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Abstract: The Tianmo Gully debris flow in southeastern Tibet is a typical one, which broke out frequently in 2007, 2010 and 2018,
causing harm to local residents and the Sichuan—Tibet highway for many times. The source materials distribution and types before and
after debris flow events were drawn by means of multi—stage remote sensing interpretation, field investigation and field observation. GIS
statistics and profile mapping were used to compare the changes of debris flow source materials area in plane and profile in different
periods in the gully for the study of the dynamic evolution of the source materials. The source materials types of debris flow in Tianmo
Gully are mainly moraine type, collapse type and erosion type. On the plane, moraine type source materials has the largest area,
collapse type source materials is the most concentrated, and erosion type source materials extend the longest distance. On the profile,

the source materials of the main channel varies most actively from 13° to 23°, among which, 17° to 23° is the starting site of debris
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flow erosion type, and 13° to 17° is the most intense site of debris flow erosion. The dynamic evolution of the source materials in

Tianmo Gully is characterized by the "convergence and rapid melting" eftect of avalanche accumulations year by year, and the instability

of loose materials at the bottom and both sides of the channel. The avalanche accumulates in the main gully and extends downstream

1800 m from October to June of the next year. From July to September, the avalanche deposits are rapidly melted, releasing a large

number of loose materials bound in the avalanche deposits and making the runoft in the gully increase sharply. The surge of runoft

erodes the old moraines on both sides of the main ditch and converts them into debris flow sources. Research on the provenance

evolution characteristics of debris flow in Tianmo Gully can reveal the reasons for the frequent occurrence of debris flow in

Palongzangpo Basin, and provide reference for the early warning and disaster prevention and mitigation of debris flow in this region.
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VG R AR i 08 I B2 7 A 9 3 PRl A ) b T | H
JB KRS SR A s &, By £ 98 K
T s KHEVE A uli 57 B | LI VA | R BRI AR
AT I % X I E E G318 W %, X 3t 7 il
VO HE 1 | 28 TF & e A B A 77 A 7 o L K S
FOT Sl E AR R T R & O S A
PG SRR RS Hrh W IR 55 LAY
U N R R TN BT, TSI A O e S VS | o
AR RN e A S K E R bR, H
RO U A 9 0 D AR (R T T vk R A R,
55— 1 S 3l i W A A A ST 2R 5 A S T
BOASHAT IR, s 85" i Rt R e i Al
TIE A T8 B it i 0 A8 Ak s T AR LTI
TEWTTE LB AT W I8 e, R i i
BN AR A TR A T P R i AT 2 R
T AR ARG AT I 8 DX 3 R A T AR
AT 8 N7 s AR AR TR 200 R i g P A |
T L8 P ] 3 T R B I, 4 T R g A
ST UK AN A R P S 0 = B Bedi X, 55—
Ty R 3 1 2 VK R R B W U AR
B2 B B SR GIS H AR R W i, Crowley
LG I A RS A R R RT3 ) ; Chen
SO LR M e A T S S A5 b B SO0 e
A1) TR A 5 Kumar 25127 1] 22 300 38 J8Y 14 AN
DEM B 5% 5 S Ak L p R VK %0 AilOR B0 A
T AR, 25 b U T R B TR AR R T B AT
i 200 2 5 22 3 SRR AGORT L 8 R AR i DX T
ATTIE X YA T R i ELBRe A A5 58 T B 22 X i
K, HRETXF iz X U6 A 3 8 kX 4 U8 A8 16 i iF 52

P i s Bkl REEVE T 2007 4E 9 H 2010 4F 7
H 2010 49 12018 4F 7 H RAEWRATRKE B
Y KI5 A5 1 LN, W il AR 22 mT R o B2 A

EHT 2016 4E 2017 4E 2018 4EF 2021 4F X} 74 i
KIEEVRHATIG A A |, 456 2 Wb 18 I8 3 Fn
Gy I I A TR R SR 2 2 B TE A G 2018
RV AT FAFEUE MRS, iz ] GIS A St
VAR, X2 Y IR R AE -5 3l 285 78 A8 o A 47
5%, RIS DX UK e A I 1 977 0 Dok I B IR} 22 4040 |

1 REERJEA RN

RIEVHAL T VU A 36 AR Tk % Bl
LR, ARG 2 (181 1) o Vg X R EIE G318
OB ZREE D % 2 48.7 km, V5 IH 3 A& KA 29.5
km, %E5HF 2007 49 H 4 H 2010 4F 7 H 25
H. 201049 H 4 HF2018 47 A 11 £17 HZK
FRRVeATKFE(F 1)

Il w5 BLAESE AR R 4 A 800~ 1000 mm, 2016 4F
9 H 5 H i RE e A I 38 b 3E 1A | 2R HE A L A R A P
IREREICA RIS & /NI 3R 7.6~8.3 mm™ |

REE Vit 385 VO R o AR UK, B S A T SHIE, 3
WHREE —4300, WA DK 2460 m, e
U 5420 m, A X 5 2% 2960 m. VIR R 17.9
km’, FIWEKE R 7.10 km, EIHLEE R 417 %0 (£

®1 RERARARBRRESH
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Fig. 4 Statistics of source materials change
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Fig. 5 Distribution map of source materials along both sides of Tianmo Gully
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Fig. 9 Diagram of dynamic evolution of source materials in Tianmo Gully under summer warming

(4] AEARE, B 5 R 74 80 L 2R m R o 08 A L R AR AR [ ). vk T
+,1980,3(3): 10—-16.
(5] BT BERS, ARF— 55 YRR A1 I 5 FRBE [ M. JBUAR: iR R
HIAE AL, 1999: 1-134.

[6] B Be K TR AR 1L K 5 S BRI S BT o [ 98 41 3 [ M.
LT F 55 BN ER, 2000.

(7] HEk AR, R0, Thigg ), 45 b [ 98 A A 5T [ M. ALt B2 R
1,2004.

(8] WM, BT 2, XIS IR, S5 U SRR 2 DX e A1 U 28 B R B 2%
SIME K AR, 2011,31(2): 193221,

(9] XU RE, e %5 =2 PG £ WA 5 AR AR ()] B
A5 THE,2015,15(9): 45-55.

[10] Chen L, Wang J C,Liu J K, et al.Discussion on the characteristics and
calculation method of material source for the debris flow in Tian Mo
Gully[ C]//5th International Conference debris flows: disasters, risk,
forecast, protection. Thilisi, Georgia, 2018.

[11] Zhang ] J, Liu J K, Chen L, et al. Conditions and mechanism for
formation of glacial debris flow in Parlung Zangbo, SE Tibetan
Plateau[ C]//5th International Conference debris flows: disasters,
risk, forecast, protection. Tbilisi, Georgia,2018.

[12] RBGE, A, MR, 5F. = B 36 208 YA WL 5 [ M.k
A Bk A, 1990.

[13] RSN Ve A1 FAFTTER IR J]. v [ b 5T 9 5 5 B ¥R 22 41, 1994, 5

(4):1-8.

[14] SRHEAR, BT 2T, 35 e A iz Sh LB 55 9 F B A [ M. AL 5t 15 4R
K AL, 2004.

[15] Ak, J I U8 A1 i 3h 1 etk 55 06 s B DR 9 [ ML B 3T Bl b
Jitt,2016.

[16] ¥ A7 e A1 U 1] 1440 3 A 42k 208 £ 199 0000 [ J]. 1o b B 5T,
1994,12(3): 155-162.

[17] FREF, B, Mo A0, 5 150 1) b 7 A 7 DX 30 A I 4 U8 3 ik ik
TR ] T BT R 5 S5 BiR 24, 2012,23(2): 1-6.

(18] AR, EATHE, X TR 1)1 R 8 RS 18 e A BT U i 5 0 1
FE TR ] P E MUK T SRR 2R, 2012,23(3) 1 39-45.

[19] JrHEAE, JH I, BRTE, 55 801 72 DX A IAE L 3ol P T 3 4 1
IR . K FI2441], 2015, 46(11) 1 1298-1307.

[20] MR, JE I, o akobk, 45 i A XUV Y 52 U A T U AR AR
Y B AR A [ ]]. AR M B4 41, 2016, 24 (1) : 73—85.

[21] BRoK e PR A% AF R vk #b 45 B e A A L AR 1 F 5 K W)
R[], K FE2E,2012,27(4): 12—16.

[22] Jr#EAE, JH I, 58, 55 B0 A A8 DX A i sl i ik 5 S i ik 1
BRI [J]. 85 DK TAR2E4H],2016,36(6) : 1008—1014.

[23] 0, 11, 9% 20bK, 45 7 XA VL HE T e b IR A 3 4 TR 1 3
TR TAL [ J]. bR, 2014,32(1) : 3945,

[24] 4 7K, AR, BN, 4501 M X 204 0 e A T B TR i B
HALFHIE[ )] (L3242, 2014,32(1) : 81-88.



%40 2 5121

WAl S5 G R R JRE T 08 A1 D A0 R A R 2097

[25] Crowley J K,Hubbard B E,Mars ] C.Analysis of potential debris flow
source areas on Mount Shasta, California, by using airborne and
satellite remote sensing data[ J]. Remote Sensing of Environment,
2003,87(2/3): 345—358.

[26] Chen C Y, Yu F C.Morphometric analysis of debris flows and their
source areas using GIS[J].Geomorphology,2011,129(3/4): 387—397.

[27] Kumar A,Bhambri R, Tiwari S K, et al.Evolution of debris flow and
moraine failure in the Gangotri Glacier region, Garhwal Himalaya:
Hydro — geomorphological aspects [ J]. Geomorphology, 2019, 333:
152-166.

[28] 45, XU, M, 46 1E G318 (MR B b o 5 35 A 25 B 5%
RG] MRS AR 3 H R, 2018,

[29] i, sk AR, TE 4200, 45, 0 580K B V) e A VAL AL 1 5 R A
AE[J].7K SCHb T TR Hb 5T, 2019,46(5) : 144—153.

[30] Ge Y G,Cui P,Su F H, et al. Case History of the Disastrous Debris
Flows of Tianmo Watershed in Bomi County, Tibet, China: Some
Mitigation Suggestions| J].Journal of Mountain Science,2014,11(5):
1253-1265.

[31] Wei R Q, Zeng Q L, Davies T, et al. Geohazard cascade and
mechanism of large debris flows in Tianmo gully, SE Tibetan Plateau
and implications to hazard monitoring [ J]. Engineering Geology,
2018,233:172—-182.

[32] Deng M F, Chen N S, Liu M. Meteorological factors driving glacial till
variation and the associated periglacial debris flows inTianmo Valley,
south—eastern Tibetan Plateau[J]. Naturl Hazards and Earth System
Sciences,2017,17(5) : 345—356.

[33] 2= 2, T4, Wi, 452016 4T I e S A U R 2 1 D8 A1 38 11
TE SR KR AT [ 0] 7K R AR ERRDFSE, 2018,25(6) : 397402,

(341 1 R, WEARLAR, 09, 5. 55 T3 U7 T 0 bl 1 1Al X ok 1™
FEFE SR 4[] Bl iz, 2008,53(17) : 2091-2095.

[35] 6] R 2, XA L1, M8 5., 5. 1980—2010 47 74 Je it 2 s IX e 70 vk
JHAE PCRFAE B H S AR AL AR R [ 1] 9K TR, 2013,35(3) : 593-600.

[36] B i, ima A= e o7 ML 1L ¥ R 7 o 1 oK b B 9 P8 A 3 (D] vk
7 4,1992,14(1): 73-80.

[37] KBA . SR L X A5 vk NS AL 5 P8 A i A B Y C R )] L b
F5T,1994,12(1): 1-8.



