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Wcropus nsydenust nemHUKOBBIX KoMmIuieKcoB CeBepo-Bocrounoit Cubupu HacuuThiBaeT 6oziee 150 jer.
3a 3TOT nepuo/ MoJIyYeH OOIIMPHbBIN reoJornyeckuii 1 reoMop@oIoruiyecKuii MaTepua, JaBIIUi BO3MOX-
HOCTh OIPENEIUTD 3TAlbl, XapaKTep W pa3Mepbl ojieficHeHUi. B To ke Bpemst ne(UIIUT NPSIMBIX TaTUPOBOK
JIETHUKOBOTO pelibeda, MOJyYeHHBIX TeOXPOHOJOTUYECKMMU METOIaMU, HE TT03BOJISIET TTPOBOAUTH IMOJTHOLIEH-
Hble Majieoreorpacduieckrie peKOHCTPYKIIUK. DTO MIPUBOIUT K AUCKYCCHUSIM KaK B POCCUIICKOM, TaK M B aHTJIO-
SI3BIYHOM JTUTepaType O BOBMOXKHOCTH CYIIIECTBOBAHUS IIOKPOBHOTO ojefeHeHus B ropax CeBepo-BocTouHoit
Cubupu. B cBsi3u ¢ 3TUM 11 onpenesieHUs] pa3MepoB U BpEMEHU OJIEICHEHMSI F0XKHOI yacTu Xp. Yepckoro
HaMU ObLT TIPOBENIEH KOMITJIEKC TeOMOPMOJOTUYECKHUX U T€OXPOHOJIOTUYECKUX UCCIIeOBAaHUN, B Pe3yIbTaTe
KOTOPBIX B HoIMHe p. Manbik-CueH (xp. OxaHisi) onpenesieH Bo3pacT TpeX KOHEYHO-MOPEHHBIX TPsil, COOT-
BETCBYIOIIMX Pa3JIMUHBIM 3Tanam ojieneHeHus. Ha ocHoBe maTupoBaHUsl SKCITOHUPOBAHHBIX BAJYHOB B Mpe-
JeJ1aX KOHEUHO-MOPEHHBIX KOMIUIEKCOB TOJNy4eHbl 22 1aThl o KocMoreHHoMy "Be. CpenHuii 5KCIIOHUPO-
BaHHBIN BO3pacT JUIsl BHelTHeil MopeHbl coctaisier 120.8+13.7 Twic. 1., mist cpeaHeir — 37.714.9 Thic. .
W IJ1s1 BHyTpeHHei MopeHbl — 13.8+2.2 thic. 1. CTpoeHNe MOPEeH U BO3PACT OTIOXEHUI CBUIOETEIbCTBYIOT
0 TOPHO-IIOJIMHHOM XapakTepe ojiefieHeHus Xp. Yepckoro B cpeqHeM U mo3nHeM TuielictonieHe. [Tocaenona-
TeJbHOE YMEHbIIEHNE pa3Mepa JieAHUKa B qorHe p. Manbik-CueH HaunHasg ¢ MUC 6 k MUC 2 ykasbiBaeT
Ha yBelIudeHue neduiuta atMochepHbIX OCAIKOB M 3HAUYMTENIbHYIO KPUOAPUIM3AIIMI0 Ha IOT0-BOCTOKE
xp. Yepckoro. Dta TeHAEHIUS KOHTPACTUPYET ¢ OOJbIIEil YacThlo paiiOHOB, 3aTPOHYTHIX OJICACHEHUEM B
CeBepHOM TIOJYIIApUU, TJe MaKCUMasbHas TUIONIAAb JEAHUKOB MO3IHEro IielicToIleHa PEKOHCTPYUPYETCs
IUISE BpEMEHHM TIocjeHero jJenHukoBoro Makcumyma (LGM, MUC 2).

Karouesoie crosa: xpedet OxaHns, nonuHa p. Manbik-CreH, TOpHO-I0JIMHHBIE JIETHUKY, KOHEYHAasl MOpeHa,
M30TOINHOE JAaTUPOBAaHUE
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1. BBEAEHWE

WM3ydyeHue JeTHUKOBON HCTOPUM CYIIU SIBJISIET-
Ccs OJHONM M3 3aJay, pelieHhe KOTOpOi BO MHOIOM
3aJI0KMJI0 OCHOBY YETBEPTUYHOM TI'€OJIOrMU U Ila-

#Ceoaka ons yumuposanus: Apxannukos C.I., ApxaHHU-
koBa A.B., YeGorape A.A. u np. (2024). OnbpIT IIpuMe-
HEHUS METOola JaTUPOBaHMUA 1o KocMoreHHomy “Be mwig
OLIEHKM BO3pacTa M MacuITaboB IJIECTOLIEHOBOIO OJie/ie-
HeHUsl ceBepo-BocTouHOU Cubupu (Ha mpumepe JieIHU-
KOBBIX KOMILIEKCOB Xp. Yepckoro). feomopghoroeus u nareo-
eeoepagpus. T. 55. Ne 3. C. 53—72. https://doi.org/10.31857/
S2949178924030039; https://elibrary.ru/PMDUGC
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Jneoreorpaduun. B mocienHue roabl peKOHCTPYKIIUS
MacITaboB, XPOHOJOTUM M KJIMMATUIECKUX YCIOBUI
IpeBHEro oyenecHeHUsT B ropax EBpasum u CeBepHoid
AMEPUKM MPUBJIEKAET 3HAUUTETbHOE BHUMAHKUE BBUILY
0co00r0 3HaUEHMS JISTHUKOB B TIOHMMaHWH KJIMMaTta
TMIPOIILIOTO, CBSI3M UX 3BOJIIOLUN C U3MEHEHUSIMU TEM-
repaTypsl M yBIaXHeHUs. IS 3HAYUTENBHON YacTu
rop CeBepHoit EBpazum B mociieqHUe IECATUICTHS
MOJIyYeHbl JeTaJbHble PEKOHCTPYKIUU 3TaroB (op-
MMPOBAHUS JICTHUKOB, OTIpeesIeHbl 3aKOHOMEPHOCTHU
ux pasputus (Svendsen et al., 2004; Hidy et al., 2013).
OmHUM W3 PETMOHOB, MMEIOIINX MHOTOYMCIEHHBIE
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cjenbl TIEMCTOLIEHOBBIX oJiefieHeHuit, siBasieTcss Ce-
Bepo-Bocrounas Cubups. M3yyeHue ojieneHeHMIT Ha
BocToke Cubupu, HauaBlleecsl BO BTOPOil MOJIOBUHE
XIX Beka ¢ uccinenmoBanuii I1.A. Kponorkuna (1873)
U TIpojloJiKeHHoe B XX Beke, IoKasayio, UTo ojieIeHe-
HUSI B CEBEPO-BOCTOUHOI 4YacTU pPerMoHa BO3HUKAIU
HEOHOKPATHO U MMEJIU LIMPOKOE pacIpoCTpaHEeHHE.
B pamkax morcKoBBIX paboT, HAYYHO-HUCCIEA0BATEIb-
CKHX TIpOTpaMM M T€OJIOTMIECKOTO KapTUPOBAHMUS
OBIT TOJy4eH OOIIMPHBIN MaTepuaa IO YeTBEpTHUY-
HBIM OTJIOXKEHUSIM, B TOM YHCIIe U TIO JISTHUKOBBIM
koMrIutekcaMm Boctoka CCCP (Onuiienko, 1965; Xso-
pocrtoBa, 1965; I'onbadap6, 1972; Kuna, 1975; 3amo-
pyes, 1976, 1978; Yanniuena, bpenuxun, 1981; Ana-
HbeB U ap., 1982, 1984; BockpeceHckuit u np., 1984;
I'nymkosa, 1984; Iderrapenko, 1984; Benmuuko, 1991;
I'nymkosa, I'yantuepu, 1998; u mH. np.). Ha pan-
HUX B3Tanax MCCAeNOBaHUI MOCTPOEHUE XPOHOJOTUU
OJIeICHeHU OCHOBBIBAJIOCH Ha TMaJIMHOJOTMYECKUX
JAHHBIX W CTPAaTUTPa®UIECKNX B3aWMMOOTHOIIECHUSIX
MOpPEH C TIEPeKPHIBAIOIINMI ¥ TTOACTUIAIOIINMHI OT-
JIOXKEHUSIMU HEeJIeAHUKOBOTO TeHe3uca.

Taxkum obpaszom, mist CeBepo-Bocrounoit Cubupu
UMeeTcsl 0OJIbIIoe KOJIMYECTBO PadOT, MOCBSIIEHHBIX
W3YJICHUIO YETBEPTUYHOTO OJICACHEHUS, CBSI3aHHBIX C
HUM opM pesibeda U 0cagodHbIX KOMIUIeKcoB. [naB-
HbIe BBIBOJbI OBLIM CeJIaHbl HA OCHOBE reoMopdoio-
TMYEeCKUX HAOJIOACHUM, pe3yJbTaToOB MaJMHOJOTHYE-
CKHUX M TIaJICOHTOJOTMYECKUX MCCAENOBaHUI, a TaKxKe
OTPaHUYEHHBIX CepUil aOCOIOTHBIX JaT, BBHITIOJHEH-
HBIX paguoyriepoaHbiM (14C), TIOMUHECHEHTHBIMU Mé-
TogaMu M 1o KocMoreHHomy °Cl. Omy6aMKoBaHHBIE
Ha JaHHBIM MOMEHT MpeACTaBJIeHUs] O pa3Mmepax, (a-
3aX M BpeMEHU OJieleHeHUsI KapAuHaJIbHbIM 00pa3oM
OTJIMYAIOTCSI, a MHOTJA W IMPOTUBOpeYar ApyT IpPyTy.
Tem He MeHee OOJIBILIMHCTBO MCCIenoBaTeNeil CKIIOHSI-
IOTCSI K MHEHUIO O TO3IHETUIeCTOLIEHOBOM BO3pacTe
COXpaHMBIINXCS B pelibepe KOHEUHO-MOPEHHBIX KOM-
TJIEKCOB U O TOPHO-JOJIMHHOM XapakKTepe OJieACHEHMS
rop Cesepo-Boctounoit Cubupu. Ilo coBpeMeHHBIM
MpEeACTaBICHUSIM MaKCUMAaJIbHBIM OBIJIO 3BIPSTHCKOE
oneneHenne (Q;2) ¥ MEHBIIMM I10 pa3MepaM CJIELYIo-
niee 3a HUM — capraHckoe (Qs*). OmnoxeHus Goee
PaHHUX JIEMTHUKOBBIX 3MOX (paHHUI U CPemHUid TIeki-
croueH') BeTpeyarorcs B rorpedeHHoM Buae. OnHaKo
psin uccrienoBaTesiell peKOHCTPYUPYIOT B peTMOHE Mac-
mMTaOHBIE JISTHUKHA, KOTOPBIE MOTYT OBITh OTHECEHBI K
ITOKPOBHOMY WJIM TTOJTYTIOKPOBHOMY THIIaM.

Pa3BuTie MeTOIOB JaTHPOBAHMS TT0 KOCMOT€HHBIM
pannonykimaam (°Be, 3Cl, A1) u cBs3aHHAsA C 3TUM
BO3MOXHOCTb OIpeeeHusT abCOMI0OTHOIO BO3pacTa
KOHEYHBIX MOpPEH OTKPBLIBAIOT HOBBIC TYTH IJIST Bpe-

13nech U gajnee MMeeTcsl BBULY HEOIUIEMCTOLEH POCCHii-
CKOM IIKAaJbl.

MEHHOM NPUBSI3KU JICTHUKOBBIX OTJIOXKEHMIA TOPHBIX
MaccuBoB U npearopuii CeBepo-BocrouHoii Cubupu
U PEKOHCTPYKLMU ojieneHeHuii. Hekoropass Heompe-
JIEJICHHOCTh B YCTBEPTUYHON UCTOPUU PAa3BUTUS JaH-
HOI TeppUTOPUM, CBSI3aHHAS C AS(PUILIUTOM TIPSIMBIX
JIaTUPOBOK JIEAHMKOBBIX KOMIUIEKCOB, Jaja TOJYOK K
MPOBEJIECHUIO IIIMPOKOMACIITAOHBIX TeoMopdoornye-
CKUX Y T€OXPOHOJIOTMYECKUX UCCIIeA0BAHUI B paMKax
MexXnyHaponHoro mnpoekrta Searching for the missing
ice sheet in Eastern Siberia, rimaBHOI LIeJIbI0 KOTOPOTO
CTaJI0 YTOYHEHME BO3pacTa M MaciuTaba InIeiicTole-
HOBBIX OJIENEHEHWI TaHHOW TeppPUTOPUM Ha OCHOBE
JaTUPOBAHMST BKCIOHUPOBAHHBIX TMOBEPXHOCTEl Ba-
JIVHOB B MpejeiiaX KOHEYHO-MOPEHHBIX KOMILIEKCOB
o kocmMoreHHoMy '"Be. Bropas 1enp 3akiodanach B
TOM, 4TOOBI Ha 0a3e IOJIyUeHHBIX HaHHBIX IIPOBECTU
najeoreorpauueckyro peKOHCTPYKIIMIO pPa3MepoB
oneaeHenus B MUC 2 u peminTh BoIpoc aucOaiaH-
ca oObema JibJa Ha KOHTUHEHTaX U O0beMa BObI,
U3BATON U3 OKEAHOB B 3TOT IEPHUO.

B naHHOi1 cTaThe MBI IPEACTABIISIEM MIEPBhIE PE3YIIb-
TaThl IPOBEJCHHOTO JAaTUPOBAHUS 110 KOCMOI€HHOMY
10Be cepuM KOHEUHO-MOPEHHBIX KOMIUIEKCOB C Tpe-
MSI YETKO OYEepUYEHHBIMM BaJlaMU, OOpa30BaHHBIMU
BBIBOJHBIM MAaJIbLIKCUEHCKUM JIEIHUKOM W3 TOPHOIO
MmaccuBa Oxanngg (xp. Yepckoro) ¢ aOCOMIOTHBIMU
BeicoTaMu 10 ~2300 M (puc. 1).

2. MATEPHUAJIBI U METO/IbI

Paiion uccnenoBaHuil pacriojiokeH B OIHON M3
KpynHe#mux ropHbix cTpaH CeBepo-BocTouHoii
Cubupun — B xp. Yepckoro (puc. 1, (a)), KOTOphiit
MpencTaBaseT coOOMl MPOTSKEHHBbI TOPHBINA TMOsIC
mmpuHoit 400 kM mpu gnuHe 1500 KM, cocTOSIImMiA
U3 TapajjenbHblX, BHITIHYTHIX ¢ C3 Ha FOB rpsin ¢
MaKCUMAaJIbHBIMU a0COJIIOTHBIMU BBICOTAMU 4YTh 0O-
snee 3000 M. OCHOBHOI OOBEKT MCCJIEIOBAaHMI pac-
MOJIOXKEH B €ro I0r0-BOCTOUHOI YacTW U COCTOUT M3
HETIPOTSKEHHBIX TOPHBIX MACCUBOB, TIPEACTABISBIIINX
co00If B IJIEHCTOLIEHE LEHTPbI OJICACHEHUSI C CUCTEe-
MaMU BBIBOJHBIX JIETHUKOB. OTHUM U3 HUX SIBJISIETCS
xp. Oxanns (puc. 1, (0)) ceBepo-3amagHOro MpPOCTU-
paHus ¢ abcomoTHbIMU BbicoTamMu 2000—2300 M, roe
LIXPOKO TPEACTABIEHBI Kapbl U TPOTHU, a TakxKe (Gop-
MbI aKKYMYJISITUBHOTIO peibeda, CBI3aHHBIE C ILICi-
CTOLIEHOBBIMU oJiefeHeHUsiIMU. M3ydyeHue neaHuKo-
BBIX (hopM peiibepa 1 oTOOp 00pa3I0B MPOBOIMINCH
B nojauHe p. Manbik-Cuen (puc. 1, (0)).

KnumaT Tepputopun pe3ko KOHTUHEHTAJbHBIN C
OTPULIATENIBHBIMU CPEAHETOIOBbIMU TEMIIEPATypaMU.
KonuuectBo ocankos BapbupyeT ot 300 10 700 MM/TO/1.
[ToBceMecTHO pacmpocTpaHeHa MHOTOJIETHSISI Mep3-
JIoTa.

KomMruiekc uccienoBaHuii BKIIIOYAI TeOJIOr0-reo-
MOp@OJIOTMYeCKEe U TeOXPOHOJIOTUYSCKUE METOMIBI,
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Cpemyd KOTOPBIX BBIIEISTIOTCS: TUCTAHIIMOHHOE 30H-
IUpOBaHUE U reoMopdoJIOrH4eckoe KapTHUpOBaHUE,
MapIIpyTHbIe HAOIIONEHUSI, OTOOp W TOKYMEHTALIMS
00pas3LoB, JaTUPOBaHUE 110 KocMOreHHoMy 9Be skc-
ITOHMPOBAHHBIX BaJyHOB B IpeleigaX KOHEYHO-MO-
PEHHBIX KOMIUIEKCOB.

AHaM3 pacrpocTpaHeHUsI KOHEYHO-MOPEHHBIX
rpsa B ponuHe p. Manbik-CreH BBITOJHSJICS T0-
CPENCTBOM JIeMN(pPUPOBAHAST KOCMUYECKNX CHUM-
KoB pasznuuHoro paspemrenus (Google Earth Pro,
https://www.google.com/intl/ru_ALL/earth/versions),
n3ydeHus1 mudposBoit Momenu peabeda ArcticDEM
(Morin et al., 2016; https://www.pgc.umn.edu/data/
arcticdem/) ¥ cocTaBJeHMsI KapT-CXeM pa3UuyHOIO
maciuraoa.

Jnst ompeneieHUsT Bo3pacTa KOHEYHO-MOPEHHBIX
KOMILIEKCOB MbI MCITOJIb30BaJId METOM JAaTUPOBAHUS
SKCITOHUPOBAHHBIX TIOBEPXHOCTEM KPYITHBIX BaJyHOB
110 KocMoreHHoMy °Be. ATOMBI 6epUIns 00pas3yloTcs
oA, IeMCTBUEM KOCMWYECKHMX Jydeld B CHIJIMKATHBIX
MMHepajax, B OCOOEHHOCTH B KBaplie, U, CJIeI0BaTE b~
HO, TIOAXOMAT JUISl JATUPOBAHUS SKCIIOHUPOBAHHBIX
noBepxHocteii (Gosse, Phillips, 2001). I[TockonbKy co-
JepxaHue KocMoreHHoro °Be HeBenuko, 11 aHaImM3a
Tpedyercs Bcero 10—30 r kBapua (Wagner, 1998).

OnHUM M3 OCHOBHBIX YCJIOBHI ITOJy4EeHUST Kade-
CTBEHHBIX TAHHBIX TIPU JaTUPOBAHUU 3THM METOIOM
SBIISIETCS HEMOJBIKHOCTL 00Opaslia ¢ MOMEHTa €ero
9KCMO3UINU. Bpemst cTabwim3anuu BajdyHa Ha T10-

BEPXHOCTH KOHEYHOI MOPEHBI COBITAJaeT CO BpeMe-
HEM OTCTYIIaHUS JIeAHUKA, U ero IojoXeHue (opu-
eHTalUsl B IIPOCTPAHCTBE) JOJKHO COXPAHSATHCS 10
MoMeHTa otbopa obOpasua (Gosse, Phillips, 2001).
OgHAaKO C MOMEHTa IIpeKpalleHUsI BO3ACHCTBUS
JIEMHUKA Ha JaTUPYyeMBlii oOpasel] B pabOTy BKIIIO-
YaIOTCS TIPOILIECCHI, BIMSIONINE Ha €ro COXPaHHOCTH
U CTaOMJILHOCTh Ha TTIOBEPXHOCTU KOHEYHOI MOPEHBI.
K HuM oTHOCsTCS: peuHass 3po3us (DOHHAs U 00KO-
Bast), TEPMOKAPCT, IeHYAALNS, BETPOBOE BO3IEICTBIE
U IecKBaMallysl.

Dpo3usi CcylecTBeHHO AehOopMUPYET MOBEPX-
HOCTh KOHEYHBIX MoOpeH. OJHAaKO OHa JIOKaJIU3yeT-
cd Ha y3KMX ydyacTKaX, KOTOpbIe HCKIIIOYAIOTCS U3
MMOTEHIIMAIbHBIX MeCT 0TOOpa oOpasmoB. Takxke He-
MaJIOBaXXHBIM (DaKTOPOM SIBJISIETCSI MOPO3HOE Iy4de-
HUE TPYHTOB C OKCTyMalMeil BalyHOB Ha TTIOBEPXHOCTD
MOpeHBI. B 3TOM cilydyae BaXkKHO NETallbHO W3Y4YUTh
paiioH oTOopa 00pa3LoB Ha IIpeIMeT aKTMBHOCTU
MPOSIBJICHUS JAHHOTO Tpoliecca. Pa3BuTtue Tepmokap-
cTa MpU Jerpajaliiid MHOTOJIETHE Mep3JIOThI BKITIO-
yaeT MpOTauBaHKUE BBICOKOJBIUCTBIX OTIOXEHUI U
MOJ3EMHBIX JIBIOB, COIPOBOXIAIOIIEECs MPOCaIKO
MMOBEPXHOCTU Y BO3HUKHOBEHUEM OTPULIATEIbHBIX
dopMm Me30- U MuKpopenbeda. Haauume cydoropu-
30HTAJIbHBIX TTOBEPXHOCTEH OONBIION TUIOIIAAN CBHU-
JIETEJILCTBYET 00 OTCYTCTBUU KAaKUX-JIMOO aKTUBHBIX
TEPMOKAPCTOBBIX MPOLECCOB HA MPOTSKEHUU -

TU*E ey

Puc. 1. (a) — MecromnonoxeHue paiioHa WccIeqOBaHUN Ha 0030pHOI KapTe (BBIIEIEHO KPAaCHBIM KBampaTtom) u (0) —

noiarHa p. Manbik-CueH u xp. OxaHpg.

Fig. 1. (a) — Location of the study area on the overview map (highlighted with a red square) and (6) — Malyk-Sien

River valley and Ohandya Ridge.
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TeJBbHOrO Mepuoaa BpeMEHU, BO3MOXKHO, C MOMEHTA
Jerpajgaluy oJieeHeHUs.

Jpyrum BaxkHBIM ITOKa3aTeaeM (prU3UIecKoil yCToi-
YMBOCTHU BO BPEMEHM JATUPYEMBIX BAJIYHOB SIBJISIET-
cs mepBuYHast ¢popma MopeHbl. B pabdore (Putkonen,
O’Neal, 2006) moka3aHo, YTO TTOCJIE OTCTYITAHUS JIeI-
HUKa MOpE€Ha, MMelolasi KPyTble CKJIOHBI U OCTPbIii
rpe0eHb, UCTIBIThIBAET MHTEHCUBHYIO JEHYIALINIO. DTO
MPUBOAUT K CIIAXKUBAHUIO MEPBUYHOTO JIETHUKOBOTO
penbeda, CMelIeHUIo YacTh 00JIOMOYHOTO MaTepuaia
U, KaK CJIeICTBME, 3HAUUTEIIbHOMY OMOJIOXKEHUIO €ro
SKCIIOHUPOBAHHOTO BO3pacTa. DTO CIpaBeMIMBO Kak
JIJIS1 OMMHOYHBIX KOHEYHBIX BaJioB, TaK W sl OoJiee
CIIOXKHO IMOCTpoeHHBIX MopeH (Bennet, 2001).

Eme ogHuM dakTopoM, CIIOCOOHBIM BIIMSITH Ha
TOYHOCTb ONpPEAEIEHUS BPEMEHM SKCIOHUPOBAHUS
o0Opaslia, sIBsIETCSl 9KpaHUPOBaHUE OObEKTa OT BJU-
SIHUSI KOCMUYECKOTO U3JTyYeHUSsT pa3IMuHbIMU (hopMma-
MU pesbeda, paCTUTEIbHBIM U CHEXXHBIM IMOKPOBAMMU.
CreneHb Tornorpa@uyeckoro 3aTeHeHUsl BbISICHSETCS
B Ipoliecce oTbopa MPOCTHIM KPYTrOBbIM 3aMeEpOM
YIJIOB U TTPOCTUPAHUSI CEKTOPOB TE€HU OT FOPHBIX Bep-
IIMH WIX MPOTSIXKEHHBIX XPEOTOB, UTO U YUUTHIBAET-
cd B JajibHEHIIeM MpU JaTUPOBAaHUU. PacTUTEIbHBIM
MOKPOB TaKXKe 3KPaHUPYET KOCMUYECKOE U3TyYeHUE,
HO He3HauuTenbHO, Topsiaka 2—4% (Gosse, Phillips,
2001).

OcHOBHas1 TPYAHOCTb TIpU 0TOOpE 0Opa3LoB B 10-
JuHe p. Manbik-CueH 3akiioyajach B MOMCKe Bajy-
Ha WU MIbIObI, OTBEUYAIOIIMX MEPEUUCICHHBIM BbIllIE
cTaHgapTaM KOCMOIeHHOro matupoBaHus. Omnpobdo-
BaHUE BEJIOCh C MOMOIIBIO 3JIEKTPUUYECKOM YIJI0OBOM
U@ OoBaJbHOM MAaIIMHBI, MOJOTKa M 3youna. Ot-
Oupascs MOBEPXHOCTHBIN CJIOW TOJIIMHON 2—3 cMm.
KoopauHatsel (GUKCHUPOBaINCH C IIOMOILIbIO IIOpTa-
tuBHoro GPS npueMHuKk ¢ ommbkoii £5 M. Takke
ornpezensijgach Tornorpaduyeckas TeHb MO CTOpPOHAM
cBeTta. Becero O6bL10 0npoOOBaHO 1M MPOaHATU3UPOBAHO
22 BallyHa, PacHoOJIOXKEHHBIX B Ipeaelax TpeX KOHed-
HO-MOpPEHHBIX BajoB. 9 00pa31oB ObUIM OTOOpPaHBI C
BHEIITHE MOPEHHOM Tpsmbl, 6 — co cpemHeit u 7 —
C BHyYTpeHHeii MopeHbl (Taba. 1). Bce BanyHbl nmenu
TPAaHUTHBIN COCTaB, U HA Ha OJTHOM M3 HUX HE ObLIO
00Hapy>KeHO CJIEJ0B OTCIaMBAHUS WU AECKBaMalllu.

[TpeaBaputenbHast odpaboTKa MpoO BHIMOJIHEHA
B Jabopatopuu OSL M KOCMOreHHOro NaTUpOBaHMUSI
MI'Y/UT'PAH. OnpeneneHue conep:KaHusI KOCMOTEH-
Horo 'Be B 00pa3uax BBIMOJIHAIOCH B JabOpaTopuu
KOCMOTeHHOTO JaTtupoBaHusi OpXycCKOro YHUBEPCU-
TeTa W B LIEHTPE YCKOPUTEIbHOU Macc-CHeKTpoMe-
tpun (Jdanus). MTorosbiii Bo3pacT ObUI MOJY4YEeH C
MOMOIIIbIO OHJaH-KalbKyIsITOpoB (CRONUS-Earth
(Bepcust 3); Balco et al., 2008).

[TonmpaBKM Ha 3KpaHUpOBaHUE KOCMWYECKHUX JIy-
yeid u3-3a tonorpaduu, paCTUTEIbBHOCTU U CHEXHOTO

MOKpOBa paccuuThiBaiuch coracHo (Gosse, Phillips,
2001). Tonorpaguueckasi TeHb, OLIEHEHHAasI O MoJie-
BBIM HAOJIIOJEHUSIM, BKJIIOY€HA B HAIIM pacyeThl BO3-
pacta. DKpaHMPOBAHUE PACTUTEIBLHOCTHIO CUYUTAIOCH
HEe3HAYNUTETbHBIM M3-3a PEIKOTO IPOEKTUBHOTO ITO-
KpbITUs. TolIMHA CHEXHOro MOKpoBa OlieHHWBajach
Mo OVKaWIMM MeTeocTaHIMAIM AKyTcka u Marana-
Ha (TojmHa okoyso 50 ¢cM, COXpaHHOCTb 10 8 Mecs-
1IeB B TOMYy), OMHAKO, YUYUTHIBAsI, YTO CTAHIIUM PACIO-
JIOXXEeHBl B HM3WHAX W JaJIeKO OT HAIIeTO ITOJIEBOTO
ydacTKa, Mbl TIPM3HAEM BBICOKYIO HEOIPeaeIeHHOCTh
9TUX OLIEHOK. B KauecTBe Mepbl MPenoCTOPOXKHOCTU
MbI YIBalBaeM OILICHKY MOIIIHOCTH CHEXKHOTO MTOKPOBa
¢ 50 mo 100 cM, 4TO (paKTMYECKU YyBEIUYMBAECT BO3-
pact BosneiictBust ¢ ~4 % no ~8 % COOTBETCTBEHHO.
Taxkue apdexTsl He BAMSIIOT Ha pe3yJbTaThl HalEero
HCCJIeI0oBaHusI, MO3TOMY MbI MpeHeOperaeM UMU B
OCHOBHOM TEKCTe.

3. PESYJIBTATHI

3.1. Ctpoenne KOHEYHO-MOPEHHBIX TSI

ITo nmaHHBIM JeIMPUPOBAHUST KOCMHUUYECKUX
CHMMKOB M W3yYeHUS KapT UYETBEPTUUHBIX OTJIO-
KEeHWI, a Takke aHajim3a ONyOIMKOBAaHHBIX Te€O-
Jornyeckux gaHHbix (Tonabagap6, 1972), B paiioHe
HCClIea0BaHUs 00JIacTh JIGAHUKOBBIX OTJIOKEHUI pac-
MpPOCTpaHSIETCs BIJIOTh IO COUSHUSI peK Manbik-Cu-
eH u bepenéx (puc. 2). Penbed moBepxHOCTU TIISLIM-
aJIbHOI'0 KOMIUIEKCa XOJIMUCTO-3amaauHHbIi. B 20 km
OT Kpas JIEMHUKOBBIX OTJIOXEHHI BBEpX ITO TCUCHUIO
p. Manbik-CueH Bbiae/sIeTcsl TPY Bajla KOHEUHBIX MO-
PEH, pacIojoXEeHHBIX Ha PACCTOSIHUU 2—3 KM JIPYT OT
npyra. Jlyis ompeneneHus: Bo3pacTa S3KCIIOHUPOBAHUS
KOHEYHO-MOPEHHBIX KOMIUIEKCOB OBUIM TPOBEICHBI
paboTHI MO TIOMCKY M OTOOpPY OOpasloB BaJlyHOB U
[JIBIO, PACITOJIOXEHHBIX Ha TMOBEPXHOCTU MOPEHHBIX
OTJIOXEHUIl B gonuHe p. Manbik-CueH (puc. 3).
CreneHb BbIPaXKEHHOCTU B peJibede TpeX M3y4eHHBIX
MOPEHHBIX BajJioB pasnuyHasi. Hambosee xopoio co-
XpaHWINCH CPEIHSIST M BHYTPEHHSIST MOPEHBI.

BHe1Hsisi MopeHHasi Tpsiia KpyrHee, 6ojee moJo-
rast 1 3aHUMaeT OOJIbIIIYIO TEPPUTOPHUIO MO CPABHEHUIO
¢ npyrumu. OHa mpeacTaBisieT co00i Bajl IIMPUHOK
0 3 KM M BBICOTO#N 65—160 M, KOTOpBI B CpennH-
HOII yacTtu Ipope3aH p. Manbik-CueH Ha IIIyOMHY
10 70—90 M. ITpokcuMasibHbIN CKJIOH MOPEHBI UMEET
KPYTU3HY 3—5°, OUCTalbHBI — OoJjiee TMOJOruii —
2—3°. CKJIOHbI KOHEYHOI MOpEHBI pacujieHEeHbI Bpe-
MEHHBIMU BOJOTOKAaMH, B HEKOTOPBIX MeCTaxX Ha X
TTOBEPXHOCTH MMEIOTCST HeOOoNbIMe o3epa. B memom
MOpeHa WMeeT CIJIakKeHHBbIe OYepTaHUs U, IO BCeit
BUJIMMOCTHU, TIpeTepIiesia 3HaYUTeJbHbIE U3MEHEHMUS
B pe3yJbTaTe BO3MEUCTBUS Pa3IMYHBIX areHTOB Je-
Hynauuu. Ha ee TOBEpXHOCTM BCTpeyaloTCs peakue
BaJIyHbI W TJbIOBI 10 2 M B monepeyHuke. OOpasiibl
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ObLIM OTOOpaHbl B OCHOBHOM C JUCTaJbHOTO CKJO-
Ha, IpeOHsI U TUIaTOOO0pa3HOl IUIOIIAAKA BHELIHEMH
MOpEHBI. B CBsSI3M ¢ TeM, YTO KOJWYECTBO BaJTyHOB
11 JaTUPOBaHUSI OBLIO OTPAHUYEHO, AUCTAHLIMS
MEXIy HUMM JIOCTUTaja HECKOJbKMX COTEH METPOB.
Hnsg onpoOoBaHMUSI paccCMaTPUBAIMCh 3K3EMILISPBI
pa3zmepamu He MeHee 1 M B mmameTrpe. B urore c
JIMCTaJbHOTO CKJIOHA Oblia B3siTa cepusi oOpasloB,
PacmnoyIoKEHHBIX OT TTOAHOXMS 10 IPeOHSI MOPEHHOTO
Basia. Ha mpokcumanibHOM CKJIOHE Obljia OOHapyXeHa
CcyOropM30HTaNIbHAS TLIOIIANKa C HECKOJbKMMM Ba-
JIYHaMU, TPU U3 KOTOPBIX TakKe ObLIM OMPOOOBAHBI.

CpenHsisi MOpeHa pacriojioXkeHa B 3 KM BBIIIE MO
TeueHuto p. Manbik-CueH. Ee Bbicota qocturaer 50 m
npu mupuHe 1.5—1.9 kM. KpyTtuszHa nucraibHOro
CKJIOHAa MOPEHBI COCTaBJIsIeT B CpeqHeM 5—7°, MPOK-
cuMajbHoro — 3—4°, JIisg Hee XapaKTepeH XOJIMUCTO-
3aMaJuHHbIN pebed ¢ XOpOoIlo BbIpaXXeHHbIMU TPsi-
naMyu M HeOoabpmuMu o3epamu. CeBepHasi 4acTb
BaJla OCJIOXKHEHA cepueil KPYMHBbIX TePMOKAPCTOBBIX
MOHMXEeHUI. BayyHbl, pacrojioXXeHHbIe B aluKajib-
HOI 4aCTM MOPEHHOM TIpsifibl, BO3BBILIAIOTCS Haj €€
MMOBEPXHOCTBIO B cpenHeM Ha 50—60 cMm, mHOrma Ha
1 m. OGpa3upl ObLIM B34Thl B MPUBEPIIMHHONM YacTU
¢dparMeHTa MOpPEHbI, PaCMOJIOKEHHOIO K CeBepy OT
p. Manbik-Cuen. PaccrosiHue mMexay orpoOOBaHHbI-
MU BajlyHamu cocTtasisgeT 150—200 m.

BHyTpeHHsIs1 MOpeHa pacrojiokeHa OT cpenHeil B
2.5 kM BbIlIe Mo TeyeHuo p. Manbik-Cuen. [HlupunHa
KOHEUYHO-MOPEHHOT0 KOMILJIEKca M0 OCHOBaHUIO COC-
TaBIIsIeT 2 KM, BeicoTa okono 30—40 m. B otnmuume ot
BHEIIHEN M cpeaHeil MOPEeHbI, BHYTPEHHSISI NEIUTCS
Ha CepuI0 BaJloB, KOTOPbIE, BO3MOXHO, (PUKCUPYIOT
CcTaIuu OTCTyHaHWs JeaHrKa. OpOHTANBHBIA CKIIOH
MOpEHBI UMeeT YKJIOH 10 10° u mpeacTasisieTr coboii
eIVHYI0 TMOJKOBOOOPAa3HYIO CTPYKTYpy. BTopoii Ban
OCJIOXKHEH cepueli MOHWXeHUA. XOpollIo oYepueHHbIe
Ipsiibl C KPYThIMU CKJIOHAMU U OTHOCUTEIbHO OCTPbI-
MU TpeOHSIMU XapaKTepU3YIOT €€ KaK Hauboyiee MO-
JIOMYI0 M3 pacCMOTpPeHHBIX MopeH. LlInpoko pacmpo-
CcTpaHEeHbI Heboblre o3epa. Ha BHyTpeHHel MopeHe
B €€ MpaBOOEPeXHON YacTM OTHOCUTEJIbHO JOJMVHbI
p. Manbik-CueH Obuta orpoOoBaHa cepusl BajlyHOB,
BBICOTa KOTOPBIX Hal IMOBEPXHOCTHIO COCTaBJIsIa OT
0.2 1o 2 M, paccTosiHHE MeXIy TOYKaMH OIpoOOoBa-
HUSI COCTABJISUIO OT IepBbIX MeTpoB 10 300 M. OT60p
00pa3LoB NPOBOAUIICS IIPEUMYIIECTBEHHO Ha CyOro-
PUBOHTAJIBHBIX TUIOIIAIKAX.

Ha ocHoBe ananu3a copepXaHusi aTOMOB KOC-
MoreHHoro ''Be B oOpasuax mojydeHbl 22 OaThl
(tabn. 1). [eBsaTh maT BHeIIHel MopeHbI (puc. 4)
MOKHO pa3iejiuTh Ha IBe BO3pAacTHBIC Ipymmbl. [lep-
Basi — 9TO 00pa3lbl C JUCTAIBHOTO MOJOTOT0 CKJIOHA
U TpeOHSI MOPEHBI, 3eCh OTMeYaeTCsl 3HAUUTEIbHbII
pasdbpoc — ot 7 go 66 TeICc. 1. H. Bropas rpymmna,
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OTOOpaHHasI C INIAaTOOOpAa3HOI IIOLIANKM BHELIHEH
MOpEHBI, (hOpMUPYET KOMITAKTHBII Kitactep 10947,
12448, 130%9 ThIC. 1. (Tabn. 1). Ins cpeaHeit MOpeHbI
nojyyeHo 6 gat ot 32 mo 89 Thic. 1. H. OcTanabHbIe
CeMb — XapaKTePU3YIOT BO3pPACT BHYTPEHHEN MOPEHBI:
ot 11 go 40 ThiC. I
3.2. IlpuuuHBI pa3dpoca BO3PaCTOB MOPEH

HaGmtomaemMblii pa3dpoc 3KCIOHUPOBAHHBIX BO3-
pacToB BaJyHOB B MOpEHAX MOXET ObITb OOYCIOB-
JIeH AByMs npuurHaMu: (1) mocTceauMeHTallMOHHbIM
9KpaHMPOBAHUEM OTJIOXEHUI (LIMKIMYHOE ITorpede-
HUE U 9KCIIOHUPOBaHWE, HATIpUMEDP, S0JOBBIMU WJIU
JIPYTUMU TIpolLieccaMu) WIM UX OoJsiee Mo3aHeit sKc-
rymManuueii (BoIBeIeHHEe HA MOBEPXHOCTh BaJyHOB B
Mpoliecce NeHyIaluu BepXHeil 4acTu MOpeHbl); U (2)
HaJIMYMeM HaKOIUJIEHHBIX 3a TPEIBIAYIINIA UK
SKCMO3ULINY PAIUOHYKIUAOB. DKpaHUPOBAHUE [AeT
OMOJIOXKEHHBII BO3pacT MOPEHBI, TOTAA KaK yHacje-
JOBaHHBII KocMoreHHblil 1Be mpuUBOIUT K €ro yapes-

Puc. 2. Xapakrep u mjomiaas pacrpocTpaHeHUs Jie-
HUKOBBIX oTtoxeHnii (Fombadap6, 1972) B paiione uc-
CJeOBaHUsSI U Ha TMpUieraliux tepputopusix. OpaH-
JKEBBIM LIBETOM I1OKa3aHbl JIEJHUKOBBIE OTJIOXECHUS.
KpacHoii myHKTUpHOIi TMHUEN OTMEYeHa OCeBas 4acTb
KOHEYHBIX MOpPEeH B HoiuHe p. Manblk-CueH.

Fig. 2. The nature and area of glacial deposits distribution
in the study area and in adjacent territories (Goldfarb,
1972). Glacial deposits are shown in orange. The red
dotted line marks the axial part of the terminal moraines
in the Malyk-Sien River valley.
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Henuto (Fabel, Harbour, 1999; Applegate et al., 2010;
Heyman et al., 2011). Takue ¢akTopbl HEOOXOAUMO
VUUTHIBATh TTPU UIEHTU(UKAIINNA BO3pacTa KOHEUHBIX
MOpeH U B nojuHe p. Manbik-CreH, mpuHUMasi BO
BHMMaHUE IIMPOKUI pa3dpoc mjisl Bcex Tpymr 00-
pasuoB (puc. 5). AHanu3 pacnpenejeHust naT aoJ-
JKeH YYUTHIBaTh JIOTUUHOE YyBeJUYEHHE BoO3pacTa
TpeX MOPEHHBIX BAJIOB OT BHYTPEHHETO K BHEIITHEMY.
[TomMuMo 3TOro, Bce MOpPEHHBIE I'Psiibl MOABEPKEHBI
MOCTENEHHOMY pa3pyllieHUuI0, TO €CTb CHUXEHMIO
BBICOTBI 33 CUET BBITTOJAXWBAHUS KPYTHIX YJaCTKOB
CKJI0HOB. TakuM 00pa3oM, ¢ TedeHrUEM BpeMeHH (pop-
Ma Baja OymeT M3MEHSThCSI, TeM CaMbIM MEHSs 3(]-

APXAHHUKOB n np.

ekt aKkpaHnpoBaHUs BaxyHOB B MopeHe (Putkonen,
Swanson, 2003; Heyman et al., 2011). DT1ot 3 dekT
HaOJfomaeTcss TPU 3aMETHOM YBEJIMYEHUM pPa30bpo-
ca BO3pPacTOB OT BHYTPEHHEW MOJIOOOW MOPEHbI K
BHEIIHEI, IpeBHEell M 0Oojee OeHYAUPOBAaHHOI (OT
~29 no 123 TBIC. JI. COOTBETCTBEHHO, pHC. 5). XOTH
HacJIeMoBaHWe PaIVMOHYKIWIOB B BaJyHaxX SIBJISETCS
B 3HAYMTEIBHOM CTETIEHN CTOXaCTUIECKUM, OHO OKa-
3BIBAET HETIPOMOPIMOHATLHO CWJIbHOE BIMSTHHAE Ha
6oJree MOJIOIbIE MOPEHBI, TTOTOMY UTO YHAcCJIeAOBaH-
HBIIT OCpUJUTUIA MOXET COCTaBIISITh 3HAYMTEIHLHYIO
yacTh MTOTOBOTO Bo3pacta. Hampumep, yHaciemo-
BaHHbIi "Be upentudunuposan B 27% (n = 590)

Taomuma 1. Pe3ynbTaThl KOCMOT€HHOTO NaTMPOBAHUS OOpPa3liOB M3 TpeX KOHEUHO-MOPEHHBIX KOMILIEKCOB TOJMHBI

p. Manbik-Cuen (xp. Yepckoro)

Table 1. Results of cosmogenic dating of samples from three end-moraine complexes of the Malyk-Sien river valley (Chersky

Ridge)
Howmep IIupora Hoirora HE;I;?? Konuenrpauns g%;ﬂlga 1]33;;;(1){? SKCH(;I;I;III));(?? et
o6pasua M ’ "Be, (10° at/r) cM , cM ’ TEBIC. n.’
Bremnsst MopeHa
MS-MB-4 63.425 147.668 991 0.763£0.051 3 30 6.810.6
MS-MB-2 63.423 147.662 965 1.312£0.069 3 50 11.9£0.9
MS-MB-1 63.420 147.660 950 2.901£0.132 2.5 65 26.7+2.0
MS-MB-10 63.418 147.669 967 3.741+0.031 2 15 33.8%£2.0
MS-MB-5 63.426 147.669 993 4.669+0.110 3 40 41.712.7
MS-MB-12 63.417 147.674 980 7.274£0.193 2.5 55 65.814.3
MS-M1, 5B-2 63.432 147.685 984 11.8734+0.170 3 130 108.616.8
MS-M1, 5B-1 63.431 147.688 982 13.717+0.202 1 130 124.1+7.8
MS-M1, 5B-3 63.432 147.687 980 14.243+0.475 1.5 150 129.819.1
CpenHsiss MOpeHa
MS-M2B-2 63.456 147.765 998 3.605%0.126 3 65 32.0£2.2
MS-M2B-6 63.456 147.760 988 4.208£0.112 2 65 37.4+2.4
MS-M2B-3 63.454 147.764 987 4.203£0.085 2.5 55 37.512.4
MS-M2B-4 63.455 147.763 983 4.89910.128 2 60 43.8+2.9
MS-M2B-7 63.456 147.757 987 7.539+0.110 2 100 67.5t4.2
MS-M2B-8 63.457 63.457 985 9.894+0.543 1.5 60 88.917.3
BHyTpeHHsis1 MopeHa

MS-M3B-9 63.484 147.821 972 1.174%0.041 1.5 25 10.5£0.7
MS-M3B-8 63.484 147.821 978 1.455+0.044 2 35 13.0£0.9
MS-M3B-4 63.485 147.822 986 1.504£0.147 2 60 13.3£1.5
MS-M3B-1 63.486 147.823 975 1.5921+0.094 3 80 14.4%+1.2
MS-M3B-3 63.486 147.823 974 2.012+0.062 2 60 18.0x1.2
MS-M3B-11 63.482 147.825 966 3.138£0.085 2 200 28.4+1.9
MS-M3B-7 63.484 147.821 978 4.442+0.081 2 80 39.8£2.5
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MepeMeIIeHHBIX JIbIOM BajlyHOB, TAaTHUPOBAHHBIX B
®dennockanguu (Jansen et al., 2019).
3.3. Bo3pacTt Tpex KOHEYHO-MOpPEHHbIX KOMILIEKCOB
B JoJuHe p. Manbik-Cuen
[IpencraBineHue o TOM, 4TO pa3dpOC JAaT IJIST BHEIII-
HETO BaJla SIBIIIETCS pe3yJbTaToM OoJiee ITUTEIBHO-
IO 3KCITOHUPOBAHMS, HCHYIAINN M BBITOJAXKIBAHUS
MOPEHBI, COTJIACYeTCsT C PACITOJIOXEHNEM M3YIeHHBIX
BaJIyHOB B MpocTpaHcTBe (puc. 4). M3BecTHO, 4TO
3aray6IeHre BaJyHOB (BBICOTa HaJ ITOBEPXHOCTBIO

MOpEHBI) HAMpPSIMYIO CBSI3aHO C TMEPUOIOM 3KCIIO-
HupoBaHUs. To ecTh YeM MeHee OH 3amIybJeH, TeM
OOJILIINI TEPUOA BPEMEHU OOBEKT HAXOMUTCS IIOJ
BO3/IEiiCTBUEM KOCMUYECKMX Jiydyeid. g rpymm Ba-
JIYHOB C IIIMPOKHUM pa3dpOCOM IaT OOBIYHO CIICHAYET
paccMaTpuBaTh HamboJiee JAPEBHIOI B KaueCTBE MM-
HUMaJbHOTO Bo3pacTta merisunanuu (Heyman et al.,
2016).

DTOT Ke TPeHI, XOTsI U B MEHBIIIEH CTeNEHN, OTME-
qaeTcsd M JUIS CPeIHETro Bajia, HO ITOJTHOCTBIO OTCYT-

MS-M3B-11

Puc. 3. BbiGbopKa cpaBHUTEIBHO BBICOKO BBICTYMAIOUIMX BaJYHOB M MX ONPOOOBaHUE IUIS NATUPOBAaHUS BPEMEHU IKC-
no3utuu (1abn. 1). Baayuel, pacnoasoxcennsie Ha mopenax: (a), (0), (B) — Ha BHellHeii, (T) — Ha cpemnHeit, (1), (€) — Ha

BHYTPEHHEU.

Fig. 3. Selection of relatively high and stable boulders and their sampling for exposure dating (tab. 1). Boulders located
within: (a), (0), (B) — the outer moraine, (r) — the middle moraine, (), (¢) — the inner moraine.
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CTByeT Ha BHYTPEHHEM, UTO OTpaxkaeT pPa3IMIHYIO
CTEMeHb TMOCTCeANMEHTAIIMOHHBIX TTpeoOpa3oBaHUiA
pa3HoBO3pacTHBIX MopeH. COOTBETCTBEHHO, Hallla
WHTEPIIpeTallds Bo3pacTa BHEIIHEH MOpPEHBI OCHO-
BaHa Ha Tpex HauboJiee IpeBHUX 00pa3liax, GopMupy-
JoIIMX KoMIakTHYIo rpymnmny (MS-M1, 5B-1; MS-M1,
5B-2; MS-M1, 5B-3; Ttaba. 1, puc. 5). DTH BajayHbI
pACITOJIOXEHBI Ha YIUTOMIEHHOM TIIONIagKe MPOKCH-
MaJIbHOTO CKJIOHAa KOHEUHOI MopeHbl (puc. 4), T.e. B
OoJiee CTaOMJIBHBIX TeoMOP(MOJOTMUYECKUX YCIOBUSIX,

YTO TIO3BOJISIET TOBOPUTH O HE3HAUUTEIEHOM BIVSTHUM
9K30TE€HHBIX TIPOIECCOB Y BTOPUIHOTO TIEpEeMEIICHUSI.
Bce oHM BO3BBINIAIOTCS Halm YpOBHEM 3eMJn Ooiiee
yeM Ha 130 cM, uTto Gosiee yeM B JBa pa3a MpPEBbI-
IIaeT BBICOTY HaJl TTOBEPXHOCTHIO MOPEHBI BaJyHOB,
PACIONOXEHHBIX Ha €€ AUCTAIbHOM CKJIOHE (Tab. 1).
TakuM oOpa3oM, CpemHMIT 3KCITOHUPOBAHHBIN BO3-
pacT BHelTHeil MOpeHBl B gojuHe p. Maibik-CueH
cocrapiisieT 120.8+13.7 ThIC. JI. U COOTBETCTBYET KOH-
my MUC 6 — nagary MUC 5 (puc. 6). B 10 ke Bpemst

MopeHa
10.5+£0.7
13.0+£0.9

+
+
+
+
+

CpeaHsis
MopeHa
320+2.2
374+24
375+24
438+29
67.5+4.2
88.9+7.3

0 25 5.0

7.5 10 11km

Puc. 4. ®parment nonuubl p. Manbik-CueH ¢ KOHEYHBIMU MOpPEHAMU M MecTa O0TOopa Mpod (KpacHbie Touku). [Ips-
MOYTOJIbHUKU TOKa3bIBAIOT BO3PACT IKCIMOHUPOBAHMSI MOPEHHBIX BaJlyHOB. B HMXHEH 4acTu pHMCyHKa MpeacTaBlieH
MPOAOJIbHBII Tororpaduueckuii mpoduib ¢ KOHEYHO-MOPEHHBIMM BaJlaMU, Ha KOTOPBIX TTOKa3aHbl BHICOTHI MECT OTOOpa
npo6. KpacHasg cTpenka Ha BHeEIIHEll MOpEHE yKas3bIBaeT Ha KiroueBble oOpa3ubl MS-M15B-1, MS-M15B-2 u MS-
M15B-3, nonoxeHne KOTOPBIX B MOCTCENMMEHTALMOHHBIN Mepuoa ObLI0 0ojiee CTaOMIbHBIM.

Fig. 4. Fragment of the Malyk-Sien River valley with terminal moraines and sampling locations (red dots) with the
exposure ages of moraine boulders. The lower part of the figure shows a longitudinal topographic profile with terminal
moraine ridges and heights of the sampling sites. The red arrow on the outer moraine indicates the key samples MS-
M15B-1, MS-M15B-2 and MS-M15B-3, whose position was more stable during the post-depositional period.
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HEOOXOIMMO OTMETUTH, YTO MOJIOABIC JaThl MOTJIU
OBITH TIOJMYYEHBI TaKKe IPW HEIpaBUIILHON OICHKE
reoMop@OJIOTNYECKOi MO3UIMKY BHEIIHEHl KOHEUHOI
MOpeHbl. B cBsI3u ¢ TeM, 4TO ee BO3pacT J0CTaTOY-
HO IPeBHUI U CTeTIeHb 3PO3MOHHOTO pacujicHeHUS U
JIeHyIalln BBICOKA, CYIIECTBYET BEPOSITHOCTh HElTpa-
BWIBHOI WHTEpIIpeTallii ee pa3mMepoB. UTo mmeeT-
¢ B Buay? B maHHOM ciydae Bajl BHEIITHE KOHEY-
HOM MOpeHBI ¢ (PPOHTANBHOM CTOPOHBI MOTYCPKHYT
nonuHoit p. Kropbensx, omHako Ha TpaBoM Oepery
JIETHUKOBBIE OTJIOXEHUS TaKKe (PUKCUPYIOTCS U pac-
MPOCTPAHSIIOTCS HAa PpaccTosIHUU A0 3 KM (puc. 2).
Bo3MoOkHO, 4TO BOmHAsT 3pO3Msl MOTJIa PaCWICHUTH
paHee eIMHBIN MacCUB KOHEYHON MOpEHBI U B Hac-
TosIIIiee BpeMsT BaJyHbI, PACIIOJOXXEHHBIC Ha JIHC-
TaTbHOM CKJIOHE, OBUIM 3KCIOHHMPOBAHBI IO Mepe
yroIyoaeHus Bpesa. Ecii MBI TTOCMOTpPHMM Ha TIepBHIiA
KJIacTep M ero pacriojoXeHue B MPOCTPaHCTBE, TO Mbl
MOXEM YBHUIETh HEKOTOPYIO 3aKOHOMEPHOCTh B pac-
npeaeaeHUr Bo3pacTa 9KCIO3ULIMK BayHOB. To ecThb
Haubosiee MOJIOJIbIE — PACIIONIOXKEeHbl B HUXKHEH Jac-
TU JOJUHBI (32 UCKIIOUYeHHEeM obOpaslia ¢ BO3pacTOM

~7 T. J1.) 1, TIO Mepe MoIbeMa 110 CKJIOHY, JaTUPOBKU
IMOKa3bIBaIOT Bce OoJiee OpeBHUI Bo3pacT (puc. 4).
Ha reomopdonornyeckoii cxeMe Manbik-CHeHCKOM
Bnaaunbl FO.U. Tonpacdapd (1972) Bbimenus BHellI-
HIOI0O KOHEYHYI0 MOpPEHY B TeX Xe pa3Mepax, B Ka-
KUX paccMaTtpuBaeM 1 MBI. Ho 110 Bo3pacty oH oTHec
ee K ITaJeKWHCKOI dase (3BIpSHCKOE OJIeIeHEHHE,
MHUC 4), a npaBobepexkHy0 MOPeHY (OTHOCUTEIbHO
p. Kropb6ensix) K KOHIy cpeaHero IuieiicroneHa (Ma-
JIbIKcUeHcKas ¢aza). Takoii xxe Bo3pact (MUC 4) misa
BHEIIHE MOpPEHBI MMOKA3aH 1 Ha KapTe YeTBEPTUYHBIX
obpazoBanuii (Kapra ..., 2020).

HMuTepnperanyist Bo3pacTa cpeaIHeil MOPEHBI BBI3bI-
BaeT HEKOTOphIe TPYIHOCTH. PacmpenereHue mat Ha
BpeMeHHOM 1Kaje (puc. 5, 6) moxkasajo KOHIIEHT-
pauuio detbipex n3 Hux B MUC 3, a gBa oOpasua
otHocaTcs Kk MUC 4 u MUC 5. Ecau nia cpen-
Heil MOpeHBI MBI TakKXe OyaeM HCITOIb30BaTh MO-
Iellb TTOCTCeIMMEHTAIIMOHHOTO 3KPaHUPOBAHMUS
WIA TIO3IHENH DKCTyMali KaK OCHOBHYIO TPUYUHY
HabJTI01aeMoro pa3dpoca 3KCIOHUPOBAHHOTO BO3pac-
ta (0T ~89 mo 32 ThIC. JI.), TO MBI HEOOOCHOBAHHO
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Puc. 5. Pacnpenenenue muotHocTu (probability density plot, PDP — mo BepTukaibHOI OCHM) KOCMOTE€HHBIX AaT ISt
BHEILIHEH, cpefiHell U BHYTpeHHeil MopeH. [IpsMOyroibHUKHM, OKpalleHHbIE B 1IBETa, COOTBETCTBYIOIIME 1BETY MOpPEH
Ha puc. 4, oTpaxaloT MUara3oH IaT, MPUHSATHIX Kak Haubojee moctoBepHble. Ha dotorpadum mokaszaH 3amamHblii Oe-
per o3epa Mauibik. UepHble CTpENKM yKa3blBAIOT HA YPOBEHb KPAeBBbIX MOPEH, c(HOPMUPOBABLIMXCS B Pa3HbIC TIEPUOIbI
CpEIHEero W Mo3nHero ruieiicroiieHa. benoii cTpenkoil OTMeueHbl MOPEHHBIE OTJIOXEHUS CapTaHCKOTO BPEMEHM.

Fig. 5. Probability density plot of cosmogenic ages for outer, middle and inner moraines. Colored rectangles correspond
to the color of the moraines in fig. 4 and reflect the range of ages accepted as the most reliable. The photograph shows
western shore of Lake Malyk. Black arrows indicate the level of marginal moraines formed during different stages of the
Middle and Late Pleistocene. The white arrow marks moraine deposits of MIS 2.
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WCKITIOUMM W3 PACCMOTPEHMST 3HAYUTEIbHYIO YacTh
KOMIAKTHO COCpPeAOTOYeHHbIX aaT 43.8—32 ThIC. .
(tabn. 1, puc. 5, 6). Kak OblJI0 cKa3aHO BBIIIE, IS
CeBepo-BocTouHoii Cubupu Hapsiiy ¢ 3bIpSTHCKOM U
captaHckoit ¢dazamu oneaeHenust H.B. Kunng (1975)
BBIICNTAJIA JKUTAHCKUIA 3Tal BBIIBIDKCHUS JIGTHUKOB
B nepuoa 33—30 Teic. J. H. [IpyHUMas BO BHUMaHUe
(baxT COOTBETCTBUS pa3sMepoB 3BIPSTHCKOTO OJicIeHe-
HUS W XHUTAHCKOM (pa3kl MOXXHO WHTEPIIPETHUPOBATH
BO3pacT 3KCITO3WLINU BaJyHOB KaK pe3yJlbTaT IBYX
OJIEMEHEHWII. YUYeT 3THX OCOOEHHOCTEH ITO3BOJISIET
OTIPEACIUTh CPedHUIT 3KCITOHMPOBAHHBIN BO3pacT
B 37.7£4.9 TBIC. 1. 1 OOBEIVMHUTH TPYIIITY 00pa31oB,
cocpenoroueHHylo B npenenax MUC 3 (puc. 5), Kak

APXAHHUKOB n np.

OJIM3KYIO K >KUTaHCKOM (hasze. BoinBuzkeHue JeTHUKOB
B 5TO BpeMsSI MOXeET OBITh CBSI3aHO C BCe eIlle HU3KH-
MM CPEIHETOIOBBIMY TeMIIepaTypaMy U YBeTUICHUEM
BJIAYKHOCTHM B KapTUHCKOE BpeMs. Takwue Ke TTOIBIK-
K1 JemHnKoB B MUC 3 xapakTepHBI I OTAETbHBIX
palioOHOB 3amagHOM, CEBEpHON U LEHTpaJIbHOW MOH-
romu (Gillespie et al., 2008; Batbaatar et al., 2018;
Blomdin et al., 2018). Bo3pact cpenHeli 1 BHYTpeH-
Heil MOpeH Ha KapTe YeTBepTUYHBIX OOpa3oBaHMIA
(Kapra..., 2020) u B padore F0.U. T'onbadapoda (1972)
yKazaH kak captaHckuit (MUC 2).

CeMb IaT MO BaJlyHaM BHYTPEHHEM MOpPEHHI B IIe-
JIOM MOJIOXE W JIy4llle COIJIacyrTCsl APYr C APYIOM,
yeM JaThl U BHEIIHEH MopeHs! (Tabia. 1, puc. 5, 6).

& MB-4H -

MB-2
E= MB-1
3 B-10 I
@ MB-5 HEEE
% MB-12 I

M1,5B-2
M15e-1 I
® M1,58-3 I
x
T M28-2
@ M2B-6 I
a M2B-3 [
&) M2B4 NN
M2B-7 I
M2B-8 I
x
®
= M3B-9 W
T M3B-8
& M3B-4
= M3B-1
> M3B3 Il
o M3B-11 Il
M3B-7 I

20 60
(57)

|
(29)

(1.7)

N

TbIC. neT

80 100 120 140

(71) (130)

A

Puc. 6. Ha cxeme mpsMOyroJbHUKaAMU Pa3IUYHBIX I[BETOB TOKA3aH SKCIIOHUPOBAHHBIN BO3pPACT BAJTYHOB C yYETOM
OlIMOKYU 1—0 11 BHEIIHEH (3e/IeHblIi), cpenHeit (OpaHXKeBblil) 1 BHYTpeHHEH (KOpUYHEBbI) MOpeH. TOH COOTBETCTBYET
HaunboJiee BEPOSTHOMY BO3PAcTy MOPEHBI (3eJIeHbIl — BHEIIHSST MOpPEeHa, OpAaHXKEBBIM — CPeIHsIs, TEMHO-(DUOJIETOBBIN —
BHYTpeHHsIsT). Ha Mopckoii uzoromnHoit mkaine (Lisiecki, Raymo, 2005) roayobiM 1 CHHMM LIBETaMU 0003HAYEHBI CTAaUN
osneneHeHus (MGpbl B CKOOKAX OTpaxkaloT I'PaHUIIbI MOPCKMX M3OTOIHBIX cTaauii). CaMasi HWKHSIS TIaHeJb MpeacTaB-
JIeT coboii Bu3yanuzanmio TpemnmnonaraeMbix ctamuii (MUC 6 — MUC 2) MakCUMaJbHOTO BBIABVKEHMS JISTHUKOB B
nonuHe p. Manbik-CueH.

Fig. 6. Dating results: rectangles of different colors show age of the boulders, taking into account the 1—o error for
the outer (green), middle (orange) and inner (brown) moraines. The tone corresponds to the most probable age of
the moraine (green — outer moraine, orange — middle, dark purple — inner). On the marine isotope scale (Lisiecki,
Raymo, 2005), blue and blue colors indicate the stages of glaciation (the numbers in brackets reflect the boundaries of
the MIS). The lowest panel is a visualization of the expected stages (MIS 6 — MIS 2) of maximum glacier advance in
the Malyk-Sien River valley.
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Cremyst MOIenv, YIIOMSTHYTOM BBIIIE, 3IeCh IPpUYMHA
paszbpoca JaT MOXET ObITh CBSI3aHA C HacJeIOBaHUEM
PAIVOHYKINUIOB, HAKOTUIEHHBIX B TIPEAbIAYIINAE STTOXU
oJieieHeHUsT U ocanKoHakorieHus. Hauboiee Bepo-
SITHBIM ClLIeHapreM, OOBSCHSIONIUM HaOII0IaeMBblid
pasbpoc, SIBIIIETCS yJacTHe TaTUPOBAHHBIX BAIYHOB B
0oJiee paHHUX 3Talax oJieIcHeHUsI. DTOT MPOIIECC MOT
MPUBECTU K TOMY, YTO BpeMsl SKCITIOHUPOBAHUST HEKO-
TOPBIX BaJlyHOB OKa3ajJloCh 0oJiee IJIUTEIbHBIM, YeM
Bo3pacT caMoit MopeHbl (Heyman et al., 2011). Takum
obpasoMm oOpasusl M3B-7 u M3B-11 MBI cuuTaeMm
YIpEeBHEHHBIMU. XapaKTepPHO YTO BO BHYTPEHHE MO-
peHe TaKue J1aThl COOTBETCTBYIOT BO3PACTy CpEeAHEN
MOpEHBI, a B CpeiHeii — OJIM3KU K BO3PACTy BHEIITHETO
Baysa. B 11e10M U1 BHYTpeHHEil MOpPEHBI OCTaJIbHbIE
JAThl YKJIAJBIBAIOTCA B MIEPUO ITOCIE OKOHYAHMS TJI0-
6anpHoro LGM (puc. 5, 6). Takum o6pa3oM, cpeaHui
SKCMOHUPOBAHHBI BO3pacT BHYTPEHHE# MOPEHbI Mbl
olieHuBaeM B 13.8+2.2 ThIC. .

4. ObCYXJIEHUE PE3VYJIbTATOB

4.1. JIucKyccHOHHBIE BOIPOCHI JIEAHUKOBO MCTOPHU
CesBepo-BocTounoii Cuoupu

HecMmoTpst Ha mmuTeabHOE M3ydeHHME YeTBEPTHY-
HOM MCTOPUM PETMOHA U TIOJYYCHHBIN 3HAUUTETbHBII
(bakToMOrMUYECKMii MaTtepuan, ucciaeaoBareau chop-
MYJIMPOBAIU pa3IUyHble PEKOHCTPYKLIMU OJICACHEHUS
CeBepo-BocrouHoii Cubupu, KOTOpble OTIMYAIOTCS
Kak MaciiTabaMM pacIlipocTpaHeHUs JEeTHUKOB, TaK
1 XpOHOJIOTHEN MX (GOpMHUPOBAHUS B pa3HBIC ITAIThI
IUJIEUCTOLIEHA.

Tak, mo pe3ynbraTaM U3y4eHUs YeTBEPTUYHBIX OT-
JIoKeHUlt u pesbeda B mpeaenaax xpeora Yepckoro u
npuieraonx tepputopuii B.A. Onumenko (1965)
BBIACITAI YeThIpE OJIeACHEHUS (B TOM YHCIIE M TOJIO-
neHoBoe). [lo ero olleHKe, B paHHEM ILIEHCTOIIEHE
OHO OBbLIO HEOOJBIIMM W OCTaBUJIO CJEdbl B BUIE
TOJII] HECOPTUPOBaHHBIX oTaoxeHuit (30—70 m) c
BKJIIOUEHMEM HeOKaTaHHBIX IJbl0. CpemHemsieincro-
IIEHOBOE OJIeflcHeHWe He OBbLIO0 MaKCUMaJIbHBIM U
HOCHUJIO TOPHO-IOJUHHBIN Xapaktep. UTo Kacaercs
MO3AHEIIeCTOLIEHOBOTO OJIEAEHEHUSI, TO, M0 MHe-
HUIO aBTOpa, OHO OBLJIO MaKCUMaJbHBIM. MOIIHOCTD
JeaHukoB gocturaia 300—500 wm.

Hmnst OacceitHoB pek Mumurupkum u KoabiMbl
3.M. XBopocrtoBa (1965) BeIeSIET CpeaHEe- U TTO3IHE-
MUIEHCTOLIGHOBOE OJIeAeHEHUsI, OIyCKasi BO3MOX-
HOCTb CYIIIECTBOBAaHUSI U 0oJiee PaHHMX ITANOB BbI-
IBIDKEHUS JIGTHUKOB.

B 1960—1970 rr. ObIIM TTOTyYEHBI TIEPBBIE PAINO-
yriaepoaHbie nathl wisi BepxositHckoro xpeora (Kunn,
1975). Ux aHanu3 1okasajl, YTo HauboJiee APEBHU-
MU SIBJISIOTCS CaMapoOBCKHE JIGMHUKOBbBIE OTJIOXE-
Hust (Q,%), BBIXOIMIIME 32 PAMKU PAIUOYIJIEPOIHOTO
natupoBaHus. [Ipudyem macmTad pacrpocTpaHeHMS
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caMapoOBCKOII MOpEHBI ObLT MEHbIIE, YeM pa3Mephl
TTOCTIEIYIOINX OJIeNeHeHW. 3BIpSTHCKAs CTamusl OJie-
neHenust (Q,2) orpenesieHa myTeM IaTMPOBAHUS TIepe-
KPbIBAIOLIMX JIEMHUKOBBIE OTIOKEHMS Toul. Bo3pact
MEXJIETHUKOBBIX OTJIOXEHUIT Kosebsercss oT 40 10
33 TBIC. J1., T.€. OHU OTHOCSTCS K KapTHHCKOMY Bpe-
MeHH. Crenyomeii o BpeMeHHU SIBJISIeTCs KUTaHCKast
MOpeHa, KOTopasi COOTBETCTBYET KaprMHCKOMY KpaT-
KOBPEMEHHOMY TOXOJIOaHUI0 U Moryia c(hOpMUPO-
BaTbcs B mepuon mexnay 33 u 30 teic. 1. H. Cepuio
u3 tpex MopeH H.B. Kunn (1975) otHOocuUt K capran-
CKOMY OJIeieHeHUI0 — Mexmny 26 u 15 Thic. JI. H.

I0.U. Tonbadapd (1972) Ha ocHOBe aHaIM3a pas-
pe30B TIIYOOKUX IMaxXT W TeOMOP(OJOTMUECKUX Ha-
OomoneHuii B OacceiiHe p. bepenéx (xp. Yepckoro)
BBIACAWI TSTh IJICHCTOLEHOBBIX OJIENEHEHUIi: OJHO
B paHHEM, JiBa B CPEIHEM U JIBa B TO3IHEM.

B.B. 3amopyeB (1976), mpuBoasg HaKOIUICHHBIE
K TOMY BpPeMEHU HOBBbIC JaHHBIE, CTaBUT BOIPOC O
MepecMOTpe CIOXMBIIUXCS B3IJSII0B HAa HCTOPUIO
yeTBepTUUHOTO oseneHeHus1 Cesepo-Boctoka CCCP.
OH BBIIBUTAET T€3WC O TOM, YTO MaKCUMaJbHOE pac-
MPOCTpaHEeHUEe JIETHUKOB ObUIO HE B CpeIHEM TUIei-
CTOLIEHEe, a B MO3AHEeM. B mMmoaTBepxkaeHHe CBOMX
MPEATOJ0XEHU OH TPUBOAUT PE3YJIbTAThl MOJIEBbIX
uccienoBaHuii B Asnax-FOHbCckOM paiioHe (IpaBo-
Oepexbe p. Annad). Ha ocHoBe mM3yyeHUs1 apparuye-
CKMX BJIYHOB, PBIXJbIX OTJOXEHUI M NaTUPOBAHUS
MOrpedeHHOM ApeBECUHBI PaaUOYTJIEPOAHBIM METO-
noM B.B. 3amopyeB (1978) npuiiien K BHIBOLY O TOM,
YTO MaKCUMaJIbHOE BBIABMIKEHHME JICTHUKOB B 2TOMU
YacTU TOPHOTO MaccuBa ObUIO B MO3AHEM ILIEHCTO-
eHe. [lpuyemM OH aklEHTUPYET BHMMaHME Ha TOM,
YTO MaKCHMMYM 3TO OJie/IcHEHHWE TOCTHUIJIO He paHee
40 TBIC. JI. H., a €ro pacmaj 3aBeplLIWICS B Havaje ro-
noueHa. ITo ero MHeHu10, ojieneHeHue Amnax-HOHb-
CKOTo paifoHa siBsiioch yacTbio KOxxHo-BepxosiHCKO-
TO TOPHOTO JIEATHUKOBOTO TMOKPOBA.

ITo muenuro B.B. Konmakona (1979), B 3anagHoM
[IpuBepXxosiHbe MaKCHMMaJbHOE BBIABUKEHUE JICTHU-
KOB MPOU30IILIO B MIEPBYIO (ha3y MO3MHEIICHCTOLEHO-
Boro oyieieHeHMA. OTIIOKEHUsI 3TOTO BO3pacTa Iepe-
KPBIBAIOT CaMapOBCKMIA JIEAHUKOBBIN KOMILIEKC. YTo
KAacaeTcsl CapTaHCKOIO OJIENEHEHUsI, TO €ro pa3Mepbl
ObUIM COMOCTABUMBI C 3BIPSTHCKUM.

Hns ceepo-3anagHoro IMpuoxotwbst I.C. AHaHbe-
BbIM U 1p. (1984) BblmenstoTcss paHHe-, cpelHe- U’
Mo3nHeruIeiicTolieHoBoe oeneHeHus1. Ha ocHoBe na-
TUPOBAHUST TEPMOJIOMUHECLIEHTHBIM MeToaoM (AHa-
HbEB U JIp., 1982) 10cTaTOYHO BBIBETPEJIbIX MTOrPeOeH-
HBIX JIEMHUKOBBIX OTJIOKEHMI CIeJIaHO 3aKII0UeHNE O
IBYX (hazax BBIIBWXKEHUS JIEAHUKOB B paHHEM ILIeii-
crouieHe. PoOpMbl aKKyMYJISITUBHOTO peibeda 3TUX
9TaroB OJieIcHEeHUsI He COXpaHWIMCh. B cpemHem
TJIeHiCTOIIeHe BBIIEICHBI Takke MBe (ha3bl OJieHeHE-
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HUsI, TIpUYeM MaKCHMalbHbIM ObLIO TiepBoe. Crenbl
MO3IHEeNJIECTOIIEHOBOTO OJiefleHEeHUsI B peibede
MPEeICTaBIEHbl XOPOIIO COXPAHUBIIUMUCS KOHEUHBI-
MU, OOKOBBIMWU MOpPE€HAMM, MJIOTUHHBIMUA O3€paMU U
ap. Ha ocHoBe u3yuyeHUs JIEAHUKOBOTO KOMILIEKCa
orpenesieHbl IBA TOPU30HTA, KOTOpbIE KOPpPEIUpy-
I0OTCSI C 3BIPIHCKUM M CapTaHCKMM OJIeICHEHUSIMU
(AnaHbeB U Ap., 1984).

Bepcusi 0 mMakcuMajJbHOM TEpBOM paHHeEIUIeH-
CTOLIEHOBOM OJIeIeHEHUN JIsI TEPPUTOPUM, PaCIo-
JIOXXEHHOMU B Mpejenax 10XHbIX OTPOroB xp. Yepckoro,
npeajoxeHa B padore (Yanwiuena, bpenuxun, 1981).
Bcero mist paiioHa vccienoBaHUit aBTOpaMU Bblesie-
HO TISATh TTOXOJIOJAHUI U COOTBETCTBYIOIINME UM MSITh
OJIEIEHEHUI: OMHO B paHHEM IUIEHCTOIIEHE, NBA B
Cpe/liHEM U JiBa B Mo3aHeM. Takke, MPOBOAS aHAINU3
maciutaba oJieIeHeHU, aBTOPbI MPUIIUIM K BBIBOIY O
TOM, UTO B TO3JHEM IJIEHCTOLIEHE OHU HOCWUJU TOpP-
HO-JIOJIMHHBIN XapakTep, a B CPeIHEM U pPaAaHHEM —
MOJYIOKPOBHBIA M MNOKPOBHbINM, COOTBETCTBEHHO
(YanbieBa, bpenuxux, 1981).

K wuHTEepecHbIM BbIBOJAM IO pa3Mepam Teii-
croueHoBbIx ojieaeHeHuii mpunuia O.FO. I'mymkosa
(1984). Ha ocHoBe aHaiu3a pa3IMUHbIX MTApaMETPOB,
a Takxke MOP(MOJOrur 3K3apallMOHHOTO U aKKyMYyJIsi-
TUBHOTO JIETHWKOBOTO pesibeda ¢ MpuBAeYeHUEeM J1aH-
HBIX O COCTaBy W BO3PACTy KOPPEISITHBIX OCaIKOB
ObUIM OIpeaeseHbl pa3Mep U BO3PACT MO3IHEIIei-
cTolLeHOBbIX oyieaeHeHuit CeBepo-BocTouHoit Cubu-
pu. B mosnHeMm muielicTolieHe aBTOp BbLAEJSIET JBa
OJIeIEHEHUSI, 3bIPSTHCKOE U capTaHCKOe, pa3/ieJieHHbIe
KaprUHCKUM MOTEIUIEHUEM. Pa3Mepbl 3bIPSIHCKOTO
oJieieHeHUsT ObLIM OOJIbllIe, YeM CapTaHCKOTO, U OX-
BateiBan 40% TUIOINAmMA MCCIEMyeMOM TEPPUTOPHUU.
CapraHckue JIeTHUKA 3aHuUMaIu 14% Tepputopuu u
OBIJIM COCPEIOTOUYCHBI, TJIAaBHBIM 00pa3oM, B pa3po3-
HEHHBIX, 000COOJEHHBIX JeAHUKOBBIX y3nax (Imyr-
KoBa, 1984).

B O0Oacceiine BepxHeii u cpenHeil KoabIMmbl
C.C. BockpeceHckuM ¢ koseramu (1984) BuimenaeHo
LIeCTh BMOX MOXOJIOAAHMSI U TISITh ojieAeHeHUM. s
MO3HEro TJIEHCTOoLIeHa 3TO 3bIPSHCKAs U capTaHCKast
(azpl. 115 cpeaHero mieicToleHa — Ta30BCKOE U ca-
MapoBCKOe oJiefieHeHus. g paHHero mjeicTolieHa
UMEIOTCS ClIebl OMHOM (ha3bl BHIABUKEHMSI JIEAHUKOB.
[TpoBonst peKOHCTPYKIIMHU OJIeACHEHHUS UCCIIeTyeMOTO
paiiona, C.C. BockpeceHckMii oTMeYaj, YTO XOTbh U
UMEIOTCS HaJeXHble KOPPEISILUU OTJIOXEHUH, TeM
He MeHee Mpu OTCYTCTBUM IaTMPOBOK MO pa3pesam,
CYIUTb O BPEMEHU BO3HMKHOBEHHUS OJIeACHEHUI 10-
cTtaTodHo clioxHo (BockpeceHnckuii u ap., 1984).

ITo pannbiM, moaydeHHbIM [O.I1. JlertsipeHKO
(1984), makcumanbHbIM mJIs KOpSIKCKOTO Haropbst
ObLIO MO3MHETUIeHCTOLIeHOBOE OJieieHeHue (BO3pacT
oIpeneieH Mo reoMop(oI0runIecKuM, OMOCTpaTUrpa-

(rmyeckM W pamroOyTIIEPOTHBIM TaHHBIM), KOTOpPOE
OXBaTbIBJIO TeppuTopuio Iiomanso 300 000 xm2.
JInvHa 3BIpSIHCKUX JeAHUKOB cocTaBiastiia 200 KM 1
oonee. Ilo BpemeHu mepBasi aza ojieneHEHUs MPo-
SIBUJIACh MeXAy 75 u 48 ThIC. JI. H., 3aTEM, BO BpeMms
KapTMHCKOTO TOTEIUICHUSI, TTPOUCXOINIIO COKpallie-
HUe JienHukoB. Bropas daza onemeHeHust (capraH-
cKag) ¢ukcupyercs B mepuojg 26—11 Teic. 1. H.

B.®. MBanoB (1984) mrs BocTouHoit YyKOTKM BbI-
JeTWT YeThbIpe CaMOCTOSITEIbHBIX (Da3bl oJeNeHEeHUs:
JIBa B CpEeHEM TUIeicTOlleHe 1 ABa B Tmo3aHeM. Ilpu-
YeM MaKCUMaJIbHBIMU OBLTA BTOPOE CpeaHEIIeHCTO-
LICHOBOE U TIEpBOE MO3MHETICHCTOIIEHOBOE.

C.A. Apxunos (1983), yunTbiBas TJ100aJbHBINA Xa-
pakTep KIMMAaTUYEeCKUX M3MEHEHUN B TUIeiiCTOLCHE,
MOMBITAJICS CUHXPOHU3UPOBATh OJICACHEHUS T10 BCEil
Cubupu. Ha ocHoBe omyOJMKOBAaHHBIX HAHHBIX IJIsI
CeBepo-Bocroka CCCP um ObUIM BBIACICHBI IIECTh
TTOXOJIONAHWUM U TIPUYPOYCHHBIX K HUM OJICICHECHUIA:
IIBa B paHHEM TIUICMCTOlIEHE — PaHHEMUTOTHHCKOE,
unu apiekutckoe (580+150 ThIC. 7. H); TO3IHEMU-
TOrMHCKOe, i oxorckoe (470+120 Teic. 1. H); aBa
B CpeoHeM — OJIIiOHCKOe, wiu IopoBckoe (250x50
TBIC. JI. H); CPEAHEKPECTOBCKOE, WJIM HOMaHKYPCKOE
(145+40 TbIC. 1. H); ABA B IO3AHEM — BaHKapeMCKOE,
WM TBUIXOMCKOE, M MCKAaTeHBbCKOE, XaMUKWHCKOE,
wiu ropaeesckoe (24+4, 17x4 toic. 1. H). OgHaKo B
9TOI cXeMe He ObLIa y4TeHa KpaTKOBpPEMEHHAasl XKH-
ranckast (paza BBIIBUKCHUS JIEATHUKOB B KapTUHCKUI
uHtepcTtanuan 33—30 TeIC. 1. H., BeiaeneHHas (Kunm,
1975). ITosnHee A.A. Benuuko (1991) Bxiaouma xu-
TaHCKYIO JIETHUKOBYIO ITOABWXKY B XPOHOCTpPATH-
rpadpryecKre KOMITOHEHTHI TO3MHEro IUIeHCcToIeHa
nenHuKoBBIX objyacteit CeBepo-Boctoka CCCP.

CornacHo paboram (Stauch et al., 2007; Stauch,
Lehmkuhl, 2010), B ueHTpaibHoit yactTu BepxosiH-
ckux rop u B IIpuBepxosiHbe B goimHax pek JsHyi-
ka, Tymapa u Kesne coxpaHunaach cepusi KOHEUHBIX
MopeH ¢ Bo3pactoMm 140—135, 120—100, 90—85 u mo-
noxe 50 Teic. 1. (Bo3pacT omnpeneneH IRSL meTomom).
ITo manubeiM (Stauch et al, 2007; Stauch, Gualtieri,
2008), ropHoe oseneHeHHE Ha ceBepo-BocToke Cu-
OMpHU MOCTUTIIO MaKCHMMAaJIbHBIX pa3MepOB Ha CaMBIX
pPaHHUX CTAAUSX TOCIETHETO JEIHUKOBOTO TIEpHOa,
To ectb B MUC 5d u 5S¢ npumepHo 110—90 Twic. 1. H.
DTo yKa3bIBaeT Ha TO, YTO JICTHUKOBBINA TTOKPOB 3TOM
TEPPUTOPUU CTAHOBUJICS BCE MEHBIIIE IO Mepe TOTO,
Kak JieqHUKoBbIe IUTH CeBepHOli AMepuku u MeH-
HOCKaHAWW YBEJIWYMBAINCH B TEUECHUE ITOCIEIHETO
JIETHUKOBOTO IIMKJIA. BBIIO BBICKA3aHO TIPEIIIOJIO-
KEHHE, 4YTO 3Ta “IPOTHUBOMNOJIOXHASA” TEHICHIIMS
B CeBepo-BOCTOYHOI yacTu Cubupu Obula BbI3BaHA
YMEHBIIEHHEeM TIepeHoca Biard B 3TOT paiioH (Illeii-
HkMaH, 2008) oTyacTu MMEHHO M3-3a POCTa CKaHIM-
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HaBCKOTo JieAHUKOBOTO MokpoBa (Stauch, Lehmkuhl,
2010; Barr, Clark, 2012).

Bo Bpewms 3bipssHcKoro oneaeHenust (MUC 4) gpop-
MUPOBAJIMCH KPYIHbIE TOJTUMHHBIC JEAHUKHU, KOTOPbIE
BBIXOAWJIM BO BHYTPUTOpPHBIC TIPOTUOBI M Ha TIpei-
ropHbele paBHuHHI (I'amanun, 2012; Barr, Clark, 2012).
ITo muenuto A.A. I'anmanuHa (I'ananun, [nyiikosa,
2006), B mpenenax TayiicKoii TYObI 3bIPSTHCKOE OJiefie-
HEeHWe HavajJoch MPUMEpPHO 74 THIC. JI. H. W TIPOIOJI-
xajock 10 60 Teic. 1. H. Ha ocHOBe maTupoBaHUS TI0
14C 1 3°Cl MUHMMAJIBHBIA BO3pACT 3IPAHCKUX MOPEH
B moiuHe p. TaHmopep olieHMBaeTcs Kak 69.4—55.5
Thic. J. (Brigham-Grette et al., 2003).

Pan nccnenonateneii camraet, yTo 0Koio 20 ThIC. JI. H.
B PErMOHE CYIIECTBOBAJIa CEPHUST KPYITHBIX COCIMHS-
IOIIMXCS JISAHUKOBBIX IIMTOB TodlIMHON 10 2000 M
¢ ueHTtpoM Ha fAHckom rmockoropbe (Grosswald,
Hughes, 2002). JIpyrue mojararoT, 4TO OJIeAeHEHUE
OTPAaHUYMBAIOCH MECTHBIMU TOPHBIMU JIETHUKAMM
MNpOTsKEHHOCThI0 He Oosiee 20 km (Gualtieri et al,
2000; Stauch et al, 2007; Stauch, Gualtieri, 2008).

ITo (Brigham-Grette et al., 2003), mocienHee oje-
neHeHue Ha YyKOTCKOM TOJIyOCTPOBE MMEIO BO3pacT
0K0J10 20 TBIC. JI. U OTHOCWJIOCH K TOPHO-JO0JIMHHOMY
tuny (BepxoBckast, 1986). JlaHHBbIE paauoyrjIepoi-
HOTO JaTUPOBAaHWSI M TIAJMHOJIOTMYECKOTO aHalln3a
ocankoB u3 03. CaHcer (0acceiiHn HuxxHero AHanbipsi)
MOKa3bIBAIOT, YTO (hOPMUPOBAHUE O3epa MPOU3OILIO
B TIEPUOI aKTUBHOTO TasTHUsI CapTaHCKUX JICTHUKOB,
CBSI3aHHOTO C OBICTPBHIM TIOTEIICHEM KiTMMaTa OKOJIO
12.4 teic. n. H. (Iluno u ap., 2005).

IMo nanubiM (Famanun, Fnymikosa, 2006), captaH-
ckoe ojeaeHeHue (27.4—12.5 Teic. 7. H.) ObLIO JO-
KaJM30BaHO Ha HEMHOTOYHMCIEHHBIX O00COOIEHHBIX
yyacTkax B cucTeMe rop Yepckoro, B oceBOil yacTu
BepxosiHckoro xpedTa, B TOpHBIX cucTeMax Tuxooke-
aHCKO-ApKTHYeCcKOro Bogopaszaena u Ha Kopsikckom
Haropbe.

4.2. Cokpalienie NpoTsKEHHOCTH JieTHHKOB CeBepo-
Boctounoii CuOMpH HAYMHASI CO CpPeIHEro ILIeHCTOoIeHa

[MonxyyeHHble It DOIWHBI p. Manblk-CreH pe-
3yJIbTAaThl MPEACTABISAIOT co00ii nepsyo ''Be xpoHo-
JIOTUIO 3TaroB OJEACHEHMUST IIEHTPAIbHON YacTu
Cesepo-BoctouHoit Cubupu u CBUACTEILCTBYIOT O
(bopMHpOBaHUY BHEIIHEW MOPEHBI HE B 3BIPSTHCKOE
BpeMsi, Kak 3To TpuHATO B padortax (lonabagapo,
1972; Kapra ..., 2020), a B KOHLIe CpeHEero - Hayaje
MO3IHEeTo mnieicroneHa. Takxke 3To KacaeTcsl cpenHeit
MOPEHEBI, BO3pacT KOTOPOI1 ompeesieH HaMH KaK Kap-
TMHCKUI (kuraHckasi ¢asza), a He capTaHCKUM, Kak
nosaranu FO.W. Tonbadapo (1972) u cocraButenu
KapThl YeTBEpTUYHBIX 0OpazoBaHuii (Kapra ..., 2020).

HoBble maHHBIE W OMyOJWKOBAaHHBIC paHee MaTe-
puanbl (Glushkova, 2011), Mo3BOJSIOT MPEAIOXUTH
IUTST FOTO-BOCTOKA Xp. YepCcKOro ClaemyroIylo peKoH-
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CTPYKUMUIO Pa3BUTHUsI OJIeACHEHUs: MPOTSKEHHOCTD
nenHkoB LGM HaxomuTcs B npenesiax 3Ha4eHUid, 3a-
PErMCTPUPOBAHHBIX JIs1 O0Jiee paHHUX CTaaAMUaIoB MO-
cieiHero JegHukoBoro 1ukia (Brigham-Grette et al.,
2003; Stauch et al., 2007; Stauch, Lehmkuhl, 2010),
KOTOpBIE, B CBOIO OYepeb, MEHBIIE TTPOTSKEHHOCTH
JIETHUKOB, (DOPMUPOBABIIUXCS B MPeabIAYIINAN Jel-
HUKOBBI MakcuMyM — UK MUC 6 ~150—135 ThIC.
J. H. (Stauch et al., 2007; Stauch, Lehmkuhl, 2010).

CoxkpallleHre TUIONIAAN OJISACHEHUs] B CpelHeM
1 TIO3MHEM TIICHCTOIIEHe XapaKTepHO M ISl APYTUX
peruoHoB EBpazum u CeBepHoii AMEpUKHU. DTO OT-
HOCHUTCS K BOCTOUHOIT oKpamHe EBpasuiickoro yemi-
HukoBoro mmura (Svendsen et al., 2004; Astakhov et
al., 2016), okpanHe KopauiabepcKoro JjaeaHUKOBOIO
muta Ha FOkone (Hidy et al., 2013; Ward et al., 2017),
a Takxke K TOpHbIM JiegHukam Aunscku (Kaufman,
Manley, 2004; Briner, Kaufman, 2008), x ropam FOx-
Hoit 1 Bocrounoit Cubupu (Blomdin et al., 2016;
Margold et al., 2016). MBI MOXeM TIPEIIIOIOXMUTD,
YTO 3TH COKpallaBIIMECs] MAacCUBbl KOHTUHEHTAJb-
HOTO JIbJla OTpaXkajdu HEeIO0CTAaTOK BJiaru, BbI3BaHHBIN
3HAYUTEIbHOM TTomanbio JlaBpeHTuiickoro u EBpa-
3UICKOTO JIEATHUKOBBIX IIIMTOB, BO MHOTOM M3MEHSIB-
IIUX XapakTep aTMOChEepHOU IUPKYISIINI BO BpeMs
JIeMTHUKOBBIX MakcuMyMoB (Lofverstrom et al., 2014).

B GonbmMHCTBE KOHTWHEHTAJBbHBIX PETMOHOB,
YIIOMSIHYTBIX BbIlIE, TMpoOjeMa BpeMeHU Ppa3BUTHS
MaKCUMAJIbHOTO OJIEAIEHEHMSI B TUIEHCTOLIEHE OCTaeT-
cs HepeuleHHoM. [lomydyeHHBIe HAMU Pe3yabTaThl 10
BO3pacTy KOHEYHO-MOPEHHBIX KOMILJICKCOB B IOJIM-
He p. Masnbik-CreH NoATBepXKAatoT ONy0IMKOBaHHbIE
paHee maeoreorpacdudeckre peKoHCTpyKunu (I'onba-
¢ap6, 1972; Yansimena, bpenuxun, 1981; Glushkova,
2011), yka3bIBaBIlIME Ha OTCYTCTBME B LIEHTpPaJbHOI
yactu CeBepo-Bocrounoit Cubupu (xp. Yepckoro)
3HAYUTEJbHBIX 00BEMOB Jibaa. HoBble JaHHbBIE TO3BO-
JISTIOT UCKITIOYUTD UCCIIEAOBAHHBINM PETMOH U3 CITMCKA
BO3MOXKXHBIX PaifOHOB, KOTOPBIE MOTJTIN OBI KOMITCHCH-
poBaTh “HEOOCTAIOLIMIA JIeMHUKOBBIM MoKpoB LGM”
(Simms et al., 2019) B cucteme “NOHUXEHUE YPOBHS
OKeaHa — oJjiefieHeHue cymu”. JleficTBUTeNbHO, ecu
OBl rIe-To Ha ceBepo-BocToke Cudbupu B LGM o6pa-
30BaJjIcsl OOMBIION JIGAIHUKOBBIN IIUT, MaJIOBEPOSITHO,
YTO OH COBMNAJ ¢ MUHUMAJIbHBIM PacIpOCTpaHEHUEM
JIEMTHUKOB Ha ero 3amamHoii (BepxosHckuii xpeber)
U BOCTOUYHOU Tiepucdepusix (TUXOOKeaHCKoe Tobepe-
Xbe€), a TAKXKe B LIEHTPAJbHOI 4YacTH.

5. BAKJIFOYEHUE

Briepsoie mis CeBepo-BocrouHoit Cubupu mpen-
cTaBJIeHbI 22 HOBbIE AaThl, MOJy4YeHHbIE MO 3KCIOHU-
POBaHHBIM MOBEPXHOCTSIM BaJlyHOB B TpeAesiaxX TPEX
KOHEYHO-MOPEHHBIX KOMILIEKCOB B IOXHOUW YacTu
xp. Yepckoro B monuHe p. Manbik-CueH. Ha Bo3-
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pacT, oIpeleeHHbII 10 KocMoreHHoMy 19Be, BIusior
reoJIOTMYeCcKUe TIPOLIECChl, BBI3BIBAIOIINE KAK YACTUY-
HOE yIpeBHeHMe nar (yHacjenoBaHHbIA 1°Be), Tak u
UX OMOJIOXKEHME B pe3yibTaTe BbIXOJAa Ha ITHEBHYIO
MOBEPXHOCTh 00PA3LOB B MPOLIECCE BO3ICHCTBUS pa3-
JUYHBIX areHTOB AeHymanuu. C ydeToM 3TuX (HakTo-
POB ISl MCCIEeIOBAaHHOW HOJUHBI p. Manbik-CHueH
BBIIEICHO TPU PA3HOBO3PACTHBIX MOPEHHBIX KOM-
miekca, BpeMsi (pOpMUPOBAHMSI KOTOPBIX CBSI3aHO C
MMUC 6 mna BHemHero Bama, MUC 3 mng cpenHeit
u MUC 2 nng BHyTpeHHeir MopeH. HoBble maHHBIE
MOJYEPKUBAIOT TPEH K MOCTEIIEHHOMY YMEHBIIEHUIO
MaKCHUMaJIbHON MPOTSXKEHHOCTU JIEAHMKOB B ATOI 4ya-
ctu CeBepo-Bocrounoit Cubupu HaumHas ¢ MUC 6.
CokpallleHle pa3MepoB OJIEAEHEHUI MOXKET OBITh
CBSI3aHO C PE3KO KOHTUHEHTAJIbHBIMU YCIOBUSIMU,
HaOJogaeMbIMU BO BHYTpPeHHUX paiioHax EBpasuu
U1 B 3anagHoii yactu CeBepHO AMEpPUKHU, a TaKXKe C
YMEHBIIEHUEM KOJIMYECTBA TOHOBBIX OCAIKOB B pe-
3yJbTaTe YBEJUUEHUS NaJIbHOCTU MepeHoca aTJaHTU-
YeCKUX BO3IYIIHBIX Macc U UX OnokupoBaHus EBpa-
3uiickuM JegHuKoBbIM mmuToM (Ileiinkman, 2008;
Krinner et al., 2011).

IMonydyeHHbIe pe3yiabTaTbl, OCHOBAHHbIE HA JaTH-
POBaHUM JIETHUKOBBIX KOMILIEKCOB B JOJMHE p. Ma-
JbIK-CHeH 1o KocMoreHHoMy '“Be, yTOuHSIOT BO3pacT
BHEIIHEN U cpeHel MOPEH U TTOATBEPKAAIOT BEIBOIBI
0 ToM, 4To B npepaenax xpedora Yepckoro (I'onbadapo,
1972; Yansbiuena, bpeauxun, 1981), kak u B Apyrux
paitonax CeBepo-Bocrounoit Cubupu (Gualtieri et al.,
2000; Brigham-Grette et al., 2003; Stauch et al.,
2007; Stauch, Lehmkuhl, 2010; Glushkova, 2011),
MO3/HETIECTOLIEHOBOE OJIeIcHEHe WMENIO TOPHO-
JOJIMHHBIN XapakTep, OTJAMYasiCh OT MacIITAOHBIX IMO-
KpoBoB EBpombr m CeBepHOil AMEpUKHU. YUUTHIBas
JIOCTaTOYHO OTPaHWYEHHYIO TUJIONIAAb JIGAHUKOB Ha
Tepputopun Yepckoro u BepxosHcKoro xpedbTtoB K
koHiy MUC 6 (~130 TbIC. J1.), HAJWYME OOLIMPHBIX
TOPHBIX JIEAHUKOBBIX MOKPOBOB Ha CEBEPO-BOCTOKE
Cubupu B mo3gHEM IUIEHCTOLIEHE IMPEACTaBIISIETCS
MaJIOBEPOSITHBIM.

BJIATOJAPHOCTHU

KonektuB aBTOpoB OjarogapuT pyKOBOIMUTENISI U
WUCIIOJTHUTENIe MeXAyHapoaHOro mpoekra Searching
for the missing ice sheet in Eastern Siberia (rpaHt
HE3aBUCUMOTO UCCIeIoBaTebcKoro donma Janum —
EcrectBennbie Hayku 9040-00199B) M. Knyncena,
E. Hopraapna, M. Mapronsna, B. Tymckoro, T. Po-
MaHHUC 3a OpraHM3alMi0 M (UHAHCOBOE COIPOBO-
KIAEHUE TIOJIEBBIX MCCAENOBaHMIA, 3a SHTY3Ma3M U
LIeJIEYyCTPEMIIEHHOCTh B HEJIETKUX MapLIpyTax 1o Top-
Hoi fxyruu. Bonbpmyio GraromapHOCTH BEIpakKaeM
A.B. TlaHuHy 3a IIleHHble KOMMEHTapuUu W COBETHI
MIpY MOATOTOBKE CTAaThbU. ABTOPHI BBhIpaXkaloT OJiaro-

JapHOCTb PCLICH3CHTAM 3a LIECHHLIEC COBETHI M 3aMEya-
HMH, KOTOPLIC YIYUIININ HepBOHa‘-IaJ'IBHBIfI BapvaHT
CTaTbM.

KOMMEHTAPUM

B cBsi3u ¢ 3ampeTom npaBuTeabcTBa JlaHuu Ha co-
BMECTHbBIE IMYyOJMKALMU C POCCUMCKUMM HAyYHBIMU
OpraHU3aLUsSIMU ObLIO TIPUHATO PelleHUE OMYyOINKO-
BaTh Pe3yJbTaThl, IMOJYYECHHBIC B paMKax MEXIyHa-
ponHoro mnpoekra Searching for the missing ice sheet
in Eastern Siberia mcciienoBaTeJbCKUMU TpyIIaMu
Hanun u Poccuu, otnenbHo: B XypHaine Geophysical
Research Letters (marckuii KoiiektuB) u “I'eomopdo-
Jiorus u najeoreorpadusi” (pOCCUNCKNIN KOIJITEKTUB).
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EXPERIENCE OF APPLYING THE COSMOGENIC DATING METHOD (1°Be)
TO ASSESS THE AGE AND SCALE OF THE PLEISTOCENE GLACIATION
IN NORTHEASTERN SIBERIA (BASED ON THE EXAMPLE
OF GLACIER COMPLEXES OF THE CHERSKY RIDGE)
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The history of studying glacial complexes in North-Eastern Siberia goes back more than 150 years. During
this period, extensive geological and geomorphological features were obtained, which made it possible to
determine the stages, nature and extent of glaciations. At the same time, the lack of direct dating of the glacial
relief obtained by geochronological methods does not allow for full-fledged paleogeographic reconstructions.
This leads to discussions in both Russian and English literature about the possibility of the existence of
glaciation in the mountains of North-Eastern Siberia. In this regard, to determine the size and time of
glaciation in the southern part of the Chersky Range, we carried out a complex of geomorphological and
geochronological studies, which are part of the international project “Searching for the missing ice sheet in
Eastern Siberia”. Because of fieldwork in the Ohandya Ridge, in the Malyk-Sien River valley, three terminal
moraine ridges have been identified, reflecting different stages of glaciation. Based on the dating of exposed
boulders within three terminal moraine complexes, 22 '“Be cosmogenic dates were obtained. The average
exposed age for the outer moraine is 120.8+£13.7 ka, for the middle one North-Eastern 37.7+4.9 ka and for
the internal moraine North-Eastern 13.8+2.2 ka. The age of the terminal moraine complexes testifies to the
mountain-valley character of the glaciation of the Chersky Range in the Middle and Late Pleistocene, and
emphasizes the trend towards a gradual decrease in the maximum length of glaciers in Northeast Asia. The
successive reduction of glaciers from MIS 6 to MIS 2 indicates an increase in the deficit of atmospheric
precipitation and a significant cryoaridization of the region. The decreasing trend may be related to the
sharply continental conditions observed in the interior of Eurasia and western North America. This trend
contrasts with much of the glaciated areas in the Northern Hemisphere, where the maximum area of Late
Pleistocene glaciers is reconstructed for LGM time (MIS 2). The obtained datings of the glacial complexes
of the Chersky Ridge confirm that at the end of the Middle and Late Pleistocene glaciations here were of
a limited nature and there was no single ice cover in the mountains.

Keywords: Okhandya Ridge, Malyk-Sien River valley, mountain-valley glaciers, terminal moraine, cosmogenic
dating
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