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Fig.1 The sampling position of typical black soil profile in Hailun area
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Table 1 Element contents of Hailun black soil profile and other aeolian dust deposits %

| i 2 S8 Si0, AL O, Fe,0, K,0 Na, 0 MgO Ca0 TiO, CIA
/M 65.51 13.53 4.57 2.51 1.71 1.22 1.25 0.77 60. 80
Pl\:zm R 66.51 15.21 5.41 2.61 1.79 1.54 1.52 0.81 65.03
FHE 66.05 14. 67 5.10 2.56 1.75 1.40 1.33 0. 80 63. 62
e/ ME 65.51 13.83 4.69 2.5 1.74 1.24 1.28 0.77 61.68
Pl\:ig;)z I5oN( 66. 32 15.26 5.50 2.6 1.84 1.57 1.44 0. 80 64.77
S 65.98 14.77 5.21 2.54 1.78 1.44 1.35 0.80 63.57
f/MAE 65.34 13.96 4.72 2.49 1.74 1.29 1.30 0.77 61.78
P}:E?? N E] 66. 62 15. 14 5.40 2.73 1.96 1.57 1.47 0.80 73.05
FHME 65.75 14. 83 5.15 2.59 1.83 1.46 1.35 0.79 66. 42
e/ IME 65.77 13.71 4.53 2.52 1.80 1.23 1.27 0.77 60. 67
P“:l:9704 RME 66. 61 15.01 5.38 2.6 1.88 1.49 1.53 0. 80 63. 83
YA 66.19 14. 46 5.01 2.54 1.83 1.37 1.37 0.79 62.72
1907 E:i/J\ﬁ 65.52 13.78 4.53 2.51 1.70 1.24 1.19 0.78 61.69
R R 66.17 15. 09 5.50 2.68 1.81 1.48 1.42 0.81 65.31
SEYME 65. 89 14.72 5.17 2.55 1.75 1.39 1.28 0. 80 63.94
o/ IME 65.56 14.02 4.46 2.54 1.69 1.20 1.21 0.78 62.17
P:a:l?gs I5oN( ] 66.27 15.07 5.44 2.62 1.91 1.58 1.37 0.81 64.56
YA 65.93 14. 69 5.08 2.58 1.80 1.42 1.28 0. 80 63.61
/M 65.43 13.42 4.62 2.47 1.59 1.23 1.24 0.76 60. 55
Pl\fl:9909 BoRAl 66. 69 14.73 5.26 2.66 1.97 1.35 1.64 0.81 63.94
A 66. 14 14.18 4.92 2.59 1.77 1.28 1.43 0.79 62.31
e/ MA 65. 67 13.67 4. 64 2.53 1.71 1.24 1.17 0.78 60. 47
P}:d:l?(l)o iGN 66. 87 15.07 5.38 2.61 1.95 1.49 1.47 0.82 65.29
FHIE 66. 24 14.57 5.12 2.58 1.84 1.39 1.24 0.80 63.40
e/ ME 65.9 13.25 4.29 2.52 1.75 1.15 1.15 0.77 60. 58
P}:’E?gl R 67.87 14. 86 5.39 2.71 2.01 1.57 1.39 0.82 63.61
EHIE 66. 58 14.38 5.07 2.61 1.93 1.41 1.27 0.80 62. 44

e/ IME 55.74 16.98 3.03 2.75 1.51 1.56 0.72

ﬁuf’ii BKRE 66. 70 21.97 4.85 3.19 2.45 2.07 1.01
" S 60. 85 19.47 4.22 3.00 1.84 1.88 0.87 74. 66
%il_liii EHIE 66.4 14.2 4.81 3.01 1.66 2.29 1.02 63.73
Iﬁffﬁ FEHIE 68.07 13.32 5.3 2.35 0.92 1.61 1 70. 45
Eim%fffﬁ SEHIE 63.75 15.05 5.28 3 1.16 2.89 0.9 69. 11
L FHE 66. 00 15.20 5.00 3.40 3.90 2.20 4.20 47.92

(uce)
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Fig.2 Distribution characteristics of major elements in Hailun black soil profile
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Table 2 Correlation coefficient of element contents in Hailun Black soil profile
b Si0, AL O, TFe, 0, MgO Ca0 Na, 0 K,0
Sio, 1
Al 05 -0.865" " 1
TFe, 0, -0.894 " 0.984** 1
MgO -0.917" " 0.949" " 0.973" " 1
CaO 0.578" " -0.888" " -0.823" " -0.747" " 1
Na, 0 -0.654* " 0.398 0.412** 0.583"* -0.132* " 1
K,0 -0.638" " 0.479 0. 546 0. 667 -0.111*" 0.755 1

TE o o« TFOREAFEER 0.01 I FHOCHERE < « "FORE(F N 0.05 I FIOGHERE
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Fig.4 Scatter diagram of CIA—w(Na)/w(K) molar ratio of the Hailun Black soil parent material(a) ,
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Geochemical characteristics of major elements in the black soil profiles of the Hailun area,
Heilongjiang Province and their implications for provenance

SONG Yun-Hong'**?, YANG Feng-Chao', LIU Kai"**, DAI Hui-Min"*?, XU Jiang'**, HAN Xiao-Meng'*"
(1. Shenyang Center of China Geological Survey, Shenyang 110034, China; 2. Key Laboratory for Evolution and Ecological Effect in Black Land , Minis-
try of Natural Resources, Shenyang 110034, China; 3. Key Laboratory for Evolution and Ecological Effect in Black Land of Liaoning Province , Shenyang

110034, China)

Abstract: The geochemical characteristics of the major elements in the black soil profiles and their ratios are closely related to the for-
mation and development of the soil. They reflect the degree of the formation and development of soil as well as the environmental chan-
ges in the provenance areas. Moreover, they are important geological records of environmental evolution and climate change in the
Songnen Plain. To explore the origin, provenance, and chemical weathering intensity of the typical black soil in northeast China, this
study analyzed the major elements of nine representative black soil profiles in the Hailun area and then compared these elements with
the element geochemical characteristics of typical aeolian deposits. The results are as follows. (DThe sum of the content of the major el-
ements (Si0,, Al,0,, and Fe,0,) and the UCC standardized curve of the Hailun black soil profiles were highly similar to those of typ-
ical aeolian deposits, indicating that the typical black soil in Hailun is aeolian; @The average chemical index of alteration ( CIA) was
63.97. The CIA-Na/K diagrams all indicated a low degree of chemical weathering. By comparison with the weathering intensity of typi-
cal aeolian deposits, the weathering intensity of the soil was in the order of loess in Huangshan, Harbin > loess in Xiashu, Zhenjiang
> red clay in Xifeng > black soil in Hailun = loess in Luochuan; @) The black soil at a depth of 0~30 c¢m has higher w ( SiO, )/w
(TiO,) and w(Si0,)/w( Al,0,) ratios than the black soil below 30 c¢m, indicating that the late typical black soil in Hailun has a
coarser grain size and higher quartz content. The geochemical characteristics of the major elements indicate that the typical black soil in
the surface layer and the deep layer may not have the same climate, environment, and provenance conditions, which may change at a
depth of approximately 30 cm.

Key words: typical black soil in Hailun; major elements; provenance; chemical weathering intensity; geochemistry
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