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Abstract: The middle and upper reaches of the Lancang River basin are located within the tectonic suture zone along the southeastern
margin of China’s Qinghai-Tibet Plateau, where tectonic activity is intense. Traditional studies of tectonic activity in this region are
currently costly, challenging, and time-consuming. To enable rapid quantitative assessment of tectonic activity, this study utilizes a 30-
meter resolution ALOS digital elevation model to calculate and analyze five tectonic-geomorphological parameters: area height integral
(HI), normalized river steepness index (ksn), standardized length-to-gradient ratio (SLK), basin asymmetry factor (AF), and basin shape
factor (BS). A new method for classifying tectonic activity based on the fuzzy comprehensive evaluation method is proposed. The
results indicate that lithology shows a weak correlation with tectonic activity, while precipitation exhibits synchrony with tectonic
activity. Compared to traditional classification methods, the new method proposed in this study reduces human bias, minimizes
dispersion errors, and better reflects the variation patterns between topographic parameters and tectonic intensity. The evaluation results
are generally consistent with active fault zones. This method demonstrates applicability, feasibility, and accuracy, and holds significant
implications for engineering construction as well as disaster mitigation and prevention.
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Table 1 Horizontal and vertical slip rates in the study area

W 2 44 K KFBEER (mmyr)  FEEZHEZE (mm/yr) b/
LI SN e 1.3~2 2.7~4.6 BE A, 2024
AN TEAS ISV 'S >1 >0.15 HEEHE, 2022
AR - - K B Y 1.7~2.0 0.6~0.7 wWAHIE, 2015
SVDTT W R A B 3.5~4.3 0.9~1.1 TRk IeSE, 2024
NG S AR IR Y - 0.016 SEiRss 2019
B35 My 24 5.5~8.5 2~3 TifE, 2022
H - E TR 4.9 F2RE, 2025
5 2% 0 8- T T 4~6 BEMAE, 2011




BT RIS RIS, AR R R
2. mEPAbR B 2R B AAAE AR
TIRER, A =8 R/ RKEFa S Kila; ok
X DL PP ESEhER 1) F E A B I BT e N

Fs 4BV B LIS AR E P ARG N ZA

AR BB A =& B BT L UIRE N E
(EMIEEE, 2025) o XN ESAAA PAER-H
AR, BTG A T X AT W BT U L
HARERRCS . BT E, WX TTRE A E,

5 GB/T 50218—2014 LR AR BbruE) , 45
A FCIX & 5 A0 (PR ARRAIE 2y i T R R
o BURCA S A GRS SR RRAERDTRN R,
SR 2 B BRI, SRR VLI R A 52 1
MENRG AL, WESREFESY, BFEEFEES
ES5E 10 A, H6 &8 AMBE/KEILAES,
AR RE K 85% A b, T A2 ) A 45 5 VR AE 4
H, TEREH R ZE T K SCIEH .

&0° 40° 90°

<7 o e L R e o i 0 o
<R e T TR R AT

3T b R T O

 FE A3 LB A 0L

- |4] RO J07 A 08 o 3L

b= S U o HE R el

Sl I
ot R
- A0 4 S
oAy iR
Fi S i
W )24
e a8
0] 16 £ 10 fo 5

roms SHS

- {1145 H s 14
AU ZE At BG-NIS, -
WK i 8 ALS-RRF.
i

wo

320

30°

g i

28°

UE T 4
T F b o s A e

LS

I e ke

FERE
Bon

EF

26°

E
Fa- {1 40— T 4

T T i

}-Hi'[ I

LLIR E He
RN]:E

o
[

30° 32°

28°

e
26°

|
E’ . 100@1&1
e |}

92° 94°
1T T M A B

96°

F2 - o 1 W7 2

o8°
F3-5 22 0 hr il — W I

S FS-ZVbiTHT Rh EE: Fo-TLUEHT R A F7- 718

o W F-ER

o fa)

PN

2 MRREESHESEESHE
Fig. 2 Fault distribution map and lithological distribution map of the study area
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and dip direction of sub-basins
3.5 RBAMAAKIER (BS)

WFIX 517 MRBPTRIEETEE N 1-5.94
(B 11 . % AN BS RN =NE% (£
Hi4%, 2015) , ¥l BS>1.7, B &AEm K,
1.3<BS<1.7, @HEAPERLK; BS<1.3, #h
SRR . SRERIRXAN, KRR 209
A, BTN 39043.88km?, 15 44.33%; HESKR
I 189 4N, IR 28703.78km? , 15 32.59%; iT[H]
AR 119 4>, REAR 20328.89km?, 15 23.08%.

94° 96° 98° 100°
1 L 1 1

340

32°
|

30°

28°
1

3
BS ;'Il
o ] <13 g | o
e LT
-1
T T T T
94° 96° 98° 100°

11 FREX BS EH 7 E
Fig. 11 BS value distribution map of the study area

4 ARG G S VE VR 45 R B

ASCR TR SRR ME (HD | A
YRR (AF) AL K3 BEFEFR (SLKO « 15
— LI BEUS R (ke) FITEARFEHL (BS) 5 Fhith
SR B I 5T X P Hb 355 1 B BRI A ) A4 32 3 3
PEHEATIET

TRV = FE AR 2 1T DL B 30 A B B R A 3
TEEVEHIE (Giano et al., 2018) . WFFLIX KHB/
5 HUEMRT 0.6, FEAREFHSEAL AR, &
S IO S I A, WoRANE TR DAME
FARPPE Oy, SRR RN, 7T RS2 e 5
TR EESNHL . Fm H A FEE AR
B —r B (B 7, ZXARE VTR S
WITWIR, Wi R e g ks, HrAT A5
A 5y & R R R 5, TR “HERR AL Mk,
HEmE R E T, FEIX I HIET .

THL L BE U 8 B KN 5 R 1 2 e R B R R
REFMIE. HE 8 /1, W7 X EARR I AILE
B FHR H AR ) B IR =, LR ST B k
o [ERE WS, RFZXE A AERRET T
558 PR R i P A



A WA VAT K 3 B i 5 ) S v L T S s I D
ZUTESN . REAA T B M 2 S T B AR Tk BEL A AR Ak
GRS, 20100 o AFFEIX SLK ~FMERAK, H
TEBE VTR R VLW T 2 B e, b, 7
PR A R 3B X, RoR R X iE
T T 9 AR HA B A IR

T T M AN R B2 T s AL S AR RE o A 5
XK ZH TR E AR A, HAmZIA R
HhE BT R, BRI sheR E K = A
THER 2, FHAS FRREEE A 59, s
PRAGURE 7 ) DUE AR P ) Ry 3, R B L5243 T 2R PG 1)
IR N 33, IR —HFAE 5 75 6K e BB A= AR DA (1)
AR RS 51K SAEYA .

AR TR B AR A, JAid 32 B K Je
SRETEA . JLER A B P SRR,
UL, J 2 by 55 E BERIE Y, TRV Y
REHF=ZmF FUMERESR (F 2) , SEEHM
YRR

EA] 1 — A b 30 2 K0 AN [R] 119 A 3 00 44 3
TSR SRS AT TP, ASCE % EI Hamdouni
et al. (2008) MIPEM J575F F & Hh 30 2 B0 0 7¢
DX AH KT AL 3 5 B R S AT 43T, LA 517 AN %
%, MEZHESHKR, Hd, 4S50 K
n SLK, 4SS AF. BS, =4i3%0CN HI.
NEEGAT B IUAR, XTSRS AT BRI A
Br, @R 12 Fis, RIS A ER 2,
BAB M, v ABCE F TR 38 38 301 7 47

— 1.000
BS --0.09557 0.00426 -0.03135 0.18831 1
~0.7540
AF —-0.22751 0.08165 -0.06198 1 0.18831
~0.5080
SLK 4-0.07143  0.0273 il -0.06198 -0.03135
- 0.2620
k., 4-0.07063 1 0.0273 0.08165 0.00426
=0.01600
I 1 -0.07063 -0.07143 -0.22751 -0.09557
T T T T T — -0.2300
HI k SLK AF BS

12 HSRIE R /REMEX R HE
Fig. 12 Map of pearson correlation coefficients for landfor
m Indices
9 1 e 3 H R AT XA X A 3 v B 5 AN A
7o ARV T AEGESIE S HPEE (TAT) <

R 25 A VRN VG B 2 (IRAT) .« Wil 13 o,
4.1 BRSNS RITE (TAT)

GG M B % S8 (HIL kas SLK.
AF. BS) 43 2% VA 5 B 1+ 5T 2 E A5 B AH X i i vl
SFE L IAT:

IAT =(HI, +k,, +SLK , + AF, +BS,) /5 (22)

A, 4H1F o~ HI. SLK. AF. BS. ke X7
IR E, H SRS E S ANk 2 Fiow.
*= 2 XIS B SR

Table 2 Classification of regional geomorphological parame

ters
7
HI Ken SLK AF BS

%
1 HI>0.5 ksn>2 SLK>7 14<AF BS>1.7

4<SLK< 6<<AF< 1.3<BS
2 0.3<HI<0.5 1<k, <2

7 14 <17

3 HI<0.3 ko<1 SLK<4 AF<6 BS<1.3

S ik (Ngapna et al., 2020) FHXfHyid i
BPESr25, R B RN S, REEEHTTX 1 1A
T 732, HIAT<1.6 i, Mu&igshthas: 24 1.6<IA
T<2 B, HEESIME S 2 2<<IAT i, HI&ETE3)
PSS, WRELEREIR, 517 N, MisiEsht
SRR 118 4, SN 23062.35718km?, 5 26.
18%; "HENEBNERIR 238 4y, SR 44210.7059
km?, 7 50.20%; §5iEENMERIE 161 A, ST 2
0803.49465km?, 15 23.62%, EAR_EHFIT X S
HPEAH SR E

42 EMLRENTENESTR (IRAT)

R ST B M VR A 7 103 T 2 5000 i o 2 4y
&, 2 NAFNMETR, (22 0TS R R R 444,
T BB X 73 A AT AE — /N AN iy, T A
T B FE bR BB 25 A VTN VR BB S AR TS Bl
PE” B “EESITE” RASHIES IR, e
RS R B Y B MR, (R IE TR 4
HR, XA X SIS S AT T VR

HHELERER (B 13 (@) ), 517 M,
FIIETE S ME SR AR 142 4, BTN 9986.316819k



m®, & 11.34%; TEEHESIMERE 262 4>, SR 5
6320.2482km>, 5 63.94%; FGIEBHIERRIE 113 4,
MR 21769.98964km? , 5 24.72%. ik b, #F
FIX MGG B PEATY LA R S5 9

WK 13 Fi, TGS s 4 Sk AR
A TEAE B RS s BT, Bk g
BNPEER IR B AR AE B -2 DT B, B
—i7, B LA AEAE TS SRR /NI, H
AL, AR RIS FE AR AL X I 7 A o For,
R ELR e D B R S s S M R A, B LA
ISR R . %5, P 3= AN 1.

98 100° 94° 96
1 L

2. 3%, W 13 (o) JER T BRI AR ERIfE
GG ANME S PIEM ZE A (IRAT-IAT) , HHk
IR B S RAR R, & H 60.07%, AHEL T &
GioiTi, B LR VPN IR 12.77% 0 80 s vk
SR BAL TAE S0, A 26.99% IR BIE S It e T
fe4id, WG T TR MG i sh ks
A3 A T Al XAV AS XA 9T X N 228 2 A
EAE JR 30 DX 3 HE T — R SR AEARRAE , BRI ZR & VTR
VA5 3 1 S 2 P X SR AE 2R G 1 B AR AR B H
T LR IAEAE

98 100° 94° 96° 987 1007
1 L

L 1
%‘:“ a K b c K"%
i}rﬁ%;@% S 3 ;‘OJ} % L Fin e
ER I e S0 e O SRS 1N
R R T SN W S S Rk
g o e N N O Oy
& i NN, 2 B . &
‘ : Sl Y ,
f

30°

28°
L

-.‘ A B
e
IRAT o IAT
g C :
& % =R %
o = ] 150 ki
— L -

h S 4
& s 7 - 1 B a1
B l= IRAT-IAT i oAl
e £
-~ I -
L .
= [ 0 =y A R

,jf
o
=0
@\\
30

13 (a) RMILGETFNENMEDRZ=E ST,

(b) fRGENME D RITEZE 2.

(c) FMIEMN 7 EFRIB R L E

Fig. 13 (a) Spatial distribution of fuzzy comprehensive evaluation of activity grading, (b) spatial distribution of traditional

activity grading assessment, and (c) a comparison of the difference in grades between the two evaluation methods

5 g

5.1 FREMMEIIER 73 ASSEE

VI 2 W FU 0 46 36 175 30 PR 1 D4 A2 388 3k 00 A
L GPS AR T8 = | hir 2 N AF G 2 2 DL R b
RE R A E, H PR S s i HE 2
ZNAAFAE R FEAROCGHE, Mt s B MR R i XI5, Hb
TR E RS (L5, 2012) , FEHCAKAEA
SOV T iR B HERf M, AR SC4E A Wang (2020) BF5T
H ) GPS KA R IR, 22 1 A6 Vb X B
R SERR AR, REET R (2023)
WCER B RA dus 22 A, R A SRR B A0t A 4
PEATIE, MWKFEEEWNEE, %54 GPS.
W Z AL RS « AR i 2R = AN S A SR S5 5

PEVPAN 5 A TIE (B 14)

A3 A E, GPS B3 R & % R 2R,
TEYE VLI I K ST 12 B3 20 88 Ak 2 30 e AL 1) 7 32 ek
kR, ULEMKFEs AN S, TR XX
WG TER N, 5 AN SR BRI L S Bl 1 S 2
MR R EEAR B XIAE G s 3 Bl W R E
LA FER IR, SR 3 A i B 2 ]
#(IR#ESE, 2024) , AT 5 SHfE RS iE Ll
ToU o PRI VT R i, JFE AR N PR i L e XA EE
BB A PP HERS S R 1) AR B A B IS
EEIREE IO AY, TR T — R FILL NNW—NNE
J NW—SE 7E [F] 24 2 1) 2 26 Wi Y, 1% e b 2R 7E I
SEPULE B A I R A FIFR B RGBT, W 3h
T ARl 1A B KRR, A R A ST
B, ELEIRT R H A— R, KT R
Al 5 mm/a, HIEARTERE JI 800 . B9 X M5 f



HH) 73 18] 43 A A =) 5 W 2R 43 AT Je FLE Bl R I
H R AR R R, I 4B G 0 BE I )R
YIRS 5RO R (B 15) , RSBt 0%%
J3F VT 5 SR 35 R W 2 R S R S B
RGP RO BE T R, TS MR
T P BT 2R 507 1 DX 3 Bl AR A . Ho A2 T X
B TRV M R SRR 2 18], AR eI S
VLRI R IR B = W E A R 2, i X
WG TE S R, 5 AR SO 4 IR — 2L
X A AR B B AR s B a1 XA T 1 EE
TEAR BRI T, Wi 2% K B3GR s iy CR A,
2015) , MG saFES A =R 2,
FOAMEER B MR MG B R, SRS ZE &
PN 45 R A RE A — 5. Mk, 454 0F5CX GPS i1
R | W 2 SRR L 12 Tl 2 = AT THIIE SE,
AR SCHE IR 3 Bl PR VP AN T TR S A TR
B PESR 55 AT o

TEIR A, BT GPS Mg Wi EiEE)
PR AR R Wi Bl P i 55 1 vk B BRI
JRIBRPERF I, GPS A7 F AW 2 5 s 1 W 75 K
WIESIEI, AR RERRY), REER 5%
PORRAE s MR MR RN R . &R
BFE AR, M ASE I s B s )7 5 R FH AR
CEE VAN 7 1 R LE AR R AR 0 A ) 1 A S B 6
FIE IR SNV O, B R 852 bR R AME -

BRI, G TS S TR R R
TEASEAY, X DX S 30a% m r= AR B (IR
S, 20240 , BFFUIX HBSRE A0 32 B2 X R I A
S, VSV BRI IR B — e AR
BT R AR B S T R AR A B A 38 e S
FRAE, SR8 W T ARSI 7 vk R
Bff e S o PR A EE

GGV 7718 5 AR SCHR BB 7 R AE
[ ERI B I — B0k, (ERORIZRE PN 12
WO F B RERSE . RS FrE I iERA
NAEMPERE R 5, S50 02 ATt ke,
BT CART REAFAE — B PR 2, BORIZE VP A R
et 3 B ISR, 2 RS 3 P R B M A [
0 (s S B R Ml REt:, ARRHE T
“DREIATR” WRA R MmE. FREETEMSS
PEUELEIEBUR bR AT T A SV HT, JEE 1
FRAREA — s . REM, M TR T
IEFEPREU ALY, 19 2IE s 2 P 4 SR R Uk
o

94 96° 98° 100°
1 1 1 |
o @ c
& - <t
<0 ag]
2 =3
I - o
=, on
NGO
~
g o
2 - <
b (a2]
g o
S I- oo
o A
FAE Hemm/ka j
417.538 3
o4 B A Ruzks Lo
M 31,7276 7 ' J
T T T T
94° 96° 9g° 100°

& 14 fAIRXEESERE. GPS BEsikE. HIENHS
IR IR R

Fig. 14 Characteristic maps of highly active watersheds, G

PS movement vectors, fault distributions, and watershed er

osion rates in the study area

35000
5 -0
B
] 8
e
ﬁ 30000 -
1
%
by Q
-2
+ - o
= 25000 ® IRAT
e @ IAT
R IRAT# R4 &
IAT# 0l &
20000 1 1 L
o i A opE B 166 355 3l

FH 0F ¥ 3 35 ) B2 BE

& 15 RGO Bl EEE SHEMAEENEFR X R
Fig. 15 The relationship between the distance of a watersh
ed center from a fault and the level of relative tectonic a

ctivity
52 MSRIEREME RS0

B SRR A A A MG s s ], b
SERVRMEIRAT A MR R AE 2 AR R IR R R (K



eller et al., 1995) . K NIERFTIEIN S P25
M VG S PE VAN 45 s, AT HAar oA L
P 0 Wi TG S PE VAN &5 R AT I — 20 hr .

70

a
3 & e
bl e
it [ ]
ey i B b
-
50 H
S wp
o N
B SR
= =
4 30 -
= - ~
= S e S
20 H T
wH B -
0
e fild L g e L L LS Bek ity YRk M B
4
500
b
450 | -
_-
i
E P
g i
S -
i 400 i
1z -
e =
ford -
=
"
.ol
50

300

Ik 7% 2 1 hiGE w5 B
X 4 38 55 2 B 1
16 (a) HEMHEENIZESEM.
ER

Fig. 16 (a) Relationship between relative tectonic activity

(b) FHIPEREX

and lithology and (b) average annual precipitation.

BT N RS AT b, Seit gk
HER S IETE ST SR, W 16 (a) B
Ny BEAE A TR AR, =l s MRS AR X
o EEE BRI T RS, miE st R L A S A
BREA N, UM O BR AR A b A AE
P BB E I RS A X . AN R A L,
FIXSIEHEHR A, HprtEZRA W, Xt
HUSURS SR A B, 5 B MG M B F R O 3
VERERER 22 8] 70 A1, FF b E AR AL 5 L
PR V5 MG i s PR AR PP O 45 SRAH SRR,
PEIFAS 2 ) 3 15 B 3 RO KRE T o

AT T E R E R P R SR, 2
L AR A RAE (B 17D, B 16 (b)

AR, EARGETHEEE b, B R IS R S 1 A 4
(I3 n, X RE I B R U R TR,
{25 8] 73 A7 b b 35 45 K e {E 3 B A v T W 2 e B
T, HAGESE S VE SR X IR B R AR IHAR D>, BERT T
TRV M X R B S v S PR I T E ELAR IR R
HIEFC DX _E 30 B3RO0 B e /N IR B - e D BT 555 i IX
SR A B T RO, (ER AT B A G e AT
e [ X R S b, AT S, PR AT
ENTERZ R o

94° 96° 98° 100°
1 1 1 L
o
<
[aa]
o
ol -
ea
Q
P
[ag]
o
%
ol
AEFENT R (mm)
1287.99
% “hE Lo
1 .
282.736
T T T T
94° 96° 98° 100°

E 17 tARXEHERE S E
Fig. 17 Map of annual average precipitation in the study

areca
6 i

R T 30 m 7 HEEH) ALOS £ 7 mi FE 7Y
Kt FRECT BETE R B 2 Rl SR
Xof X I SRR AE REAT T e B AT, EELE BT

(1) B AN =AU T, BT X IR
Ho A7 T 0.5 LAR, I A i T b S5 Ak (e
EH, PREURIBUK R BRI RAE N 90 km?,

(2) LA -m R BRI R B U 48
. R IEBE TR bR . ISR .
AR FE BRI TR 8T, o BIA AL B G 3)



Ik 2 B SR G VR 70 SR R T 8

Y, RIEH-FoT. R = —riRisaEshit

Bome. WREMARI KRG, o AP R0 AL & v B 1

BN, Wk R R EF R,

(3D MBS AEGEEE > B TT%, IR
L35 VRN 05 R BEAT AR #4032 3 2 1 79 0 B BE AR
A FR PR AIESEE, > TR ) R 2 .

(4> K& 5 s PR A 45 SR AN H R & 7 3)
YRR E VPO 45 R BN — B0 U A SRR B R
BIEU IS s I B — e rE . REXAZ
NEEWER, EARXBIENEEREE, RIPH
e SR AR P G PR [l kiR R, RE R AR IS S
RIS B 22 S W 2Rty RS I Bl o e 2 W) Je A 22
SR EEIZ), TR T XN R 2% 2 e R it
HZ5A% R o
References
Amine A, El Ouardi H, Zebari M, et al. 2020. Active tectonics in the Moulay I

driss Massif (South Rifian Ridges, NW Morocco): New insights from geomo
rphic indices and drainage pattern analysis. Journal of African Earth Science
s, 167: 103833.

El Hamdouni R, Irigaray C, Fernandez T, et al. 2008. Assessment of relative act
ive tectonics, southwest border of the Sierra Nevada (southern Spain). Geom
orphology, 96(1-2): 150-173.

Giano S I, Pescatore E, Agosta F, et al. 2018. Geomorphic evidence of Quaterna
ry tectonics within an underlap fault zone of southern Apennines, Italy. Geo
morphology, 303: 172-190.

Hack J T 1973. Stream-profile analysis and stream-gradient index. US Geological

Survey Journal of Research, 1(4): 421-429.

Keller E A, Pinter N 1995. Active Tectonics: Earthquakes, Uplift, and Landscape.

Upper Saddle River, NJ: Prentice Hall.

Luo Q, Li J, Wang S, et al. 2023. Morphometric analysis of the North Liuleng
Shan Fault in the northern Shanxi Graben system, China: Insights into activ
e deformation pattern and fault evolution. Geomorphology, 440: 108862.

Ngapna M N, Owona S, Owono F M, et al. 2020. Assessment of relative active
tectonics in Edea—Eseka region (SW Cameroon, Central Africa). Journal of
African Earth Sciences, 164: 103798.

Ren J J, Chen J, Li Y, et al. 2022. Late Quaternary slip rate of the northern La
ncangjiang fault zone in eastern Tibet: Seismic hazards for the Sichuan-Tibet
Railway and regional tectonic implications. Engineering Geology, 306: 1067
48.

Seeber L, Gornitz V 1983. River profiles along the Himalayan arc as indicators
of active tectonics. Tectonophysics, 92(4): 335-367.

Strahler A N 1952. Hypsometric (area-altitude) analysis of erosional topography.
GSA Bulletin, 63(11): 1117-1142.

Whipple K X, Tucker G E 1999. Dynamics of the stream-power river incision

model: Implications for height limits of mountain ranges, landscape response
timescales, and research needs. Journal of Geophysical Research: Solid Earth,
104(B8): 17661-17674.
Willett S D 1999. Orogeny and orography: The effects of erosion on the structur
e of mountain belts. Journal of Geophysical Research: Solid Earth, 104(B12):
28957-28981.
Wang, Min, and Zheng-Kang Shen. Present-day crustal deformation of continental
China derived from GPS and its tectonic implications. Journal of Geophysi

cal Research: Solid Earth 1252 (2020): ¢2019JB018774.

Bt o 32535 3k

%%, DOI:10.7666/d.Y2625265. (CHANG Zhiyang. 2014. A Study on the Qua
ntitative Parameter System of Landforms in the Bailong River Basin on the
Eastern Margin of the Qinghai-Tibet Plateau [D]. Nanjing Normal University)
(in Chinese with English abstract)

AL 2015, 2013 ERFEHE TR MS.9 HERAEMIET SR, WEBR, 37
(1): 192-207. (CHANG Zufeng 2015. Seismotectonic background of the 201
3 MS5.9 Benzilan earthquake in Yunnan. Seismology and Geology, 37(1): 192
-207.) (in Chinese with English abstract)

MM, KFIZR, B30k, 5 2021, FIF ArcGIS Fl Excel SRIUMAHAERS 2k
7. RHERARE TR, 21(36): 15372-15377. (CHU Yongbin, ZHU Lidon
g, YANG Wenguang, et al. 2021. Method for extracting hypsometric integral
curves using ArcGIS and Excel. Science Technology and Engineering, 21(3

6): 15372-15377.) (in Chinese with English abstract)

1]

ShHTH] 2022, ST TR H0 I BLE S DU 20 Im MR R oE. dbnt: o [ 2 = 3t gt
FCHT. (HAN Mingming 2022. Study on Late Quaternary activity of the Ban
gda segment of the Nu River fault zone. Beijing: Institute of Geology, Chin
a Earthquake Administration.) (in Chinese with English abstract)

B2 A ST A8, 2011, 22 1 380 - R 2R A e 5 10 4 3l el e 0] M
5. DOI:10.3969/;.issn.0253-4967.2011.04.013.(HUANG Xuemeng, Du Yi, H
e Zhongtai, et al. Late Quaternary Slip Rates on the Eastern Segment of the
Wulanwula Lake—Yushu Fault [J]. Seismology and Geology, 2011(4)) (in C
hinese with English abstract)

X, TkEE, BEE, & 2018 MG M- R LR BAE AL

XWFFE[)]. BlaEiidR, 63(30): 3070-3088.(LIU Jing, Zhang Jinyu, Ge Yukui,
et al. 2018. Tectonomorphology: An Interdisciplinary Study of the Interaction
s Among Tectonics, Climate, and Surface Processes [J]. Chinese Science Bul
letin, 63(30): 3070-3088.) (in Chinese with English abstract)

SRS, #306, KRR, 5 2022, HEEEATT SRS HOR A R G AR
T CHRER TR CEHARRIEERRD |, 49(4): 502-512. (MA Tengxiao, YA
NG Wenguang, ZHU Lidong, et al. 2022. Geomorphic parameters and tecton
ic geomorphology significance of the middle reaches of Yarlung Zangbo Riv
er. Journal of Chengdu University of Technology (Science & Technology Ed
ition), 49(4): 502-512.) (in Chinese with English abstract)

ZH, Mk, ZMETE, & 2017, JET DEM HBIAHE R T (095 5 R AR b g i



TEW TG ST, SIILREA, 37(2): 213-223. (QIN Xiang, SHI Wei, L
I Henggqiang, et al. 2017. Activity analysis of the Ningnan arcuate fault zon
e on the northeastern margin of the Tibetan Plateau based on DEM terrain f
actor. Quaternary Sciences, 37(2): 213-223.) (in Chinese with English abstrac
t)

e, Sk, AT, . 2024, EIERES TR -AL RO IR B G S). iR
Bl 49(10): 3471-3487. (QIU Yan, NIE Xin, YAN Pin, et al. 2024. Devel
opment and tectonic activity of the Zhongnan-Liyue fault zone in the northe
rm margin of the South China Sea. Earth Science, 49(10): 3471-3487.) (in C
hinese with English abstract)

RE 7T 2023, BT KBS AR AR IR R L. FI7E: TR R (S
ANG Yunyun 2023. Research on distribution rules of landslide dams and er
osion rates in the Hengduan Mountains. Nanchong: West China Normal Uni
versity.) (in Chinese with English abstract)

SN 2018, ZRIE— K I ME ISR &30 )2 RO 1i%: TAER2:. (SHI
Xiaohui 2018. Tectonic geomorphological characteristics and geodynamic sign
ificance of Qinling-Daba Mountains. Xi'an: Northwest University.) (in Chines
e with English abstract)

TR, MO0, RATT. 2024, JNAT MU RIS R, HEREL 2, 49(7): 2
539-2551.(Tan Yiying, Xiao Wenjiao, Song Dongfang. 2024. Sedimentary and

Structural Characteristics of Forearc Basins. Earth Science, 49(7): 2539-255
1.) (in Chinese with English abstract)

%R 5 AR A A 2015, T VAU T E U FE O I LD R I R TSR R[]
HFE 244, 70(9):10.DOI:10.11821/d1xb201509013.(WANG Nairui, Han Zhiyon
g, Li Xusheng, et al. 2015. Indications of the tectonic uplift of Mount Lu f
rom river longitudinal profile steepness indices [J]. Acta Geographica Sinica,
70(9):10.) (in Chinese with English abstract)

FtIE, X, ERH, 55 2025, WETLRL U SO A O AR U0 ) 4
AHEE. M@ IR, 1-19.(WANG Shilong, LI Jinyang, LIU Jing, YANG Cha
oqun, XING Yukun, SHAO Yanxiu. Longitudinal profile, spatial distribution
characteristics and evolutionary trend of tributaries in the knick-zone of the
Lancang River[J]. Geological Bulletin of China, 2025, 44(8): 1535-1549. DO
1: 10.12097/gbc.2022.03.011) (in Chinese with English abstract)

EER, MY, Koc, % 2025 GNSS LU0 H A R — K IR 2
JERWFF. HFEWFST, 48(3): 382-390. (WANG Yichen, HAO Ming, YU Zho
ngyuan, et al. 2025. Slip rate of the Ganzi - Yushu - Xianshuihe fault zone ¢
onstrained by GNSS. Journal of Seismological Research, 48(3): 382-390.) (in

Chinese with English abstract)

EH, GO, BRIETT 2012, SET RO SRS VE ) 4R B T H B K B R ARV
BHE SR, 30(31): 53-60. (WANG Zhe, YI Facheng, CHEN Tingfang 2012.
Vulnerability assessment of geological hazards in Mianyang City based on f
uzzy comprehensive evaluation. Science & Technology Review, 30(31): 53-6
0.) (in Chinese with English abstract)

SEWE, FERIC, KR, SF 2019 115EER BE BT T A6 B R DY 405 B AE SR

W) AR EAR, 10(4): 23-28.(WU Fuyao, Jiang Liangwen, Zhang Guan

gze, et al. 2019. A Study on Quaternary Activity Characteristics of the Nort
hern Section of the Jinsha River Fault Zone along the Sichuan-Tibet Railwa
y [J]. High-Speed Railway Technology, 10(4): 23-28.) (in Chinese with Engl
ish abstract)

3073, Xk, M.Oskin, 5 2012, i BT i S50 112 ol 42 2% 1) 7 A 1R 421
H——U I T X Ay, HEPYLmt s, 32(05): 968-985. (WEN Li, LIU Jin
g, OSKIN M, et al. 2012. Control of active tectonics on the spatial distribut
ion of erosion rates at the plateau margin: A case study of the Longmensha
n area. Quaternary Sciences, 32(05): 968-985.) (in Chinese with English abst
ract)

T 2022, LI RG 58 DY 200 S ARFAIE K M AR FE R VE VAN . P2 KR (XI
ANG Wen 2022. Late Quaternary activity characteristics and seismic hazard
assessment of the Batang fault. Xi'an: Chang'an University.) (in Chinese with

English abstract)

VFES, WA, 2905, 55 2011, EDRE-TNAE R R At . 3R 2540, 85(1): 1-
33. (XU Zhiqgin, YANG Jingsui, LI Haibing, et al. 2011. Tectonics of the In
dia - Asia collision. Acta Geologica Sinica, 85(1): 1-33.) (in Chinese with E

nglish abstract)

i

WRAEAT, IR, XGEZR, 55 2013, WL PGEE i ol KV i st 350 52 i S 8 S L it
S SEVYLERFIT, 33(4): 746-759. (XU Yueren, HE Honglin, DENG Qidong,
et al. 2013. Quantitative fluvial geomorphological parameters and their tecton
ic significance in the Huoshan Mountains, Shanxi Province. Quaternary Scie
nces, 33(4): 746-759.) (in Chinese with English abstract)

RAEE, EAM, TR, 55 2025, Wrf P WA s S s ERFE. HakF 2,

50(01): 336-348. (YU Huayu, DONG Youpu, YU Liang, et al. 2025. Chara
cteristics of relative tectonic activity of the Pudu River fault in central Yunn
an. Earth Science, 50(01): 336-348.) (in Chinese with English abstract)

JKERE, Tk, AR, B 2024 R £k R ) IR I 3 DU 20 iR S 1)
SEHET. MU R EEERE, 54(1): 94-109. (ZHANG Xianbing, YU Hao, YU Xi
a, et al. 2024. Preliminary study on Late Quaternary activity of important ac
tive faults along the Sichuan-Tibet Railway. Progress in Earthquake Sciences,

54(1): 94-109.) (in Chinese with English abstract)

RO, BAF, EAR 2010, JER AR KIS R bR 5 Hack F T 8146 2
S AERUREESAR CHARBMERD | 46(2): 237-244. (Zhao Hongzhuang, Li Y
ouli, Yang Jingchun 2010. Neotectonic significance of river length - slope in
dex and Hack profile in the northern Tianshan River Basin. Journal of Peki
ng University (Natural Sciences), 46(2): 237-244.) (in Chinese with English
abstract)

B, RIT, 2mER, 45 2024, RIUL. IRV, SVPTLHRNALBEE IS S
FEAE. HhERBFERFTLZE, 14(12): 1570-1577. (ZHAO Yanbo, LI Zhenjiang, LI G
aobao, et al. 2024. Quaternary activity characteristics of the northern section
of the Nu River, Lancang River, and Jinsha River fault zones. Earth Science

Frontiers, 14(12): 1570-1577.) (in Chinese with English abstract)
rhHE N RSERIE A 2 U0, R B 5. 2014, TREA K

SR GB/T 50218—2014[S]. dbxt: H[E 1%t At (Ministry of Housi



ng and Urban-Rural Development of the People's Republic of China, Genera
I Administration of Quality Supervision, Inspection and Quarantine of the Pe
ople's Republic of China. 2014. Standard for Engineering Classification of R
ock Mass: GB/T 50218—2014(S]. Beijing: China Planning Press.) (in Chines

e with English abstract)



