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Material source characteristics and formation mechanism of debris flows
in soft rock—semi-lithologic areas: A case study of Dajing River debris
flow in Nanjian County, Yunnan Province
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Abstract: The area of Nanjian County, Yunnan Province, is a typical area of soft rock and semi-lithologic, and debris
flow disasters are developed behind the county town. Based on field investigations and combined with multi-source and
multi-period remote sensing interpretation and topographic mapping, the material source characteristics and activity
characteristics of debris flows in the soft rock—semi-lithologic area were summarized, and the debris flow formation
mechanism were analyzed. The results show that there are sources of debris in the Dajing River Basin: slope surface

erosion source, collapse and landslide source, and channel accumulation source. Among them, the erosion source on
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the slope surface is in a wide range and has become the most important source type in this river basin. The mudstone in

the northern gully develops over a wider range, while the semi-rock in the southern gully is more developed. The

different resistance to weathering and erosion result in more developed material sources in the northern gully. Due to

the lithological combination and strength differences of soft rocks and semi-rocks in the north and south gullies, there is

a significant spatial differentiation of material sources. The middle reaches of the main gully have become the most

effective material source recharge area, characterized by many points and wide distribution. In the historical record,

seven debris flow disasters have occurred in this gully, and short-duration concentrated rainfall is the main factor

triggering debris flow activities. The Dajing River debris flow is a typical rainstorm gully-type hydraulic debris flow

disaster, and the possibility of debris flow occurrence still exists under extreme rainfall conditions. The gully mouth is

the core area of the county town, so the hazard and risk of debris flow remain prominent.

Key words: soft rock—semi-lithologic; debris flow; material source characteristics; remote sensing interpretation;

formation mechanism; activity characteristics
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Fig.1 Geological background of the study area
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Table 1 The remote sensing image data
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Fig.2 On-site collection of the debris flow samples
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Table 2 Samples information of the debris flow
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Fig.3 The debris flow material source distribution
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Fig.4 Semi-rocks with mostly pebbles and

gravel in the southern branch gully
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in the northern branch gully

R A M A ) o A R AR S A A e L
2516 1 Hb e U 1) % R (oL T AR B0 G R ) s AT
DL e 4 Z R AR o 2R FH S2 0 B b I B84 T 5 O B
NS R RIS AR | R SR RN IS R
YUy R) % B 25 R R W] F 9 N 255 32 Y D) E
KT 15 X (F94 2.98 km/km* |15 374 2.57
km/km® .25 3274 3.33 km/km®) , s B H3 DA% R &



110 BhiR T 7

2026 %5 H

0 o P DX A RIS, AR T RE 0 5, T LS R
AR, P A B RR A S R BORL Y £ TE
BT BT 4 ok BE 7 B o o, 3 o DA TR Sz e 1
AN TR 7 R B9 3 2 4R o o JBE 9 2 S 1k IR AR 90 T
AL B4 R S T S AT ST AR ok Ay 9 3 A
Oy A d TR IRZE T R AT A E I 25 50
VO, 15 398 I 300 A AE X b, i 1 0 R 4 AR
AR R A Y HE R IR Y N R
BRI AR B 1S SO A A, B AR 3 A
275 SCU N IR | AR B e 1S S
oK N Ml 3 U1 % E 5 R AR WA, RO O e A
T U =3 8] 73 5 32 5 T R R A 59 0 A
3.3 AMARFAE

L35 T SCHT R I A VR R AR AN PR AR AR, X
T8 A i Ah 25 75 X 2 B 3 b - (O B2 7R b Al 35 1T )
JCAN 25 5 ) i 358 0T 39k BRI PR U Bl b 4 1R ik Rk
W5 IV 3 BE AT B R i 4 R R BLAR 3 P

4 38 HE R 0T LAAE 2 T A5 0 T B4 Ab 4 sl A
e AT AR AR TR Ab g o MRS Lok o B, 5 IR TR
FRAE (R AL o3 A 10 AR 8 A b 45 07 06 R
T A1 PR AN 25 X 73 O 5 RN 4 X PR 4
DR X (S LR 3) o 5 A3k 25 DX B Th 7 98
A1 B, HRCRR g XA TR A A TR AL L AL
K2 X R B AEE HRT I, B R AR AR DL 3.
RORh 4 X 3 Al W IR AN 25 J7 X AT B (F R AR DL 2
TR R ok D 25 D T Bl i B 9 09 K, o 3 R B9 470 98
DR RN T 128 B N N S T2 N 1 Dl N
WO W e — e R LW TR R . 3 Ab AR IX
SRR 0 DX M R SR D 31, IR B T %
DA 4= ol o BRI TR JEE o R 280 Rh 2 DX TR A O DA AR Tl
A R T E 32 BRT A TR AT P TR D 45 i R R
i o ARBICAN 25 X Bl d /D, 1% X B~ s R TR
JERIFE IR, a2 DU AR i XL RE 1A HE T8
FE SR {52 0 LR o R A A 58, X TR AR 2 A BR

F3 WIRINGE 5 XHFE

Table 3 Partition characteristics of material source supply

5 X /() Sy R /m WEABLER/ % WA/ m® RS/ W EEAA TR
SRR X 31 1420~1816 225866 86.3 OO
RN X 27 1630~2036 20832 8.0 0]e)

b 45 X 36 1370~1654 15107 5.8 @®

4 RAREEIE
4.1 % ShERAE

2 SCHR ISR N 2 0 i TR R R B U i e 4
WK FE IR AR E N K . 1980—1990 4F- 3 8] J&
TEES KW, HLAEE R 1990 4 LR K5 e A7 i
I WY G ek b HE I BRI A S AT ) BT,
1997 4 i $H T2 — M 58 B, X6 8 A i 3 7 0 A
F o Xt EE 2007 4 Fil 2009 4F 38 &5 A% & B, 2009 4
AR 98 (K 6a.b) Al 25321 (] 6c.d) i F 4R 75
I AR T8 T8 e RO B v i e B
FF A R B 458 80195 50, UE BH O 0 R PR OR B R AT
) ) 15 52 98 P9 3 T R B T A2 ph B 2 iR I B
2016 4FFLAZ AT F 2015 4%, 145 301 I 38 o i B
o BE (B 6e D), 2 e i B s a) P 2% A R A O T
Bl A R /N, AT VA TE N EA R A
RAMELE I . 2017 F R AT WA B T RR T,
XL 2017 4E S AR 50E L 2018 4F F 1 A1 2 5 3 Y i

PR T BRI HE DL 3 9 v B (R 61 )) 25 32
W FER (B 6 h) 58 Y, I8 1 ARk B A7 AE 58K Bl 1Y
{2k, b B IS 1] P A 2 2R o /N BASE UR A T Bh, T
B i TR B9 BH B IF R o th i 11, 2018 4F L) J5 K
A & AR 3 B S VR A T B (R RS R DY R E AN
Wik

M I FE AR AT RIOKS: R Ty s e A I B0 T A
B I) 1 % 43, 1990 4 A% =2 iy J2& 4 & 11, 1990—2007
AF Qb T E] BR Y, 2007—2009 4F #E A — > 42 19 52 %
W AR SCHE T [, B2 2015—2018 4F HF 1R
S HTHE B — AU A BT BRI, X B ) Py e
A BRI, DO/N L A i A it oy 320 2018
A LS5 U6 A TS Bl G A B RS 7 96 TR X O
AN AT I S A A SRR o A R T R A YR
PRAGL RS H A AE S ZE B B A7 2 oo b it
VRSP U8 A D, 8 T Ul A 30 3% B s b s AR 1 36 B
FRAE o



%5 53455 3] B R U O AT TR AR AE B L LA 2 7 T B K Tl 3 A 9 A 11 111
(a) 382007 (02537752007 i
|
I
I
|
e
Yivrliogs
I
I
1
|,
I
(e) 12335201
(i yZEHHEE2017]
Ele RAREMHMEF
Fig.6 Remote sensing interpretation of the debris flow events
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Fig.8 Remote sensing images before and after the debris flow
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Fig.9 Particle size analysis curve of the debris flow deposit

5 it

(1) R Je A 3 4 5 DL 3 IR o 8 R
FEUR Ay 7 e Wy 05 R 3 T HE AR R PR MRS [ A
W] @ 25 18] 43 S vk, K55 e A i i T — A e iR
S P S BRI IR R . AR i
YR B R AE AR ) U5 AR 45 DX 53 R SR ACRM 45 X th
BRD 25 DRI AR 251X

(2)iZ30 Py B b2 Rk 2 U6 A, 5 B R
Yo A1 & A 72 1980—1990 48 (8], 2007 4F J5 % & 1t e
AU BB B LN B RR PE Ve A A L HE 1 E
JE W P R L3, HLHE S s AT BRIk O A M R
UG AT B 58 o

(3) K5 TR e A7 Ui oy B 78U 5% W9 AR 98) 45 0K 7 280
A K E BN Y B R BT TR MOR R
JT B4, R 7R B UK U A U G B AT RE B 2 A
T U5 )3 2 a5, U6 A U ) BT LA 1 S 33X #R
P U XE A T Y B BLRRAE
5 % 3L ik (References) :

(1] BRde, HR g, 5K 55,45 U840 0 ¢ 35 A 0 54 o1 45 85 1 i ol
Je[T]. H2# T 2%, 2021,28(4) : 337-348.

(2]

[3]

(4]

[5]

(6]

[7]

(8]

(9]

CHEN Ningsheng, TIAN Shufeng, ZHANG Yong, et al. Soil
mass domination in debris-flow disasters and strategy for hazard
mitigation[ J]. Earth Science Frontiers, 2021,28(4) :337-348.
I TR AR R R, A AR 212 b XU 2468 A I U 0 A
i A5 P ——— LA G 5 57 g L it e e O 40 [0 Hp 5K
F 5P, 2023, 34(5) : 20-31.

GAO Bo, ZHANG lJiajia, CHEN Long, et al. Analysis of the
control effect of faults on material sources of debris flows in the
red bed region of eastern Tibet: A case study of Waqu middle
reaches in Gongjue County, Tibet[J]. The Chinese Journal of
Geological Hazard and Control, 2023,34(5) :20-31.

IS T, ARER VK, W pR A L BRI AR AR R R A 42 M R
e R ASHLIEATFE LT ] B T8, 2024,51(4) : 101-110.

YAO Tengfei, XU Yuebing, HAN Han, et al. Study on insta-
bility mechanism of shallow soil slopes in the red beds of Hunan
Province under rainfall conditions [J]. Drilling Engineering,
2024,51(4):101-110.

RR S G5 EL VAT i Wy WA I RR AiE 5 3l 1 28 3 Bir [ D KA
SRR, 2024,

SONG Tianhao. Analysis of the debris flow's material erosion
and dynamics characteristics in Tuquan County [D]. Changc-
hun: Jilin University, 2024.

BTV & AN B 7 R | S U R R R s R R
AEMEFELT]. 077 5 4 BT, 2025, 39(1) : 194-202.

WANG Ruijun, SUN Yongbin, WANG Shen, et al. Study on
the source characteristics of debris flow hazards in Yanqing Dis-
trict, Beijing[J]. Mineral Resources and Geology, 2025,39(1) :
194-202.

PRI R SRR AS UK VAT IR AR AR B S A S EC SRR )
M3 R T]. L2 4%, 2024, 42(3) :401-410.

CHENG Jianyi, GUO Xiaojun, LI Yong. Relationship between
soil scale distribution parameters of debris flow source soils and
cohesive strength [J]. Mountain Research, 2024, 42 (3) :
401-410.

JEL RS, kT, AF VL B b VA S YA T IR B i
B 5 KA BeAT T[T ] R F 7, 2025,40(2) : 198-204.
ZHOU Kangchi, CHANG Ming, ZHANG Ning, et al. Predic-
tion of post-fire debris flow source storage and dynamic process-
es in the slope erosion of Tuwogou, Yajiang County[J]. Journal
of Catastrophology, 2025,40(2) :198-204.

o B RSV, WI % 4 B T 2 I AL AR A P A T IR =
iR 20 AL B AR R —— LA SO 88 Sk v S [T ]. a1 b 5
4R, 2024,44(4) : 727-733.

GAO Lu, ZHAO Songjiang, HU Xiao, et al. Application of 3D
fine quantification technology of debris flow source based on
multi-period UAV images[J]. Acta Geologica Sichuan, 2024, 44
(4):727-733.

M, sk A, AR A T AU S AR A DX A1 A TR
A A 0 —— DL I [ 7 LS S5 2 0 S 0] [0 ] 1l o R T R 2 2
e CARFIFIR) ,2024,40(3) :101-107.

YAN Qianru, ZHANG Lei, YE Junjian, et al. Target detection
of debris flow source in mining area using UAV aerial images: A
case study of Lidao Siyaogou, Datong[J]. Journal of Shanxi Da-
tong University (Natural Science Edition) , 2024, 40 (3) :
101-107.



BhiR T 7

2026 %5 H

[11]

[12]

[13]

[14]

[15]

KA, B A YR, AR FE T 20 I8 e FUSEAY 15 (4 34 1 )
U5 Sl A 4 VA AL [T ). o [ b J5T 9 5 B R 24 i, 2022, 33
(5):40-49.

ZHANG Youyi, WANG Yunjun, YUAN Yadong. Dynamic
reserves of evaluation model for materials source in the channel
based on fractal theory and model test[J]. The Chinese Journal
of Geological Hazard and Control, 2022,33(5):40-49.

T IR UG . 22 Y53 J e A A AR i I B 2% L DX A A DR
S b BT LT]. b BEE 4z, 2021, 40(12) - 2052-2060.

MIAO Xiaoqi. Application of multi-source remote sensing tech-
nology in the identification of debris flow source within complex
mountainous areas in southeast Tibet[J]. Geological Bulletin of
China, 2021,40(12) :2052-2060.

TR ARARERE AR, A L O R RR S L A R A T B A Y
A B VP A [T ] o [ M ot 9 5 By 3R 27 4L 2025, 36 (1)
16-27.

SU Na, XU Linrong, LI Yongwei, et al. Risk assessment of
single gully debris flows based on dynamic changes of prove-
nance in the Wenchuan earthquake zone: A case study of Qipan
Gully[J]. The Chinese Journal of Geological Hazard and Con-
trol, 2025,36(1):16-27.

WA L 5 A 11 DX A7 3 0 U 2l 2 AR WL ) 55 4 P T R s
LA FE S DA A B[ D ] A R, 2024,
CHEN Junqi. The dynamic evolution mechanism of sediment
source of debris flow in seismic area and the effect of check
dams: A case study on Cutou Gully in Wenchuan[ D ]. Changc-
hun: Jilin University, 2024.

R VR L B IRV L AR DU 957 3 E R i N 1) AL J ik
IS V8 A7 5 9 2 A [T ] il PR & PR 5 B, 2024(3) -
39-47.

TANG Peng, XU Ru, HU Zhengtao, et al. Analysis of debris
flow source in Jiajungou watershed before and after heavy rain-
fall after Sichuan Province "9.5" Luding Earthquake [J]. Soil
and Water Conservation Science and Technology in Shanxi,
2024(3):39-47.

ORI, X B S ) R DX R T el 9 A R A
MESHTLT]. TRERL A 54K, 2022,54(6) : 32-42.

YUAN Xinyue, LIU Chao, LU Heng, et al. Analysing evolu-
tion characteristics of landslide deposits in Shouxi River Basin
in the wenchuan earthquake zone [J]. Advanced Engineering
Sciences, 2022,54(6) :32-42.

RV WRTE Bl 5 DI LA e B R X A IR
LA 5T 5 B0 iR B B R A 2 S VAR B L. o [ R R
B 9 24 4 , 2024, 35(5) : 90-102.

LI Ling, CHEN Ningsheng, YANG Yi, et al. Differential

analysis of sediment volume on fluid properties and debris flow

[17]

[18]

[19]

(20]

[21]

[22]

disaster impact in the northwest traffic corridor of Sichuan Prov-
ince [J]. The Chinese Journal of Geological Hazard and Con-
trol, 2024,35(5):90-102.

BRSO, Ak, S, 45 R 2 I kv A LU A T Y P TR 2%
FELT]. Bk R, 2025,50(6) : 2356-2371.

CHEN Wenhong, YU Bin, YE Peng, et al. Research on mate-
rial source factors of gully-type debris flow caused by shallow
landslides[J]. Earth Science, 2025,50(6) :2356-2371.

JA B BRI BRS84S R P
fir e LA 80— BT B B [T ] B2 50k 5 TR, 2025, 25
(8):3123-3133.

ZHOU Yutong, GE Yonggang, CHEN Xingchang, et al.
Evaluation of mudslide susceptibility based on physical source
characteristics: An example of Shigu-Gangtuo River Section
[J]. Science Technology and Engineering, 2025,25(8) : 3123~
3133.

FBAR VL E SR, 45 R XA R o R O R
——RLRG I SR Sk i e i [T ] 1l 2 4, 2022, 40(3)
369-383.

HU Xudong, SHEN Yitong, HU Kaiheng, et al. Relationship
between debris flow sediments and amount of debris flow dis-
charges in earthquake affected region: A case study of the Cut~
ougou Valley in Wenchuan County, Sichuan Province, China
[J]. Mountain Research, 2022,40(3) : 369-383.

= AT E LR R O XCRI I HORE B RS L K
SISO . = A A I K B A - 1988-1999[M ] B
B 2 H R R, 2000.

Yunnan Provincial Development and Reform Commission
Land Consolidation Agricultural Regional Planning Office, In-
stitute of Mountain Hazards and Environmen. Disaster Preven-
tion of Landslide and Debris Flow in Yunnan 1988-1999[M J.
Kunming: Yunnan University Press, 2000.

T, Bl AR R — R U8 A i AR el g R SR vk
[J]. 701 24 41, 2019, 39(2) : 289-293, 298.

WEN Qingmao, ZHONG Dong. A method for calculating the
amount of slope erosion material source of debris flow recom-
mended [J]. Acta Geologica Sichuan, 2019, 39 (2) : 289~
293,298.

R, I E e W, A EOR ROR AR KA A E R
E R BPERTFE[T]. B PR TR, 2024, 51(3) :45-53.

LI Jinyang, YIN Guolong, HUANG Hai, et al. Research on
the development characteristics and activity of debris flows in
shallow hill red beds of the Eastern Tibetan Plateau[J]. Drill-
ing Engineering, 2024,51(3) :45-53.

(¥ E )



