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Response of geomorphic indices to segmental activity characteristics of the Kouquan Fault on the western
boundary of the Datong Basin

Abstract: [Objective] Segmentation studies of active tectonics hold significant importance for earthquake prediction
and hazard assessment. To explore whether geomorphic indices can reflect the differential characteristics of tectonic
fault segment activity, the Kouquan Fault—a typical active fault dominated by normal faulting and located between
mountains and basins along the western boundary of the Datong Basin—was selected as the research object for a
segmentation study based on geomorphic indices. [Methods] Based on 12.5-m-resolution ALOS-PALSAR DEM data,
55 drainage basins on the footwall of the fault were extracted, and various geomorphic indices were calculated,
including basin slope, mountain front sinuosity ( Smf), hypsometric integral (HI), valley-floor-width-to-height ratio (Vf
), basin asymmetric factor (Af), basin elongation ratio (R,), and normalized channel steepness index (K,). Their spatial
distribution characteristics across different fault segments were analyzed. The study also examined the influence of
non-tectonic factors, such as lithology and climate and compared the results with existing tectonic activity data, such as
late Quaternary slip rates. [Results] Geomorphic indices, primarily controlled by tectonic uplift, exhibit clear
segmentation. Values in the central segment are significantly higher than those in the northern and southern segments.
This spatial variation aligns with the slip rate trend of the fault, indicating that geomorphic indices can effectively
reflect differential fault activity. Some indices, however, are more influenced by lithology or precipitation and exhibit
lower sensitivity to tectonic activity. [Conclusion] The study demonstrates that fluvial geomorphic indices reveal the
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segmental activity of the Kouquan Fault and can serve as a method for assessing fault segmentation. Furthermore, the
geomorphic indices of the Kouquan Fault are mainly controlled by tectonic activity, with the Vf, Smf, and Kk, indices
being the most sensitive. [Significance] This research validates the effectiveness and objectivity of geomorphic indices
in identifying active fault segmentation. It proposes a new, generalizable approach for fault segmentation studies based
on high-precision, quantitative geomorphic analysis.

Keywords: Kouquan Fault; Datong Basin; geomorphic index; normalized channel steepness index; fault segmentation.
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Fig. 1 Tectonics and fault geometry of the Kouquan Fault

(a) Structural location of the Kouquan Fault (modified after Ren et al., 2014); (b) Distribution characteristics of the Kouquan Fault zone
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RN 8 AL SRR A, BRI . WA X FRE T (Asymmetric factor, AF) . IR TEEL
( Basin Shape, BS) . [ -5 (Hypsometric integral, HI) . itk ff K Lk ( Basin elongation
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=1 ET SR MMEEEME S % (Luoetal., 2023; Zareietal.,, 2024)

Table. 1 Classification of tectonic activity based on geomorphic indices
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Fig. 2 Distribution of the Af, HI, BS, and Re indices along the Kouquan Fault in the study area

(a) Distribution of the Af index; (b) Distribution of the HI index; (c) Distribution of the Bs index; (d) Distribution of the Re index
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Fig. 3 Distribution of the V', S, .,
(a) Distribution of the Vf index; (b) Distribution of the Smf index; (c¢) Distribution of the k n index (d) Distribution of the k s index

and k sn indices along the Kouquan Fault in the study area
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Fig. 4 Geomorphic indices and segmentation characteristics along the Kouquan Fault

Red points represent watersheds with areas greater than 50 km?. The numbers in the scatter plot indicate the means and confidence intervals
of the geomorphic indices by segment.

(a) Distribution of the kK sn index along the Kouquan Fault; (b) Distribution of the basin-averaged slope along the Kouquan Fault;



(¢) Distribution of the A f index along the Kouquan Fault; (d) Distribution of the HI index along the Kouquan Fault;
(e) Distribution of the Bs index along the Kouquan Fault; (f) Distribution of the R . index along the Kouquan Fault;
(g) Distribution of the Vf index along the Kouquan Fault; (h) Drainage basins of the Kouquan Fault
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Table.2 Geomorphic indices and drainage areas along the Kouquan Fault

vy visms HI VE  BS  gisicrsk, ff R ssrs
1 0.98 029 149 193 4.87 24.48 0.77 18.73
2 3.73 0.53 230 222 9.18 7.23 0.64 20.78
3 1.45 0.50 1.04 339 8.77 15.88 0.40 19.69
4 1.73 032 133 285 491 21.93 0.49 17.29
5 1.24 045 1.09 276 6.21 23.80 0.46 19.33
6 0.96 0.31 142 751 4.76 4.70 0.40 13.88
7 1.09 0.39 2.08 3.83 6.75 19.83 0.44 17.63
8 1.68 0.37 214 276 6.25 11.91 0.65 18.68
9 1.35 045 048 244 6.81 29.01 0.61 22.60
10 0.84 047 048 3.77 7.28 17.20 0.45 22.22
11 0.94 036 153 399 5.84 14.07 0.47 20.22
12 2.21 0.58 0.76 234 8.13 4.41 0.51 21.80
13 1.15 049 1.11 3.05 11.80 5.96 0.49 22.31
14 0.84 032 292 3.60 5.34 6.72 0.52 18.96
15 1.31 0.53 174 212 8.66 10.84 0.49 20.57
16 1.03 045 220 229 9.77 2.60 0.53 23.42
17 1.02 0.38 1.50 3.23 4.95 14.90 0.50 21.29
18 149.93 045 247 1.66 3.83 14.95 0.76 12.12
19 1.62 0.53  0.66 3.67 4.20 0.46 0.48 18.23
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22 13.13 048 0.09 154 431 16.00 0.68 17.48
23 2.86 041 0.16 187 5.40 6.52 0.63 20.19
24 0.79 048 044 253 6.35 2.01 0.50 21.34

25 295 0.44 0.17 1.29 4.00 6.84 0.76 18.44
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1.68 4.57 28.44 0.66 17.75
2.05 4.02 8.09 0.60 17.54
1.40 4.69 15.65 0.69 18.50
1.46 3.49 29.59 0.70 10.88
1.21 3.68 0.44 0.84 17.43
3.27 3.43 0.23 0.47 13.70
2.90 4.96 3.68 0.56 17.41
1.19 4.39 0.01 0.70 17.58
2.07 3.23 11.23 0.69 14.79
1.72 4.15 10.71 0.72 17.10
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3.32 291 6.80 0.54 12.98
421 2.90 0.33 0.53 13.48
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3.13 2.80 297 0.49 12.76
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1.84 3.97 6.96 0.71 14.94
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Table.3 Slip rate and geomorphic indices in different segments of the Kouquan Fault
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ki, 6.09 4.60 524 3.68
VF 1.56 0.45 0.48 0.89
Smf 1.18 1.08 1.156 1.17 1.31
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Fig. 5 Distribution of precipitation and rock strength along the Kouquan Fault in the study area
The numbers in Fig. 5a represent the mean and confidence interval of the average annual rainfall for each fault segment.
(a) Distribution of basin-averaged precipitation along the fault; (b) Precipitation map of the study area; (c) Rock strength distribution
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Table. 4 Rock strength classification
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Fig. 6 Field photos of structural and geomorphic features along the Kouquan Fault.

(a) Fault scarp near the Emookou trench (Xu et al., 2011; segment S2-S3); (b) Triangular facets near the Emookou trench (Xu et al., 2011;



segment S2-S3); (c) Interior view of the Emookou trench (Xu et al., 2011; segment S2-S3); (d) Fault scarp near the Emookou trench (Xu et
al., 2011; segment S2-S3); (e) Fault surface near Xingwang Toll Station (northern S3 segment); (f) Bedrock fault waterfall near
Shengshuigou Village (southern S4 segment); (g) Remote sensing image of segment S1 (near Chanfang Village, between Mazhuang and

Dayukou); (h) Remote sensing image of segment S2 (near Wudao Village, between Louzikou and Emookou)
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