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Analysis of sediment sources in karst small watersheds in Southwest China using composite fingerprinting technique. DAI
Tao, JIANG Yong-jun ", TIAN Xing, LIU Fang, HAN Sha, LUO Shu-e (Chongqing Key Laboratory of Karst Environment, School of
Geographic Sciences, Southwest University, Chongqing 400715, China). China Environmental Science, 2025,45(2): 954~965
Abstract: This study focuses on the karst depression in Fenghuang Village, Zhongliang Mountain, Chongqing, using the composite
fingerprinting technique. An optimal combination of fingerprint properties was selected to quantify the contributions of potential
sources to the depression deposits by using multivariate linear mixed model (IsoSource) and Bayesian mixed models (MixSIAR,
SIMMR, and SIAR). In addition, the applicability of these models was further assessed by using their root mean square error (RMSE)
and in combination with previous reports. Results indicated that the cumulative identification accuracy of the five fingerprint
properties, i.e., the total carbon (TC) content, sand content, grain size at 70% frequency (D70), soil organic carbon (SOC) content,
and sulfur (S) content, reached 89.5%, and therefore these properties constituted an optimal combination. The RMSE values for the
four models were: MixSIAR (2.05), SIMMR (2.05), SIAR (2.07), IsoSource (2.34). Since the RMSEs of the three Bayesian mixed
models were lower than that of the IsoSource model, the applicability of the Bayesian mixed models for quantifying the contributions
of sediment sources to the depression deposits was higher than that of the multivariate linear mixed model. Among the three
Bayesian mixed models, the MixSIAR and SIMMR models had the highest accuracy. Results from the MixSIAR and SIMMR
models indicated that arable land was the primary source of the depression deposits, followed by ditch walls, with forest and
grassland contributing the least. The composite fingerprinting technique could effectively quantify the sediment sources in the small
watersheds in the depression. In this study, the composite fingerprinting technique was employed to unveil the sediment source of
depression deposits in a typical karst trough valley in Southwest China, aiming to provide a reference for model selection in similar
studies.

Key words: soil erosion; composite fingerprinting technique; karst trough valley; sediment sources; models
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Fig.1 Geographical location and the distribution of samples
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Table 1 Concentrations of fingerprint factors and results of the Kruskal-Wallis H test
SeorH T B Bt MR HRE RS LSRN B
PR RRARS PR ERAN PE BRAN P BRARE H 18 P A

o 10 *m’/ kg 48.00 55.60 4236 56.60 17.29 40.48 50.51 24.17 16.72 23x10%

X 10 *m*/ kg 52.70 57.44 45.36 57.93 17.39 45.28 48.69 29.03 17.08 2x10%
TN % 0.17 24.37 0.49 33.16 0.15 36.49 0.17 17.39 35.05 25%x10%
TC % 1.61 29.64 6.34 35.41 1.67 58.93 1.68 27.32 39.46 2.7x10”

H % 1.11 16.25 1.45 25.56 1.22 20.42 0.93 11.17 16.50 26%x10%

S % 0.21 155.38 0.12 108.32 0.05 34.65 0.05 16.02 18.09 12x10%
Rkl % 20.13 9.89 16.01 13.57 21.80 17.62 18.38 8.09 29.04 49x107™
kL % 63.00 4.54 57.81 9.00 66.03 5.57 61.34 3.81 24.41 5%10°
kL % 16.89 13.22 26.20 23.45 12.17 23.79 20.30 4.95 39.86 22x107
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D50 um 6.37 8.11 8.81 18.93 5.54 14.55 7.25 3.43 41.62 9x10 '
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D80 um 17.74 8.86 30.07 56.02 14.62 13.05 20.18 3.72 40.18 1.9x10%
D90 um 27.15 9.39 64.59 92.12 22.23 13.59 31.12 4.28 38.87 3.6x10”
SOC g/kg 16.30 28.92 40.71 42.05 18.57 39.57 18.11 18.77 36.21 14x10%
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Table 2 DFA test results

Wilks'lambda FLARLHE T4 REFRLH T
PRSI e HRERE)

1 TC 0.313 73.3 73.3 2.5x10™
2 Wy 0.223 80.7 84.2 1.6x10 '¢*
3 D70 0.179 73.7 87.7 1.8x10 17"
4 SoC 0.149 59.6 89.5 4.8x10 '
5 S 0.126 47.0 89.5 1.7x10 ¥
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Fig.2 Relationships between fingerprint factors of source and sediment samples
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Table 3 Discriminant results of the optimum composite

fingerprints
FRIESE S
VEVPVEIBISH  REAKE(D
B U S Trmansch ey
A 20 1 .
ARl 27 26 96.3
VB 10 2 -

% 89.5% N J5Uh B AX AN GEAT T IEAHI ST

Wk 3 o R B HARGUN 7 45 H A
73 BRI 2000 18 TR 3 ANV VBRI R R B FEAR,
AT T A A SRACR (P 3), R, A AR B 45
RABRYIFLASEFIHIER R ILE] 89.5%(K 3),BLW]

S 9 B SO 08 K058 A 2 A g
L BT A RE A A AL 3 B T .

5.0
© O BHE v HEH
O WEE X @R
25F O
O
: ¥
0
& o0l o _©0 v N M
EN QGO \V4 KN V
OEH \YARRV/
O o v
o X
O [}
\Y \V4 Y
25 -
\V,
o
" > o > P
AR

K3 HbsiEi 3 Fievb AR ashiee A2 so U o )A26
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