHTPYSHTHBIMU Ha-
JOXKEHHBIMHU 00pa30BaHUsIMHU. B KoHIIe HHTepBaia mpoxoauT kpyToi (80°) magarouuii Ha
ceBepo-3amaj B30poc, npecTaBIeHHbIN 30HOM pa3omMa mupuHoi 15 M. 3arem 3a pasio-
MOM Ha paccTostHuM 150 M pacronoxeHa 30Ha cONMKEHHBIX Pa3ioMoB 1oj yriamMu 80° u
85° majaromux Ha 10T ¥ Ha ceBep. B MeX30HAIBHOM y4acTKE pa3BUThI MEJIKUE, IIMPUHON
10-50 M, cxarble CKIaJKH, KOTOPbIE UMEIOT OCTPBIEC 3aMKH U HAKJIIOHEHHBIE 1101 YITIAMH
55-85° kpbuibs. Jlanee Ha npotrskeHnn 800 M OpOABI BEPXHECOPCKON CBUTHI 3aJIETAOT
kpyTo (75-85°) 1 mazgarot Ha 1or. B cpeHelt 4acTi U B KOHIIE UHTEpBaJla MOHOKJIMHAb
OCJIO’KHEHA JIONIOJHUTEIBHBIMY MEJIKUMH CKJIaaKkamu mupuHoi 10-20 M, KoTopasi B KOH-
1€ yJacTKa cpe3aHa KpyTonazaromum (85°) Ha tor cOpocoM.

Haiee 3a pa3nomoM Ha npoTskeHuu 2100 M B BEpXHECOPCKON CBUTE Pa3BUT y4aCTOK
CHWJIBHO C)KaTOM CKJIAJ4aTOCTH C OCTPBIMU 3aMKaMU M KPYTHIMHM KpbUIbIMHU. CKIaaku
aCUMMETPUYHBI, UMEIOT KpyThie (75—85°) u nmosnorue (45—-60°) HaKIIOHEHHBIE Ha CEBEP
KpbLIbs. OceBble MOBEPXHOCTH CKIIAZIOK MTAJAI0T HA CeBEp oA yriaMu 75-85°, a mmpuHa
ux konebnerca B mpenenax 500-1500m. 3aMKu M KPBUIbS CKJIAOK YacTO OCIOKHEHBI
KOHT'PYSHTHBIMHM CTPYKTYpaMu 0ojiee BBICOKHUX MOPSJIKOB, a MHOIJA HAJOKEHHBIMU Ha
PaHHIOIO CKJIA4aTOCTh HHKOHTPY?HTHBIMHU CKJIaJKaMH. Pa3zmepbl ux koneOmrorces B mpe-
nenax 10-30m, a Mmecramu HaOmoaaroTces ¥ 6osee Menkue (10 10 M) CTPYKTYpBI.

3areM Ha 1or Ha paccTossHHM 1840 M B BepXHECOPCKOW CBUTE HAOIIOAAETCS CUHKIIU-
HaJIbHAs M CONpPsDKEHHAs ¢ Hell aHTUKIMHANIbHas ckiaaku. [lepsas mpencrasiser co0oit
aCUMMETPUYHYIO CTPYKTYPY € OCTPBIM 3aMKOM M KpyTbIM (85°) u momnorum (55°) mna-
JAIOUIMMK Ha CeBep KpbUIbsiMH, IUpHHON 550 M. PacnionokeHHas nanee aHTUKIMHAIbL
npezacTaBisieT coboil 6onee mMpokyto, pazmMepom 1100 M ckiIaaKy, F0XKHOE KPBUIO KOTO-
poii majgaeT Ha ceBepo-3anaj non yniamu 80-85°. IlocienHee OCIoXKHEHO KOCO IEpe-
cekatomuMu ero nojoruMu (30-50°) HaKIIOHEHHBIMH Ha CEBEP y4acTKaMM Pa3BUTHS
OCTPOYTOJIbHBIX CKJIaJ0K cyOMmepuanoHaiabHoro (210-360°) mpoctupaHus, pazMepoM
20-50M. OTH CTPYKTYpHI ABJISAIOTCS HAJOKECHHBIMU HA MEPBUYHYIO CKIIAA4aTOCTh MO3/-
HUMU MHKOHIPY?HTHBIMU CKJIaJKaMU. B 0CeBOIl 4YacTH aHTUKJIMHAIN [IPOXOJUT KPYTOH
(85°) B3Opoc, magaromuii Ha ceBep, a B KOHIIE y4acTKa oTMevaeTcs Takxke KpyToit (80°)
HaKJIOHEHHBIH Ha ceBepo-3amnaji copoc.

Crenyromnmii 3a pa31IoMOM OTHOCHTEIBHO KOPOTKHil (850 M) MHTEpBaJ pa3pe3a uMeeT
pa3IMYHOE CTPOCHME. 31ECh BEPXHECOPCKAsi CBUTA JUCIIOLMPOBaHa Mo-pasHoMy. BHaua-
ae Ha paccrosHuu 470 M, TojIa 3ajeraeT o1Ho00pa3Ho ¢ KpyThiM (80—85°) HOpMaIbHO
3aJIeralolMM U NaJaoIMM Ha ceBep KpbUIOM. 3aTeM, Yyepe3 aHTHKJIMHAJIbHBINA neperuo,
MOHOKJIMHAJIb CMEHSIETCSl ACHMMETPUYHBIMU HAKJIOHEHHBIMM Ha FOT CKJIaJKaMU, C yIia-
mu nageHus 60-85° u mupunoit 100-150 M. B xoHIIe HHTEpBaia OTMEUEHHAs CKilaayaTas
CTPYKTypa cpe3aHa KpyTbiM (80°) magaromuM Ha ceBepo-3amaj cOpocoM.

Hanee Ha o1, BIOJb npoduis, Ha pacctosHuM 1700M pa3Buta nosoras (40—45°)
MOHOKJIMHAJIb, HAKJIOHEHHAs HA CEBEpO-3alaj TOJIAa BEPXHECOPCKOW CBUTHL. OHa B
CPEIHEHN YacTHU OCJIOXKHEHA PAa3HOINOPSAIKOBBIMU CHJIBHO CHKAaThIMH CKIIaJIKaAMHU, pa3Mme-
pom 50-100 M. B 3aMkax mocieqHux pa3BUTHI Oosee MelIKKe TOTOIHUTENbHbIE CKIIaIKH,
mmpuHoi 10 10M. B koHIle maHHOrO y4yactka mpoxoauT kpytoit (70°) mamarommii Ha
ceBepo-3amnaj B30poc.

Hanee 3a pa3noMoM, Ha mpoTskeHUu 510M, B BEpXHECOPCKOM CBUTE HAOIONACTCS
nosoroe (10 20°) ceBepo-3amnaaHoe 3aneranue cinoeB. OHU 3aTeM MEPEXOAT B KPYTYIO
(75-80°) mamarolryro Ha ceBepo-3ama]l MOHOKIMHAIBHYIO CTPYKTYpPY, 00pa3ys pe3Kuii
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(nexcypHbIil ieperud, KOTOPBI pa3rpaHUyeH OT MOJOTOro Kpblia KpyThiM (80°) HakIIO-
HEHHBIM Ha ceBep B30pocoM. OTcroAa 10 KOHIA reoIro-CTpyKTypHOTo paszpesa npoduib
TepeceKacT, Majiarwiilee Ha ceBep, MHOTA Ha 1oT, KpyToe (70—85°) ceBepHoe kpbLio Pava-
JleuxymcKoil CHHKJIMHAIIY.

3arem Ha tor Ha paccrosHuu 1230M, BHOBb pa3BuTa KpyTo (75—85°) nmanaromias Ha
ceBepo-3amnaj BepxHecopckas cButa. Jlanee Ha tor, Ha npoTsbkeHuu 1500 M, oTMevaroT-
Csl COIMIaCHBIE C TMPENBIIYIUMH CIOSMH BBIXOJbI BYJIKAHOTCHHOM TOJIIN XOKaTbhCKOM
cBUTHI Oaifocckoro Bo3pacta. Ha 270 M sToro yyacTka Tojiia pazopBaHa KpyThiM (80°)
NaJaroIuM Ha ceBep B30pocoM. 3aTeM Ha 1or, Ha pacctossauu 1470 M, mpoduib nepece-
KarOT U3BECTHIKOBBIE TOJIIIM MEIOBOTO Bo3pacTta, KpyTo (80—85°) manaromire Ha ceBepo-
3aman. [anee Ha ror, Ha mpoTspkeHUU 970M, 10 KOHIIA T€OJIOTO-CTPYKTYPHOTO pa3pes3a
Pa3BUTHI aHAJIOTUYHO KPYTO 3aJieTarolue U3BECTHAKOBO-MEPIeIUCThIC U MeCYaHUCThIe
TOJIIIN MAJIEOT€HOBOTO BO3pacCTa.

Kausax

KmuBaxk B mpenenax mzydeHHoro npoduis -/ 30HbI ©MeeT HepaBHOMEPHOE pas-
BuTue. OH paclpoCTpaHEH B MOPIOyJIbCKOM U MyallICKOM CBUTaX, a TAK)KE€ B HEKOTOPBIX
IayKax COPCKOW CBUTHI. B 0ailocckoM ByJKaHOT€HHOM KOMILIEKCE U B MEJIOBBIX U MaJle-
OT€HOBBIX M3BECTKOBHUCTHIX 00pa30BaHMSIX OH BOBCE HE IMPOSBIEH. XapaKTep pacroio-
KEHUS KJIMBaXka B CKJIQJUaTOW CTPYKType perroHa omnpeaesnsercs MophoIoruiyecKuMu
0COOEHHOCTSIMU CKJIQJIOK, CTETIEHbIO UX C)KAaTOCTH, JINTOJIOIMYECKUM COCTaBOM M MOLI-
HOCTBIO CJIO€B. B mopomax oXBaueHHbIX KJIMBAKOM, BBIIEIISIETCS JIBa €T0 TUIIA HAIIpaBIIe-
HUS — CJI0OEBOW KJIMBAX M CEKYLIUI KIMBaXK, TOBEPXHOCTU KOTOPBIX UMEIOT KaK IOXKHbIE,
TaK U CEeBEpHBbIE MaJCHNUs, NIOCIeIHIE B U3YUEHHOM paiioHe npeobnanatoT. B uHTeHCcuB-
HO C)KaTBIX CKJIAJIKaX, CJIOKEHHBIX OJTHOPOIHBIM TOHKUM IIEPECIauBaHUEM MEJIKO3EPHHU-
CTBIX NIECUAHHUKOB, aJICBPOJIUTOB, TUOO INIMHUCTBIX CIAHIIEB, KIMBAXHbBIE MOBEPXHOCTH
napaJijiesibHbl 0CEBOM MTOBEPXHOCTH, KaK B 3aMKOBBIX YaCTAX, TAK U Ha KPbUIbSIX CKJIAJIOK.

OnHO HampaBlIeHHE NOBEPXHOCTH KJIMBa)kKa MapaUIeIbHOE HAIIACTOBAHUIO MpE-
CTaBJIsieT COOCTBEHHO CJI10€BOM KiBaXK. OH pacnpocTpaHeH U30UpaTenbHO, JIULIb B CJIO-
SIX aJIEBPOJIMTOB M TOHKO3EPHHUCTHIX IIECUaHUKOB. BTopoe HampaBiieHue KinBaxka siBJisi-
€TCsl PE3KO CEKYIIHUM M0 OTHOLIEHHIO K CJIOSIM U, €CTECTBEHHO, K CIIOEBOMY KIIMBaXxy, B
TOJIIIIAX, TI€ OHU UMEIOT COBMECTHOE pacnpocTpaHeHue. [1ocnoiHoMy KIuBaxy, KOHEU-
HO, NPUCYLIU CaMble Pa3JIMYHbIE HAKIOHBI B COOTBETCTBUHU C MAJEHUEM CIOMCTOCTH B
noponax. Cekyluil KJInBaX B U3y4eHHOM pa3pese He nMeeT xapakrepHoro ais bK cese-
po-3anagHoe Wik ONU3IIKMPOTHOE HAIIPABIEHUS U B OCHOBHOM KPYTOT'O MaJ€HUSI.

ITpocTrpanus cexylero KianBaxa, B 00111eM, COBIIAIal0T C HAIIPABJICHUEM OCEeil CKila-
JIOK U OpHEHTHPOBaHbI 10 azuMyTy 230-255°, penxo no 270°. HakiioHEH OH Takke MOJ
pasHbiMH yriamu — 40-75°, B OCHOBHOM, Ha ceBepo-3amnaj. Cexylnid KIMBax pa3BUTHIN
COBMECTHO CO CIIOMCTBIM KJIMBAYKOM TaK)Ke UMEET foro-3amaanoe (235-255°, peaxo 260°)
MPOCTUPAHUE, a MAJECHUS €r0 3HAYUTEIbHO KPYThIe — 1o/ yriamu 65-88° Ha ceBepo-3a-
naj. Taxke B OOJBIINX MpeJienax MEHSI0TCS OPUEHTHUPOBKH CIIOEB B/I0JIb [€0JIOTO-CTPYK-
TYPHOTO pa3pesa, u Konedarores B npeaenax 225-270°, peako — 190-200° u 280-340°.

Haunbonee MHTEHCHBHO CEKyIIMH KJIMBaXK IMpPOSBIEH B aJ€BPOJIUTAX, IN€ MPSAMO-
JMHEWHBIE TTOBEPXHOCTH KIIMBaXka MapajlIeNIbHBI Ipyr APYyTy M PACIOIararoTcsl 4epes
1-3 MM. Pa3BUTHIN B MEIKO3EPHUCTBIX MECUAHUKAX CIOEBOI KIMBaXX OTIMYAETCS 0O0JIb-
1€ TOJMIMHON MUKPOJIMTOHOB, B KOTOPHIX OHA COCTABIISIET 2-5 MM.
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Pa3pbiBHBIC HApYLICHUSA

Cknanuaras ctpykrypa ['-J] TeKTOHMYECKOH 30HBI B 3TOM NEPECEUCHUU OCIIOKHE-
Ha MHOTOYHCIIEHHBIMU pa3HOOOpa3HBIMU pa3pbIBHBIMU HapyLICHUAMU. B HIDKHEIOpCKOit
MYAIICKOW CBUTE U HIYKHE-CPETHEIOPCKUX OTIIOKEHUAX COPCKON CBUTHI ITMPOKO PA3BUTHI
B OCHOBHOM pa3pbIBHbIE HAPYLICHUS, PACIIOI0KEHHBIE B/IOJIb POCTUPAHUS CKIIa4aThIX
CTPYKTYyp. B npeznenax u3zydeHHOro paspesa nmpeodinagaroT pa3pblBHbIC HAPYIIEHUS F0T0-
3anaaHoi (a3. 240-265°) opueHTUpOBKU. Penko BcTpeyaroTes pa3pbiBbl CEBEPO-3araHo-
ro (a3. 275-295°) nanpasnenus u 6nusmmpoTtHoro (a3. 210-225°) npoctupanus. FOro-
3ama/iHble HapyLIeHHs, KaK MpaBuiIo, UMEIOT KpyThie (65—85°) HaKIOHBI M CEBEpHbIE U
IOKHBIE TaJIeHUs], U3 KOTOPBIX MEpBbIe MPEACTABIAIOT COO0H BCOPOCHI, a BTOPbIE SBIIs-
10Tcst cOpocamu. O4eHb pesko, B Mpesieax U3y4eHHOro pa3pesa pa3BUThI HAJIBUTH I0T0-
3aragHoOl OpUEHTHPOBKH, KOTOpbIe noA yriamu 25-40° manarot Ha cesep. Kpome Toro,
371eCh HaOMIOAAI0TCS HECKOJIBKO Pa3phIBHBIX HAPYIICHUH ceBepo-3amnagHoro (275-295°)
NPOCTHPaHUs, C KpyThIMHU (65—86°) roro-3anajiHbIMU HaKJIOHAMU UX TOBEPXHOCTEH.

Puonckoe nepeceyenne

Onucanue cKki1aguyaTol CTPyKTYphl JaHHOTO niepecedenust ['-/ 30Hb1, KoTOpas uMeer
ceBepo-3anaaHoe (a3. 285-315°) npoctupanue, npuBogUTCA 1o npoduito (puc. 3) c ce-
BEPO-BOCTOKA Ha I0ro-3anaj. B Hauane pa3pesa, THTEHCUBHO CKJIaJuaTasi HHKHEMEIoBast
¢mumesas Tonma Mectra-TraHeTcKo# 30HbI, OOHaXKaIOIIAsCsl Ha MPOTsHKEHUH 750 M, 110
KpPyTOMY cOpOCOBOMY Pa3JIOMy, C YIJIOM MajeHus1 75° Ha ceBEepO-BOCTOK, TEKTOHUYECKH
comnpukacaercs ¢ omioxkeHusMu I'-/1 30nbl. [locnennne npeacTaBieHsl 31€ch CPEIHEIOP-
CKHMMH aaJICHCKUMH MIOPOAAMH BEPXHECOPCKOM cBUTHL. OHM Ha MPOTSKEHUU MOYTH 685 M
3aneratotT kpyTo (70-75°) u, majas Ha C€BEpO-BOCTOK, CIIaratoT KpyToe KpbUIO acUMMe-
TPUYHOM, OIPOKMHYTOM Ha I0ro-3amaj CUHKIMHAIU. B A1pe ckiaaku pa3BUTHI CpEIHE-
IOPCKHE BYJIKaHOT€HHbIE 00pa30BaHMs XOKaIbCKOM CBUTHI Oallocckoro Bo3pacra. FOx-
HOE II0JIOTO€ KPBIJIO JaHHOW CHHKIMHAJIM TAaK)Ke MaJaeT Ha CEBEPO-BOCTOK IO YIVIOM
30°. [lupuHa CHHKIMHAIM cocTaBiseT 6omnee 945 M, a oceBas MIIOCKOCTh €€ MOJ YITIOM
70° HaKJIOHEHA Ha CEBEPO-BOCTOK.

Jlanee Ha roro-3amaj B XOMKaJIbCKOW CBUTE HAOMIONAETCS CONpPSDKEHHAs C
IOpEbIIyIedl CHHKIMHAIBI IOYTH CHMMETPUYHAs aAHTHKJIMHAIL, BTOPOE KPBLIO
KOTOpOM MOJIOro, MoA ymioM 25° majgaeT B IOro-3alaJHOM HalpasleHuu. Pasmep
aHTUKJIMHAIU paBHseTcs nouTH 1875M. Drta cTpykTypa najnee Ha npoduie cMeHseTcs
COIPSKEHHOM ¢ HEH IOJIOrOi, HAKIOHEHHOW Ha IOro-3amaj CUHKIMHAJIBIO, IMIMPUHON
875M, pacnojOKEHHON TaKXKe B XOIKaJIbCKOW CBUTE, FOT0-3allalHOE KPbUIO KOTOpPOU
noj yrmioM 30° magaer Ha ceBEpO-BOCTOK. OceBasi MOBEPXHOCTh CKJIAJKH HAKJIOHEHA
Ha CEeBEpO-BOCTOK MO yrioM 75°. Dta ckiaaka cpe3aHa KpyTeiM (70°) magaromuMm Ha
CEBEPO-BOCTOK pa3jIOMOM, MPEACTaBIAIONIMM COOOH B30pOC, MO KOTOPOMY MOPOJIBI
XOJKAJIbCKOIM CBHUTBHI B30pPOIIEHBI HA OTJIOKEHUS XOJKAJIBCKON )K€ CBUTHI. AMILTUTYIA
NEPEMELIEHUS 110 PA3JIOMY COCTaBIIAET OKosIo 1125 M.

Jlanee Ha roro-3amaj Ha paccTosHUM OKolo 4150 M oOHa)keHa Ta ke XOPKaJbCKast
cBuTa Oaifoca. OKoJI0 BBIIIEOTMEUEHHOI0 B30pOca OHa cllaraeT aCUMMETPUYHYIO, OIPO-
KHHYTYIO Ha I0r0-3araji aHTUKJINHAIb, upruHoi 1750 M. O6a Kpbula CTPYKTYpHI Maja-
IOT Ha CEBEPO-BOCTOK — CEBEPHOE MOA ymioM 25°, a roxkHoe — 65°. OceBas II0CKOCTh
CKJIaAKu noj yriioM 50° magaeT Ha ceBepo-BOCTOK. C aHTUKIMHAJIBIO JaJiee CONpsKEHA
Takas K€ aCUMMETPHUYHAasl, ONPOKMUHYTAsl Ha I0ro-3amaj CUHKIMHAJb, pa3Mep KOTOpOi
no npoduito cocrasisier Oonee 2600 M. KOxHOoe kpbuto ckmagku noj yramu 30-35°
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HAaKJIOHEHO Ha toro-3anaj. Ocesast IJIOCKOCTh CKJIAJKU O YIIIOM 55° majaeT Ha CeBepo-
BOCTOK. B mpenenax onmucaHHoro orpeska mpoduiis pa3BUTHIX 37€Ch 3epKalo CKIAJOK
T10JIOTO, TTOJ] YIVIOM 15° HaKJIOHEHO Ha CEBEPO-BOCTOK.

Hanee mo npo¢uiio Ha NpoTspkeHUH 7650 M, 10 KpyTOIaAaolero pasioMa, ooHa-
JKEHA BEPXHECOPCKasi CBUTA aaJIeHCKOTro Bo3pacTa. B Hawasie 3Toro mHTepBasga oHa cia-
racT aCUMMETPUUYHYIO0, OIPOKMHYTYIO Ha FOT0-3araji aHTUKJIMHAJb, IIUPUHON 2875 M.
[TaneHne 000X KPBUIBEB CEBEPO-BOCTOYHOE — CEBEPHOTO MOJ yritoM 60°, roxHoro — 80°.
OceBas IIIOCKOCTh CKJIAJKHU MO YITIOM 65° HaKJIOHEHA Ha CEBEPO-BOCTOK. [lanee Ha roro-
3amaj, 10 KOHIa JaHHOTO OTpe3Ka, TaKkke 0OHa)KeHa BEpXHECOpCKasi CBUTA AaJIEHCKOIo
BO3pacTa, KOTOpasi MHTEHCUBHO CMSATAa aCUMMETPUYHBIMHU, HAKJIOHEHHBIMU HJIU OIPO-
KMHYTBIMH Ha IOTrO-3amaji JIBYXIIOPAJIKOBBIMU CKJIaJkaMu. Pa3Meprl MENIKHX CKIIaJOK
kosneOmorest B npenenax 100-600M, a 6onee kpynHbIx cocTaBisior 700-1375M. Yrbt
NaJIcHAs UX KPbUIbEB pa3Hble — KPYThIX 65-85°, monorux — 35-55°. OceBble MI0CKOCTH
CKJIa/IOK HAKJIOHEHBI HA CEBEPO-BOCTOK Mo yriamu 60-75°. 3epkaiio CKJIaa4aToCTh 3TUX
CKJIaJIOK OOpPHCOBBIBAET MOJIOTYIO, €1a00 ACUMMETPUYHYIO CUHKIIMHAb, C YIJIAMU MaJie-
HUs KpblibeB 20-30°. BepxHecopcekasi CBUTA ¢ FOro-3amajia cpezada copocoM, MMEIOLINM
KkpyToe (75°) ceBepo-BOCTOYHOE MAJACHUE U 110 KOTOPOMY JIaHHAs TOJIIA TEKTOHUYECKU
COIIPUKACAETCS C HUKHECOPCKOUM CBUTOM.

3a BBIIIEOTMEUEHHBIM PA3JIOMOM Jlajiee Ha F0ro-3amaj o npo@uio, Ha pacCTOSHUH
5350 M, HaOMIOAOTCS BBIXO/IbI HUKHECOPCKOW CBUTHI TOAPCKOTo Bo3pacTta. OHa MHTEH-
CHUBHO JUCJIOMPOBaHa B aCUMMETPUYHbIE, HAKIIOHEHHBIE Ha FOT0-3alaj] CKJIaJKH, oce-
BbI€ ITUIOCKOCTH KOTOPBIX IoJ ymiamu 75-80° majgaroT Ha ceBepo-BOCTOK. B ceBepHOI
MOJIOBUHE JIaHHOTO OTpe3Ka MpoduiIst pa3BUTa JBYXIIOPSAIKOBAs CKJIaI4aTOCTh, KOTOPas
npejcTaBlIeHa MEJIKUMHU cKIaikaMu, pazmepoM 100-300M 1 Gonee KpyIHBIMU CTPYKTY-
pamu, mupuHoi 500-875 M. KpyTble Kpbliabs 3THX CKIAA0K MMAJaroT moj yramu 75-85°,
nonorue — 40-60°. 3epkana CKIaI4aTOCTH 3THX CTPYKTYp OOpHCOBBIBAIOT MOJIOTYIO
AHTUKJIMHAJIb C YIJIAaMU TaJeHus KpblibeB 25-30°. B npenenax 10)KHOM MOJIOBUHBI pas-
pe3a pa3Mepbl CKIAIO0K yBenuuuBaroTcs U cocTaBisroT 1100-1500m. Ilocnenumii rox-
HBII AaHTUKJIMHAJIBHBINA Neperu0 ONMUChIBAEMOT0 yYacTKa MEePEeXoIuT B KPYyTOIa a0y 0
MOHOKJIMHAJb, KOTOpasi HaOJtonaeTcs Aajnee Ha oro-3ana. [log HUKHECOPCKOM CBUTOM
B Ipezieiax 3TOro OTpe3ka Ha Mpouiie MoKa3aHbl BBIXOJbl MYalICKOW CBUTHI INIMHCOAX-
CKOT0 BO3pacTa, KOTOpBIE C BBIIIEEKAIIEH TOMIIeH COBMECTHO JAUCIOIMPOBAHbI U 00-
pa3yroT eANHbIE CKJIa4aTble CTPYKTYPBI.

Jlanee Ha roro-3amaj a0 KoHIa npoduist, Ha pacctossHUM okoso 9000 M, mocneno-
BaTeJIbHO OOHAXKAIOTCS HUKHE-, BEPXHECOPCKAs M XOIKaIbCKas CBHUTHI, a TaKXe Kej-
JIOBEWCKHE, BEPXHEIOPCKUE U HI)KHEMEJIOBbIE OTIIOKEHNA. OHU CIararwT KpyTyl0 MOHO-
KJIMHAJIb, B NIpe/ieJIaX KOTOPOH CIIOM B COPCKOW CBHUTE U B NPHWJIErarolled K HEW 4acTu
XOJIKaJIbCKOM CBUTHI MAJAI0T HA CEBEPO-BOCTOK, MOA YIIOM 85° M HaXOIATCS B OIpPO-
KHHYTOM 3asieranuu. Jlajgee Ha 1oro-3amaj oHH 0Opa3yroT NMPHUPa3IOMHYIO0 CUHKIMHAIIb,
MIUPHUHOM OKoJ0 950 M, KOTOpas 3aTeM uepe3 aHTUKIMHAIBHBINA Neperud NnepexoauT B
kpyTo (70°) HaKJIOHEHHYIO Ha FOro-3amaJl MOHOKJIMHAMb. [locieanss npociaexuBaeTcs
70 KoHLa mpo¢uid. B cpenHell yacTu JaHHOTO ydyacTKa OTMEYaroTcs J1Ba, MaJlalolux
1oJ| yriioM 75° Ha ceBepO-BOCTOK, pa3iioma. CeBepHOE HapyllEeHUE, Cy[s M0 pa3BUTON
371eCh IPUPA3TOMHON CHHKIMHAIM, TIPEJICTaBIIseT cO00i cOpOC, aMITIUTYAa KOTOPOTO He
OIIPENEIAETCS U3-3a OTCYTCTBUS MAPKUPYIOIIKUX TOpu30HTOB. FOKHBIN pa3ioM sABISETCS
B30pOCOM, aMILIMTY/a IEpEeMEILeHHs] KOTOPOTro cocTanisieT mpumepHo 500 m.
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tectonic zone tectonic zone



Geology and Geophysics of the South of Russia 9(2)2019 ['eonorvs u reoguanka fOra Poccim 33

KauBaxk

Crnenyer 0co00 OTMETUTH MOJHOE OTCYTCTBHUE CEKYIIEro KJIMBaXKa B OTIONKECHHSIX
I'-/1 30HBI, 1 3TO HECMOTPS Ha ONATOMPHUITHBIN MECYaHO-TIIMHUCTBIA COCTaB TOJIII, Clia-
TarolINX HIDKHE-CPETHEIOPCKYI0 Toap-aalleHCKYI0-COPCKYIO CBUTY. B mocnennei nHorna
HaOII0IaeTCs CII0EBOM KIIMBaX, TOMIIMHA MUKPOJIUTOHOB B KOTOPBIX COCTABIISAET 2-5 MM.

Pa3pbiBHBIC HApYLICHUSA

Cxuaguaras crpykrypa I'-/] TeKTOHMUYECKOM 30HBI B JAaHHOM IIEPECEUEHUU OCIIOKHE-
Ha HECKOJIbKUMU Pa3INYHBIMH 110 KUHEMATUKE, KPYTHIMU Pa3pbIBHBIMU HAPYIIECHUSMHU.
OHM 110 pacnoNoKEHNI0 OTHOCUTENIBHO ITPOCTUPAHMSI CKIIAAYaTOCTH MPEACTABIAIOT CO-
0011 po10IbHBIE CTPYKTYPhl, ODUEHTHPOBAHHbBIE Ha ceBepo-3anas (a3. 285-315°). A no
OTHOUICHUIO K IMpPOIecCy 00pa30BaHUsl CKIAJOK SBISIOTCS, OYEBUIHO, COCKIIQAUaTbIMU
1, BO3MOXKHO, MIOCTCKJIa4aTbiMU pa3ioMamu. [locnennue npeacrasisiior coboit quaro-
HanbHbIe (a3. 330° u 30°) B30poCO-C/IBUTOBBIE MONIEPEUHbIe HAPYLIEHHUS, BIOJIb KOTOPBIX
MHOTZIa OTMEYAETCSl PA3BUTUE MEJKUX MPUPA3IOMHBIX CKJIAJ0K, HAJIOKEHHBIX Ha IEp-
BUYHBIE CEBEPO-3aIa/IHBIE CTPYKTYPBI.

OTH pa3pbIBHbIE HAapYIIEHUS HaMH ObUTH OXapaKTepHU30BaHBl BO BpeMsl JE€TalbHO-
r'0 OIHMCAaHHUS T€0JIOr0-CTPYKTYpHOro npoduisi. bbuio oTMedeHo, YTO OHU MPEACTABISIOT
coboit kpyTonajatouiue, noa yramu 70-75° Ha ceBepo-BOCTOK, PA3JIOMBbI, C Pa3HbIM Xa-
paKTepoM IMepeMeIleHuil 0 HUM OT/EeIbHBIX OJIOKOB CKJIaquaToil cTpykTypsl. ITo kuHe-
MaTHKe JIBUKEHUS 3TH HapyLIEeHUs SBIAIOTCS B30pocaMu M cOpocaMu, aMIUTUTY/IbI iepe-
MEIICHHI 1O KOTOPBIM KoJIeOmoTest B upokux npegenax or 200 go 1125 m.

3AKAKOYEHME

[TpoBeneHHOE IEeTANBHOE T'€0NIOTO-CTPYKTYypHOE U3ydyeHue Lixenucikanbpckoro u Pu-
OHCKOTo mepecedenuii ['arpa-J>xaBckoil 30HbI ¥ aHAJIN3 MOJTYYEHHOTO MPH 3TOM (aKTH-
YEeCKOTO MaTepHaa, MO3BOJSIOT MPUNUTH K CIISTYIOIINM BBIBOJAM.

B npenenax paccmarpuBaeMoii TEppUTOPHH HAOIIONAETCSI HEpaBHOMEPHAs UCIIOLH-
POBaHHOCTH CKJIAYATBIX CTPYKTYp B CIArarolIdX ero MEe3030MCKUX OTIOKEeHUsAX. Takas
nedopmarst 00ycloBlieHa IPOSBICHHEM CYOBEPTUKAIBHON TUCTAPMOHUYIHON CKIIaqda-
TOCTH B CIIAralolIMX pailOH HIDKHE-CPETHEIOPCKUX TOJIIAX, CBI3aHHBIX ¢ U3MEHEHUEM
M0 BEPTUKAJIM 3eMHOM Kopbl P-T ycrnoBuii 1 peolorHuecKux CBOMCTB J1e(hOPMHUPYEMBIX
tonm. OHa BeIpa’keHa B TOM, YTO OTAEJIbHBIC CBUTHI WIHM MX IMAYKH, PA3INYAIONIUECs
MO JINTOJIOTUYECKOMY COCTaBY M XapaKTepy IepeciIanBaHUs, CMATHI B OTINYAIONIUECS
1o MOp(QOIOTHH, HANPSHKEHHOCTH M pa3Mepy pPa3HOBO3pacTHble ckiagku. Hambomee
CJIOKHOM CKJIQJYaTOCTBIO XapaKTEePU3YIOTCSI MyallICKasi CBUTa ITMHCOAXCKOTO BO3pacTa
Y HIDKHECOPCKas CBUTA TOAPCKOTO sipyca, Mpe/ICTaBlIeHHbIE, B OCHOBHOM, ITTMHUCTBIMHU
CJIAaHIIAMHU C PEIKUMU TPOCIIOSIMHU CITFONCTO-KBAPLEBBIX MECYAHUKOB. JTH MOPOJIBI CMsI-
Thl B HanOoJee MEJIKHEe M MHTEHCHBHO C)XKaThle CKIAJKHU cpelu pa3BUTHIX B I'-J] 30He
TUTMKAaTUBHBIX CTPYKTYp. OHU, B CBOIO OYEPE/Ib, OCIOKHEHBI JOTIOIHUTEILHBIMU CKIIa/I-
KaMU eIlle MEHBIIEro pa3Mmepa. B Tommax 3THX BO3pacToOB pa3BHUT CIOEBOW KIMBaX U
MECTaMH CEKYIIUH KJINBaX 0CEBOU TNIOCKOCTH. CpaBHUTEIBHO OoJiee KpyIHasi, HO TOXe
CHJIBHO CKaTas, CKJIaA4aToCTh HAOJI0aeTCs B aaleHCKOM-BEPXHECOPCKOM CBUTE, KOTO-
past clioXKeHa nepecianBaHueM IITUHHUCTBIX CIIAHIIEB, aJIeBPOJIUTOB U NIECUaHUKOB. Pe3ko
OTJIMYEH XapaKTep CKIATIaTOCTH B XOKAIbCKOW CBUTE, COCTOSIIECH B OCHOBHOM M3 BYJI-
KaHOTEHHBIX TIOPOJ MOP(PUPUTOBOI ceprr 6aifocCKoro Bo3pacta. 371eCh CKIAJAKH UMEIOT
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erie 6osiee KpyImHbIE pa3Mepbl, 3HAYUTEIBHO MOJIOTHE KPbUIbS U CPABHUTEIIBHO PACKPbI-
ThI€ OKPYTIJIBIE 3aMKH, JIJIs1 KOTOPBIX OCJIOKHSIOIIAs MEJIKask CKJIa4aToCTh U KIUBaX HE
CBOJCTBEHHBI.

Cknaiuarasi CTpyKTypa U3y4eHHOH TeppUTOPUH U yCIOBHS ee (POPMHUPOBAHUS OKa-
3aJ1aCh TOPAa3/10 CIOXKHEE, UEM ITO CUMTAIIM NPEABIAYIINE UCCIIEI0BATENN. XapaKTEPHOI
0COOEHHOCTBIO CKJIAJYaTOCTU Pa3BUTOM B mpenenax L[XeHHCIKaibCcKOro mepeceueHus,
ABIIsIeTCS Ioro-3anagHoe (a3. 230-260°) npoctupanue cTpykryp. B Puonckom npoguie B
OCHOBHOM paclpOoCTPaHEHbI CKIIAJIKU C ceBepo-3ana Hoi (a3. 285-315°) opueHTHpOBKOI
UX OCEM.

Cxitaguarasi CTpyKTypa ME3030MCKUX OTIOKEHHUH L[XeHUCIKanbCKOro nepeceuyeHus
OTJIMYAETCS MHOTOMNOPSAKOBOM M HEOIMHAKOBOW JHCIOLMPOBAHHOCTBIO CIIATAIOIINAX
paspe3 Tonil. B mpeaenax reoaoro-cTpykTypHOro Mpoguiis BbIIENISIOTCS OrpaHUYEHHbIE
KPYTBIMHU Pa3JIOMaMH yYacCTKH CKJIaJ4aTOCTH, KOTOPbIE MO-Pa3HOMY J1e(hOpPMHUPOBAHBI U
MHOI/IA He YBS3BIBAIOTCS MEXy COOOH B OIHY CTpPYKTYypy. Kpome Toro sto cBuaeresns-
CTBYET O KPyTOHAIIPABJICHHBIX MEpeMeIeHusX B nmpeaenax npopuis. [Ipuunnoit Takoro
KOJUIayka HEOTHOPOIHBIX TUCIIOKALNN SIBIISIETCSA BEPTUKAJIbHAS TUCTAPMOHHMS CKJIaa4aTo-
CTH ¥ MHOTOKPAaTHO€ HaJIOKEHUE IPYT Ha ApYyra pa3HOHAIPABICHHOIO TAHTE€HIIMAIBHOTO
CKaTus Cllararoliux paspes nopof. CkiIaggaTrocTb CpeHE-BEPXHEIOPCKUX U MEJIOBBIX
omIokeHUi ProHCKOro nepeceyeHus cpaBHUTENbHO pocTa. OHa ciaraet B o0IIeM Io-
Joryio QuekcypooOpa3Hyto CTPYKTYpy MepBoro nopsaka, mupuHoit 1o 30 kM. Cyas no
3epKasly pa3BUTHIX 3/1€Ch CKJIAJIOK IOJIOr0e KpbUIo 3TOH (hiekcyphl B F0XKHOM 4acTu oc-
JIOKHEHO HAKJIOHEHHBIMM 1oA yriamu 20-30° aHTHKJIMHAIBHBIMUA U CUHKJIWHAJIBHBIMU
u3rnbamu. A ceBepHas MoJoBHHA Kpbula nojoro (15°) magaer Ha ceBepo-BOCTOK. CMBbI-
KaroIiee Kpblio (uieKCypsl 3ajeraeT cyOBepTHKaNIbHO (75—85°), KOTOpoe OJJHOBPEMEHHO
SIBJIIETCSL CEBEPHBIM KPYThIM KpbuloM Pada-JleuxyMcKoil CHHKIIMHAIN, PACION0KEHHON
B npeaenax Y3M. IloatoMy Ha kapTe HEOTEKTOHMYECKOro pailoHnposanus E.E. Muna-
HOBCKOro I'-J[ TeKTOHMUYECKasi 30Ha 3aHUMAeT I0XKHYI0 0J0BUHY AOXa3cko-CBaHETCKOM
ctynenu FOxnHoro kpeuta LlentpansHoro KaBkasa [Munanosckuid, 1968].

B nepenenax n3y4eHHON TEPPUTOPUN PA3BUTHI B OCHOBHOM KpPYyTOIAJa0IIUE Ha Ce-
BEp pa3pbIBHbIC HAPYIICHUS, IPEUMYILECTBEHHO B30pOCOBOI KMHEMATUKH, HEKOTOPhIE
U3 KOTOPBIX, BO3MOXXHO, MMEIOT Ha ITyOMHE JTUCTpruecKyto Mopdooruto [Giorgobiani,
Zakaraia, 2006].

Cknanuaras crpykrypa ['-/] TekroHmueckoil 30HBI Oblila 0Opa3oBaHa Ha paHHe-
cpenHeanbnuiickoil craauu pa3sutusi BK B mporecce mpsBienus 6arckoil (ambireid-
CKOM) M JIeHCTBYIOIMX Ha IPaHUIIEe HOLEH-0JIUToleHa (MUpUHeiicKkoil) ¢a3 TekToreHesa
[Gamkrelidze, Giorgobiani, 1990]. ®opMupoBaHHe CKIa4aTOCTH MPOUCXOJHIIO B YCIIO-
BUSIX CEBEPO-BOCTOYHOTO TAHT€HIIMAIBHOTO CHKAaTHs PErHOHa, KOTOpoe ObUIo 00yCIIOB-
neHo npuasuranueM u nprxkarueM UY3M k I'-J] 3one. Ilo3gHeansnuiickas HOBeias
cTaaus (MO3IHUI MUOLIEH-aHTPOIIOreH) MIPOTeKalia yke B 00CTaHOBKE CyOMepHINOHAIb-
HOT'O TOPU30HTAJIBHOTO JABJICHUS Ha aKTHBHYIO kpaeByto I'-J1 3omy. IIponcxomunm stu
JIBYDKEHUSI BO BpeMsl ISMCTBUSL HOBEHIIMX M YETBEPTUYHBIX (ha3 CKJIAJUaTOCTH B YCJIO-
BusiX xkecTkoi koimusuu Y3M u BK, B nponecce popmupoBanus TpaHCKaBKa3CKOro Imo-
nepeuHoro noaxATus [['moproduanu, 2015]. 310 MpuBeENIO K YaCTUYHOMY, HaJIO)KEHHOMY
KOCO, CTPYKTYpOOOpa30BaHMIO B Ipe/esiaXx pa3BUTON B pernoHe NEpBUYHOMN JTUHEHHOM
CKJIaJ14aTOCTH.

B npouecce nponsuranus Ha cesep Y3M Bo Bpemst popmupoBanus TpaHCKaBKa3CKo-
r'O MONEPEYHOro NOAHATHS, Paya-JIeuxymckas CMHKIMHAID KaK HHAEHTOP BJBHUrajach B
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CKJIaauaryro cTpykTypy ['-Jl 30HBI. AHTHKAaBKa3CKO€ NPOCTUPAHNE CKIIAI4aTOCTH SIBIIS-
eTCsl OTpaXXEHHEM Mpollecca BIABIMBAHMs BBICTYIIA CEBEPHOTO JYrooOpa3HOro KpyTo-
r0 Kpbljla CUHKJIMHAIHU, MPOTsHKEHHOCThI0 20 kM, B cTpykTypy ['-/] 30HBI. B pesynbrare
CKJIa{4aTOCTh M30THYTOM COIVIACHO CEBEPHOW I'PaHUIbl CHUHKJIMHAIHN, U3MEHUJIA CBOIO
PaHHIOIO CEBEPO-3aMaJHyI0 OPUEHTUPOBKY Ha I0r0-3arajHoe HalpaBJeHue.

HabGmronaemast oTHOCTOPOHHSAA 10%KHAst U B OCHOBHOM KpyTas (70—80°) BepreHTHOCTb
CKJIaJIOK B JIaHHBIX NEPECEUYECHUAX YKa3bIBAE€T O KPYyTOM HAKJIOHE I0J] aHAJOTMYHBIMHU
ymiaMu Kpaesoro ['-J[ paszimoma, IpOXOZASIIEro Ha I'PaHULE PACCMAaTPUBAEMOM TEKTO-
Hudeckoi 30HbI 1 U3M [['mopro6uanu, 2003]. DTOT KpyNHBIA perHOHANbHBIN pa3ioM
CBITpall CTPYKTYpOOOpa30BaTeIbHYIO POJIb BO BpeMs MPOSBICHUS B paiioHe IIaBHBIX
¢a3 cknagyaroctu. TaHreHIMaIbHOE CHKaTHE, HAMIPABJICHHOE C FOr0-3amaia, 00yClIOBHB-
niee npuasuranue u npmwkuManune Y3M k I'-/] 30He, nepenaBanaock yepes MIO0CKOCTH
9TOro pasnoma. /laBneHue Takoil OpUEHTUPOBKH B pe3yibTaTre BbI3BaJIO ()OPMHUPOBAHUE
CKJIa4aTOCTH B Mpejesax paccMaTpuBacMOM TEPPUTOPUU U CyOnapauleibHbIM ¢ 1o-
BEPXHOCTBIO IAaHHOTO HApYIIEHUS KPYyTOM HAKJIOH OCEBBIX MOBEPXHOCTEH CKIIaI0K, MOJ-
YepKUBAIOMINK 001ee CMEIeHHe MacC B F0)KHOM HarpaBlIieHUH. MHOTOKpaTHOE pa3Ho-
HarpaBJIEHHOE TaHICHIMAJIbHOE C)KaTHe CIOCOOCTBOBAJIO BO3HUKHOBEHUIO B Mpenenax
I'-J1 30HbI Iponiecca (OpMUPOBAHUS HEOTHOPOAHOM CKIa14aTON CTPYKTYPbI pa3IuyHOIOo
BO3pacTa, KOTOPbIi MPOJOKAETCA U B COBPEMEHHYIO JIIOXY.
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Abstract: Gagra-Java zone represents the southernmost tectonic unit of the Greater Caucasus and located
along the boundary with the Black Sea-Transcaucasian microcontinent (microplate). In geological building of
the discussed area of the Gagra-Java zone are participating sandy-clayey deposits of lower, middle and upper
Jurassic, volcanic rocks of the middle Jurassic, and carbonates of Cretaceous and Paleogene, with 6 km of total
thickness. During the detailed regional works, in the studied area, along the intersection of gorges of rivers
Tskhenistskali and Rioni, the geological-structural sections of 20-30 km length accordingly were composed. The
common characteristic of the folding developed in the Tskhenistskali section is the south-western strike (230-
260°) of the structures. In the Rioni section mainly developed the structures with north-western strike (285-315°)
of axis.

Folded structure of the Mesozoic deposits of the Tskhenistskali section differs by multi-ordinal and different
dislocation of formations. In the limits of geological-structural profile there were defined folded areas bounded by
steep faults and deformed differently and sometimes difficult to identify as the same structure. The reason of such
collage of different dislocations is the vertical disharmony of the folding and multiple overprint of tangentional
compression of different orientation. Folding of Middle-Upper Jurassic and Cretaceous deposits of the Rioni
section is relatively simple. It is forming gentle flexure like up to 30 km wide fold of the first order. According the
level of the folds developed in the area, gentle limb of the flexure in the southern part is complicated by bends
dipping with angle 15-30°, the steeper limb of the fold is subvertical (75-85°).

Folding of the Gagra-Java tectonic zone was formed at the early-, middle Alpine stage of the evolution
of the Greater Caucasus during the manifestation of Bathonian (Adigean) and active at the boundary of
Eocene-0ligocene (Pyrenean) phases of tectogenese. The folding took place in the conditions of the north-
eastern tangential compression of the region, stipulated by motion and pining of the Black Sea-Transcaucasia
nmicrocontinent to the Gagra-Java zone. Late Alpine newest stage (late Miocene-Anthropogene) took place in the
conditions of submeridional horizontal pressure on the active marginal Gagra-Java zone. These movement took
place during newest and Quaternary phases of folding in conditions of collision of the Black Sea-Transcaucasian
microcontinent and the Greater Caucasus. Multiple tangential compression of different direction promotes
processes of formation of non-uniform folded structure of different age in Gagra-Java zone, which is continued
today.

Keywords: Greater Caucasus, Gagra-Java zone, Tskhenistskali, Rioni, microcontinent, stratigraphy, folded
structure, move up, tangential compression, stages of evolution, flexure, disharmony.
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AxHoTaums: B LienTpanbHoi Yactn bonblioro Kaska3a B BepxoBbsiX pek bakcaHa, Manku, KybaHu pac-
MOJSIOXKEHb! NIEACTOLEH — rONIOLEHOBbIE BYSIKAHNYECKME MOCTPOIKN 3NbOPYCCKOr0 BYSIKAHWYECKOr0 panoHa,
C/OXKEHHblE UTHUMOPUTAMK, NaBamMn 1 Tydhamn pasHO06pa3HOro cocTaBa OT TPaxuaHAesnToB, aHAe3nToB, A0
[aUnTOB 1 puonuToB. MpeobrafatoLLer pa3HOBUAHOCTLIO ABNAIOTCA NaBbl AALUTOBOrO cocTaa. [poBefieHo n3-
y4eHue Hanbonee OCHOBHbIX MO COCTaBY BYNKAHUTOB, NPeLCTaBIIEHHbIX Tpaxnanaesnbasanstamn 1 TpaxmaHge-
3uTaMu. ITM BYNIKAHUTbI 06PaA3YOT CaMOCTOATESIbHbIE MOCTPOMKM B CEBEPHOMN 4aCcTW BYNKAHUYECKOro paioHa, a
B [laLIMTOBBIX J1aBOBbIX MNOTOKAX ByfKaHa 3M1bOPYC OHU BCTPEYAKOTCA B BUE KCEHONMTOB. B cTaTbe 1aHO KpaTkoe
neTporpacuyeckoe ONUcaHne 3TUX Pa3HOBUOHOCTEN 1 NpuBefAeHbl peaynbtatbl RFA, ICP-MS, 87Sr/%6Sr aHanu-
30B. PaccMOTpeHbI NETPOXMMUYECKIME N TEOXMMUYECKINE XapaKTePUCTUKM 3TUX nopod. MokasaHo, 410 Ha auc-
KPUMUHALMOHHbIX Auarpammax ourypatuBHble TOUKM FPYNNUPYIOTCS B NOSAX XapakTepHbIX AN BHYTPUMIIUTHBIX
1 NOCTKOJI/IN3NOHHbIX 06pa30BaHIA, @ TaKXXe OCTPOBHbIX [Iyr 1 30H aKTUBHBIX KOHTUHEHTANIbHbIX OKPauH. Mpef-
noJsiaraeTcs, 4T0 BO3HUKHOBEHWE NCXOAHOr0 pacnsasa 6bi0 06YCNOBNEHO AeKOMMNPECCUOHHbIMM SBIIEHUSMN B
CBA3M C «CUHKOMMN3NOHHBIM>» PUGTUHIOM, NMPOSIBUBLUMMCS B npefenax TpaHCKaBKa3CKOM MONepeyHoil 30Hbl.
CnekTpbl pacnpefefieHns peako3eMenbHbIX 3IEMEHTOB, HOPMUPOBAHHbIE K XOHAPUTY, Y TpaxmaHae3nbasasb-
TOB W TPaxMaHAe3nTOB CYLLECTBEHHO He pasdnuyatrotcs. OHW UMEIT BWJ HAKMOHHOW NUHWUKM, BIM3KWIA K Npo-
dunio OIB, ¢ 3amMeTHOI HeraTuBHOI eBponneBoit aHomanuen. OTmevaetca oboraiieHue nopop LiLe, LREE, a
TaKXXe BbICOKO3apsAHbIMU (Zr, Hf, U, Th) anemenTamu. Ha dooHe npocpuns OIB, B U3y4eHHbIX NOPoJax 3amMeTeH
CyLLeCTBEHHbIA Tpor no Nb, Ta n HeraTusHble aHomanuu Ti » Yb. Ha ocHoBe Bapuaumin La/Sm u Sm/Yb oTHO-
LUEHWIA, C UCMONb30BaHNEM MOJENN PABHOBECHOMO NaB/IeHUs rpaHaToBoO W LIMWHENEBOro NepuaoTuTa, npej-
noJiaraeTcs, 4T0 MCXOAHbIA pacnias 06pa3oBancs npu 4acTu4HOM (< 1%) NnaessieHUM MeTacoMaTU3NPOBAHHbIX
nopoj NUTOCEPHOI MaHTUKU. IBONOLUMOHHbIE NPeobpa3oBaHmns NepPBUYHOrO pacnsasa CBs3aHbl C NPOLECCOM
(hpakLnoHMPOBaHUS, MPK y4aCTUK NNArMoKnasa, OfIMBUHA, TUTAH COLEPKaLLLero MUHEpana u ero KOHTaMuHaLmumn
HKHEKOPOBbIM MaTepuanom. Mpu popmnpoBaHnM AaLMTOB UMESI0 MECTO CMELLIEHIE 3TOr0 3BOJTHOLMOHMPOBAB-
LUero MaHTUIAHOO pacnnaea ¢ 60/1ee KUC/bIM KOPOBbLIM pacniaBoM. [1okasaHo, 4To 419 Tpaxnanesn6asanstos
1 TPaxmaHAesnToB, Kak U Ans Bcex nopof 3nb6PYCCKOro BYIKAHUYECKOro paioHa, XapakTepHa XaibKogunbHO-
nMTouUIbHaa (NonmMMeTanbHo-peIkoMeTanbHas) reoXnMmyeckas creumanmsauns. 1o NOATBEPKAAETCS TeM,
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4YTO B BYNIKAHUTAX YCTAHOBNEHbI Y4aCTKWN C aHOMasllbHO MOBbILLIEHHbIMW KOHLEHTPALUMAMK CBUHLA, LINHKA, CYyPb-
Mbl, MONNGAEHA, aCCOLMMPYIOLLMMI C 30HAMU Pa3PbIBHOW TEKTOHUKM 11 MAJIOMOLLLHbIMU 30HAMU aprufinnaauniy.

Kniouesbie cnosa: netporpadpus, reoguHamMum4eckas Tunnuaaumns, reoxmMuyeckas cneuuanusaumns, Ib-
OPYCCKNiA BYIIKAHNYECKNIA palioH, pacnsias.

bnaropapHocTu. Pa6ota nognepxana roczaganuem VIFEM PAH «[1eTponorus u MuHepareHus marmatuama
BHYTPUMJIMTHBIX W NOCTOPOreHHbIX 06CTAHOBOK: POMb NIMTOCEPHBIX M aCTEHOCHEPHbIX UCTOYHUKOB B hop-
MMPOBAHWW pacnnaBoB» W NoAroToBfieHa npu nopaepxke roc. Tembl HAOKTP: AAAA-A17-117060910044-5 B
KHIO BHLL PAH.

Ins uutupoBaunus: Masees B. M., lypbaros A.T., l'yp6anosa 0. A. YMePEHHO LLeSI0YHble aHAe31ba3ansTbl 1
aHJe3unTbl AnbOPYCCKOro ByNnkaHU4eckoro panoHa (CesepHblil KaBkas): BOMPOCH! NETPOreHesnca, reofuHamu-
YeCKOM TUMIU3ALMM 1 TEOXUMUYECKON cneunanusaunv. feonorus n feogpuanka fOra Poccnn. 2019; 9 (2): 40-55.
DOI: 10.23671/VNC.2019.2.31976.

BesepeHve

HaunHas ¢ mo3nHero MmuolieHa, MarmaTuyeckass akTUBHOCTb Ha Tepputopuu bob-
moro KaBka3za u 3akaBKa3bsi MPOSABIIACH TOJBKO B mpenenax TpaHCKaBKa3CKOM mo-
MEPEYHOM 30HbI, PACCMATPUBAEMOM PAJIOM HCCIIEIOBATENEH B KAYECTBE KOJUIM3MOHHOMN
CTPYKTYpBI THIIa KOHTUHEHT-KOHTHHEHT. [ eoJMHaMIKa 3TOr0 peruoHa BO MHOTOM 00-
YCIJIOBJIEHA aKTUBHBIM CEBEP-CEBEPO-BOCTOUYHBIM MPOJIBHXKEHHEM APaBUNCKOHN TUIUTHI, C
MOCJIEYIOIIUM «BABIMBAaHUEM» B UepHOMOPCKO-3aKaBKa3CKUI MUKPOKOHTUHEHT, C I1e-
penadeii HanpspKeHUH B 1okHY10 yacTh Ckudckoii mmthl (CI7). TekToHMUecKue Harpy3-
KM, BO3HUKIIIAE B PE3yJIbTaTe HHTCHCUBHOTO TAaHTCHIIMAIBHOTO CYKATHsI, IPUBEIH K (HOp-
MHUPOBAHHUIO 3/1€Ch CEPHH 30H CyOMEpUINOHAIBHBIX Pa3IOMOB, IEPECEKAIONINX U YaCTO
CMEUIAIOIINX CKJIaJ4aThle CTPYKTYPhl CEBEPO-3allaJHOTO MPOCTUPAHUS, U KOHTPOJIUPY-
IOIIUX MPOSIBJICHUS] MarMaTU3Ma 1 ByJIKaHU3Ma B MpeJieaX KOHTUHEHTAJIbHBIX MaCCUBOB.
OpnHolt U3 obnacTeil Takoro MposiBICHUs ByJIKaHU3Ma sBisieTcss DnbOpyc — Yeremckas
ByJIKaHMuYeckast obnacte. Ee 3amannas, u Hanbosiee Mosiofiasi 0 BPEMEHHU IPOSIBICHUS
ByJIKaHM3Ma, 4YacTh MpeICcTaBIeHa DILOPYyCCKUM BylKkaHn4deckuM paiionoM (3BP). B co-
craBe DBP BbIIETAIOT MO3IHETUIMOLIEH-CPEAHEHEOIIICHCTOCHOBBIN BykaH KroKopTin
Y Ha/ICTPAaUBAIOIIUI €T0 CPETHEHEOIIeHCTOLIEH-TOI0LIEHOBBIN BYJIKaH DIbOPYC, a TAKKe
OCTaHIIbI ByllKkaHn4deckux nocrpoek (OBII), pacronoxxeHHbIE K CEBEPO-BOCTOKY U K BOC-
TOKY OT Dis0Opyca (puc. 1).

OBII 2BP npucyTcTBYyIOT B TpeX CTPYKTypHO-(hOpMallMOHHbBIX 30Hax: beyacbiHckoi
(BC®3), Ilepemororo (CD3IIx) u I'maBHorOo XpedTa (CD3I'X) U CIOKEHBI JTaBaMU pa3-
Horo coctaBa. B CO3I'x mocTpoiika BynkaHa «KIOKIOPTIN»Y U €ro CaTeJTUThI CI0KEHBI
puoIUTaMH, puoAanuTaMu, nauutaMmu; KelpTelk-ChuITpaHCKast MOCTPOMKA — JallUTaMU;
ByJIKaH DnbOpyc — AalUTaMu, TpaxugaluTaMy. B 1aBax BCTpeyaroTcsl pekue KCeHOIN-
Tl aHae3uToB. B BC®3: OBII 1. Tam-Tebe u ocTaHIbl TOTOKA, PACIIPOCTPAHUBIIIETOCS
no nonuHaM pek ToxaHa-cy u Xynec, cioxeHbl Tpaxuanaesutamu; a OBII B BepxoBbsix
p. Te13bu1 — Tpaxuanae3undazansramMu. B CO3IIx u3BeCTHBI MEJIKHE OCTaHIIBl HTHUMOPH-
TOB U Ty(OB KUCJIOro cocTasa. [lo Bompocam o mporcxoxaeHuu ByakaHuToB DBP Touku
3peHUsI UCCIIeIOBATENIeH CyeCTBEeHHO paznuyatorcs. Tak, B. M. Momnssko, 1. M. Ocra-
¢buitayk, paccMOTpeB MpoOIeMbl TITYOMHHOCTH MarMaoOpa3oBaHus U YCIOBUS KPHUCTA-
JW3aluy KUCHBIX paciuiaBoB DBP, mpunuin K BeIBOMY, UTO MEPBUYHBIA MarMaTru4eCcKun
oYar BO3HHK B Pe3yJIbTaTe aHATEKCHCa B HIDKHEW 4acTH TPAaHUTHO-METaMOpP(HUIECKOTo
ciost Ha nyOuHe 23-28 kM. [MonsBko, Ocraduituyk, 1980]. MccnenoBaB ByaKaHUTHI
Onrbpyca B. C. IlonoB cuurtaet, 4To OHU SABISIOTCS THOPUAHBIMU 00pa30BaHUSIMU, BO3-
HUKIIMMH B PE3YyJbTaTe€ CMEIIEHUSI OCHOBHBIX U KUCJIBIX PACIlJIaBOB B MPOMEXKYTOUHBIX
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Puc. 1. I'eonocuyeckas kapma Savb6pyccroeo gykanudeckoeo paiiona (no mamepuanam OIYVITI
«Kaskazeeoncvemxay, nucmku K-38-1, K-38-VII. 2004 2.) /

Fig. 1. Geological map of the Elbrus volcanic area (according to the materials of the FSUE
«Kavkazgeolslovkay, sheets K-38-1, K-38-VII. 2004)

MarmMaTU4IecKuX KaMepax, pacroIoKeHHBIX Ha HeOombIoi rmyoune [[lomos, 1980]. Yua-
CTHEC MAaHTUWHOTO BEIECTBA B TCHE3UCE BYJIKAHUTOB DBP BBIABICHO HCCIEIOBAaHUSIMUI
Sr-Nd n3otonHbix aHHbIX [byoHoB, [ombsiiman, 2005].

B Hacrosimeit myOauKanuy paccMaTpUBAIOTCS PE3YJIBTaThl TEOXUMHUYECKOTO H3yde-
HUS TpaxuaHAe3u0a3aIbTOB U Tpaxuanae3ntos DBP.

PaKkTnyeckmn MATEPUNAA N MEeTOAbI ero NMCCAeAOBAHNSI

Marepuanom asi UCClieOBaHUs MOCIYKUJIa KOJUJIEKIMs 00pa3loB JiaB DiIbOpyc-
cKoro BynkaHuuyeckoro paiiona (OBP), coOpanHas aBTopamu 3Toil cTaThbU Ha pyoOexke
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XX-XXI BexoB u gononHenHas B 2017 1. IHTepec mpeAcTaBisin Hanbojaee OCHOBHbBIE
pasHoBunHOCTH naB U3 OBII pacnonoxkeHHbIX B ceBepHOU yactu DBP B nonuHax pek
Te3eu1, Xynec, Toxana-cy, Ha rope Tami-Te0Oe, a TakKe KCEHOIUTHI U3 JTABOBBIX MTOTOKOB
ByJIKaHa DibOpyc. AHanuTuueckue padboTsl BoinoiaHeHsl B 2017 1., B LIKIT « MI'EM-AHna-
autuka»: [IpoBeneHsl omnpenenaeHus] KOHIEHTPAUil METPOreHHbIX U MUKPO3JIEMEHTOB
peHTreHodgIroopecneHTHRIM aHann3oM (XRF) Ha cnektpomeTpe «Pecriext-100»; a pyn-
HBIX, PEIKMX U PEAKO3EMEIbHBIX 3JIEMEHTOB — METOAOM CHEKTPOCKONHH ¢ MHAYKIMOH-
HO-CBSI3aHHOM IUIa3MOM C Macc-CIEKTpoMeTpudeckuM okoHuanueM (/CP-MS) na macc-
cnexkrpometpe X-Series/]. TOUHOCTb aHAIM3a KOHTPOJIUPOBAJIACH ITyTEM U3MEPEHUS pOC-
CUICKUX U MEXAYHapOIHBIX CTaHJAPTHBIX 00pa3loB. /[OMOMHUTEIHHO HCIIONB30BAHbI
pe3yNbTaThl HAIIMX MPEABIAYIINX UCCIIeNoBaHui, mpoBeneHHbIX B 1998-2003 rogax, u
BKJIFOYABIIMX: 1) ompeneneHus: coaepKaHuil MeTPOTEHHBIX M MaJbIX dJIeMEHTOB (XRF)
Ha peHTreHoBcKoM aHaiu3atope VRA-20R B LIXJI OUT'TM CO PAH, r. HoBocuGupck; 2)
OTIpE/IETICHUE COJIEPIKAaHUS PEKO3EMENbHBIX 3JIEMEHTOB MHCTPYMEHTAJIbHBIM HEHTPOH-
HO-aKTUBAalIMOHHBIM MeTonioM (INNA) B JlaGopaTtopuu simepHO-(PU3NIECKUX UCCIIE0Ba-
nuii UTEM PAH; 3) onpenenenne Benwund %7Sr/A°Sr B mopoze Ha MHOTOKOJIJIEKTOPHOM
TEPMOHMOHU3AIMOHHOM Macc-criekTpomeTpe Sector 54 Micromass B Jlaboparopun u3o-
TONHOM reoxumuu u reoxponosorun UI'EM PAH. Mcnonbs3oBaHbl METOAMKY U YCIIOBUS
ananm3oB npuHsATse B LIKII «MI'EM — Ananutuka» ®I'6YH UT'EM PAH.

KpaTtkas netporpadunyeckast XapakTeprucTUKA NOpPoA

Tpaxuanae3n6azanpT — OypoBaTo-cepas Hopoja ¢ BKparuleHHUKaMU TEMHOLBETHO-
ro MuHepasa pazmepom 10 | MM. MEKpOCTpYKTypa MUKpOHOppHpoBas 1 oauropuposasi,
OCHOBHAs Macca MUJIOTAKCUTOBas U ayoTpuamopdHas. BkparnieHHuKHU mpeacTaBIeHbI
MPEUMYILIECTBEHHO CyOM30METPUYHBIMU, JINOO HE3HAYUTENIbHO YIIJITMHEHHBIMU KPUCTAJI-
JaMu OJIMBUHA, U UX oOsiomMkamu (puc. 2a). Horna orMevaroTcsi eIMHUYHbIC YIJIMHEH-
Hble KPUCTAJIBI aHje3uHa pazmepoM 110 0,4x0,15mm. OcHOBHasi Macca mpeicTaBieHa
arperaroM MHUKpOJIUTOB OJIUTOKJIa3a, POMOMYECKOro MUPOKCEHa U PyJHOTO MUHEpaa, K
KOTOPBIM MecTaMH 100aBistoTcs aM(puO0I1, OMOTHT, KaJHeBbId MOJIEBO maT u kapoo-
HarT.

TpaxuaHae3uT — cTEKJI0BaTas, TEMHO-Ccepasi 10po/ia ¢ BKparyieHHUKaMU IIaruokia-
3a, TEMHOIIBETHOT'O MHHEpaJla U pelKo, KBapla. MUKpPOCTPYKTypa cepuaibHO-ophu-
poBasi ¥ mIoMeponoppupoBasi, OCHOBHas Macca ruanonunuTtosad. [lnarnokmnas nepsoit
reHepanyuy IPUCYTCTBYET B BHJIE€ 30HAJIbHBIX IIMPOKOTAOIUTUATHIX U CUTOBHUJIHBIX KpHU-
cTaJu1oB Jabpagopa U aHae3uH-i1adpagopa pazmepom 110 2,0%1,0 MM, 0ObIUHO B cpacTa-
HUU C pOMOMYECKUM MUPOKCEHOM. BTopas renepanus — yaauHeHHbIE KPUCTAJIIbI aHjie-
3uHa pazmepom 0,8x0,2 MMm. PomOn4eckuii TupoKCeH — MpU3MaTHYEeCKUE KPUCTAIUIBI pa3-
MepoM a0 0,5x0,2 MM. Penkue kpucTasibl KBapiia OKPY>KeHbI IMUPOKCEHOBOIN KaeMKOM.
OcHoBHast Macca COCTOUT U3 MUKPOJIMTOB OJIMTOKJIa3a, MMPOKCEHA, PYIHOTO MUHepaJa,
peke am¢pubdona, ClIeMEeHTHPOBAHHBIX OYpbIM CTEKJIOM, BCTPEUAIOTCS OHH B BUJIE OKPY-
IJIBIX TTOTHOKPUCTAJUIMYECKUX BKIIFOYSHH YacTO ¢ KPUITOBOM MUKPOCTPYKTYypoit. OHuI
COCTOAT M3 OTHOCUTEIBHO KPYMHBIX KPUCTAJUIOB IUIarMokia3a (aHIae3uH-Tadpanop),
POMOHMYECKOTo MUPOKCEHa M 0a3aJIbTHYECKOM POTrOBOM 0OMaHKH, IPOMEKYTKH MEKIY KO-
TOPBIMHU 3aIIOJTHEHBI arPEraToM, COCTOSIIUM M3 MUKPOJIUTOB IJIarMOKIIa3a, KIMHOMUPOK-
ceHa, am¢ubdona, anatuta, pyagHoro MuHepayia. KceHOTUThI B roJI0LEHOBBIX JaBOBBIX
noToKax Dab0pyca BCTPEUAIOTCS B BHJIE YIIIOBATHIX OOJIOMKOB pazMepom a0 15-20cm.
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Fig. 2. Micrographs of rocks. (D — diagonal picture in mm.)

Bremrne 3T0 TeMHO-Cepble TOHKOKPUCTANIMYECKHE, MEIKOTIOPUCTBIE TOpobl. MUKpo-
CTpyKTypa onurodupoBas, OCHOBHas Macca ruajomMukponuronas. [lopoma coctout u3
IIaruokIiasa (aHJae3ruH) pa3MepoM 110 4 MM, 0oJiee MEJIKMX KPUCTAIIOB 0a3aIbTHUeCKOI
pPOroBOi OOMaHKH, pOMOUYECKOTO U MOHOKJIMHHOTO MTUPOKCEHOB M PEAKO KBaplia ¢ KJIU-
HOMUPOKCEHOBOM kKaeMKoi. OCHOBHAas Macca COCTOMT U3 MUKPOJIMTOB IJIarMOKIIa3a, aM-
¢hubomna, KIMHOMUPOKCEHA U PYTHOTO MUHEpaJia MOTPY>KEHHBIX B Oypoe CTEKIIO.

IleTpoxumMuyeckne U reOXUMHYeCKHE XaPAKTEPUCTUKHU NMOPOJ

Ha xmaccudukannonHoit auarpamme ByiakaHudeckux mopon (Na,O+K,0) — SiO,
(puc. 3a) ¢uryparuBHbIe TOUKH COCTaBOB mopox DBP rpynmupyrorcs B mojie HOpMaib-
HO- U YMEPEHHO LIEJIOUHBIX MOPoA (0T TpaxuaHae3uba3anbToB J0 TPaxUIAlUTOB, Ja-
LIMTOB ¥ PUONIMTOB) a Ha auarpamme AFM (puc. 30) OHM PAaCIONIOKEHBI B II0JIE MOPOJ
M3BECTKOBO-IIIEJIOUHOI cepuu, e 00pa3yroT TpeHa boysHOBCKOro Tumna, yka3blBaloluil
Ha MarMaTtu4eckyro AuddepeHnnannio ¢ Mocie0BaTeIbHBIM HaKOIIIEHUEM MIeJIouei B
KOHEUHBIX nuddepeHnmarax.
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Puc. 3. Cocmasvl nopoo DBP na kraccugurayuonHbix ouazpammax.
Ipumeuanue: Mecma onpobosanus eynkanumos: 1 — Teizoin; 2 — Taw-Tebe, Xyoec, Taxana-cy;
3 — Kioxiopmau, Onvbpyc, Kvipmoik-Colimparnckas nocmpotuika, 4 — kcenonumsl 8 1agax dnvopyca. /

Fig. 3. The compositions of the Elbrus Volcanic Center rocks on the classification diagrams.
Note: Places of testing volcanic rocks: 1 — Tyzyl; 2 — Tash-Tebe, Khudes, Takhana-su;
3 — Kiiyukyurtli, Elbrus, Kyrtyk-Syltransk edifice; 4 — xenoliths in the lavas of Elbrus.

Ha nuarpammax «Xapxepa» SiO, — IeTporeHHble 3JeMEHTHI (puc. 4) 3aMETHO YMEHb-
menue koHueHrpauuit 7i0,, Fe,0;, CaO, MgO, P,O;npu Bozpactanuu — SiO, u K,0.
[Ipu atom conepxanust A,O; u Na,O cylieCTBEHHO HE U3MEHAIOTCS. B 11e1om, 3TO BBI-
COKO KaJIMeBbIC, BHICOKO TUTAHHCThIC, YMEPEHHO ITIMHO3EMHUCTbHIC, YMEPEHHO MarHe3u-
anbHbIe 00pa3zoBaHus. Mg# B TpaxuaHje3nbaszanprax Bapbupyet B mpenenax 0,55-0,61;
B Tpaxuanmgesurax — 0,43-0,52. CoorsercrBenHo: AI' Bappupyer B npenenax 1,1-1,4;
1,5-2,1, Na,O/K,0 — 1,5-1,7;1,1-1,3. Tun meno4yHOCTH KaJIHeBO-HATPUEBHIA (Tabm. 1,
2). Beanunna otHoruenus uzoronos *Sr/A%Sr B tpaxuannesndasansrax — 0,705107+13,
0,705109+13; B Tpaxmanaesurax — 0,706143+14, B KceHONUTAX U3 JIABOBBIX MOTOKOB
OBII - 0,705265+14, 0,705533+16.

[To monoxeHUI0 (PUTypaTUBHBIX TOYEK HA METPOTCHETHUECKUX auarpammax Zr/Y —
Zr; Zr/4 — Nbx2 — Y mo [Meschede, 1986] (puc. 5a, 6) Tpaxuanme3nda3aibThl TUArHO-
CTHPYIOTCS KaK BHYTpHUILTUTHBIE oOpa3oBanus. Ha nuarpamme Nb/Y — Zr/Y no [Fitton et
al., 1997; Condie, 2005] (puc. 5T) TOYKH UX COCTABOB IPYMIUPYIOTCS B MOJSX OCTPOBHBIX
YT U aKTUBHBIX KOHTUHEHTAJIbHBIX OKpauH (IAB, ACMB). Ha nuarpamme (Na,O+K,0-
CaO) — SiO,no [Frost et al., 2001] Tpaxuanne3nda3aibTsl U 0oJiee KUCIbIe mopoas DBP
PAacCIIONIOKEHBI B MOJIE MTOCTKOJUTM3HOHHBIX 00pa30BaHMiA.

CrieKTphl peiko3eMENbHBIX AIEMEHTOB (PHUC. 5€) HOPMUPOBAHHBIX K XOHAPUTY [San,
McDonough, 1989] y Tpaxuanme3n6a3aibToB U TpaXUaHIE3UTOB CYIIECTBEHHO HE pa3-
anyaroTcst. OHM UMEIOT BUJ HAKJIOHHOM JIMHUH, Onu3kuil Kk npoduto OIB, ¢ 3aMeTHOI
HETraTHBHOI eBpONUEBOii aHoManuel. La"/Sm" oTHOIIeHUe BapbUpyeT B ipenenax 4,0-4,4;
Gd'/Yb"— 3,2-3,4; La"/Yb" otHoleHue (Tokasatens crenenu (pakinuonupoBanus REE)
BapbupyeT B npenenax 20,2-22,6. BennunHa KoindecTBeHHOTO neduimra esponus Eu/
Eu* (Eu* = (Sm,+Gd,)/2) cocrapnsiet 0,69-0,76. Y REE = 205-254 t/1 (Tabmn. 2).Cneny-
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Fig. 4. Diagrams of concentrations of petrogenic elements (in mass. %).
The legend is shown in Figure 3.
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Tabnuya 2. / Table 2.

Pesynbrarsl ICP-MS ananu3za anne3u6a3ajbToB U anae3uToB JBP /
The results of ICP-MS analysis of andesibasalts and andesines EVR

OnemeHTsI (/1) Homepa nipo6 / Sample numbers
/ Elements (g/t) 5/17 6/17 11/17 14/17 84/17
Li 26,3 31,2 20,3 24,0 18,4
Be 2,21 2,72 2,74 2,25 1,89
Sc 13,65 12,3 14,47 13,1 17,54
Ti 6200 6238 6274 6184 7208
|4 96,62 92,66 1014 100,7 110,8
Cr 114,2 58,66 106,8 109,3 139,6
Mn 702,2 624,1 6759 696,6 801
Co 15,05 11,25 13,68 14,15 23,74
Ni 36,01 16,76 31,09 31,82 96,64
Cu 24,41 13,72 15,56 16,2 23,62
Zn 98,56 92,79 90,7 94,97 80,86
Rb 1123 124,1 1154 115,6 24,97
Sr 495,3 491,5 499,5 481,9 6174
Y 19,18 19,47 19,76 19,08 12,36
Zr 318,6 3125 3199 315,6 263,1
Nb 15,67 16,39 16,11 16 16,84
Mo 2,17 1,62 1,44 1,65 1,42
Ag 0,75 0,74 0,81 0,77 0,69
Cd 0,29 0,27 0,20 0,36 0,3
Sn 0,64 0,72 0,56 3,44 1,66
Sh 0,14 0,15 0,1 0,14 <0,2
Cs 2,69 4,39 2,03 3,14 0,33
Ba 5413 570,1 559,4 534,7 508,6
La 54,19 53,46 54,44 51,17 42,98
Ce 110,9 111,6 112,7 105,8 88,34
Pr 13,05 12,97 12,94 12,62 10,45
Nd 47,52 46,68 46,97 45,93 39,85
Sm 7,83 7,66 8,15 7,83 6,88
Eu 1,74 1,80 1,79 1,74 1,68
Gd 6,98 7,01 7,21 6,92 6,29
Tbh 0,90 0,87 0,87 0,85 0,78
Dy 4,11 4,13 4,17 3,99 3,77
Ho 0,79 0,81 0,78 0,77 0,70
Er 2,09 2,17 2,12 2,06 1,90
Tm 0,28 0,29 0,29 0,28 0,25
Yb 1,72 1,76 1,73 1,67 1,52
Lu 0,26 0,28 0,27 0,26 0,23
Hf 7,14 7,51 7,17 7,15 6,28
Ta 0,98 1,11 1,05 0,99 1,15
w 1,40 1,98 1,45 1,31 1,08
Tl 0,92 0,95 0,82 0,91 0,18
Pb 17,77 19,43 17,2 17,35 14,7
Bi 0,17 0,18 0,12 0,16 0,09
Th 17,76 18,14 18,06 17,56 8,95
U 3,71 4,09 3,61 3,62 2,38
>REE 252,35 251,49 254,42 241,88 205,61
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Puc. 5. Cocmasvl nopoo na nempozenemuieckux u cnaioep ouazpammax:
a— Zr/Y-Zr; b — Zr/-Nb*2-Y: ¢ — Nb/Y-Zr/Y; d — (Na20+K20-Ca0)-Si02; e — Sm/Yb-La/Sm;
J— xonyenmpayuu REE nopmuposanuvie k XoHOpumy, g — KOHYeHmpayuu Heco8MeCmumulx
anemenmog Hopmuposanuwvie kK N-MORB. /

Fig. 5. Compositions of rocks on petrogenetic and spider diagrams:
a—Zr/Y-Zr; b— Zr/-Nb*2-Y; ¢ — Nb/Y-Zr/Y; d — (Na20+K20-CaO)-SiO2; e — Sm/Yb-La/Sm;
f— Concentrations of REE normalized to chondrite; g — Concentrations of incompatible elements
normalized to N-MORB.
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€T OTMETHUTb, 4TO MO cpaBHeHHIO ¢ OIB (0a3anbThl OKEAHUYECKUX OCTPOBOB) B HAIIEM
cinyyae koHueHntpauuu MREE-HREE nonnxensl. Ha Mmonenn paBHOBECHOIO IJIaBICHUS
IPaHaTOBOTO W HIMHHENeBOro nepunotuta Sm/Yb-La/Sm, [Ilkonpauk u ap. 2009] (puc.
51) TOUKH COCTaBOB I'PYNIUPYIOTCS MEXKAY TPEHIAaMH IUIABICHUS TPAHATOBOIO U ILIH-
HEJIEBOIO NIEPUIOTUTA B JUANAa30HE 3HAYEHUI YaCTUUHBIX BbIIIaBOK < 1%. Konuenrpa-
LMY HECOBMECTUMBIX 3JIEMEHTOB HopMupoBaHHble K N-MORB [San, McDonough, 1989]
B MCCJIEJOBAaHHBIX MOPOAAX UMEIOT OJHOTHIHBIM npoduis, 6nuskuilt k OIB. Ilpu stoM,
oTrmeuaetcs oboraienue nopox LlLe, LREE, a Takke BbICOKO3apsIIHBIMU 3JIEMEHTaMH —
Zr, Hf, U, Th. Ha ¢one npodunst OIB, B n3yuyeHHbIX MOPOJAX 3aMETEH CYIIECTBEHHbII
Tpor 1o Nb, Ta v HeratuBHble anoManuu 7i u Yb (puc. 5x).

JUiis1 BBISIBICHUST POPMYJI TEOXMMUYECKOH Crielnanu3aluy U3y4aeMbIX [TOpPOJ] COCTaB-
JIeHbl paH)KUPOBaHHbIE psAbl KiIapkoB koHueHTpanuu (Kxk>1,5), mpu pacuere KOTOpPBIX
HCII0JIb30BaHbl 3TAJIOHBI INIABHBIX TUIIOB ropHBIX Iopox [I'yces u ap. 1999]. Tak, mis Tpa-
Xnan/e310a3aibTOB OHA BRIPAKEHA CAEAYIOIUM oOpasoM: — Ag,Se,sWs o Zr, sHf, St
Ni, yCr; sNby gBa; sTh; ¢Mo, 5; s TpaxuannesuroB — AgysSe;s Zr, ;Hf, 4Th, ,Cd, ; Cs,
U, sNby 8Tl sMo 1 W ;.

CpaBHeHuUE MONTyuyeHHBIX (HOPMYI ¢ TeOXUMUEH MopoJ, OIU3KUX MEeTPOreoXuMHuye-
ckux tunoB (12-tu reonuHaMudeckux ooctaHoBokK [['yceB u ap. 1999]) moka3zano, 4to
W3y4EHHBIE BYJKAHUTBI COIIOCTABUMBI C aHAJIOTMYHBIMHU 10 COCTaBY MTOPOIAaMU KOJUIU3H-
OHHBIX IOSICOB U BYJKaHO-TUTyTOHUYECKUX MOSICOB THUIOBBIX PU(TOB aKTUBHBIX KOHTH-
HEHTAJIbHBIX OKPaWH, a UX FE€OXUMHUECKas CHelHaIn3anus XaabKoQuibHO-TUTOPHIIb-
Hasl WIH [TOJIMMETAJNIbHO-PEIKOMETAIIIbHAS.

O6cyKAEHME PEIYABTATOB OHAAUTUYECKUX MICCAEAOBAHNIN

N3yuennbie mopoasl (yMEpEeHHO HICJIIOUHbIE aH1e3n0a3albThl U aHe3uThl JBP) sB-
JISIFOTCSL BBICOKO KaJIMEBBIMU, YMEPEHHO INIMHO3EMUCTBIMU, YMEPEHHO MarHe3uajbHbI-
MH 00pa30BaHUsMHE, C BEIMYMHAME W30TOIMHBIX OTHOMIEHHH %7 Sr/°Sr BappupyomuMu B
npenenax 0,705107+13-0,706143+14. Onu oboramenst LI/Le, LREE v BBICOKO 3apsiAHbI-
MU snemenTamu Zr, Hf, U, Th. B HUX CTIEKTpBI HECOBMECTUMBIX JIEMEHTOB U REE UMEIOT
npoduis 6nmu3kuii kK OIB ¢ xapakTepHbIMU HETaTUBHBIME aHoMmanusivmu Eu, Nb, Ta, Ti, Yb.

[To manubIM ceficMoTomorpaduu B BepxHeid ManTuu DBP n3BectHa obmmpHasi, pa-
nuycoM 45-60 kM OT ByJiKaHa, 30Ha 3aMeJIeHUsI CKOPOCTH nonepedHsbix (Vs) ceiicmuye-
CKHX BOJIH, CYUTAIOLIAsICS «aCTEHONIMH30M» [MutanoBckuil u ap., 1989]. AxktuBHOE yua-
CTHE MaHTUMHOTO BEIIECTBA B T€HE3HCE BYJKAHUTOB MOATBEPKAAECTCSA UCCIIEIOBAaHUSIMU
BEJIMYMH U30TONHBIX OTHOIEHUH renus (*He//He), B KOTOPOM UCTOUYHHMKOM *He ciyKar
MarMaTH4ecKUe pe3epByaphl, CBSI3aHHbIE ¢ aCTEHONMH30M [SKkoBies, [Tonsk, 1997]. Eme
OJTHUM TOATBEPKACHUEM 3TOW TOYKU 3PEHUS SABISAIOTCS BEIUYUHBI U30TOIHBIX OTHOLLIE-
uuii ¥Sr/%Sr B Bynkanurax 9BP (0,70506-0,70590), koTOpHIE ropasno OIMKe K H30TOI-
HBIM XapaKTepUCTUKAM COBPEMEHHON MaHTHH, YEM K HU30TOITHBIM METKaM JPEBHEN KOPBI.
M3oronHkIif cocTaB HeoauMa Kosiebnercst oT +1,3 10 —3,5 He BBIXOAS 3a MpeaeIibl 3Have-
HUI XapaKTEepHBIX JJIs HOPOJ MaHTUIHOTrO renesuca [ byonos, ['onbuman, 2005].

Ha wmonenn paBHOBecHoro ruiaBienusi rpanaroBoro (OlI550px25Cpx10Grtl0) u
mmuHeneBoro (O1550px25Cpx15Sp15) nepunorura (puc. 511) TOYKH COCTABOB M3y4YCH-
HBIX MOPOJ FPYNIUPYIOTCS MEXIY TPEHIaMU IUIaBJICHUS TPAHATOBOIO M LIIHHEIEBOTO
NepuI0THTA B TMANa30He 3HAYCHUH YaCTUYHBIX BHIMIABOK <1%. Ha HHM3KyIO cTeneHb
IUIaBJIEHUS UCXO/IHBIX MOPOJ B JINTOC(HEPHON MAaHTUHU YKa3bIBalOT 00OTralleHNe paciuiaBa
LILe n Bvicokue 3HaueHusi La"/Yb" ornomenus pasubie 20,2-22,6. [ToHnKeHHBIE KOH-
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ueHrpauuu HREE v oTpuuareiabHas aHoOMaaus Yb roBopsAT O BO3MOXKHOM MPUCYTCTBUU
B pEeCTUTE OCTATOYHOro rpanara. Beicokoe comepkanue K,O B Tpaxuanie3zndazaibrax,
JIOTyCKaeT Haluuue (IoronmuTa B UCTOYHHUKE. A MOJOXKEHHE (PUTYpaTUBHBIX TOUYEK CO-
CTaBOB BOJIM3M ¢ TOUKOM EN — 0OOranieHHbli KOMIIOHEHT Ha PUCYHKE ST, U OJU30CTh C
coctaBoM 3tajsoHa OIB (puc. 5e, ), BO3SMOKHO CBUIETEIILCTBYIOT O O0jiee paHHUX sIBJIe-
HUSX MAHTUHHOTO METaCOMAaTU3Ma.

W3BecTHO, YTO 0COOEHHOCTH MOBEACHHUSI PsAJIa IETPOr€HHBIX U PEAKUX DJIEMEHTOB SIB-
JSIFOTCS KOCBEHHBIM JI0Ka3aTeIbCTBOM (PPAKIIMOHHOM KPUCTAIUIN3ALUU. YMEpEHHAs Mar-
HE3MaJIbHOCTh TPaxuaHe3nba3aibTa B COUeTaHUH C HEraTUBHBIMU aHOMausIMU Eu, Nb,
Ta, Ti, cBUACTEILCTBYIOT, HA HAlI B3IV, O TOM, UTO 3TOT PACIUIaB YK€ PeIBapUTEIHHO
3BOJIIOLIMOHUPOBaI. CUuTaeTcsi, YTO HEraTUBHAs €BPOIMEBAas aHOMaIMs B 0a3UTOBBIX
MarMax MpeuMyIIeCTBEHHO CBs3aHa C MPOLECCaMH IUIarMOKIa30BOro (ppakinOHUPOBa-
HUS WIM YaCTUYHOIO IUIABJIEHUS, IIPY KOTOPOM IUIArMOKJIA3 OCTAETCA B MUCTOYHHKE, a
COJIepKaHUs TaKUX IEMEHTOB Kak 7i, Nb, Ta KOHTPOJIUPYIOTCS TAKUMH MUHEPAIbHBIMU
(hazamu Kak WIBMEHUT, PyTHJI WK cheH. YMeHbleHne Konuenrpauuii Mg, Fe, Ti, Sr, Cr,
Ni, Co B psity IOpOJ OT TpaxuaHae3nda3alibTa K TpaXuaHAe3uTy YKa3bIBaeT Ha MPOIOI-
Karoreecs: GpaklIMOHUPOBAHHE JIarMOKIIa3a, OJIMBUHA, TUTAH COJEPIKAILEero MUHepasa
Y BO3MOXHO MTUPOKCEHA.

[Ipy KOHTaMUHAIMKM paciulaBa MaTE€pPUaTOM KOHTHHEHTAJIbHOM KOPbI IMPOUCXOAUT
ero oboramenue Si0,, Ba, Th, Uwu LREE. Ogaum u3 HauboJee HaJe)KHBIX HHIHUKATOPOB
POJIM 0CaIOUHOrO KOMIIOHEHTA B MarMOI€HE3HCE ABJISETCS KOHLIEHTpALMsl B IIOpoJax He
MOOWIBHOTO B BogHOM (utone 7/ [Mapteiaos, 2010]. AHOMaIbHO BBICOKHE KOHIICH-
tpauuu 7/ (B 1/T) B: Tpaxuanaesubazansrax — 9-14; tpaxuannesurax — 17-18, ¢ 6oinb-
LI0W BEPOSITHOCTBIO, YKA3bIBAIOT Ha CYIIECTBEHHYI0 KOHTAMUHALIMIO PAcIlylaBa HUKHEKO-
POBBIM MaTepUaIOM.

Ha ocHoBanuu nonoxenust pUrypaTUBHBIX TOUEK TpaxHaH1e310a3aabToB Ha METPO-
FeHETUYECKUX JuarpaMmax 1 uX CpaBHEHHUs C FeoXUMHUel OJIM3KUX IO COCTaBY METPO-Te-
OXMMHYECKUX TUTIOB MOPoa U3 12-Tu reoquHaMudecknx o0cTtaHoBoK [['yceB u ap. 1999]
X MOXXHO paccMaTpuBaTth Kak: 1) BHYTpUILUTUTHbIE oOpa3oBaHus (puc. 5a, 0); 2) obpa-
30BaHUsl KOJUIM3MOHHBIX MOSICOB, JHOO 3) BYJIKAHO-IUTYTOHUYECKHUX MOSCOB THLUIOBBIX
puGTOB aKTUBHBIX KOHTHHEHTAJIBHBIX OKpauH (puc. 5B, r). He ocranaBnuBasch Ha pac-
CMOTPEHUM BCEX CYIIECTBYIOLIUX IIPEICTABICHUN O FEOAMHAMUYECKOM PEKUME TO3/IHE-
MUOIIEH — YETBEPTUUHOIO 3Tarna pa3BUTHs KaBKa3ckoro permoHa, OTMETUM, YTO MCXOJ-
HBII pacriaB, YBOJIIOLUOHUPOBABIINMN, 1, B KOHEYHOM cueTe, 00pa30BaBLINil H3yYCHHbIE
MOpOJibl, POPMHUPOBAJICS B THIJIOBOW YAaCTH 30HBI KOJUIM3UH, & €T0 BOSHUKHOBEHHE ObLIO
00yCIIOBIICHO, TTO-BUIUMOMY, IEKOMIIPECCHOHHBIMU SIBJICHUSMU, TPOSIBUBIIMMUCS B CBSI-
31 C «CHHKOJJTM3MOHHBIMY» PU(THUHIOM, UMEBILIUM MECTO B Mpeaenax TpaHCKaBKa3CKOM
nornepeyHoi 30ub1 [MImamBepaues, 2000].

[eoxumuueckas crnenuanuzanus TpaxuaHe3u0a3aJbTOB M TPAaXUaHAEC3UTOB IO
aHAJIOTUHM C TEOXUMHEH MOpoJ| OJM3KUX METPO-TEOXMMUYECKUX THUIOB — XaJIbKO(DUIIb-
HO-TuTOUIBHAS (MOTUMeTAITbHO-peikoMeTasuibHas) [['yceB u ap. 1999]. B npenenax
Dnp0pyc-KIOKIOPTIMHCKONW BYITKaHUYECKOW MOCTPOMKHA HAaMHU ObUIM BBISIBJICHBI CyOWH-
TPY3UBHbIE TeJla MU 30Hbl BTOPUYHBIX M3MEHEHUH BYJIKAHUTOB U IOJIY4YEHBI JAHHBIE O
ONMU3KKUX Temreparypax (GOPMHUPOBAHUS MOCTMArMATUYECKON Cyab(OUIHOW MUHEpAIH-
sanuu (170-213°C) u rupporepmaibHO-MeTacoMaTnueckux oopasosanuii (110-199°C).
YcraHoBieHa CBsA3b aHOMAJILHO MOBBILICHHBIX KOHIIEHTPAIii, B IepBYyI0 ouepens Pb u
Zn, ¢ pa3pbIBHON TEKTOHUKOW M 30HaMHM apruim3anyuu. Ha ocHoBaHNM M3y4eHus cocTa-
BOB aKIIECCOPHBIX allaTUTOB YCTAHOBJIEHO, YTO COAEPKAHUS JETy4UuX 3neMeHToB (F Cl,
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S) B pacmiaBax, Ha paHHUX CTaJUsX, COIIOCTAaBUMBI C KOHLIEHTPALUSAMHU aHAJIOTUYHOIO
HaOopa JIETYy4YHX 3JEMEHTOB B Marmax MoOJHOAEH- U MEIHO-TOPGUPOBBIX CUCTEM. ITO
IIO3BOJIMJIO IIPEAIOJIAraTh HAJIMYME COOTBETCTBYIOLIEH MOTEHIMAIBHON PYJOHOCHOCTH
U3YYCHHBIX OPOJ, U MPEAINOI0KUTh, YTO Ha IIyOMHE B HECKOJIBKO COTEH METPOB OT CO-
BPEMEHHOI'O APO3UOHHOIO CPe3a, B 30HE MOHTMOPHWIJIOHUT-TUAPOCTIOIUCTBIX U3MEHE-
HUI BO3MOXHO OOHapy»KEHHE CBUHIIOBO-IIMHKOBOIO, a Ha Oosee ryOokux ypoBHsx Cu-
Mo-nopdupooro Tunos opyaenenus [ 'azees, 2003].

3AKAKOYEHNE

[TneiicTorieHOBBIE YMEPEHHO MICJIOUHBIC aHAe3u0a3aIbThl U aHe3uThl DBP sBs-
IOTCSl BBICOKO KaJIMEBBIMM, YMEPEHHO INIMHO3EMUCTBIMM U MarHe3uallbHbIMU 00pa3oBa-
HHMSAMM, C BEIMYMHAMU M30TONHBIX OTHOIIEHUH %Sr/Sy, BapbupyromuMu B npeaenax
0,705107+13-0,706143+14. Ilopoasl KMMEIOT NOBBILIEHHBIH YPOBEHb KOHILIEHTpALUU
LILe, LREE w BbIcOKO3apsHbIX 3neMeHToB Z7, Hf, U, Th. CrieKTpbl HECOBMECTHMBIX
2JIEMEHTOB, HOpMUpoBaHHbIE 10 N-MORB u cnektpsl REE HOpMHpPOBaHHbIE 110 XOH-
JPUTY, UMEIOT OAHOTUIHBINA Npoduib, 6mu3kuil k OIB ¢ XapakTepHbIMH HEraTUBHBIMU
anomasusimu Eu, Nb, Ta, Ti, Yb. Anae3zuba3anstel v anne3utsl DBP sBistores nponsBo-
JTHBIMU paciiiaBa, 00pa3oBaBLIErocs Mpu YacTUYHOM (< 1 %) muiaBIeHUN METacCOMATU3U-
poBaHbIX 1opo auTtochepHoi MaHTHUH. OOpa30BaHKE U3YyUEHHBIX MOPOJ 00YCIOBICHO
JIEKOMIIPECCUOHHBIMU IIPOLIECCAMU, MPOSBUBIIMMHUCA B CBSI3U C «CHUHKOJUIM3HMOHHBIM»
pUGTHHTOM, TTPOSBUBIIMMCS B Tipeenax TpaHCKaBKa3CKOH momepedyHol 30HBI. B mpo-
L[eCCe IBOJIIOLMOHHBIX MPeoOpa3oBaHUil MEPBUYHOIO paciulaBa OTMEYAIOTCS SBICHUS
(paKIMOHUPOBAHUS C yUYACTHEM IUTArMOKIIa3a, OJIMBUHA, THTAH COJEPIKAIIETO MUHEpaJa,
a TaK)Ke KOHTaMUHALMs pacilylaBa HUKHEKOPOBBIM MaTepuaioM. B mocnenyrouuii nepu-
of1, ipu (HOPMUPOBAHNHN JALUTOB, TPOUCXOJIIIO CMEIICHUE TpaxuaH/1e31u0a3aIbTOBOTO
pacriaBa ¢ 6ojee KUcibiM KopoBbIM paciuiaBoM [Ilomos, 1980; I'azees, 2004]. ['coxu-
MUYECKas CHelaln3alus TpaxuaH1e310a3aibToB U TPaXUaHIe3UTOB — XaJIbKOPUIbHO-
autoduibHas (MOIMMETAUTBHO-PEAKOMETAITbHAS).
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Abstract: In the central part of the Greater Caucasus, in the upper reaches of the Baksan, Malka and
Kuban rivers, there are Pleistocene — Holocene volcanic structures of the Elbrus volcanic region, composed of
ignimbrites, lavas and tuffs of various composition from trachiandesites, andesites to dacites and rhyolites. The
predominant type is lava of dacite composition. The most basic in composition volcanic rocks, represented by
trachyandesibasalts and trachyandesites were investigated. These volcanic rocks form independent structures in
the northern part of the volcanic region, and in the dacitic lava flows of Elbrus volcano they are found in the form
of xenoliths. The article provides a brief petrographic description of these facies and the results of RFA, ICP-MS,
87Sr/38Sr analysis. Petrochemical and geochemical characteristics of these rocks are considered. It is shown that
in discriminatory diagrams, figurative points are grouped in fields characteristic of intraplate and postcollisional
formations, as well as island arcs and zones of active continental margins. It is assumed that the occurrence
of the primitive liquid was conditioned by decompression phenomena in connection with the “syncollisional”
rifting, which appeared within the Transcaucasian transverse zone. The distribution spectra of rare-earth
elements normalized to chondrite are not significantly different for trachyandesibasalts and trachyandesites.
They have the form of an inclined line close to the OIB profile, with a noticeable negative europium anomaly.
The enrichment of L/Le, LREE rocks, as well as highly-charged (Zr, Hf, U, Th) elements is noted. Against the
background of the OIB profile, a significant b, Ta trot and negative anomalies of 7/ and Yb are noticeable in
the investigated rocks. Based on variations of the La/Sm and Sm/Yb ratios, using the model of equilibrium
melting of garnet and spinel peridotite, it is assumed that the primitive liquid was formed during partial (< 1%)
melting of metasomatized lithospheric mantle rocks. The evolutionary transformations of the primitive liquid are
associated with the process of fractionation, the participation of plagioclase, olivine, titanium-containing mineral
and its contamination by lower crust material. During the formation of dacites, this evolved mantle melt was
mixed with a more acidic crust melt. It is shown that chalcophilic-lithophilic (polymetal-raremetallic) geochemical
specialization is characteristic for trachiandesibasalts and trachyandesites, as well as for all rocks of the Elbrus
volcanic region. This is confirmed by the fact that areas with abnormally elevated concentrations of lead, zinc,
antimony, and molybdenum, associated with zones of fault tectonics and low-power zones of argilization, have
been established in volcanics.

Keywords: petrography, geodynamic typisation, geochemical specialization, Elbrus volcanic district.
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AunoTauus: [poBefieH COMOCTaBUTESbHbIN aHANU3 JOKYMEHTaUNN KepHa 6YPOBbIX CKBOXUH U Pe3yrbTaToB
XUMUKO-aHANNTUYECKNX OMPeSeSieHni 30110Ta B KEPHOBbIX NP06aX M3 PYLAHbLIX HTEPBASIOB 30/10TOHOCHBIX CKap-
HOB 3bIrbIPKONbCKOM 30HBI. [10Ka3aHo, YTO COAePXKaHMs 30510Ta B PYAHbIX MHTEPBaNax He 3aBUCAT OT TUNa, Popm
NPOSIBNIEHMS, KONNYECTBA U COCTaBa PYAHbIX MiUHepanos. OTCYTCTBME CBA3N KOHLEHTPALWiA 30510Ta C Cynbduaamm,
MarHeTUTOM W remMaTuToM NoLTBEPANSIOCH U NPU UCCNEA0BAHUM NMPOB-NPOTONIOYEK, COCTABIEHHBIX U3 «XBOCTOB»
50 60p0310BbIX P06, 0TOOPAHHBIX U3 PYAHbIX MHTEPBAIIOB, B KOTOPbIX COLEPXaHUs 30/10Ta N0 Pe3ynbraram Xu-
MU4ecKoro aHanusa cocrasunu ot 0,6 fo 9,9 r/1. Pesynbratel MUHEPANOrNYECKOro aHannu3a LUNUXoB nokasanu
KpaiHioK 6eAHOCTb UX PYAHBIMU MUHEpanamu. B MuHepanornyecknx npobax pym ¢ MakcumabHbIMI COLepxa-
HUAMM 30110Ta YCTAHOBEHbI YACTULbI CAMOPOAHOr0 30/10Ta, NPY NOMHOM OTCYTCTBUM B 3TUX Npo6ax cynbdunios
W OpYrux pyaHbIX MUHeparnos. MHOXECTBEHHAs KOPPenaums, BbINOSHEHHAA N0 MACCUBY XUMWUKO-aHaNUTUYECKUX
JaHHbIX, MOJTYYEHHbIX N0 Pe3ynsTatam KepHOBOro 0npo60BaHNs 30/10TOHOCHBIX CKAPHOB 3bIrbIPKONbCKON pyLO-
HOCHOIA 30HbI, NOKa3ana, YT0 30/10TO JOCTATOMHO CUNbHO MONOXMTESIBHO KOPPENUPYETCS TOSIbKO C BUCMYTOM.
3TO COOTBETCTBYET MWUHEPAIIOrMYECKUM [aHHbIM O HaNU4UK accoumalm CamopogHOro 30510Ta C CaMOPOAHbIM
BUCMYTOM, YCTAHOBJIEHHOI MO pe3ynbratam 3/1eKTPOHHO-MUKPOCKOMUYECKINX UCCIef0BaHMA. YCTAHOBMNEHO TaKxXe
OTCYTCTBWE 3HAYUMOII KOPPenaLmm 30/10Ta U cepedbpa, 4T0 MOXET CBULETENbCTBOBATL O Pa3HbIX 3Tanax 3050-
TOW 1 cepebpsaHoil MuHepann3aumin. OTHOCUTENBHO CUIbHAs NONOXMTENbHAS Koppensums cepebpa Co CBUHLOM,
CYPbMOW, LIUHKOM, MbILUBAKOM, MApraHLem 1 010BOM CBULETENbCTBYET O CBA3M 3TOM0 3/1EMEHTA C NPOABIEHUAMN
CyNbUIHOA MUHEPATN3ALMN, COAEPXALLMMM FATIEHNT, NUPAPTUPKUT 1 ApYrue Cynb(OaHTUMOHUTI, Cynbdoapce-
HUZbI 1 CyNbHOCTAHATI, @ TaKXKe anabaHanH. Takum 06pa3om, YCTAHOBIIEHO, Y4TO 30/10TOE OPYLEHEHNE B CKapHax
3bIrbIPKONBCKOM 30HbI ABMISETCA MOHOMETANIbHBIM (YMCTO 30J10TbIM), 06Pa30BaABLUMMCSA PaHbLLE TaK Ha3blBae-
MbIX COMYTCTBYHOLLMX CYNbMUAHBIX U CYNb(UAHO-MArHETUTOBbIX MIUHEPanu3aunii TbIpHbIay3CKOro pygHOro nons.

KnioueBble cnoBa: 3051070, CynbGuabl, CKapHbl, pyaa, XMMUYECKNA aHanu3, MecTOPOXAeHNe ThipHblays,
CeBepHblii KaBkas.

Ins uutuposanus: Mapaga C.T., Mapkus M. 0., Ctronspos B.B., HYoTtyaes X.0. ConocTaBneHne Xummuko-
AHANNTUYECKUX M TE0NOMNYECKNX JaHHbIX N0 30/10TOHOCHbIM WHTEpPBanam OypoBbIX CKBXWUH B npefenax 3bl-
bIPKONIbCKON 30HbI ThIPHBIAY3CKOr0 pyaHoro nons. feonorus n feogusmnka fOra Poccnn. 2019; 9 (2): 56-68.
DOI:10.23671/VNC.2019.2.31977.
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BeeapeHme

Kpynneiimee Ha CeBepHom KaBkaze Mo-W mectopoxienue ToipHblay3 H3y4anoch U
sKcmutyaTupoBaioch ¢ 1940 no 2001 r. I3 MonnOieHOBBIX U BOIB(PPAMOBBIX Py MOIMYT-
HO U3BJICKAJIOCHh, KPOME MEU U BUCMYTa eIl 1 30510T0. ConepkaHusl MOCIEAHEro ObLTH
He BbicokuMH (okojo 0,1 r/T), TeM He MeHee, 3a BeCh MePUOJl IKCILUTyaTallud MECTOPOXK-
JeHus u3BiedeHo okoyo 25T. B 2010-2011 rr. B X0/1€ MOMCKOBBIX PabOT C y4acTHEM aBTO-
POB OTKPBITHI IPOMBILUIEHHO 3HAYUMBbIE MPOSIBIIEHUS 30JI0TOI0 OPYACHEHHUS, CBA3aHHbIE
C THIPHBIAY3CKUM HEOMHTPY3UBHBIM KomruiekcoM [Emkyxes, JlxyOyes, 2012; Parada,
Stolyarov, 2012]. B nanbheiiem 6611 oripeiesieHbl 0COOEHHOCTH IF'€0JIOTHYECKOTO CTPO-
€HUS 30JJ0TOHOCHOTO y4acTKa M yCJIOBUS JIOKAIU3AL[UH 30J10TO-CKapHOBBIX pya [MapkuH
u ap., 2014; Tapacos u ap., 2015; Ilapana, Cronsipos, 2017], pazpaboTaHa nmporHo3Ho-
nouckoBasi mozeisb [CronsipoB, 2015], BeIsiBJIeHAa F€OXMMHUYECKAsl 30HATBLHOCTh OpYy/Ie-
nenus [[lapana, 2019]. B nocnennee BpeMs moioO0HbIE OOBEKTHI C KPYITHBIMH 3amiacaMu
30JI0Ta OTKPHITHI Ha Ausicke (Mectopokaenue [1266m3) [Nie, 2015], B Mekcuke (MecTo-
poxnaenue Jloc @unoc) [Canadian Mining Journal, 2017] na Tsaub-1llane (MecTopoxe-
nue Yopyx-Jlaiipon) [Soloviev, Kryazhev, 2017], na [Tonsipaom Ypaiie (MecTopoxaeHne
[Terponasnosckoe) [Vikentyev et all., 2017]. B kauecTBe 00bEKTOB-aHAJIOTOB BCEX ITUX
MECTOPOXKJCHUNA MOTYT PacCMaTPUBATHCS MECTOPOXKACHUS 30JI0TO-TOP(HUPOBOTO TUIA
[Hollister, 1992; Sillitoe, 2000].Takum 00pa3oM, OTKPBITHE 30JI0TOPYIHBIX OOBEKTOB Ha
Cesepaom KaBkaze — 3aKOHOMEpHOE M MPUHIMIIAAIBHO BaKHOE COOBITHE, KOTOPOE T0-
3BOJISIET BEPHYTHCS K MEPEOLICHKE METANIOTEHUYECKOTIO MMOTEHIIMAJIA ThIPHBIAy3CKOTO U
JPYTUX HEOMHTPY3UBHBIX KOMIUIEKCOB PETMOHA, a TAK)KE ONITUMU3ALINN TIOUCKOBBIX KpHU-
TepueB [3aanumBuwiIz U ap., 2015].

Cunranocs, uto 3051010 B M0o-W pynax HaXoQuTCsl B BUJI€ TOHKOJUCIIEPCHOM MpH-
MeCH B Cylb(puaax U B XUMHUUECKU CBA3aHHOU (Gopme (TeJUTypuIbl U CIOKHBIE CyTb(o-
COJIM) B COCTAaBE TaK HA3bIBAEMBIX COIYTCTBYIOLIUX (0CHOBHOMY Mo-W opyneHeHMo)
Cynb(GUAHBIX U CYIb()UIHO-MarHETUTOBBIX MUHepanu3anuii [Ponzsuko u ap., 1973; I'pa-
menutkuid, 1978, Kymum, Heipkos, 2007 u np.]. OgHaKo UTOTH MOMCKOBBIX paboOT Ha
3051010 2010-2014 TT. M pe3ynpTaThl N3yYeHUsI MUHEPAJIOTHUECKUX 0COOEHHOCTEH 30710~
TOHOCHBIX pyn [Cromnsipo u ap., 2016; Parada u ap., 2017] nokasanu, 4To BBISBICHHOE
COOCTBEHHO 30JI0TO€ OpYy/ACHEHHE B CKapHaX 3bITBIPKOJILCKOW 30HBI HE OOHApPYKHUBAaeT
CTPOTOi MPUYPOYEHHOCTHU K TaK Ha3bIBAEMBIM COIMYTCTBYIOIIUM CYJIb(UIHBIM PyIaM.

COMNOCTABAEHUNE XMMUKO-AOHAAUTUYECKNX N TEOAOTUYECKUNX
AQHHbIX

ComnocTaBUTEIbHBIN aHAIN3 JOKYMEHTAIMK KepHa OypOBBIX CKBaXXHH U PE3YJIbTaTOB
XMMHKO-aHAJIMTUYECKUX OMPEAEIIEHUH 3010Ta U JPYTUX IIEMEHTOB [10Ka3all, UTO COAEp-
YKaHM 30J10Ta B PYHBIX MHTEpPBaIaxX HE 3aBUCST HU OT TUIIA COITyTCTBYIOLIUX Py, HU OT
(bopM NposiBIEHUS, KOIMYECTBA M COCTaBa PyJHBIX MUHepaioB. [lokazaTeneH B 3TOM OT-
HOIIIEHUH 3010TOHOCHBIN nHTepBan 105,0-108,2 M B ckBakune 8, npoiinenHon Ha Hik-
HEM y4yacTKe. 30JJ0TOHOCHBII HHTEpBaJI MPEICTABIIEH MIPOCI0EM KapOOHATU3NPOBAHHOIO
rpaHaT-MMPOKCEHOBOI'0 CKapHa B CEPhIX TOHKOCIOMCTHIX Mpamopax (puc. 1).

Pynnas muHepanuzanus 374€Ch IPEICTaBICHA IMPOXKWIKAMH, BKPAIUIEHHOCTBIO U
THE3/1aMH MMHPUT-XATbKOIIUPUTOBOTO COCTaBa ¢ MPUMECHIO MUPPOTHHA U cdanepura, co-
JiepKaHusl KOTOPBIX B CyMME Ha Maccy CKapHa He mpeBblmaroT 5%. B 2-x nmpoOax u3
3TOro 3-X METPOBOI0 MHTEpBaJa cojepkanue 3osota coctasmwio 10,2 u 11,9 /T, eme B
oaHoi npoGe — 3,1 /1. B BepxHeM 3anb0aHie cCkapHa Ha IPpaHUIIE ¢ MPaMOpPOM B UHTEp-
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Puc. 1. Conocmagnenus pe3ynsmamos 00KyMeHmayuu KepHa 0yposoli CKEANCUHbL U Pe3YIbIMamos
onpeoeneHull 3010Ma u cepebpa 8 KEpHOBbIX NPobax Ha npumepe Oypoeoii ckeadcunvl 8 (Huowcnuii
yuacmok 3v1eblpKonbCKoll pyOOHOCHOU 30HbL). 1 — 21108uanbHO-0en08UANbHbIE OMI0JCeHUs; 2 — CKAPHbI,
3 — nUPOKCeH-N1azUOKIA308ble POCOBUKU; 4 — MpaMOPbL, 5 — MEKMOHUYeCKas 30Ha OpobaeHUs,

6 — NPoXICUNKU U 2He30a Kanbyuma, 7 — a) OKUCIbl U 2UOPOOKUCTbL dcenesd, 6) cynb@uovl. Bykeennvie
uHoexcwl kKpacnozo yeema: Gr — epanam, Px — nupokcen, Pl — niaeuoxnasz /

Fig. 1. Comparison of the results documentation of the core drill-hole and results of gold and silver
determination in the core drill-hole (the borehole 8, Lower plot Zygyrkol skoi ore-bearing zone).
1 — eluvial-deluvial deposits; 2 — skarny; 3 — pyroxene-plagioclase corneas; 4 — marbles, 5 — tectonic
zone of crushing; 6 — veins and calcite nests; 7 — a) oxides and hydroxides of iron, b) sulfides. Letter
indices in red: Gr — garnet, Px — pyroxene, Pl — plagioclase
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Bajnie 104,7-105,1 M, BeIIensi€TCA 30HA THE3OBO-ITPOKUIKOBOM PyAHOU MUHEpAIU3aLUU
MUPUT-XAJIBKOIIMPUT-MarHETUTOBOTO COCTAaBAa C MOIIHOCTBIO MPOXKHUIIKOB U THE3OBBIX
BBIJICJIEHUH 10 7-8 cM. DTOT MHTEpBaJ OOJIBIIEH CBOCH YacThIO MOMall B KEPHOBYIO IPO-
Oy I'-C8—84, uto oTpasmiioch Ha aHOMAJILHO BBICOKOM cojepxaHuu meau (6onee 1%),
HECKOJIKO TOBBIIIEHHOM cojiep:kaHuu Mblbsika (0,06%) 1 HUKaK He OTpa3ujIoch Ha
coneprxanuu 3omota (0,07 r/T). Hike pacrionaraeTcst ”HTepBaJl, I7ie OCHOBHOW MaTepual
MIpeJICTaBJICH CKapHOM 0e3 3aMeTHOro koinudecTBa CynbpumoB. CopepxkaHue 3070Ta B
npo6e u3 3Toro uHTEpBaia cocrasuio 10,2 r/t. Hanuuue npumecu cyiabpuHOro MaTepu-
aJia U3 COCEIHEr0 MHTEpBaja B 3TOM Mpobe OTPa3uIoch TOIBKO BEICOKUM COZIEpIKaHUEM
Menu (6omee 1%). UucTo 30J0TOHOCHBIM MHTEpBAJI, PEIACTABICHHBIN IBYMs MpoOamMu
HIKE, BBIJICISIETCS TEOXUMUYECKH TI0 BRICOKUM cojiep:kanusiM BucmyTa (0,1-0,3 %), ko-
TOpbIe HEe (PUKCUPYIOTCS B MPUIIETAIONICH CBEPXY CYIb(PHUIHO-MarHETUTOBOM MUHEPAIU-
3allMU.

[TomoOHast THE3MOBO-MIPOKHUIKOBASI MUPUT-XATBKOMUPUT-MAarHETUTOBAsE MUHEpa-
JU3alMs ¢ MOIIHOCTBIO THE3/ U MPOXKHUIIKOB 10 7 CM OTMeuaeTcs Ha oTMeTke 127,3M B
3,5-MeTpoBOM TIpOCIIOe ¢J1abo 30JI0TOHOCHOTO CKapHa C cojiepkaHusMu 3o0510t1a ot 0,1 1o
0,4 1/1. KepaoBas mpo6a, B cocTaB KOTOPOIi Iona Cyab(pHIHO-MarHeTUTOBBIN MaTepHa,
nokasana cofepskanue 3o0510ta 0,3 1/T, a HajIuuKe cyab(UI0B CKa3al0Ch Ha TIOBBIIIICHHOM
conepxanuu menu (0,5%). Y Takux npumepoB MOXKHO MpPUBECTH MHOTo. B ckBaxuHe
7 (untepBan 104,5-106,0 M) oTMeuaeTcs rHE30BO-IPOKUIKOBAsE KOJI4YeIaHHO-IOJIUME-
TaJuIM4YecKas MUHEpanu3anus ¢ coaepkanuem cynbhuaon 10 10%. [IpobupHslii ananmu3
kepHOBO# mpoOsI ['-C7—155 13 3TOTO MHTEPBAIA MMOKa3a]1 OTCYTCTBUE 30JI0TA.

Bwmecre ¢ TeM, HaiMuue KBAapUEBBIX U (MJIM) KaJIbIUTOBBIX KUJI MOBBIIIEHHON 10
10 cM MOIIIHOCTH MPUBOJUT B OTJENBHBIX CTy4asiX K BCIJIECKAaM MOBBIIICHHBIX COJEpIKa-
Hult 30mo0ta. Tak, mo ckBaxkune 7 (uHtepBan 135,5-202,8 M) BbiaenseTCs TENO CKApHOB
C pa3HO OPUEHTUPOBAHHBIMU KBapll-KapOOHATHBIMU IpokuiIkaMu. CopepkaHMsl 30J10Ta
B 9TOM CKapHe 70 oTMeTKU 191,4M cocTaBIsIOT COThIe — MepBble AecsThie T/T. 1 Tomb-
ko kepHoBasi npoda ['-C7-47 c¢ unrepsana 141,1-142,6 M, rne xoco nepedypeHa Kayib-
LMTOBAS KHJIa MOITHOCTBIO 10 10 cM, comepkut 30510170 B Konuuectse 7,4 r/T. C Gonee
HIMPOKUM, YeM OOBIUHO PA3BUTHEM MPOKHUIKOB KPYMHOKPUCTAIMYECKOTO KaJbIUTa B
CKapHax CBsI3aH 30J0TOHOCHBIN uHTEepBa 192,5-200,9 M B CKBaXKuHE 7, T1I€ COEepKaHUE
3o05oTa coctaBuiio ot 0,6 1o 4,0 r/1. Beriecku comepikanuii 3010Ta B CBSI3U C HATUYUEM
KBapLEBBIX >KUJT HJIM TYCTON CETH MPOKHUIIKOB OTMEUAIOTCS IO CKBaXKMHE &. 371eCh B Kep-
HOBBIX npobax [-C8—6 u I'-C8—42 conepxurcs 301010 12,8 1 25,9 r/T, COOTBETCTBEHHO,
YTO, COIVIACHO T€0JI0rMYECKOM JOKYMEHTAIH CBSI3aHO € MONalaHueM B ITpoOy OOJIBIIOro
KOJTMYECTBa MaTepHalia KBapleBbIX MPOKUIKOB M KUJI. B 1aHHOM cilydae BCIIECKH CO-
JIep’KaHUI 30JI0Ta CONPOBOXK/IAIOTCS BCILUIECKAMHU COZIEP KAHUN TOJIBKO BUCMYTA U CEpe-
Opa, 4TO yKa3bIBaeT HA OTCYTCTBHUE CyIb()UI0B MeIU, CBUHIIA U IIuHKA. [logcTunaromnme
Y TIEPEKPBIBAIOIINE STOT 30JI0TOHOCHBII MHTEPBAJI MTOPOJIbI HE COAEPIKAT 30J10TO.

OTcyTcTBHE CBSI3M KOHIEHTPAIHMA 30JI0Ta ¢ CyIb(UAaMU, MATHETUTOM M TeMaTUTOM
MOATBEPIMIOCH U TIPU UCCIEIOBAHUH MPOO-TIPOTONIOUEK, COCTABICHHBIX U3 «XBOCTOBY
50 60p0310BBIX MPOO U3 PYAHBIX MHTEPBAJIOB 10 TOBEPXHOCTHBIM FOPHBIM BBIPaOOTKAM
NeNe 16, 31 u 38, B KOTOPBIX COJEpIKAHUS 30JI0Ta IO pe3yJbTaraM MPOOUPHOTO aHATH3a
coctaBwin ot 0,6 10 9,9 r/1. Octarku 3TUX OOPO310BBIX MPOO OBLTU MPOMBITHI Ha JIOTKE
C MOJIyYEHUEM Ceporo nuiMxa. Pe3ynbrarsl MUHEPATOrHYecKoro aHajau3a HUIMXOB MOoKa-
3aJM KpaitHIo0 O€IHOCTh WX PYIHBIMU MUHEpajamH (Tadi. 1).
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Tabnuya 1/ Table 1.

®parMeHT Ta0JUIbI PE3yJbTATOB MUHEPAJTOTHYECKOT0 AHAJIHU3A TAKEIO0M
(ppakuuM MIJIMXOB, MOJY4YeHHbIX MPHU NPOMBbIBKE «XBOCTOB)» 00P0310BbIX P00 U3
30/I0TOHOCHBIX HHTEPBAJI0B NMPOKCEH-TPAaHATOBBLIX ckapHOB HuskHero yuyacrka
3bITBIPKOJILCKOI PYIOHOCHOM 30HBI

The fragment table, the results of mineralogical analysis of heavy fractions from
gold-bearing intervals pyroxene-garnet skarns of the Lower plot Zygyrkol’skoi
ore-bearing zone

Munepainst / Minerals

> Conepncaﬁnev

wlaelz | Eloalne] Blieliel 2] 2 |ne| oo

m. ;1 Eé § g 9 Eg é:’; @ % § E § % ﬂ\: E ? conteilt in the

§ éb é = g é{a) ‘gg § §§ % ::; E E’: § g initial s/ample,
= E SRS R = <Q*<C g/t
1 X - XX - X X X X - - - 0,18
2 X - XX - X X | XX | X - X - 3,45
3 - - XXX | X X - - X X - 5,91
4 - X | XX - - - X X - - - 1,65
5 X - XX - X X | XX - - X - 2,86
6 X - X - X - X - - - - 0,64
7 XX - XX - X - X X - - - 0,77
8 - X | XX | X X X X X - XX - 2,48
9 - - XX - - X X X - X - 2,54
10 XX - XX - X X X - X - - 7,32
11 X - XX - - X | XX | X - X - 2,52
12 - - XX - - - X - - X - 421
13 X - X - X - XX X X X - 9,96
14 - - XX - X - XX - - X - 4,89
15 - - XX - X - X - - X - 2,19
16 - - X - - - X - - XX - 0,88
17 - X | XX - - X - - - - 1,18
18 - - X - X X - X - X X 0,65
19 - - X - X - X X - X X 2,55
20 | - - xx ] X | X - - X - - - 2,07
21 - - XX - X - X X - XX | X 2,0
22 X - X - X - - - X X - 6,4
23 - - X - - - - X - X - 0,74
24 - - X - - - X - - X - 2,45
26 X X X - X X - - - X - 1,08
27 - - X - X - - - X X - 7,7
28 X - XX X - - XX - - XX X 2,44

[Ipumeuanne: X — cogepxanne muHepana ot 11010%, XX — ot 10 no 50%, XXX — ot 50
10 100% / Note: X — the content of mineral from 11010%, XX 10-50%, XXX — 50 to 100%
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OOHapy’keHbl CaMOPOAHOE 30JI0TO, MUPUT, MAarHETHUT, XaJIbKOIUPUT, aPCEHONUPHT,
raJieHUT, XPOMHT, a TakKe HEKOTOpble Mmopoaoolpasyrone MuHepaisl. Hanbonee pac-
MIPOCTPAHEHHBIMHU U3 HUX OKa3ajcs MHUPHUT, B MEHbLIECH CTENEHN — MarHeTHT U XaJbKO-
MUPUT.

[Tuput ycranosnex B 41 u3 50 npo06, B 9 npobax oH He 0OOHApYyXkEH, B T. Y., B Ipode
P-16A-33, rne coneprkanue 3070Ta M0 NPOOUPHOMY aHaNIU3y cocTaBuiio 7,3 r/T. 3 aTux
41 npoO, TOJABKO B 8§ — MUPUT OTMEUYEH B MOBBIIIEHHBIX KOJIUYECTBAX, B T.4., B MPOOAX
¢ HU3KMM cozepxkanueMm 3osota 0,8 r/t (P-16B-9). Maruerut ycranonneH B 21 npoGe.
[ToBblIIeHHBIE €r0 KOJIMYeCTBAa OTMEUEHBI BCEro B 2-X Mpobax, MpUYeM OJHa U3 HUX CO-
JepKUT MUHUMaJIbHOE KoiuuecTBo 3osota (0,7 r/T), apyras — nosslenHoe (7,3 1/1).
XanbKOMUPHUT Takke oOHapykeH Tosibko B 21 mpobe u3 50. 3aMeTHO MOBBILIEHHBIX €ro
KOJIMYECTB HE OTMEUEHO HU B O/IHOM Mpobe. ApceHOMUpUT 0OHapyXkeH B 8 Mpobax ¢ co-
JIepKaHUsAMH 30J10Ta M0 pe3ysbTaraM npodupHoro ananuza ot 0,6 1o 2,5 r/1. I'aneHut
ompejienieH B 5 mpobax ¢ copepkanuem 3o0mota ot 1,2 1o 3,9 r/t1.

Oxkazanock, 4To B 4-X Mpobax ¢ MaKCUMAIbHBIMU coliepkaHusaMHu 3010t1a (5,9; 6,4;
7,7; 9,9 r/T), B mIMXax U3 KOTOPbIX YCTAHOBJIEHO CAMOPOIHOE 30JI0TO, TAKHE MUHEPAJIbI,
KaK XaJbKOMMPUT, apCEHOMUPUT U TAJICHUT HE OOHAPYKEHBbI. DTO ellle pa3 MOATBEPKIAeT
OTCYTCTBUE CBSI3U 30JI0TOTO OPYACHEHUS B CKapHaX 3bITBIPKOJIBLCKOM 30HBI € Cyb(puaamMu
U IpYTMMHU PyAHBIMM MUHEpaIaMu.

Pe3ynbTaThl cCeKTpaibHBIX aHAJIM30B OOPO30BBIX MPOO MO 30J0TOHOCHBIM HHTEp-
BaJIaM B CKapHax (Tad. 2) MOATBEpKIAI0T MUHEPAJIOrMYeCKUe JaHHbIE U CBUJIETEIIBCTBRY-
10T 00 OTCYTCTBUU SKOHOMUYECKH 3HAUMMbIX KOHIICHTPALUH JPYTUX PYIHBIX 3JIEMEHTOB,
U BEPOSITHO, O «YHCTO» 30JIOTOM (MOHOMETAJUIbHOM) XapaKTepe OpY/IEHEHHs CKapHOB
3bITBIPKOJIBCKOM 30HBI. HEKOTOpOe HCKITIoueHHE COCTaBIAIOT cynbhuanbie pyas! [lepe-
BAJILHOTO CKapHa, IJIe COfIepKaHus cepedpa JoCTaTOuHO BbICOKHE. OIHAKO MacIITaObl UX
NPOSIBIICHUS HE3HAUUTEIbHBIC.

Tabnuya 2 / Table 2.

Cpennue coepkaHusi pyAHbIX 3J1eMEHTOB B 30JI0TOHOCHBIX CKapHAaX
3BIrBIPKOJILCKOM 30HBI N0 Pe3YJIbTATAM CIIEKTPAJBHOI0 AaHAJIN3a 00PO310BbIX
1 KePHOBBIX NPO0; 30J10TO — IO pe3yJbTaTam npodupHoro anaausa ¢ ICP
OKOHYaHUEM

Average contents of ore elements in gold-bearing skarn zone Zygyrkol’skoi the
results of spectral analysis of trench and core drill-hole; gold — according to the
results of the assay analysis with ICP ending

Marepuai / kos-o Au, | Ag, | Sn, [ Mo, | W, | Bi, | Pb, | Sb,

Materiaﬁr;ofuinber of r/r/|v/v/|v/v/|v/v/ |0/ /|v/T/|v/T /| v/T/ lif’ (;/u, Zo/n,
gt | gt | gt | gt |gt|gt|gtlagt] |7

Vuactok / Site

samples
Tepesanbibiii /|- Cymnuanas pyna /| 33119 01 30 | 4 137/ 30 | 360|460 0.19]0.12] 0,19

Crossing Sulphide ore / 370 ’ ’ ’ ’ ’
Coemuii / IMupoxcenossie Cxap-
el ub1 / Pyroxene scarns | 0,35[0,55(170| 56 | 10 | 20 | 80 | 30 | 0,09 [0,01 | 0,01
Middle

/379

IIupokcen-rpana-

Himxunid / ToBbie CkapHbl /| 5ot 1 10| 37 | 16 {120 30 | 20 [0.03 ] 0.02] 0.02
Lower Pyroxene-garnet

scarns / 146
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Jlpyroe ciencTBue U3 MPUBEACHHON TAOIUIBI 3aKII0YAETCSl B TOM, YTO 30JI0TOHOC-
HOCTh cKkapHOB Hmkuero, Cpennero u [lepeBanbHOr0 yuacTKOB CBSi3aHa C Pa3TUYHBIMU
MUHEpPATbHBIMU acCcoIMausIMH. Tak, U3 Tpex U3y4eHHBIX YYaCTKOB IMUPOKCEH-TPaHaTO-
Bble CKapHbl HIKHEro y4yacTka cojepikaT caMble BHICOKHE COAEpIKaHMsI 30JI0Ta U BUC-
MyTa 1 camble HU3KHe — cepedpa. Cynbdumaasie pynsl [lepeBanbHOro ydacTka comepkar
caMble BBICOKHE COJepKaHUsS cepedpa, Meau, [IMHKA, CBHHIIA, MBIIIbSIKA, CYPbMBbI, 4TO
€CTECTBEHHO sl cyabGUAHBIX pyd. [Ipu sTOM comeprkaHus 30710Ta U BUCMYTa, CBOM-
CTBEHHBIE 0e3CynbPUAHBIM pyaaM HiKHEro ydacTka sIBISIOTCS CaMbIMU HU3KUMH. Tak-
K€ TIOHM)KEHHBIMHU SIBIITIOTCS COJIEPKaHUsI MOUO/IEHA U 0JIOBA.

[TomoOHbIe pesynbraTsl moayueHbl At Cu — Au mectopoxaenus: FO6uneiinoe (3a-
naaHbiil Kazaxcran) ¢ ucmnonb3oBaHneM KOMOWHAIIMK KOJIMYECTBEHHBIX MeTporpaduue-
CKUX U TEOXHUMHUYECKHUX JaHHBIX, B PE3yIbTaTe KOTOPBIX MOKA3aHO PA3IUYUE CYIbPHUIHOMN
u nopdupoBoit munepanu3anuii [Shatov et al., 2014].

MHoXecTBEeHHAs] KOPPEJAIUs PyAHBIX 3JE€MEHTOB, BBIOJHEHHAS HAMU 10 Pe3yib-
TaTaM KepHOBOTO OMPOOOBaHUS 30JI0TOHOCHBIX MHTEPBAJIOB B CKapHAaX 3bITBIPKOIBCKOM
30HBI [TOKa3aja CIeAYIOLUe pe3yabTarThl (puc. 2).

Taxum 06pa3om, 30J10TO MOJTOKHUTETHEHO KOPPETUPYETCS TOIBKO C BACMYTOM. DTO CO-
OTBETCTBYET MUHEPATIOTUYECKUM JAHHBIM O HAJIHUMU aCCOLMAIMU CAaMOPOIHOTO 30JI0Ta
C CaMOPOIHBIM BUCMYTOM (pHC. 3).

Scpf’c‘gf nﬁ O | Ca | Ag | Te | Au | Bi
1 - - |566] 015 | 93,88 | 023
2 - - 599 | 041 | 92,93 | 0,67
3 23,12 | 064 | - - - | 76,24

Puc. 3. qacmuubl CCUVZO]?O@HOZO 3onomau CCI_MOPOOHOZO sucmyma noo INNEeKMPOHHBIM MUKPDOCKONOM U UX
XUMUYECKUL COCMAs No pe3yabmantdm 60JIHO6020 Oucnepcuoynoeo MUKpoanaiusa /

Fig. 3. Particles of native gold and native bismuth under an electron microscope and their chemical
composition according to the results of wave dispersion microanalysis

[TpuueM, accoruarusi CaMOPOTHOTO 30JI0Ta ¢ CAMOPOIHBIM BUCMYTOM U BHCMYTH-
HOM SIBJISIETCS, CKOpee BCero, 0ojiee paHHEW u Ooiee TECHOM, YeM accouualys ¢ TeTpa-
JTUMHUTOM U 5KO3€UTOM. DTH J[Ba TSIUTYPHIa BUCMYTA SBJISIOTCS WICHAMH TEILTYPUIOBOM
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acCOIMalliU B KOTOPYIO TAK)KE BXOJAT TEIUTYPUABI 30J10TA. DTH JaHHBIE MOJATBEPKIAIOT
HaJIMYME acCOLMAlMM XMMUYECKH CBA3aHHOIO B TeJTypuiax 3osora [CTonspoB u jp.,
2016; Parada u gp., 2017].

OOpariaeT BHUIMaHUE OTCYTCTBUE CKOJIb-HUOY/Ib 3HAYUMOM KOPPENALIUOHHON CBA3H
30J10Ta ¢ cepeOpoM, UTO MOJKET CBHJIETENILCTBOBATh O pa3HbIX 3Tamnax 30J10Toi 1 cepedpsi-
HOU MuHepanu3auuid. Hanbomnee cuiibHble KOPPESLIMOHHbBIE CBSI3U cepedpo oOHapyKu-
BaeT co cBuHIIOM (0,68) u cypbmoti (0,54), 3ameTHO MeHbIe ¢ BUcMyToM (0,43), THHKOM
(0,42), mpibsikoMm (0,39), mapraniem (0,35) u onoBom (0,34). Beicokasi cBsi3b CO CBUH-
IIOM CBUJIETEIbCTBYET O TOM, YTO OCHOBHAs Macca cepeOpa BXOAMUT B COCTAB TajeHUTA.
CBs3b ¢ cypbMoOii 00yCIlIOBIIEHa, CKOpee BCEro, HaJuyueM cepedpa B cOCTaBe MUpapru-
puta (Ag;SbS;) u npyrux cynb(poaHTUMOHUTOB, YTO CBA3aHO C TEPMOIAWHAMHYECKUMHU
ocobenHocTsaMu cucteMbl Ag — Sb — S [Keighin, Honey, 1969], a Takke ¢ MBILIBSIKOM U
OJIOBOM — B CBSI3U C BXOXKJICHHEM cepeOpa B COCTaB Cyab(OapCeHUI0B U CyabpocTaHa-
TOB, YTO MOATBEPKAAETCS BBICOKUMH KOPPEISLIMOHHBIMU CBSI35IMHU MBIIIbSAKA C CYpPbMOM
(0,83) u onosom (0,4). Koppensitiust cepebpa ¢ mapradiiem o0yCclIOBIeHa HATUYMEM alla-
6anauHa (MnS), 3aMKCUPOBAHHOIO B JaHHON MHHEpaJbHOW acCOLUAIMU M0 Pe3yib-
TaTaM MHUKPOCKOIMYECKOr0 M3y4YeHUs. DTO KOCBEHHO MOATBEPHKAAETCS BBICOKOW MOJIO0-
KHUTEIbHOHN KOppensiuoHHoH cBs3bto (1=0,41-0,43) MapraHua ¢ MbILIIbSIKOM, CYpbMON U
OJIOBOM.

BbiBOADI

1. ConocraBieHle TaHHBIX O COACPKAHUSAX 30JI0Ta, MOJYUYEHHBIX MO pe3yJbTaram
NpOOMPHOTO aHaANIM3a KEPHOBBIX MPOO, ¢ pe3yabTaTaMH I'€0JIOTUYECKON JOKYMEHTAINH
KEpPHA CKBAJKMH IOKA3bIBAET, UTO COIEPIKAHUS 30J10Ta B PYAHBIX HHTEPBaJIaX 30J0TOHOC-
HBIX CKapHOB 3BITHIPKOJIBCKON 30HBI HE OOHAPY)KMBAIOT 3aBHCUMOCTH OT THUIMA, (OpM
IPOSIBIIEHUS, KOJIMYECTBA U COCTaBa PYIHbIX MUHEPAJIOB.

2. B MuHepanormueckux mnpodax pyl ¢ MaKCUMaJIbHBIMU COAEP)KaHUSMH 30J10Ta
YCTaHOBJIEHBl YAaCTHUIII CAMOPOJHOIO 30J10Ta, IPU MOJHOM OTCYTCTBHHM B 3THX Mpobax
Cynb(UA0B U IPYTUX PYIHBIX MUHEPAJIOB.

3. MHo)XecTBEHHasl KOPpEJSLHNs, BBIIIOJHEHHAs [0 MAacCUBY XUMHUKO-aHAJIUTHYE-
CKHX JIaHHBIX, MOJIYYEHHBIX IO PE3yJbTaTaM KEPHOBOI'O ONPOOOBAHMS 30JI0TOHOCHBIX
CKapHOB 3BITBIPKOJILCKON PYIOHOCHOM 30HBI, [T0Ka3aja, YTO 30J0TO JIOCTATOUYHO CHJIBHO
HOJIOKHUTEIBHO KOPPEIUPYETCS TONBKO C BACMYTOM. JTO COOTBETCTBYET MUHEpAJIOrHye-
CKHM JIaHHBIM O HAJIMYMH acCOLUAIMM CaMOPOJHOTO 30J0Ta C CAMOPOAHBIM BUCMYTOM,
YCTaHOBJIEHHOM IO pe3ysbTaTaM 3J1eKTPOHHO-MUKPOCKOIIMYECKUX UCCIIEI0BaHUII.

4. OTCyTCTBHE CKOJb-HUOY/Ib 3HAYMMOW KOPPEIISIIUHU 30JI0Ta U cepedpa, MOKET CBH-
JIETENIbCTBOBATh O PA3HbIX ATarax 30JI0TON U cepeOpsAHON MUHEpaIU3alii.

5. OTHOCHUTENBHO CHWJIbHAs TMOJOKHUTEIbHAs KOppessuus cepedpa €O CBHUHLIOM,
CYpPbMOM, LINHKOM, MBIIIBSIKOM, MAPraHIIEM U OJIOBOM CBHJIETEIBLCTBYET O CBSA3H 3TOTO
AIIEMEHTA C MPOSBICHUSMH CyJIb(UIHON MUHEpAINU3aLNH, COACPKALTIMHU TaJCHHUT, M1~
paprupuT U APYrHe Cyab(OaHTUMOHHTHI, CYIb(OapCeHUIBI U CyTb(POCTAHATHI, a TAKKE
anabaHIuH.

6. Takum oOpazom, 30JI0TO€ OPYACHEHHE B CKapHaX 3bITBIPKOJILCKON 30HBI SIBISETCSA
MOHOMETAJUTBHBIM (YHCTO 30I0THIM), 00pa30BaBIIMMCSI PAHBIIIE TAK HA3bIBAEMBIX COITYT-
CTBYIOIIUX CYTb(QHUIHBIX U CYIb()UIHO-MATHETUTOBBIX pyA. Ero MOXHO OTHECTH K 30I10-
TO-TIOP(QHUPOBOMY THITY.
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Abstract: The correlative analysis of borehole core documentation and results of gold determination in core
samples from ore intervals of gold bearing skarns of the Zygyrkol zone has been carried out. It was shown that
gold contents in the ore fntervals does not depend on the type, forms of manifestation, number and composition
of ore minerals. Absence of connection of gold concentration with sulphides, magnetite and hematite has been
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also confirmed at investigation of crush samples, composed of “tails” of 50 trench samples, taken from ore
intervals, in which gold contents by results of chemical analysis made from 0.6 to 9,9 g/t. Results of mineralogical
analysis of blacksands have shown their extreme poverty in ore minerals. In the mineralogic samples of ores
with maximal gold contents there were established particles of native gold, at full absence of sulphides and other
ore minerals in these samples. Plural correlation carried out on the array of chemical-analytic data, obtained by
results of core sampling of gold-bearing skarns of the Zygyrkol ore bearing zone, has shown that the gold is
sufficiently strong correlated only with bismuth. This corresponds to the mineralogical data about existence of
association of native gold with native bismuth, established on results of electron-microscopic research. There is
established also absence of significant correlation of gold and silver, what can testify in favor of different stages
of golden and silver mineralizations. Relatively strong positive correlation of silver with lead, antimonium, zinc,
arsenic, magnganese and tin, testify about link of this element with manifestations of sulphide mineralization,
containing galenite, pyrargyrite and other sulphoantimonites, sulphoarsenides and sulphostannates, and also
alabandite. So it has been stated that golden mineralization in skarns of the Zygyrkol zone is monometallic (pure
golden), formed earlier than so called attendant sulphide and sulphide-magnetite mineralizations of the Tyrnyauz
ore field.

Keywords: gold, sulphides, skarns, ore, chemical analysis, Tyrnyauz deposit, North Caucasus.
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AHHOTaums: B cTatbe NpMBOAATCS CBEAEHUS O CTafWUAHOCTM MuUHepann3aumm n [aéTcs XapakTepucTuka
HEKOTOPbIX MUHEpanoB MecTopoxaeHns Kanmkon. OTMeyaetcs, 4T0 06pa3oBaHie MUHEPaANoB Ha MECTOPOX-
JEHUN NpouCXoamno B 5 cTagunid: KBapL-apCeHonMpUTOBYH, NONUMETANIMYECKY0, MELHO-CYPbMSAHYI0, KBapL-
KasIbLIMTOBYIO C CepebpoM 1 KapbOoHaTHY0. B paHHel KBapL-apCeHONMPUTOBOI CTaaun cepebpo BCTpeyaeTcs
B 04€Hb ManblX KonuyecTBax u coctasnset ot 20 go 30 r/t. Bo BTOpoOIi nonumeTannnyeckoi ctaaum cepedbpo
OTnaraeTcs BMeCTe C rafieHUTOM W HaXO4MTCA B er0 KpUCTANIMYEeCKOIi peLieTke B BUAE U30MOPGHON NpuUMecH.
B raneHute cpefHee cofepxaHue cepebpa pasHo 4240 r/1. B TpeTbio MeAHO-CYpbMSAHYIO CTaamio 06pasyercs
cepebpocoaepaLlumnii TeTpasapuT ¢ cofepxxaHnem cepebpa 5,7-20,20 mac. %. KoHueHTpauums cepebpa B Cynb-
(hupax aTom cTagum coctasnset (r/7): B raneHutax 2865, xanbkonuputax 330 u nuputax 358,7. 3atem 06pasy-
eTCs Hanboree NPOAYKTUBHAS HA Cepebpo CTaams — KBapL-KanbLMTOBas C cepebpoM. 3aech cepedpo obpasyeT
COOCTBEHHbIE MUHEPASbl — NUPAPrMPUT, ApreHTIT, NoNn6asuT, CaMopoLHOe cepebpo, MaTunbauT. CepebpsiHbie
MUWHepaJbl BCTPEYAKOTCS B BUJE MOHOMUHEPANbHbIX XM, MPOXUIKOB W BKMNOYEHUA. 3aBepLUaeT npoLece Mu-
HEepanoobpa3oBaHNs Ha MECTOPOXEeHNM KapboHaTHas cTaaus ¢ KBapuem, 6apuToOM U PyAHbIMU MUHEpanamu
(ranennT, cchanepnT). 34ecb cepebpo B HEGOMbLUMX KOMNUYECTBAX COAEPXNTCA B Cynbuaax. B uenom, ans
cepebpa NpoLyKTUBHbI 2—4 CTaaun MuHepanoobpasosaHus. OCHOBHOE Konu4ecTBo cepedbpa (60—70%) cBa3aHo
¢ 3-i cTaguven MmuHepanusauun. B ctatbe 0xapakTepu3oBaHbl COGCTBEHHO CEpeObpsHble MUHEpansl — nupap-
TUPUT, apreHTUT, CaMopoAHOe cepebpo, nonmbasnT, MUAPTUPUT, CUNIbBAHUT, apreHTOSPO3UT, apCeHAPreHTUT,
Kepapruput, MaTUNbAUT, @ TaKXKe TETPASAPUT U FaneHuT, HecyLMe NPOMbILLTIEHHYIO KOHLIEHTpaUuio cepebpa.
MaTunbanT Ha MECTOPOXXAEHNI ONUCHIBABTCS BMEPBbIE.

KntoueBbie cnoBa: KaHmKon, MuHeparn, MUHepanu3aLus, camopoaHoe cepedpo, NupaprupuT, TeTpasapuT,
raneHuT, MaTUbAUT, aCcCOLIMALINS MUHEPANOB, TUMOTeHHbIE 11 TUNEPreHHbIe MUHEpanbI.

Ins uutuposanus: ®ansnes ®.A. CepebpsHas MuHepanusaums mectopoxaenus Kanmkon (CeBepHbin
Tamxukuctau). feonorus n leogpmsnka fOra Poccun. 2019; 9 (2): 69-82. DOI:10.23671/VNC.2019.2.31978.

AKTYOABHOCTb TEMBbI

Mectopoxaenue Kanmxon sSBisieTcsi OJHUM U3 BaXKHBIX 0ObEKTOB cepeOpsHO MU-
Hepanu3auuu B Kapamazape. OHO U3BECTHO C JPEBHUX BPEMEH, a B HACTOSILIEE BPEMSI OT-
pabatbiBaetcs TaXKUKCKO-AHITIMICKUM COBMECTHBIM npentpustuem «Hykpadom». Ox-
HaKO MUHEPAJIOTHsI, 0COOEHHO CEPEOPSIHBIX U CEPEOPOHOCHBIX MUHEPATIOB Ha MECTOPOXK-
JneHur u3ydeHa HepocratouHo [I[Ipokonenko, 1980; Trotun, [lladpan, 1991; Borisenko et
al., 2000; Moralev, Shatagin, 1993; Pavlova, Borovikov, 2010]. IIpenctaBnennas ctarbs
MpU3BaHa B KAKON-TO CTENEHU BOCIIOJIHUTD 3TOT MPOoOeT.
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MeToANKA NCCAeAOBOHUI

OcHOBY paboThl COCTaBISIIOT Marepuasbl, COOpaHHbIE aBTOPOM BO BPEMs MOJIEBBIX
pabot Ha mectopoxkaenuu ¢ 2009 rona mo Hacrosmiee Bpems. [IpoOsl ans uccienona-
HUS OTOMpANUCh B IIaXTaxX, IITOJBHIX M KEepPHaX CKBakuH. IIpu BbImonHeHHH paboThI
aBTOpoM omnucanbl 21 numd u 15 aHnumdos, TpoBeaeHb PEHTTEHOCTPYKTYPHbIE aHa-
nu3bl. Ha MOHOGpaKIMAX pyTHBIX MHHEPAJIOB BHITOTHEHBI 46 aTOMHO-a/ICOPOLIMOHHBIXU
68 PIEKTPOHHO-30HA0BBIX aHAIN30B. B paboTe ObUM Takke UCIOIb30BAHbI PE3YIbTAThI
MPOOUPHBIX AHAJIN30B MPOU3BOICTBEHHBIX OPraHU3aIU.

KpQTkas reoAOrnM4yeCcKkas XapAKTEPUCTUKA MECTOPOXAEHMS

Mecrtopoxaenne Kanmkon BXOAUT B COCTaB OJJHOMMEHHOTO PYJHOTO TIOJISI U PacIIo-
JIO)KEHO Ha FOTO-BOCTOYHBIX CKIIoHaX Kypamunckoro xpe6ta [Typnsrukusn, 1972, daiizu-
eB A., ®aiizueB @., 2015a]. OHO MPUYPOUCHO K TEKTOHHUECKOMY OJIOKY, 00pa30BaHHOMY
Ha BOCTOKe PenkoMeTaIbHBIM pa3ioMoM, a Ha 3amajie — OrpaHIurBaIONIAM Pa3ioMOM
(puc. 1). OnHAaKO OCHOBHOW CTPYKTYpOH MECTOPOXKACHHUS siBIsieTcs KanmKonbCckuii pas-

(2)
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Puc. 1. Cxemamuueckas ceonozuueckas kapma mecmopodicoenus Kanoowcon (no A.M. Baxnanosy, B.M.
Typrvlukuny ¢ usmeHeHusAMY u OONOAHeHUAMU agmopa). 1 — caanywl, 2 — epanumol, 3 — nop@PupouoHsie
2panoouopumsl, 4 — 2panooUopumsl, 5 — MUHEPATU308aAHHbIE JHCUTLL, 6 — OpYOEHelble 30HbI,

7 — pasnomel u onepsiowue mpewunsl. Llugppamu na cxeme obo3nauensvi panomoi:

1 — Kanooiconvcruii, 2 — Ozpanuvugarowuil. /

Fig. 1. Schematic geological map of the Kandzhol deposit (according to A.M. Baklanov, V.M. Turlychkin
with changes and additions of the author). 1 — shale, 2 — granite, 3 — porphyritic granodiorite,
4 — granodiorite, 5 — mineralized veins, 6 — mineralized zones, 7 — fractures and feathering cracks.
The numbers on the diagram indicate the faults: 1 — Kandzholsky, 2 — Bounding.
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JoM ceBepo-BocTouHoro npoctupanus (40-50°), nmanenue cesepo-3zanajnHoe (70-85°C)
[DaitzueB A., QaitzueB @., 20156]. Ha MecTHOCTH OH mpoCieKUBAETCS OKOJIO 12 KM B
BUJIE OTUETIIMBO BHIPAKEHHOM MOIIIHOM 30HBI (OT HECKOJIBKHUX J0 I€CSITKOB METPOB) JPO-
ONEHHBIX KAOJMHHU3UPOBAHHBIX MOpo. 30Ha KaHKONIBCKOTO pazioMa UMEET CIIOKHOE
BHYTpPEHHEE CTPOEHHE, @ MOIIHOCTh €€ BO3pPacTaeT C ro-3amaja Ha CeBEpO-BOCTOK. B
paifone AmyanblkaHa pa3ioM 00pasyeT 4eThIpe BETBHU, COCIMHEHHBIE MEXKIY c000il 60-
jee METKUMU TpeluHaMu. MoIIIHOCTh 30HbI 371ech konebnetcs ot 70 mo 100 m.

O cTaAnMHOCTY O6PA30BAHUS MUHEPAAOB

Munepanu3anus Ha MeCTOpOXIeHHH copMupoBaiack B HATh craauii [Typibry-
kuH, 1972]: kBapu-apceHONMPUTOBAS, TOJIUMETANINYECKasl, MEIHO-CypbMsIHAsl, KBapll-
KaJIBIIUTOBAsA C cepeOpoM M KapOoHaTHas! (KaJbLUT, CUACPHUT, POJOXPO3HUT C KBApPIEM U
Oaputom). B panHell KBapil-apCeHONMUPUTOBOM CTaAUM cepeOpo BCTpedaeTcs B OYEHBb
MaJIbIX KOJIMYeCTBaX. ATOMHO-aICOPOIIMOHHBIM METOZOM B MHUPUTAX M apPCEHOMHUPHUTAX
9TOH cTragnu oOHapy)eHo cepedpo coorBercTBeHHO 20 1 30 1/T.

Bo BTOpOil nonumeTaminueckon craauu, cepedpo OTIIaraeTcsi BMECTe ¢ raJeHUTOM
Y HaXOJUTCS B €r0 KPUCTATMUECKON pelieTke B Buae n3oMopHoii npumecu. B ranenu-
Tax M3 3TOW craauu cepedpo cocrapisieT 4240 r/T (cpeqHee U3 MATH ONpPEACTICHNN), a B
chanepurax cpemaHee copepxkanue cepedpa mocruraet 82 /T (cpennee u3 4). ['aneHUTHI
MOCTOSTHHO HACBIIIEHBI TPUMECSIMHU TETPAdIPHUTA, TUPAPTUPUTA U ApPTEHTHUTA.

B TpeThio MenHO-CYpbMSIHYIO CTaIUI0 KOHIIEHTpAlUs cepedpa B pacTBOpE yBEIHYH-
BaeTcs, B pe3yJbTaTe KOTOpoil 00pasyeTcs cepedpocoaepKaliiii TETPadIpuT, B KOTOPOM
conepxutcs ot 5,7 mo 20 mac.% cepebpa. Comepxxanue cepedpa (I/T) B cyabpumaax 3Toi
CTaJINM COCTABJIIET COOTBETCTBEHHO B rajieHuTax 2865 (cpennee u3 10), xanpkonupurax
330 (6) u mupurax 358,7 (11). 3atem HacTymaer HauOojee MPOIYKTHBHAS HA cepedpo
CTausl — KBapI-KaJIbIIUTOBasI ¢ cepedpom. Cepedpo oOpa3yeT coOCTBEHHBIE MUHEPAITBI —
MUPAPTUPUT, APTSHTHT, TOTUOA3UT, CAMOPOIHOE cepeOdpo, MaTHIBIUT. Bee 3T cepeldpsi-
HbIe MUHEpaJbl 00pa3yloT 3HAYUTENbHBIE CKOIJICHUS B BHJE MOHOMHUHEPAIbHBIX KHJI,
MIPOJKUIJIKOB M BKITIOUEHUH. OHM HAKJIa(bIBAIOTCSl HA MUHEPAJIbl pAHHUX CTaIHH.

3aBepIuaeT mporecc MUHepanooOpa3oBaHus Ha MECTOPOXKICHUN KapOOHaTHAs cTa-
TTUs C KBapIieM, OapuToM U pyIHBIMU MUHEpasaMu (rajeHuT, canepur). 3aeck cepedpo
B HEOOJBIINX KOJTMYECTBAX CONEPIKUTCS B Cynbpuaax.

B nenom, mis cepebpa mpoayKTHBHBI 2—4 cTaauu MUHepanooOpazoBanus. B mpo-
LEHTHBIX OTHOIIEHUIX KOJIMYECTBO cepedpa B mepBoi cTaauu cocTtasisieT ot 1 10 3%, Bo
BTOpOI — 5—7%, B TpeTheit — 60—70%, B uerBepToii — 15-25%, a B mocnenueit — 0,7—1%.

I'uneprenHsle mpouecchl 3aTPOHYIN MecTopoXkAeHUs 10 niyOuHel 100-150 M ot
nHeBHOW noBepxHOCTH [Typnbrukus, 1972]. B npunoBepXHOCTHBIX YacTsIX 10 TITyOUHBI
15 M pacnosio’keHa 30Ha BBIIIEIAYMBaHUs. 3€Ch cojiepKaHue cepedpa Huzkoe — 10—-15
r/T. 3a HUM HJIET 30Ha OKUCIEHHBIX pya. OHa oxBaTsiBaeT Tryouns! ot 20 1o 150 M. B
BEPXHHX YacTAX TOH 30HBI 70 ITyOnHbI 50 M conepkaHue cepedpa B pyziax MOBBIIIACTCS
u nocturaet 200-500 r/1. Huxke stoii rimy6unst 10 100—150 M 0T MOBEPXHOCTH OKUCIICH-
HBIE PYy/bI IEPEXOIAT B MOTYOKHCICHHbIE. B 3TO YacT MeCTOPOXKIEHHUS] KOHLIEHTPAIUS
cepeOpa umeeT MakcumasibHOoe 3HadeHue u gocturaer ot 1000 mo 6000 r/t. TTo mepe
yo1yOneHHsl 0 BEPTUKAJIM OKHCIIEHHbIE MUHEPaJIbl IOCTENEHHO ncue3atoT. [locnennue
e, B CBOIO OYepe/lb, CMEHSIOTCS IEPBUYHBIMU CYIb(QHUIHBIMA MUHEpaJaMH. 3/1eCh CO-
nepxkanue cepedpa konednercs B nmpeaenax 700—-1000 r/r. Ha aTom ydacTke Takxke 1o-
SIBIIIETCS 3010TO — 110 0,5 T/T.
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CepeOpo B 30HE OKUCIIECHUS NMPUCYTCTBYET IIaBHBIM 00pa3oM B BUJE KepaprupuTa,
CaMOpPOJIHOTO cepedpa, apreHTUTa, apreHTosApO3UTa. B OKHMCIeHHBIX pyaax cepeOpoHoC-
HBI TAK)K€ MUHEPAJIBI-COPOESHTHI — JIMMOHMUT, TICUJIOMEIIaH, MUPOJIFO3UT U IIIUHUCTHIE MU-
HepaJbl, cosiepkanue cepedpa B KoTopbix B 20—30 pa3 Bblllle, 4YeM B 30HE BhIIIE/IAUMBa-
Hus [ Typnbrukus, 1971].

OTMmeTuMm, YTO cpenHee colepkaHue cepedpa Ha MEeCTOPOKICHMM COCTaBiseT
477,28 r/T. 1o 3amacam mectopoxaeHue Kanmpkoa OTHOCUTCS K CPeTHUM.

XUMMNYECKNIN COCTAB CEPEBPSIHBIX
N cepebpoCcoAEPKALLNX MUHEPOAAOB

Ha mecropoxaennn Kanmxon o6Hapy eHbl Kak TUIIOTEHHbIE, TaK U THIIEPTeHHBIE
MuHepaisl cepedpa. Ux Bcero 13 mtyk, u3 Hux 10 oTHOCATCS K TUIOT€HHBIM, a 3 K T'Hu-
nepreHHbIM. K runoreHHsIM MuHepaaam cepedpa OTHOCSATCS CaMOPOAHOE cepedpo, IIeK-
TPYM, CUJIbBAaHUT, APT€HTUT, IUPAPTUPUT, IPYCTHUT, TOTUOA3UT, MUPAPTUPUT, MUAPTUPUT,
apCEHApPreHTUT, MaTHIbIUT. M3 TUMepreHHBIX MUHEPAJIOB YCTAaHOBIEHBI KEPaprUpHT,
apreHTOosIPO3UT, a TaKxke camopogHoe cepedpo.Hapsany ¢ coOcTBeHHBIME MUHEpaIaMu
cepeOpo oOHapyKeHO B raJieHUTE U Ag-TeTpajpuTe.

CamopooHoe cepebpo Ha MecTopokaeHn KaHpKom BCTpedaeTcs JOBOJIBHO 4acTo.
YcTaHOBJIEHBI TUIIOT€HHBIE U TUIIEPTeHHbIE PA3HOCTH CAMOPOAHOTO cepedpa.

l'unorenHoe camopoHOe cepedpo BCTpevyaeTcs B KBapIeBBIX JKeoaxX B BUIE KpaiiHe
menkux (pazmepom 0,007-0,02 mm) 3epen B rajenure [ Typasrukus, 1972] u B mo3nHux
OPOXKUIIKAX C MUPAPTUPUTOM, APIeHTUTOM U JpyTUMU MuHepanaMu. OHO oOpa3yeT Tak-
K€ TMPOBOJIOYHBIE BBIJCICHUS JUIMHOM 2-3 MM, MPEACTaBISAIONINE COOOM CIIETEHUE MEel-
KHUX BOJIOCOBUHBIX OOpa30BaHUI B KBaplle, TOHYAMIINE MIIACTUHKY, TUICHKH, YeITy KU
U MOXOBH/JIHBIE BBIIETICHUS B MEJKOKpHUCTAIIIMUYEeCKOM ranenute. CamopoaHoe cepedpo
UMEET TaKKe OKPYIIIYIO, PEKe TPYLIEBUAHYIO U YIIIOBATO-OKPYIVIYIO, B €MHUYHBIX CIIy-
yasx, JeHAPUTOBUIHYIO dopmy (puc. 2). MHOTAA 5TH BbIAeIeHHUs HAOMIOMAI0TCS B Xallb-
KOMUpHUTe 2 U TeTpa’apute 1, Ha rpaHuIle 3epeH XalbKONUupuTa U OypHOHUTA. B mo3nHux
KapOOHATHBIX MPOKUIIKAX cepeOpo 00pa3yeT KpYIMHbIE BBIACIEHUS BETBHCTON (HOPMBI
pasmepom 110 1 cm unu kopouku (10 0,5 mm). Menkue Beinenenus cepedpa (0,012 mm)
HaXOJISITCSl B METAKOJUIOMAHOM NMUPUTE U B BUJIE TOUEK PACCESHBI B apreHTuTe. B oTaemns-
HBIX ciydasx koHcTarupoBaiauch ToHkue (0,01 mMm) u xopotkue (0,16 MM) TIPOXKUIKA

Puc. 2. [lpesosuonoe obpazosanue
camopoonozo cepedpa. Yeen. 10F. Ilo
B.M. Typrviuxkuna. /

Fig. 2. Tree formation of native silver. Led.
10x. By V.M. Turlychkin.
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cepebpa Ha rpaHMIIe 3€pEeH XaJIbKOMMPUTA U TajeHuTa. B onHOM ciyuae BOKpYT 3epHa
cepeOpa Obliia BUJIHA KA€MKa apreHTUTA.

L{BeT MuHepaia cepeOpsiHO-0elbli ¢ KpeMOBBIM OTTEHKOM. [Ipu HaXkuMe J1erko ruer-
csl.

l'uneprenHoe camMopojiHOE cepedpo YCTAaHOBICHO MAKPOCKONHUYECKH B MOITYOKHC-
JeHHBIX pyaax. OHo HaOmomaeTcss B MeNIKuX mycroTtax (pasmepom 0,5-2 cMm), pacnosio-
JKEHHBIX CPEIN MAaCCUBHBIX TETPa3ApUT-TaJICHUTOBBIX pyl. B mycToTax BhIEeIaunBaHU
U Ha KpUCTaJlax liepyccuta cepeOpo o0paszyeTr 3akpyUyeHHbIE HUTEBHIHbIE U TIPOBOJIOY-
HbIe CKOIUIeHMsI, pasmepoM 0,2—1,5 cMm. MIHoraa B mycTOTKax BUAHBI OTAEIbHBIE IIPOBO-
JIOYKH cepedpa. 31ech OHO aCCOLUUPYETCs C LIEPYCCUTOM, IMMOHUTOM, KEPAPTUPUTOM U
apreHTUTOM.

Onexkmpym BCTpeyaeTcs He 4acTo M, TaKKe Kak U caMopoHoe cepedbpo, HabmoaaeT-
cs B rajieHuTe 2 B BUJie BKiItoueHuit pazmepom ot 0,001 no 2 mMm. TouHo Takue ke BblJie-
JIeHUs 3IeKTpyMa HaOII0JaJIMCh B TaJICHUTE 4 U HAa TPaHULIE 3epeH raJIeHUTA U KaJbIUTA.
WHorna 31eKTpyM U caMOposiHOE cepeOpo BCTPEUAIOTCs B OHUX M TEX JKe 3epHax raje-
HuTa. OHU OTJIMYAIOTCS 1O I[BETY M TpaBlIEHHUEM: cepeOpo — Oeso-KpeMoBaToro IBeTa
U HE TPaBUTCS LIMAHUCTBIM KaJIMEM. DJIEKTPYM CJIETKA JKEITOBAThbI M YEPHEET OT LHa-
HUCTOTO Kajust. MUKpoTBepaoCTh dnekrpymMa 90—105 kr/mm? [Munepaibl V30ekucTana,
1975]. IIpo6HoCTH KONebnercs ot 650 mo 700, B cpeanem 675.

Cunveanum o6napyxxeH W.II. 3marorypckoil ¢ coaBropamMM MHKPOCKOITUYECKH B
nuudax B raieHuTe. MuHepan o0pasyeT NpsIMOYTOJIbHbIE 3€pHA, TPEYTOIbHUKH WU BbI-
JeneHus HenpaBuibHOM Gopmel pazmepom 0,01-0,05 mm. XapakTepHO pe3KO MOBBIIIEH-
Hoe JByoTpaxenue —47,3. L{Ber Oenblii ¢ )KeATOBaThIM U KOPUYHEBBIM OTTEHKAMH.

MuHepain CUIIbHO aHU30TPOIHBIN, B CKPELIEHHBIX HUKOJISX IOJHOCTBIO HE TIOTacacT,
TBepAocTh Hwke 1,7. 1o oTpaxarenbHOM cIOCOOHOCTH, TBEPAOCTH, JABYOTPAKEHUIO U
aHU30TPONMH MUHEPAJI ONPEAEIIEH KaK CUIbBAHMUT.

Apeenmum BCTpeyaeTCs KaKk B THIIOTEHHBIX, TAK U THIIEPT€HHBIX pyAax. [ mnoreHHsIi
apreHTUT MaKpOCKOIMYECKH C TPYIOM PA3JIMYACTCS B KBApLIEBO-NIMPAPTUPUTOBBIX IIPO-
xuikax. L[BeT MuHepana 4epHbIif cO CBUHIIOBBIM OJIECKOM, KOBOK, YepTa cepasl.

ApreHTUT HaOMIOAAETCs B BUJAE OKPYIIBIX 3MYJIbCHOHHBIX BBIJICICHUI B TajeHUTE
paszmepoM 0,005-0,01 MM. OH ¢ nHpaprupuToM 00pa3yeT OTHOCUTENIBHO KPYITHbIE BbIE-
J€HUs IIHHOM 710 2-3 MM. AcCOIMMPYETCsI ¢ MUPAPTUPUTOM, ChalepPUTOM, CAaMOPOIHBIM
BHCMYTOM, Yallle BCEIO BCTPEUAETCS B KaJBLMTOBBIX NMpoxwikax [Typiasrukun, 1972].
NMmerorcs caMOCTOSTENBHBIE CKOIUIEHUS! KPUCTAJUIMKOB apreHTUTA B IIyCTOTAX KaJIbLIH-
TOBBIX XWI. Kpucrammuku ero kyoudeckoil (popmbl ¢ MOTUMHEHHBIMU I'paHSIMM OKTa-
91pa. APreHTHT WHOTJa HaXxOAUTCs Ha TpaHMLe OJeksIoi pyasl u cdanepura. Mspeaka
BBIJICJIEHUS] apTeHTUTA B TaJICHUTE MPUHUMAIOT OYepTaHHsl KyOUKOB. APreHTUT B OTpa-
KEHHOM CBETE cepo-0eJIoro 1BeTa, OTpakaTesIbHasi CHOCOOHOCTD HIKE, YEM y TaJICHUTA.
3epHa ero MMeIoT 0OBIYHO XapaKTEePHYI0 OypoBaTyo MIEHKY (0T OBICTPOro OKUCIICHHS) U
UCIITPUXOBaHbI (M3-3a HU3KOM TBEpAOCTH MUHepaia). MuHepasn aHM30TPOIEH, BHYTPEH-
HUX pedreKcoB HET, U cJ1abOM MTPOYEepPUMBAHNY CTATIBHOM UITION HAabI0gaeTCs YepTa C
3ayCeHIlaMM, MHOT/1a BU/IHbI JBOMHUKHU.

l'unepreHHbIit apreHTUT Yale BCero HaOMOIAeTCsl B BUAE MOPOIIKOBATBIX 3€MIIU-
CTBIX MacC, OYeHb PEIKO — IUIOTHBIX KpUCTAIIMUECKUX arperaroB. Hanbomnee 3HaunTesb-
HbIE€ CKOIUIEHHUS 3TOT0 MUHEpaja HaOIONAIOTCS B MYCTOTaX BbIIIEIAUNBAHUS, B HU3aX
30HBI OKHMCIICHMS, TJI€ coJepkKaHue cepedpa 3a CueT apreHTHTa U MPOUYMX CepeOpsHBIX
YepHel T0CTUraeT HECKOIBKHUX MPOLeHTOB. OH acCOIMUPYET ¢ CaMOPOAHBIM cepedpoM,
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LIEpPyCCUTOM, XaJIbKO3MHOM M KYNPHUTOM. B apreHTuTe HabIr0qaroTCs yAJIMHEHHbIE BbI-
JIeJIeHHsI CaMOPOHOTo cepedpa.

IIpycmum oOHapy»XeH B eIMHUYHBIX citydasx. OOpa3yeT MeJKue pekue 3epHa (MHO-
IJia BMECTe ¢ MUpaprupuToMm) B ranenute. OT nupaprupura oTandaeTcs 6osiee rycro-cu-
Hel OKpacKo 3epeH B OTPaKCHHOM CBETE.

IHupapeupum MakpOCKOIMYECKU BCTPEUACTCSI B BUJIE MEJIKUX BBIJICJICHUI pa3MepoM
1-2 MM B KBapl-KaJbLUT-CYIbQUIHBIX U KBAPL-MHUPAPTUPUTOBBIX MPOXKUIIKAX, IJI€ BbI-
JIeNIEHHsI ero JOCTUraroT pasmepa 1-5 cm. dopma KpHcTaioB npu3Marndeckas (cTomno-
yarasi), HHOTJIa OTMEYAI0TCs CKaJICHO3APhl U pOMOO3/IPHI, B OT/AEIbHBIX CIIydasx HaOIo-
JlaeTcs IITPUXOBKA Ha TpaHsIX KpUCTaJIoB. VIHOTIa MPOXKUIIKY TUpaprUpUTa CEKYT Xallb-
KOITUPUT, MUPUT U APCECHOIUPUT.

Xopomro o0pa3oBaHHbIE KpYIHbIE KpUCTaIbl nupaprupura (1o 0,8 cm) BcTpeua-
IOTCS B JIPY30BBIX IIyCTOTaX B aCCOIMALIMU C KPUCTAJIAMU TaJIeHUuTa, cdajepuTa u 1mo-
nuba3uta. Kpucramisl nupaprupurasaech Npu3MaTiueckoro raburyca, 4acto o0pasyroT
JIBOWHUKM U TPOMHMKM mpopacTanus. J[mmHa kpuctaiaukoB 1-3 MM, momepeyHoe ce-
uenue 0,5 mm. Ha rpansx [1120] nupaprupura HaOMOMAETCS MITPUXOBKA MapajlieIbHO
pebpy [1105] [Munepasi, 1960].

Menxkue (0,005-0,01MM) BKITIOUEHHS MUpApPrUpUTa HEMPAaBUIbHON amMmeb000paszHoii
(opmbl BcTpeuatoTes B rajgeHute [ Typnbrukus, 1972]. OH accounupyer ¢ cepbIM LIeCTo-
BaTbIM KBapleM, KaJbIUTOM, apPCEHOMUPHUTOM 2, TaJI€HOBUCMYTHTOM, caddIOpUTOM H
HOIM0a3UTOM.

B cBekem u3nome nupaprupuT TEMHO-KpacHOro 1geta. Ha nznome GbICTPO TyCKHEET
U CTAaHOBUTCSI TEMHBIM C (DHOJIETOBBIM OTTEHKOM. B mpoxozsiiem cBeTe rycTOKpacHbIi.
biieck anmasHbIN, XPYIIOK, U3JI0OM PAKOBUCTBIN.

B HekoTophIx mpobax mupaprupuTa ONpeieeHO MOBBIIIEHHOE KOJUYECTBO 30J10Ta,
nocruratomiee 10 30 r/. Bugumoro 3omota He o6HapyxeHo. [lo nanusvm [TyprbrukuH,
1972] B nupaprupuTax oTMeyaeTcs 30J0To, B KoindecTse 7,5 I/T.

CoctaB nupapruputoB MectopokaeHus Kanmkon(tadma. 1) oTuyaeTcst oT TeopeTu-
YEeCKOro cocraBa. Bo Bcex aHanM3ax MUpaprupuToB cojepkaHue cepedpa MEeHbIIe Teo-
petuueckoro (53,10 mac. %, npotus 59,76 mac. %), a cypbMbl Oomnbie (29,16 mac. %,
npotus 22,48 mac. %). B nupapruputax MecTopoXJIeHHsI BCTPEUAIOTCS TaKKe Mellb OT
0,1 mo 1,02 mac. % (B cpennem 0,43) u Mbrmbsk ot 0,30 1o 0,65 mac. % (0,47). Hanuuue
Cu 00bIYHO CBA3aHO ¢ MEXaHUYECKUMHU ITpUMeECAIMH, a As n30Mop(dHO 3amentaer S.

Ionubasum BcTpeyaeTcs KpaiiHe PeKO B JIPY30BBIX ICTOTaX COBMECTHO C IHpap-
rupuToM. Kpucramisl ero pasmepom 10 2 MM, I'eKCaroHajabHOIo 00JIMKa, ¢ XapaKTepHOH

Tabnuya 1./ Table 1.

XHMHYeCKHIl COCTaB NMPaprupura, B mac. % /
The chemical composition of pyrargyrite, in wt. %

NeNe ipo6 / Ag Sb Cu As S CymmMa / Sum
NeNe sample

1 51,90 30,74 0,1 0,32 17,36 100,42

2 55,81 24,45 1,02 0,62 17,42 99,32

3 52,10 30,74 0,30 0,30 17,36 100,80

4 52,60 30,74 0,30 0,65 17,36 101,65

IHpumeuanue: 1-3 — no nawum oannvim, 4 — no [Typrorukun, 1971].
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LITPUXOBKOM Ha rpaHsAx nuHakouja. L{Bet monmnbasuTa skelie3HO-4epHBbIA, HHOT/IA B Mell-
KHMX OCKOJIKaX IIPOCBEYMBAET I'yCTO KPACHBIM.

Muapeupum penok, BCTpe4aeTcss OH B BUJIE MEJIKMX OKPYIJIBIX M YIJIMHEHHBIX BbI-
nenennii, pazmepoM 0,02-0,4 MM B rajeHure, Hapsay ¢ IUPAPTUPUTOM M apr€HTUTOM.
WHorna MUaprupuT U NUpaprupuT oOpa3yroT COBMECTHBIE BblieieHus. B onHoM ciy-

100pm

Puc. 3. Hzobpadicenue yuacmra winugha 6 ompaoicennwix snexmpornax (BSE).
1, 3, 4, 5 — mamunvoum, 2 — xanvkonupum, yepHulii — Kéapy. /

Fig. 3. Image of the section in reflected electrons (BSE).
1, 3, 4, 5 — matildite, 2 — chalcopyrite, black — quartz.

! 100mKrM

Puc. 4. H300pagicenue yuacmka winuga 6 ompasgicennuix snexkmpounax (BSE).
1, 2 — mamuneoum, cepulii — XanbKONUPUM, YepHblll — Keapy. /

Fig. 4. Image of the section in reflected electrons (BSE).
1, 2 — matildite, gray — chalcopyrite, black — quartz.
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yae 3epHa MUAPTUPHUTA TepecedeHbl mupapruputoM. [lo cpaBHEHUIO ¢ MHUPAPTUPUTOM
MUAprupuT OeciBeTHBIA. OH CHIIBHO aHU30TPOIICH, ABYOTPAXKEHHUE XOPOIIO BUIHO: OT
JKEJITOBATOTO JI0 CBETJIO-CEPOro ¢ royOboBaThiM OTTEHKOM. BHyTpeHHUe pedieKkchl Ty-
CTO-KpacHble. B 3epHax BuAHA CIafHOCTH 1O HEPOBHBIM JIMHHSIM.

ApceHapeenmum KOHCTaTUPOBAJCS B XalbKOMHUPUTE B €IMHUYHOM Cllydyae B BHJIE
nonyunuomopduoro Beienenus pazmepom 0,1 mm. I1o 1BeTy 1 oTpaskaTenbHOi crocoo-
HocTH (61,1%) HECKOTbKO HATOMUHAET CaMOPOJHOE cepedpo, HO OH TeMHee. TBepIoCTh
5.,9. Tlo uBeTy u OTpa)kaTeNbHOM CIIOCOOHOCTH MUHEPAI MPEANOI0KUTEIEHO OTHECEH K
aApPCEHAPTeHTUTY.

Mamunvoum oOHapyXeH HaMU MPU MUKPOCKOIIMYECKOM HCCIEIOBAaHUH NUTHU(OB.
OHn BcTpeuaeTcst B accolManuu ¢ xanbkonuputoM (puc. 3). O6pasyer kceHoMOp(dHbBIE
3epHa (puc. 4).

B oTpakeHHOM CBETe MaTHIIBIUT CTAIbHO-CEPBIii, B CKPEIIIEHHBIX HUKOJSIX YEPHBIi.
B nmumdax nabmaronaeTcs cpacTaHue MaTUIBANUTA C XaIbKOMUPUTOM. MaTHIBIUT B KBap-
11e 00pa3yeT HeMPaBUIIbHBIE BBIICTICHHUS.

XUMUYECKUH COCTaB MaTHIBIUTOB M3 MecTopoxaeHus Kanmkon (tabm. 2) 6mu-
30K MaTuiabAuTaMm u3 mectopoxaenus Jleik-Cutu (mt. Komopago, CIIIA) [Munepassl,
1960]. Pa3Huia B ToM, 4TO B MaTHJIbIUTaX MecTopoxaeHus Kanmxon cepebpa nmoutu Ha
2 mac. % Oonblile, a BACMYTa U Cepbl MEHBIIIE, COOTBETCTBEHHO Ha 2,25 u 1,25 mac.%.

M.M. bonasipesa [bonasipesa, 1970], nuzydast MaTHIIbAUTHI U3 MEeCTOPOXKACHUS Ta-
pBIdKaH, MpejiaraeT UCMoIb30BaTh X B KAYECTBE T€0JIOTMYECKOTO TEPMOMETPA, T.€. TEM-
NepaTypsl OTI0KEHN MAaTHIIbIUTOB HUXke 225°C.

Kepapaupum Bctpeuaercs B 30He okucienus [ Typnbsrukun, 1972]. On o6pa3zyert ¢puo-
JIETOBO-CEPhIE CKOTUICHHUS B BUJIE KOPOK U MPUMA30K Ha KpHUCTaJUIax KBaplia U Ha BbIJENe-
HUSX TUPONIO3UTa. MUHEpal BCTpedaeTcs TaKkkKe B BUJIE CAXKHUCTHIX TUNIEHOK B TUMOHUTE.
B OGonpmmHCTBE cy4yaeB MPUCYTCTBHE THAPOOKHUCIOB MapraHiia v jKele3a 3aTpyaHseT
oOHapyxeHue kepapruputa. Kepaprupur TecHO accolMUpyeT ¢ TUIIEPTreHHBIMU MUHEpa-
JaMH — IIepPyCCUTOM, aHTJIE3UTOM M CAMOPOIHBIM CepedpoM.

Apeenmospo3um BCTpEUaeTCs B BUJIE OXPUCTHIX 00pa30BaHMIA B IyCTOTaX U TPEIIU-
HaxX. B HU3ax 30HBI OKHCIEHUS OTKJIAJbIBACTCS MHOTJA B BHJE 3€PHUCTBHIX arperaros.
L[BeT apreHTOApO3UTA OT YMEPEHHO KENTOTO JI0 SIPKO-KENTOro. biaeck anmasHelil, TBEp-
JOCTh HU3Kas (YEPTATCS HOI'TeM). B OKHCIEHHBIX pynax, 0OCOOCHHO IJie OTMEYaeTCs ap-
TeHTOSIPO3UT, coiepkanue cepedpa nocturaet 6500 r/t.

T'anenum obpa3yeT NOBOIBLHO MOIIHBIE KWk (15 cM) ¢ HEOOTBIIMMH KOJTMYECTBA-
MU cdaneputa, KBapia, KajabllUTa, XaJbKOMUPUTA U MPAKTUIECKH MOHOMHHEPAIbHbBIE
XKWibl. BMecre ¢ apyrumu cynbpuuaMu U HEPYIHBIMH MHUHEpanaMu (KBapll, KaJbIIHUT)
TaJICHUT IIEMEHTUPYET OOJIOMKH BMeIaromux nopoa. Muorna cunsno negopmupoBaH.

Tabnuya 2. / Table 2
XHUMHYeCKHH cOCTAB MATHJIbAUTA, Mac. %

The chemical composition of matildite, wt. %

gﬁgs‘ﬁ};l@ Bi Pb Ag S Cymma / Sum
1 49,76 5,92 28,7 15,47 99,85
2 50,21 5,92 28,38 15,26 99,87
3 51,94 4,02 28,08 15,51 99,54
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100mMEm !

Puc. 5. Hzobpadicenue yuacmka winugha 6 ompaoicennwix snekmponax (BSE), nonyuennoe na
penmeenosckom mukpoananusamope JCXA 733 JEOL, npu yckopsirowem Hanpsaxicenuu 20 kB u moxke
3on0a 1 HA. 1 — cepebpocodepoicawuii mempasopum, 2 — eanesum. /

Fig. 5. Image of the section of a section in reflected electrons (BSE), obtained on a JCXA 733 JEOL X-ray
microanalyzer, with an accelerating voltage of 20 kV and a probe current of 1 nA. 1 — silver-containing
tetrahedrite, 2 — galena.

lanenuT oOpasyeT TeCHBIE MpopacTaHusi co ChAICPUTOM, XaJbKOMUPUTOM, Ag-
TETPA3APUTOM (pHC. 5), MUPUTOM, KBapLIEM U KaJIbLIUTOM. Arperarsl KpyIHO-, MEJIKO3ep-
HUCTBIE U JucToBaThie. CpeqHe- U METKO3EPHHUCTHIE PAa3HOCTH MPHYPOUEHBI K KPaeBBIM
YaCTSIM JKWJI, KPYITHO3EPHUCTHIE — K UX IIEHTPAJIbHBIM YacTsM. JIncToBaTast pa3HOCTS Ta-
JICHWTA MPEJCTaBIICHA arperaraMy «II0JI0CYaTOTO» WM «CTPYHYaTOro) rajeHuTa C IIH-
PUHOM OTIAENBHBIX «IOJIOC» U «CcTpyi» 0,3—0,5 cM. DTa pa3HOCTh MUHEpasa CBUETEb-
CTBYeT 0 ehopMany 1 NepeKpUCTAITN3AIH €0 IO BiIusHueM fnasneHus. [lociaennee
MOATBEP)KIACTCS Pa3BUTHEM JIMCTOBATHIX Pa3HOCTEH rajeHuTa BOJM3HM TEKTOHUYECKHX
HapyIIEHHUH, IO KOTOPBIM MPOUCXOAMIIH MTOCTPYAHBIC TTOABIKKH.

MHUKpPOCKOTTUYECKHE UCCIIEA0BAHNS YCTAHOBWIIN, YTO TAJICHUT 00pa3yeT KCeHOMOp Q-
HbIE€ 3€pHa, pazmep KoTopbix BapeupyeT oT 0,05 no 0,2 mm, uHoraa Oosnbuie. 'aneHuT
KOPPOIUPYET KaJbIUT, KBapll, caneput, muput. OH Takke B BUAEC TOHKUX MPOKUIIKOB
paccekaeT apCeHONHMPUT U MUPHT, HHOTZIA pa3beaeT UX ¢ 00pa30BaHHEM CTPYKTYp 3aMe-
uieHus. B cBoro ouepens raneHuT nepecekaercsa npoxuwikamu (0,1 MM) KBapia ¢ xajib-
KOIIMPHUTOM, WHOT/IA C 3€PHBIIIKAMHU MMUPHUTA WU MPOKUIKAMHU XaJIbKOIIMPHTA, OJIEKITON
pynbl u canepura (kneiiodana).

B nmumudax BuaHO, YTO B TaJICHUT MEXaHUYECKH BXOIST cepeOpsiHble MUHEpAbl, B
YaCTHOCTU apreHTHUT, Ag-TETPadIpUT, MUPAPTUPHT, MHUAPTUPHT, TPYCTUT, CAMOPOIHOE
cepebpo u smekTpyMm. Bce 3T MuHepanbl 00pa3yloT MelKuWe BKIIOYEHUS OBAJIbLHOM,
YIJIOBaTO-OKpyTIIOH, Tabnutuatoii Gopmsel pasmepom 0,003—-0,03 MM, pexe TPOKUIKA
(mupaprupur). OtpaxareiabHasi criocoOHOCTh rajseHura pasHa 38,4—48,79. TeepaocTb
2,74-2,94, ynenbHblii Bec 7,58.

XUMUYECKHe aHaIU3bl TAJICHUTOB pUBOATCS B Tabmuue 3. Kak BUIHO, B HEM CO-
JIepIKaTcsl JOCTaTouyHO Bhicokue koymmuectsa Cu (0,27-2,13), Zn (0,48-1,25), Sb (0,07—
0,51), Fe (0,09-0,37), uTo cBsA3aHO C MEXaHUYECKUMHU IPUMECIMHU XaJbKOMUPHUTA, Cha-
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Tabnuya 3. / Table 3.

XuMHUYeCKHi cocTaB rajieHuTa, B mac. % /
The chemical composition of galena, in wt. %

JIEMEHTHI /
lements i CymmMma
Pb Zn Cu Sb As Bi Cd Fe S Ag

NoNe 1 / / Sum

NeNe Sample
1 83,08 | 1,25 | 0,76 | 0,19 | 0,01 | 0,005 | 0,042 | 0,28 | 13,26 | 0,32 | 99,19
2 83,44 |1 0,52 | 0,63 | 0,51 - 0,17 - 0,37 | 13,33 [ 0,07 | 99,04
3 84,40 | 0,52 | 2,13 | 0,07 - - 0,01 |0,09 | 13,59 0,07 | 100,79
4 84,80 | 0,48 | 0,27 | 0,11 | 0,07 | 0,01 - 0,25 | 13,4 | 1,56 | 100,94

Jeputa, MUpuUTa, TeTpa’apurta u OypHoHuTa. [loBbIlIeHHOE coepkaHNe BUCMYTa B Ta-
nenutax (0,005-0,17 mac. %) oObscHseTcst 60rarcTBOM pyJ CaMOPOIHBIM BUCMYTOM.
W3 nuTepaTypHbIX HCTOYHUKOB M3BECTHO, YTO MPHU OJHOBPEMEHHOM BXOXKIEHHH B CO-
cTaB cepedpa MOHOB BUCMYTa pPaCTBOPUMOCTD MOCIEAHETO B TaJleHUTaX Pe3Ko Bo3pac-
TaeT: nosiHasg cmecuMocTh (a3 AgBiS, u PbS nocturaercs npu 215°C [Amcoff, 1984].
[To ganubiM [ManaxoB, 1968] nHa mectopoxxnenun Kanmkon comepkaHue CypbMbI U
BHCMYTa B CpeIHEM COOTBETCTBEHHO cocTanisieT 1550 u 10 r/1. [lo ero qanHBIM Takas
0oJIbIIast pa3HUIIA MEKIY 3TUMHU IEMEHTaMH XapaKTepHa JUIsl HU3KOTEMIIepaTypPHBIX U
IPUIIOBEPXHOCTHBIX MecTopokaeHuil. bonbine 3nauenus Sb:Bi> 6,0—13,0 TunuuHb
JUISL HU3KOTEMIIepaTypHBIX TaJIEHUTOB, BBHIKPUCTAJIM30BABIINXCS IMPU OTHOCUTEIBHO
au3kux (150-70 kr/cM?) 1 HU3KKX AaBieHusx (Huke 70 Kr/cm?).

Kanmuii B ranieHnTax comepkutcst B HeOonpmux koaudectsax: ot 0,005 mo 0,042%,
cpennee ero conepxkanue pasHo 0,017%.

[TpoOGupHO-XUMUYECKUM aHATU30M ObLIO MPOAHATU3UPOBAHO 24 MOHOpaKIuil ra-
JeHuTa Ha cepedpo u 305m01o. Coneprkanue cepedpa konebnercs ot 56 mo 3940 r/T (cpen-
Hee 1009,25 r/1). U3 24 ipo0 307010 comepkutcs B 21 mpobe, KOHIIEHTpAIUs KOTOPOTO
BapbUpyeT OT cienoB 110 16 r/T (cpenuee 0,56 r/1).

[TpobupHbM anamm3oM B 17 mpobax rajieHHTa ONpeneseHo conepxkanue cepedpa B
konuuecTBe oT 382 1o 3498,2 r/t, npu cpennem conepxkanuu 2669,8 r/1. 3 atux npoba
30JI0TO OTCYTCTBYET B 6, @ B OCTaJIbHBIX COAEpKAHHUE €r0 BapbUPYyET OT Clel0B 110 3,0 I/T,
npu cpenneM coaepskanuu 0,54 1/t.

Tempasdpum COBMECTHO C XaJIbKONMUPUTOM U KBapLIEM CJaraeT OTAeNIbHbIE YYacTKU
B pyAHBIX TenaX. Ero mpoXuiku BCTpedaroTcs B paHHEM KBaplle, JKeJIe3UCTOM Kapbo-
HaTe ¥ BO BMeILAoLUX nopoaax. TeTpasnpuT Takke HaOloAaeTcs B BUAE OKPYIIIBIX U
VIUIMHEHHBIX BbIJIEJIeHUH pazmepoM 110 1-1,5 cM, okpykeHHbIX nupapruputoM. OH B He-
3HAYUTETBHBIX KOJMYECTBAX B BUJIE MEJIKUX BbIJECIIEHUN BCTPEUAeTCsl U B ACCOLIMALIUU C
MUPAprUPUTOM, TAJIEHUTOM, XaJIbKOIUPUTOM, C(HaIepUTOM U KaJIbLIUTOM.

[Tox MUKpPOCKOIIOM BUAHO, YTO TETPASAPUT U3OTPOMHBINA MUHEPAJI, BHYTPEHHUX ped-
JIEKCOB HET, IIBET CepO-0eIblil ¢ 3eJIeHOBATHIM OTTEHKOM.

[To Bpemenu oOpa3oBaHMs TETPa’APUT OJIM30K K XaJbKOMMUPUTY U 00pa3yeT ¢ HUM
B3auMHbIe TipopacTanus [DaiizueB ., Daiizues A., 2018]. Mnorma TeTpasapurt oo6Boa-
KHMBAeT 3epHa XaJIbKOMUPHUTA U rajJeHuTa. B MacCHBHOM rajieHuTe OH 00pa3yeT yIrioBaro-
OKpPYIJIbIE BBIJIETIEHUS Pa3MEPOM 110 3 CM.
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VienbHbIN BeC TETpa’ApUTa, ONPEAEIEHHBI METOJOM I'MAPOCTAaTUYECKOTO B3BELIN-
BaHUs paseH 5,17.

XUMUYECKUE aHATN3bl TETPAIPUTOB MpuBoAATcs B Tabnuie 4. CoracHo kinaccudu-
kauuu H.H. Mo3srosoit u A.U. llennna [Mosrosa, llenun, 1983] onucbiBaemble OIeKIbIe
pynbl MectopoxaeHus Kanmkon cootBeTcTByroT Ag-Fe-tetpasnputy (anamussl 1, 2),
Ag-Zn-terpasnputy (aHanu3ssl 3—10), Ag (Hg) — coneprkaiueit Zn-TeTpasnpury (aHaInu3bl
11-13). Ananusel 1-2 10 XUMHUYECKOMY COCTaBY OYEHb CXOXKH TETPa’ApUTaM U3 MECTO-
poxnenus Taiinry-Ilurekyma [Shimada, Hirovatari, 1972], ananussl 3—10 — Ilynakaiio
(bomuBus), a 11-13 — Tusu 1 Tara (Amxkup) [Charlat, Levy, 1975].

OTMeTuMm, 4TO BCE TETPAdAPUTHI MECTOPOXKIEHUs cepeOpoHOocHBI. CozepkaHue ce-
pebpa B HUX HaxoauTcs B mpeaenax ot 5,70 mo 20,20 mac. %, B cpelHEeM COCTaBISET
16,00 mac. %. Takxke B 3HAUYUTEIBHBIX KOJINYECTBAX BAPbUPYET KOHLIEHTpALMs LMHKA
—1,80-9,81mac. %, B cpeanem cocrasiseT 4,16 mac. %. Konuentpanuu xenesa B TeTpa-
ANMPUTAX MECTOPOXKIEHUS Konebnercs oT 2,38 no 5,56, B cpennem 3,25 mac. %. B Tpex
npobax oOHapykeHa pTyThb, collepkaHue KOTopoil B cpeaneM cocrasiser 0,13 mac. %.
B cBsi3U ¢ 3TUM 3TU Pa3HOBUAHOCTH TETPAdAPUTOB oTHOCATCA K Ag (HE) — conepxareit
Zn-teTpasaputy. B oqHoit npobe oOHapyskeH kaamuii B koauuectse 0,35 mac. %.

Tabnuya 4. / Table 4.

XuMuyeckuii cOCTaB TETPAIPUTOB, B Mac. %o /

The chemical composition of tetrahedrite, in wt. %

NoNo
‘]’?g@/ Cu | sb | Ag | As | zn | Fe | He | cd | s Cél‘l‘llr“na/ HCST:;;‘CP;K/
Sample
1 222 | 250 [ 2020 23 280350 - - [23,00] 99,00 | [Usunesa,
19731/
2 236 | 240 | 1970 | - | 1,80 |530]| - - 122,10 | 9720 | [Chvileva,
1973]
3narorypckast
3 19,05 | 26,72 | 20,13 | 0,27 | 9,81 | 5,56 | - 1873 | 10026 | AP-(1963)/
Zlatogurskaya
et al. (1963)
4 [ 23,49 27281979 - [3343,05] - - 22,55 99,49
s 237212617 | 18,65 ] 0,87 | 4,13 | 3,02 - 2327 ] 99,83
6 | 242326661948 - [375]275] - - 123,02 99,89 | Komnexuus
7 | 24,64 | 26,62 18,90 | 0,55 [ 3,86 | 2,38 | - |05 22,77 | 100,07 aBTopa /
8 | 24672709 17,84 - [433]238] - - 23,17 | 99,48 Author’s
9 [2578 2645|1786 | - [403]3,16] - = 23,221 10050 | collection
10 25792698 17,97 - [3,39]313] - = 22,81 ] 100,08
11 [3436 | 26,88 | 570 | 292 [421[270 0,16 | - | 2481 ] 101,74 | [Mosrosa,
12 34632672 ] 6,08 | 234438261008 - [2441] 101,25 | Lenun, 1983]
/ [Mozgova,
13| 3498|2636 | 581 | 288 | 432|270 | 0,15 | - | 2488 | 10209 | cerin og3)
BbiBOADI

Ha mecropoxxnennn KaHpkoiB paHHUX KBapl-apCeHOIMMPUTOBON U NOJIMMETAIINYE-
CKOM cTamusix cepeOpo HAXOAUTCS B Ka4eCcTBE M30MOP(MHBIX NMPUMeECel B IPYrHX MHUHEpa-
Jax, TIaBHBIM 00pa3zoM B cynbpunax. B Gonee mo3muux cramusx (3-eit u 4-oif) cepedpo
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KOHILIEHTPHUPYETCs KaK B BUJE M30MOP(HBIX MPUMEceil B rajieHUTax, XalbKOMUPHUTaX, Te-
Tpa’IpHTax, Tak 1 00pa3yeT cOOCTBEHHbIE cepeOpsHbIE MUHEPAJIBI — TUPAPTUPUT, MONINOa-
3UT, apTeHTHT, CUJIbBAHUT, MATUJIBIUT U Ap.AcCCOLMAlMU MUHEPAJIOB U XapaKTep UX COHa-
XOXJICHHS YKa3bIBaeT Ha OTJIOKEHUE cepeOpsiHOI MuHepanu3anuu B uaTepsaie 225-100°C.
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Abstract: The article gives information on the stages of mineralization and gives a description of some
minerals from the Kanjol deposit.It is noted that the formation of minerals in the field occurred in 5 stages —
quartz-arsenopyrite, polymetallic, copper-antimony, quartz-calcite with silver and carbonate. In the early quartz-
arsenopyrite stage, silver is found in very small quantities and ranges from 20 to 30 g/t. In the second polymetallic
stage, silver is deposited together with galena and is in its crystal lattice as an isomorphic impurity. In galena, the
average silver content is 4240 g/t. In the third copper-antimony stage, a silver-containing tetrahedrite is formed
with a silver content of 5.7-20.20 wt.%. The concentration of silver in sulfides of this stage is (g/t): in galenites
2865, chalcopyrite 330 and pyrite 358,7. Then the most productive stage on silver is formed — quartz-calcite
with silver. Here silver forms its own minerals — pyrargyrite, argentite, polybasite, native silver, matildite. Silver
minerals are found in the form of monomineral veins, veinlets and inclusions. The carbonate stage with quartz,
barite and ore minerals (galena, sphalerite) completes the process of mineral formation at the deposit. Here silver
is found in small amounts in sulfides. In general, 2-4 stages of mineral formation are productive for silver. The
main amount of silver (60-70%) is associated with the 3rd stage of mineralization. The article describes the silver
minerals themselves — pyrargyrite, argentite, native silver, polybasite, myargyrite, sylvanite, argentoyarosite,
arsenargentite, cerargyrite, matildite, as well as tetrahedrite and galena, bearing industrial concentration of silver.
Matildite on the field is described for the first time.
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Aunotauus: ccnefoBanbl HeNepruoLuyeckne NoBbILEHUS WHTEHCUBHOCTU MUKPOCENCMUYECKOTO LWyMa.
Ha npoTs>KeHumn YeTbipex MecALEB OCYLLECTBAANNCL CUHXPOHHbIE re0(PU3NYecKne HabntoLeHNs rpaBumMeTpami
ScintrexCG-5 Autograv B O6HUMHCKe, MypmaHcke, EkatepuHbypre n KpacHosipcke. pu npoBefeHn nmepe-
HWIA BbINN 3aPErucTPUPOBAHBI MHOXECTBEHHbIE Cly4all CUHXPOHHOTO NOBbILIEHUS UHTEHCUBHOCTM MUKPOCENC-
MUYECKNX LIYMOB, KaK B MyHKTaxX rpaBUMETPUYECKUX HAOMOEHUNA, TaK UB PALE CEICMOMETPUYECKUX MYHKTOB
CeBEePO-BOCTOYHON yYacTu EBpasum. poJomKuTenbHOCTb 3aperMcTpUpoBaHHOr0 aHOMANbHOMO MOBbILIEHUS
MUKPOBUOPALMIA COCTABNAET OT HECKOJIbKUX YACOB O HECKOSIbKMX CYTOK. BbICOKOYYBCTBUTENbHbIE TPaBUMe-
TPbl PETUCTPUPYIOT HE TOSIbKO rPaBMTALLMOHHOE MOJE U ero Bapuauuu, CBA3aHHbIE C NPUIUBHbIMUA N3MEHEHMS
CUAbI TSXKECTU U APYTUMIA HENPUIUBHBIMI 1 METEOPOSIOrMYECKUMU ABNEHUAMM, HO 1 BbICOKOYACTOTHbIE Bapu-
aunn, CBA3aHHbIE B NEPBYI 04epedb C BO3LENCTBIMEM MPOLECCOB MHEPLMANIbHOMO XapakTepa. [paBuMeTpbl v
cericmorpadbl 06/1a4a10T Pa3NNYHbIMN XapakTepUCTUKAMK, OLHAKO, BbICOKOYACTOTHOE BO3LENCTBUE, OT 06LLe-
ro UCTOYHMKA PErucTpupyeTcs 060uMu Npuéopamu, ¢ TOM UL PASHULEN, 4TO B rPaBUMETPE OHO CHUTAETCH
NOMEXON 1 XapakTepuayeTcs CpefHekBagpaTuyHbiM 0TKoHeHneM (CKO). CKO rpaBMMETpUYECKNX LaHHbIX, W
CKO, nocuntaHHOe No psiaam U3MepeHnid CelicMOMETPOB, 06HAPYXMBAIOT BbICOKOE CXOLCTBO. ConocTaBneHue
C MUKPOCEACMUYECKIMI LLIyMaMW NMO3BONSET FOBOPUTL 06 WHEPLMANTbHOIA, @ He 0 FPABUMETPUYECKON NPUpoae
3apermcTpUpOoBaHHbIX rpaBMMeTpaMi aHOManui. PesynbTatbl UCCEL0BaHUSA KOPPENSLUMOHHBIX CBA3EI CUrHa-
NI0B 0OBACHAOTCA KPYMHLIMU NOKANbHLIMU BapuaLuimMu MUKPOCEICM 11 METEOPOJSIOrMYECKNX XapaKTepPUCTUK,
UX BAWSAAHWEM HA TOHKYKD CTPYKTYPY reoou3n4eckux CUrHanoB, PerucTpupyembix rpasumerpamu. Kparkospe-
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MEHHbIE NOYrof0Bble HABMKAEHUS 0OHAPYXNIM 0COBEHHOCTM re0dN3NYecKUX NpoLEccoB Ha OBLLUPHON Tep-
putopuu EBpasuu. [JanbHeinwmne nccnefoBaHns No3BOAT BbISBUTb TOHKYH CTPYKTYPY B3aUMHbIX BIUSHUNA reo-
(huanyecknx NpoLeccoB Mo AaHHbIM HABMAEHNA YYBCTBUTENIbHLIMW FPaBUMETPaMu 1 ceiicMoMeTpamu. Yvet
3TOr0 ABNEHWUS1 HEOOXOAUM NpPW NIAHWPOBAHWUA U BbINOSIHEHUN BbICOKOTOYHbIX TPABUMETPUYECKUX CbEMOK K
LONITOBPEMEHHbIX TPAaBUMETPUYECKINX HAOMTIOABHWIA.

KntoveBbie cnoBa: rpaBuMeTp, CpeAHeKBaapaTUYHOe OTKITIOHEHME, CeICMOMETP, LUTOPMOBbIE MUKPOCEIiC-
Mbl, METEOPONIOrN4eCKne npoLecehbl.

bnarogapHocTu: [JaHHas paboTa BbINosHeHa B pamkax foc. 3aganus O3 PAH. ABTopbl BbipaxatoT 61aro-
JapHocTb A. B. Hukonaesy 3a noMoLLb 1 BHUMaHUE K paboTe.

Ina uutnposanus: [po6biwes M.H., A6pamos [.B., bbiuko C.T., KoHewos B.H., lepman M. ., Xpa-
neHko 0.A., TopoxaHues C.B., Kpacunos C.A., be6HeB A.C., OB4apeHko A.B. 3KCNEpPUMEHT MO M3Y4eHUIO
CUHXPOHHBIX KOHTUHEHTA/IbHbIX MUKpoceicM B CeBepHoil EBpa3uy METOLOM KOMMIEKCUPOBAHMS TpaBu-
METPUYECKUX W CeNCMUYecKux HabnofeHwin. feornorus un leogmsuka fOra Poccum. 2019; 9 (2): 83-94.
DOI:10.23671/VNC.2019.2.31979.

BeepeHe

[Ipu npoBeeHNH AOATOBPEMEHHBIX BBICOKOTOUHBIX T'PAaBUMETPUUECKUX U3MEPEHUI
WHOT/Ia HAOMIOMAI0TCS pe3Kre BO3pAcTaHHs aMIUIMTYAbl KOJNEOaHW JaT4yuKa TpaBUMe-
Tpa, OHU UMEIOT HETIEPUOINUECKHUI XapaKTep U MPOI0JIKAIOTCS OT HECKOJIBKUX YacOB J10
HECKOJIBKUX CyTOK [MansbimeBa u np., 2018; Ovcharenko, 2018]. Habmtogaembie moBbI-
LICHUS1 YPOBHS IIIyMa HE CBA3aHbI C KOHCTPYKTUBHBIMU OCOOCHHOCTSIMU PA3JIMYHBIX TIPH-
O0pOB, MOCKOIBKY (PUKCUPYIOTCSI TPAaBUMETPAMH M CEHCMOMETpaMHu, YIaJeHHBIMU JIPYT
OT JIpyTa Ha 3HAYUTEIbHOE paccTtosiuue [AHToHOB, 2017].

[ToBbITIEHUE IITYMOBOM aKTUBHOCTH MOKET OBITh CBSI3aHO C PA3JIMYHBIMUA BHEITHUMHU
(akTopaMu, TaKUMHU Kak 3emiieTpscenus: [A6pamos, berukos, 2018; Muxaitios, 2005],
METEOPUTHBIE MMOTOKHU, C TpoIleccaMu, mpoucxoasmumu Ha ColHIle, B YaCTHOCTH C Bapu-
alMsIMUA MAarHUTOTEITYpHUECKOTO TToJisi [AHTOHOB, 2016], n3MeHEeHHEM METeopoIoruye-
ckux QaxropoB [AbpamoB u np., 2013; Axymkus u 1p., 2008; Mansimesa u ap., 2018;
Warburton et al., 1977; Spratt, 1982; Muller et al., 1983; Meurers, 1999], B ToM gucrne ¢
pacrpocTpaHeHUeM LIMKIOHOB HaJl BOJHON MOBEPXHOCTHIO oKeaHOB [Tabynesuy, 1986].
PacnipocTpaneHHOCTH TITyMa 1O TIIOIIAINA MOYKET OOBSICHATHCS BO3JeHCTBHEM BOJIH Pe-
Jiesi, BBI3BAHHBIX AK30T€HHBIMU IITOPMOBBIMU MUKPOCEHCMaMHU IEPBOTO M BTOPOTO pojia,
MOPCKHM U OKeaHH4ecKuM mpudoeM [Monaxos, 1977; PeikyHoB, 1967; Strobach, 1957].
l'unote3 mpoieccoB, MPUBOAAIIMX K TMOBBIIICHUIO IIyMa T'PaBUMETPUYECKUX PSIOB,
MHOT0, IPUYEM HETIOHSITHO, UMEEM JIU MBI I€TI0 JeHCTBUTEIHHO C BOSMOXKHBIMH H3MEHE-
HUSIMH TPABUTAIIMOHHOTO TIOJISI WJTU TOBBIIIICHHOM JTUCTIEPCUEN OTCUETOB TPAaBUMETPA, TO
€CTh C UHEPLUUAJIBHON MTOMEXO.

Kpome Toro, mo pesynpraraM MHOTOJETHHX HaOMIONEHUI ObLTa yCTaHOBIEHA ce-
30HHOCTbH MOBBIIIEHUS YPOBHS MUKPOCEHCMHYECKOTO IIyMa M €ro CBsI3b CO CTPOECHUEM
3eMHOM KOpBI Ha CeBEpO-BOCTOUHOM "acTu Pycckoit minardopmsl [AbGpamoB u np., 2013,
2019; Anronos, 2017; be6ues, 2017], yuuTsiBas 3T0, a TaKke TOT (PAKT, YTO MOBHIIICH-
Hasi JUCTIEPCHUS] OTCUYETOB SIBJSIETCS] MOMEXOW MPH BBICOKOTOYHBIX TPABUMETPUUYECKUX
ChEMKaX, B YaCTHOCTHU NMPU MOHUTOPUHTOBBIX IPaBUMETpUYECKUX paborax [BeukoB u
ap., 2017], To akTyaabHOCTh W3Y4YEHUS JAHHOTO SIBJICHHUS] HECOMHEHHA.

C uenblo onpeesieHrs UCTOYHUKA U XapaKTepa MUKPOCEUCMUYECKUX IITyMOB, PEru-
CTPUPYEMBIX CHHXPOHHO B Pa3NUYHBIX MyHKTaX HAa 3HAYMTEIBHOM PACCTOSIHUH, TPUOO-
pamu ¢ pa3IUYHBIMU KOHCTPYKIIMOHHBIMU OCOOEHHOCTSIMH, a TAaK)Ke BBISBJICHUS CBS3EH
CTPOEHUS 36MHOM KOPBI C XapaKTePUCTHKAMH MUKPOCEHCM HaMH MPOBENIEH AKCIIEPUMEHT
[0 CUHXPOHHOMW 3alKiCH TPaBUMETPOB B MYHKTAX, PACIOJIOKEHHBIX B CEBEPO-BOCTOYHOM
yacTu EBpa3uiicKkoro KOHTUHEHTA, TOMOJIHEHHBIA JAHHBIMU PSJIa CEMCMUYECKUX CTAHIIUM.
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YCAOBUS MPOOBEAEHUS OKCMNEPUMEHTA

ITo npoBeneHHBIM paHee HCCIIeI0BaHUAM ObUIM CJIEJIaHbl BBIBOJIBI O TOM, UTO IPABU-
METpHI, pa3HeceHHbIe Mex Ay co0oi moutu Ha 1500 km (O6HMHCK — [1epmb), 3aperucTpu-
POBaJIM OJIMH U TOT 7K€ CUTHAJI WJIU MPOILIECC, IPU ITOM CPEIHEKBAIPATUYHOE OTKIOHEHUE
(CKO) rpaBUMETpUYECKUX OTCYETOB U CAMU OTCUETHI U3MEHSITUCH CHHXPOHHO, KO3 hu-
IIUCHT KOPPEJISINN MEXKIY TTOKa3aHUsIMHU rpaBUMETpoB cocTtaBui 0,97 [AGpamoB, bbru-
koB, 2018]. B moarBepkaeHne clieIaHHbBIX BBIBOJOB, OBIJIO PEIICHO PACIIMPUTh Teorpa-
(uto mpoBeeHMS SKCIIEPUMEHTA.

Corpynaukamu MHcTtutyTa @usuku 3emnu PAH npu conelictBun corpyaHukos I'op-
Horo uHctutryta ' YpO PAH (Ilepmb), IHCTUTYTa T€0IOTUM U MUHEPAJIBHOTO CBHIPbS
KHUUT'uMC (Kpacnosipck), Enunoii reopusmnueckoit cmyx0s1 PAH (O6nuHCK), UHCTH-
tyta reopusuku UI'® YpO PAH (ExarepunOypr) u OO0 «HUNMopreodusuka-Cepsuc.
koM» (MypMaHCK) B TeUeHHUE YeThIpeXx MecsieB (peBpanb-maii 2018 1) ocymiecTBisiach
CUHXPOHHAas 3allliCh IPAaBUMETPUUYECKUX JJAHHBIX B IIYHKTAX, PaCIIOIOKEHHBIX B CEBEPO-
BOCTOYHOM 4acTH EBpa3uiickoro KOHTHHEHTA. B sKciepuMeHT Takke ObLIH BKIIOYCHBI
JAHHBIC C CECMUYECKHUX CTAaHITUI MEKTyHapoaHOU opranu3anuu Incorporated Research
Institutions for Seismology (IRIS).

PacrnionoxeHue myHKTOB HAOMIOCHHUI U OCHOBHBIE T€0JIOTUYECKUE TPAaHUIIbI [ XauH,
2001] npuBenens! Ha pucyHke 1. /i celicMMUeCKUX CTaHLIMKA HA PUCYHKE IPUMEHEHBI
yCIIOBHbIE 0003HAUEHMs MMyHKTOB, MPUHATHIE opranu3auueit IRIS, a amsg myHKTOB Ipa-

BUMETPHUECKUX HAOIIOACHUI HCIIOJIb30BaHbI COKpAIleHHBIE HAa3BaHUS ropojoB (Mrm,
Obn, Ekb, Krs).
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Puc. 1. Kapma pacnonoicerus nyHkmog u 0CHO8HuIxX 2eonozudeckux eparuy: Hio-Onecynn (KBS),
Konecoepe (KONO), Ymcuioxu (KEV), Mypmanck (Mrm), Obnunck (Obn), Anxkapa (ANTO), I'apru
(GNI), Examepunoype (Ekb), Maxanuu (MAKZ), Kpacnospck (Krs), Ynan-Bamop (ULN), HAxymck (YAK),
Maeaoan (MA2), Tuxcu (TIXI), Bunubuno (BILL). /

Fig. 1. Map of locations: Ny-Alesund (KBS), Kongsberg (KONO), Utsjoki (KEV), Murmansk (Mrm),
Obninsk (Obn), Ankara (ANTO), Garni (GNI), Ekaterinburg (Ekb), Makanchi (MAKZ), Krasnoyarsk
(Krs), Ulan Bator (ULN), Yakutsk (YAK), Magadan (MA2), Tiksi (TIXI), Bilibino (BILL).
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I'paBuMeTpudeckue n3MepeHus nmposoauwinchk B Mypmancke, OOHuHCKe, Exarepun-
Oypre u KpacHosipcke, B OCTaJIbHBIX ITyHKTaX MCIOJIb30BAJIUCH HIMPOKOMOJIOCHbBIE Celc-
MUYecKue cTaHuuu opranuzanuu IRIS.

B skcnepuMeHTe MCIOIB30BAIUCH OTHOCUTENIbHBIE ABTOMATU3UPOBAHHBIE I'PaBUMeE-
Tpel CG-5 Autograv koMmanuu Scintrex, UMEIOIINE Pa3pelIaolyto ClioCOOHOCTb, TIpe-
BbIIIaONy0 | Mkl a1 ¥ IMPOKHUI AUana3oH 4acTOT PETUCTPUPYEMBIX Ipolreccos. I'pa-
BUMETPHI 3TOT0 THUIA PETHCTPUPYIOT M3MEPEHHUs C 4aCTOTOM 6 3amepoB 3a 1 cexkyaHy,
MOCJIE Yero BBIYMCIAIOTCS rpaBuMerpudeckue orcdetsl U ux CKO. OrcyeTsl BEIYUCIIS-
I0TCS CPETHUM apu(PMETHIESCKUM U3 BHIOOPKU 6 M3MEPEHUN B CEKYHIy B TEUCHHE BCE-
r0 YCTaHOBJIEHHOI'O OIEpaTOpoM Mepuojia HakomieHus: Janubix [CG-5, 2002]. B Hamem
SKCIEPUMEHTE MCIIOJIb30BAJICS MEPUO] HAKOIIJICHHUS JaHHBIX paBHBIA 1 MHUHYTE, T.€. OT-
CUeT MpeACTaBIAI co00i ycpenHenue u3 60 BHIOOPOK 1Mo 6 oTcyeToB. {11 KoppeKTHOro
COIOCTABJICHHS CEHCMUYECKUX U TPAaBUMETPUUYECKUX JTaHHBIX ObL10 Hcnonb3oBaHo CKO
[ApoOsimie, Konemos, 2013]. ConocTtapieHus rpaBUMETPUUECKUX M CEUCMHUYECKUX
TAHHBIX OOBSCHSETCS TEM, YTO OHU COAEPKAT HH(OPMAIIMIO O pEaKIIMK 3eMHOU MOBEpX-
HOCTH Ha BHEUTHHE BO3JEHCTBUS U UMEIOT OO TMana3oH YacToT.

CeilicMuueckue psiibl U3MEHEHUM MHTEHCUBHOCTH MUKPOCEHCM, HMCIIOJIb3yEMBIE B
JKCIiepuMenTe, TuddepeHIMPOBAINCH, Tocie Yero paccuntbiBaiock CKO mo anroput-
MY, aHAJJOTUYHOMY QJITOPUTMY IpaBUMETpa C €IMHCTBEHHOM MOMPABKOW Ha Pa3HYyIO 4a-
CTOTY MCXOJIHBIX JaHHBIX [/IpoObimes, Konemios, 2014].

3a BpeMsi HaOMIOEHUI OBUIO 3apPETUCTPUPOBAHO HECKOJIBKO CHIIBHBIX 3eMIIeTpsice-
HUW MarHuTyaou Beime 6,5: 16 despans 7,2 B Mekcuke; 2 anpens 6,8 B bonusum; 4 mMas
6,9 Ha ['aBaiickux ocTpoBax; Heckonbko B [lamya-HoBoii ['Bunee 25 deBpans 7,5; 6 map-
Ta 6,7; 8 mapra 6,8; 26 mapra 6,7; 29 mapra 6,9.

[To 3aperucTprpoBaHHBIM CHUIIBHBIM 3€MJIETPSICEHUSIM KOHTPOJIMPOBAJIACh CUHXPOH-
HOCTb 3alrceil Ha IMMyHKTaxX, IoCcJe Yero OHM, a Takke Oosee ciadble ceiicMuyecKue co-
ObITUs ObUTH OThMIBTpOBaHbl U3 psAaoB CKO, ans npoBeneHus KOPPeIsSIIHOHHOTO aHa-
au3a.

MMOAYyYEHHbIE PE3YALTATHI

Psaapt CKO rpaBUMETpUYECKUX U CENCMUYECKUX JaHHBIX, TIOJYUYEHHBIE B PE3YJIbTATE
YeThIpeX MECSLEeB U3MEPeHUN ObUIM IMPOQHUIBTPOBAHBI CKONB3SAIINUM 1-4acoBBIM (HIIb-
TPOM YTOOBI BBIACIUTH BO3pACTAHUE aMILJIUTY/Ibl 3aIIyMJIEHHOCTH B IIEPHO/IE OT OJHOIO
yaca U HWKe. Pe3ynbrarel U3MEpeHUi B IIYHKTAX, PACIIOJI0KEHHBIX B CEBEPO-BOCTOYHOU
yactu EBpa3uiickoro KOHTUHEHTA, NPEJICTaBIeHbl HA PUCYHKE 2.

[To m300pakeHHBIM Ha pUCyHKE 2 rpaduKaM MOXHO 3aMETUTh SBHOE CXOJCTBO
MEXKy LIyMaMH, 3aperucTpUpOBaHHbBIMU B EBporne Ha Bceil MpONOIKUTEIBHOCTH U3-
MepeHuii, kpome nyHkra Konrcoepr (pucynku 2.1-2.6). Ha BocTok oT Ypana Takke
NEePUOANYCCKU HaOIoaeTcsl o0Iee CXoaCcTBO, HampumMep, ¢ 19 mo 28 despans u ¢ 5
no 15 mapra (tpaccsl 9-15). Bo BpemenHoM npoMmexyTke ¢ 20 ampesnst o 5 Mas ceBe-
PO-BOCTOYHBIE MTYHKTHI PETUCTPUPYIOT MOBBIIIEHUE [IIyMa, HE TOXOASIIEE 10 FXKHBIX U
eBporeickux paitoHoB (Tpacchel 12-15). C 21 nmo 30 mapra B OOHUHCKE 3apeTUCTPHPO-
BaHO BO3MYLIECHUE CUHXPOHHOE ¢ AHKapoii, 'apHu 1 HEKOTOPBIMU JPYTMMH FOKHBIMHU
myHKTaMu (Tpaccel 4-9).

Mo3keT CIIOKHUTBCS BIIEUATIIEHHE, YTO B Tiepuoj ¢ 17 mo 20 mapTa mpouCcXoauiio CUH-
XPOHHOE yBEJIMYEHUE aMIUTUT y/Abl Ha BCEX MYHKTaX HaOJIOAEHUs, OJJHAKO CEBEPO-BOC-
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Puc. 2. CKO epasumempuueckux u ceticmuieckux OaHHuIx Qunvmposanuvie 1 — uacogvim unompom,
NOJYYEHHBIX 8 NYHKIMAX, PACNONONCEHHBIX 8 Ce8epO-60CMOYHOU uacmu Eepazuiickoeo konmunenma:
1 — Mypmanck (Mrm), 2 — Ymciioxku (KEV), 3 — Hro-Onecynn (KBS), 4 — Obnunck (Obn),

5 — Examepunbype (Ekb), 6 — Konecoepe (KONO), 7 — Aukapa (ANTO), 8 — I'apnuu GNI), 9 — Maxanuu
(MAKZ), 10 — Kpacnosipexk (Krs), 11 — Yanan-Bamop (ULN), 12 — Mazadan (MA2), 13 — Bunubuno
(BILL), 14 — Axymck (YAK), 15 — Tuxcu (TIXI). Bepmukansuwvimu aunusmu 00603Ha4ueHvl 6peMeHHble
NPOMENCYMKU, ONUCAHHbLE HUdICe. /

Fig. 2. RMS of gravimetric and seismic data filtered by a I-hour filter obtained at points located in the
north-eastern part of the Eurasian continent: 1 — Murmansk (Mrm), 2 — Utsjoki (KEV), 3 — Ny-Alesund
(KBS), 4 — Obninsk (Obn), 5 — Ekaterinburg (Ekb), 6 — Kongsberg (KONO), 7 — Ankara (ANTO),

8 — Garni GNI), 9 — Makanchi (MAKZ), 10 — Krasnoyarsk (Krs), 11 — Ulan- Bator (ULN), 12 — Magadan
(MA2), 13 — Bilibino (BILL), 14 — Yakutsk (YAK), 15 — Tiksi (TIXI). The vertical lines indicate the time
intervals described below.

TOYHBIC ITYHKTBI 3apCTUCTPHUPOBAJIN ITMKOBOC 3HAYCHUEC aMIUIUTY/Ibl PAHBIIC OCTAJIbHBIX
0oJsiee 4eM Ha CYTKH.

Jlnst 6onbiieil 00bEeKTUBHOCTH OIICHKH CHHXPOHHOCTH W3MEHEHMS aMIUIUTYIIbI HC-
TIOJIH30BAJICSI KOPPEISIMOHHBIN ananmu3. [Ipu npoBeneHnn aHanm3a pacCUYUTHIBAICS KO-
GPUIHMEHT MapHON KOPPENSLUN MEXIAYy BCEMH ITyHKTaMHU 10 TIOJTHOMY ALY JaHHBIX.
[To npuumHe 3HaYUTENBHOTO exxecyTouHoTro nepenana yposHs CKO B KpacHosipcke, cBsi-
3aHHOI'0 C BJIMAHUEM TCXHOI'CHHBIX d)aKTOPOB, npu CpaBHCHHUH HCIIOJIB30BaJIaCh HHXK-
Hs TpaHua 3allyMJICHHOCTH. Pe3y.HBTaTBI KOPPEIALIUMOHHOI'O aHalin3a MpEaACTaBJICHLI B
BUJI€ KOPPEISIIMOHHOM MaTpuIlsl Tabmuma 1.
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Tabnuya 1/ Table 1.

Koppeasimuonnas marpuna CKO naHnbIx /
Correlation matrix of the RMS data

KBS [KONO| KEV | Mmm [ Obn | Etb |MAKZ| Krs |ULN]YAK [ TIXI|BILL|MA2[ANTO[ GNI
KBS | 1
KONO [0,25] 1
KEV |0,84] 035 | 1
Mrm |0,75] 037 | 0,93 | 1
Obn |0,66] 0,62 | 0,82 [ 0,77 | 1
Erb  |0,67] 0,72 [ 0,75 | 0,71 [0,93] 1
MAKZ [0,44] 0,67 | 042 | 042 [0,59] 0,75 | 1
Krs |0,52] 032 | 0,42 | 0,46 [0,44] 0,16 | 0,65 | 1
ULN [0,32] 0,21 | 0,25 [ 0,30 [0,24] 0,30 [ 0,60 | 0,79 | 1
YAK [0,27] 0,02 [ 0,18 [ 0,19 [0,09] 0,12 | 0,37 | 0,70 [0,87] 1
TIXI |0,46] 0,15 | 0,32 | 0,38 [0,22] 0,27 [ 0,50 | 0,71 [0,69]0,72] 1
BILL |0,40] 0,07 [ 0,28 [ 0,35 [0,24] 0,25 [ 0,32 | 0,54 [0,440,53[0,86] 1
MA2 |0,14] 0,28 | 0,43 | 0,10 [0,03] 0,04 | 0,18 | 0,27 [0,280,38[0,57[0,46] 1
ANTO [0,40] 0,26 | 0,29 | 0,32 [0,30] 0,37 | 0,44 | 0,45 [0,380,20(0,37[0,26[0,07] 1
GNI [034] 0,40 | 0,35 [ 0,42 [0,41] 0,45 | 0,68 | 0,72 [0,63]0,40]0,61[0,43]0,20] 0,58 | 1

[ToryueHHble pe3yabTaThl KOPPEISUUOHHOTO aHAJIN3a MOXHO OOBSCHUTH I'€OJO0TH-
YECKUMHU 0COOCHHOCTSIMU TEPPUTOPHH, HA KOTOPOU MPOBOAMIICS AKCIIEPUMEHT (puc. 1),
a takxe (paxropamu, BiusironumMu Ha CKO ceiicMuYecKknX U rpaBUMETPUICCKUX H3Me-
peHuil, HanpuMep, METEOPOIOTUYECKUMHU YCIOBUAMHU, KaK B IIyHKTax HaOIOEHUN, TaK
U B UCTOYHUKAX CEMCMUYECKUX W TPABUTALIMOHHBIX BapUalMi 3TUX mojel. B aToi Ta-
OJr1Ie KUPHBIM MIPUGTOM BBIJICTICHBI OOJIbIIINE 3HAYEHUST KOA(DHUIIMEHTOB KOPPEISAINH,
KOTOpbI€ BUJIHBI HA [V1a3 IPU PACCMOTPEHUH TaONULIbI. AHATN3 TAOIULIbI JOJKEH YUUThI-
BaTh JJOBEPUTEIIbHbIE HHTEPBAJIBI U1 KO3 (PUIIMEHTOB KOPPEIALINHU, KOTOPbIE 3aBUCIT OT
CPaBHMBAE€MbIX CUTHAJIOB. [l NJIMHHBIX PSIIOB 3HAYUMOCTb KO3(PPUIIMEHTOB MOBBILIA-
ercs u naxe HeOonpmue 3HadeHust 0,3-0,5 cTaHOBATCS 3HAYMMBIMH, paciIupsieTcs O6a3a
9KCIEPUMEHTAJIbHBIX TaHHBIX, MO)KHO YBUJETh 3aKOHOMEPHOCTH, CKPBITHIEC TP aHAIHU3E
KOPOTKHX PAI0OB. ITO yKa3bIBa€T HA HEOOXOAUMOCTD MPOIOJIKEHUS HAOII0IeHU, aHAIIN-
3a OoJiee IMHHBIX PSIIOB.

MopdoAaormnyeckme xapaktrepuctmkm noaem CKO

[Tapa nmynkToB YTciiokn, Mypmanck u nyHKT Hro-OuiecyHH pacnosnoXkeHsl 1o pas-
HBIE CTOPOHBI Pa3yioMa, OTHAKO UMEIOT OOIIMI XapaKTep 3allyMIeHHOCTH. B 3ToM MOX-
HO YBUJETH BIMSIHUE OCHOBHOI'O HCTOYHHUKA IIOMEX B 3TOM peruoHe — bapeniesa Mops.

ITynkr KonrcGepr pacnonoxen Ha Ocio-rpabeHe, yTo 3HaYUTEIbHO CHUXKAET BIIU-
sHue coObiTuil Ha benom u bapenueBom mopsx. ITynkrel Yrcitoku, Mypmanck u O6-
HUHCK, pacnoiokeHHble Ha BocrouHo-EBpomneilickoil miatgopme, BMECTe C IyHKTOM
Hro-OnecyHH 1eMOHCTpUPYIOT MOCTENIEHHOE 3aTyXaHue IIyMOBOro 3¢ dekTa.

ExarepunOyprckue 1aHHbIE, HECMOTPSI Ha PACIOJIOKEHHE MyHKTa Ha YPaJbCKOM
XpeOTe, UMEIOT JIYUIIYI0 KOPPEJSALHUIO C €BPONEHCKUMH IMMyHKTaMU. DTO CBSI3aHO C IJIar-
(OpMEHHBIM XapaKTepoM penbeda B 3TOM paiioHe.

ITyHKTBI, pacroyIo’KeHHbIE K BOCTOKY OT YpaJIbCKOIo XpeOTa XxapakTepu3yoTcs, B Oc-
HOBHOM, BBICOKOM Koppensuueil Mex 1y co00H, 3a HCKIIIoUeHUeM IyHKTa B MakaHuu, Ko-
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TOPBIM UMEET JIyULIYI0 KOPPESALUI0 ¢ €BpONEUCKUMU. BeposTHO, MUKpOcelicMuYecKue
KonieOaHus mpoxo T OT bapeHrieBa Mopst B MakaHuu depe3 YpaiabCKuii XxpeOeT B paiioHe
ExarepunOypra. Beicokyto koppensnuto nanHbix u3 'apuu n KpacHosipcka MokHO 00b-
SCHUTB CXOACTBOM PAaCIOJIOKEHHS ITyHKTOB BJIOJIb AJIBIIMICKOTO CKJIA4aTOro Mosca.

MaranaHn, pacnonoxeHHbIH Ha OXOTCKO-UyKOTCKOM MaJIeOBYJIKAHWYECKOM II0sCE
Bepxosino-UykoTckoii ckiiaayaroil 00macT, OTJeNIeH OT OCTaJbHBIX MyHKTOB XpeOTOM
Yepckoro. Ilynkrel Tukcn u bunmnbuHO pacnoiokeHsl Ha OJHOM TOPHOM MAacCHBE, MpU
9TOM MMEIOT BBICOKYIO KOppesinuio AaHHbIX. [IyHKTEI AHKapa u ['apHu, Takxke pacmo-
JIOKEHBI B CKJIaJ4aToi o0acTu 1 otaeneHsl KaBkazckum XxpeOToM OoT eBpOonencKuX myH-
KTOB. Hu3Kast Koppensius A1 3THX MTyHKTOB, BEPOATHO, OOBSICHAETCS BIMsIHUEM TaBp-
CKHX TOD.

Ot Mopdoorndeckue ocodeHHOCTH B3auMHON Koppemsuuun CKO mukpocericm
CBSI3aHBI, IIPEXKIE BCETO, C FEOJIOTMYECKUMH YCIOBHUSIMH, CTPOEHHEM 3€MHOI KOPBI U €€
MTOBEPXHOCTHBIM PebeoM, a TAKKE C 0COOCHHOCTSIMH pacipeaeseHUs HCTOYHUKOB MU-
KpocelcM Ha akBaropusix. MlctouHnku momex Ha BOCTOKe ONpenesuTh CIIoKHEE, B CUILY
HEI0CTaTOYHOT'O YKciia yHKTOB M 00JIee CII0KHOTO Ie0JI0IHYECKOr0 CTPOSHHSI PETHOHA.

WMHTEHCUBHOCTh MHUKPOCENCM K BOCTOKY OT Ypajla CpaBHHUTEJIBHO HEBBICOKA, UTO
CBA3aHO C SIBJICHHMEM JKPAaHUPOBAHUS T'OPHBIMU CUCTEMaMU 3aTyXaHUEM KOHTUHEHTAJIb-
HBIX MHUKPOCEMCM OT ceBepa K IOTY, YBEIMYEHUEM PACCTOSHUSA J0 aKBATOPUU U IYTH
HITOPMOBBIX MUKPOCEHCM.

ITpoBenennsie pabotsl mo conoctaieHnn CKO orcueToB rpaBuMerpa ¢ Koauue-
cTBOM 3emuieTpsicenuit M>3 B cytku [AOpamoB, berukos, 2018] kocBEHHO MOATBEpIK1a-
10T OTHECEHHE MUKPOCEHCMUYECKUX IIYMOB K IITOPMOBBIM MUKpoceiicmam [Haymenko,

1979].

OBCy)XAEHME PEIYALTATOB

OCHOBHOH pe3yabTaT HAlIEro0 UCCIEA0BAaHUsS — 3TO IKCIEPUMEHTAIbHOE MOATBEPXK-
nenne Qaxrta B3auMocBsi3u CKO m3MepeHnit Ha CeCMUYECKHX CTAHIUSAX M IyHKTax
BBICOKOTOUHBIX TPaBUMETPUUECKUX HAOIIONEHUH, pa3HECEHHBIX HAa 3HAYUTEIbHBIE pac-
CTOSIHUSL.

HaGmronaemblii Henmepruoanyeckuil ceiicMuuecKkuil myM B eBporeiickoil yactu Poc-
CUH, B OCHOBHOM, SIBJII€TCSI PE3YyJIbTATOM BO3ACUCTBUS, BOSHUKAIOIIETO B CEBEPHBIX MO-
psx.

HeBo3MoxxHOCTB IIpeonosieHns PerteeBckuMM BOJTHAMU PE3KMX U3MEHEHHMH IOBEPX-
HOCTHOTO penbeda, HEOTHOPOAHOCTH CEHMCMUYECKMX XapaKTEepPUCTHK BEpPXHEH 4acTu
3eMHOM KOPBI NP MX PACIPOCTPAHEHUH BIITyOh KOHTHHEHTA Ha FOT MO3BOJISIOT ClIENATh
BBIBOJI O IOBEPXHOCTHOM THIIE CEICMUYECKHUX BOJIH, BBI3BAHHBIX IITOPMOBBIMU MHKPO-
celicMaMH.

OTOT METOAUYECKUI BBIBOJI, OTYUYEHHBIN MO TaHHBIM YETHIPEXMECSUHBIX HaOIO/Ie-
HUH, MOJJIEpKaH IreOJOTNYECKUMU Pe3yIbTaTaMu, ITOKa3bIBAIOIIMMU BIUSHUAE CTPOCHUS
3eMHOM KOpHI U ee penbeda Ha ypoBeHb CKO ceiicMuYecKnX U rpaBUMETPUIECKUX Ha-
OJIFOEHUIA.

30KAKOYEHNEe

B pesynbrare nponenaHHoil pabOThl MOKa3aHAa MEPCIEKTUBHOCTb M HAINpPABJICHHE
MaIbHEUIINX UCCIEIOBAHMNI:
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— HEO0OXOIMMO MPOAOKUTE HAOMIOECHHUSI MUKPOCEHCM U BHICOKOTOYHBIC TpaBUME-
TPUYECKHE HCCIIEIOBaHMs, MOBBICUTh CTaTUCTUYECKYIO0 3HAYUMOCTb KOPPEJISAIIMOHHBIX
CBsI3el M BKJIIOYMTD B aHAJIN3 JJAHHBIE O METEOPOIOTHYECKON U IITOPMOBOI 0OCTaHOBKE
Ha aKBaTOPUSAX — UCTOYHUKE MUKPOCEHCM, UX MPSIMOTO U OTIOCPEI0OBAHHOTO BO3JCHCTBUS
Ha MTOKa3aHUs TPAaBUMETPOB;

— HE00X0IMMO Hccie1oBaTh BiausHie BHeITHUX (akTopoB Ha CKO nsmepenuii npu-
60pOB, IPaBUMETPOB U CEHCMOMETPOB, B TOM YHUCIIE 3HAYUTEIBHO YIAJICHHBIX OT UCTOY-
HUKOB TIOMEX, ONPEACTUTh JAIbHOCTH PacpOCTpaHeHHs dPPEeKTa OT UCTOUHHKOB.

[Iponomkenue paboOThl MPEACTABIACT MEPCIEKTUBY JabHEUIIe COBMECTHOW HMH-
TEepIpeTaIui CEHCMUYECKUX U TPABUMETPUUECKUX HAOTIONCHHI 10 MPEIOKEHHON Me-
TOJAUKE. DTO CYLIECTBEHHO YJIYUYILIUT IPEAEIIBbHBIE BOZMOKHOCTH BBICOKOTOYHBIX I'PAaBU-
METPUYECKUX UCCIIEIOBAHUM.
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Abstract: Non-periodic intensity increase of microseismic noise was researched. During four months,
synchronous geophysical observations were carried out using Scintrex CG-5 Autograv gravimeters in Obninsk,
Murmansk, Yekaterinburg and Krasnoyarsk. During the measurements, multiple cases of synchronous intensity
increase of microseismic noise were recorded, both at the gravimetric observation points and at a number of
seismometric points in northeastern Eurasia. The duration of the registered anomalous increase in microvibrations
ranges from several hours to several days. Highly sensitive gravimeters register not only the gravitational field
and its variations associated with tidal changes of gravity and other non-tidal and meteorological phenomena,
but also high-frequency variations associated primarily with the effects of inertial processes. Gravimeters and
seismographs have different characteristics, however, both instruments record high-frequency effects from a
common source, with the only difference that in the gravimeter it is considered interference and is characterized
by standard deviation (RMS). RMS of gravimetric data, and RMS, calculated by series of seismometers
measurements, show high similarity. Comparison with microseismic noise suggests an inertial rather than a
gravimetric nature of anomalies recorded by gravimeters. The results of the signals correlation study are
explained by large local variations of microseisms and meteorological characteristics, their influence on the fine
structure of geophysical signals recorded by gravimeters. Short-term semi-annual observations revealed features



Geology and Geophysics of the South of Russia 9(2)2019 ['eonorvs u reoguanka fOra Poccim 93

of geophysical processes in the vast territory of Eurasia. Further studies will reveal the fine structure of the mutual
influences of geophysical processes according to observation data by sensitive gravimeters and seismometers.
Consideration of this phenomenon is necessary when planning, performing high-precision gravimetric surveys,
and long-term gravimetric observations.

Keywords: gravimetry, relative gravimeter, seismometer, standard deviation, storm microseisms,
meteorological processes.
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MoAEAN CUABHBIX ABVXKEHUN TOYHTA AASI
BEPOSITHOCTHOIO AETAABHOIO CEMCMNYECKOTO
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AxHoTauma: B PCO-AnaHusa npoBoAsaTcs MCCNeaoBaHns no co3haHnio HOBOW BEPOATHOCTHOI KapTbl OGP
JaHHoi Tepputopuu. CoctaBHas 4acTb 3TUX MCCNEAOBaHWA — pa3paboTka aEKTUBHBIX MOJENEN CUbHbIX
IBWXKeHWiA rpyHTa (GO npu noTeHUMaNbHO 0NacHbIX 3eMNIETPSCEHMAX PErnoHa. B nepBom 4acTu NOCBALLEHHON
JaHHbIM UCCNEJ0BAHNAM CTATbW PACCMOTPEHbI MOZENN eANHUYHBIX XapakTepucTnk CLI — NUKOBbIX YCKOPEHUiA
rpyHTa (PGA), nepnofoB YCKOPEHUI ¢ MaKCUMaNbHON amMmiuTygoi (T,), ANUTeNIbHOCTe 0CHOBHOW ¢hasdbl Kone-
6aHunii (), a TaKXKe MaKpoCeNnCMUYECKO MHTEHCUBHOCTY (6annbHoCTI) coTpsceHuid (/). Mogenu npefcTasneHsi
B BU[E CTAaTUCTUYECKM 3a[laHHbIX OYHKLWIA pacnpeeneHns BepOSTHOCTEN CryyaliHbIX BENINYUH (3Ha4eHNii napa-
METPOB KOs1e6aHWii 11 Cuilbl COTPACEHWIA TPYHTA) NPU PasnUYHbIX MarHUTyaax 3emneTpsacesunii (M) n pacctosaHu-
X 00 o4ara (D). Mogenwu ctpounuck B Aea atana. CHavana onpegfeneHbl «CpefHecTaTuCTuYeckne» MyHKLUN 13-
MeHeHns ¢ pacctosHuem PGA (M, D), T, (M, D), T (M, D) w | (M, D). 3atem, nyTem BBEAEHMS B 3TV 3aBUCMMOCTH
KOPPEeKTMPYIOLLMX MOMPaBOK OHW NPUOAMKEHBI K YCNOBUAM uccnenyemoit Tepputopun PCO-Ananus. «CpeaHe-
CTaTUCTNYECKME» 3aBUCUMOCTM CTPOMNCH HA OCHOBE aHann3a 60/bLIOro 06bemMa UCXOAHbIX AAHHBIX MO WH-
CTPYMEHTANbHON permcTpaumm n MakpoceincMUYeCKUM OMUCAHNAM CUAbHBLIX 3eMAeTPACeHNiA. Icnonb3oBaHsbl
JlaHHble [BYX BUAOB. [lepBbiii — n0A60PKYM U3 35-TW 1 24-X N3BECTHbIX U anNpo6UPOBaHHbIX AMMUPUYECKNUX 3aBU-
cumoctert PGA (M, D) u | (M, D), NOCTPOEHHbIX PasHbIMM aBTOpPaMU [ Pa3fIM4HbIX CEeiICMOAKTUBHbIX PaiOHOB
mupa. BTopoit — HenocpenCcTBeHHble 3MepeHus no 6onee, 4em 2500 akceneporpamman OLLYTUMbIX U CUNbHBIX
3eMNETPACEHUIA MUPa, UMEIOLLIX OHOBPEMEHHYIO OLEHKY CU/bl COTPACEHUI B TOYKE permcTpaumu. Vicnonb3o-
BaHbl TAKXXe MaKPOCEMCMUYECKNE OMUCAHUSA HECKOSTbKUX [JEeCATKOB CUSbHbIX 3eMJSIETPACEHUA HA TeppuTOpUn
P® n gpyrux ctpaH. KoppekTupytoLlme nonpasku onpefesieHbl Ha OCHOBE aHan3a 06LLUMX CeliCMOTEKTOHMYe-
CKUX YCNOBUI TEPPUTOPUL, OCOBEHHOCTEN Cpefbl PACTPOCTPAHEHNS CENCMMYECKINX BO3MYLLEHUI, MEXaHU3MOB
04aroB 1 ApYyrux XapakTepucTK UCCIeLyemMoro panoHa, BIUAIOLWMX HA Mogenupyemble napametpsl GO, [Ons
NPOBEPKN HAZEXHOCTW U PEANUCTUYHOCTY Pa3paboTaHHbIX MOZENEll, NPOBELEHO NEPEKPECTHOE (Mexay co6oit)
COMOCTaB/EHE NOMyYaeMble Ha NX OCHOBE OLEHOK PGA, T,, T 1 /. TIpOBEAEHO TakXe COMOCTaBNEHUE MOJTy4eH-
HbIX MOJienen ¢ paspaboTkamn Jpyrux aBTOPOB, AN1A APYrux painoHoB. Bo BCex ciy4asx HabM0AaeTCs BbICOKNIA
YPOBEHb COrNacoBaHHOCTM W HEMPOTMBOPEYMBOCTHU, MOMYYEHHbIX B HACTOALLEM WUCCIIe[0BaHUM Pe3ynbTaToB. B
LenomM paszpaboTaHHble MOLENN OTBEYAOT OCHOBHbIM TPEOOBAHUAM MEXAYHAPOLHON U OTEYECTBEHHON WUHXXE-
HEPHO-CEeiICMOIOrMYECKON NPAKTUKL, CMOCOOCTBYIOT MOBBILLIEHWUO TOYHOCTU W HAAEXHOCTU BEPOSTHOCTHbIX
OLIEHOK CeliCMUYECKOI 0OMacHOCTW Ha PErNOHANIbHOM YPOBHE 1 MOTYT BbITh UCMONb30BaHbI B Liensix [JCP Teppu-
Topun PCO-Ananus npu NpON3BOACTBE KaK BEPOSTHOCTHBIX, TaK 11 AETEPMUHUCTCKNX («CLEHAPUIAHBIX») OLIEHOK.

KntoueBbie €noBa: 3eMNeTPACEHUS, CUIMbHbIE ABVXKEHUS TPYHTA, BEPOATHbIE CENCMINYECKINe BO3AEICTBUA,
MaKpOCeNCMNYecKasn MHTEHCUBHOCTb, CEMCMUYECKNE KoNnebaHms.
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BeepeHe

XapaKkTepUCTUKU JBUKEHUM IPyHTA MPU CUIIbHBIX 3€MJIETPSICEHUSX (CUIbHBIX JBH-
keHu#t rpynTa win CII') u3-3a uX 3aBUCUMOCTH OT OOJIBIIIOTO YKCIIA TPYIHO KOHTPOJIH-
PYEMBIX MIPUPOIHBIX (PAKTOPOB UMEIOT CIIydallHyI0 IPUPOY, BCIEACTBUE YETO UX MOJIE-
JMPOBAaHUE 11€JeCO00Pa3HO MPOBOIUTH B BEPOSTHOCTHOU (opme. Mmeromue npu 3Tom
MECTO HEOMPENeTEHHOCTH MOXKHO Pa3Ie/IuTh Ha SMUCTEMUYECKUE U ajiearopHbie [Ada-
HackeBa, 2008; Cokomnos, 2012]. DnucteMuyeckast HEONPEIEIEHHOCTh CBsI3aHa C 0COOEH-
HOCTSMM caMHMX Mojieieil. Mbl yCIOBHO Ha3blBaeM €€ «CyObEKTHUBHOW», B OTIMYME OT
TaKXe YCIIOBHO «OOBEKTUBHOW» aJIeaTOPHON HEOINPEACIICHHOCTH. JMUCTEeMUYECKasl He-
OTPE/IENIEHHOCTh YUNUTHIBAETCS BKIIIOUEHUEM B BEPOSITHOCTHBIN aHAIN3 aJIbTepHATUBHBIX
monene (cm., Hapumep, [Bommer, Scherbaum, 2008; Kale, Akkar, 2017]). Anearop-
Hasl — UCIOJIb30BaHUEM (PYHKLUIN pacripe/ieeHHsl BEpOSITHOCTEH ClTydyallHbIX BEJIMYUH.

B nocnegnue aecATHIETUS YUCIO MyOIMKAIUil, MOCBSIIEHHBIX MOAEIUPOBAHUIO
CHI' B KOHTEKCTE MPOTHO3a CEUCMHUUECKON OMACHOCTH MOCTOSIHHO pacTeT (CM., Halpu-
mep, 0030p [Douglas 2016]). 3mech MOXKHO BBIICIUTH JIBA BHJIa PEIICHUH — BBIOOP MO~
XOJALIEH MO U3 YK€ UMEIOIMXCs albTepPHATUB U pa3paboTka HOBOrO BapuaHTa. B
HacTosIel pabore mpenaraercst cBost Bepcusi mojeneit C/II" mpuMeHuTensHo K ycio-
BusiM teppuropun PCO-Ananus. ComtacHo kiaccudukanuu onucaHHoi B [Danciu et
al., 2016] nHamm («peruoHabHBIE)») MOACIU MOXHO OTHECTH K TMEPBOW U YACTUYHO KO
BTOpO rpymime. PaccmarpuBaeMble Takke «CPEIHECTaTUCTUUECKHIE)» MOIETIN, MOXKHO OT-
HECTH K YETBEPTOM IPYIIIIE.

Hacrosimas pabota siBisieTcst pa3BUTHEM MPEABIAYIINX UCCIIEI0BaHUM aBTOPOB, OpPH-
E€HTUPOBAHHBIX Ha PEILICHUE 3a/1a4 MMEHHO MH)KEHEPHOH cericMonoruu. Maremarnueckas
CTpyKTypa pa3pabaTrbeiBaeMbIX Mojesel onucaHa B paborax [Uepnos 1O., UepHos A.,
2017; Zaalishvili, Chernov, 2018]. PaccmarpuBaemsbie mapamerpsl CI" mpu BO3HHKHO-
BEHUU 3€MJIETPSICEHUS C 3aJaHHBIMU XapaKTePUCTHKaMH Oo4ara M CpeJibl UCIOIb3YOTCS
KaK CITydaifHble BEJTMYUHBI C JIOTapU(PMUIECKH HOPMAILHBIM PACTIpEICTICHUEM BEPOSIT-
HocTel. OnpeneneHue napaMeTpoB 3TUX pacIpe/ieIeHU B CEMCMOTre0IornyeCcKux ycio-
Busix reppuropun PCO-AnaHus 1 ecTb OCHOBHAs 11€J1b HACTOSIIIUX HCCIIEA0BaHUM.

MopenupoBanuch eAMHUYHBIE TApaMETPbl YCKOPEHUI KoneOaHui rpyHTa (aMILUIUTY-
JIbl, IEPUOJIBL, JUINTEIBHOCTH), CIEKTPbI, MAKPOCEHCMUUECKHE UHTEHCUBHOCTHU (0asuib-
HOCTH) COTPSACEHUHN M aKceleporpaMMbl KosiebaHuil rpyHTa. Mojenu eIMHUYHbIX Hapa-
METPOB U MAKpOCEHCMHUECKHUX OalsIbHOCTEN PacCCMOTPEHBI B MIEPBOM YaCTH HACTOSILEN
ctarbu. Monenu apyrux xapakrepuctuk CJII" paccMoTpeHbl Bo BTOpoil ee yacTu.

IcxoaHbIE AOHHBIE 1 METOAMKO MCCAEAOBOHUM

[TocTpoenue cTaTUCTUYECKHU 3aJaHHBIX (QYHKIIMI pacnpe/iesieHus] UCCIeyeMbIX Xa-
pakrepuctuk CIHI" nyist reppuropun PCO-Ananus BO BCEM MHTEPECYIOLIEM HAcC Juaria-
30HE MarHUTyJ ¥ PAacCTOSHUN TOJBKO MO 3aMCSIM MECTHBIX CHJIBHBIX 3€MIIETPSICEHUI
(mpuMepHO Tak, Kak 3To OBLIO CAETaHO HAMH ISl HEKOTOPBIX CEHICMOAKTHBHBIX PaliOHOB
V36ekucrana, Jlarecrana, 3anaga CIIIA, Utanuu u 1p.) moka 3aTpyIHUTEILHO M3-3a HE-
JIOCTATOYHOTO UX KoJimdyecTBa. [l03TOMY, B KauecTBe OJTHOM U3 COCTABIISIONINX UCXOTHBIX
JTAHHBIX B HACTOAILEM UCCJEI0BAHUU SIBIISIOTCS SMIIMPUYECKUE 3aBUCUMOCTH MUKOBBIX
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amIuuTyy] yckopenuit (PGA) u makpoceiicMuueckux OayuibHOCTeH (/) OT MarHUTYIIbI
3emiierpsicenust (M) u paccrostuust 1o ouara (D), moidydeHHbIE paHee HaMHU, a TaKxKe JIpy-
TMMHU UCCIIEIOBATENISIMU JUISL IPYTUX PETHOHOB. 3aBUCUMOCTH MOJOMPAIUCH TAKHM 00-
pa3oM, 4TOOBI B COBOKYITHOCTH OHU IPEACTABIISUIN HEKOTOPBINA «CPEIHECTAaTUCTUYECKUI
Cpe3», OMUCHIBAIOLINMI 3eMJIETPSICEHUSI C Pa3HBIMU MEXaHU3MaMU MOJBHKKH, B Pa3HBIX
CEIICMOTEKTOHNYECKUX 30HAX, C pa3HbIMU IPYHTOBBIMHU ycioBUsMH. Beero chopmupo-
BaHbl MOAOOPKHU U3 35-TH U 24-X U3BECTHBIX U alpoOMpPOBaHHBIX 3aBHUcUMOcTed PGA
(M, D) I (M, D). Yactb 3TuX 3aBUcuMOcCTel onucana B [UepHos, 1989]. pyrue 3aum-
cTBOBaHbI U3 padot [CBox npasuil..., 2017; Ockopbun, bookos, 1977; Celicmuueckoe.. .,
1980; le6anun, 1991; reiinbepr u ap., 1993; Ambraseys, Bommer, 1991; Boore et
al., 1994; Boore, Atkinson, 2008; Campbell, Bozorgnia, 1994, 2008; Chandra,1979;
Howell, Schultz, 1975; Jimenez et al., 1999; Jonathan, 1996; Joyner, Boore, 1981, 1988,
1993, Sabetta, Pugliese, 1987; Sadigh et al., 1986; Shedlock, 1999; Smit et al., 2000; The
global..., 1999; Twesigomwe, 1997].

BonbIIMHCTBO ATUX 3aBUCUMOCTEN JAalOT yAAJIEHHOCTh 3€MJIETPSICEHHS B BUJE pac-
CTOSIHMH J10 o4ara. B Tex ke ciyyasix, Korja HCIOJIb30BaINCh TUIOLEHTPaIbHBIE PacCTO-
sHus (r), r nepecunThiBasivch B D. IlepecyeTr BBIIOIHEH UCXOS U3 Pa3MEPOB OYaroB 1o
[[TeituGepr u ap., 1993] B mpeanonokeHMH KX MUHUMAJIbHOU ITTyOHHBI U PAaBHOBEPOSIT-
HOTO a3MMYTaJIbHOTO PacloJIOKeHHs K HEMY TOUKH HaOmtoneHus. B pesynsrare nepecue-
TOB MPUHSATO, YTO, HAIIPUMEp, JIs 3eMieTpsacenuii ¢ M=6,5 D na 10 kM MeHb1ue 7, a JUIs
M=7,0 — na 15km. [IpoBepouHOE COMOCTaBIECHHE TAKUX MEPECUETOB C 3aBUCUMOCTIMHU
MMEHHO 0T D noka3ajio NpueMIeMOoCTb JaHHOW KOppeKTUpOBKU. Koraa B mepBUYHBIX 3a-
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Puc. 1. Hexoowvie danHble u annpokcumupyiowjue kpusvle 015l 3a8UCUMOCMEll NUKOGbIX YCKOPEHUT
(a) u MakpocelicMuyecKux UHMeHCUHoOCmel compsicenull (6) epynma om paccmosiHust 00
ouaza npu 3emaempacenusx ¢ pasuvimu maznumyoamu (). Cunue nycmole KpyslcKu — UCXoOHble
noobopxu 3agucumocmeti PGA (M, D) u I (M, D). Kopuunesvie mouxu — Oanuvie u3z maonuiyol
1 u u3z maxkpoceicMuueckux OnUCanuti OMoOeNbHbIX 3eMAEeMpPACeHUTl. 3eleHble TUHUU —
«CpeoHeCmamucmuyeckuey 3a6UCUMOCHU, KPACHbIE TUHUU — 3A8UCUMOCTIU NPUHSAbIE OISl «CPEOHUXY
2PYHMOBBIX YC06ULL UcCaedyeMoll meppumopuu. /

Fig. 1. Source data and approximating curves for the dependences of peak accelerations (a) and
macroseismic intensities of tremors (b) of the soil on the distance to the source during earthquakes with
different magnitudes (). The blue empty circles are the original sets of dependencies PGA (M, D) and
1 (M, D). Brown dots — data from table 1 and from macroseismic descriptions of individual earthquakes.
Green lines are “average” dependencies, red lines are dependencies accepted for “average” soil
conditions of the studied territory.
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Tabnuya 1/ Table 1.

XapakTepucTUKH 0a3bl JAHHBIX 10 HHCTPYMEHTAJbLHOM PerucTpamumn
3eMJIeTPSICEHUI ¢ He3aBUCUMBbIMHU ONPe/ie/IeHUSIMUA MAKPOCeiCMUYeCKOM
0QJUIbHOCTHU B MMYHKTAX Ha0/ K0AeHui /

Characteristics of the database on the instrumental registration of earthquakes
with independent definitions of macroseismic points at the observation points

Paiion; 3emiieTpsiceHue, THIT 3aMUCH (CIIEKTPa) Kox-so Paccros- bastbHoCTS

’ ’ 3amuceit / | Marautyma / | HEE (KM) (MSK, MMTI)
/ Area, Earthquakei[ Reec;ord type (spectrum Number of | Magnitude / Distance / Intensity
yP records (km) (MSK, MMI)

lazmmiickoe 17.05.76; yckopernne / Gazliy

17.05.76; acceleration 3 7.3 2 10

Upan; yckoperne / Iran; acceleration 12 7,3 5-70 8-10

Kobe 1995; yckopenne/ Kobe 1995; 13 6.9 10 2.9

acceleration ’

Can-®epuango 09.02.71; yckopenue / San-

Fernando 09.02.71; acceleration 136 6,5 8-105 >-10

Yu-Yu. 21.09.99; yckopenue / Chi-Chi.

21.09.99; acceleration 48 7.6 223 ?

Typuwusi; yckopenue / Turkey; acceleration 45 4,5-7,7 5-15 6-10

Msic Menpocuno 25.04.92; yckopenue / Cape

Mendocino 25.04.92; acceleration 22 7.0 >-60 7-9

Wmmepckas nonuna 15.10.79; yckopenue /

Imperial Valley15.10.79; acceleration 2 6,5 6-31 7-10

Jloma-ITpuera 18.10.89; yckopenne / Loma

Prieta 18.10.89; acceleration 14 7.0 7-137 4-9

Hoptpumx 17.01.94; ycxopenue / Northridge 278 6.7 2-150 4-9

17.01.94; acceleration ’ ) )

3anan CIIA; yckopenne / West USA; 48 53.77 4210 5.9

acceleration v

Yepuoropusi; yckopenue / Montenegro;, 2 70 9-110 5.9

acceleration ’

Crurakckoe 07.12.88; yckopenue / Spitak

07.12.88; acceleration 2 6,9 40 8

I'penust; yekopenue / Greece; acceleration 43 4,3-6,8 10-118 4-8

Opuyau 1976; ycxopenue / Friuli 1976;

acceleration 54 3,8-6,2 7-139 4-8

Pympramst; yekopenne / Romania; acceleration 84 6,5-7,4 3-19 4-8

Jlarnepc 28.06.92; ycxopenue / Landers

28.06.92; acceleration 85 7,2 14-197 4-8

MopranXwumr 24.04.84; yckopenune / Morgan

Hill 24.04.84; acceleration >4 6,1-6,2 73 >-8

Yurruep Happoyc. 01.10.87; yckopenue /

Whittier Narrows. 01.10.87; acceleration 180 6,1 7-108 4-8

Koamnunra 02.05.83; yckopenue / Coalinga

02.05.83; acceleration 23 6,7 10-68 >-8

Hoprt ITanm Crpunrc 08.07.86; yckopenue /

North Palm Springs 08.07.86; acceleration 39 6,2 >-83 >-8

I'ektop Maiin; yckopenue / Hector Mine; 117 71 48223 4.8

acceleration ’

Tamkent 1966; ckopocTh, cMEMIeHUE /

Tashkent 1966; speed, displacement 1 3,0-3,3 3-25 4-8
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A30pcxn? 0CTpoOBa; yckopenue / Azores; ) 5.0 s 7
acceleration

)I'areCTaH 1970; cmemienue / Dagestan 1970; 63 2,543 432 3.7
displacement

Fg3nﬂ 1976; cmemenue / Gazliy 1976; 282 2,553 5.45 3.7
displacement

I'azmu 1984; YCKOpEHHE, CKOpOCTh / Gazliy 9 3.0-4.5 10-40 3.7
1984; acceleration, speed

Han 1984, cxopoctb, cMemenue / Pap 1984, 116 2.5-4.8 13-23 3.7
displacement

Can-®epnango 1971; yckopeHue, cmenie-

nue / San-Fernando 1971; acceleration, 168 2,5-6,5 4-105 3-10
displacement

Mopran Xunmn .1984; yckopenue / Morgan Hill ) 3.1-3.7 13-14 3
1984; acceleration

Kagkas; CKOPOCTB, CMeLIeHHE / Caucasus; 14 3.0-5.0 516 3.8
speed, displacement

A.Hlxa6a/:[; cmemenne / Ashgabat; 4 3.7-5.5 55 46
displacement

Kypuibckue octposa; ckopocts / Kurile 155 3.5-7.6 65-808 3.6
Islands; speed

Hanbuuii Boctok; CKOPOCTb, yCKOPEHHE / Far 147 3.5-6.4 15-386 36
East; speed, acceleration

BHUCUMOCTSIX JaBaJuCh oueHKu PHA, npumensics kodpduuuent PGA/PHA=0,86. Ilpu-
Mep MCIMOIb30BaHHBIX B UTOTe UCXOMHBIX 3aBucuMocterd PGA (D) u I (D) npuBencH Ha
pucyHkax lau 16. JlaHHBIN MOAX0A OTINYACTCS TEM, YTO 37I€Ch aHATTU3UPYIOTCS YKE UTO-
TOBBIE 3aBUCUMOCTH, KaX/1asi U3 KOTOPBIX cama sIBIIseTCsl 0000IIeHNeM COTEH, a HHOTIa
U ThICSIY OTAEIBHBIX 3aMepoB PGA u I ipu cooTBeTcTBYIOIUX M 1 D. DTO MHOTrOKpar-
HO YBEJIMYUBAET CTAaTUCTUYECKHI 00beM MepBUYHON MH(OPMALUHY, YTO MOJIOKUTEIBHO
BJIMSIET HA MIPEJCTABUTEIBHOCTD MTOJYyYaeMbIX PE3YJIbTaTOB.

BTopoil UCTOYHMK MCXOAHBIX JIaHHBIX — IapaMeTpbl YCKOPEHUH (ITMKOBBIE aMILIH-
TY/bI, COOTBETCTBYIOLUX UM TepuonoB (7,,), JNIUTEILHOCTH OCHOBHOU (a3bl (7)), U3-
MEpEHHbIE HEMOCPeNCTBEHHO 110 Oosiee 2500 3anucsM OLUyTUMBIX U CUJIBHBIX 3€MJIETPS-
cenuii KaBka3a, Y306ekucrana, 3anaga CIIA, SInonuu, rora EBponsl 1 Apyrux paiioHOB
MHpa, KpaTKoe OMKMCaHue KOTOpbIX mpuBeneHo B Tabnuue 1. Ha pucynke la npusenen
IIpUMEp 3TUX U3MEPEHHUN.

OO0bennHeHnEeM BBIIICO3HAYEHHOTO Habopa 3aBucuMmocteit PGA (M, D) n uamepeHuii
HEIMOCPECTBEHHO 10 aKCeJIeporpaMMaM MOITy4eHbl UTOTOBBIE «CPETHECTATUCTUUECKHUE»
3aBUCUMOCTH (TIPUMEp TAKKe NMPHUBEJICH Ha PUCYHKE 1a).

AHaOTMYHBIM 00pa3oM TpHU pa3padOTKE «TPAAMIIMOHHBIX» (T.€. TMOCTPOEHHBIX
[0 JAaHHBIM MaKpOCEHCMHMYECKUX 00cCie0oBaHuM) (QYHKIUHI 3aTyXaHHs, MOMUMO BbI-
meyKa3aHHbIX 3aBucuMocTelt / (M, D), B aHanu3 BKJIFOUEHBI OAJUIbBHOCTH M3 TaOIHIIBI
1. Crona >xe BKIIIOYEHBI MakpoceicMuueckue onucanus Jlecoropcko-Yrieropckoro 15
maprta 1924 r., Amxabanackoro 5 oktsi0ps 1948 r., larecranckoro 14 mas 1970 r., I'as-
muiickux 8 ampenst u 17 mast 1976 r., 20 mapta 1984 1., Cniurakckoro 7 nexabps 1988 r.,
[Ipumopckoro 13 Hosa6pst 1990 r., Paunnckoro 29 anpens 1991 r., Hedreropckoro 27 mast
1995 r., Anraiickoro 27 centsaops 2003 . u Ipyrux cuiabHbIX 3emieTpsicenuil. [lpumep
TaKMX JJaHHBIX MPUBE/IEH Ha pucyHKe 10. Kak 1 B ciydyae MMKOBBIX aMILTUTY]l, 00beANHE-
HUEM 3THX JIByX TUIIOB JAHHBIX MOJyY€Hbl HTOTOBBIE «CPETHECTATUCTUYECKHE)» OLICHKH,
MpUMep KOTOPBIX TaKXke IMOKa3aH Ha pUcyHke 16.
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Tabnuya 2 / Table 2.

HaubOosee BeposiTHBIC 3HAYCHHS JTOrapu(PMOB MUKOBBIX ycKopenui (IlgPGA),
AJMTeJbHOCTell 0CHOBHOI (a3bl (/g 3), MepHOI0B YCKOPEHHUI ¢ MAaKCMMAJIbHOM
ammurynoii (Ig7,) u makpoceilicMuuyeckux UHTeHCUBHOCTEH (I1, I¥) B OJIMKHeil
30He MOTCHIIHAJBHO ONAacHBIX I TeppuTopnu PCO-Ananns 3emierpsceHuii

Pa3HBIX MAarHUTY/ () M CKOPOCTH M3MEHEHMs] aMILIMTY/, AJTUTeIbHOCTEH, IepruoaoB
¢ paccTosiHMeM B JajibHel 30He (Mpgy, Ny 3, Ny,). «CpeaHne» TPYHTOBbIE YCJIOBHUS.
PGA-B cm/c/e; Ty, g3 — B ¢; Iy I — B 0animax MSK /

The most probable values of logarithms of peak accelerations (/g PGA), durations
of the main phase (/g ;), acceleration periods with a maximum amplitude (/gT,)
and macroseismic intensities (I}, 7*) in the near zone of potentially hazardous to
the territory of the RNO-Alania earthquakes of different magnitudes () and the

rate of the amplitudes change, durations, periods with distance in the far zone
(npg4s Ny 35 N7,). “Average” soil conditions. PGA — cm/s/s; T,, 53— S5 I, I — MSK

[TapameTpsl ceficMuueckux Bo3aencTBHii / Seismic Impact Parameters

IgPGA NpG4 1803 Ro3 IgT, A1y I* Iy

3,5 2,339 -1,65 -0,22 0,60 -0,90 0,14 6,13 6,07
4,0 2,427 -1,62 —0,06 0,60 —0,82 0,14 6,66 6,71
4,5 2,505 -1,59 0,10 0,60 0,75 0,14 7,19 7,27
5,0 2,590 | -1,56 0,26 0,60 —0,68 0,14 7,76 7,82
5,5 2,640 | 1,53 0,43 0,60 —-0,61 0,14 8,26 8,35
6,0 2,690 | —-1,50 0,59 0,60 —-0,54 0,14 8,77 8,88
6,5 2,740 | -1,47 0,75 0,60 —0,47 0,14 9,29 9,35
7,0 2,790 | —1,44 0,91 0,60 —-0,40 0,14 9,82 9,80

JI1st monydeHust UTOTOBBIX, MPUOIMKEHHBIX K PETMOHABHBIM YCIOBUSIM MOJIETICH,
B BBIIICONMMUCAHHBIE «CPEIHECTATUCTUUECKUE)» OLIEHKU BBEJEHBI COOTBETCTBYIOIIUE T10-
npaBku. Koppekiius BbINOTHEHA C YYETOM COMOCTABUTENBHBIX OIEHOK, TTOJYUYEHHBIX pa-
Hee HaMH, a TaKXkKe JPYTMMH UCCIIEA0BATEISIMU Tl CEHICMOAKTUBHBIX PailOHOB MUpa, C
pPa3HBIMU CEHCMOTEKTOHMYECKUMHU yciaoBusiMU. KoppekTupyroiye (MOBBIIIAONIe ~ Ha
5-15% ypoBHUM aMITUTY B OaJUTLHOCTEH B OMVKHHUX 30HAX 3emMileTpsiceHuil) kod3ddu-
[IUEHTHI, MPUHATHI HA OCHOBAHUHU PE3YJbTATOB MHOTOYMCIICHHBIX UCCIIEIOBAHUMN, CBUIC-
TEIBCTBYIONINX O CPABHUTEIIBHO 00Jiee BHICOKOM YPOBHE MaKpOCecMHUECKHX dPdek-
TOB B SIUIEHTPATBHBIX 30HAX CEBEPOKABKA3CKUX 3€MJICTPSICEHHI.

Uccnegyemblit paiiloH MpeuMyIIECTBEHHO PACIIONIOKEH B TOPHOM 00NacTH, Xapak-
TEePU3YIOLIEHCs pa3IpoOIEHHOCTHI0 36MHOM KOPBI U, KaK CIEACTBUE, MOBBIIICHHBIM (110
CPaBHEHHUIO ¢ IIaT(GopMaMu) 3aTyXaHUEM CEHCMUYECKUX CUTHAIIOB C paccTosiHueM. [1o-
STOMY B MTOTOBBIX MOJIEJISIX CKOPOCTH 3aTyXaHHs aMIUIUTY] U OaJUTbHOCTEN C paccTosi-
HUEM yBenu4eHbl Ha 5-15% Mo CpaBHEHHIO C MCXOAHBIMU «CPEIHECTATUCTHUECKUMMU»
3aBUCUMOCTSMH. J1Jis IEPUOJOB U JUIUTEILHOCTEN KoJieOaHUM, B COOTBETCTBUU C PEKO-
MeHaauusmu [Csog..., 2018; Uepnos 1O., UepHoB A., 2017] npuHSTHI «CpEeAHECTATUCTH-
YECKUEe» OIEHKHU, KaK I OJIMKHEH 30HbI, TaK U HA Pa3HBIX YIAICHUSIX OT OYara.
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Puc. 2. Oyenru Haubonee 6eposimublX 3HAYEHUT NUKOBGLIX YCKOPEHULl 2PYHMA (a), MAKPOCeuCMUYecKo
bannvHocmu compsicenutl (6), nepuo006 MAKCUMATbHBIX YCKOPEHUT (8) U OMHOCUMETbHBIX
OnumenvHocmell (2) Ha pazUYHbIX PACCMOAHUAX OM 04A208 NOMEHYUATLHO ONACHBIX OISl MEPPUMOpUU
PCO-Ananus semnempscenuil pasnvix maznumyo (M) 6 «cpeOnux» epyHmoswix yciosusx /

Fig. 2. Estimates of the most probable values of peak ground accelerations (a), macroseismic intensity

of vibrations (b), periods of maximum accelerations (c) and relative durations (d) at various distances

from sources of earthquakes of various magnitudes (M) potentially dangerous for the territory of North
Ossetia-Alania in “medium’ ground conditions
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Puc. 3. Conocmasnenus snavenuii pynxkyuonana I'* (PGA, T,,,,3), paccyumannvix 01 paziuyHbix
paccmoanuil 00 ouaza 3emaempsacenull pasuvlx maznumyo (M) ¢ «mpaduyuoHHbIMUY KPUSLIMU
samyxanus 6annvrocmu. Teppumopusa PCO-Ananus, «cpeonuey epynmosvie yciogus /

Fig. 3. Comparison of the values of the functional I'* (PGA, T, ;), calculated for different distances
to the source of earthquakes of different magnitudes (M) with the “traditional” curves of the intensity
attenuation. Territory of North Ossetia-Alania, “average” ground conditions

Pe3yAbTaTbl 1 OBCYXKAEHNE

Mooenu nukogvlx amniumyo, nepuodo8 u OnumeibHOCmel YCKOpeHul KoneoanHui
epyuma. B Tabnuiie 2 npuBeAeHbl UTOTOBbIC OLIEHKU PGA s MOTEHUIUATBHO OMACHBIX
JUISL UCCJIEyEMOM TEpPUTOPUH 3EMIIETPSICEHUI. DTU 3HAUEHUs, B COOTBETCTBUU C IPHU-
HATBIMH MaTeMaTH4YeCKHUMHU IMPOLEeNypaMH (CM. BbIIE) U KO3(D(UIIMEHTaMHU 3aTyXaHUs
(npg4), IEpECUNTAHBI HA PA3TUYHBIC yaJeHUs OT odaroB. [ paduku mokasaHel Ha pUCYH-
kax la u 2a. CraHaapTHBIE OTKIOHEHUS G gpg4, IPUHATHI paBHbIMU 0,25 JUIst 3eMieTpsice-
Huii Bcex M u D.

B tabnuie 2 nmpuBeaeHbI TaKKe MPUHATHIE ¢ y4eToM pekoMmenaanuii [UepHos, 1989;
HlTeitn6epr u ap. 1993; Yepnos 0. UepHos A., 2017] ouenku muTenbsHOCTEN Koneba-
HUM, Ha YpoBHsX npesbimaonmx 0,3 oT Mmakcumyma (/g7 ;) ¥ IEPUOJOB MHUKOBBIX YCKO-
penuii 7, (M, D). CkopocTH BO3pacTaHusl C paCCTOSHUEM BEJIUYHH T, 31 T,B JaJIbHEN 30HE
TakKe NPUBEJIEHBI B TabuIe 2. B npoMe:KyTo4HOM 30He CKOPOCTh Bo3pacTanus Algt, 5/
AlgD cocrasnser 0,507, ;. CrangapTHEIE OTKIOHEHUs BEHYUH [Ig7o3 (M, D) n lg T, (M,
D) nna Bcex M u D pasubl 0,30 1 0,20, coorsercTBeHHO. I'padmikn Mozeneii 7y ; (M, D) u
T, (M, D) nokazaHbl Ha PUCYHKaX 2B U 2 T.

Moodenu makpoceiicmuieckol UHMEHCUSHOCU (0AIbHOCIU) COMPACEHUI 2PYHING.
I'paduku «rpanuioHHbIX» GyHKIMHA 3aryxanus [ (M, D), pa3paboTaHHbIE Ha OCHOBE
OTKOPPEKTUPOBAHHBIX «CPEAHECTATUCTUUECKUX» COOTHOILIEHUI TPUBEIEHBI HA PUCYHKAX
16 u 26. CrannapTHbIE OTKIOHEHUS IPUHATHI paBHBIMHU s 0,4 6aruta MSK s Bcex [ u D.
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IIpu onieHke kauecTBa pa3nn4HbIX Bepcuii Mmonenei C/I" u crenenu Ux NpuroqHOCTH
JUIs IPOrHO3UPOBAHUS CEHCMHUECKON OMacHOCTU cienyeT (cM., Hampumep, [Cotton et
al., 2006; Danciu et al., 2016]) oOpaiiaTs BHUMaHUE Ha COTIIACOBAHHOCTH M HETIPOTHUBO-
peunBocTh paccmarpuBaeMblx napamerpos CII. Mbl Ha3zpiBaeM Takol aHalIW3 MPOBEP-
KOM Ha «BHYTPEHHIOIO» U «BHEIIHIOIO» COITIACOBAHHOCTb.

Jist TpOBEPKH Ha «BHYTPEHHIOK0» COITIACOBAHHOCTSH (T. €. COMIACOBAHHOCTh MEXTY
coboii) napamerpoB PGA, T, U (3 BBIIOIHEH UX NEPECUYET B COOTBETCTBYIOIME Oallb-
HOCTHU cOTpsceHuil. [y 3TOro UCIoyib30BaH MOJACPHU3UPOBAHHbIN HaMU (PyHKIIMOHAIL:

%= (0,222M + 1.146) 1gPGA + 0.300igT, + 0.450Igz, ; +2,000, (1)

rie M — marauryza semnerpscenus; I* — B 6amnax MSK; PGA — B em/c/c; T,, g3 —BC.

Pesynbrarhl, s OnvkHEH 30HBI MOKa3aHbl B Tabmuie 2. 3/1ech ke JaHbl OalIbHO-
CTH, OLICHEHHbIE 110 «TPAJIULIUOHHBIM MozensaiM» — I1. Ha pucyHke 3 conocTaBieHbl 3Ha-
yeHus [* u Iy, paccunTaHHbIC [T 3eMJICTPSICCHUN pa3nuuHbIX M ub.

B 11e51oM TecThl Ha «BHYTPEHHIOIO» COTNIACOBAaHHOCTH IMOKA3bIBAIOT, UTO pa3paboTaH-
HbIH KoMmIuTeke mozenei CII xoporo cOanancupoBaH 1o BceM apameTpam Kojebanuit
U MaKpOCENCMUYECKOM HHTEHCUBHOCTH COTPSICEHUH BO BCEM pacCMaTpUBAEMOM JHalla-
30HE MarHUTyJ U PacCTOSHUN — BCE MOJIEIMPYEMbIE TapaMEeTPhl YBA3aHbI MEX1y co00i
U «TOATBEPKIAI0T» JIPYT JIpyra.

CpaBHuBas Hallll MOJIEJIM aMIUIUTY/] YCKOPEHHUH ¢ HEKOTOPBIMU APYTUMHU U3BECTHBI-
Mu 3aBUcUMOcCTIMH PGA (M, D) (TecT Ha «BHEIIIHIOK COTIIACOBAHHOCTH) MOYKHO BHUJICTh
cnenyromee. CornacHo cootHomeHusM [CBog npasuil. .., 2017] npu 3emiieTpsiceHUsX C
M=5,0-5,5 u D=10-12 kM Haubosee BEepOsSTHbIC 3HAYCHUSI TUKOBBIX YCKOPEHHUM COCTaB-
nsitot ~0,17-0,23g mpotus 0,20-0,25g mo MoensiM HacTosiero uccienoanus. OeHKn
nio [Sadigh et al., 1986] nns 3emnerpsacenuit ¢ M=5,5 u D=3,0xm maror PGA=0,25g, u3
[Boor et al., 1994] —PGA=0,20g, u3 [Campbell, Bozorgnia, 1994] —~PGA=0,34g npotus
PGA=0,40g o Hamei Moaenu.

Takum oOpazom, pazpaborannbie Moaenu C/I" SBISIOTCS JOCTATOYHO peannucThy-
HBIMU M Ha OJM3KHX PACCTOSHUAX HECKOJIBKO 3aBBbIIIAOIIMMU 3HaueHus: PGA 1o cpas-
HEHHIO C aHAJIOTUYHBIMU OLICHKaMM JJIi HEKOTOPBIX Apyrux paioHoB. C yBelInYeHUEM
paccTOsHUI CpaBHUBAEMbIE OLIEHKH BbIPaBHMBAIOTCS. CXOKMM pe3ysbTaT HaOIronaeTcs
U [IpY CPaBHEHUU Mojiesiell 6ambHOCTU. Takol KOHCepBaTH3M HaIIMX MOJIE]el Ha J1aH-
HBbIi MOMEHT INPEJICTABIIAETCS ONPABAAHHBIM, TaK KaK OH, C OJHOM CTOPOHBI, CBSI3aH C
0COOEHHOCTSIMHU CEHCMOIe0IOTHYECKON CUTYalluy UCCIIEAyeMOro pailoHa, a ¢ Apyroi —
YMEHBIIAET PUCK HEJAOOLEHKU CEHCMUUECKO 0NTaCHOCTH, KOTOpasi MOXKET BOZHUKHYTh B
YCIIOBUSIX OTPAHUYEHHOCTH UCXO/IHBIX JaHHbIX.

B nenom ke BBINOIHEHHBIE COMOCTABIEHUS CBUAETENBCTBYIOT O BBICOKOH CTEIEHH,
KaK «BHYTPEHHEN», TaK M «BHEIIHEH» COIIaCOBAaHHOCTU MOJIENIEH BCEX MOJEIUPYEMBIX
xapakrepuctuk CIII' mo Bcemy psly MOTEHLHAJIbHO OMAacHbIX ais Teppuropun PCO-
AnaHus 3eMIIETPSICEHU, YTO TOBOPUT B MOJIb3Yy UX PEATUCTUYHOCTH U HAJECKHOCTH.

3OKAKOYEHMEe

Ha ocHOBaHUM M37I0KEHHOTO ¥ UMES B BUy IPUHIUITEI COBPEMEHHOTO BEPOSTHOCT-
HOTO aHajiu3a CeHCMUYECKON OMAacHOCTH (M0 3apyOekHOM TepMHuHONIOrHH probabilistic
seismic hazard analysis uau PSHA), B o0mem ciydae, nmpeamnosararoniero mpu mpous-
BOJICTBE BEPOSITHOCTHBIX OIIEHOK MCIOJIb30BaHHE HECKOJIbKUX aJIbTEPHATUBHBIX BEPCUH,
MOYKHO CJIEJIaTh CJIEIYIOIINE BHIBOBI:
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1. PazpaboTanHbie MOJeNI TUKOBBIX aMIUIUTYH, IEPUOIOB U UIUTEILHOCTEH KoJje-
0aHui, a Takke MaKpOCEHCMHUECKUX MHTEHCHUBHOCTEH COTPSACEHUI TpyHTa OTBEUYAlOT
OCHOBHBIM TpeOOBaHMSIM MEKIYHAPOJHONW U OTEUECTBEHHON MHKEHEPHO-CEHCMOJIOTH-
yeckoi nmpakTuku. OHU XOpoI110 cOaTaHCUPOBAHBI, HETPOTUBOPEUHUBHI M TIO3BOJISIOT YUU-
THIBaTh 0COOCHHOCTH CHJIBHBIX 3€MJICTPSCEHHUI peruoHa.

2. XapaKTepUCTUKH 3TUX MOJIEEH MO3BOJISIOT PEKOMEHI0BATh UX JUIsl UCIIOIb30Ba-
HUS TM00 CaMOCTOATENBHO, TUO0 B BUJIE OHON U3 ansrepHaTuB npu PSHA B nensix JICP
tepputopun PCO-Ananus. Hapsiny ¢ apyrumu pa3paboTkaMu B MOAXOIAIINX CEHCMO-
TEKTOHUYECKHUX YCIOBUSIX UX MOYXKHO TaKXe MPUMEHSTh U MPU MPOU3BOICTBE «IETEPMHU-
HUCTCKHX» (HaIlpUMep, «CLIEHAPUIHBIX») OLEHOK BO3MOXHBIX CEHCMUYECKUX BO3/EH-
CTBHI.

3. [Ipennaraemeie mogenu C/UI" ABISIOTCS OAHUM M3 3TANOB WJIM BAPUAHTOB B Py
BO3MOYKHBIX PELICHHH, KOTOpPBIE B JAJIBHEHIIEM 110 MEpPE MOCTYIUIEHUS HOBBIX JaHHBIX
JIOJIKHBI COBEPIIECHCTBOBATHCS, AETAIU3UPOBATHCS U YTOYHATHCA.
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Abstract: In RNO-Alania studies to establish a new probabilistic maps of the Detailed Seismic Zoning (DSZ)
are being conducted. An integral part of these studies is the development of effective models of Strong Ground
Motion (SGM) in potentially dangerous earthquakes in the region. In the first part of the article devoted to these
studies, the models of single characteristics SGM — Peak Ground Accelerations (PGA), periods of accelerations
with maximum amplitude (Ta), durations of the main phase of oscillations (t), as well as macroseismic intensity
(score) of shaking (I) are considered. The models are presented in the form of statistically given functions of
probabilities distribution of random variables (values of fluctuations parameters and force of ground shaking) at
various magnitudes of earthquakes (M) and distances to the center (D). Models were built in two stages. First, the
“average” change functions with the distance PGA (M, D), Ta (M, D), t (M, D) and I (M, D) are determined. Then,
by introducing corrective amendments into these dependences, they were brought to close the conditions of the
investigated territory of the RNO-Alania. “Average” dependences were based on the analysis of a large amount
of initial data on instrumental registration and macro-seismic descriptions of strong earthquakes. Two types of
data were used. The first is a collection of 35 and 24 known and tested empirical dependences of PGA (M, D) and
| (M, D), built by different authors for different seismic regions of the world. The second is direct measurements
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of more than 2,500 accelerograms of the world’s palpable and strong earthquakes, which have a simultaneous
assessment of the shaking strength at the point of registration. Also used the macroseismic descriptions of
several tens of strong earthquakes in the territory of the Russian Federation and other countries. Corrective
amendments are determined on the basis of the analysis of general seismotectonic conditions of the territory,
features of the medium of seismic disturbances, mechanisms of foci and other characteristics of the study area
affecting the simulated parameters of SGM. To verify the reliability and realism of the developed models, a cross-
comparison (among themselves) obtained on the basis of their estimates of PGA, Ta, T and |. The comparison
of the obtained models with the developments of other authors for other areas is also carried out. In all cases,
there is a high level of consistency and connectivity in the results obtained in this study. In general, the developed
models are in agreement with the basic requirements of international and domestic engineering-seismological
practice, contribute to the accuracy and reliability of probabilistic seismic hazard assessments at the regional
level and can be used for the purposes of DSZ of the territory of the Russian Federation in the production of both
probabilistic and deterministic (“scenario”) assessments.

Keywords: earthquakes, strong ground motions, probable seismic effects, macroseismic intensity, seismic
vibrations.

For citation: Chernov Yu. K., Chernov A. Yu., Chitishvili M. 1. Models of strong ground motions for probabilistic
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1. Infroduction

Landslide is a major geological hazard, which poses serious threat to human popula-
tion and various infrastructures like highways, rail routes and civil structures like dams,
buildings and others. The idea that landslide could occur is frightening people in every
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area prone to such phenomena. That is because the effects of landslides can be devastat-
ing, leaving thousands of people without home and threatening their lives.

Landslides occur very often together with other natural disasters such as earthquakes,
floods or snow melting and volcanoes that play role of triggering mechanism for land-
slides.

Landslides are caused by different factors, but three of them are predominantly im-
portant. They are slope saturation with water, seismic activity and volcanic activity.

These phenomena often occur at the same time and in the same area.

Certain mountainous areas are vulnerable to landslides but have also been affected
by earthquakes.

When an earthquake occurs, the risk for a landslide grows very high. Ground shaking
allows water to infiltrate between ground layers. Then layers slide on one another. Ground
shaking causes rock falls also.

Volcanic activity is the factor of the most devastating landslides. Lava melts snow
and causes a deluge of rock, soil, ash, and water which rushes down on the slopes of the
volcano. The deluge devastates everything during moving. Volcanic debris flows at great
distances. They damage the structures in areas around the volcano. There were many
cases when the eruption of a volcano triggered great landslides.

Mountainous and coastal areas are the most affected regions, but that does not mean
that the other areas are safe.

Landslides cause huge damage in the world and kill many people every year. Casual-
ties are caused by debris flow, rock slides and rock falls. It is necessary to understand and
to know how landslides are formed and how they act for protection people and construc-
tions from its destructive action. [Kutepov et al., 2002; Osipov et al., 2002; Svalova 2011].

The word “landslide” describes different processes that have as a result the move-
ments of materials like soil, rock, earth, mud, debris, artificial fill, snow, ice, ash, combi-
nation of these materials and others.

When these materials start moving, they may be falling, toppling, sliding, spreading,
flowing and others. According to the moving trajectory the landslides could be rotational
or translational. There are some specific types of slides or mass movements as lahars,
solifluction, avalanches, glaciers and others.

Landslides are associated with mountainous areas, but they also affect low relief ar-
eas. In this case the trigger factors could be failures determined by building or roadway
excavations, collapse of mine piles, slope failures associated with quarries, lateral spread-
ing landslides, river bluff failures and others.

Depending on the location and type of human activity, the landslide effect could be
lessened. People should know hazard zones and avoid activities like digging in such areas.
For systematic analysis of landslide hazard it is fruitful to use the notion of risk.

Geological risk is a relatively new and not fully explored concept. [Corominas et al.,
2014; Ragozin, 2003; Svalova, 2017].There are many definitions of geological risk. And
often scientific study or scientific approach to the problem begins with a presentation of
the author’s position and the choice of the definition of geological risk for the problem
under consideration. One of the most common approach defines that risk is the expecta-
tion of the damage, or risk is the product of the probability of possible hazardous events
on the damage produced by.

Vulnerability to landslides depends on location, frequency of landslide events, type
of human activity in the area and other factors.
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2. Landslides — natural risk phenomena with complex impact

The word “landslide” particularly represents only a type of movement that is slide.
However it is generally used as a term to cover all the types of land movements including
falls, creep, spreads, flows and other complex movements. A correct term to represent all
these movements may be “mass movement.” However the term “landslide” has been ac-
cepted and is being used commonly around the world as a synonym of “mass movement.”

Sliding of huge debris, rocks and other material down the slope is considered as
“Landslides.” Landslides occur along with earthquakes, floods and volcanic eruptions.
Landslides are common in mountainous regions and steep slopes.

Landslides take place in different parts of the world. The biggest and the most active
ones are connected with earthquakes and volcanoes near tectonic plates boundaries in
collision and subduction zones and Pacific Ring of Fire.

The social impact of landslides is significant and it increases due to the expansion
of human activity and settlements in areas of risk. The landslides often are triggered by
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Figure 1. a) Typhoon Morakot on August 9, 2009; b) Falling Hotel in Taiwan after Typhoon Morakot;
¢) Landslides in Taiwan's Shiaolin after typhoon Morakot in 2009 (USGS)
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rainfalls and earthquakes. Landslides due to heavy rains occur in mountainous areas. So
a296.5 cm precipitation event due to Typhoon Morakot in 2009, the deadliest typhoon to
impact Taiwan in recorded history, resulted in deep-seated landslides in Taiwan’s Shiaolin
(Figure 1).

Other cases of recent deep-seated landslides happened in 2011 in Kii Peninsula, Ja-
pan, and in 2013 in Uttarakhand, India.

Among significant factors determining slope instability are landscape modifications,
such as changes in slope geometry, construction of infrastructure, terracing, slope excava-
tions, loading, mining, disturbances to the equilibrium of slopes produced by vibrations,
water linkage, land-use changes, deforestation and others.

Development of human activity in mountainous areas, urbanization, and lack of good
territorial planning and management, together with earthquakes and significant rainfalls
produce dangerous scenarios for landslide disasters.

There are many different classifications of landslides but the classic one is Var-
nes D.J. classification [Varnes, 1978] on the base of 5 types of movement (fall, topple,
slide, spread and flow) and 3 types of material (rock, debris and earth) (Table 1).

Also there are complex movements changing their type during process and having
some stages. It is necessary to stress the principal difference between fall and topple from
one side and slide, spread and flow from another side, as first two occur with destruction
of continuous medium and last three take place without separation from sliding surface as
a rule. This difference is important for landslides modeling.

Table 1. Landslides classification

Type of Movement Type of Material

Bedrock Debris Earth
Fall Rock fall Debris fall Earth fall

Topple Rock topple Debris topple Earth topple
Slide Rock slide Debris slide Earth slide

Spread Rock spread Debris spread Earth spread

Flow Rock flow Debris flow Earth flow

Earth slide is the most typical landslide. Slide can be rotational and translational de-
pending on the movement trajectory. Rotational slides arise in continuous media where
sliding surface reflects stress state of the landslide body. Translational slides arise mostly
in layered medium or if sliding surface already exists reflecting higher density of lower
soils and rocks. Also there can be snow, ice, mud, soil, sand, silt, loess, clay, lava, ash,
water and other materials in landslide body. And the names of gravitational processes and
events can be avalanche, creep, slump, solifluction, lahar, glacier, iceberg and others. But
all of them can be described on the base of the main table. So avalanche is snow slide.
Lahars (Indonesian word) are dangerous mud flows of volcanic ash mixed with water
generated by volcanic eruptions that travel far beyond the volcano. Solifluction is the
movement of wet soil down a slope, especially where frozen subsoil acts as a barrier to
the percolation of water. Solifluction is relatively rapid processes in periglacial regions
and can result in the active development of slopes.
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Mass movement can be with different velocity. One of possible scale is in Table 2
(after Cruden and Varnes [Cruden, Varnes, 1996].

Table 2. Landslide velocity scale

Velocity class Description Typical velocity
7 Extremely rapid 5 m/sec

6 Very rapid 3 m/min

5 Rapid 2 m/hour

4 Moderate 15 m/month

3 Slow 2 m/year

2 Very slow 20 mm/year

1 Extremely slow 2 mm/year

Landslides risk assessment is an important step towards solving the problem of natu-
ral risk management and reduction. Due to the complexity and diversity of the problem
the combination of probabilistic and deterministic approaches and expert estimates arises.

The probability of landslide process depends on the stability of the landslide slope,
trigger mechanisms (precipitation, earthquakes), technological factors. The first step is
studying the physical and mechanical sliding process at different conditions. Neverthe-
less, the landslide process mechanics is still not fully understood. Landslide prediction
is not always possible. Even statistical frequency of landslides activation for a particular
area varies very widely.

3. Landslide examples

3.1. Wenchuan Earthquake, Landslides
and Debiris Flow, China

On May 12, 2008, the Ms 8.0 Wenchuan earthquake occurred in the Longmen moun-
tain fault belt. The destructive Wenchuan earthquake induced an unprecedented number
of geo-hazards. In the past 6 rainy seasons, debris flows in Wenchuan earthquake stricken
area occurred frequently, resulting in serious casualties and property losses. [Field trip
guide ..., 2014].

The old Beichuan town is located in the middle part of the Yingxiu-Beichuan fault
belt, and at the center of one of two zones where seismic intensity was the highest at XI
during Wenchuan earthquake. The old Beichuan town had a population of 20,000 before
the earthquake

When the Wenchuan Earthquake hit China on May 12, 2008, no town was hit harder
than Beichuan. Up to 80 percent of the city’s buildings were destroyed and more than
half the population was killed. The survivors of the earthquake have been relocated at
Yongchang Town, which is about 23 km away from the old town.

After the earthquake, the area was deemed too vulnerable to geo-hazards. So it was
decided that the ruins would be left as a memorial park to all those who lost their lives,
including the hundreds who still remain buried in the rubble (Figure 2).
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Figure 2. Old Beichuan town after earthquake on 12 May, 2008 (a)
and debris flow on 24 September, 2008 (b). [Field trip guide ..., 2014].

Two deathful landslides and one debris flow caused severe damages in Beichuan
caused by the Wenchuan earthquake and rainstorm after the earthquake: the Wangjiayan
landslide, the new Beichuan middle school landslide and Weijiagou debris flow.

Wangjiayan landslide is located at the western side of the old Beichuan town, about
10 minutes after the mainly shaking, the slope slides from 980m to 660m with a volume
of 140-10* m? in less than 10 seconds. This process accompany with fast speed and huge
noises, most of the town in this area were buried (Figure 3). Statistic data shows that the
landslide damaged more than 20 high buildings, including hospital, kindergarten, primary
school and market, caused about 1700 death.

The width of slide area is about 350-400m, the length is about 700 m, and the total
slide area is about 0.2 km?.

Beichuan middle school landslide (Figure 3) is located at south of the town, it’s shape
looks like a tongue, the bedrock in this area is limestone. Triggered by the Wenchuan
earthquake, the slope was reactivated, buring parts of building in affected zone and caus-
ing fatalities. The main scarp is located at an elevation of 900m and the height difference
is 280m between the main scarp and its toe. The bedrock mainly consists of thick lime-
stone of upper Devonian and lower Carboniferous Periods. The length of landslide area is
440m, the width is 250-290 m, its total area is about 0.11 km?.

The length of deposit zone is 440 m, depth of debris is 5-20m, the total volume of
debris in deposit zone is about 50-10* m>. The landslide caused 700 death, most of whom
are school students. 95% of the debris from landslide are compose of large stone with size
of 2.5 m x 3 m x 4 m, the largest diameter of stone is about 10 m.

The Daguangbao gigantic landslide is located on the Gaochuan village, Anxian
County. It is the hugest landslide triggered by the Wenchuan 8.0 earthquake on May 12 of
2008. It is the hugest landslide not only in China, but also in the world in recent hundred
years.

The landslide is located on the hanging wall of the seismogenic fault, the Yingxiu-
Beichuan fault, nearly 7 km away from the thrusting part of the fault (Figure 3).

The source area of the Daguangbao landslide is about 2.4 km long and 1.2 km wide,
while the deposition area is approximately 3.2 km long and 2.2 km wide. It covers an area
of 7.8 km? and an estimated volume of 1.15-1.2 billion m?®. The sliding mass travelled
about 4.5 km and blocked the Huangdongzi gully, forming a landslide dam nearly 600 m
high. The head scarp is serrated and near vertical (70°-90°), with the maximum vertical
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)

Figure 3. Wangjiayan landslide. (a); New Beichuan Middle School landslide (b); The Daguangbao
gigantic landslide (c) [Field trip guide ..., 2014].

height of 700 m. The sliding mass crossed the Huangdongzi gully and ran up the opposite
slope with a height of more than 500 m, forming many thrust and anti-slope (uphill fac-
ing) scarps.

Seven years later after Wenchuan earthquake some parts of Wenchuan County were
reconstructed and restorated.

3.2. Kolka Glacier collapse

On September 20, 2002, in the gorge of the Genaldon River (North Ossetia, Russia),
the Kolka glacier collapsed, which completely destroyed several villages and killed more
than 135 people, among them there was the famous Russian actor Sergei Bodrov’s film
crew of 42 people.

According to the official version of the incident, a huge block of ice broke off from
the slope of Mount Jimara (4780 m). It fell on the Kolka glacier, as a result of which most
of'its ice-firn body slipped from the “bed” and moved along the ravine at a speed of more
than 200 km/h, capturing rocks and mud masses. This stream completely covered the
Karmadon gorge (Figures 4) [Kutepov et al., 2002; Osipov et al., 2002; Ragozin, 2003;
Svalova, 2017].

Based on the instrumental records of the Geophysical Institute of the VSC RAS, the
Geophysical Survey of the RAS and stations of the adjacent territory, kindly provided by
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Georgian colleagues, a scenario was developed for the main stages of the Kolka glacier
collapse process on September 20, 2002. It includes a distant earthquake, a precursor
event, powerful vertical vibrations, in essence of unknown nature (large rock mass col-
lapse, gas-dynamic explosion, hydraulic shock, etc.). Horizontal vibrations of the glacier
body at the equilibrium position, beginning of glacier collapse, hit the side of the rocks
near Maili glacier, glacier movement to the north and hit of “Karmadon gate”, stoppage
of the most ice-rock mass [Zaalishvili, Melkov, 2014].

An analysis of the earthquakes catalog showed that on September 20, 2002, before
the catastrophic collapse of the Kolka glacier, there was an earthquake timed to this time.
So, at 15: 43: 50.3 in the West Irian region (1.68° N, 134.23° E) an earthquake with a
magnitude of Ms = 6.2 and a source depth of h = 33 km occurred. This distance a primary
P-waves pass for about 13 minutes, and shear S-waves for about 26 minutes. It should be
noted that the entry of the P-wave will occur in 15 h 56 m 50 s, and S-waves — 16 h 09 m
50 s. Immediately, comes under notice the good agreement between the times of the main
phases of the waves and the stages of the glacier collapse.

Currently, a number of different versions of the causes of the incident have been
proposed (landslide, gas-dynamic explosion, hydraulic shock, etc.). Although their study
has a different scientific depth, but any complete from a scientific point of view, a reason-
able and unambiguous version, unfortunately, is still missing. This implies expanding the
evidence base.

Kazbek volcanic center is characterized by the complex interrelationship of various
hazardous geological processes. Developed network recorded a collapse of the mass of
ice and rocks in the region of the Devdorak glacier on May 17, 2014 and the movement
of the formed stone-ice avalanche [Zaalishvili et al., 2018]. The separation zone is located
on the eastern slope of Kazbek, in the feeding area of the right branch of the Devdorak
glacier, at an altitude of 4400-4500 m. The collapse was spread to the right of the main
Devdorak icefall and fell on the tongue of the glacier. Then there was a transformation
of the collapse into an “avalanche-like flow” or “rock-ice avalanche”. People died. The
resulting obstruction blocked the mouth of the Terek River, which led to the formation
of a ponded lake. The hazard of a failure which threatened Vladikavkaz remained until
the moment when the River Terek filled the diversion tunnel and the water level began to
decline [Zaalishvili et al., 2018].

Figure 4. Kolka glacier: Common view (a); Mud-snow flux near 20 km (b)
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3.3 Landslides in India

In India, the Himalayas are prone to landslides, particularly n monsoon season, from
months of June to October. Various types of landslides occur in Himalayas, including
block slumping, debris flow, debris slide, rock fall, rotational slip and slump.

Generally landslides are triggered by heavy or prolonged rainfall. Landslides cause
severe damage to lives and property while also causing disruption in communication net-
works and movement of traffic.

Every year, landslides in the Himalayan region kill people and cause damage to sev-
eral villages leaving them unfit for habitation. Landslides create blockades in the road
network and also in river system, which causes flood. The terraced farm fields that are
destroyed by landslides, cannot be easily recovered or made productive again. Affected
by landslides, the road network remains closed for long periods, hence, causing huge
hardships to people inhabiting and dependent on the area for their basic supplies and pro-
visions. Landslides disrupt water sources and chocked them by debris fall. Due to land-
slides, the river sediment load is increased considerably, which results in irregular courses
of river and frequent breaching of banks also resulting in unexpected floods. The water
channels are also affected due to disruption in previous channels, this leads to disturbance
in water supply to dependent villagers for irrigation purposes. This then adversely affects
agriculture production in the affected region.

Landslides in India are considered a major hazard in most hilly and mountains re-
gions as well as in steep river banks and coastlines. The causes of landslides in India are
not much different from the world, but there are some peculiarities. Important factors
considered to be responsible for causing landslides are:

1) Slope instability due to removal of lateral and underlying support.

2) Indiscriminate chopping down of trees.

3) Slash and burn cultivation practices in hills

4) Road construction and mining activities.

5) With increasing population pressure, there is an increase in grazing activities, ur-
banization which reduces dense natural evergreen forest cover.

6) Due to these activities the ecological balance is disrupted, thereby resulting in
loosening of the soil.

7) Under conditions of heavy rain, there is increased and substantial soil erosion and
frequent landslides.

The major areas affected by landslides in India are divided mainly in following re-
gions as landslide-prone areas in India. These are based on landslide hazard zonation:

1) The Western Himalayas (in states of Uttar Pradesh, Uttaranchal, Himachal Pradesh
and Jammu & Kashmir)

2) The Eastern & North-eastern Himalayas (in states of West Bengal, Sikkim and
Arunachal Pradesh)

3) The Naga-Arakkan Mountain belt (in states of Nagaland, Manipur, Mizoram and
Tripura)

4) The Western Ghats region including Nilgiris (in states of Maharashtra, Goa, Kar-
nataka, Kerala & Tamil Nadu)

5) The Plateau margins of the Peninsular India and Meghalaya plateau in North-east
India.

The following map of landslide prone areas in India will be useful in remembering
the areas mentioned above. (Fig. 5)
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Fig. 5. Landslide Hazard Zonation map of India. Areas prone to landslides

The Nodal agency responsible for early warning of landslide disaster in India is —
Geological Survey of India.

Mitigation steps for landslides in India are:

1) Excess water in catchments areas should be stored to reduce the effect of flash
floods, this will also recharge the ground water level in areas prone to landslide in India.
2) The runoff collection ponds in the catchment areas must be dug to store water.

3) On community lands, fuel or fodder trees should be grown to increase forest cover
to reduce landslide hazard in India.

Grazing should be restricted and better grass must be grown on the surface previously
grazed to increase the hold on soil by plant roots. These grasses can be of some commer-
cial importance so that economic returns encourage farmers in areas prone to landslide
in India.

India suffers from landslides very much. The most dangerous places are in mountain
areas, especially due to heavy rains and earthquakes.
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Fig. 6. A view of a major landslide after heavy rainfall in Shimla

So a massive landslide near Shimla on the national highway near the state capital on
2 September 2017 buried at least six vehicles and parts of a temple. However, there were
no reports of any casualty (Fig. 6).

A portion of the cliff opposite the temple near Bhattakufer caved in. Boulders rolled
down and smashed six-seven vehicles parked along the highway

People who were stuck in houses below were rescued, 2-3 empty cars were under
debris from landslide. The area has been witnessing heavy rainfall for the past three days.

Police have diverted traffic via Sanjauli, on Shimla’s outskirts.

Also there are many landslide prone zones along the way to Himalaya (Fig. 7).

3.4. Multi-Hazards

Natural hazards such as floods, earthquakes, volcanic eruptions, and landslides can
occur simultaneously, or these hazards can trigger the others. Landslides are often the
result of earthquakes, floods, and volcanic activity and may in turn cause subsequent



120  Geology and Geophysics of the South of Russia 9(2)2019 ['eonorvs n reogmanka KOra Poccim

Figure 7. Landslides in India (Photos by V.B. Svalova)

hazards; so an earthquake-induced landslide can cause a deadly tsunami. A volcanic erup-
tion-induced or earthquake-induced landslide blocks the rivers. They cause water to back
up behind the mass and flood the upstream area. If the dam fail, the impounded water will
cause flooding downstream. Flooding can then add to coastal erosion and destabilization
through undercutting of cliffs and banks. It is therefore necessary to examine all other
possible natural hazards when evaluating an area’s vulnerability to landslides (Figures 8).

A tsunami with a record run-up height occurred in Lituya Bay, Alaska. (Figure 8). An
earthquake along the Fairweather Fault in the Alaska Panhandle loosened about 30.6 mil-
lion cubic meters of rock high above the northeastern shore of Lituya Bay on the night of
July 9, 1958. This mass of rock plunged from an altitude of 914 meters down into Gilbert
Inlet.

The impact of masses generated tsunami that crashed against the southwest shoreline
of Gilbert Inlet. The wave hit with such power that it swept completely over the spur of
land that separates Gilbert Inlet from the main body of Lituya Bay. The wave continued
down of Lituya Bay, over La Chaussee Spit and into the Gulf of Alaska. The waves re-
moved all trees and vegetation from elevations as high as 524 meters above sea level.
This is the highest wave that has ever been known.
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Figure 8. Lituya Bay a few weeks after the 1958 tsunami. The areas of destroyed forest along the
shorelines are clearly recognizable as the light areas rimming the bay (USGS).

4. Risk Management Structure

Landslides risk assessment is an important step towards solving the problem of natu-
ral risk management and reduction. Due to the complexity and diversity of the problem
the combination of probabilistic and deterministic approaches and expert estimates arises.
[Svalova, 2014, 2016a, b; 2017; Wirtz et al., 2014].

The probability of landslide process depends on the stability of the landslide slope,
trigger mechanisms (precipitation, earthquakes), technological factors. The first step is
studying the physical and mechanical sliding process at different conditions. Neverthe-
less, the landslide process mechanics is still not fully understood. Landslide prediction
is not always possible. Even statistical frequency of landslides activation for a particular
area varies very widely.

Natural risk is a relatively new and not fully explored concept. There are many
definitions of natural risk. If one of the main systematic approaches to hazards research
is their classification so now also the concept of Risk Management can be considered
as new step of science development and new basement for systematic hazards investiga-
tions.

Development of the Risk concept demands the promotion of the methods for Risk
Assessment and calculation. It makes the theory of Risk the scientific discipline with
good mathematical background. It is necessary to elaborate common approaches to the
risk calculation for different types of natural hazards. The methods of seismic risk assess-
ment as the most promoted ones must be spread to landslides, karst, suffusion, flooding,
pollution and other types of natural hazards and risks and also to complex and multi-risk.

Arising from everyday life, gambling, finance, business and building the Risk con-
cept became the subject for scientific research and basement for systematic investigations
of natural and man-made hazards and disasters.
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In common sense Risk is the potential of gaining or losing something of value. Val-
ues (such as physical health, social status, emotional well-being or financial wealth) can
be gained or lost when taking risk resulting from a given action or inaction, foreseen or
unforeseen. Risk can also be defined as the intentional interaction with uncertainty. Un-
certainty is a potential, unpredictable, and uncontrollable outcome; risk is a consequence
of action taken in spite of uncertainty. [Corominas et al., 2014].

And in this sense the problem of Landslide Risk Management is seen as a series of
events leading to landslides risk reduction and avoiding. It includes landslides monitor-
ing, landslide forecast, engineering works, slopes strengthen, insurance and others [Co-
rominas et al., 2014; Svalova, 2016c, 2017; 2018; Vranken et al., 2015]. Strictly speaking,
geological risk management includes:

1) Hazard Identification;

2) Vulnerability evaluation;

3) Risk analysis;

4) Concept of acceptable risk;

5) Risk assessment;

6) Risk mapping;

7) Measures for risk reduction:

— legislative;

— organizational and administrative;
— economic, including insurance;
— engineering and technical;

— modeling;

— monitoring;

— information.

Summarizing systematic approach to natural hazards research on the base of the Risk
concept it is possible to present the next steps and scheme to establish criteria for ranking
risk posed by different types of natural or man-made hazards and disasters, to quantify
the impact that hazardous event or process have on population, structures and to enhance
strategies for risk reduction and avoiding (Figure 9).

According to the most common definition the Risk is the probability of the natural
hazard event multiplied by the possible damage:

R = PxD, (1)
where R —risk, P — probability, D — damage.

Hazard Identification

. _+ . Risk analysis
Vulnerability evaluation + Risk assessment

Acceptable risk + Risk management
Risk reduction

Figure 9. Relationships between main items of Risk concept in strict form for systematic
approaches to natural hazards and disasters research.
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For multi-risk assessment it is possible to use sum of risks of different hazards:

R=% R, (2)

For Risk Maps construction it is necessary to use the Natural Hazards maps and maps
of possible damage. These maps can be of local, regional, federal (sub global) and global
levels.

On the base of this approach different Risk maps and Natural Hazards maps can be
constructed (Figure 10).

The total natural risk (In points determined by the intensity, frequency and destruc-
tive intensity of hazardous processes, the degree of protection and vulnerability of the
facilities.

Figure 10 a. Map of the natural economic risk of construction development and land use of the territory
of the Russian Federation (A. L. Ragozin, O. V. Slinko, V. A. Pyrchenko et al. 1990). 1 point corresponds
to the average annual damage of 1 million rubles per year (in 1990 prices) on an area of 20 thousand
square km): 1 —very small (<2). 2 —small (10-2). 3 — medium (20-10). 4 — significant (80-20).

5 —large (200-80). 6 — huge (> 200).

b. Map of the Natural Disasters on the territory of Russia, caused by earthquakes, floods, cyclones,
squalls, tornados, heavy rains, snowfalls, snowstorms, hail, snow avalanches and landslides
(A. L. Shnyparkov). Frequency of occurrence (cases/year):
1—<107; 2-10°-10%; 3-10%-1073; 4-103-107, 5 -> 10~
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5. Discussion and conclusions

Systematic approach to the crises events research on the base of risk concept is a very
fruitful and progressive method.

Local authorities must be ready for constant monitoring and technical-engineering
works in such areas.

Life and work in areas of high natural risk demands knowledge, resources, equip-
ment and willing to be ready for prognosis, forecast, people education and information. In
case of crises events it is necessary to be ready for the consequences liquidation and the
territories and objects reparation. The most important thing is to provide help to people.
Sometimes people have to live in such dangerous places. It is necessary for people leav-
ing under natural risk to understand and estimate this risk and to know how to overcome
it and how to act in case of crises events. It is necessary to elect and appoint responsible
people with good knowledge and special education for managerial posts. The local gov-
ernments are responsible to establish rules meant to reduce the effects of possible land-
slides. Land-use regulations are required in landslide prone areas. The absence of such
policies and dangerous human activities are the main factors that lead to landslides. No
matter if landslide is caused by huge rainfall, seismic activity or volcanic eruption. The
damage from event can be disastrous. Thousands of people may lose their houses and
could lose their lives. It is important for local authorities to know which areas are prone
to landslides and take appropriate measures in order to reduce vulnerability to such haz-
ards. The effects on people and buildings can be lessened if hazardous areas are avoided
or if activities in such areas are restricted. Local governments are responsible for land-use
regulations for landslide risk reduction. It is possible to reduce exposure to hazards on the
base of people education using the past history of disaster events. Departments of local
governments must help a lot with their advice and activity. People can also benefit from
the professional services of engineering geologists, civil engineers, or geotechnical engi-
neers. Due to the huge losses that landslides imply, their prevention is very important for
all the people living in the area of hazard. Preventing a landslide from causing material
damage and human losses should be a main goal of local authorities.

Risk management concept is a good instrument for systematic approach to the prob-
lems decision.
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AHHoTauus. Onon3HN ABNAKOTCA OLHUM U3 ONACHELINX Te0N0rMyecKnX NpoLeccoB, CO3AAIOLLNX Yrpo3y
ANs HAaCeNIeHNs 1 PasfiNyHbIX 00LEKTOB MHAPACTPYKTYPbl. ONON3HN 4acTO CONPOBOXAAKT APYrie CTUXUIAHbIE
6efiCTBNA, TAKME KAK 3EMNETPACEHNSA, HABOAHEHUS, TafHUE CHEera 1 BYNIKaHU4ECKMEe NPOLLECChl, KOTOPbIE UrparT
pOJib MeXaHn3ma 3anycka onon3Hei. [opHble paioHbl, NOCTPAAABLLME OT 3EMJIETPACEHUIA TaKXe YA3BUMbI /1S
ornonsHeii. fopHbIe U NPUOPEXHbIE PanoHbl ABNAIOTCA Haubonee NocTpagasimmu peruoHamu. Bo scem mupe
OMOJMI3HN HAHOCAT KOMOCCANbHBIN YLiep6 1 BEKYT 3a CO60M 4enoBeyeckune )epTsbl. CTaTbs NOCBSALLEHA NCCNe-
[0BaHMIO OMON3HE Ha OCHOBE KOHLENLMI aHAN3a, OLEHKM, YNIPaBNIEHNS N CHKEHWUS PUCKOB. YnpasneHue pu-
CKamu paccMaTpmBaeTCs Kak cepust MEpONpUATUIA, BESYLLMX K CHUXKEHUIO U NPeA0TBPALLEHNIO PUCKA OMON3HEI.
OHM BKNHOHAKT B Ce65 MOHUTOPUHT OMOJNI3HEN, MPOrHO3 ONOM3HEIA, MHXKEHEPHbIE PabOTbI, YKPENIEHNE CKIOHOB,
CTpaxoBaHue n ap. PaccmMoTpeHbl npumepsl uccnegosanuin Nugum, Kntas u Poccun, Bkntovas KonkMHCKY Ka-
TacTpoddy 20 ceHTA6ps 2002 roaa u apyrue cB3aHHbIe C Heil KatacTpodibl. Ka3beKCcKMid ByNIKaHUYECKNIA LIEHTP
XapakTepu3yeTcs C/OXHOW B3aNMOCBA3bI0 Pa3fINYHbIX OMACHbLIX reonornyecknx npoueccos. begctens 2002 un
2014 rr., BbI3BaHHbIE NaZeHEM NEAAHbIX CKasl, ONPESENAOT BAXKHOCTb NCCEA0BaHNS MeCTHOCTU. CeTb 3adpnk-
cupoBana o6Ban Macchl nbJja U KamHel B panoHe negHuka [esnopak 17 mag 2014 roga v auxeHue 06paso-
BaBLLEICS Ne0BO-KaMeHHOM NaBuHbl. B IHann Mmmanan noaBep)XeHbl 0Moa3HAM, 0CO6EHHO B CE30H MYCCOHOB,
C WIOHS M0 OKTAOGPL. B MMManaax BCTpe4aoTca pasnuyHble TUMbI ONOJSI3HEN, B TOM 4UCIE OMOM3HU 6110K0B, 06-
NIOMKM, OMON3HM, 06BaNbl, NPOCKaNnb3biBaHue u cnag. O6bI4HO CXO4 OMON3HEN BbI3BAH CUSIbHBIMI WK MPO-
JOMKMTENbHbIMK 0cafKamu. Ononi3HN HAHOCAT Cepbe3HbI COLManbHbIRA yLLep6, BbI3bIBAIOT CO0M B PA3NNYHbIX
CETAX W ABMXEHMN TPAHCMOPTA.

KnioueBbie cnoBa: 0nosi3eHb, PUCK, yrnpasieHe puckoMm, OLeHKa PUCKa, CHUXKEHWE PUCKA, MOHUTOPUHT

bnaropapHocTu: liccnefoBaHne BbIMOSHEHO 3a CYET rpaHTa POCCWIACKOr0 HayyHOro hoHAA (MpOeKT
No19-47-02010, "Natural hazards and monitoring for mountain territories in Russia and India”).

Insa uyutupoBanus: Ceanosa B.b., 3aanuwsunu B.b., Fananatu I'.11., Hukonaes A.B., Menbkos [1. A. Onons-
HEBbI PUCK B TOPHbIX panoHax. leosnorus v feogumsnka Hra Pocenn. 2019; 9 (2): 109-126. DOI:10.23671/
VNC.2019.2.31981.
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NHOOPMALLNS AN ABTOPOB

B xypnane «['eonorust u reopusuxa FOra Poccum» myOnukyroTcss opurnHaabHbIE CTa-
ThU TEOPETUYECKOIO M METOJUYECKOTO0 XapaKTepa IO BOIPOCaM IeO0JOrHH, Te0pU3UKU U
TEOXMMUH, Pe3yJabTaThl U3yUYEHUSI COCTABA U CTPOEHUS KOPbl U MAHTUU 3€MJIH, IIPOLIECCOB
(dhopMupoBaHUS U OOMIMX 3aKOHOMEPHOCTEN pa3MeIIeHHs MOJIE3HBIX UCKOMAEMbIX, a TaKkKe
pe3ysbTaThl pa3padOTKH M MPUMEHEHHS Te0J0ro-reo(pu3NIecKux METOIOB HUX BBISBICHUS.
TemaTuka *ypHasia COOTBETCTBYET CIAEIYIOIIMM 00JIACTAM 3HAHUM MO IeHCTBYIOLIEH HOMEH-
kimarype BAK: 25.00.03 — I'eotekTonuka u reoguaamuka; 25.00.10 — I'eodusuka, reodu-
3UYECKUE METO/bl IMOMCKOB MOoJIe3HbIX HcKonaeMblx; 25.00.11 — I'eonorusi, nmoucku u pas-
BEJIKa TBEPJBIX TOJE3HBIX HCKOMMaeMbIX, MuHepareHus; 25.00.23 — dusudeckas reorpadus
u 6uoreorpadus, reorpadus mous u reoxumus ganamadros; 25.00.35 — I'eoundopmaruka;
25.00.36 — ['eoskoorusi, a Takke CMEKHBIM Hay4YHBIM HAIIPABJICHUSIM. .

s paboT pernoHaqbHOrO Xapakrepa MpeArnodYTeHUue OTJACTCsl CTaThiM, PacKpbIBalO-
LIMM pa3Iu4HbIE BOIIPOCHI reojorudeckoro crpoenus Ora Poccun n nmpuseraromux reppu-
TOPHUH.

B cootBercTBUM C rpananueil HayK, IPUHATON B MEXIyHApOIHBIX CUCTEMAaxX LIUTHPOBA-
Hust Scopus u Web of Science crarbu ns nmyOnukanuu B )xypHaie «[eonorust u reopusuka
IOra Pocun» npuHUMAaroTCs 10 CIAEAYIOUIMM OTPACsIM U FPYyNIaM HaykK:

1. Earth and Planetary Sciences (Hayku 0 3emJie U IUIaHeTAPHbIE HAYKN);

2. Environmental Science (Hayka 00 okpy:karolieii cpene).

B xypnane «I'eonorus u reopusuka FOra Poccun» neyaratorcs:

— CTaThU C W3JI0)KEHUEM HOBBIX HayYHBIX PE3yJIbTaTOB, 00beMOM He Oonee 10 mamuHo-
MUCHBIX CTPAHUIL, BKJIOYAsi MJUTFOCTPALIUHU U TAOIUIIBL;

— KpaTKue COOOILIeHHUs, cofepKalie HHHOPMAIIHIO O BaXXHBIX pe3ylbTaTax IpeBapu-
TEJbHBIX UCCIIEAOBaHUM, 00beMOM 3-5 cTpaHull (3T MaTepuabl BIOCIEICTBUU MOTYT HC-
II0JIb30BAaThCs B TEKCTE IOJIHOM CTaThH);

— 0030pHbI MeYaTHBIX paboT M0 AKTYyaJIbHBIM Ie0JI0ro-reo(pU3nIecKuM U HKOJIOTHYECKUM
npobiemam FOra Poccuu n mpueraroniux tepputopuii, o6bemom 20-25 cTpaHuI] IO 3aKa3y
peNaKIuu.

Bce paboThl HOMKHBI COOTBETCTBOBATh TeMaTHKe KypHana. IIpemocraBieHHbIE pyKO-
MUCHU MPOXOJAT ATAlbl MPEIBAPUTEIHLHOIO U UTOTOBOIO PEILEH3UPOBAaHUS, U B Cllydyae He-
00X0IMMOCTH, HAIIPABIIAIOTCS] aBTOPaM Ha MCIIpaBiIeHNuE U 1opaboTKy. Pykomnmcu B sxypHae
MyOJIHUKYIOTCS Ha PYyCCKOM MO0 aHIIMICKOM SI3bIKaX, aHHOTALIMK Ha PyCCKOM U aHIJIMHACKOM
s3bIKax. JKypHan myOiauKyeT UCKITIOUYUTEIbHO OPUTHHAIIBHBIE CTaThbU. ABTOpP HECET MOJHYIO
OTBETCTBEHHOCTH 3a COOIIOAeHHE 3TOro TpeboBaHus. Pykonucu, He MPUHATHIE K OMYyOIUKO-
BaHUIO, aBTOPaM He BO3BpallaroTcs. Penakuns Takke He BO3BPAILAET IPUCHUIAEMbIE MATEPH-
anbl. Penakuums octasisieT 3a coO0M MpaBo MPOU3BOIUTH COKPALIEHHE U PEAAKTOPCKYIO MpaB-
Ky TEKCTa cTaTbU. McrpaBiieHUs B TEKCTE M WIIIOCTPALUAX aBTOPbI MOT'YT BHOCUTH TOJIBKO
Ha CTaJuM MOATOTOBKHU CTaTbu K Habopy. HecoOmronenue npaBui opopmiIeHUS PYKOIIHUCH
MIPUBEET K OTKJIOHEHUIO cTarbu. [TyOnukamnms O6ecruiaTHa 71l aBTOPOB CcTaTel, HalMCaHHBIX
0 3aKa3y peldaKUuu, u JUIs acnupanToB. [lepenedarka 1omycKkaeTcsi TOJIBKO C pa3pelieHus
pemaKkuu 1 ¢ 00s13aTeIbHON CChUTKOM Ha )KypHan «l eomorus u reodusuka FOra Poccumy.

VIHCTPYKLUMS AASI OBTOPOB

[Tpuem marepuaioB K pacCMOTPEHHUIO OCYILECTBISAETCS TOCPEICTBOM HIIEKTPOHHOTO Cep-
Buca http://www.geosouth.ru unu o noure Ha agpec Msnarenscta: 362002, Poccus, 1. Bna-
JMKaBKa3, yi. Mapkosa 93a, penakius xxypHana «[eonorus u reopusuxa FOra Poccum».
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B penaxmuio He0OX0IMMO MPEIOCTABUTH CIIETYIONINE MaTepHalIbl:

— cTarbs (CTPYKTYpy U IpaBuiia 0QpOPMIIEHHS CM. HUXKE);

— Ha OTAEJBHOH CTpaHMIE: CBEICHUS 00 aBTOpax, copeprkaine (GaMuini, ums, oTde-
CTBO, YYECHYIO CTEIIEHb, 3BaHKE, HA3BaHHE OpPraHU3alluy, CIIyKeOHBIN U JOMALIHUN ajpec U
Tesie(hoHbl, e-mail ¥ yka3aHue, ¢ KeM U3 aBTOPOB MPEAIOYTUTEIbHEE BECTH MIEPEIHCKY;

— HalpaBJIeHHE OT OpPraHU3alllM, €CJIM IPEeIOCTABISEMbIE MaTepHallbl SABISIOTCSA pe-
3yJABTAaTOM paOoThl, BBHITIOJIHEHHON B 3TOM OpraHU3alliy; B HAIIPABICHUU CIEAYeT yKa3aTb
Ha3BaHME PyOPUKH XKypHaIa;

— DKCIIEPTHOE 3aKJIIOUCHHME WM JPYroi JOKYMEHT, pa3pellaloniuii onyOIuKoBaHUE B
OTKPBITOM I€YaTH, YTBEPXKIECHHbIC PYKOBOAUTENIEM OpPraHU3allMM U 3aBEPEHHBbIE repOOoBOH
neyarslo (MPeaCTaBIAI0T TOIBKO aBTOpHI U3 Poccun).

Ecnu marepuansl moAaroTcsi MOCPEACTBOM NIEKTPOHHOIO CEpBUCA, OyMasKHbIE JK3EM-
IUIPBI PYKOIMCH B PEAAKIINIO MIPENOCTaBIATh He TpeOyercs. [Ipu onmnaiin perucrpannu He-
00X0IMMO PYKOBOJICTBOBAaThCs MOIIATOBBIMU MHCTPYKLUAMHU 110 3arpy3ke ¢ainos. Ilpu or-
IpaBKe MaTepuasoB MOYTONH HEOOXOJMMO MPHIIOKHUTH J1Ba OyMa)KHBIX SK3€MIUIIpa CTaTbH,
MOANMUCAHHBIX BCEMH aBTOpaMHU. I10AroTOBIEHHBII B COOTBETCTBUU C OOLIMMU TEXHUYECKU-
MU TpeOOBaHUSMHU TEKCT TeYaTaeTcs Ha OMHOW cTopoHe mcta Gpopmara A4. AHHOTAIHS C
IIPUBEJCHHBIM B Hauajle Ha3BaHUEM, aBTOpaMu, ux appuinanyei neyaraeTcs Ha OTAEIbHOM
mucre. [loanucn K puCyHKaM TakXke MPeIoCTaBIA0TCS oTaenbHO. Kaxas Tabnuma u pucy-
HOK JIOJIKHBI OBITh Halle4aTaHbl HA OT/EIBHOM JIUCTE. BHN3Y CTpaHMIIb C WILTIOCTpaLyei He-
00X0IMMO yKa3aTh HOMEp pUCyHKa. Taxke HeOOXOIMMO IPUIIOKUTH IEKTPOHHBIN BapHaHT
Ha J1I000M ITOPTATUBHOM HAKOIMTEJIE WIH 110 COINIACOBAHUIO C PEIAKIMEN HAlpaBUTh COOT-
BETCTBYIOIIME MAaT€PHAJIbI 10 3JIEKTPOHHOMN TOUTE.

[MpaBUAQ OPOPMAEHUS CTATLA

Ha niepBoii cTpanuie 1omkHbl 06Tk YKa3anbl: YJK; Ha3BaHMEe CTaThU HAa PyCCKOM SI3BIKE
(cTpouHBIMU OyKBaMH ¢ KalUTalu3allell HayalbHOW OYKBBI TOJBKO MEPBOTO CJIOBA B MpE-
JO)KEHUH U UMEH COOCTBEHHBIX, 0€3 KaBbIYEK, IEPEHOCHl HE JOITyCKAIOTCs, TOYKA B KOHIIE
HE CTAaBUTCSI, MOJYEPKUBAHNE HE UCTIONB3YeTCs), Kerb 20 MOIyKUPHBIH, BEIpABHUBAHUE TIO
HEHTPY; MHULIMAJIBI U ()aMUJIMK aBTOPOB, YUCHAs CTENEHb U 3BaHue (Kerib 14 momy>KupHbIi
KypCHB, BBIPABHUBAHHE I10 [ICHTPY ), Ha3BaHUE YUPEKICHHsI, IIOYTOBBIN aJpec, TOpoI, CTpaHa
HPEACTABIAIONUINX PYKOIUCH A ONyOJIMKOBaHUA. YKa3aTh e-mail 1y mepenuckun oTBeT-
CTBEHHOTO aBTOpA.

AnHoTanus AowkHa ObITh 00beMoM 250-300 croB. B Heli HE pekOMEHAyeTCsl HCIIOIb-
30BaTh (YOPMYIIBI U CCBUIKM Ha JUTEparypy. Ecim pykomuch momaercs Ha pycCKOM SI3BIKE,
TO aHHOTALUS JOJDKHA OBITH NMPOAYOIMpOBaHA HA aHIIMICKOM C yKa3aHHWEM Ha3BaHUs CTa-
ThH, (haMUIINI 1 MTHULIMAJIOB aBTOPOB Ha ATHX sI3bIKax. Eciu pykonmuch nmogaercs Ha aHIIINI-
CKOM $I3bIKE, HEOOXOJMMO MPUBECTHU TAK)KE AaHHOTALMIO HA PYCCKOM. AHHOTALUS 11e4aTaeTcs
mpudpToM Times New Roman (12 kernp). B koHIIE aHHOTAaMM 00S3aTEILHO YKA3bIBAIOTCS
KJIFOYeBbIe ci0Ba (5-8), KOTOpbIE OTPAXKarOT TEMATHKY CTAThH.

Texct crareu Habupaercs mpudTom Times New Roman pasmepom 14 it uepes oqunHap-
HBII UHTEPBaJ, BbIpaBHUBaHUE 10 Gopmary. [logzaronoBok — mpudT KypcUBHBIN, BEIPABHU-
BaHME I10 JIeBOMY Kpato. [Ipn HamurcaHuy CTaThi UCTIONB3YIOTCS OOLIETPUHSTHIE TEPMUHBI,
€IMHUIIbI U3MEPEHHUs U yCIOBHBIE 0003HAYEHUS, €MHOO0pa3HbIe 10 Beel cTarke. Pacimd-
POBKa BCEX HCIIOJIb3YEMBIX aBTOpaMHU O00O3HAYEHHUH JaeTcsl MpU MEPBOM YHMOTPEOICHHH B
TeKcTe. ByKBbI JIAaTUHCKOTO ajdaBuTa HAOUPAIOTCS KYpCUBOM, OyKBBI I'peueckoro angasu-
Ta — MPSAMBIM IpUpTOM. MareMaTraeckre CUMBOIIBI lim, 1g, In, arg, const, sin, cos, min, max
U T.1. HabuparoTcs npsMbIM mpudTom. CUMBOII HE TOHKEH CIMBATHCS ¢ HAJACUMBOJIBHBIM
SIEMEHTOM B XuMuueckux snementax (H,0) u enunnnax usmepenuii (MBT/cM?) — psMbiM
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(o6b1unBIM) mpudToM. He crenyer cMemmBaTh OAMHAKOBBIE 10 HAIMCAHUIO OYKBBI JIATHH-
CKOI'0, TPEYECKOr0 U PYCCKOro aju(aBUTOB, UCIOIb30BaTh COOCTBEHHBIE MAaKpPOChl. byksbl |
nlJ,vuv,eul,hun,qug, Vu U, O (Oyksa) u 0 (HyJIb) TOJDKHBI Pa3IN4aThCs MO HAUEpTa-
HUI0. Mexy 1M(pOoBbIM 3HAYEHNEM BEJIMYMHBI U €€ Pa3MEPHOCTBIO CIIEAYET CTaBUTh 3HAK
Hepa3pbeiBHOTO mpoberna. [lepeHock! B ciioBax MO0 He yrnoTpednsaTh. He ncnons3oBare B TEK-
cre a1 (opMaTHpPOBaHUs 3HaKU npobdena. DopMyiibl CO34a0TCs ¢ MOMOIIBIO BCTPOEHHOTO
penakropa gopmyn Microsoft Equation ¢ Hymepanuei B Kpyiiblx ckoOkax — (2), BRIpaBHH-
BAalOTCA IO MPaBOMY Kparo, paciuppoBka Bcex o0o3HaueHui (OykB) B hopMynax gaercs B
nopsijike yroMuHaHus B popmyse. Bo nzbexanue HenopazyMeHHH U OMIUOOK peakius pe-
KOMEH]IyeT aBTOpaM UCIOJIb30BaTh B OPMysIax OyKBbI JATUHCKOIO, IPEYECKOro U APyrux (He
pycckux) angaBuToB; pu Habope HopMysT HEOOXOAMMO COOTIOCTH Pa3MephI IO YMOTYAHHUIO.
Bbonbine popmyibl He0OX0AMMO pa30MBaTh Ha OTAENbHbIE PparMeHThl. DparMeHTsl popMyI
10 BOBMOXXHOCTH JIOJIKHBI ObITh HE3aBUCUMBI (IIPU HCIIOIb30BaHUU (POPMYIIBHOTO pelakTopa
KaX/1asi CTpOKa — OTJeNIbHBIN 00beKT). Hymepanuio 1 o BO3MOXXHOCTH 3HAKU NPENUHAHUS
ClJIe/lyeT CTaBUTh OTAEIBHO OT GOpPMYJI OOBIYHBIM TEKCTOM. Talmuiisl, pucyHkH, potorpadun
pa3MelarTcs BHYTPH TEKCTa U MIMEIOT CKBO3HYIO HyMEpalMIO 10 CTaThe (He 1o paszaenam!)
u cobcTBeHHbIe 3aronoBku. Ha3Banus Bcex pUCyHKOB, (hororpaduii 1 Tabauil NpUBOIATCS
Ha pycckoM s3bike 11 kerem, kypcuBoMm. Hymepanus 0603HaueHH Ha pUCYHKaX JaeTcs Mo
TIOPSI/IKY HOMEPOB I10 YaCOBOM CTpEJIKe WM CBepXy BHHU3. PucyHkn Heo0X01MMO 10 BO3ZMOXK-
HOCTH BBINOJIHATh B BEKTOPHOM (opMaTe BHJIE, >kenaTenbHo B nporpamme Corel Draw nim
aHaJjorax o CJeIyIOUIMM IIpaBUjIaM: IIMpUHA pUCYHKa He Oosee 16,5 cM; TOIIIMHA JTMHUMI:
OCHOBHBIX — | 1T, BcnomorarenbHbIX — 0,5 0T; 1151 0003HaUeHUH B T10JI€ PUCYHKA HCIIOIb30-
Bath mpudt Times New Roman pazmepom — 9 nT. BekropHbIe pUCYHKH 3aIIUCHIBAIOTCS B OT-
JeNbHbIE (ailibl JOKyMEHTOB. DOTOCHUMKH JOJIKHBI ObITh KOHTPACTHBIMH U BBINIOJIHEHHbI-
MU Ha MaToBoii Oymare. OTckaHupoBaHHbIE (poTOrpad Uy 3aNMChIBAIOTCS B (aiiibl B popmate
TIFF, JPEG. CxanupoBars uzo0paxenue cienyer ¢ pazpeweHruem 300 dpi a1 KOHTpaCTHBIX
yepHO-0enbix pucyHkoB u 600 dpi — i nonyToHOBBIX. L[BeTHBIE miTroCTpanuy J0MmycKa-
I0TCS 110 COMNIACOBaHMIO ¢ pefakuueil. O003HaueHus1, TepMUHBI, WIITKOCTPAaTUBHBINA MaTepua,
CITMCOK JIUTEPATYPhI JIOJKHBI COOTBETCTBOBATH JieHcTBytoM ['OCTam.

[lepedenb nuTEpATYpPHBIX MCTOYHUKOB IMPUBOAMTCS OOLIMM CHHCKOM B KOHIIE CTaTbU
(Harvard Style). Cniucok cocrapisiercs 1o andaBHTy, CHayala CJIeAyl0T HICTOYHUKU Ha pyc-
CKOM, 3aTeM — Ha aHrMiickoM. Jluteparypa nomxHa ObITh odopmiieHa coracHo ['OCT P
7.0.5-2008. OTCBIIKY HA IUTEPATypPy B TEKCTE MPUBOIATCA B KBaJAPATHBIX CKOOKAX B CTPOKY
C TEKCTOM JJOKyMeHTa. Eciii cChIIKY NPUBOIAT Ha JOKYMEHT, CO3/1aHHBIN OHUM, AByMs WX
TpeMsi aBTOPaMU B OTCBHUIKE YKa3bIBAIOT (haMIIIMIO NIEPBOTO aBTOPA U COKPAICHHUE «H JP.»
(«et al.y 1 TOKYMEHTOB, Ha SI3bIKAX, MPUMEHSIONINX JIATUHCKYIO TpaduKy); €CIIU aBTOPHI
HE yKa3aHbl — yKa3bIBAIOT Ha3BaHME JIOKYMEHTA; Jlajee YKa3bIBalOT O U3/1aHUS U MPH He-
00X0IMMOCTH CBE/IEHUs JONONHAIOT yKa3aHUeM cTpaHull. CBeleHUs B OTCBUIKE pa3/ieistoT
3ansaToi. Eciu oTChIIKa COAEPIKUT CBEIEHUS O HECKOJIBKUX CCBUIKAX, TPYIIIBI CBEACHUH pa3-
JEJISI0T 3HaKOM TOYKa C 3alAToi. B oTchuIKe IoIycKaeTcst COKpallaTh JUIMHHBIE 3arlaBys,
0003Hayas OIlycKaeMble CI0Ba MHOTOTOYHEM C IPOOETIOM /10 U MOCIIE 3TOTO MPEIIHNCAHHOTO
3HaKa.

AApPEC PeAaKLNN:

Poccust, PCO-Ananus, 362002, Poccus, r. Biiagukaskas, yia. Mapkosa 93a, ['eodusude-
ckuit nunctutyt BHIL PAH, Penakmus xypnana «I'eonorus u reopusuxa FOra Poccuny. Te:
8 (8672) 76-19-28; daxc: 8 (8672) 76-40-56, e-mail: southgeo@mail. ru
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INFORMATION FOR AUTHORS

The journal “Geology and Geophysics of the South of Russia” publishes original
articles of theoretical and methodological nature on geology, geophysics and geochemistry,
the results of studying the composition and structure of the Earth’s crust and mantle, the
formation processes and the general patterns of mineral resources, geophysical methods for
their detection. The subject of the journal corresponds to the current nomenclature areas of
knowledge of the Higher Attestation Commission of the Ministry of Education and Science of
the Russian Federation: 25.00.03 — Geotectonics and geodynamics; 25.00.10 — Geophysics,
geophysical methods of mineral exploration; 25.00.11 — Geology, prospecting and exploration
of solid minerals, minerageny; 25.00.23 — Physical geography and biogeography, soil
geography and landscape geochemistry; 25.00.35 — Geoinformatics; 25.00.36 — Geoecology
and related scientific directions..

For works of a regional nature, preference is given to articles that reveal the various
issues of the geological structure of the South of Russia and adjacent territories.

According to the gradation of Sciences accepted in the international citation systems
Scopus and Web of Science articles for publication in the journal “Geology and Geophysics
of the South of Russia” are accepted by the following branches and groups of Sciences:

1. Earth and Planetary Sciences;

2. Environmental Science.

The journal “Geology and Geophysics of the South of Russia” publishes:

— articles interpreting the new scientific research results of volume not more than 10
typewritten pages including illustrations and tables;

— brief messages containing information on the important results of the preliminary
research of volume 3-5 pages (these materials can be used in the full article text);

— reviews of the typewritten articles on the actual problems on current geological,
geophysical and environmental problems of the South of Russia and adjacent territories,
volume 20-25 pages by the editor’s order.

All papers must correspond to the journal theme. The presented manuscripts pass the
preliminary and total reading stages and if necessary are sent back to the authors for the
correction and finishing. The manuscripts are published in Russian and in English, the abstracts
in Russian and in English as well. The journal publishes only the original articles. The author
is fully responsible for the requirement. The manuscripts are not returned to the authors in
case of being rejected in publication. The editor also does not return the materials sent. The
editor has a right to make reductions and corrections of the article text. All corrections in the
text and figures can be done by the authors only at the stage of the typesetting preparations.
The infringement of the manuscript submission guidelines will lead to the article rejection.
The publication is free of charge for authors of papers written by request of the publisher,
and for graduate students. Reprinting is allowed only with the editorship permission with the
obligatory references to the journal «Geology and Geophysics of the South of Russiay.

Instructions for the authors

Acceptance of materials for consideration is carried out through the electronic service
http://www. geosouth. ru or by mail to the Publisher address: 93a, Markova Street,
Vladikavkaz, Russia 362002, Geophysical Institute of VSC RAS, the editorial office of the
journal «Geology and Geophysics of the South of Russiay.

The following materials should be presented:

— an article (structure and rules see below),
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— a separate sheet with the information about the authors: surname, name, patronymic
name, scientific degree, rank, a name of the organization, office and home address and
telephone number, e-mail (if exists) and the reference to the author to contact with;

— a confirmation from the organization if the presented materials are the result of the
work carried out in that organization; the journal heading (section) should be pointed out in
the confirmation;

— an expert conclusion or any other document allowing the publication in the open press
confirmed by the organization head and proved with the stamped seal; the expert conclusion
is presented only by the authors from Russia.

If materials are submitted by electronic service, paper copies of the manuscript are not
required to be submitted to the editorial office. When registering online, you must follow the
step-by-step instructions for uploading files. When sending materials by regular mail, you
must attach two paper copies of the article, signed by all authors. Text prepared in accordance
with the general technical requirements is printed on one side of an A4 sheet. An annotation
with the title, authors and their affiliation given at the beginning is printed on a separate
sheet. Signatures to the figures are also provided separately. Each table and figure should be
printed on a separate sheet. At the bottom of the page with an illustration, you must specify
the number of the picture. It is also necessary to attach an electronic version on any portable
storage device or, in agreement with the editors, send the relevant materials by e-mail.

The article lay-out rules (submission guidelines)

The following information should be pointed out on the first page: universal decimal
classification, the article heading (title) in Russian (Sentence Case, without quotation marks,
without division of a word, without a full stop at the end, underlining isn’t used), point 20
semi bold, centre aligning; the authors surnames, academic degrees and titles (point 14 semi
bold type, the right-edge aligning), the organization name, post address, town, country and
e-mail of corresponding author.

The abstract should be 250-300 words without formulas and literature references. In
case a manuscript is presented in Russian, the abstract should be repeated in English with the
article heading (title), surnames and names in this language. In case a manuscript is presented
in English, the Russian variant must be supplied. The abstracts are typed in Times New
Roman (12 point) in one file in the following order: the article heading (title), the authors, the
name of the organization, the abstract text in Russian with the further information in 2 lines
in the same sequence in English. The abstracts are also published in the journal site www.
naukagor. ru (in Russian and in English). Keywords (5-8) that reflect the theme of the article
must be specified at the end of the abstract.

The article text is typed in Times New Roman (14 pt) through an ordinary interval
aligning along the format. A subtitle is typed in italics, aligning along the left edge. The
common terms, measurement units and conventional symbols similar to the whole article
are used. The decoding of all symbols is given for the first text use. The Latin alphabet
letters are typed in the italics while the Greek letters in the straight type. The mathematical
symbols lim, lg, In, arg, const, sin, cos, min, max, etc. are typed in the straight type. The
symbol shouldn’t coincide with the over symbol element in the chemical elements (H,O)
and measurement units (MW/cm?) and must be of the straight (ordinary) type. One shouldn’t
mix similar written letters of the Latin, Greek and Russian alphabets and should use the
proper macros. The letters [ and J, vand v, eand I, hand n, g and g, V and U, O (letter) and 0
(zero) must differ in inscribing. There must be a sign of the continuous gap between a value
figure meaning and its dimension. The hyphen is not used; the gap character also mustn’t
be used in the text for the lay-out. The formulas are designed with the help of the built-in
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formulas processor (Microsoft Equation), the enumeration being done in the round brackets
(2), aligned along the right edge; the decoding of all signs (letters) in the formulas is given in
the order of the formula reference. To avoid the errors and misunderstandings, the editorial
staff recommends the authors to use the Latin, Greek and other (not Russian) alphabet letters
in the formulas and to keep to the omission sizes while the formulas printing. Large formulas
must be divided into separate fragments. If possible, the fragments must be independent;
each line is a separate object. The enumeration and punctuation marks should be put into
an ordinary text separately from the formulas. The tables, pictures and photos are placed
inside the text and must have a through numeration along the text (not by the sections!) and
their own headings. The titles of all tables, pictures and photos are presented in Russian (11
point, italics). The numeration of the picture symbols is given in clockwise order or from
up to down. The pictures should be done in the computer form, preferably in Corel Draw or
compatible program using the following rules: a picture width — not more than 16.5 cm, a
line thickness: the main — 1 pt, auxiliary — 0,5 pt; for the symbols in the picture area — «Times
New Roman» type of 9 pt must be used. The vector pictures are written into the separate
documentary files. The photo pictures must be contrast and performed on the mat paper. The
scanned photos are written into the files of TIFF and JPEG format. To scan the image one
should use the resolution of 300 dpi for the contrast black-white pictures and 600 dpi for
semitone ones. The colour illustrations are admitted on the editorial agreement. All symbols,
terms and illustrations should correspond to the operative standards.

The list of references is given in the general list at the end of the article. The list is
compiled alphabetically (Harvard style); sources in Russian follow first, then in English.
Literature in Russian should be issued in accordance with GOST R 7.0.5-2008. References to
the literature in the text are given in square brackets in a line with the text of the document.
If a link is given to a document created by one, two or three authors, in the reference indicate
the name of the first author and the abbreviation “et al.”; if authors are not specified, the name
of the document is indicated; further the year of publication is indicated and, if necessary,
the information is supplemented with the indication of the pages. The information in the
reference is separated by a comma. If the reference contains information about multiple links,
the information groups are separated by a semicolon. It is allowed to abbreviate in a reference
long titles, denoting dropped words with an ellipsis with space before and after this prescribed
sign.

The editorial office address:

93a, Markova street, Vladikavkaz, Russia 362002, Geophysical Institute of VSC RAS,
the editorial office of the journal «Geology and Geophysics of the South of Russia». Phone
+7 (8672) 76-19-28; fax: +7 (8672) 76-40-56, e-mail: southgeo@mail. ru
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