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Tab.1 Physicochemical properties of the surface soil in the foreland of the Hailuogou Glacier (mean + SE)

G R (AE) MR (m) )2 HE (cm) FHE(g/em’) pH SOC(mg/g)
S1 0 2960 %2 0-15 1.80 8.54 £0.01 1.90 +0.06
S2 30 2940 0 0-3 0.34 6.17 £0.14 242.90 +50.74

A 3-4 0.75 5.61 +£0.19 57.21 +14.06
Cl1 4-14 1.37 8.22 +0.26 6.38 £0.76
c2 >46 1.39 8.41 +£0.06 4.40 +0.39
S3 40 2920 0 0-6 0.31 6.56 £0.19 163.30 +13.40
A 6-9 0.66 6.42 +0.14 47.15+£7.39
Cl1 9-19 1.44 6.95+0.35 5.25+0.93
Cc2 >47 1.13 7.88 £0.22 4.45+1.06
sS4 52 2910 0 0-5 0.24 6.18 £0.13 211.52 +36.78
A 5-7 0.60 5.47 £0.09 86.57 £32.65
Cl 7-17 1.26 5.92+0.14 3.20 +0.38
c2 >49 1.18 7.20 £0.36 2.32+0.34
S5 80 2890 0 0-12 0.20 4.74 £0.30 277.29 £31.72
A 12-19 0.59 4.44 +0.19 117.41 £20.33
Cl 19 -29 1.27 6.03 £0.13 3.25+0.23
2 29 -49 1.44 6.45+0.19 2.22+0.13
C3 >62 1.57 7.64 £0.26 1.43 £0.13
S6 120 2850 (0] 0-12 0.17 5.59+0.13 348.04 +6.30
A 12 -22 0.60 4.84 +£0.16 137.11 £24.17
Cl 22 -32 1.33 5.89+0.18 4.05+0.35
c2 32 -52 1.39 6.49 +£0.08 2.45 £0.41
C3 >60 1.44 6.73 +£0.19 2.38 +£0.34

E: 43 O 2 /9 pH KT 1210 Bk He (FE 4 (AR

2), AR CIRMERA 1:2.5 By HK
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Tab.2 Elemental concentrations in the foreland soil of the Hailuogou Glacier

Al Ba Ca Cd Cr Cu Fe K Mg Mn Na Ni P Pb Sr Ti v Zn
2 mg/g mg/kg mg/g mg/kg mg/kg mg/kg mg/g mg/g mg/g mg/kg mg/g mg/kg mg/kg mg/kg mg/kg mg/g mg/kg mg/kg
0 H{E 32.79 410 26.19 2.40 52.01 18.50 17.98 10.88 8.89 458 7.31 20.44 994 50.61 218 2.23 56.55 109
FRAER 16.06 204 7.09 1.33 27.36 8.90 8.95 5.24 4.79 152 4.12 10.03 202 15.31 117 1.09 28.90 52.65
AARZRE 0.49 0.50 0.27 0.55 0.53 0.48 0.50 0.48 0.54 0.33 0.56 0.49 0.20 0.30 0.53 0.49 0.51 0.48
A H{E 56.08 653 34.10 0.58 93.86 19.83  30.37 17.59 15.66 567 13.11 29.12 912 26.97 361 4.08 102 66.76
bR 7.92 161 4.47 0.26 20.98 10.46 6.76 3.41 3.71 123 2.42 11.80 240 5.18 91.28 0.80 23.55 18.05
AREH 0.14 0.25 0.13 0.45 0.22 0.53 0.22 0.19 0.24 0.22 0.18 0.41 0.26 0.19 0.25 0.20 0.23 0.27
C HH 68.23 827 44.95 0.17 105 22.98 35.33 21.57 18.63 686 17.36 31.21 1113 19.95 490 4.93 124 69.00
FrifEiR 3.30 204 7.18 0.08 15.25 14.29 4.61 2.54 2.29 74.78 2.58 13.00 188 2.47 114 0.72 18.80 12.98
AARZRE 0.05 0.25 0.16 0.43 0.15 0.62 0.13 0.12 0.12 0.11 0.15 0.42 0.17 0.12 0.23 0.15 0.15 0.19

F=3 BEAKIBEX LB TENEESD M (kg/ha)
Tab.3 The stocks of soil elements in the foreland soil of the Hailuogou Glacier (kg / ha)

FERR(E) +2E EE(em) Al Ba Ca Cd Cr Cu Fe K Mg Mn Ni P Pb Sr Ti v 7n

0 x)2 30 349209 2785 291607 1.32 671 186 237429 94352 118234 4554 80155 244 4822 83 1848 33232 907 463
30 0 3 5453 40.63 3859 0.09 10.65  3.21 3682 1437 1873  64.35 1065 4.52  84.50 3.29 23.35 481 12.53 11.91
A 1 4317 31.08 3010 0.05 8.32 2.75 2869 1125 1478  51.85 869 3.45  64.60 2.00 18.68 387 10.15 8.54

C 29 244329 1751 235155 1.30 496 194 164780 67719 85210 3047 50215 225 3435  60.76 1119 21773 604 376

)= 33 254099 1822 242024 1.44 515 200 171330 70281 88560 3163 52148 233 3584 66.04 1161 22641 626 397

40 0 6 9702 125 5709 0.26 13.99 3.14 4683 3156 2397  91.64 2325 4.85 186 7.92  67.76 545 14. 68 17.63
A 3 12307 157 7074 0.08  20.41 6.69 6974 4152 3601 135 2829 9.64 231 5.43  80.38 788 21.39 15.50

C 27 244743 3096 177182 0.70 387 100 135045 85405 69758 2466 59666 125 4389  74.87 1678 17955 455 265

=3 36 266752 3378 189965 1.04 422 110 146702 92713 75756 2693 64819 140 4806 88.22 1826 19288 491 298

52 (] 5 5429 69.92 3864 0.20 7.25 1.67 2619 1807 1331 61.82 1352 2.46 129 4.92  40.24 327 8.60 12.10
A 2 7506  93.72 4519 0.05 11.71 1.97 4180 2516 2186  81.49 1808 3.35 146 3.60 51.37 516 13.77 8.84

C 28 228297 2782 145050 0.51 318 51.97 114788 70164 59933 2288 59744 80.13 3773 66.80 1693 16886 406 215

J=3 35 241232 2946 153433 0.76 337 55.61 121588 74487 63450 2431 62904 85.94 4049 75.32 1785 17729 428 236

80 (6] 12 4762 62.53 5366 0.48 6.98 3.92 2575 1750 1363 96.30 960 3.32 213 15.62 32.50 318 7.87 18.88
A 7 18998 258 12353 0.33  26.20 4.68 8505 5924 4342 180 4850 6.67 232 10.90 148 1236 27.92 16.98

C 23 232800 3197 130971 0.45 318 50.86 104438 76973 55491 2053 63225 77.41 3554 69.76 1885 14279 360 210

=3 42 256559 3518 148689 1.26 351 59.47 115518 84647 61195 2329 69035 87.40 3999 96.28 2066 15833 396 246

120 0 12 3083  36.23 3140 0.68 4.65 2.60 1783 1167 783 42.15 535 2.14 167 15.50 16.83 213 5.33 23.72
A 10 300064 348 17556  0.44 44.04 6.68 14607 9454 7418 261 6994 11.37 467 15.50 194 1977  49.12 35.48

C 20 195598 2530 122091 0.34 261 36.76 90573 60826 48769 1786 52367 63.18 3400 55.73 1535 13243 318 186

o 42 228745 2915 142788 1.45 310 46.04 106963 71448 56970 2089 59897 76.69 4033 86.73 1746 15433 373 246
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Fig. 1 Variation of elemental concentration over time in soil layers in the foreland of the Hailuogou Glacier
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Tab.4  Factor loading of soil elements in the foreland soil of the Hailuogou Glacier

. 02 AR C
A HT 1 HT 2 HT 1 B2 HT 3 HT 1 HT2 T3
Al 0.98 0.17 0.65 0.73 -0.03 -0.35 -0.90 0.17
Ba 0.92 0.08 -0.16 0.97 0.09 -0.51 -0.83 0.20
Ca 0.71 0.58 0.89 0.18 0.05 0.56 0.71 -0.14
Cd -0.76 0.50 -0.39 -0.45 0.74 0.61 0.65 -0.38
Cr 0.90 0.39 0.94 0.23 0.05 0.90 0.14 -0.01
Cu 0.38 0.71 0.88 -0.23 0.20 0.72 0.52 -0.37
Fe 0.90 0.40 0.97 0.19 0.05 0.88 0.43 0.01
K 0.93 0.27 0.26 0.85 0.25 -0.26 -0.93 0.06
Mg 0.88 0.46 0.97 0.21 0.09 0.92 0.34 0.06
Mn 0.43 0.82 0.90 0.22 0.25 0.81 0.45 0.20
Na 0.97 0.04 0.19 0.94 -0.17 -0.62 -0.73 0.19
Ni 0.60 0.69 0.93 -0.20 0.12 0.74 0.56 -0.35
P 0.04 0.86 0.38 0.45 0.69 -0.01 -0.34 0.88
Pb -0.77 0.00 0.24 0.02 0.81 -0.32 -0.90 0.14
Sr 0.94 0.01 -0.13 0.94 -0.11 -0.58 -0.75 0.22
Ti 0.92 0.31 0.94 0.12 -0.14 0.59 0.57 0.54
v 0.91 0.35 0.98 0.08 -0.06 0.78 0.60 0.00
Zn -0.44 0.79 0.85 -0.06 0.33 0.79 0.51 -0.20
T2 (%) 61.61 24.70 52.80 26.19 11.30 42.82 40.96 9.65
BT 2(%) 61.61 86.31 52.80 78.99 90.29 42.82 83.78 93.43

T MR T RN AT
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Enrichment and depletion of elements in the foreland soil of the Hailuogou Glacier
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Distribution Characteristics and Influencing Factors of Soil Elements
in the Retreated Area of Hailuogou Glacier, SW China

HE Qingqing'*, BING Haijian' ,WU Yanhong'*, WANG Jipeng',
ZHOU Jun', SUN Hongyang' , ZHU He'”

(1. Key Laboratory of Mountain Surface Processes and Ecological Regulation ,Institute
of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041 ;
2. University of Chinese Academy of Sciences, Beijing 100049 )

Abstract; In the processes of soil formation and development, the distribution characteristics of soil elements are
essential to the healthy development of terrestrial ecosystems. In this study, six sampling sites (0, 30, 40, 52, 80
and 120 years) were selected according to the soil age in the Hailuogou glacier retreat area. Eighteen elements in
the O horizon (organic horizon) , A horizon (material horizon) and C horizon ( parent material) were selected to
investigate their distribution characteristics, and then the main influencing factors were deciphered. The results
showed that the concentrations of all elements in the C horizon of the glacier retreat area did not vary markedly,
indicating the homogenous nature of the soil parent materials. In the surface soils (O horizon and A horizon) , Al,
Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Sr, Ti and V were significantly depleted, P and Zn were moderately
depleted, whereas Cd and Pb were prominently enriched. With soil development and vegetation succession,
especially when coniferous species dominated, the soil weathering, plant uptake and runoff loss may be the main
factors contributing to the loss of the depleted elements. The high enrichment of Cd and Pb was mainly attributed to

the atmospheric deposition and the returning of plants.

Key Words: soil elements; soil development; distribution characteristics; glacier retreat area; Gongga Mountain



