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FORMATION CONDITIONS OF LOW FREQUENCY DEBRIS FLOW IN
WESTERN SICHUAN MOUNTAINOUS AREA:
A Case Study of Xiangzhagou Debris Flow in Jiuzhaigou County

WANG Yi', ZHI Jing-zi*, LU Peng-fei’
1. Nuclear Industry Southwest Geotechnical Investigation and Design Institute Co., Ltd., Chengdu 610000, China; 2. Sichuan Water Conservancy
Vocational College, Chengdu 611231, China; 3. Chongging Geological Environment Monitoring Station, Chongqing 400015, China

Abstract: In recent years, low-frequency debris flow disasters often occurred in western Sichuan mountainous area,
causing massive loss of life and property with great harm. Through the in-depth investigation and visit to Xiangzhagou
debris in Jiuzhaigou County, the authors analyze the topographic and geomorphic features of gully area, as well as
material compositions and outbreak characteristics of debris flow. It is concluded that the materials of debris flow are
mostly initiated from gully bed and closely related to forest cutting and wood decay in early years. Besides, concentrated
heavy rainfall and steep terrain also contribute to the formation of debris flow. Comparing with the medium- and high-
frequency debris flows, the low-frequency debris flow has the characteristics of being hidden, sudden and dangerous.
The gully areas with a logging history and corresponding topographic conditions in western Sichuan mountainous area
should be the focus of investigation and prevention of low-frequency debris flow disasters.
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Fig. 1  Sketch map of Xiangzhagou valley
1—¥ RHEFIE (gully bed deposit); 2—JR F1 Wi HEFWY) (debris flow
deposit); 3—I8 1 ¥ AL X (formation and transit area of debris
flow); 4—eAT T B X% (debris flow threaten area); 5—3Af%X K i1
F (lower boundary of logging area); 6—% 3% 5 7+ K A £k (boundary
between grassland and trees); 7—3ii 3 i1 & (boundary of river basin);
8—VH %4 (gully)
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Table 1 Landform characteristics of branch gullies of Xiangzhagou valley
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Table 2 Grain size analysis statistics of gully bed deposits

BRI AR /%
HURE FEf &
>200 mm  200~20 mm 20~2.0 mm 2.0~0.5mm 0.5~0.25 mm  0.25~0.075 mm 0.075~0.002 mm
N3(QJ14) RT-2 15.2 483 16.5 5.6 3.3 8.5 2.6
N4 (544 2710 m) RT-3 12.3 455 16.1 8.7 53 6.3 5.8
N5(¥#54k 2770 m) RT-4 17.8 38.8 20.1 11.4 6.4 43 1.2
N6 i (4K 2710 m) RT-5 26 49.1 6.3 5.2 4.1 46 47
N6 Hii#(QJ9) RT-6 23.2 471 7.1 6.3 3.2 5.1 8.0
N6 [} (QJ13) RT-7 19.3 533 6.8 3.8 4.8 3.7 8.3
N7 (if4k 2930m) RT-8 12 39.6 18.3 10.4 6.7 5.8 7.2
F 94 U (R 3140 m) RT-9 13.1 37.1 10.3 9.4 7.1 13.8 9.2
F 94 HiF (R 2600 m) RT-10 135 525 9.5 7.9 35 5 8.1
F38 i (4K 2690 m) RT-11 14.9 54.1 9.1 7.9 3.2 45 6.3

2 AT, “8 - 67 Ve A it [ AR o FUkr 2 i 5 A
TR VA WA E 2R AK, LURAE 20~200 mm
F, KT 200 mm (5 HIEA/NF 20%. H N5 AL
F, ORI LR VD R, RLBURL AR M — Uk AR
WA 32, KARIR IR B &8, 9 & KRR, UiBe A
T F LR TVA IR, W R A2 7 iy AL
qq[m.

3 HILARBRERZESHT

TN ZAER AR L RAT K E, BRI K
HREEA KA. {HFE 2013 4E 8 A 6 H KRB KIBA,
IEa KR, SRR P IR AD 45 5 o TR A
B2 B AT 43,
3.1 HFHREIRENEG

“8+6" VA I EERIETA IR, Hod ik A K
AR FAR. PECR FE R R (JUZE B R 4 e £
A7)0k, % 8T 1969 4 RA7 JE T B H R, 1978 4
SR S (B FLIA T EA TLIX ) & kY, 1983 45
ZIMMRIIEIN A 15 A4, 477 AR 7 000 m*'e. BF5EIX
AP AR L A2 R 3214 (IR 2 900~3 500 m 2 FEAK
AR, JE BRI, KT IARM Z IR IEE A T 2
BTN T3, eGSR, A SR R ARt

F ok L T8 N X SR B L E A R K
T#—; BB TR BB T KRB, A T i
VR TD A

Bifi 75 B (R4S, BARAROR T AR5 1k, (BT
HNBIARRE . SREHGEETER, T IR 11258
JE AR T RHR TS BT LR BFSE R, AR
YEZIEWEITERE, B AR 2T 4 = R
i, (A S A HE I 2 2208, A Y ARM A7 4E A
KBS A ( F2 B B ) A S T, Rk i i ak

I AL ARG A ST A b S A B e A, 3
BT A AT K VR TE N B AR S 5 S A 17 R A

PEIBASRERE A EE SRR S SR R, (HAESE PR F
DREEJCIR BRI AR AT , P B i R A 525, 3RA%
TEERUBFIRIE (B F i A R T L
LA 52 A AR TR, S AR B ST A ) 55 S A e 1] B4 5C
?\[18] .

d.=0.020x:"% (1)
d.z=0.073x1°% (2)
A, do— DTS 5 B IR AL R HME S 1 S AR S TR

(mm); d.o—FIRSCHT 5 B IR A R 55 1 SR8 A
B (mm) ; — &R (d).
R ICHEIN , AR A B BRARSE 30 a B a] P JE A7 R v


http://www.fineprint.cn

364 Hh,

=

2023 4

ik 15~20 em, X FHg4E + 2= L ORI AR, JLT-4
TR X SR WA S AR ER R, )
o B AR IRIR SR SR WT

00y =0.22x1°% (3)

0, =0.37x1°% (4)
K, PR ERLE (%) a— SRR
BAER(%); —IE A (d).

A ARSA, AR A58 43 B0 A 5 B ST
FERRBERGAE 3 a NIEASER, RIIRIEZRIE 100%. 557
FEI P IR RS AR L AR IEAS , 250 SRR
PR TEARTER IR TR A TR 2R A BHAS I AR 15
TR, MU TR A IR, “8-67 e it N6 =2
IR TV 3~6 m, V5K AN LR RARAER B 1AL AL
JAHHE.

32 EPEMEARARMBEEER

Tl “8-67 VoA Uit 2 K ik 5 FE A K.
20134 8 J1 6 Hif, BAFFLIHIE RITFEN ik
90 mm, ML T JLEE M B Ey I ) fr Ok H R K
(51.3 mm). JrAdH< R o K HLAR Hh iy v ik 32 e T A 3
R R A T ACIRAS . PUBT IR SURIRRIL.
Iz EWHEARAE , R REIR , B A BRI BE , #AHK
Vi shT% e . e i e B i B AR 5 R e ke
AL PR, whi Jrss, T YA PR BE 7 s o, 57w
T DR B A 49 o, A e Ay 9 P RIS A 1290, 5 AR T R
AR, e A A 8 JE R T A
FIR 251
3.3 BELRAYHEA SR

I 02 1) 1. T b S50 AG R T AT L 4440 Jo B b 2 K It
] VA I SRAR , [RIESS, B K V) R LU R AT R 13 DR [
W B i 3. 3 FL 3 U S TR S 5 IR
AR FIGTER TGS, % 5%V DN LR 236%0~
548%o , V-3 372%o , 1538 R T Ve 1 i B9 TE B Tt 3 .
BRI 2 25 (1508 B AR AT B R i A A Bl g,
T4 T PR EAR ) IO 18 ) A2 ekt R o) T TR 47 A
FHSRFERR R, SOFE S 5 T P G A K A [ AR o o
TE e A1 3.

4 JIBELREFRARSHEHEARNESR
2008 4“5 127301 [ H15% . 2013 4:44-207 7 11 Hh7E
PAKZ 2017 48 - 87 JLIE VA L , 3 S50 72 9 IXC L L1 4 M

R EANE A, FERERN R T Bk A= e A i
WE. XA B ORI R AR, DA
ER AT T, 5T R B AR S DR AATE AL, 8
KA T W s A B, (EASR A i K T s B 35
REAS BBy s il (R4, NI L X — 2o 37 7%
/N L HER R FEEERR RO TS ER
RATIATKE. BT HARP Xtk N AW
B E Y /IR, PR AT T 200, i =z e i
R SEERE RSB AP RE T , A TR KB, 38 B R
e, IR, AR T b A e A 3 (A R A A A
HA Bl 28 Rk SEF RIFER.

WL A T AIE SR, A
N, B RER I AT SRTGE IR B, 175 L X R X
BAE 20 22 60—90 4EACRE L MORTF & . AT
W68, BEAE A 30—50 4, W 37 76 76 T8 9 19 AR 44 AN
ARG IR E BRACEEAS JEHS , 22k TR I IR 124
WA R RE T T8 IR T (A RS R AR FERCR A S
IKTAERT AT BRI Sl s e A i L1,
EHEAE /NG B m UV SR T, W AR B K
B, BN ERUKEZ —, T EERK S RA
Ui ABTE 2011 4 7 7 6 H B KL TSR e A,
T R A 5, ol B %) B T AR B Ay o8 3, R
W R oA s A IR R R R BE A R,
X F U L KRG A 3l SRR s Ay it X, 02 25 T B AL, T
SRV PRI\ FEIAEAE 200%0~500%0 THTE F TAL K B8R
DB 25 5 2 R ARAR R AT I

WHE N, RO TR RS, T — IR HERK
sk ) A2 PR & A 12 B L E LI TR A T R ), <867
PAHFE N6 32V FYIVAIE 3~6 m, 5 R I 25 1
HK FE PR, A AR A HL, R R T T
FASR AR AR I E TR ARSI (A o — 2538 T, 3217
RS A i T BB Ak R v | Al A

5 i

1) 2013 4 8 J1 6 HA&FLIAF KA A i, Je
A A SV R A 2, T 60 min, i [EHA )
i 2.5x10% m’. 3 BB K& T k.

2)APHAVR  FFHITe A IR B AR, RAR
RARBT 18 S ALV TE N AR R AR 28 4T JL A 4F%
WA R 2T A 1) 1245 B BEAR T XV e


http://www.fineprint.cn

F3M £ OB I ARSI A R RS2 i 365

LR TESRIE T RRCR T AN RIS STE B A1

3) )P L XA e A1 i BAT Bl R A a5
REVHE A RN, 25 a2 DR R A I AT S R D5 2
W, AEPAA NI, A A R L A
DX, JEHE I R FLRR AR, T TR A K B, 2
Ty e RARIPEA T

) BEIARIIEAT N T V1B PR, P 2 e 3l = 1
SR R VEREARR , T8 A I (A Joops st — 2538,
# SR A1 I AT BERE AL b L R AR A A T RE.
FOE A AL LT EAS 2 — 2B 05T

S 3Lk ( References ) :

(1B /N B2ER & @ iia e A IR AE B RHE SR FR I ER 5T D ). AL
#: PURIACHE R, 2017.

Wang B. Xiaojin Meiwo County Gaodiao gully debris flow study on
development characteristics and control measures [D]. Chengdu:
Southwest Jiaotong University, 2017.

(20, JRBEAR, Ak BE. PO Rg L X B e b4 b 375 & ARS8 A T
BLRAL T ——LA U148 5 24 B AR A i R I . e,
2013, 28(4): 110-113, 187.

Tie Y B, Zhou H F, Ni H Y. Formation of low frequency debris flow
induced by short-time heavy rainfall in mountain area of Southwest
China: Take Lengmu debris flow as an example, Baoxing, Sichuan
Province[J ]. Journal of Catastrophology, 2013, 28(4): 110-113, 187.

[3 )8, S . Jk F 12 S A 135 1y I AU 450 e A 3 T2 L. o) A
5T L) T s a oA B[], RES, 2014, 29
(3): 77-80.

Tie Y B, Hu K H. Formation of typical low-frequency debris flow
process based on remote sensing data: Take Aizi debris flow in Ningnan,
Sichuan Province as an example[ ] ]. Journal of Catastrophology, 2014,
29(3): 77-80.

(4] 4, WnE, FUDL, & WINWERBXEG— SR LT
JERN SRS H B BUAREREEL) |, A B, 2006, 33(5): 1013-1022.
Peng D, Xie Y X, Wang M G, et al. Multiple stratigraphic
classification and correlation of the Devonian-Triassic in the Jiuzhaigou
area, Sichuan, and its sedimentary environment[J]. Geology in China,
2006, 33(5): 1013-1022.

[5IHEM, sk, BAIE, &, AR iR Ve 41 i i) B A AL
il 43 i —— LI 2 A AT R A A B[ ). BRA R 5 TR,
2019, 19(34): 103-107.

Zeng X Y, Zhang J J, Yang D X, et al. Characteristics and geneses of
low frequency debris flow along Parlongzangbo River zone: Take

Chaobulongba gully as an example [J]. Science Technology and

Engineering, 2019, 19(34): 103-107.

Lo I Ak 55 . DO 1y s B3 L e A 9 35 R 0 XUBS B B LT 1. o
Ji, 2009, 36(1): 229-237.
Ni H Y. Debris flow hazards behind Luding County seat, Sichuan
Province, and the corresponding risk countermeasures[J]. Geology in
China, 2009, 36(1): 229-237.

[7JGHR, ASEAR, MR, 5. LB O S X OISR I 23 A 4% )5
S L) 1. NSRRI, 2016, 22(6): 1008-1014.
Xie Y, Zhu Z F, Xiao W Y, et al. Distribution pattern of the alien
plants and their impacts on the scenic core-zone of the Jiuzhaigou
Nature Reserve [J]. Chinese Journal of Applied & Environmental
Biology, 2016, 22(6): 1008-1014.

[8]%e5%, Jime, AR, JUIRIHbIBT I F F0I 1 2 ) s Ar A U7 1. o
MR, 2002, 29(1): 109-112.
Gu J R, Fan X, Peng D. Spatial analysis model for the forecast of
geological disasters in Jiuzhaigou [J]. Geology in China, 2002, 29
(1): 109-112.

(9 T0u )11 4% By SYURE I SE TR F VA N e PP EL g B 28 B 2. B PP Lk IM .
Jemt: RRH G, 1994: 499-501.
Annals Compilation Committee of Nanping County, Aba Tibetan and
Qiang Autonomous Prefecture, Sichuan Province. Annals of Nanping
County[ M ]. Beijing: Nationalities Publishing House, 1994: 499-501.
(in Chinese)

[10]F%, A5, 4k BREREE DA TIE AL &R et et
FE[J]. ASRIEREH, 2017, 26(6): 120-128.
Wang Y, Zhou Y, Yu Y. Study on formation mechanism and development
trend of Maojiawan tunnel ditch debris flow [J]. Journal of Natural
Disasters, 2017, 26(6): 120-128.

(118N, F3, 5. G213 HRIUH B FIEREE VA Je A i K EFF
FEAMHTL) . MR FE SRS, 2013, 24(3): 33-36.
Yang J C, Wang Y, Zhou Y. Hazard characteristics of the debris
flows at the Maojiawan tunnel gullies along Duwen Road[J]. Journal
of Geological Hazards and Environment Preservation, 2013, 24(3):
33-36.

[12]Z=% A%, S48, DUV HE b &3 i e A 30 R AR A R s o
PEMLT]. MRS HER, 2019, 28(3): 298-304.
Li C X, Ma Y. Causes, characteristics and hazard assessment of the
debris flows in Longxi River Basin, Sichuan Province [J]. Geology
and Resources, 2019, 28(3): 298-304.

[I3IFHDAS, akakT€, ZARERNE, 45, WAL RAT I X ORVEVE U6 A T LA
PERAFAES ALY ). MBS BT, 2021, 30(5): 595-601.
Fu S J, Zhang Z F, Li C X, et al. Forming conditions and
characteristics of Muzuogou debris flow in Taihang Mountain area,

Hebei Province[J ]. Geology and Resources, 2021, 30(5): 595-601.

(F #: % 344 T /Continued on Page 344)


http://www.fineprint.cn

344 b

=

2023 4

(17 XS R, ARLLHE, G772, 5. TRIL O G RO VR i 2R RO
AR R B FCX U LT . A4, 2015, 36(3): 286-299.
Liu Q H, Zhu H T, Shu Y, et al. Provenance systems and their
control on the beach-bar of Paleogene Enping Formation, Enping
Sag, Pearl River Mouth Basin[J]. Acta Petrolei Sinica, 2015, 36
(3): 286-299.

LIS JESHKNE, AR, SRV, 55, JARIRTT = PHUTRVARRAE K R 22

S——LABRVL 1 25 b B = MR RSP R [0 ). A4, 2019,
40(S1): 139-152.
Ge J W, Zhu X M, Wu C B J, et al. Sedimentary characteristics and
genetic difference of braided delta: A case study of Enping Formation
in Lufeng Sag, Pearl River Mouth Basin[J]. Acta Petrolei Sinica,
2019, 40(S1): 139-152.

C19JVFBI, XIRNAE, BRIEZT, S5 BRIT O i EOF MIBEHTE R Il

SRR ) ). HBTRHE A, 2015, 34(1): 100-106.
Xu X M, Liu L H, Chen S H, et al. Analysis of the main control
factors on Neogene hydrocarbon accumulation in Enping Sag, Pearl
River Mouth Basin[J]. Geological Science and Technology Information,
2015, 34(1): 100-106.

(2005 8, mbmd—, &F%, 45 RUPME MRS 5 5900 L

PR AR A SRR, 2014, 29(4): 37-45.
Liu F 'Y, Ye J R, Shu Y, et al. Division and evaluation of
hydrocarbon-bearing system in Enping Sag [J]. Journal of Xi’an
Shiyou University (Natural Science Edition), 2014, 29(4): 37-45.

(21 JFFFF, kD, B, 4. BRI Z BT IR ih SRt 1

WFFELT]. A b o
Yu K P, Zhang G C, Liang J S, et al. Petroleum accumulation

, 2011, 33(5): 509-512.

conditions in Enping Sag, Pearl River Mouth Basin[J]. Petroleum
Geology & Experiment, 2011, 33(5): 509-512.

(22 JHEARTS. J2 PPtz 22 A AR LR M6 2 B v 9 0 —— LA BRI 1
BB BT ). i B GRRD, 1999, 13(3): 159-
168.

Huang L F. The application of sequence stratigraphy for analysis in
nonmarine depression with example of Enping Sag, Pearl River Mouth
Basin [J]. China Offshore Oil and Gas (Geology), 1999, 13(3):
159-168.
(23 JREsE, T3, 248, &5 RUNBRIREEI A /E X R M B BRI 40
W AFLBRIE AR s [ ). RIR Tl 2013, 33(4): 26-30.
Zhuo X 7, Wang Q, Li J, et al. Influence of early carbonate
cementation on porosity evolution of sandstones in the Zhujiang
Formation, Enping Sag, Pearl River Mouth Basin [J]. Natural Gas
Industry, 2013, 33(4): 26-30.

[24TBFE S, TR0, Moghs, 55 BRIE O 2025 W MR BEs—5

T S AR R U e s () . P RIS, 2020,47
(5): 1577-1588.
Xing Z C, Zhang Z T, Lin C S, et al. Provenance feature of Upper
Oligocene to Early Miocene in Liwan Sag, Pearl River Mouth Basin
and its influence on depositional filling[ J]. Geology in China, 2020,
47(5): 1577-1588.

(_E3% 365 W /Continued from Page 365)

(VA JEYRIT, 2R208E, MW, 5. JUI8W F S YIREVE A W) it s 6] 43
L) ). DS EREEAEY AR, 2004, 10(3): 299-306.

Lan Z J, Cai H X, Zeng T, et al. Biomass distribution of the major
plant communities in Jiuzhaigou Valley, Sishuan[J]. Chinese Journal
of Applied Environmental Biology, 2004, 10(3): 299-306.

(15 5. LI F AR BRAP XU AE SRR Z A 20 LD ], 1 IS
R CASRRIARD , 1999, 22(1): 83-87.

Ma D W. The analysis of community species diversity of secondary
forests in Jiuzhaigou Valley Nature Reserve[J]. Journal of Sichuan
Normal University (Natural Science), 1999, 22(1): 83-87.

[16 JLeicester R H, Wang C H, Nguyen M, et al. Structural durability of
exposed timber[C]//Proceedings of 8th World Conference on Timber
Engineering. Lahti, 2004: 571-576.

(17 ], XK, E LTS8, AT A T A A R BT
FEUERL)]. £, 2015, 4(5): 207-214.

Wang X L, Liu HT, Wang X L. Review of the prediction model for

durability of structural wood under decay and termite attack[J]. Hans
Journal of Civil Engineering, 2015, 4(5): 207-214.

[I8 X ZE. AR ME AR i BT D ). M ARRR:, 2018.
Zhao R. Experimental research on decay of timber component [D ].
Nanjing: Southeast University, 2018.

L19 I RLpk, BRT A, 220G . DO bR A e A e i = 5 L
[T]. BRICEEM, 2011, 20(3): 31-37.

Yang C L, Chen N S, Li Z L. Formation mode and mechanism for
debris flow induced by Wenchuan earthquake[J]. Journal of Natural
Disasters, 2011, 20(3): 31-37.

(20 R#E, #280, FESE, 4. KA LR AL e A i A Ak B Lk 3
Wr7El)]. TP, 2017, 26(6): 608-615.

Zhu W, Cai H, Tang W, et al. The Tianchi volcanic mudflow in
Changbai Mountains: Tts distribution and disaster research[J]. Geology
and Resources, 2017, 26(6): 608-615.


http://www.fineprint.cn

