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Abstract:  Objective Soil magnetic susceptibility is a commonly used proxy index for paleoenvironment reconstruction. The
study on the relationship between topsoil magnetic susceptibility and the modern environment is helpful to understand the reasons

for the difference in magnetic susceptibility. Researchers around the world had conducted numerous studies on the correlation
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between soil magnetic susceptibility of sediments and modern soils in different regions and environmental factors. However,
previous studies mainly focused on the correlation between soil magnetic susceptibility and climate. This correlation between soil
magnetic susceptibility and climate was inconsistently recognized by different researchers because climate is only one of the
influencing factors for the variation of soil magnetization rate. The main controlling factors of soil development and soil magnetic
susceptibility may vary from region to region, and the magnetic susceptibility reflects the combined effect of multiple
environmental factors. At present, the lack of understanding of the causes of soil magnetic susceptibility changes at the regional
scale limits the accurate application of magnetic susceptibility as an important proxy index for paleoenvironmental reconstruction.
Thus, we hypothesized that(1)the spatial distribution patterns of soil magnetic susceptibility in different regions can respond to
environmental variables besides climate and(2)the Normalized Difference Vegetation Index(NDVI), which is the result of the
combined effect of climate, topography and soil, can better respond to magnetization rates. Method The Qinghai-Tibet Plateau
is the youngest natural geographic unit in the world with closely integrated horizontal and vertical zonation, influencing regional
and global energy and water cycles. It is one of the areas where global changes have had the most significant impact on the land
surface because it had undergone six major geological tectonic events and has a variety of parent rock types. The natural
environment of the Qinghai-Tibet Plateau is harsh and large-scale soil sampling is very difficult, so regional magnetic studies are
limited. In this study, 254 soil samples from the surface layer(layer a of the occurrence layer)of the Qinghai-Tibet Plateau were
systematically investigated to determine the soil magnetic susceptibility and other soil properties. Combined with the data of
parent material, climate, topography and vegetation, the spatial variation characteristics of soil magnetic susceptibility in the
Qinghai-Tibet plateau were clarified and its main influencing factors were analyzed. Result  The results showed that: (a)There
was no significant difference in low-frequency magnetic susceptibility y;; of topsoil between different parent materials and the
difference of percentage frequency magnetic susceptibility y% was significant. Specifically, the weathering of loess and sand
shale > weathering of aeolian sand, moraine and crystalline salt, and there was no significant difference between other parent
material types. Among different land uses, there was no significant difference in topsoil, but a significant difference in topsoil
Yta%o: forest and upland > grassland > wasteland.(b)The influence of each principal component on soil magnetic susceptibility was
of the order vegetation component > soil physical property component > terrain component > parent material
component.(c)Spatially, the variation law of soil magnetic susceptibility was most consistent with that of vegetation normalization
index, y;r and x % in the Southeast both showed higher values. Also, the spatial distribution of ;¢ decreased from Southeast to
Northwest, the high-value area was located on the southeast edge while the low-value area was located in the middle. Similarly,
the spatial distribution of y¢% showed a high value in the southeast area and a low value in the western area.  Conclusion ~ Our

study shows that magnetic susceptibility can better reflect the spatial distribution characteristics of the vegetation index.

Key words: Qinghai-Tibet Plateau; Topsoils; Magnetic susceptibility; Climate
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Fig. 1 Distribution of sampling points in the surface soil layer of the research area
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Table 1 Scale/resolution and source for environmental covariates of climate, parent material, terrain and vegetation

245 Category [fpAE 8 Covariate f#ii& Description S HER Scale/resolution HH Source
S f Climate MAT AERRR 1 km RESDC"
MAP SRR Rk A 1 km RESDC
Max MAP I AR K 1 km RESDC
Min MAP IRARAFE K 1 km RESDC
Max MAT B R AR R 1 km RESDC
Min MAT AR ARl 1 km RESDC
Aridity TRRH 1 km RESDC
£} 5t Parent material Rock type HA R 1:25M RESDC
HiJE Terrain DEM ik 90 m Jarvis et al. ['®
Slope g 90 m Conrad et al. "
Slopelength Yk 90 m Conrad et al.l'
Curvature it % 90 m Conrad et al.l"*!
FH#HE Vegetation NDVImean A — b 838 BT Y{E 30 m USGS?
NDVImax U5 —flAE B e R R 30m USGS
NDVImin U — A 18 /M 30m USGS

(DRESDC: " EBl A B IR A BTl 22 5%FE F.0> (Data Center for Resources and Environmental Sciences Chinese Academy of

Sciences ); @USGS: FE[EHIH 25, https://www.usgs.gov/
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Table 2 Summary statistics for the datasets discussed in the main text

A ¥ifE R LREIVE 4 /M PN (L= 358
Parameters Mean S.D. Median Min. Max. Skew Kurtosis
WEALR e/ (10 % mP kg ') 62.3 64.7 42.0 3.0 597.9 3.9 23.8
B R 1%/ % 5.2 42 4.4 0.0 17.2 0.1 -0.5
13—k Al #5507 Y NDVImean 0.5 0.2 0.6 0.0 0.8 -0.6 -0.9
AEHJRE/K MAP/mm 445.4 199.4 463.0 28.7 910.8 0.4 -0.6
R MAT/ (<€) 3.6 43 3.0 -5.2 23.7 0.8 1.4
R B B2 pH 7.8 1.2 8.1 3.4 10.0 -1.1 0.8
HHLx SOC/ (gkg™) 28.9 25.5 20.8 0.8 113.3 1.1 0.5
Fhhi Clay/% 5.7 8.4 13 0.2 48.3 0.2 0.3
R Silt/% 16.5 21.6 4.9 0.3 68.6 0.1 -0.0
ki Sand/% 12.9 153 6.3 0.9 90.2 0.2 0.5
B Fe/ (gkg") 57.0 12.0 57.6 28.7 86.1 -0.1 0.1
Wi ALk Free iron oxide/ ( gkg ') 22.8 8.1 22.5 8.7 48.9 0.8 0.9
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Fig. 5 Distribution of environmental factors in the Qinghai-Tibet Plateau
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Fig. 6 Correlation between soil magnetic susceptibility and environmental factors
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Table 3 Principal component (PC) analysis of environmental factors affecting yr and %
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S K Influence factor F a4 1 PCI F sy 2 PC2 F s 3 PC3 F 5 4 PC4 F a4y 5 PCS
% Fe 0.24 0.30 0.05 0.24 0.48
£k Ti 0.27 0.21 -0.09 0.23 0.49
FR B 2 pH -0.26 0.18 0.26 -0.18 —0.04
FhkL Clay 0.18 0.42 -0.21 -0.16 -0.22
R Silt 0.25 0.40 -0.04 -0.23 -0.18
#5kr Sand -0.25 —0.44 0.08 0.23 0.21
Bl SOC 0.26 -0.31 -0.32 0.02 -0.08
2% TN 0.27 -0.27 -0.33 0.03 -0.14
R MAT 0.20 -0.07 0.30 -0.28 0.12
FEHIREIK MAP 0.21 -0.17 0.23 -0.38 -0.10
¥k DEM -0.08 0.05 -0.52 0.17 -0.12
PR 2 Curvature 0.15 0.02 0.35 0.23 -0.19
Wi Slope 0.19 0.07 0.25 0.48 -0.12
Bk Slopelength -0.12 -0.03 -0.19 —0.42 0.53
VA— A 3 B NDVnean 0.34 -0.16 -0.01 -0.08 0.01
IA—ARAE B B0 K AE ND Vo 0.35 -0.17 0.01 -0.05 0.06
A — 4B e K/ ME NDV i 0.30 -0.21 0.16 -0.08 0.05
B 1155 Statistical parameter F 43 1 PC1 F sy 2 PC2 F 4y 3 PC3 F M4 4 PC4 FE 4 5 PCS
FHF{E Eigenvalues 2.49 1.50 1.35 1.23 1.04
FTHRk % Contribution rate/% 36 13 11 9 6
Z4t 5k % Cumulative contribution rate/% 36 50 61 70 76
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FE 84 430 B SR AL L 38 S A8 mHE 43 Hr(
AER PAEY 0.05, BB P{EA 0.1) fii ik
T UERY AR B T S5 ERRM, X
LI e TUERECR I F4 Fe, SOC. MAP, DEM
F1 Slope; X+ yu% ke KA T4 Fe. Ti.
Silt, Sand, TN, MAP, NDVImean fl NDVImax,

3 3 ®
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T IR W IR R B R AT,
HPSR A B AR AES Y, HE
RSO R RLEGR 5 J5 5 — MR R BRI ( Stable
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