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Abstract: [Objective] Aeolian dust deposition constitutes a major source of fine particles in many high-mountain surface
soils worldwide. However, systematic quantitative research on the specific sources and transport mechanisms of fine-grained
matter in high-altitude soils of the Qilian Mountains along the northeastern edge of the Tibetan Plateau remains limited. This
study combines grain-size distribution characteristics with end-member modelling analyses (EMMA) to reveal the eolian origin

and transport pathways of soils in the Qilian Mountains. [Method] This study collected 6 weakly developed loess-like soil
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profiles at the mountain front and 81 representative alpine soil profiles from high-elevation zones across the Qilian Mountains.
Grain-size distributions of all samples were measured using a laser particle-size analyzer. EMMA was applied to unmix grain-
size distribution curves and extract statistically robust sedimentary components. By integrating the spatial distribution patterns
of each end-member with the influence of environmental factors, sediment sources and transport processes were analyzed.

[Result] The measured grain-size distributions of both loess and alpine surface soils exhibited remarkably similar patterns
and shared a consistent dominant peak at approximately 37 um. This similarity indicated common sediment sources. C horizons
and even coarse, polymodal 2C layers retained this distinctive component, indicating pervasive penetration of aeolian dust
throughout soil profiles. EMMA resolved five environmentally meaningful end-members (EM1-EMS5), representing distinct
transport and depositional processes. EM3 (~33 pm) dominated and was predominantly distributed on the northwestern side,
showing significant negative correlations with elevation, precipitation, and vegetation cover. EM2 was widely distributed
throughout the study area and showed a significant positive correlation with precipitation. EM1 was predominantly distributed
in the southwest region, showing a positive correlation with elevation, precipitation, and vegetation cover. [ Conclusion]
Fine-grained alpine soils in the Qilian Mountains are predominantly derived from aeolian dust. Fine fractions (EM1, EM2) are
associated with long-range transport under the prevailing westerlies, whereas coarser silt components (EM3) correspond to
stronger winter monsoon activity and shorter-distance transport. Continuous aeolian deposition forms distinctive lithologic
discontinuities that substantially modify soil physical and chemical properties, thereby influencing nutrient dynamics,
ecosystem productivity, and long-term stability of alpine pastoral systems. These findings highlight the fundamental ecological
and geomorphological importance of dust deposition in shaping high-elevation soils on the northeastern Tibetan Plateau.

Key words: Grain-size distribution; End-member modeling analyses; Aeolian dust deposition; Alpine soils; Soil genesis
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Fig. 2 Different types of profiles and their grain-size characteristics
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Fig. 3 Grain-size distribution curves for different samples
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2.4 RN[ERLE U TT R == 18] 53 SRAFIE

3% L 2 J2 38 v A B e ) A 1) 70 Al SR I SR 25 20 S (B 50 EMI ZEARIE L ik v P
ISR RE b o BB, IR IR R AL T AP AR . EM2 FEREAM T FTIX A il A7 7E, (HAERR ) Rk
T A AR AR EM3 NIERBLH B A P A — 2R W R 2, AEARIE L PE el SRy B
DCFRIAE o o B o AHEEZ T EM4 128 8] 70 A1 B SRR R, i Re 2 PR PUR R 4 .

FASRAE I Mt — B4R 1 PRI 7o R i 76 25 (8] A O HIE T (3R 1D EMI S B 51K
L PRKE M o RE Y R IEARSOG: MR, EM3 KL BRI 11 B R U R
EM2 {5 F/K R 2824 AR, 105 MK i B A7 75 B2 2 T A SR AN 25

http://pedologica.issas.ac.cn



+ o R

Acta Pedologica Sinica

e S .
A 50 £ Soil sam}:les ey i
ST it @, ¥ e,
Proportion of end-members & @
°© O ) .}’ig WO e
30%  50% 0% N 2
| e Elevationﬂ'gwf | — @® @
0 & AN

om =

Bl 5 AFEFE Risioc EM1-EM4 & EE S 800 (OB EIR SR
Fig. 5 Spatial distributions of EM1- EM 4 proportion at different sample points
# 1 ¥iyC EM1- EM 4 B L SIMET 8 2 B AR X4

Table 1 Correlation between the proportion of EM1- EM 4 and environmental variables
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EM4 -0.019 0.040 -0.024

VE: *, P<0.05; **, P<0.01; ***, P<0.001. Note: *, P<0.05; **, P<0.01; ***, P<0.001.
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