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Abstract : Rock avalanches are one of the fastest type of landslides and because of their magnitude and energy,
can cause huge damage over large areas. The purpose of this study is to demonstrate the characteristics of
morphology and kinematics of Dead Lakes rock avalanche, Kyrgyzstan and to provide the timing of its occurrence
constrained by cosmogenic “Be surface exposure dating. The Dead Lakes rock avalanche initiated with the
collapse of the entire mountain slope up to its top, composed of bedrock, and moved for ca. 7.5 km with elevation
decrease up to ~1750 m if measured from the headscarp crown to the deposit’s tip. Its source zone is up to
2.7 km by 2.5 km in plan view. The deposits thickness is about 150 m on the average and its volume is ~2.2
km’ over the area of 14.65 km®. Four different motion patterns evolved during high-energetic motion process
can be revealed from the landslide-related landforms such as toreva block, debris ridges, levees, linear structures,
terraces, and hummocks. The timing of occurrence of the Dead Lakes rock avalanche revealed by “Be exposure
dating was 48.3+2.4 ka, which was likely to be triggered by huge earthquake.

Key Words : Rock avalanche, Kyrgyzstan, Earthquake, Cosmogenic °Be exposure dating
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A (toreva block)= HA| Y] WEFZ7F HYH
A b E S et 32 o] GHE EE AL
ALE A& o]th(Reiche, 1937; Wang et al., 2018). 71
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ol B35 t4F (A= 170~1,050m, ©=5 35~300m,
B2 10m W)= Uepdt} F3Fo] ofAd o] o] Hlskul
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Subzone I
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- Extension-dominated sliding and fall
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Subzone II
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Subzone IV

- Transport and spreading zone

- Compression and rapid radial spreading
process
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o], FACIHRIAL) 4= el A 4] e 7Ee) oA
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and van Wyk de Vries, 2008, Dufresne er al., 2016; Wang
er al, 2018), YAATLSL thefst 7|9 AE0] +
LShe Zl0] S4olt DLRO A ehol| e thef
_'IZ(_ ‘4 o]—k].'_;l..__o] L‘LQ_ I:H_r]oﬂ Z__,i;q U]X] H:n’;O]'L
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a8 5, “Be LEQICHO| SEUE Bz TN
+ AL AR A2EHE FE3 'Be L2 FFUE B 9 HF Atn=s); B oA (outien S A€)(10)3F LR A|2<]

FEUE BE 9 Het Acn=4).

U3, ad SHE AN ALY UERE 3}
o g4 ofix|o] o3 A4 ¢

2. 'Be L=04r

DIR®] QPUA}Ho] HmSHe Y} ) 2308 31
oF Qi Fxe] Bael @ BHE ol ol
9 e Zor BE FUS 7|YURE Z=th uebA
39 E&Ad(exposure age)E BIB|H, HdAIHS]
FAA7(Z2AH) Z, DR HYAIZE & 5= A
Heh oF o X = 7RATS APHe] By 81
oz ¢lsto] AP =AY wWE olFd} EZE of7|s}
b8 @A waEs 4o E2dde & A3PH
9] FAA71E AAoh= AL 2 & 4= QJthRoux er al,
2009; Panek, 2014).

A1 ()] AAJE B0l 7]bslo] & SHDLRA-DIRS)
O] AR ZHE "Be ZAtE SAsI oM, 1 dik=
theat 2tk ofe] L&At 45 742 2kaollA] 79.643.9

ka2l MR SRIEH(IE 1), FE3 o] Fo- 56.9+

2.8ka(n=5)0]t}. oA (outlier) 2 3l|4=h= DLR-52] A}

ZES Aefg UA] A|2EC] eZdth 45,742 2kaollA]

59.9%2.4ka®] 912 I, o] 52| FFghe Hrt 3
2 51,242, Oka(n=4) & AARITHIH 3).

A& A Fell 283t 4= DIR O‘“*P %
A25AAe] Q1 B3y 1)shs A=
FollA BEF "Be &A= AL W—i =2
Antg & 4 Qlt}, E3], DIR-29} DIR-37} 19 9]
7 dAshs SRS YRR AR 49
FTHOR 7P & A==

_r,
i

_rm:
o e 1o

of| 4] AAJE ch= 4 °4?L *}Eﬂe EOHHE im 7}#
%*é }Eﬂ RHE P53 “Be ié—o:lcﬁb

2 W x]/\ll,]_ Apare. ﬂﬁlo}ui 0_]
43. A 7] WEo|thHewitt er al,, 2008;
Hewitt, 2009).

V. =9
1. A ofi2ixle| 23 £
DIR QPIARAS] B4 5 Shkis AMAFe= ASaE o
o) AT} B4 ol FAS ol vkl A2
7H) gtk oItk 1Y 4), oleat eHAe] &
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QA GG - YRME AEE - FHE
H 1, "Be GiEN Znt
. Laiude | Longiude | Hevation | Thickness' Produuction Rte Shielding | Quartz==* | Be Caier™= | "Be//Ber=m s | 1lge Cope e swsewms | e Ager=====,
(N,DD) | (W,DD) | (m) (an) Spellaion® | Muons™ | Facor™ | (g) ® (10°) (10" atoms g) = (la)

DIRL | 41503 | 72703 | 21730 50 ng 03% 0997 | 2081 1179 592025 1,004 £ 0,048 $7+22
DIR2 | 41503 | 72702 | 21760 50 29 03% 0967 | 0792 114 5984£029 1092 20053 96+24
DIR3 | 41503 | 72702 A7.0 50 290 038 0997 | 263 1143 6,448 £ 031 1,001 £ 0,052 496+24
DIR4 | 41504 | 7702 | 21710 50 2184 0358 0997 | 2202 1138 692 027 1309 £ 0,051 %9+ 24
DIRS | 41504 | 72702 | 21720 50 28 038 0967 | 21165 1146 93 + 04 1734 £ 0082 96£39
* Tops of the boulders” exposed surfaces,

* Constant production rate model of Stone (2000) was used for calculating,

= Constant production rate model of Heisinger er a/. (2002a; 2002b) was used for calculating.

s+ Factors for correcting geometric shielding measured on intervals of 10°,

s Dengity of rock (2,7 g cm®) was used,

s Concentration of carrier was 501.3 ppm,

s Ratios of “Be/’Be were normalized with 07KNSTD reference sample 5-1 (2,71E-11 = 9,58E-14) of Nishiizumi ef a/, (2007) and 10Be

half-life of 1.38E6 (Chmeleff er al., 2010).
st Uncertainties are calculated at the 10 confidence level.

ok A mean value of process blank samples (4.8E-15 & 3,2E-15) was used for correction of background.
st Ages are calculated assuming zero erosion with using CRONUS-Earth online calculator (2.3) of Balco er al. (2008).

7 oo oho] Ty ME 52 o] Bakrh A
i, ofg el ZlekE Ao vl A vl
AL, Ao sk A HA Uk oo R =3
w2 olF&=g Qlste] FAu= A F=a%t
EA % o]tk Strom and Korup, 2006; Hewitt, 2009).

AP WS A FR Y S B P
DIR 2 A] o1 o] &%= EAJS 2 wiolslar ot
SFUEHT QPEARAS] =, AL XF o] fEE &
XE dlgro g DIRY &% FARS 37| 47)(Subzone
I~Subzone 1IV)9] 7o 72 Bexc)
Fhieko el Qbt HelE FE
of algst, HAAPHS FLAlSHE ER9) FFYo|th
7|Reke] Sete & Qlsto] Eejwl M7t AA oy
of thgFe] ehAo] A= 12k Beto] WAL, o] %
2o A R Wskgle] v et A &
FOR o]5ste] 7|7} o 3719 SHUAIE AR
22} S| H“‘“%EHRemhe 1937; Wang et al., 2018).
Subzone 19] B4 o|5-2 2| ZHy} 4227 FL 4= vigk
o2 olAHo| 83t 31A(extension-dominated) o] A]
HEAISNTH(Shea and van Wyk de Viies, 2008; Wang er al,
2018)(1H 69] A).

Subzone I+ FHUH O 2 HE] 23t oF4do] /\}11]

oo mer ofaks Frtolet. dlE 7kl ¢

T

Subzone &
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AAfR] Holk F1A 2 BAE Aol szl
NPz} WE HE BEITHIY 4. AR )
A8 ol DR ThEsAe dubrow
r=go] Fx=A 9l 317 (compression-dominated)< 2]
u]gch(Shea and van Wyk de Vries, 2008; Wang er al.,
2018), F7AA}0] FRuE 0 2R AAE QHio] 94
AF A gt o) 5rarel Svie] ciegel ool
AT 7Jet QEelo] Zgain, ol2ig g2le] 4
0 9 el thyro] AAE P27t WS B
o 69 A,

Subzone I+

7¥5t

Subzone 11&} TREI7IX| &2 ¢t o] o] =
o] e, Tet ol e AR A vt
O olF K7t A|5] Wb, olof ek obd W
o]l 2gh= 52 QA E o] F=A]Ql #(extension-
dominated) .2 WH3}3FCHShea and van Wyk de Vries,
2008; Dufresne and Davies, 2009; Wang et al., 2018)(ZL
2691 B). MRS BE 52 Qo] ofEsi T
2ol Wt AP o2 iAol wla) 77} 2

11 dALAo] =3t Ao] EAo|t} DIRQ] S sHAY

& Azl wigol AJulEar gl

Subzone IV DIR ¢HdAFA Q] Wrhkko) o2& L7}
o= gHe] o]l Bilo] Tl KAET, AL BT
AP o)A BREE DIRS] EAJ O 2 dha|eto} ti7fe] oFA
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Subzone 1 |

Subzone 11

Subzone 11 | Subzone I

Eﬁ]oﬂ ngﬁ ongl SR HA S =0 fﬁolq-(Hewitt

oHl:H
2015; Wang et al., 2018), 3 FHoA o] &%
ATFT AFE Tl =2 5 itk A
M o] T %“20 A% iE(/\PE“‘
Hr} 3AF SR (APEAAR} 221 B
2HA)3, T2 Q) gEEo] Frsks o= qu}o}
= o) FAEtHYoshida and Sugai, 2010; Dufresne
et al., 2016; Wang et al., 2018). FAAPHO 9= 7
AoA F2 A2E= A2 oo FAbat Aol uf
29| F7te FAEE, FHHeR AzsAn &
ALsIR|RE 2185k Sy

3L o] opd
= SR Fold A8 e

see gtzelo] =
28 o7 sA=EItKDufresne
and Davies, 2009).

2. WAp o} 2RI

DLRO| QMdAlof| Hirsl= oty 22 E 55 Be
L2 45,742 2kadllA] 79,613 9ka 2] HE|E HQl

o} ofefet 2k AfelZt 2312 o4 TRl muliple

<] Extension |::>
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Lateral spreading

al

=1
EAPHO) A8 3o Wk Aol T3,
9 S gl etk rt
SAlo Feg 1 ),
S 2] olAFo] Ababe] WA EAo] Uehtr] gkomg
S AAshe AntE 1] f5t

AiEy dats gEUEREIRA(aE 508 ¥4
31 DLR-42} DLR-52] A|Rol|A] FE35F “Be =& A

7} Y] ZHDLR-1~DLR-3) S 25 E "HolA Exsl=

occurrence) 3t A0 2 |4
He| Ayt 4|7} 1A

3t

pul

Aol SRlge}. WA 7]9lo] FUT e A5
UBe i)/} o]e} 22 o] S Holt: o] §i= DLRA

o} DIR-59]| sl 4o o] 7[Higro 2 iE &
E7] o)A e =EEAUH AI717F AU AA
ek Wb 1 AR B DR HAATIE
DLR-1~DLR-30|14] B53F FH45.7+2.2ka~49.612 4ka)
9] 3t 48,312 4ka(MIS 3) 2]9] A7|2 & 5= Qlrt.

ARAEfle] WY Q1oL tlokslal ERNSIA|NL 2 5t
ZF9(catastrophic rainfall)L} XX 0.2 Ql5}o] Al
50| WrkKeefer, 1984; Hewitt, 1988, Strom, 2013; Pének,
2014). DIRO] BHASE B39l MIS 3 A7|& 7] 27| AAE

0] BAL RS SR S} AlehAeel A g
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N.00 .0¢ EF

100 km

N.OO .55 .8€

a8 7. 7|127|AAEH 5 QIEX|A

* RBSAE(USGS) S TEAFE(USGS), Korjenkov et al, (2012)

= 2 AR e ME Ao g oo,

A o) Wake] o] Qller, MRFA o= At
@zl = Bkt W] i) HhAEgt A7]o)7| e S}
THAbramowski er al., 2006; Koppes et al., 2008). MIS
3 S XY= 7|27 A4 dIAE Ab o] wis) ebg
= A9F 712 s o] walel 24| W3
o, A A1 Arho] sk 3,000m oFe A% A4
9] thiio] 7ol Fej= I CHKoppes er al, 2008;
Havenith er al, 2015), EF ARFA| o 4] TiFiL AbALE]
= YRH o= Pdo] Al Zhmdol At B B4
SHA| =4z, o] = Qlslo] YA (E= FFANQ] T4t vt
EoR= 97t WrHCosta and Schuster, 1988; Korup,
2002; Strom, 2015). 53], ZFwFo] W2 A[HolA AbA
B Bk Abrfe] oz QIR T4t FAdE Beole |
< ORI Q= EHES] AkgEo] ot o] B 3t
ZAHe- o] Hi9} Fax(landslide-dammed Lake
Outburst Flood, ©]8} LLOF)7} H1H3}A 2H3ICH Costa
and Schuster, 1988; Gupta and Sah, 2008). Z1&|L} DIRZ}
et 7FRE Al dojollA 340] FAgdolut LLoFe] 1
A EAL IAEA] A=t

et 22 F A 2AE EYE & 1), DIRE| A
Hrp Azt g 3Lo] Azl
7Fs/dol . At M 7.0 o) A
AR G 2R E 400km o) Hol

3

Zl
pdl

g]
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=22 2 X

a7g

Tl 5(1900.1.1-2018.6.1)

vlelo 2 RLAl.

A FLof| A= 2SR BuUll and Brandon, 1998). DLRE]
EEH02 oF 30km HojRl o= N55-66'W <]
Talas Fergana Th30] B3R, 0] T 95 3
ol Erizon fu) Azulelo] AA 7127|Anwe
HEOR 7R 2E it gHdwsoltHKorjenkov er
al., 2012; Korzhenkov er al, 2014)(Z1¥ 7).

Talas-Fergana T2 E2A]| o|& 2|4 Y] A|7] oA}
o] 2Rk Z2]¢lo] UMY A= ERlEm(Korjenkov
et al,, 2012), A713450] A2 19004 o] %- Glikt o
E7RF A Aol A AR = o] AbAlel= 2|7
o7 Qlaf fE AR AgomiE 4] A 4
B km ool ] B3I HHavenith er 4/, 2003; Havenith
er al., 2015). 1900 ©]& AFX|H O 2 HE 400km O]
WM 7.0 o 7€) Ababe] A7 ) Bull and
Brandon, 1998) | 9of|A] A M 7.0 o]4F2] XX
& 93l EohH, oI5 F 19461 (M 7.5)3} 19921(M 7.3)
of B A 1e ARG H} AdAE = &3 100km
o x| Sfeilx] EAEFE ZIo|eHUSGS)(TL™ 7). F A%
o2 Qlaff Xt IRt A Hof= 4] 1] =L A
2 AT BEE It Havenith er al, 2006; Havenith
et al, 2015).
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