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B craTbhe npeacraBieHbl pe3yabTaThl U3YYEeHUs YeThIpeX pa3pe3oB B HukHem IToBOJIKbE, comepKallnx
MHOTOUYMCJICHHBIE CJIeAbl KPUOTeHE3a B MO3IHEIICHCTOLEHOBBIX Cy0aspalibHbIX OTJIOXKEHUSIX, IIPEICTAB-
JIEHHbIEe TOHKUMM BEPTUKAJILHLIMU KIIMHbSIMU B JIECCaX U ITOYBAX, MHBOIOLUSIMUA U KJIIMHLSIMU B aJUTIOBU -
aJTbHBIX OTJIOXKeHUsIX. C 1IeJIbI0 YCTAHOBJIEHUS 3TAIlOB pa3BUTUSI KpUOTeHe3a U TPaHULL PaCIIPOCTPaHEeHUS
KPUOJIMTO30HBI HAa TEPPUTOPUM I0ro-BocToka BocTtouHo-EBporeiickoit paBHUHBI aBTOpaMU OXapaKTepu-
30BaHa MOP(OJIOrKsl KPUOTEHHBIX CTPYKTYP, BHIITOJTHEHBI MOP(OCKOMNUST KBAPLEBbIX 3ePeH 1 MUKPOMOP-
¢donornueckure uccjaenoBaHus, pacuyeT KoapduimeHTa KpMOoreHHOM KOHTPACTHOCTHU, a TAKXKe aDCOTIOTHOE
IaTUpOBaHKUE OTIOXeHU. Ha naHHOM TeppUTOpUHU YCTAHOBJICHO YEThIpe 3Tara pa3BUTUs KpUOTeHe3a B
TMO3IHEeM IUIeHCTOIIeHe, KOTOPhIE pPa3IMJaaricCh M0 TUIY, MacIiTady pacmpoCTpaHEeHUs U YCIOBUSIM oOpa-
30BaHUsI KPUOT€HHBIX CTPYKTYP. [Tpoliecchl KpUOTeHHOTO MPeoOpa3oBaHMsI OTJI0XEHU I B peTHOHE ITPOUC-
XOOWJIM B YCIOBUSIX KaK CE30HHOIO IIPOMEp3aHMsi, TaK U Pa3BUTUS MHOTOJIETHEH KPUOJUTO30HHI.
OHU OIpenesIVIM COCTAaB, CTPYKTYPY U OCOOEHHOCTU CTPOCHUS JIECCOBO-TIOUBEHHBIX CEPUIA U AJJTIOBUATb-
HbIX c10eB. [TosyueHHbIE pe3y/IbTaThl CYLLIECTBEHHO YTOUHSIIOT COBPEMEHHbIE IIPEACTaBIEHUS 00 YCIOBUSIX
dopMupoBaHus areabcKux oTIoXeH HuskHero IToBOIKbS M MacIITA0bl pACIIPOCTPAHEHUST KPUOJIUTO-
30HBI Ha 1ore BoctouHo-EBporeiickoil paBHUHBI B ITO3HEM IUIEHCTOLIEHE.

Karouesvie crosa: nécchl, MaIeOKPUOIUTO30HA, MUHEPATOTMYECKUI aHAIN3, KOA(MOUIIMEHT KPUOTeHHOM

koHTpactHocT, OCJI-matupoBaHue
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BBEJIEHHME

OmHUM U3 OPUPOOHBIX SIBJICHUM, TTOJYYMBIINX
IIMPOKOE pacIpocTpaHeHue Ha Tepputopun Boctod-
Ho-EBporeiickoii paBHUHbI B TIO3AHEM TLUIEHCTOLIEHE,
SIBIISIETCSI TIEPUIJISILIMAIbHASI KPUOJIUTO30HA. 3/1€Ch BbI-
SIBJIEHbl MHOTOYMCJIEHHbBIE CBUIETEJILCTBA CYLIECTBO-
BaHUSI MEP3JIbIX TTIOPOM B BUIE PA3HOOOPA3HBIX KPHO-
TEHHBIX CTPYKTYP, 9acTO (hOPMUPYIOIINX KPUOTCHHbBIC
ropu3oHThl. IlocaenHue, B CBOIO ouyepenb, SIBJISIFOTCS
BaXHBIMUA XPOHOCTpaTUrpapUIECKUMU  perepamMu.
B Hacrosiee BpeMs1 AeTaabHasi pEKOHCTPYKLIUS 3Ta-
MOB pPa3BUTUSI KPUOTreHe3a, YCJIOBUII MNPOSIBICHUS
KPUOTEHHBIX IIPOLIECCOB W BBISIBJICHUE T'PAaHULIbI
MaKCUMaJbHOI'O pacIpoCTpaHEeHUs 00JIaCTU MHOTO-
JIETHeit Mep3J10Thl Ha TeppuTopun BoctouHo-EBpo-
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MENCKOM paBHUHBI B TIO3THEM IIJIEMCTOLIEHE OCTAIOT-
Cs1 aKTyaJlbHOM ITpo0IeMOoii COBpeMeHHOM Tajieoreo-
rpacuu.

XAPAKTEPUCTUKA
PAMOHA NCCIIEAOBAHNUN

OmHUM U3 paliOHOB OMCKYCCMOHHOIO pPacIipo-
CTpaHEHUsI MHOTOJETHEW MEep3JIOTBl B II03IHEM
nieiictorieHe Ha BocTtouHo-EBponeiickoii paBHUHE
apisietcst [lpukacnuiickas Hu3MeHHOCcTb. B Hux-
HeM [loBoskbe, Ha 3HAYUTEJIHLHOM MPOTSKEHUU
Bonro-AxTyOMHCKOI HOJWHBI, OXapaKTepu3oBaHa
cepud pa3pes3oB, CoNePKALINX YHUKATBHYIO 3aITUCh O
YEeTBEpTUYHOI MCTOpUHU KoJiebaHuil ypoBHs1 Kac-
MNUICKOro MOPSI B BUIIE YePEAYIOIINXCS MOPCKUX, aJl-
JIIOBUAJIBHBIX U Cy0aspalibHbIX oTioXeHuil (Pemo-
pos, 1957; Bacunbes, 1961; Csurou, SAHuna, 1997,
Koltringer et al., 2021; Kurbanov et al., 2021). OnHa-
KO B 3HAQUUTEJIbHOM MO OObEMY OMYyOJIMKOBAHHOM
MaTepuajie BCTpEeUyaloTCsl JIMIIb KOPOTKME U OTPbI-
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BOUHBIE ONMUCAHUS MajeoreorpaduiecKux yCcaoBHiA
perpeccuBHbBIX 310X Kacnuiickoro Mops.

HengocTtarouHOCT, MaTepUalioB MO PEKOHCTPYK-
LMK JJaHAAa@TOB U KJIMMaTa BO BpeMsl IIPOIOJIKM -
TeJbHOI artenbckoil perpeccun (MUC 4 — Havano
MUC 3) cBg3aHa, BO-TIEPBBIX, C MaJILIM KOJWYE-
CTBOM M3YYEHHBIX Ha COBPEMEHHOM ypOBHE paspe-
30B, 4 BO-BTOPBIX, C TEM, YTO OCHOBHOE BHUMaHUE
KCCIIeloBaTeiell peruoHa ObLIO HAlpaBeHO Ha de-
TaJIbHYIO XapaKTepUCTUKY MOPCKMX OTJIOKEHUI pa3-
JIMYHBIX TPaHCTPECCUBHBIX 3TarnoB Kacnmiickoro
Mopsi. PEeKOHCTpYKIIMST SBOTIOLIMA MEP3JIOTHBIX IIPO-
LIECCOB B OTJIOKEHUSX MO3AHETO IUIeCTOLIEHA U UX
BJIMSTHUSI Ha OCOOEHHOCTU CeAMMEHTAllMU MOTYT
IMO3BOJIMTh NPUOJIU3UTHCS K TIOHUMAHUIO MaJeoreo-
rpapmyecknx ycinoBuit (hopMUpOBaAHUS CcyOaspaib-
HBIX OTJIOKEHUI B perpeccuBHbIe anoxu Kacmus.

I'pyHTOBBIE CTPYKTYpPHI, OOBSICHSIEMbIE KPUOTCH-
HBIM IIPOUCXOXICHUEM, oTMeuanuch B HuxkHewm ITo-
BOJIXKbeE psiioM ucciienoBareneii (Denopos, 1957; Ba-
cuibeB, 1961; MockButnH, 1962; lllkaroBa, 1975;
Csutou, fnuna, 1997). OnHako mJaHHBIE O CYIIECTBO-
BaHUM MEP3JI0Thl B MO3QHEM IUICiiCTOLIEHEe Ha JaH-
HOW TEPPUTOPUU, a TAKXKE UHTEPIIPETALIASA YCIOBUN
dopMUPOBaHUS U PA3BUTUS CTPYKTYP, IPAKTUUECKU
oTcyTcTBYIOT. Cpenu 3a(hMKCUPOBAHHBIX CTPYKTYP
BBIACIISIIOT MPEUMYIIECTBEHHO MEP3JIOTHbIE KOTJIBI,
LIEJIbHUKHU U TICEBIOMOP(O3bI MO BBITASIBIIUM IO/~
3eMHBIM JbgaM. B cBoeit padore HO.M. BacuibeB
(1961) omuchiBaeT HaJu4ue CTPYKTYp (IICEBIOMOP-
¢o3bI, cKkIamuaTeie e opMalu 1 KpUOTypOaInm)
B paspesax CpenHsag Axtyba, Uepnsrii Sp, Paiiro-
pon, KomaHoBka 1 Ap., OTHOCS UX K MEP3JIOTHBIM.
A.N. MockButuH (1962) Tak ke OrpaHMYMBaETCS
YIIOMWHAHUEM MEP3JIOTHBIX SIBJICHMII B paspes3ax
YyeTBepTUYHBIX oOpasoBaHuii CeBepHoro Ilpuka-
cnust 6e3 MHTepIIpeTalluy yCJIOBUI X (hopMUpoBa-
Hust. OOLIMPHBIN 0030p auTepaTypbl no HunkHei
Bouire ¢ xapakTeprucTUKOI YCIOBU BpeMEeHU HaKOM -
JIEHUS aTeJbCKUX PErPECCUBHBIX M XBaJIbIHCKMX
TpaHcrpeccnBHBIX (Bropast nojosnHa MUC 3 — MUC 2)
OTJIOXKEHMI (IT0 JaHHBIM (PayHUCTUYECKOIO U (pio-
PUCTUYECKOTO aHaJIM30B) IIPEICTaBICH B padoTe
B.K. IIIkaToBoit (1975). Ocoboe BHUMaHUE yOSJIEHO
onvcaHuio u poroukcalu pa3pe3oB YeTBEPTUY-
HBIX OTJIOXeHUiIT Ha Tepputopun HusknHero ITosod-
XKbsI, a TaKXKe KPUOTE€HHBIX 00pa3oBaHUil (IIeIbHU-
KOB/KJIMHOBUIHBIX CTPYKTYP Y MTHBOJIIOLIIA).

Boinenenusie ctpyktypsl B HuskHem TloBoskbe
MPUYPOUYEHBI K aTEJIbCKOU CBUTE, MPEACTABICHHON
NPEUMYILECTBEHHO JECCOBBIMU OTI0XEHUSIMMU. Jlec-
COBbIE€ IIOPOJbI, KaK KOHTHMHEHTAJbHbIC AapXUBbI
MJIeHACTOLIEHOBOI UCTOPUU, IIPEACTABIISIIOT OOJIBILION
WHTEPEC, MTOCKOJbKY MOTYT IaTh OTBET HA BOIIPOC O
najgeoreorpapuueckux yCIOBUSIX BPEMEHM WX Ha-
KOITUIeHUS U JaJibHeliliero npeoodpazoBaHus. JIEcco-
BbI€ OTJIOXKEHMUSI IIIMPOKO pacIIpOCTPaHEHbI B IIpee-
JlaxX TIepUIJISILIMaIbHOM 30HBI BocTouHo- EBporneiickoit
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paBHUHBI. BMecTe ¢ MOYBEHHBIMU TOPU3OHTAMU OHU
00pa3yloT JIEcCOBO-NIoYBeHHbIE cepun (Bemmuko, 1973).
B pesynbTaTe padboT MeXXAyHApOMIHOM IPYIIbI UCCIe-
noBarteseil mon pykoBoactBoMm P.H. Kyp6anoBa u
T. Cruenca B Huxknem IloBomkbe mogpoOHO omnu-
caHa U MpoaHAIU3MPOBaHA CEPUS pa3pe3oB, Coaep-
JKallUX 3HAYMTEIbHbIE MO MOIITHOCTH JIECCOBO-TIOY-
BEHHbIE CEPUU, TIOJTYUYEHBI JaHHbBIE O BO3pacTe U re-
He3uce 3Tux otioxeHuil (Koltringer et al., 2020,
2022; Taratunina et al., 2021, 2022; Kurbanov et al.,
2022).

Wccnenosarenu cBsI3bIBAIOT (POPMUPOBAHUE KPUO-
TeHHBIX (POPM 1 0OPa30BAHUIL B PHIXJIBIX OTJIOXEHM -
SIX U, B TOM YMCJIE, B JIECCOBO-TIOUYBEHHBIX CEPUsIX, C
MOHUXEHUEM TeMIEPaTyp B peTMOHE, T03TOMY U3Y-
YyeHUe KPUOTEHHBIX CTPYKTYpP MOMOTaeT OTBETUTh Ha
BOIIPOC O Tajieoreorpadruyeckux yCaoBUsIX BO BpEMS
ux dopmupoBaHus. Hanbonee neranbHbie pabOThI
M0 M3yYEeHUIO0 MCTOPUMU MaJCOKPUOJUTO30HbBI BbI-
MOJIHEHBI 711 TeppuTopuu EBporbl — Ha paBHUHAX
BocrtouHoii EBporbl, re BCTpeyaeTcsi Bce MHOT000-
pasue UCKOIaeMbIX MEP3JIOTHBIX 0Opa3oBaHuii (Van-
denberghe et al., 2014), B eBporieiickoit vactu Poccun
(IToroB, 1960; Pozenbaym, 1985; IluHamuKka JaHI-
madTHBIX..., 2002; CerueBa, 2012; Crpenenkas,
2017).

JonuHa Huxneli Bojiru B OTHOLLIEHUM TIpeacTa-
BUTEJILHOCTHU Pa3pe30B YETBEPTUYHBIX OTJIOXKEHMIA,
MX TTOJIHOTHI, YCJIIOBUI 3ajieraHust U OOHAaXKEHHOCTH,
HACBIIIIEHHOCTU MaJIEOHTOJOTMYECKUM MaTepUaIioM
SIBJISIETCSI YHUKTbHBIM OOBEKTOM JIJ1sI TTO3HAHUST UC-
TOopuM pa3BuTUsI Kacrms m Koppeasaiun ero TpaHc-
rpeccuil M perpeccuii ¢ JISAHUKOBBIMU Y MEXJICTHM -
KOBBIMU COOBITUSIMU Ha BoctouHo-EBponeiickoii
paBHuHe. WM3ydeHHble pa3pe3bl pacHoOXEHbl B
HIDKHEM TeueHuu p. Bonru, nmo ee mpaBomy 6epery n
oeperaM Boiro-AXTyOMHCKOM TOJTTHEI.

MATEPUAJIBI U METO/1bl UCCJIEJJOBAHUN

JJist eppuTOpurit BHE COBPEMEHHOI KPUOJIUTO30-
HbI KOMIUIEKCHBIE UCCIIeIOBAaHMSI KDMOTEHHBIX 00Opa-
30BaHUiI METOIAMU MUHEPAJIOTUU U MUKPOMODPDO-
JIOTUM TIoKa equHUYHBI (Benuuko u ap., 1996; Ma-
keev et al., 2021), 1 Boripoc 0 BIMSIHUU KPUOTEHHBIX
MPOLIECCOB Ha MpeoOpa3oBaHUE COCTaBa U CTPOCHUS
OTJIOXKEHMIA, KaK M BOIIPOC O CYIIECTBOBAaHWUM U Tia-
pamMeTpax Mep3JIOThl B MEPUTIISIIIMATIbHON 30HE MO-
CJIE[THETrO OJIeJIEHEHUsI, OCTAeTCsl OTKPBITHIM.

B ocHOBY paboThl MOJIOXEHBI Pe3yJbTaThl KOM-
TUIEKCHOTO M3YYE€HMsI YeTbIpeX OIMOPHBIX pa3pe30oB
Bouaro-AxtyOuHCcKoOI 1oauHkbI (puc. 1): Ha JeBoM Oe-
pery ucciaegoBaHbl CpenHsist AxTyoa, JleHuHck u ba-
TaeBKa, Ha IpaBoM — Paiiropon. Bce oHU BCKpBIBAIOT
CTPOE€HUE HUXXHEXBAJIBIHCKON paBHUHBI CeBepHOTo
[Mpuxkacnus: penepHbIi TOPU3OHT IIOKOJAIHBIX
[JIMH XBaJILIHCKOI TpaHCTPeCCUU, MoubaluaibHYyIO
TOJIILY AaTebCKUX KOHTUHEHTAJIbHBIX OCAIKOB U
Ne 3
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Puc. 1. O6mwmii Bun paspe3oB Cpennsist Axtyoa (a), Paiiropon (0), bataeska (B), JleHUHCK (T) 1 MX pacIiojioxkeHue (1) B mpe-
nenax Huxnero [ToBomxbs.

Fig. 1. General view of the Srednyaya Akhtuba (a), Raygorod (6), Bataevka (B), Leninsk (T) sections and their location in the

Lower Volga Region ().

KOMILJIEKC OTJIOXKEHUI, CBSI3aHHBIX C 3IIOXO0M Xa3ap-
ckoro (~MMUC 5) tpancrpeccuBHoro aTamna Kacrnus.
B ceBepHOii yacTu paiioHa MCCIIETOBAHUM IO MOIII-
HOCTH pe3KO IIpeob1agaioT cybaspajlbHbIE OTIIOXKE-
HUSI, B KOTOPBIX Ha Pa3HBIX YPOBHSIX OTMEYAIOTCS
CTPYKTYPHI 110 TUITY TICEBIOMOP(03 1 KPUOTYpOALIMIA.

ITon nceBmoMopdo3aMy B JaHHOI CTaThe MOHU-
MAaIOTCSI BTOPUYHbBIE CTPYKTYPhI, BO3ZHUKIINE B pe-
3yJbTaTe 3aMEIlIeHUsI OMHOIl IOPOAbI IPYroil ¢ co-
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XpaHeHUEeM BHEIIHUX (POpPM KMCXOMHOIO MaTepuasa.
CornacHo 3ToOMy OIpeIeSICHUIO K TAKOBBIM OTHOCSIT -
csl M M3ydaeMble HAMU CTPYKTYpbI, KOTOpbIie chop-
MUPOBAJIMCh B pe3yibTare MpOTauBaHUS Jbla U 3a-
MOJIHEHUS BBILLIEJICXKAIIUM MAaTePUATIOM.

IMoneBbie pabOTHI BKIIIOYATIU PEKOTHOCIIMPOBOY-
HbIE UCCIIEAOBAHUSI, 3a4MCTKU KPUOT€HHBIX CTPYK-
Typ, UX JeTallbHOE OMMCAaHUE B CTEHKE pa3pesa, OT-
0op 00pas3loB M J1adbOpPaTOPHBIX HCCIIEIOBAHUA,

Ne 3 2023
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reoae3nvecKyIo MpUBI3KY TpaHUIl TOPU30HTOB U TO-
Yyek oTOopa o0pas31loB.

KommekcHoe j1adopaTopHoe U3y4eHHUE OTIOXKE-
HUil BBITIOJIHEHO B MHCTUTYTe Kpuochepbl 3eMin
TiomHIL CO PAH (Tiomenn), MHCcTUTYTE Teorpa-
¢un PAH (Mocksa), B CKaHIMHABCKOM 1abopaTo-
puU JIIOMUHECLHIEHTHOTO natupoBaHus (OpxyccKuit
yHuBepcuteT, danwus). M3ydeHbl MHUHEpajoruye-
CKUI1 COCTaB OTJIOXKEHUI U OCYILECTBJICH PacyeT KO-
adppunmenta kpuoreHHoit koHTpacTHocTU (KKK),
MopdoCcKoTMs KBaplEeBbIX 3€peH 1 MUKPOMOP(OJIO0-
TMYECKOe CTPOEHUE, BBIIIOJIHEHO a0COJIOTHOE JIIO-
MUHECLIECHTHOE JaTUPOBaHUE.

HN3yueHue MUKPOCTPOEHUSI MPOBOAMIOCH IIPU
TMOMOIIIM PACTPOBOTO 3JEKTPOHHOTO MMKPOCKOIIa
TM 3000 (Hitachi) B koMILJIeKCE ¢ 9HEPro-aucHep-
CHUOHHBIM criekTpoMeTpoM Swift 3000 B 1ByX acriek-
Tax:

1) nzyyeHue MUKPOCTPOEHUST 0Opa3llOB HEHAPY-
IIIEHHOTO CJIOXKEHMUS TI0 CKOoJIaM HeOOoJIbLIMX 00pas-
noB (0.5—1.0 cm?). INonroroBka 06pas3LOB Ul aHA-
JIN3a BBIMOJHSIACh MyTeM pacKajlbiBaHUsI obOpasiia
Ha JIBE YaCTU, KOTOPbIE TPUKJIEUBAJIUCh HA TPEAMET-
HbIi CTOJMUK TBUIbHOW CTOPOHOM; Aajee, COriacHO
OOBIYHOI MpoLEenype MOATOTOBKM 00Pa3L0B 115l UC-
CJIeIOBaHMUSI B 2JIEKTPOHHOM MUKPOCKOIIE, TPOU3BO-
JWJIOCh HamnbUIEHUE 30JI0TOM ISl CO3JaHUsl TOKO-
npoBosiero mokpwitus (Kypuatosa, Poros, 2020);

2) U3ydyeHrue MUKPOTEKCTYPHBIX XapaKTepUCTUK
MOBEPXHOCTU KBaPIIEBBIX 36PEH, KOTOPbIE MOT'YT CO-
XpaHSTbCS B TEYEHUE UIMTEILHOTO BPEMEHU U HECYT
HaunboIbIlIee KOJTUYECTBO MH(OPMALMU 00 YCIIOBUSIX
cenumeHTaluu otioxeHuii (Krinsley, Doornkamp,
1973; Vos et al., 2014; Woronko, Pisarska-Jamrozy,
2015; KypuartoBa, Poros, 2020). MccnegoBanme 06-
pPas3110B MPOBOANIIOCH B 3JIEKTPOHHOM MUKPOCKOTIE C
aHAJIOTMYHOU MPOOOIOArOTOBKO# (pacmbuieHUuEe Ha
VIJIEPOHBIN TUIACTBIPh U HAIbUIEHUE 30JI0TOM).
[1pu n3yuyeHnn ocoboe BHUMaHMUE yIEASIOCh (hopMe
4yacTull, pejibedy MOBEPXHOCTU, HATUUYUIO CKOJIOB,
CTPOCHUIO arperatoB, OpraHUYeCKUM U MUHEpPasb-
HBIM BKJIIOUEHUSIM.

st peKOHCTPYKIIMU YCJIOBUA pa3BUTHSI MHOTOJIET-
HEl Mep3JI0Thl PEerMoHa B MPOIILIOM ObUI MPUBJICUEH
rokasaresib, XapakTepusylolllUii CTereHb y4yacTusi B
(opMupoBaHUN OTJIOXKEHUI TIpolecca KPUOTEHHOTO
BbIBETpUBaAHUSI — KOA(DMPUIIMEHT KPUOTeHHON KOH-
tpactHocTu (KKK). st pacyera nanHoro koagbu-
ureHTta (Konwuies, Poros, 1994) HeoOXomuMo BHI-
MOJTHUTh MUHEPAJIOTUYSCKUI aHaIN3 IBYX (PpaKIINiA:
toHkoro Trecka (0.05—0.1 MM) ¥ KpymHOM IIbUIN
(0.01—0.05 mMm). OnpenelieHue MUHEPAIOrNIECKOIO
COCTaBa BBITIOJHSJIOCH C UCMOJIb30BAHUEM PEHTIe-
HOCTpyKTypHOro nudpakromerpa D2 PHASER
(Bruker). MaTepnipeTalivst peHTreHorpamMmm audpak-
TOMETpa MPOBOJAMJIACH C TTOMOIIBIO TIporpamm Dif-
fracEva u DiffracTopas. 1o mpencraBieHUIO OCHOBO-
nojoxHuka storo metona, B.H. Konuiena (KoHu-
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meB, 1999; KonumieB u ap., 2005), snadenus KKK
MO3BOJISTIOT TIPOBECTU KOPPEJISILIMIO CO CPETHETON0-
BOIT TeMIIEpaTypoii MOBEPXHOCTU TPYHTOB.

st co3naHusi HaJeXKHOW OCHOBBI XPOHOCTPATU-
rpaduuecKrx KOppessiuii BEITTOJTHEHO abCOMIOTHOE
JIaTUPOBaHUE METOJOM OITUYECKU CTUMYJUPOBAH-
Hoii momuHecteHu (OCJI). IlepBble pe3yabTaThl
IaTUpOBaHUS OBIIM ONMyOIMKOBaHKI B (SIHMHA n 1p.,
2017), netayiv JaTUPOBAHUS U TIOMUHECIIEHTHbBIE Xa-
paKTepUCTUKU 00pa3loB onyoaukoBaHbl B (Kurba-
nov et al., 2021). OT6op 00pa3lOB MPOUCXOAUT B
TEMHOE€ BpPEMSsI CYyTOK B CBETOHEMPOHUIIAEMbIE Yep-
HbIE MaKeThl JIMOO TJIACTUKOBbIE TPYObI MOCE Mpe/-
BapuUTEJbHON 3aUMCTKU MecTa OTOoOpa. XrMuuecKas
MOJArOTOBKA 00Pa31l0B BbIMOJHEHA MO CTaHIAPTHOMU
Mmetoauke (Kurbanov et al., 2021).

JlroMuHecLieHLIMS BbIIEJICHHBIX (DpaKIUii KBapua
Y MOJIEBBIX IITIATOB U3yYeHa C UCMOJIb30BAHUEM PU-
nepa TL/OSL Risg DA20. [Ins1 oTnoxkeHUid JaHHBIX
pa3pe30B MPOBEAEHBI CTaHAAPTHHIE TECTHI: JJIs KBap-
LIEBBIX 3€pEeH MPOBEIACH “TeCT YUCTOThI” 11 OLIEHKU
YKCTOTHI JaTUPYEMOro MaTepralia; IIpoBeIcHa IIpeaBa-
puUTeNbHasT OILICHKA SKBUBAJICHTHOM JTO3bI; BBITIOJIHEH
TECT BOCCTAHOBJICHUSI TO3bI JIJIST OLIEHKU JOCTOBEPHO-
CTU M3MepeHusT pudopom. MsmepeHust S5KBUBaJICHT-
HOI1 703l KBaplla MPOBeACHbI IO CTAHAAPTHOMY IIPO-
Tokoay SAR (Kurbanov et al., 2021), a olLileHKa J103bl
K-moneBoro 1mnara BeinojHeHa mo npotokoiay IRSL
SAR (Buylaert et al., 2012), 9TO TTO3BOJISIET IIPOBECTU
CpaBHEHME UTOTOBBIX BO3PACTOB 10 KBAPILy 1 KaJlle-
BBIM IIOJIEBBIM IIIIIaTaM U OLIEHUTH CTEIIEHb OOHYIIE-
HUS JTIOMUHECILIEHTHOTO CUTHAJIa 1O MOMEHTa 3aX0-
poHeHust MaTepuasia. KoHIleHTpalysi paiMoHYKJINIOB
OblIa paccyMTaHa ¢ MOMOIIIbIO FAMMa-CIIEKTPOMETPOB
BBICOKOTO pa3pemreHust (Murray et al., 1987).

Jlns paspesa Paiiropon (puc. 2) MCnoib30BaHbI
pe3yabTaThl OaifecoBckoro mopaenupoBaHus (Tara-
tunina et al., 2022). bonee meraabHast nHGOPMAIIHSI O
JIIOMUHECLIEHTHBIX XapaKTEPUCTUKAX OTJIOXKEHUN U
pe3yJabTaTax JaTUPOBaHUsS MPUBEACHA B CIIELIMATb-
HBIX paborax mo paszpe3am Paiiropon (Taratunina
et al., 2022) u Jlenunck (Kurbanov et al., 2022).

PE3VJIBTATbBI 1 OBCYXIEHUE

Pezyrbmamot noaesvix ucciedosanuii. OOGHaKeHNE
Cpennsaa Axryda pacnonoxeHo B 500 M BOCTOYHEe
HacesieHHoro nyHkTa CpenHsist Axty6a (puc. 2, Hyg,
14.9 M, 48°42°01” N; 44°53’37” E) u OTKpbIBaeTCs B
CTEHKE OTHOM 13 3pO3MOHHBIX OAJIOK, ITPOPE3AIOIIUX
MOBEPXHOCTh XBaJILIHCKOI Teppachl. Pazpe3 MolHO-
cTbo 20 M XapakTepu3yeT CTpOeH1Ee OTJIOXKEeHU, Ha -
KOTUBIIIMXCSI B 3IOXY aTesibcKoit perpeccun Kac-
MUICKOTO MOPSI, a TAK>Ke MOIIHYIO TOJILY IIIOKOJIaI -
HBIX TJIMH XBaJIbIHCKOM TpaHcrpeccun. OrnmcaHa
nonurdanaibHas TOJIIIa 0CaIKOB (CBEpXYy BHU3): CO-
BpeMeHHas IouyBa (KallTaHo3eM, cjioit 1); MolHas
TOJIIA IIOKOJAAHBIX IJIMH (cJiou 2—5); yepeaoBaHue
Ne 3
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Puc. 2. Koppesnsiiiusi u3ydyeHHbIX Ha Tepputopun HukHero I1oBoKbsi pa3pe3oB M 3TANOB Pa3BUTUSI KPUOTeHe3a B MO3AHEM
TUIeicTOLEHE.

1 — uHa; 2 — CyIMHOK; 3 — CYIech; 4 — MecoK; 5 — JIEcc; 6 — MaJleonouBbl; 7 — MajlakodayHa; § — KapOOHaTHbIE KOHKPEIIW;
9 — runcosbie “po3bl”’; 10 — KpOTOBUHBL; /] — 9pO3MOHHAsI rpaHula; /2 — KPUOTeHHbIE CTPYKTYPbI; /3 — KPMOTeHHbIE TOPU-
30HTHBI; /4 — 9Tanbl KpuoreHesa; 15 — kKoabduUMeHT KpuoreHHoi KoHtpactHoctu; 16 — OCJI-Bo3pacr, ThiC. J1.; 17 — Mozie-
smupoBaHHbIit OCJI-Bo3pacT, Teic. J1. CiieBa OT cTpaTurpaduIecKoil KOJTOHKM 0003HAYeHBI HOMepa CJI0EB; IIBET OTJIOXCHUI
OTpaXaeT eCTeCTBEHHBIN IIBET OCAIKa.

Fig. 2. Correlation of the studied sections in the Lower Volga Region and stages of cryogenesis in the Late Pleistocene.

1 — clay; 2 —loam; 3 — sandy loam; 4 — sand; 5 — loess; 6 — paleosols; 7 — malacofauna; & — carbonate concretions; 9 — gypsum
“roses”; 10— krotovinas; /1 — erosion boundary; /2 — cryogenic structures; /3 — cryogenic horizons; /4 — stages of cryogenesis;
15 — coefficient of cryogenic contrast; /6 — OSL-age, ka; /7 — modeled OSL-age, ka. Layers are marked on the left of the strati-

graphic column; the color of the deposits reflects the natural color of the sediment.

MaJIeoITouB U ajuTioBus (ciaou 6—12); TOpu30HT Jiec-
COBBIX OTJIOXKEHUIA, BEPXHSIS YaCTh KOTOPBIX pa3Mbl-
Ta (cioit 13); yepemoBaHue JIECCOB, B 3HAUMTEIBHOMI
CTENEeHU 3aTPOHYTHIX MEAOTeHEe30M, M Pa3BUTHIX Ia-
JeonoyuB (ciaou 14—19), o3epHO-TUMaHHBIE OTJIOXE-
Hus (cioii 20). OnucaHue pa3pesa, ero crpaTuurKa-
UsT U pe3yiabTaThl aOCONIOTHON TeOXpOHOMETPUM
MIpUBEIEHBI coriacHo pabore (SlHuHa u np., 2017).

YHUKanbHOI 0COOGEHHOCTBhIO paspe3a CpemHsis
AXTy0a SIBJISIETCS BBIPAXKEHHOCTh MO3IHETIICCTOLIE-
HOBOTO KpUOTeHe3a: B pa3pe3e YCTAHOBJIEHBI CJeabl
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MSITU TOPU3OHTOB C KPUOTEHHBIMU CTPYKTypamu B
BUIIE KPHOTYpOAIIWii U TICeBIOMOPdO3 pasTMIHBIX
Tunos (puc. 3, 4).

Ha rryoune ~6.2 M (OTH.) BBISIBJICHBI CJIC/bI TIep-
BOTo (CBEpXy BHM3) TOPU30HTA KPUOTEHHBIX CTPYK-
Typ (CA-1) B Bune nceBaoMopd o3, CeKyIIrx cioii 9.
Bcero B mpeaenax paCUMCTKUA BCKPHITO IIECTh CTPYK-
Typ, UMEIOIIINX Pa3HOOOpa3HbIe BEpTUKAIbHbIC pa3-
Mepbl (20—30 cM) u ¢dopMy: BOPOHKOOOpPA3HYIO C
pacuiMpeHrueM Ha KOHIIe, KIMHOBUIHYIO C 3aKpyT-
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Puc. 3. Kpuorennsie ctpykTyphbl B pa3zpede CpenHsist AxTy6a: (a) — KITMHOBUIHbBIC CTPYKTYPBI C TOPU30HTATbHBIMU OTPOCTKA-
MU TIepBoro KpuoreHHOro ropu3oHTta (CA-1); (6) — KpuoTypbany B aJUTFOBUAIBHBIX OTJIOXEHUSIX, BTOPOIl KPMOTEHHBII TO-
pu3oHT (CA-2); (B) — AByXypOBHEeBasI KpUOTeHHasI CTPYKTypa TpeThero KpuoreHHoro ropu3onTa (CA-3). Homepamu 0603Ha-
YEeHBI CJIOM, BbIIEJICHHbIE B KOJIOHKAaX Ha puc. 2.
Fig. 3. Cryogenic structures in the Srednyaya Akhtuba section: (a) — wedge-shaped structures with horizontal processes of the
first cryogenic horizon (SA-1); (6) — cryoturbations in alluvial deposits, the second cryogenic horizon (SA-2); (B) — two-level
cryogenic structure of the third cryogenic horizon (SA-3). Layers are from fig. 2 and are numbered.

JICHHBIM KOHIIOM, HEKOTOPBLIC MMECIOT TOPU30OHTAJIb-
HbI€ TUIOCKOCTHU U 3yO4uaThie Kpas (puc. 3, (a)).

Ha rimy6une 7.7 M (0TH.) HaOI0naeTCsI BTOPOii ro-
PU30HT KpHMOTeHHBIX CTPpYKTYp (CA-2), IIpencTaBiisi-
FOLIUI COOOM PsIA OKPYTJIBIX KITyOHEeoOpa3HbIX 0Opa-
30BaHuii (puc. 3, (0)), paccekawIlux MajacornouBy U
BHENPSIIONINXCS B HUXXEJIEXAIIUNA aJUTIOBUATIbHBIA
TOPM30HT; MaTepuall UX TMPencTaBIeH MeJTKO3epHU-
CTBIM TTECKOM KOPMYHEBOTO M CEPO-KEJITOTO IIBETA.
LleHTpasibHBIE YacTU OIMMCHIBAGMbIX OOpa30BaHMIA
c1abo OXeJle3HEeHBI; YacTh MX, 3aKJIOUEeHHas B Ia-
JIEOTIOYBE, UMEET 3aKpyTIeHHYIo rpaHuily. CTpyKTy-
pBI, BHEOPSIONIECS B aTIOBHATLHBIM TOPU3OHT
(cioii 10), UMErOT KJIMHOOOPA3HBI XBOCT.

Tperuit kpuoreHHblii ropu3oHT (CA-3) mpuypo-
YeH K KPOBJIE TOPU30HTA JECCOB. 31eCh, Ha TIyOuHE
9.1 M (OTH.), CJIOli CpemHE3ePHUCTOTO OTHOPOIHOTO
rnecKa ¢ TOpU30HTAIbHOM CIIOMCTOCTBIO 10 3PO3MOH-
HOM T'paHUILIe CMEHSIETCS TUIOTHBIM JIECCOM CBETJIO-
najgeBoro 1Berta. JIEccoBast Tojiia ooO1eit MOIHO-

TFTEOMOP®OJIOTUA U TTAJTEOTEOTI'PA®UA

cThio 5.0 M B BepxHeii 4acTH BKJIIOYAET Psii KPYITHBIX
ncesaoMopdo3. B pacuncTke BCKpbITa KpUOTEHHAs
CTPYKTYpa, HMelolllasi JABYXypOBHEBOE CTpOEHUeE
(puc. 3, (B)): BepxHsis1 (0ojiee UpoKasi) 4acThb Mpei-
cTaBJisieT co00i MeIIKOOOpa3HbIii KapMaH MIyOUHOM
70—75 cMm, mmmapuHOif 1o 40 cM, 3aTTOTHEHHBIN HEOI-
HOPOJIHBIM PBIXJILIM MECKOM TeMHO-0€XeBOro 1IBe-
Ta, CO CJIOUCTOCTbhIO, KOTOpasi yKa3bIBaeT Ha MOCTe-
MEHHOE 3aIl0JIHEHUE CTPYKTYPbl OT KPAaeB K LIEHTPY;
HVKHSISL 4acThb MceBIoMopdOo3bl TIpeacTaBieHa Kiu-
HOOOpPa3HbIM XBOCTOM IMIMPUHOK A0 20 cM, BepTu-
KaJIbHOW MpoTsikeHHoCcThlo 35—40 cMm. Ipanwuna
rnceBaoMopdo3bl U BMEILIAIOIIETO MaTepuala HepOB-
Hasi, C MHOTOUYUCJIEHHbIMU 3aBUXPEHUSMU U CKJIAJI -
KaMu, MOAYEPKUBAETCS TOHKOM JIMHMENH KapOoHa-
TOB.

CTpyKTyphbl 4YEeTBEPTOrO KPMOTEHHOIO TOPU30HTA
(CA-4, mryouna 14.1 M orH.), 3a)MKCHUPOBAHbBI B
cJIoe majieoIlouBhl (caoii 14) B Buae KIMHOBUIHBIX
ncesaoMopdo3 (puc. 4, (a)). lupuHa CTpyKTyp B
Ne 3
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Puc. 4. KproreHHbIe CTpyKTypHhI B pa3pesax HikHero [ToBomkbs: (a) — KIIMHOBUIHAS CTPYKTypa B rmasieoriouse (CA-4), (0) —
epeMsITUs B CTPOSHUH JIECCA M MAJIEONOYBhI Ha rpaHulie ciioeB 15 u 16 (CA-5); (B) — Memkoo6pa3Has rncesgomopdosa B ai-
JTIIOBUAIBLHBIX OTJIOKEHUSIX pa3peda Paiiropon; (r) — KIMHOBUIHAS CTPYKTypa B pa3pe3e baraeBka; (1) — ceTyarasi TeKCTypa B
OTJIOXKEHUSIX U TOHKWI XBOCT KPMOTEHHOM CTPYKTYPBI, 3alIOJIHEHHBIN JIECCOBBIM MaTepuasioM (YBEJIUYEHHBbIN (pparMeHT ¢

puc. 4, (1)); (¢) — TOHKUEe KJIMHOBUIHBIC (DOPMBI, 3aIIOJIHEHHBIE BBIIIEIEKAIIMM JECCOBBIM MaTepHUaloOM U CEKYIIMe Majaeo-
MOYBEHHbIE TOPU3OHTHI, pa3pe3 JIeHnHCK (3apucoBka). Homepamu 0603HaYeHbI CIOU.

Fig. 4. Cryogenic structures in the Lower Volga sections: (a) — wedge-shaped structure in paleosol (SA-4); (6) — deformation in
the structure of loess and paleosol at the boundary between layers 15 and 16 (SA-5); (B) — “bag-like” pseudomorphosis in alluvial
deposits of the Raigorod section; (r) — wedge-shaped structure in the Bataevka section; (1) — reticulate texture in sediments and
a thin cryogenic tail filled with loess material (enlarged fragment from fig. 4, (r)); (e) — thin wedge-shaped forms filled with over-
lying loess material and cutting paleosol horizons, Leninsk section (sketch). Numbers in circles indicate the layer numbers.

BepxHeil yact — 12—20 cM, BepTUKa/IbHasl IPOTsI-
KeHHOCTh — oT 0.6 10 1.0 M; paccTosTHrE MEXITY KT -
HbsiMU 40—60 cM. KiimHOBUAHBIE CTPYKTYPhI 3a110J1-
HEHBI BBILIEJIeXaIlM JIECCOBBIM MaTepuaioM. Bme-
IIAIOIINE OTJIOXEHUS XapaKTepU3YIOTCS CeTYaTOM

TCKCTypOfI, IIPpEAITIOJIOXKHUTEIbHO, KPUOI€HHOTIO IMPO-
HNCXOXKICHMUS.

Crenpl nisgiToro ropuszonTa (CA-5, miyouHa 15.5 m
OTH.) 3a(MKCUPOBaHbI B TajieonouBe (ciaoii 16) B
HIKHEM 4acTy pas3pesa U BbIpakeHbl B BUIE TOHKUX
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KJIMHOBUIHBIX IICEBAOMOP(} 03, CEKYILINX HIKeIexXKa -
L1 TOpU3OHT Ji€cca (caoii 17) 1 BHEOPSIOIINXCS B
MOBEPXHOCTD MAJICOIIOUBHI (C/I10i 18) MeIKMMU XBO-
cramu. KiMHBS MMEIOT OTHOCHUTEJIBHO IIMPOKUIA
pactpy6 110 Bepxy (12—20 cm), OBICTPO cyXaloTcs 1
MPOOOIXKAIOTCS B BUIE XBOCTOB, MHOIJA pacHagao-
mMxXcsl Ha 2—3 oTAelIbHBIX. BbIcOTa KJIMHOBUIHBIX
cTpykTyp oT 0.8 mo 1.5 M; paccTosiHUE MEXIY KJIv-
HbssMu 40—60 cM. 3amnoyiHeHBI CTPYKTYpHI OoJiee
CBETJIBIM JIECCOBBIM MaTepuajioM cios 15. I'panuna
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cioeB 15 u 16 HapylieHa HEPOBHBLIMHU 3y0YaThIMU
KoHTakTamu (puc. 4, (0)).

Paspes Paiiropon (puc. 2, H s 13.7 M, 48°25'53” N;
44°58’02” E) pacrojioxXeH Ha IipaBoM 6epery p. Bo-
ra, B 1 KM BocTouHee OJHOMMEHHOro ceia. Pazpes
SBJISIETCSL  CTPATOTUIIOM  aTEeIbCKUX  OTJIOKEHUA
Huxuero IToBomxbs (CBurou, fnumua, 1997), u
BCKPBIBAET CTPOEHME pPaHHEXBAJILIHCKOM Teppachl
Kacrmiickoro mopsi. Toiia mpeacTaBiieHa pa3HO-
anmaaTbHBIMU OTJIOKEHUSIMU MOIITHOCThIO OoJiee
21 M: HMXKe COBpeMEHHOI moYBhbI (ci1oii 1) 3ajeraeT
TOJIIIA LIOKOJAAHBIX INIMH (ciou 2—4), 1oa KOTOpoii
C 9PO3MOHHOM rpaHUIICii BCKPbITA MOIIIHAS JIECCOBO-
MouyBeHHas1 cepus (cimom 5—12); HIKHSAS YacTb —
pPYCIOBbIE I MOMMEHHBIE OT/IOXeHUs (cou 13—21) ¢
npHU3HaKaMy IOYBOOOPA30BaHUS.

B paspese Paiiropon BCKPBITHI CJIEIbI TPEX KPUO-
TEHHBIX TOPU3OHTOB. [lepBblii KPUOTEHHBIN TOpU-
30HT (PI'-1, myOuHa 7.9 M OTH.) TIpeacTaBIIsIeT cO00it
MajeornoyBy M CeKyllde ee KJIMHOBUIHBbIE TCEeBIO-
MOp@d0o3bl 10 25—30 cM 1Mo BepTUKAaJIU, PACIIOJIOXKEH-
Hble Ha paccTossHuM 30—50 cMm npyr ot apyra. [lupwu-
Ha MO0 BEpXy KPUOTEHHBIX CTPYKTYpP COCTaBJsEeT 2—
3 cM; 1O BepTUKAJIM IIMPUHA KJIMHA COXpaHseTcs U
cocTtaBiisieT 1—2 cM; XBOCTHI TepsitoTcsa. CTpyKTyphl
c71a00 pa3IMYMMBbI U 3aTIOJTHEHBI BBILIIEJICXKAIUM CY-
recyaHbIM MaTepUaaoM IaJIeBOTO 1IBETa.

Bropoii kprorenHsiii ropu3oHT (PI'-2) ipencras-
JIEH B pa3pe3e MELIKOOOpa3HbIMU IceBIoMopdo3a-
MM BEPTHKAIBHOM MPOTSKeHHOCTHIO 50—60 cM, pac-
MOJIOXKEHHBIMU Ha IIyonHe 11.8 M 1 3a0THEeHHBIMU
BBIIIIEJIEXKAIIIM PYCIOBBIM ajunioBueM. OrmpoOoBaH-
Hasl CTPYKTypa 3TOTO TOpM3OHTa IIpelcTaBlieHa Ha
puc. 4, (B), UMeeT “MEeIIKOBAaThIii” BUI 1 BIOXKEHA B
HECJIOMCThIE CYTJIMHKM CEPOBATO-KOPUYHEBOTO 11BE-
Ta C PaBHOMEPHO pacHpeicIeHHBIMU KpPYITHBIMUA
n3oMeTpnIHBIMU mopamu (1—3 mm). Pasmep cTpyk-
TYPHI 110 BepTUKAJIX 55 cM, mupuHa ot 20 cM B BepX-
Hell yactu 10 45 cm B HukHeill. IlceBmomopdo3za
MMeeT 30HaJIbHOE CTPOCHME: BHEIITHUM KOHTYP Ipe-
CTaBJICH CYIEeChlO CBETIO-KOPUYHEBOIO IBETa TOJI-
muHoi 5—10 c¢cM; BHYTpEHHSISI 9acTb KPUOT€HHOI
CTPYKTYphl 3aIlloJiHEHa IIECKOM CBETJIO-IIaJIeBOro
nBera. CTpyKTypa HEOIHOPOIHAS IO BEPTUKAJIU:
BEPXHSISI €€ YacCTh MpefCcTaBIeHa JUH30M KPYITHO3eP-
HHCTOTIO TIeCKa CBETJIO-0ekeBOro 1BeTa, HuXe (huK-
CUpPYyeTCsI TIOCTEIIEHHBbII IIepexol B LEHTPaJIbHYIO
YaCTbhb CTPYKTYPhI, COCTOSIILYIO M3 OMHOPOIHOTIO IeC-
YaHOro MaTepuaja ¢ PeIKMMU BKJIIOUEHUSIMU Opra-
HUKU. ['paHulia MeXay BHEIIHEW U BHYTpeHHEl Ya-
CTSIMM YeTKasi, HepoBHasi, ¢ 3arekaMu. OT BMelao-
IIMX OTJIOKEHUI CTPYKTypa oTAejeHa ToHkKoi (0.1—
0.3 cM) rpaHuleii 6emoro mBeTa, MpeACTaBICHHON
KpucTajulaMy KapOOHATOB U TUIICA.

Tpetuii ropuszont (PI'-3) MomHocThIO 10 30 c™m
BCKPBIT B HIDKHEW YacTh pa3pe3a Ha rmyouHe 16.0 m
W TIpeACTaBJIeH CyIIMHKaMM, KOTOpbIEe MPOHU3aHbI
TOHKUMU KJIuHbsIMU (10 1.5—2.0 cMm B pacTpybe, 1o
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25—30 cM 110 BepTUKAaJIN), 3aITOJITHEHHBIMHU BBIIIIE/IC-
JKallMM ajiiioBrueM. B TutaHe KJIMHBS TIPencTaBIIsIIOT
co00if HeMPaBUIBHYIO PEIIEeTKY C pa3MepaMu ITOJIH -
ToHOB 5—15 cM B monepeuynnke. KIMHBS MMEIOT 9eT-
KMe TpaHUIIbl, JoMaHble (DOPMbI, MaTepuaa 3aroJ-
HUTENISI — CEepO-KOPUYHEBBIE CYIIMHKM C OpPTaHM-
Koii. [OpU30HT CUJILHO OXEJIE3HEH IO BCEeil TOJIIE;
BBICOKO€ COIEPKAaHUE TUTICOBBIX CTSDKEHU BETYM -
HOM OT 1 10 HECKOJBbKUX MUJUIUMETPOB.

Paspes BartaeBka (puc. 2, H,g 11.7 M; 48°09°51” N;
46°17'14” E) pacrionoxeH B 15 KM Oro-BOCTOYHEE
r. AXTYOMHCK, Ha JIeBOM Oepery p. Axty0a, u 3aj0-
XKEH Ha TpaHUlEe TOKWMbI U XBAJIBIHCKOW Teppachl
INpukacnuiickoit HU3BMEHHOCTU. B cTpoeHun paspe-
3a MOIITHOCTbIO 19 M BCKpbITa TOJII1Ia MOPCKUX U KOH-
TUHEHTAJIbHBIX 00pa30oBaHUli: B BEpXHEi 4acTh 3TO
yepeloBaHUE Cy0aspajbHBIX MOYBEHHBIX TOPU30H-
TOB Y TUIOTHBIX JIECCOBUIHBIX CYITTMHKOB M CYIIeCei,
KOTOPBIEC Pa3ACSTIOTCS MECKAMU XBaTIHCKOM TpaHC-
rpeccur ¢ MPUCYTCTBMEM KaCITMMCKUX MOJLIIOCKOB
(cmom 1-—8); B cpemHeil yacTu pas3pe3 MpeacTaBicH
MOIITHBIM TOPU30HTOM IUIOTHOM, KapOOHATHOM JIECCO-
BUIHOI cyTiecH (cioit 9), KoTopas TIoACTIIaeTCs Teno-
KoMmImiekcoM (cnoit 10) ¢ xapakKTepHBIMU KIIMHOBUII-
HBIMU CTPYKTYpaMu (IT0OH0OHO CTPYKTypaM IajJeoIT0uB
B HIDKHEW 4JacTtu paspe3oB CpemHsst Axtyoa u Jle-
HUHCK). Hike mpomoinkaeTcst yacTtoe yepeaoBaHue
TOPU30HTOB JIECCOB M majeomnoys (ciaou 11—18), B
MOCJIEAHUX TOSIBJISIIOTCSI OCTAaTKM yrieil. OCHoBaHUe
pa3pe3a npeacTaBieHOo IepeciauBaHuEeM aJeBPUTOB
U TOHKMX TIeckoB (ciion 19—21). OTauyuTenbHOM
0COOEHHOCTBIO SIBJISIETCSI OTCYTCTBHE TOPU30HTA XBa-
JIBIHCKMX IITOKOJIaTHBIX TJIMH.

B naHHOM pa3pe3e BbISIBJICH OOUH KPUOT€HHBII
ropu3oHT (cMm. puc. 4, (r, 1)), pacroiOKeHHbIM Ha
ryoune ~11.0—13.0 M u copepkaniuit KTMHOBUIHbBIE
rceBaoMopdo3bI, Oepylre Havyalao B JIECCE U CEKY-
1IMe HYDKeJIeXallle najeornouBbl. [OpU30HT MOIHO-
CTbIO IIPOHU3aH TOHKMMU KJIMHbSIMU BEPTUKAJIbHOMN
NPOTSKEHHOCTHIO 2.0—2.5 M, pacIioJIoXKeHHBIMU Ha
paccrostHuu 40—50 cm npyr oT apyra. KanHbsS numeior
BOPOHKOOOpa3HbIii pacTpyd (B ceueHuu 12—17 cm),
3arOJHEHBI BBIIIEIEXKAIIUM JIECCOBBIM MaTEPHUAJIOM.
I[IIpuHa OCHOBHOTO TeJIa BhlAEpXKaHa B LEHTPaIb-
HOM 4acTU U cocTaBisieT ~2 ¢cM. B XBocTOBOI1 yacTn
(Ha mryoune ~2.0 M oT pacTpy0a) CTPYKTYpPhI IOCTE-
TIEHHO CYXKalOTCsl, MHOT/IA ITPOITagaloT U CHOBA ITOSIB-
JISTIOTCS B BUJIE SKWJIOK ITUPUHOM 1—3 MM, 3alIOTHEH-
HBIX 60J1€€ CBETJIBIM JECCOBBIM MaTepuaaoM. [ paHu-
IIbl KJIMHbEB YEeTKUE, JJOMaHOU (DOPMBI, BBIICICHBI
IO IBETYy M MaTepually, ¢ MHOTOYUCJICHHBIMU OT-
BETBJICHUSIMU B XBOCTOBOII 4yactu. Ilpm ropu3oH-
TaJILHOM 3aYMCTKE XBOCTOBOI YaCTH BCKPbITA ITOJIM-
roHajJIbHasl ceTKa C pa3MepoM IIOJIMIOHOB 10 20 cM.
BMmeniamolue IajeonoYBeHHbIE OTJIOXKEHUS UMEIOT
CeTYaTylo TEKCTYpPY, BEPOSITHO, KPUOTEHHOTO IIPOUC-
xoxaeHus (puc. 4, (1)).
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Pa3spes Jlennnck (puc. 2, H g, 11.5 M, 48°4317” N;
45°09’33” E) pacrionioxeH B 2 KM 3amagHee T. Jle-
HuHCK (Bonrorpanckas o6Jjiactb), B OMHOI 13 0a10K
Ha JeBoM Oepery p. Axtyoa. CtpoeHue pa3pesa Jle-
HUHCK BKJII04aeT: 1) coBpeMeHHYyIo MouBy (cjoit 1);
2) TOJILY MOPCKUX OCAJKOB — pEIepHbIid TOPU3OHT
IIOKOJAAHBIX IUH (ciou 2—5); 3) momcTuiaroiiue
HX cepble IMHBI (CI10i4 6); 4) MOIIHYIO TOJIIY KOHTH-
HEHTaJbHBIX 0CaaKOB (cyiou 7—13), mpencraBlIeHHYIO
yepeaoBaHUEM JIECCOB U IMaJeOIOYB; IOCIEIHUE
BMEIIIAIOT KPUOTEHHbIE CTPYKTYPbl B BUJIE TICEBIO-
Mopd03 KIMHOBUIHOTO O0JMKa; 5) B OCHOBaHUU
pa3pes3a BCKPbIT TOPU3OHT 03€pHO-JIMMAaHHbIX OTJIO0-
KEHUIA.

B paspese JIeHUHCK BbIIEIEHO TpU TOPU3OHTA C
KpuoreHHbIMU cTpyKTypamu. [lepsroiii (JIH-1) mpen-
CTaBJICH coueTaHueM JIECCOB (CJIOi 7) U MaJeOnOYBbI
(cIoii 8): u3 BhILIENEKAILIETO Jécca MaJIeBOro 1IBeTa B
HIDKEJIeXKaIyl0 MajeoNOYBY OTXOMISIT MaJOMOIIIHbBIE
nceBAOMOpP( 036l BEPTUKAJIBHOI IIPOTSKEHHOCTHIO
35—40 cm, mmpuHOit 1.5—2.0 cM. CTpYKTYypBI UMEIOT
JIOMaHy10 (OpMY, XBOCThI TEPSIIOTCS.

Bropoii Topn30oHT KpUOTreHHBIX CcTpyKTyp JIH-2
OepeT Hayajo Ha TpaHUlIe JIECCOB U IMaJeONOYBbI
(coit 10). T'opu30HT HpeAacTaBieH KIMHbSIMU BEPTU-
KaJIbHOM TTPOTSKEHHOCTBIO 65—70 ¢M CyOBepTUKAIb-
Horo HarpasieHus (puc. 4, (e)). KiauHbst ¢ oTBeTBIE-
HUSIMU, 3aMOJIHEHbI BbIIIEIEXKAIIMM TJIOTHBIM, HEO/I-
HOPOJHBIM, HECJIOUCTBIM JIECCOBBIM MaTEPUAIOM,
pacmoJIOKeHBI Ha PaCCTOSTHUM ~60 CM APYT OT Ipyra.
KuHBSI MEHSTIOT CBOIO IIIMPUHY T10 BEPTUKAIU OT HE-
CKOJIbKUX 10 20 CM U COCTaBJISIIOT B cpeiHEM S—7 cM;
UX Kpasi KakK POBHbIE, TaK U C OOKOBBIMU OTBETBJIE-
HUSIMU; BCTpeyvaloTcsl U 0oJjiee MelIKue CTPYKTYpHI.
OIVH N3 KIWHBEB ObUI ITOIPOOHO OITPOOOBaH.

Tperuit kpuorennblii ropuzoHT (JIH-3) Taxxke
OepeT Hayajio Ha rpaHulie JEcc—IajeornouBa (caou
11—12). CTpyKTYpHI IpeacTaBIeHbl TOHKUMM KJIMHO -
BUIHBIMU TIceBAOMOpdo3aMu 10 2—3 CM I10 TOJIILH-
HE, CeKYIIMMU TTaJIeornouBy Ha ryouny 1o 30—40 cMm.
OTMeyaroTcd IBa TUMNA KIMHBEB — 3allOJTHEHHBIC
JIECCOBBIMU OCagKaMM 1 00Jiee TEMHBIM TOYBEHHBIM
MaTepuajioM.

Pezyavmamot aabopamopusix uccaedosanuii. Muxpo-
cmpoeHnue A€cco80-noueeHHoi moawu. s oTIoXeHui
pa3pe3oB Hioknaero IToBomKbsT n3ydeHbI MUKPOCTPOE-
HUE 00pa3loB JECCOB HEHAPYIIEHHOTO COCTOSIHUS U
MopdOJIOrusl KBaplEeBbIX YacTul] (MIECYaHOU U TbLIe-
BaToil (ppakuuit) (puc. 5). MukpocTpoeHue Ipe-
CTaBJICHO B OCHOBHOM KPYITHBIMU arperatamu 10 3 MM,
CJTO>KEHHBIMU YaCTULIAMU pa3HOI KPYITHOCTU U CTe-
MHEeHU CIIUTHOCTU: OT OCTPOYTOJIbHBIX YACTUI] KBapla
TOHKOIIECUaHOM pa3MEpHOCTU A0 “HpUMa30K” pas-
JIMYHOTO cocTaBa (3keJie30, KpeMHUI, Kanbiuii). MH-
TePECHON OCOOEHHOCTBIO SIBJSIOTCS LMJIWHIPUYES-
CKME TOpbI (CM. puC. 5, (a)), AMAMETP KOTOPBIX CO-
craBiasieT 1o 0.6 MM, a Ha CTeHKax HaOJIomaeTcs
YVIUIOTHEHHE TPYHTOBOM MacChl C y4aCTHEM ITbLIeBa-
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TBIX YaCTHII CUJIUKATOB. B OONBIIMHCTBE TPUMEPOB
CceUYeHMeE TTOp OJIIM3KO K OKPYKHOCTH, HO B PsIIE CITY-
YaeB OHO MMeEeT IIeCTUYTOJbHYI0 (GOopMy; TTOMUMO
3TOr0, BOKPYT KaHAJIOB YacTO 3aMETHBI paauaibHbIe
TPEIIHBI.

Mopdgponoeus wacmuiy necuanoti ppaxyuu. Bee Oonbiie
HCclieioBaTesieil B CBOMX paboTax MO FeHE3UCY PBIXJIbIX
OTJIOXKEHU I TIPEICTABIISIIOT UH(OpMaIIUIO O XapaKTe-
pe TTOBEPXHOCTU YaCTUIL KBaplia nmecyaHoil pa3zmep-
HocTH, popMe 3epeH 1 AedeKTax Ha UX ITOBEPXHO-
ctu. CuuTaeTcs, 4To 3TU II0Ka3aTe/ 1 IT03BOJISIIOT CY-
INTh O TE€HE3UCEe OTJIOXKEHWIA, NPy 3TOM HaJu4ue
CBEXUX CKOJIOB Ha MOBEPXHOCTHU YaCTUII MpeArioia-
raet KkpumoreHHoe Bozzaeiicteue (Woronko, Pisarska-
Jamrozy, 2015; KypuaTtoBa, Poros, 2020).

Mopdosiorusi necyaHbIX KBaplEeBbIX YacTUIL
(puc. 5, (6—r)) B MccienoBaHHBIX OOpa3liax BechbMa
pa3HoOOpa3Ha M OTpakaeT yciaoBUsi (DOPMUPOBAHUS
OTJIOXKEHUIi B pa3HbIX 0OcTaHOBKax. Bmeniatoiue ai-
JIIOBUAJIbHBIE OTJIOKEHUS XapaKTepr3YIOTCsl KaK XOpO-
1110 OKaTaHHBIMU, UBOMETPUYHBIMU 36pHAMU C HETITy-
OOKUMHU SIMKAMU Ha TMOBEPXHOCTH, TaK M XOPOIIIO
OKaTaHHBIMM 3€pPHAMM HENpPaBWIbHOU (HOpMBbI;
BCTpEUAIOTCs TaKXKe YIioBaThle 3€pHA CO CIVIaXKEH-
HbIMM rpaHsMU. KBapiieBbie 3epHa JECCOBBIX TOPU-
30HTOB UMEIOT PAKOBUCTbIE M3JIOMbI M IJIACTUHYA-
Thie CcKOJIbl (puc. 5, (0)), MHOTAA CIIakeHHbIE pac-
TBOPEHHEM U MOBTOPHBIM OCaX/IE€HUEM KpeMHe3eMa.
BctpeueHnl 3epHa, MOABEPTILIUECS, BEPOSTHO, 30J10-
BOI1 00pabOTKe: Ha TOBEPXHOCTU XOPOIIO OKATAaHHO-
ro 3epHa HepaBHOMEPHO pacrpeaeaeHbl MHOTOUMC-
JIEHHBbIE SIMKU (puUc. 5, (T)); 3epHa CO CKPYTJIEHHBIMU
rpaHsMH, UMEIOIIMEe YHACIeTOBaHHYIO YINIMHEHHYIO
¢dopmy, MesiKue SIMKM Ha TTOBEPXHOCTU. BeTpeueHbl
XOPOIIIO OKaTaHHbIE 3epHA CO ClielaMU TPaBJICHUST U
BOOHOI 00pabOTKU — HEPEryJsipHbIMU V-00pa3HbI-
MU yryoseHussMu (puc. 5, (B)). OtnenbHO uccieno-
BaHbl KBaplieBble 3epHa U3 MaTepuajia IceBIOMOp-
¢03 1 BMelIaloX OTJIOXEeHU pa3pe3oB, KOTOpbIe
MokKaszajiyd MHOTOYMCIEHHbBIE CKOJIbI, BCTpEUYCHHbIE
KaK BO BMEIIAIOIINX OTJIOXKEHUSIX, TaK U B 3aTTOJTHU -
TeJie CTPYKTYpP, OCOOEHHO B XBOCTOBOI 4acTH.

Mopgonoeus aepecamoé nwiresamoii  ppaxyuu
(0.05—0.005 mm). JIEcCBL COCTOSIT U3 CTPYKTYPHBIX
OTIEJIbHOCTEN pa3JIMyHOro pa3Mepa — OT arperaton
MUKPOCKOMHUYECKUX Pa3MEPOB 0 XOPOIIIO pa3Inyim-
MbIX CTOJ0UYaThIX oOTaeabHocTeil. [lpu uzyyeHuu
MUKPOCTPOEHUsI 0cO00€ BHUMaHUE ObLIO yIeJIeHO
arperaTtam TiblJieBaTol (hpakuuy (MUKpoarperaram),
MOCKOJIbKY DSIJI McCcClieoBaTesIeil Tpenmnojgaraer ux
kpuoreHHbIi reHesuc (ITomos, 1967; Konuiies, 1981).

B n€ccax paccmarpuBaeMbIX pa3pe3oB BCTpeya-
I0TCSI pa3iMUHbIe TI0 pa3Mepy U CTPYKTYpe arperarThbl.
Kpymninbie u poixibie arperatsl (0.5—0.1 MmM) 0ObIYHO
CJIOXEHbI JECATKOM WU 0oJjiee 4acTull TbLIeBaTOM
¢dpakuuu. B arperarax MeHblIlIero pazMepa npeooda-
JIal0T TOHKOITbLIEBAaTble M TJIMHUCTbIE YaCTUIIbI;
BHyTpHUarperaTHble TOPbl B HUX MEHbIIIE U UMEIOT
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100 pm

OJDKbST: (a) — TpyOUaTas
rnopa B MUKpocTpoeHuu JiEccoB (pa3pe3 baraeska, cioit 9, nyouna 10.9 m); (6) — yriioBatoe 3epHO ¢ MHOTOUUCIEHHBIMU CKO-
JIaMM Ha TOBEpXHOCTU (paspe3 JICHMHCK, 3aMoJHUTEb XBOCTOBOM YacTu rnceBroMopdo3bl, KpUOreHHbIi ropu3oHT JIH-2);
(B) — cienpl TpaBaeHwus (1) M TpaHCIOPTUPOBKY B BOAHO cpejie (2) Ha MOBEpXHOCTH KBapLieBOro 3epHa (pas3pe3 JIeHMHCK, 3a-
MOJHUTENb TceBIOMOpd03bl, pacTpyd, ryouHa 13.1 m); (r) — U30METPUYHOE 3€PHO C HEPABHOMEPHO pacrpeesleHHbIMU
yoIyOIeHUsIMU Ha MOBEpXHOCTHU (Oesible cTpeku) (pa3pe3 JICHUHCK, 3aM0oJIHUTE b XBOCTOBOM YaCcTH MCeBIOMOPGHO3bI, KPUO-
reHHbIil Topu3oHT JIH-2); () — arperar, CJIOXXEeHHbBIN YacTUIIaMK pa3Hoil pasMepHocTH (pa3pe3 CpenHsisi AXTy0a, ITyornHa
14.0 M); (e) — uroapyaThiil KaapLuT (pa3pes3 Paiiropon, KproreHHbI ropu3oHT PI-3, my6uHa 16.2 m); (3k) — THUIIC BO BMeIIa-
IOLLIMX KPUOTEHHbIE CTPYKTYPbI OTJIOXKEHUSIX (pa3pe3 JIeHMHCK, KpuoreHHbI# ropuzoHT JIH-2, ryouna 13.1 m); (3) — TMuTaHO-
Kese3ucTbie KoHkpenuu (paspe3 CpenHsist Axry0a, riyorHa 15.6 m).
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YIUIOIIEHHYIO (popMmy. bonbmiast yacTe arperatoB 00-
pa3oBaHa MblJIeBAaTbIMU U INIMHUCTBIMU YacTULIAMMU,
COENMHEHHBIMU 1IEMEHTOM KeJe30-KapOOHATHOTO
coctaBa (puc. 5, (m)). Arperatbl JOCTaTOUHO IPOY-
HbIe, HE pa3pylIalTcs MPpU IMTPOMBIBKE BOIOK 1 BO3-
JeicTBUU yabTpa3ByKoM. KOHTaKT mMexy arperaTa-
MU TIPOUCXOJUT MOCPENCTBOM IIMHUCTBIX “MOCTH-
KOB”, KOTOpble (OPMUPYIOT BHYTpUarperaTHble

nopsl 0.01—0.005 mMm.

Aymueennvle Murepansl BO BCex pa3pe3ax MpencraB-
JIEHBI “1Iy00it” M “mrojjoukaMi’” KapOoHaTa KaJIbIIs
Ha MTOBEPXHOCTU MUHEPAJILHBIX YacTull (puc. 5, (e)),
BKJIIOUeHUsIMU rurica (puc. 5, (k)). XKeneszo npen-
CTaBJIeHO aMOP(HBIMU TJIEHKAMU Ha TOBEPXHOCTU
YacTUll, KOHKPEIUSIMU CUIEpUTA U PENKUMU HOBO-
0o0pa3oBaHMSIMU MarHeTUTa W TUTaHO-MarHeTUTa
(puc. 5, (3)). BctpeueHsl kpucrtasibl Buteputa. Co-
CTaB ayTUTEHHBIX MWHEPAJIOB CBUIETEJILCTBYET O
KPUOAPUIHBIX YCJIOBUSIX (POPMUPOBAHUSI TOPU3OH-
TOB JiEccoB B pa3pe3ax HukHero IToBoMXKbS.

Pacuem koagppuyuenma kpuoeenHoit KOHMPACMHO-
cmu. JI7s OU@HKM BIUSIHUSI KPUOTeHE3a Ha U3YUYeH-
HbIEe OTJIOXKEHUS Oblla TpoaHaIn3upoBaHa MUHEpa-
JIOTMS OCHOBHBIX T'paHYyJIOMETpUYEeCKUX Gpakiuit
JIECCOB — TOHKOTO IecKa M KPYITHOW MbLIU, U pac-
cyuTaH Ko3(hGULIMEHT KPUOTEHHON KOHTPACTHOCTHU
(KKK).

3uauenus KKK (puc. 2) mo paspesy CpenHsast Ax-
Ty0a KoJIeOII0TCSI B IOCTAaTOUHO HIMPOKOM Manas3o-
He: OHU (PUKCUPYIOT KaK TOPU30HTHI, ChOPMUPOBAB-
IIMECS B XOJIOMHBIX KJIMMAaTUUECKUX YCIOBUSIX, TaK U
He HecylIne ux BUIMMEbIX ciaenoB. Bemmunina KKK B
OTJIOXKeHMsIX ToonieHoBoro atara (MUC 1, ciou 2 n
1) cocraBisieT 0.76, 4YTO COOTBETCTBYET TEILIBIM YCIIO-
BUSIM. DTall HAKOTUIEHUS aJUTFOBUAJIBHOM TOJIIIIU, OT-
Beyvarwluit Bropoit nonosunHe ctanuu MUC 3 u pan-
Hell pa3ze paHHEXBaJBIHCKOM TpaHcrpeccuu Kacnus
(ciomn 8—12), xapakTepu3yeTcsi HEBBICOKMMU 3Ha4de-
Husimu KKK (0.79—0.82). Dramn arenbcKoit perpec-
CHUU XapaKTepusyeTcsl 00jiee BBICOKUMU 3HAUYCHUSIMU
KKK: nnsg cinost 13 monyyeHo 3HadeHue 0.87—0.93.
B cepum ocangkos, oTBeualollieil mo3aHeXa3apcKoMy
TpaHCTpecCUBHO-perpeccuBHoMy atarny B Kacnum
(~MMUC 5), B cocTaBe 1 CTPOCHUHU OTJIOXKEHUI YETKO
npociexuBaeTcsl BIUSIHUE TMOXO0JIOJaHUsI: COTIaCHO
pacuetaM KoadhduiueHTa KpMOreHHO KOHTPACTHO-
CTU HamOoJiee TIpeoOpa3oBaHHBIMM MayKaMM OKa3a-
mmck cion 14 (MUC 5a, KKK 1.07), 16 (MUC 5c,
KKK 1.12) u 17 (MU C 5d, KKK 1.06). BT ropuzoH-

«—

ThI, BEPOSITHO, OBLIM IIOABEPKEHBI KPUOTEHHOMY
IpeoOpa3zoBaHUIO B JOCTATOUHO XOJIOIHBIX YCIIOBUSIX
MMUWC 5b u MUC 4 Bo BpemsI CyIIeCTBOBaHMS Ha U3Y-
YEHHOI TePPUTOPUN MHOTOJIETHEI KPUOJUTO30HHEI.
B paspese baraeBka st HUKHE#W 4acTu JIECCOBOM
Tonu (rpanuua cioes 9 u 10) mosyyeHo 3HaUEHUE
0.93, 4TO TOBOPUT O TOCTATOYHO CYPOBBIX YCJIOBUSIX
Hayvasia ¢popMuUpoBaHus JEccoB. Huke, B megoKoM-
iekce, KoaddunmeHT coctaniuset 0.97, u cHuKaeT-
cs1 1o ripodmirio 1aneorrous 10 0.90. 3nauennsg KKK
pa3pe3sa Paiiropon paccunTaHbl IJIsT IECCOBOI U a-
JIIOBUAIBHOM ToJII. B 060MX THUITaX OTJIOXKEHUI 3HA-
yeHusi KKK nHe npessbiator 1, xots B iéccax KKK
HecKoJIbKO Bhire — 0.85—0.93 mpotus 0.82—0.87 B
aumoBun. 3HaueHuss KKK B 1€ccoBoii Toue pa3pe-
3a JleHnHcK (cJ1oit 9) pa3auuHbI, HAXOMSATCS B IIpEe-
nax 0.82—0.99, yTo, Ha HallI B3MJISI, OTpaXkaeT MEHSI-
IOIIMECST YCIOBUS YBIAXKHEHUSI — IJII MOHOTOHHOI
JnéccoBoii Tonu 6osee Beicokue 3HaueHUss KKK ro-
BOPST O 00Jiee MHTEHCUBHOM NEPUOAEC KPUOTEHHOMN
nepepabotku. [isi TajieonoYBeHHBIX TOPU30OHTOB
KKK makcumaneH Ha TpaHHIE JIECC—ITajeoITouBa:
1.03 Ha rpanuue ciioes 7/8 (JIH-1) u 1.01 Ha rpaHuiie
cioes 9/10 (JIH-2). B pa3pese JIeHMHCK TakXke TIpo-
BeneHa nerainbHag oneHka KKK mra otrimoxenwmit
BTOPOrO KPUOTEHHOIO TOPM3OHTA: MaTepuas st
aHanau3a ObLUI OTOOpaH U3 Tejda IICeBAOMOP(MO3bI
(5 mIT.) M U3 BMeaommx oTaoxeHuii (8 mr.). Pazmm-
4usl B 3HAYeHUU KO3 dUIIMeHTa 1711 BMEIIAIOIIETO U
¢hbopMUpYIOIIETO CTPYKTYpPYy Marepuaja He BeJIMKU,
OIHAKO IIPOCJICXKMBACTCSI HEKOTOopas 3aKOHOMEp-
HOCTb — BO BMEIIAIONIMX MaJCOMOUYBEHHBIX OTJIOXKE-
Husix (cioii 10) koaddunueHT 6onbire (0.88—1.05),
MO CpaBHEHUIO C BBIIIEIeXKamuMu (ciaoit 9), tme
KKK Hixe (0.76—0.90).

Teoxporonoeuneckue uccredosanus. B pamkax -
MUWHECIIEHTHOTO NaTUPOBaHUS MOJy4eHO 22 aaThl
(puc. 2), xapakTepusylollre OCHOBHbIE 3TAIlbl (hop-
MHUPOBaHUS OTJIOXKEHUM B YCJIOBUSIX KpUOTeHE3a, YTO
TMO3BOJIMJIO BBIICJIUTD UEThIPE 3Tara pa3BUTHUSI KPUO-
reHe3a B Huxxnem IToBoskbe B mo3aHeMm ruieiictolie-
He (puc. 2). 15 BeIIeIeHUS 9TaloB B pa3pe3e Paiiro-
pOII IpUBJIEUEHBI JaHHBIE 0aiieCOBCKOTO MOAEIUPO-
BaHUs, MpencrapieHHble B (Taratunina et al., 2022).
Nudopmanus o6o611eHa B Tad. 1, a Ha puc. 6 BbI-
MOJIHEHA KOPPEJISILMS 3TaroB ¢ cOObITUSIMU Ha Bo-
crouHo-EBpormeiickoii paBHuHe u B Kacrnuiickom
pervoHe.

Fig. 5. Microstructure of sediments and particle morphology: (a) — tubular pore in loess microstructure (Bataevka section, layer 9,
depth 10.9 m); (6) — angular grain with numerous chips on the surface (Leninsk section, filler of the “tail part” of ice wedge cast,
cryogenic horizon LN-2); (B) — traces of etching (1) and water treatment (2) the on the quartz grain surface (Leninsk section,
filler of the ice wedge cast mouth, depth 13.1 m); (1) — isometric grain with irregularly distributed pits on the surface (white ar-
rows) (Leninsk section, filler of the “tail part” of ice wedge cast, cryogenic horizon LN-2); (1) — an aggregate composed of par-
ticles of different size (Srednyaya Akhtuba section, depth 14.0 m); (e) — needle-shaped calcite (Raygorod section, cryogenic hori-
zon RG-3, depth 16.2 m); (k) — gypsum in sediments containing cryogenic structures (Leninsk section, cryogenic horizon
LN-2, depth 13.1 m); (3) — titanium-ferruginous nodules (Srednyaya Akhtuba section, depth 15.6 m).
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Taomma 1. KproreHHBIe 3TalTbl M TUIIBI KPUOTEHHBIX CTPYKTYP B M3YYeHHBIX pa3pe3ax HukHero [ToBomkbs
Table 1. Stages of cryogenesis and types of cryogenic forms in the studied sections of Lower Volga valley

YcnoBust popmMupoBaHust
Paspes (o6o3HaueHUE Twur KproreHHBIX Aolc. Bo3spacr, bopmip
Oran CTPYKTYD B pa3IUYHBIX
TOPU30HTA) CTPYKTYD BBICOTA, M | THIC. JI. H.
OTJIOXKEHUSIX
I Cpennsas Axtyba ToHKME KIMHOBUIHBIE —0.64 ~95-90 | Cy6aspanbHble OTIOXEHUS;
MMUC 5b | (CA-)5) CTPYKTYPBI 10 1.5 M CyXHe, XOJOTHbIe
Jlenunck (JIH-3) —1.73 ~95
Paiiropon (PI'-3) ManomorHbie (mo 30 —2.35 ~90 [NoiiMeHHBIE OTITOXEHUSI:
CM) TOHKHE CTPYKTYPbI BJI&XKHBIE, XOJIOIHBIE YCIIO-
BUSI; CE30HHOE IMpOMep3aHue
1I Jlenunck (JIH-2) ToHKMe KIMHOBUIHEIS —-2.10 ~75 Cy6aspaabHbIe OTJIOKEHUS,;
MMUC 5a/ CTPYKTYpHI 10 1.0 M Ccyxme, XOJIOAHBIC YCIIOBUS;
MUC 4 cIUBaroIasicss Mep3Jjiota
Paiiropon (PI'-2) Memkoo6pa3HbIe TICEB- 1.87 ~75 AmioBranbHBIE OTI0XKCHUS
IoMOPhO3bI C OCTO- BJI&XKHBIE; TJTyOOKOE MTPOTan-
HBIM 3aIT0JTHEHUEM BaHUE
CpenHsiss AxTy6a ToHKMEe KIMHOBUIHbBIC 0.74 ~70 Cy0OaspajibHbI€ OTJIOXKEHUS;
(CA-4) CTPYKTYpbI 10 1.0 M CyXHe, XOJOMTHbIEC YCIOBHUSI;
ClMBaoOIIAsICs Mep3JI0Ta
baraeska (bT-1) ToHKUe KIMHOBUIHbIE 0.72 ~70 Cy0OaspajibHble OTJIOXEHUS;
CTPYKTYPBI 10 2.5 M CyXue, XOJIOHbIE YCIIOBUSI;
cauBaronasics Mep3aoTa
111 Paiiropon (PI'-1) ToHKMe KIMHOBUIHEIS 6.12 ~52—-50 | CybaspaibHble OTIOXKEHUS;
MMUC 3b/c CTPYKTYpHI 10 30 cMm Cyxue, XOJIOAHBIC YCIIOBUS
CpenHsist AxTyOa JIByXypOBHEBbIE TICEB- 5.74 ~45 AnnoBUaNbHbIE OTI0XKEHMUSI;
(CA-3) nomMopdo3bI 10 1.5M ¢ BJIQXKHBIC; TIOIBEM YPOBHSI
MOCJIOMHBIM 3aIloJIHEe- Bousru, rny6okoe nporauBa-
HUEM HUE
v Jlennnck (JIH-1) ToHkue KIMHOBUIHLIS 4.32 ~37-35 | CybGaspanbHble YCIIOBUS,
MMUC 3a CTPYKTYpbI 10 30 cM CyXUe, XOJOAHbIE; MHOTOJIET-
HSIST Mep3JioTa
CpenHsiss AxTy6a Kpuotypbanuu 7.16 ~37 PazButne moiiMeHHBIX TOYB
(CA-2) 10 aJUTIOBUIO; BJIaXKHEIS
YCJIOBUSI; BO3MOKHO CYIIIE-
CTBOBaHME MHOTOJIETHEI
MEp3JI0ThbI
CpenHsiss Axtyba KinunoBugHbie riceBno- 8.36 ~35 Pa3zButue moiitMeHHbIX TTOYB
(CA-1) Mopdo3bl 10 25 cMm 10 AJUTIOBUIO; BIAXKHBIE;
CEe30HHOE MpoMep3aHue

IMoHsATUSA “KPpUOTEHHBIN TOPU3OHT” U “KPUOICH-
HBIN 3Tan” B MaHHOI pabdOTe MOHMMAIOTCS MO-pas-
HOMY: KPMOTE€HHbIf TOPU30HT — Te0JIOTMYECKOe TeJo,
KOTOPOE HECET B ce0e CJIebl KPUOTeHe3a, T.€. 3TO CJION
C KPUOT€HHBIMU CTPYKTYpaMU; KPUOT€HHBII 3Tan —
BpeMsi (OpMUPOBAHUSI KPUOTEHHBIX CTPYKTYP.

Hauasno I arana coorsetctByeT KOoHILy MU C 5¢ —
nepsoit mmonouHe MMUC 5b (95—-90 TtwIC. 1. H.).
[J1st nTaHHOTO TepuoJa BbIAEJEHbl pa3HOOOpa3HbIe
CTPYKTYPHBI, (hOPMUPOBAHUE KOTOPHIX CBSI3aHO C CYyO-

TFTEOMOP®OJIOTUA U TTATEOT'EOTI'PADUA

aspajbHbIMU yciIoBUsIMU (pa3pesbl CpenHsisa AXTy0a,
JIeHMHCK). 31ech, B YCIOBUSIX MEXIypeubsi, cop-
MUPOBAJIUCh KPYITHbIE MCEBIOMOPDO3bl KIMHOBU/I -
HOI (POPMBI TIPOTSKEHHOCTHIO 10 1.5 M. TTomumo
9TOro, B MOMMEHHBIX OTJIOXeHUsIX (pa3pe3 Paiiro-
pon), rie npomep3aHue MPOUCXOAWUJIO Ha HeOOJb-
IIyI0 TyOuHy, CGhOPMUPOBAIUCH MaJOMOIIHbIE
rceBnoMop03bl B BUJE€ TOHKNX BEPTUKAJIBHBIX KJIH -
HbeB (KproreHHbI ropu3oHT PI-3) no 30 cm. B 11e-
JIOM KpUOTeHHBbI 3Tar | xapakTepusyeTcsi HaTnduem
Ne 3
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Puc. 6. Koppensiiiust KpporeHHbIX coObITHiT BocTouHO-EBpomneiickoit paBHuHBI 1 HukHero [ToBoKbs.
Fug. 6. Correlation of cryogenic events in the East European Plain and the Lower Volga Region.

MHOTOJIETHE! Mep3JI0Thl (MaKCUMaIbHbIE 3HAYEHUS
KKK 1.12).

II sran kpuoreHeza Ha Tepputopun HwukHero
IMToBomXbst ycraHoBJeH ~75—70 TBIC. JI. H. U COOTBET-
cTByeT IepexogHoMy BpemeHr or MU C Sak MUC 4.
JJist 3TOrO0 BpeMeHU 3/1ech 3a(hMKCUPOBAHbBI pa3iny-
HbIE TI0 O0JIMKY CTPYKTYPbI B Pa3HbIX TUIIaX OTJIOXE-
Huii: 1) B paspesax Jlenunck (JIH-2), Cpenusist AXty-
0a (CA-4) u baraeBka (BT-1) B cybaspajibHBIX JiEC-
COBO-TMIOYBEHHBIX OTJIOXEHUSX 3a(UKCUPOBAHbI
nceBroMopdo3bl KIMHOBUIHOW (DOPMbI BEPTUKAIb-
HOI1 npoTsikeHHOCThIo ~0.6—2.0 M; 2) pa3pe3s Paiiro-
pon (PI'-2) duxkcupyer CTpyKTypbl APYroro cTpoe-
HUS, 3aKJIIOYEHHbIE B TOHKOJIUCIIEPCHBIX (hariusix a-
JIIOBUSI — MEIIKOOOpa3Hbie TceBIoMopdo3bl 55—60
cM 1o Beptukanu, 20—50 cM B MIMPUHY, C MOCIOM-
HBIM 3aMOJTHEHUEM BBIIIETEXAIIUM aJUTIOBUATTBHBIM
MaTepruaioM.

KpuoreHHbIe CTPYKTYpBI 3Tana, BCKPhIThIE B pa3-
pe3ax Cpennsis Axty6a, JlenmHck m bartaeBka, 3a-
KJIIOUEHBbI B CyOaspalibHbIX JIECCOBO-TMTOUBEHHBIX OT-
JIOKEHUSIX, U, XOTSI PACIIOJIOKEHBI HAa pa3HbIX IIUPO-
TaX, WMEIOT CXOXee CTpPOeHWEe U IapaMeTphl.
CTtpykTypbl B pa3pese Paiiropon, pacrnonoxeHHOM
Ha ogHoIi mupoTe co CpenHeit AXTy00ii, 3aKTI0YeHbI
B aJUNIOBUAIBHBIX OTJIOXEHMUSX M HMMEIOT JPyroe
CTpOeHUE. DTO CBUAETEIBCTBYET O TOM, UYTO XapaKTep
CTPYKTYpP 3aBUCHUT B OOJIbllIeii CTEIEHU OT reHe3uca

TEOMOP®OJIOTUA U MTAJTEOTEOTI'PA®USA  Tom 54

OTJIOXEHUI, YeM OT TEPPUTOPUATIBHOTO TTOJTOXKEHUST
(B mpeneax OAHOIO PEerruoHa).

Hauauno stana ITI cootsetctByer MUC 3¢ — Haua-
ay MUC 3b (~52—45 TbIC. J1. H.). DTanm OTMEYEH B
paspese Paitropon (PI'-1) Ha mmyoune ~7.7 M B Buze
MaJIOMOIIHBIX KIMHOBUIHBIX IICEBIOMOP(PO3, Ipe-
CTaBJICHHBIX TOHKUMM CTPpYyKTypaMmu 10 30 cM o Bep-
TUKAaJIM;, IIUPUHA CTPYKTYP BblIEp>KaHa 10 BEPTUKa-
. OHU CeKyT cj1abopa3BUTYIO MOYBY, U 3aITOJTHEHBI
BBIIIIEJIEXKAIIIMM  JIECCOBBIM MaTepuajioM; XBOCT
CTPYKTYp TepsieTcs. CTpYKTYyphbl pa3BUTHI B JIECCOBO-
MOYBEHHBIX CY0a3paIbHBIX OTIOXEHUSX, CHOPMHU-
POBaBIINXCS B BOIOPa3ACIbHBIX YCIOBUSIX C HEBBICO-
KuM yBiaxkHeHueM. B pazpese CpenHsist AxTyOa BbI-
JieJIeHbI TIceBIOMOPGhO3bI 10 1.5 M ¢ IBYXypOBHEBBIM
crpoeHueM (CA-3): mmpoxasi BEpXHssI 4acTh Mpe-
CTaBJIsIET COOOI MEILLIKOOOpa3HbI KapMaH riyouHOM
70—75 cm, mmpuHoit 1o 40 cM, 3arOJTHEHHBIN HEO/I -
HOPOIHBIM PBIXJIBIM II€CKOM; HVDKHSS 4acTh Hpe-
cTaBJieHa KJIMHOOOPAa3HbIM XBOCTOM IIUPUHOMN OO
20 cM, BepTHUKaIBbHOI TIPOTSKEHHOCTHIO 35—40 cM.
I'panuiiel nceBmoMopd 03 1 BMEIIAIOIIeTo MaTepua-
JIa HEpOBHBIE, C MHOTOUYMCJICHHBIMU 3aBUXPECHUSIMU
U CKJIaJKaMU.

Otan IV coorBercTByer MU C 3a (37—35 THIC. J1. H.).
B Hizxnewm [MoBoimkbe 3TOT 3Tan BEIpakeH B pa3pese
JleHnHCK, a TakxKe B BHJE OBYX YPOBHEI B pa3pese
Cpennsisi Axty0a: 1) HMXKHUIT ypOoBEeHb B pa3pese
Cpennsist Axtyoa (CA-2) npencrapieH KJIyoHeoOpas-
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HbIMU KPUOTYpOALIMSIMU, KOTOPbIE HApYIIAIOT OJHO-
POIHOCTb OTJIOXKEHU I MOMMEHHBIX TTOUB U AJITIOBUAJIb-
HOM Touiu; 2) BepxHuit ropu3oHT (CA-1) npencras-
JIeH TtceBaoMopdo3aMu pazIMIHOTO CTPOCHUS —
KJIMHOBUIHBIMU CTPYKTYypaMH, (popMaMu ¢ TOPU30H-
TaTbHBIMU OTPOCTKaMM, KOTOpble 0OpasyloTcs B
YCJIOBUSIX KaK TOCTOSIHHO CYIIIECTBYIOIETO, Tak U
nepuoauuecky popMupyloierocsi 6acceitHa, a Tak-
K€ TIPU HAIMYWMU MHOTOJICTHE MEepP3JIOThI; IJIsl BCeX
CTPYKTYpP BTOTO TOPU30HTA XapaKTepHa HeOOoJIbIas
MOIITHOCTH (10 25 ¢cM) B Ipeaesiax TOYBEHHOTO TOpH-
30HTa U YETKME IPaHUlIbl C BMEIIAIOIIMMU OTJIOXe-
HusimMu; 3) B pa3pese JlennHck (JIH-1) o atoro sTa-
na 3apuKCUpoBaHbl KIIMHOBUAHBIE TICEBIOMOP(HO3bI
Masioro pasmepa (1o 30 cM 1Mo BepTUKaiM), BbIpa-
JKEHHbIE Ha BCIO MOIIHOCTb CJI1a00pa3BUTON Majeo-
MOYBbI U 3aIOJHEHHbIE BBIIIEIEXKAIIUM JIECCOBBIM
maTepuajioM. OTU CTPYKTYpbl C(HOPMUPOBAIUCH B
cy6aspajbHbIX BOIOPA3AETbHBIX YCIOBUSIX.

Obcyncoenue pezyabmamos. I1pu nzyyeHuu paspe-
30B PBIXJIBIX BEPXHEIUICHCTOIIEHOBBIX OTJIOXKEHUIA
Hwxuero IToBoJDKbs ncclienoBaTe I HEOTHOKPATHO
HaOJIIoAaIM pa3IMYHbIe CTPYKTYPbI, IJIsI KOTOPBIX
IIPEAIoJIarajioch MX KPUOT€HHOE IIPOMCXOXACHUE
(Bacunbes, 1961; MocksutuH, 1962; IllkaroBa, 1975).
Ha mn3yyeHHOIT TeppUTOPUM OTIMCAHHbBIE CTPYKTYPHI
BCTPEYAIOTCS B TPeX T'€HETUYECKMX THUIIaX OTJIOXKEe-
HUIi: aJUTIOBUAIbHBIX, B TOPU30HTAX MaJIC€OII0YB JIeC-
COBO-TIOUBEHHBIX cepuii, 1€éccax. B KaxkaoMm u3 aTux
TUIIOB MPOSIBJIeHWE KpUOTeHe3a pas3inyaeTcsl Kak
Maciitabamu, Tak 1 ¢opmamu cTpykryp. I[IposiBie-
Hue KpuoreHe3za B HukHem IloBokbe mmeeT psia
0COOEHHOCTE (apUIHbBIC YCIOBUS, I0XKHOE PaCIIOIo-
JKeHUe TepPUTOPUU, BIWSIHME TPaHCTPECCUBHO-pe-
rpeccuBHOi uctopuu Kacnuiickoro mMopsi, 3BOJIIO-
nus p. Bonrm).

KpuoreHHoe nponcxoxaeHne BCKPHITHIX B pa3pe-
3aX CTPYKTYP IOATBEPKIACTCS KaK ITOJIEBbIMU, TaK U
JJabopaTopHbIMU UcciaeaoBaHusIMU. Mopdomnorust
CTPYKTYP, OCOOEHHOCTH COOTHOIIIEHUS BMEIIAIOIINX
OTJIOKEHMIA M 3alOJHUTENsI (YeTKUE TpaHUIIbI, 3a-
MOJHEHUE BHILICICKAIIIIM MaTepHuajioM, Hapyllle-
HUSI [10 BEPXHEM IpaHUIIe CTPYKTYp, Oojiee IMpoKast
BEPXHSISI YaCTh CTPYKTYP, U3TMObI BMEIIAOIINUX OT-
JIOXKEHUI Ha TpaHUIIe CTPYKTYP U BMEIIAIOIIMNX OT-
JIOXKEHUI U cerperallMOHHbIE OTPOCTKM) YKAa3bIBAIOT
Ha KPUOTEeHHBIN XapakTep Ux (popmupoBaHusi. Bme-
LIAIOIIUMU KPUOTEHHBIE CTPYKTYPhI OTIO0XKCHUSIMU
SIBJISIFOTCSI TIPEMMYIIIECTBEHHO TaJIeONOUBbI, KOTO-
pBbIe XapaKTepU3yIoTcsl 60Jiee NIMHUCTBIM COCTABOM,
a ciemoBaTebHO, Oosiee BiTaroeMKH. B “cyxmx” mec-
cax IIposIBJICHHE KpHOIeHe3a OTpaxkKaeTcsl B BEpPTH-
KaJIbHOM OTHEIbHOCTH JIECCOB M MX OJIOUHOM CTPYK-
type (Feng et al., 2021).

[poBenenHble JTabOpaTOpPHBIC WCCIETOBAHUS
TaKKe MOATBEPKIAIOT KPUOTEHHOE ITPOMCXOXKICHIE
BBIIEJICHHBIX CTPYKTYP. JIJIsT OTIIOXKEHMIT KPHOTEHHBIX
TOPU30HTOB M OTAEBHBIX CTPYKTYP B HUX IIPOBEJICH Je-
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TalIbHBIA pacyeT KoaddUIMeHTa KPUOTEHHONH KOH-
TPACTHOCTH, KOTOPBIi MOKa3aj, YTO BMEIIaloIIIue Ma-
JICOTIOUBBI XapaKTepU3yloTcsl 60Jiee BLICOKMMU 3Haue-
Hussmu KKK (1.07, 1.13), koTopblie YOBIBalOT IIO
npoduiIio ¢ NIyOMHOMI. DTO 3aKOHOMEPHO, TTOCKOJIb-
Ky BMENIaIoIIUe OTJIOXKEHUSI MPOXOASAT yepe3 00Jb-
1ee KOJMYeCTBO LIMKIJIOB MPOMep3aHUsI-TIpoTauBa-
HUSI, a 3HAYUT UCHOBITHIBAIOT 0OJiee MHTEHCUBHOE
KpUuoreHHoe TnpeoOpa3zoBaHue. HecMoTpst Ha To 4TO
JIECCOBBIE TOPU3OHTHI CDOPMUPOBATIUCH B XOJIOIHbIE
OTJIOXKEHMUSI, XapaKTepU3yloTCsi MHOTOUYMCIEHHBIMU
KBaplieBbIMU 3€pHAMU CO CKOJIAaMU, PAKOBUCTBIMU
U3JIOMaMU KPUOTEHHOTO XapaKTepa; BCTpeUeHbI 3ep-
Ha, cCoBMelllaoliue B cede nepBoHavyaibHble TPU3HA-
KU 20JI0BOI 00pabOTKM, BITOCIEACTBUU TTOJBEPTHY-
Thle KPUOTEHHOMY NpOOJiIeHUI0. JJOMOMHUTENbHBIM
apryMeHTOM B M0JIb3y KPUOTEHHOTO reHe3uca CTpyK-
Typ B nnajeornouBax MU C 5 sgBisieTcss UX MUKPOCTPO-
eHue B 1utMdax, uzydyeHHoe B ooHaxxeHur CpemHsis
Axty6a (Makeeyv et al., 2021). MukpoTpeiuHbI B na-
JIeOTToUBax Tpex IegoreHeTnuyeckKnx yposHeit (PL 5 —
MMUC 5a, PL6 — MUC 5¢ u PL7 — MUC 5e), 3anon-
HEHHBbIE MbUIEBATHIM BCKUMAIOIIUM MaTepualoM U3
BBIIIIEIeXKAIIUX JECCOB, OCOOCHHO XOPOIIO BUIHBI
Ha (poHE r'yMyCOBOTO rOpMU30HTA B U3YYEHHBIX MEA0-
KOMILJIEKCaXx.

Tlaneozeoepaghuneckue ycaosus pazeumusi KpuoeeH-
Hoix dmanoé Huocneeo Tlosonicvs

I atanm: B KacnuiickoM peruoHe B 3TOT MepUOJ pe-
KOHCTPYMPYETCSl 3aBEpLIAIOLIAs CTalusl MO3AHEXa-
3apCcKOii  TpaHcrpeccuu (TUpPKAHCKasi — CTaaus).
ITo coBpemenHbIM TipenctaBieHusM (Auuna, 2012),
TpaHCTpeccusi pa3BUBAIACh BO BJIAXHYIO 3IOXYy C
OOWJIbHBIM CTOKOM peK. YPOBEHb MOPsI HECKOJIBKO
MpeBbIIIal COBPEMEHHbBIN, BOJbI TMPKaHCKOTO Oac-
ceiiHa MpoHUWKaNU 1o nojauHe Boaru, dopmupys
mupokuit acryapuii. Ha reppuropuu Bocrouno-EB-
POTICICKOI paBHUHBI 1J1s1 BTOpOoii motoBuHEI MUC 5
OTMEYaloT Hayajlo BaJJaliCKOTO OJIeJleHeHUs: B
MHUC 5b 3mech Boigensior II ¢azy cmolieHcKoro
KpuoreHHoro stamna (JluHamuka naHAmIaTHBIX...,
2002).

II aran: maneoreorpaduyeckKue yCJIOBUSI pa3BU-
THsI 3TOrO 23Talla XapaKTepU30BaJIUCh Pa3BUTUEM
Bajijaiickoro ojieneHeHusi Ha BocrouHo-EBpomneii-
ckoit paBHuHe. B Huknem [ToBoskbe 3TOT Tiepuon
TaK>Ke 3HAMEHYETCSI CYIIECTBEHHIMU MU3MEHEHUSIMU —
HayvaJIoM TJIyOOKOI aTtenbCcKoii perpeccun Kacnmii-
CKoro OacceifHa, CMEHOI KJIMMAaTU4YeCKUX IIapaMeT-
POB C BJIQXHbBIX U OTHOCUTEJILHO TETUJIbIX (3aBeplie-
Hue popmupoBanus mouBsl MU C 5a) Ha XoT0gHEIE,
cyxue M BeTpeHHbIe (Hadajio (opMHUpPOBaHMS JIECCO-
BoIX oTioxeHuit MUC 4) (Beauuko, 1973). B ato
BpeMsl 3HAYUTEJIbHbIC TUIOIIAAN TOJIMHBI PEKU OKa-
3aJIMCh T10[, BO3JIEMCTBUEM KPUOTEHE3a U 30JIOBOM
eI,

IIT sran: Ha BocTouHo-EBporieiickoii paBHUHE B
9TO BpeMsI HQUMHAETCsI OPSTHCKUI Mera-uHTePCTa I -
Ne 3
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ajl — TeTUIblid Meproa BHYTPHU BalIaiicKoOro oJiefieHe-
Hus (JluHamuka manmmadTHbIX..., 2002). B Kacrmii-
CKOM Mope B KpuoreHHbIii 3tan 111, mo-Buaumomy,
OTMeYaeTcsl HEKOTOpOe TIOBBIIICHWE YPOBHS, 4YTO
CIOCOOCTBOBAJIO MPOHUKHOBEHUIO BOA B IOJUHY
Bosru u nporanBaHnio Mep3JbIX OTJIOKEHUIA.

IV sram: s nepnoga MU C 3 ¢ KopoTkumu asa-
MU TIOTeTUJICHUS W YBJIaXXHEHUST BCIENCTBUE TOMHSI-
tus ypoBHs Kacrnius (Anuuna u ap., 2017) xapaktepHo
YBEJIMUEHME BJIArOCOAEPXKAHMS B TOJIIIE OTJIOXKEHUIA.
Pycio Boiaru HeomHOKpaTHO MEHSIJIO CBOE TOJI0Xe-
HHUE, YTO OTPa3WJIOCh HA MOSIBJIEHUU TaJIeONOYBEH-
HBIX TOPU30HTOB B Tojlile ajmoBusi. Ha BocTtouHo-
EBponeiickoit paBHUHE B 3TO BpeMs (pUKCUPYETCs
3aBeplIaIIMi 3Tan (POPMUPOBAHUS OPSTHCKOI Ta-
JIEOTIOUBBI.

SAKJIIOYEHHUE

BrimonHeHHBIE MCCIEOIOBAHUSI TMO3BOJSIOT Cle-
JIaThb CJICOYIOIIME BbIBOIbI:

1) CtpoeHue u MOpGhOJIOTHs CTPYKTYP, pacIipeae-
JieHre KoahGULIMEHTa KPUOTEHHO KOHTPACTHOCTH,
MOpGhOCKOMNHUST KBaplLEBbIX 3epPeH, MUKPOCTPOEHUE
OTJIOXKEHMIA MOATBEPKIAIOT KPUOTEHHOE TIPOUCXOXK -
JeHUE CTPYKTYP B BbIIEJICHHBIX KPUOTEHHBIX TOPH-
30HTAaX.

2) PesynbraTel OCJI-npatupoBaHus U KOPPEISILUST
KPUOTEHHBIX TOPU3OHTOB IO BpeMEHU ITO3BOJIMIN
BBIIEIUTH YeThbIpe 3Tara pas3sBUTUS KpUOTeHe3a Ha
tepputopun Hiokxero IToBokbs B mo3mHeM TUIeii-
croueHe: MUC 5b, npn mepexoge or MUC 5a k
MUC 4, MUC 3b/c u MUC 3a.

3) B mepuon opMupoBaHUsI TIECCOB YCIOBUS ObI-
JIM CyPOBBIMM U XOJIOIHBIMHU, CJIETOBATEIILHO, KPUO-
reHe3 oTpasuics B 0oJjiee ITIMHUCTBIX, OOJIee BIaro-
eMKHX OTJIOKEHMSIX, T.¢. B majieoriouBax. Hauboiee
cyposbie yciaoBus B Huxknem [ToBoskbe (MHOTOJIET-
HSIST KPUOJWTO30HA) CYIIECTBOBAIM Ha TpaHMIE
MMUC 5au MUC 4 (11 kxproreHHBII 3TaIT), ¥ HAIIUTA
OTpaXkeHNe BO BCEX M3YYEHHBIX pa3pe3ax B BUIE pe-
TMOHAJILHO pacHpOCTPaHEHHBIX TOHKHUX BePTUKAIb-
HO MPOTSDKeHHBIX niceBaoMopdo3 (CpenHsiss AXTy0a,
JlennHck, bartaeBka), a Takxke B BUAE MEIIKOOOpas3-
HBIX CTPYKTYp B ajmoBuu (Paiiropon).

4) T1oCKONBKY KIMMAaTUYECKHE MapaMeTpbl UC-
CJIeAyeMOTO pErMoHa JOCTATOYHO OJHOPOIHBI, TIPU
PEKOHCTPYKLMHU YYUTHIBAJIUCh MECTHBIE KJIMMAaTUYe-
CKHMe 0COOEHHOCTH, COCTaB OTJIOKEHU, BJIaXKHOCTh
¥ UCTOoprYecKoe npointoe. DopMupoBaHKe KIMHO-
BUIHBIX KPUOT€HHBIX OOpa30BaHUl B M3YyYEHHBIX
paspe3ax MOXHO OOBSICHUTh HEe MOPO30OOMHBIM pac-
TPECKMBaHUEM, a TIPOMEP3aHUEM OTJIOKEHUI, HAChI-
IIEHHBIX BJIATOM, UYTO MOATBEPKAACTCS OINpeAc/ICHUSI-
MU 3HaUCHUI KO3 UILIMEHTa KPUOTEHHOI KOHTPACT-
HOCTU B 3aTPOHYTBhIX KpPHOTEHE30M TOPU30HTAX,
YKAa3bIBAIOIIMX HA PA3BUTHE MAJIOMOIIHOM MEP3JIOTHI.
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[TpoBeneHHble HCCAENOBaHUSI MOKa3alu Tep-
CHEKTUBHOCTb MPUMEHEHUS] METOIUKU KPUOJIUTO-
JIOTUYECKOTO aHajiu3a MUHEPaIbHOTO BelllecTBa sl
OLICHKM TTasieoreorpacuyecKuX yCI0BUA BpEMEHU UX
obOpaszoBaHusi. Ha mpumepe usydeHust pa3pe3oB Io-
Ka3aHo, 4To, KaK B ITpe/iejiax MHOTOJIETHEN Tepuris -
LIUAJIbHOUW KPUOJIUTO30HBI, TaK U B YCIOBUSIX CE30H-
HOTO MpoMep3aHusl B TIO3IHEM TJIEHCTOLIEHEe ITPOUC-
XOJIUJIU TPOLIECChl KPUOTEHHOTO TpeoO0pa3oBaHUs
OTJIOXKEHMIi, BO MHOTOM MpenonpeaeIuBIINe COCTAB
U CTpOEHME OTJIOKEHHUI aTebcKux cBUTHl HuxkHero
IToBoMXBA.
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CHRONOLOGY AND DEVELOPMENT OF CRYOGENESIS
IN LOESS-PALEOSOL SEQUENCE IN THE LOWER VOLGA REGION!

N. A. Taratunina%?, V. V. Rogov*<, I. D. Streletskaya’, T. A. Yanina*~?, and R. N. Kurbanov*?#

4[nstitute of Geography RAS, Moscow, Russia
bLomonosov Moscow State University, Faculty of Geography, Moscow, Russia
¢Tyumen Scientific Centre SB RAS, Tyumen, Russia
#E-mail: kurbanov@igras.ru

The article presents the results of studying four sediment sections in the Lower Volga region that containing
numerous traces of cryogenesis in Late Pleistocene subaerial deposits, represented by thin vertical wedges in
loess and soils, involutions and wedges in alluvial deposits. In order to establish the stages of development and
the boundaries of permafrost in the southeast of the East European Plain, morphology of cryogenic struc-
tures, morphoscopy and micromorphology of quartz grains were established, the coefficient of cryogenic
contrast were calculated, and also absolute dating of deposits was performed. Five stages of cryogenesis de-
velopment in the Late Pleistocene, which differed in type, scale of distribution, and conditions for the forma-
tion of cryogenic structures were established on the studied territory. The processes of cryogenic transforma-
tion of sediments occurred due to both seasonal freezing and the long-term development of a perennial per-
mafrost zone. This determined the composition, structure and properties of loess-paleosol sequences and
alluvial layers. The results obtained significantly refine the current understanding of the conditions for the
formation of the Atelian deposits in the Lower Volga Region and the distribution of permafrost zone in the
south of the East European Plain in the Late Pleistocene.
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Keywords: loess, paleo-permafrost, mineralogical analysis, coefficient of cryogenic contrast, OSL dating
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