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Geomorphic Features and Tectonic Response in the Upper Yalong River Basin

Abstract: [Objective] The Upper Yalong River basin, situated on the southeastern margin of the Bayan Har block, is
characterized by a well-developed river system. Large-scale NW-trending active faults traverse this drainage basins,
with tectonic activity constraining regional fluvial geomorphic development and evolution. Current research has
predominantly focused on fault activity, paleoseismic events, and seismic hazard assessment, while studies addressing
basin-scale geomorphic characteristics and their response to tectonic deformation remain relatively limited. [ Methods]
Based on a 30-meter=resolution Copernicus Digital Elevation Model (DEM), 98 sub-basins were identified within the
Upper Yalong River basin. Five geomorphic indices were calculated for each sub-basin: hypsometric integral (HI),
basin shape index (BS), asymmetry factor (4F), elongation ratio (Re), and mean normalized stream gradient index
(SLK.vs). These indices were quantified, classified, and integrated into a composite indicator—the relative strength of
tectonic activity (/af). Furthermore, by incorporating the normalized channel steepness index (k.) and knickpoints, the
spatial differentiation of fluvial geomorphic characteristics was revealed, and the coupling relationship between
tectonic activity and landscape evolution was explored. [Results] In the Upper Yalong River basin, HI values range
from 0.09 to 0.63. Some sub-basins are in an early stage of development and exhibit significant asymmetry. Left-lateral
offsets of waterways, gullies, and alluvial fans are observed. SLK.., and £, indicate strong tectonic uplift in most basins,
accompanied by significant longitudinal variations in channel slope. Spatially, the /at displays a pattern of alternating
high and low values, with interconnected low-activity zones. Low lat values basins are distributed in linear belts along
fault zones. Along the Wudaoliang—Changshagongma fault, which crosses the upper basin, lat values are lower in the
northern and southern Holocene-active segments. In contrast, the middle segment intersecting the Changshagongma
Basin shows higher lat values, possibly related to localized variations in tectonic deformation along fault segments.
Basins traversed by the Ganzi—Yushu fault also exhibit relatively low Iat values, corresponding to strong activity at the
block boundary. The geomorphic indices affect Jat in the order: Re > HI > AF > SLK,., > BS. [Conclusion] The strong
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consistency among tectonic activity, geomorphic features, and seismic activity in the study area directly reflects the role
of tectonic processes in shaping the regional landscape pattern. The spatial differentiation of Jat and geomorphic indices
effectively captures differential tectonic uplift and deformation along fault zones, providing clear geomorphic evidence
of ongoing tectonic dynamics on the southeastern margin of the Bayan Har block.

Keywords: Upper Yalong River basin; Bayan Har block; Wudaoliang-Changshagongma Fault; geomorphic indices;
relative tectonic activity
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Fig. 1 Simplified geological structural map of the Upper Yalong River basin

(a) Regional tectonic overview of the Upper Yalong River basin; (b) Stratigraphic distribution and tectonic overview of

the Upper Yalong River basin
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Fig. 2 DEM of the Upper Yalong River basin

(a) Location of the Upper Yalong River basin; (b) Digital elevation model (DEM) of the Upper Yalong River basin
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Fig. 3 Watershed distribution in the Upper Yalong River basin
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Table 1 Classification of geomorphic indices

SR Tk
SO RS El Hamdouni et B A
PERESE Dehbozorgi etal., 2010  FhEIRSE, 2024 ERHEE, 2024
al., 2008
14 (95D HI>0.5 HI>0.5 HI>0.5 HI>0.46 HI>0.5
HI B2 () 0.4<HI<0.5 0.4<HI<0.5 0.4<HI<0.5 0.37<HI<0.46 0.4<HI<0.5
B39 (5D HI<0.4 HI<0.4 HI<0.4 HI<0.37 HI<0.4
1% (D B85>4.0 B5>4.0 BS>23 - BS>23
BS E R A 3.0<BS<4.0 3.0<BS<4.0 1.5<BS<2.3 - 1.5<BS<2.3
3% (5 85< 3.0 B5<3.0 BS<15 - BS<1.5
w12 G |AF-50[>15 |AF-50|>15 |AF-50|>15 |AF-50|>15 |AF—50/>1
AF  #m2m i 7<|AF-50/<15 7<|AF-50|<<15 7<|AF-50|< 7<|AF-50|< 7<|AF —50
w30 @ |AF-50|<7 |AF-50|<7 |AF-50|<7 |AF-50|<7 |AF—50|<7
14 (IR - - - Re << 0.5 Re <0.5
Re #2490 - - - 0.5<Re<<0.7 0.5<Re<<0.7
H3% (5D - - - 0.75<Re 0.75<Re
1% G - - SLK, 2371 - SLK 237
SLK(M 2 () - - 2.5£SLKavg< - 2.5£SLKan<
3% GD - - SLKavg< 25 - SLKan< 2.5

14 (D 1.0<Iat<<1.5 1.0<lat<<1.5 1.0<Iat<<1.5 1.0<lat<<1.5 1.0<lat<1.5
wog gy 1.5 <<Iat<<2.0 1.5<Tat<<2.0 1.5<Tat<<2.0 1.5<Iat<<2.0 1.5<Iat<2.0
H3g (b 2.0<<Iat<<25 2.0<lat<<25 2.0<Iat <25 2.0<lat <25 2.0<Iat <<2.t
Ha4% (5 2.5 <Iat 2.5<Iat <<3.0 2.5<Iat <3.( 2.5<Iat <3.C 2.5<Tat <3.(

Iat

221 aERA-HERS

HI AR 25 [H B0 H35 % 5X Strahler (1952) #&th, TS imish 2 s 0 5 mpr B8 &, Pike

and Wilson (1971) @i &R b H i E A X
HI=(H e - Hppin /(H - Hii) (1)

Lty Hpeans Hpn s Hpo —WIBA S RERPIE . SARME. &efE. HITREW 1 RIaR s gl
MG, T REVIGEIE: 2 RIERHRIEAR B 94, T HSOHFN; 3 BB R ISR 5580
RIS, T KE WM.

222 RBHRBEK

IR HuE I K B L e, TR AW (Figueroa and Knott, 2010) :

BS=B,/B, (2)

X, Bk EE IR B K O E LS B, —Zs AN EE TB IR K. BSHREUN 1 9%k
INIBE S B, FUMEAERZL, M mR I SS; 2 RN TR 5K ik 6], e e &
2z BB S R s 3 R NIRRT E TR, W TGRS A1 —HX.
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AF 7 T8 ms U S A FRIE R e bs, A8 (Hack, 1973) :

AF=100(A,/A)) (3)
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AR R AL A s (e REERD BAME 1 Cinvk)IEeE . NATHD 5 2 BERRTRIBEI —E
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Re fE VL “ 5 ABUHS AR 7 /B8 AR , @i IR p B AR S PR n) & KK,
RBGRBIEAS WS “BARETE” FRRE, WEREEEK, SWREWGEEIINIESNAREE, HitEAX W
(Ramirez-Herrera, 1998):

Re=2VA/n/L, (4)

b, A—RIHEA, Ly—V8Sk 20 IR KK . Re FREU1 | ZRRMBUEES R4IKTE, MG
NP, RACEIERGIE N T A 2 REORIRIBIE A BAEDTE, MGdaThERE S, sl i fE AT AT
Sy R BRI B, ARG IE E M) B IR A E ) s 3 RN AL R IUERTE A, A THis 6 TR
FEIRACRE

225 ARBRNT R AR HME

PRAEAL I PR 2 SL (Hack, 1973) 2 [ BRI BEARAL SRR h . DR RE 2 18] 56 R dads, Hoat 5
AN/

SL=(AH/AL)L (5)

X, AH—WMBREZ: AL—BRIKE, L BEYR KRB 18 B2 s i K e & AR R
5IHM, SIANBEHE KA SL 3 ATAr e AP, TP R SLK $RBOfEms b BamE s sh e, HatE AT

K=H g /10( Ly ) (6)
SLK=SL /K. (7)
Ay Hopws Lo ERS H O mERAKE . S0 B HSLK I HAFEMESLK i+ H A0 R
k
SLK,,, =Y, SLK /k
i-1 (8)
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22.6 ABMAEENZE

W 2 A SRR BN B 1 S AT FOR 4R B M VS S s FEFRH, TR 2R G VPl IR B b R A 1 v
M, AR A (El Hamdouni etal., 2008) :

Iat=Sum/5 (9)

X, Sum—Z 5 H IR BOE S SR 2 M, BRI HI. BS. AF. Re J& SLK.. 3t 5 D354k,
W EEN 5,

2.2.7  Ja—A0FTEE BN R 4

T A T ) = AR AR A S e T B B R SRR ik Z () Z5 (. (Flint, 1974) -

dz/dt=U-KA"(dz/dx)" )

qf, U—hFedahdER, K—RMAEE 4—LIRIOKmR; 2 ARIERRE; —iFE; x—EHJEE
B CNHUR B KR D 5 dz/dxNFEERE ;. m n—ILKIEAR R 4R £, HiiEAb TR0
BIHER SR T VLA 2T, R B & — ri2d z/dt=0, JrREATEH:

( 10



(dz/dx)'=U/KA"™ (11)

dz/dx=(U/K)""A™" (12)

BB E A
S=k,A* (13)
ko=S/A" (14)

X, ka— A —AITTEREUETR S 5 OB VI EE SR 4, HUEJE A E 0.3 £ 0.8 210, HHZHEEN
0.45; HATBERSE FE L. WiEmSBSRSH, SHIRA, AR NI AR S 5B RES, Hr
R RN R TR BE U AR B R 22 S ., B B A IE TS B (0 B N . B A R R R I
A BRI S ST R BE U AR E RGBT U RO R BCS AR ORRE B, 5 XIS T B T B R R
(Kirby and Whipple, 2012) .
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Fig. 10 Distribution of the normalized channel steepness index ( ks, )
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Fig. 12 Active trails of the Wudaoliang-Changshagongma Fault

(a) Fault-controlled tectonic geomorphology of No. 32 sub-basin; (b) Fault-controlled tectonic geomorphology of No. 42 sub-basin
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Fig. 13 Typical tectonic geomorphic features
(a) The Piedmont alluvial fan on the eastern side of the Haqugama river . (b) A piedmont alluvial fan east of the mouth of the Haqugama
river has been left-laterally offset by approximately 29.1+2.4 m; (c) A compressional ridge and sag pond developed on the alluvial fan near
the mouth of the Haqubama river
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Fig. 14 Influence of fault properties on drainage structure

(a) Drainage structure controlled by the Ganzi-Yushu Fault; (b) Drainage structure controlled by the Wudaoliang-Changshagongma Fault
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