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Mudflow Activity on Tourist Routes in the Area of Munku-Sardyk
Mountain (Eastern Sayan)

S.N. Kovalenko

Irkutsk State University, Irkutsk, Russia

Abstract. The article characterises the area of high mountainous relief, where popular tourist routes
to MunkuSardyk Moundin (3491 m) are located, where there is a danger of modern debris flows.
Along with the coverage of modern debris flows, the issue of the origin of numerous landforms and
proluvial formations of older, catastrophic debris flows with the age of abouh@®@sand years is
touched upon. When at the last stage of retreat of the-galley glaciers and during the hyperthermal
interglacial of 7.55 thousand years, the origin of numerous landforms and proluvial formations of
older catastrophic debris flows Wie discussed. years ago, the last ice tongues and caps of the cover
valley glacier melted very quickly due to a sharp increase in temperature, providing a large volume of
high-water fluvio-glacial flows, which, mixing with moraine material, formed catgshiic mudflows
that swept across all river valleys, and in the northern spurs of KHaatemn and reached Lake Baikal.
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Fig. 1. Locations of ancient catastrophic and modern mudflows (according to Kovalenko, Gergenov,
2022, with additions).

1 — axesof watershed ridges;-2axis of watershed ridge of the Oka, Irkut and Selenga river basHisng-
lived cliffs and canyons; 4 shoulders of the sixth (forest) IEDC troughsplaces of catastrophic mudflows
transit; 5- places of preferential dischargkecatastrophic mudflow material-&directions of supply of debris
material for mudflows: a) glacial Oka glaciers, b) collwdeluvial; 7— established sites of mudflows of the
present and last century.

cltsdzdzr 2 wOLtejL JwOCIsqdWj MirStefsoaaFr 3y J tejnH - iy j L dat
MisOodlsjdzj 2 tor ndzr & fsl€dfty>) jodzq 2c 3OO 2dEzOs  d dzls | to ¢ dz
Bsy dets dzOB dzé HOIs! 5 dzjodzjigy jstedets ®tlz ar' f @y otsh dzd
9JSMEsdd ¢ Odz tsdzj (tedfHdd QOd o dsisdfizsy § ded W . 1 . RO
MW stcdzd tets 9 O dzd M+ MtcOL 2 6ftbinez] ( CzpHpizmalits fdzOm ®@s ¢ Ws
Misi 2 M ifdr -~ dBstej dz dzj Madsc g™ 86 Mz 56 Ssdds @ Srda0dy

ko' j o)l dshddsc? blfsty"s ke H&Y ©OLodld:
ptej Y My Ol o C Oyj Mdyc S Wogms B ,h ol Star®- § tod
shdn YWisSdd ctOdzdyr dagflsdzjfdzSssEylstsets vl uvs (dzize

Is 5 Bz dzOL OH o dzts o ! BI dz
27



feonorma mn oOKpyXawwa2a cpepja. 2025. T. 5, No

MstckzCIskzter dzOh j 2 Isj totec dnisots tadpdo r (o HB 61 M tSne af @EGARY K/ pea MH &6
HUYGsets cdftslsjlsduyu MEsets mmazp TédzPpMahn blB poBY BNCH.T epe T
ststcdd Ektotse dzv) , d dodgedy Lmgdag. . Mdibdwuzde Mf 53 T 1
wogdlst mMw Istsdzr €5 9 l145Hactbwbbate ophA®BBBUNT U2 -TonNnt
Mitses (LY tcdzgtse ) ez YydOEZOVMBILY SCBYK kot dy ndzd o
sjttcdlststedd MsickzCIsktc o sPT Fsc B ephho gy (plajdtEim H e 8 K K)
ots?2 WOL' MOwlsOdMS et dcezjeiij dzg dzed pad@ HMHaAX 3emnu
el jiornded?2 kRtotsw jylg fiptOa e gfuzgfdzo B , Ha3BaHHbBX B MU/
dzr = diBd hdr Mijdzjesr MatfmlssenBasdiyedicrRascBe nnkn
Me dzs dzO0 ¢ zOat @ s ¢ fk 66 & ormBts | R2IOA 1) .
EmMlsOdzOo dzd o Oj Isfqw  Issdz' €5 © MlstckCIskztcOr § W -

stsets ddzd hjMmissets wlus, {®Mdeindatsted @ fipistlsiols ts o
glus M sydets?2 L CMYBSLdYdy Pu doiPa sdnisgedz& sizgei@e p acc m
Yoy elssetsj vl v, MiscSCskée®r, 906MBoBHBIMU TeaTpam
sster = & dzOMistswh j a3z o tepjrdpjededo  assmelrgp 6@ iB Pe MH O T «
fMistesW dud MEdna Mmd dzj 2, Eidyd dc gzOFds Y fdse gne'm esBHldEx  c e
Bsyder 2 BOLjtedOdz d dMmwisLndalads'c af skaitgjoiley dade'bin 1, a K
dzy H o dftsKicojBdEOTEeH K 0, [ e Br e6HoomBL, We2il0 22T, eeH 06y cCa
125). HUMAMMU MNpPOMKWBMANBLHOIO MarT
FNaBHBLIMU UCTOYHUKAMU emMBMJOMBHaAMBAT@PBHO ycuIu
ana ANnAa [APeBHWUX KarT acprapsosimTtiesc Kl X3 TCOMD aniaarMeBpHIF a /1
NAWTCRHMBE OTHoxKeEBYKi@Gixa ropHbXx neyrokeacteuco
ANA COBpPEeMEHHbBX [00aBIAMTLAMEXO NHAAPBM U UME@MX Har
OHHBIRN N MKEFPMEIHOHTEHIO Ma THewpx adla iceope i Y cm. apux, B0
NN EONIOKLWOHHBIX T e pKpave HUp yMIEro3s/bieeT HIOC T OYU HU KU KO T O
HblX TOPHBX NoTOoOKOB ( MKdAlbkatwT co3gaBaTb COBpEME
MpunuMKM ApoaBNnAtTCA TABBYM BOPBHAHOBKY He TONb
NbIX MNpPpoONKWBMANbHBX OTmaXewmeHXx sE@A@ETPRO M neT.
PrUYEecCKIBBIXCA/BBOAKOB NPOKAaTWMWBLWNUXC S

ravowmmcs BBepPXY XWBOMN ocbinmnm 610K -8 p3nblixX

Fig. 2. Frozen rock block of ICGP Active, photo 1292, dated 30.04.25.
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Fig. 3.Live Belairkutnaya scree with Krasivaya aufeis, photo 1289+91, dated 30.04.25.
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tdmMXusdaa pgonroxmuByuwasa ocCbinb nNeBOoOro 6opta Myrysekc

Fig. 4.Live longlived scree of the left side of Muguvek Canyon, photo 87 frér8.05.
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tdm3aBonHeHHasa NponwBMUANbHBMU OTNOXEHMAMU KaTacTp
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Fig. 5.Filled with proluvial deposits of catastrophic mudflows from perluvial moraine blocks, the lower
part of the trail of P/L Beloirkutnyi-6h SVUK in front of Nizhny Gorge. The left gie of the valley is a
weakly active live scree caused by a failed permastusie flow, photo 35123 dated 30.04.17.

tdmboGibwaa byroBekck®8 oacb@e, 0hodld.8764

Fig. 6.Big Bugovek scree, photo 87&8 dated 04.05.13.

30



MOHWUTOPUHT NPUWPOAHDBIX

tdmMHaAEOmunpKkunnHa B npaBoM 60pTy MyryBeKCKOTNO KaHbC

Fig. 7.Elmirkin aufeis in the right side of Muguvek canyon, photo 04381 from 30.07.14.

tdmMHa&denb OnacHasa, n

eB 6opTa MyryBeKCKOTIO KaHb
TbEBIOT C A T 1 bFB9RL036abo TH0 . 04 .

Fig. 8. Dangerous aufeis, left side of Muguvek canyon, on which blocks almost always roll down, photo
F1901036 from 30.04.19.
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tdmMHa%eanbr Pa3znomMHasa ¥ COSPEMESHHBIWINA X BGie/paBIEI®E NOT 0K
02.05.25.

Fig. 9. Razlomnaya aufeis and modern "yesterttalay" debris flow, photo 1314 dated 02.05.25.
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0
Fig. 10.Groundwater outlets from under proluvial deposits in the upper part of live scree of the left side

of Muguvek canyon, photo 1661 from 01.08.09.
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Fig. 11.Dry bed of the Selevoy decay with traces of debris flows of the last century. White spot on the
right side of the image- Razlomnayaufeis photo 13.07.08.

t dMm.bad/Rb WO K aH YycCO BBPbEHMOECH
HOBHONW pe3epByap Hakonn
o 12864670 02.08.09.

HbiIX cenemnw Ha npaBom-6OpPTY
eHnda aTmMoc pepHBXxNeE@m An4a o
Fig. 12.Large cone of modern mudflows on the right side of the Bel River védley.- the main reser-

voir of atmospheric water accumulation for the formation of Beloirkutnayaaufeis photo 286467
dated 02.08.09.

tdm. TCT3epgpb HebOOmMpamma s opems 60 nbwo(rcom.K opbngca.a 1EBP)H 0 C a
Ky Tdeo 1286220 26.07.16.

Fig. 13 Traces of a small mudflow on the right side of the large outflow cone (see Fig. 18kiel.
River, photo 2922 dated 26.07.16.
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tdm.CelMdleBasa npomMoMmHa TexKkywero ropga

Ha HeobOoONnNbLWOM K (
K y Tdeo 128870 13.08.09.

Fig. 14 Current year debris scour on a small outflow cone of a lateral tributary of thiekBelphoto
2887 from 03.08.09.
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MLKSPp O C ervioeTBOBKeVO,B O L M py e Mble T a/iblMKU B
Wo &BWOMO®C KEeNeHHO QOoOpMUPYIKWTCSHS MHO
6oNbWNMNU OTN 64PHLE NTbreallN HIBBMWKE HMU A 3T UX O
or 02.05.25 (6enoe —AHas/Hetc)n;p aB)a B®@BTEP X
O CKNOHY) ; B) ¢oTo 0471 oT1T 29.04.1

.M
p
e

M3 n 4
Fig. 15.Microsettlement flows provoked by melt water from the Razlomnaya aufeis: (a) the image clearly
shows how perennial proluvial deposits are gradually formed. disturbed by large repralskee the

result of movement of these sediments down the slope, photel?23ddted 02.05.25 (white spot at the

top right of the image— aufeis); b) photo 0465 dated 29.04.14 (view down the slope); ¢) photo 0471
dated 29.04.14 (view up the slope).
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t ). OnGa.cHOe pas3MelWeHMWe narepenm Ha KOHYycax BbHOCaA

Fig. 16. Dangerous camping on the cones of modern debris flows.

tdfm.MNplo/fhnoBManbHBIW KOHYC BbBHOCAa Ppyu. MoTalmHoOT O, ce]
TONONb

Fig. 17.Proluvial outflow cone of Potajnoye Creek, mudflow material did not even blow down a small
poplar tree.
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fdm.TpleBwmnHa oTnopa B NPONKWBUANBHBX OTNOXeHUAX, QO

Fig. 18.Spur crack in proluvial sediments, photo 0477, dated 29.04.14.

He6naronpuaTHbBMN MecTHMM WORNapaBB@AMBEHN Ha T
OBPEMEHHDBLIX CefieBblX MOTUKKAERE 1 N3[IPEBCYLTHHPEMOBIC-NM O MH U T
€NbHO 6Ge3o0MNMacHbBMW S BCIXAOKATLC A1 RTACBOBPBMXTBO pK1anp Mca 4, 0 H C
TCyTCcCTBUECOTrpanagenHOoNb el Mpxeyk 8B KAI3B 0 &8 ¥ Y4 e /10 B € k
Aaunei Ir'PYHTOBBIX B O 2025 @T @ e AMeOBrHyoT NpwmMB Glue g we
yacTKWNW NOWM pekK, KoTopse2 OFXxEBRabaIDD GAOM TRHIET U (
puc. 19,0 62700) M OKYpPHYbIVH ON P @ I0OB BB B BIN M CHOW AONUHE
3 CKNOHOBbBLIX KypymMoB E@uce £Lé&pearmmamp b olkmssieime c |
opeH (pwuc. 22) nneudyernd pwipeonr HoMBKYam BEpevm® O kI & 0 1 M O Lt
TyneHwu penbedga (puccx @AM e-AOEPIOAHHNPPAOCBCBLHI 8 BCAEB- LI U A

H

H

CbIMTHBIMM MOpPEeHaMKn C Jreexsayly MIMEB BHIHPYU3XN ,M O/tb 4 a U K
eEpXHOCTWU T nNblbamum, C KMBOTMA.B I MMVIMTVHC A K ¢ 6 JixaosprieHHad B .6 bl N
Oro, YacTO CKa/lbHOTOHZEKTI@MIRKW@EO MAAMHAE @NE MM Y € -
Takxe O4YeHbHODpeYPPKeBVBNE K DIEH T 0O 6biTMEe.lmMBaRAnMAayY noON W
onacHGbBMMU MOmMmeggOB®IT bOBIBX pelpa. O6nomMK WU pas3pyuw
CXO04abl Ha TEeppuUTOpPUN Y YBECTHKWK OB®Ga wanneper opo
rnayumnanbHOI cpreymbeeHdhal L. aP e Kk a 6 blNa nepeKkpsbTa
EAVWHCTBEHHBN, 3aPUKCUPOB@MHGBA TARAKDON, CKEIe pw e
npoumsowen B 2012 r., Ha®O/pa e flE#BRewWBL a@ITHK@WA C bee p €
cowen € NeBOTr O K psmasmbHke2026). ne 4HMUWKOBOT O

Ha BUMUAMMOWN YyacTu nepgHunmka I[epeTonuymHa wu
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PN e ri I
tdMm.3a®aneHHoe nepnwBuemM pykeoaid GyanEeK@OBO pAIBdRAeOT

Fig. 19.Perluviumcovered Bugovek bed in the area of Krasnaya Skala, photo 6532 dd. 29.04.19.

tdm.PyY20no p. BEgxomemaHpeope hysaBakaHHOe T nbl6bamMun uns3
6 0 paraan n H bl F19@p9560029.04.19.

Fig. 20.Bugovek river channel before the entrance to the Bugovek canyon, blocked with blocks from ku-
rum of the left side of the valley, photo F1900956 from 29.04.19.
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tdm.Ka&2MeHHaa pexka (KypyM) Ha /1eBOM PCOKI/I00 Hpea Cpw n pbeyHr 1osi
ywenbs B CpegH EMM00958ure 21O ,0 4d olT190.

Fig. 21.Stone river (kurum) on the left slope of Bugovek r. at the interval of some widening of the gorge
in the middle course, photo F1900955 from 29.04.19.

tdm.NMR2e2u0 TpeWRAOe COAOKNHONW MoOopeHOW n/ n JlyrosBor o, neEe
C NexXxawnmmm Ha ee NoOBepXHOCTWU T nblbamiby370cTk a3tOn BOudn. MLnOC.

Fig. 22.Shoulder of the trail, composed of scree moraine of Lugovoy slope, left side of usdku

river valley with the blocks lying on its surface, rolled down from the bedrock slope, photo 6537 dated
30.04.19.
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CBYK () uadopniar O XX M BOYOLPIBLINGN XXM IBOLC IS M,M T € P MO C Y EDEBOO3PVAONHKUH bl
KaHamMWul3—-coBpPeMEHHbBIe CceJ/jieBble Npouyueccb U BO3HWUKA AWWMNI
ONOM3IHNPOBOLMUPYEMbO 6 HOBHEHEHMHOb IO TeppmMBGDUK O BblXP e
3aTaXHTBMOC PepHbBIX OCafgKOWl/Thn@PEeHHEAgbL IPOPXMHAESTr O -YpPOBH
XPOHONOTIMYeCKAEFONPLLBBMBTHIEX CATpPpYyKTYpP (negHukbmw ¢ 0T
KaMeHHBX ,[16eTMEQQBAIB T H bl X CTPYKTYPp (cCoOnNuM®MAWKLNOHH b
Mep3/HOTM®HHBIX T OPHMBHB OMOG BIKK OB ) OpKebuBH b( eC en&BENOR X WK T, y Al bl
Ha COBpPpeMEeHHOM 3Tane9-pagewpa@moNTeppweopPuim,; y dJWBRHb I
MHTeprnauyuuvana

Fig. 23. Verticalage ladder of development of the main forms of relief of the MuBdwalyk mountain
range

1-5 — stages of relief development:—Iperiglacial or snowy (nival, supraglacial)—jlacial or glacial; 3-

thermal; 4- permdrost; 5— erosive; 6- retreating glaciers;-10 — stone glaciers at the stage of degradation:

7 —first, 8—second, 9-third, 10—fourth; 11—-aufeisand solifluction terraces; 2stone flows in palaeocarps

of a certain IEDC level (figure) with lorgved cliffs, live screes, thermosuffosion sinkholes and canyons); 13
—modern mudflows and the resulting landforms, as well as landslides provoked by increased watering of the
territory as a result of floods and prolonged precipitation and river erdgidY — stairs of the upper level of
verticalchronological development4t glacial structures (glaciers with open parts of ic&)-$tone glaci-

ers, b — permafrost structures (solifluction, higittitudeaufeisand permafrosstone mountain streamd)/

—water flows (mudflowriver floods); B — structures at the present stage of development of the terriory; 1
—altitudinatchronological level of thermal hyperinterglacial

B3anmmMooTHOWeEeHNE B bl LU® O PA@BDECHHIBHXO T 0 e a# N a . Bupgwn
MOpPp@MONOrMyecKkmnx CTPYKATIYPUN BIPHIKE a CHOT aUT/IKIOKB- O T D e 4 |
CTPUPOBAHO &XEeWMO@MNO [PWIY. MABKHOD» NPUBENO K pPe3 KoM
ONHMUTDL HuxXecnepgyWoueyvio BO ITIACI&IK N BN .4 , KaTacTpo
OHB+BEBOMAHO TporacemavmMdBI®M gpeBAKAM WU O6bICTEC
O nNporpeccmMBHOT 0O JUeeqHHIKKIO BOKB HCIBO® MO ,K aspabr, n
MBWEer o co®pleMB.BAWIOGCT NN BbABUTIaTbCcCa Nnocneq
TCHA HaAa CaMblX BbLCOKUXOGPORBANKBLIX OBPKEMIREHB X bIMO P € H
ONWMH. NOXEeHIWMCRPXAEHNA S3TUX NC
NMymj oHtssHpE®MOpor a ndw. bpaioane.-

YTHOTIo C ocTaTkaMu ablnade@ietfis o dazg@'aelg B @fg0O K
MOpeH. XapakTep NefHURACBPOQ@GONOBCHOURA pHaBODEOH-E H U
CMBHbBIM C HEYKJ/ZOHHDBM 03Tac/Tuy neHumeevs oBegarHMSK an o c ne g
B BepXoOBbSA [AOpPWOH B elcE@p Bawoa neKo s ane H4).0, nnxrt
BpeMa ero mmMakcumManbHOTIlo pdHte@Wv-al SERaE3®H Wpop/Mm p 0 B a
c
B

=

Taguun HacTynaHWWAa, B BPE@AXY/BWKLITXa T €blXO OCIEBB/MaaBbbXH N
O3HMUKANW 33TKW NCEeBAOTEPPACHMMDE AHBIX OTNOXEHUN.

'l Ml oHbphep@mn@onBaor+HEagL ¢ OV —fatpledB@ pfencTBUA H
NKBUWANbHBUMMNKEHUAMMN K aur apcerypHoup YpeyC 10O B bIX MNpouyec
CKUx ceneim, MpPpunYymHI@IM -BK OCTTOBPTbbXE SaBHA/VIONC3b NP e K p a c H
HecTauanabHma T 06 CB¥Kkeag ROmMeBbLIX UCCNefoOBaHMWAX B
MaTMmyeckuMM ONTUMYyMOM. Cc Belwe mBa@amapEKosaneHKkKo,

OTNOXE&€AKAN B ponmHe Myryseka (cmM. pwuc.
7, 10 B cCcT. KoBaneHkOo, FfepreHos, 2022) narTe-
panbHO 3aMe YD ODIID MO Y H
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l-cKanbHbBA KOpPEeHKNPHABKEOBKAaANbL CPOP MNP O B/AHHbILK aHMEWM (

OKMWHCKOT @; BlgeoigaifkK M E©Bp@EgOBEepPpAaACH, ABAAsWWeNncHaA nnevo
Benouwpky T-HBIMCBY K, 6Cn10XeHHaSa—yYTCTbYIMH OTMP eMTOEIH OFACIE0EB 0 0 T €
wagkKka BTOpPOW nceBpoTeppacsb, CNOXeHHas nNponwBManNbH

TacTpodunuebimexp Baesineaie,;ppaca chopMMpoBaHHASA HaNnepmgHbM
ueccawpjC OBk asds NoiMma nNepumopgumyecKmU 3 a-FHOMN3NKAaEAM arndo nveas oc
nom+nBcnepHAasa MoOpeHa OCbNHOT-X atpyu ma nb eBoQEpPP BB YWHEQITbOH Of
10-purenBOADEOOPHBIE BOPOHKMUW COBPpPEME+HHBHXY CBAP EBMEHHOHCHAX (
MEHHOTIO nNpoNwWBMANBHOIO CefieBOro mMaTepwunana.

Fig. 24.Geomorphological structure of the right side of the White Irkut valley in the middle reaches (ac-
cordingto Kovalenko, 2011, with additions).

1 - rocky root slope curly rocks formed by the most ancient glaciers of the Oka timetie2site of the third
pseudeterrace, which is the shoulder of the trail formed by the White Irkut p/l of the 6th IBC, cethpbs
scree moraine; 3the ledge of the third pseuderrace; 4 the site of the second pseutorace, composed of
proluvial "fluvioglacial" deposits of catastrophic mudflows:5irst terrace formed by glacial and modern
debris flows; 6- high floodgain periodically flooded by flood waters;-7low floodplain with channel; &
last moraine of scree type of Beloirkutnoe p/: Bar p/l of Vodorazdelennyi 6th SVUK; 10transom; 11-
catchment funnels of modern temporary watercourses;cb2es of renoval of modern proluvial debris flow
material.

BkayuecTBe 3MoOrKMIOY eipofoytipzoe-dzd ¢ d ftedL o Odzd o tsL H
BaTb MeECTHbBE HOBOCTMW,HtXCa coa i Usmselx sz0df dcOp alzy yzd d . |
TONW B cTaTble dz@wO@dze mdams 4. Q@@ tltcj L Odzr ls d&d
G. &0 09 lstsHiYtdddpdt [ots dgHST of dPifsStaods ¥ dzO  dzd @ dndse @Y d 1 J iz
tcO2tsdzj 1 EZtwisdd tBtolkzh digikdyls Getshddd 21 Mmdgdflapdedst®dz 8 0 0
fslss¢ Bl ¥ BI3sd3 ff tod d3d to difsH jodzG3s5 0 0 hCyz B it MBS d Is  dz.
B bteso . dzj MY Bd MsdHEES c@REBAEEOf tcdo j Misd o {5,
dzd s dgj MEtsdz? €ts HAdzj2¢é (Mocne cxopga.., 2025).

1 OlstczH dzgv dzs oMy d BOW@Y] Mmdzj cO
OBHO fHtosHBd Od&zZO dHIsd h cBte. rdlsj dzj 2
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