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Abstract: Black soil and its parent material are special sediments, and studying their provenance characteristics
has great significance for the protection and utilization of black soil. However, existing research has paid little
attention to this field. In the northern Songnen Plain, the author selected Kedong County and other four counties
with a rich and deep black soil layer as the research subject. Based on the geochemical data of the black soil layer
and the parent material layer obtained from the ground substrate survey, the ground substrate types and
geochemical element characteristics of the black soil layer and the parent material layer were compared and the
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provenance characteristics were evaluated. The results showed that loam is the main type of ground substrate in
the black soil layer (92%) and that clay is the main type of ground substrate in the parent material layer (67%),
followed by loam (24%). The average organic matter content in the black soil layer (underlying non-sand) is
3.23%, which is significantly higher than the content in the parent material layer (non-sand), which is 0.93%. The
black soil layer (underlying non-sand) has good material inheritance to the parent material layer (non-sand), but
the black soil layer (underlying sand) has no material inheritance to the parent material layer (sandy soil). The
black soil and parent material (non-sand) have an aeolian origin, and the Songnen Sandy Land is the main
provenance of the study area. During the formation process, the sediment underwent a certain degree of recycling.
The sandy soil under the black soil obviously has different geochemical characteristics than the black soil and
likely came mainly from the Lesser Khingan Mountains area. This investigation of the geochemical properties of
the ground substate layer deepens our understanding of the formation and evolution history of black soil.

Key words: black soil; geochemical characteristics; provenance characteristics; Songnen Plain; ground substrate
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WP XSS EGREE, 2023) M FL S EHRX A5 7 (D)
Fig. 1 Location of the study area in the Songnen Plain (a; soil type data from the Resource and Environmental Science Data
Platform; geomorphic partition reference XU et al., 2023), and distribution of borehole locations in the study area (b)
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a-structure of the overlying black soil layer (ground substrate type is loam) and the underlying parent material layer (ground substrate type
is clay); b—structure of the overlying black soil layer (ground substrate type is loam) and the underlying parent material layer
(ground substrate type is sand).
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Fig. 2 Typical profile of vertical structure of ground substrate, borehole photos, and corresponding column diagrams
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Table 1 Statistical data of major elements and organic matter content of black soil layer and parent material layer
in the study area

FE SR TR e Si0, Al,04 Fe,0; CaO Na,O K,0 MgO HHLFR
SN 73.57 17.20 6.44 11.71 2.16 2.72 2.22 7.12

e/ ME 49.95 11.10 2.56 0.77 0.80 1.89 0.76 1.76

2 1J2(0) JIRER S5 62.20 14.10 4,75 1.92 1.52 2.41 1.36 3.23
o v g 2 3.28 1.20 0.63 1.79 0.18 0.16 0.22 0.90

5 RAN 0.05 0.09 0.13 0.76 0.11 0.07 0.16 0.27

IEPN: 76.37 17.89 6.54 10.18 2.38 3.02 2.00 1.47

e /ME 53.50 11.20 2.91 0.50 0.91 2.15 0.66 0.45

572 (0) JUf[F- 3 {E 62.95 14.28 4.80 1.89 1.61 2.51 1.39 0.93
T v g 2 3.91 1.31 0.68 2.17 0.20 0.16 0.24 0.25

B F N 0.06 0.09 0.14 0.85 0.12 0.06 0.17 0.26

SEFN] 75.83 14.61 5.69 3.31 2.47 3.03 1.29 4.38

f/ME 51.05 10.77 2.35 0.80 1.19 1.95 0.60 1.57

B EJZ(S) JLf[F- ¥ {E 67.98 12.42 3.87 1.25 1.57 2.41 0.93 2.75
o Y A 2 5.78 1.12 0.87 0.65 0.37 0.29 0.20 0.91

5 R AL 0.08 0.09 0.22 0.48 0.23 0.12 0.21 0.31

wRME 93.55 12.06 3.16 4.49 2.88 3.27 1.42 1.47

f/ME 65.30 2.44 0.78 0.17 0.05 0.38 0.16 0.25

B2 (S) JUAMTF- 494 81.72 6.58 1.72 0.65 0.73 1.67 0.41 0.46
o Y A 2 9.40 3.34 0.80 1.37 0.79 0.83 0.41 0.31

5 R A 0.11 0.45 0.42 1.24 0.73 0.42 0.78 0.58

o 63.94 13.62 4.64 2.90 1.28 2.40 1.50 0.53

o T S E 64.96 12.96 4.35 2.79 1.27 2.36 1.46 1.84

PATE I A SR 65.30 13.63 4.00 1.31 1.91 2.69 1.28 0.64
FATL S i A 43 65.82 13.02 3.89 1.44 1.85 2.61 1.21 2.34

TE: ERICRMAYTE B BA %, o E L EEE . 1S AL R E(E . 79 S Ek B SCRRIKTS 5245 (2024)
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3 ELXREO) BREQO), BEXEC)NEREC)HMMNEETERSMETEMN
LHEUCC)FRE LB S TR B
Fig. 3 Upper continental crust (UCC) normalized curve distribution model of major and trace elements in black soil(O),
parent material layer (O), black soil (S) and parent material layer (S) samples

B4 ELTRE(FEFREED)HRA SiOn-CaOn B2 E (SiOny CaOn X R Lt FFRAE L E)
Fig. 4 SiO,y-CaOy scatter plot of black soil layer (a) and parent material layer (b) samples
(SiOzn and CaOy represent the standardized values of upper continental crust)
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(UCC)(Taylor et al., 1985)#H & A[A], ¥Iv&fe A A
WHEI N Ty, SR vUE R, S RIEE 250
(FhEE5k, 2020), BEHIZT T — & T B A9 P08 R 4
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5 K20/Al203-Na20/Al20 5 Zr/Sc-Th/Sc Elfi#
Fig. 5 Diagrams of K;O/Al,03-Na,O/Al,O and Zr/Sc-Th/Sc

A B ot A TR X AR X BTk (Taylor et al., 1985;
Guo et al., 2018). 2 +)2(0) . B +)Z(S) 5+ 5 )2 (0)
FEL ) ThiSe FefE R4 a T 1, BT UCC T
rh [ 25 35 1 #b5E (EC-UCC)(Taylor et al., 1985)4H 1,
LI S R 28 I 1R AR X B i) e IR R
TS, H 22z 21 T K5 X ) 5 Y R
Ty HE 2 (S)FE S LA B 1) ThiSc FLfE, Ui X
SERE 5 H AR 5 T REA AR TR AR o Zr JERAEDT
By 2 E LT ah, HUVRYWET T HIEH
ER R, 80 & Ea A W N, zr T&E I,
Zr/Sc AR, 1E ThiSc-Zr/Sc K |2 1% Wil 23
EIAY R (B R4 2022), ML 5 HE] LA B
1J2(0). BAJE(S). BEEJZE (O S 4 A B A #
P B T AR TR, TS A A G N R R T )
— 3, [FIFERIZ R T RS UURE R AR

Liu et al.(2012)%} 4Bk PU R 4 X (1) 43 A7 Ak L
HEAT T REE, D40 A DU 22 8 R B IR TR
HEZRAE . JE2E . B3t m SRR I R R 4 Y
TR, Hop, P EARICE L R R R
M 10~15 m 155 P42 8% IR UTARY & B i3k . Yang
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e o L O e 17 W w5 N P s w7 D 108
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2022; A EMWIEE, 2023), K 6 AT LIE 2, 48 K3
gy B L JZ(O) . B JZ (S) A JZ (O) K M 1Y
TiO2/Al,O3 {5 M /R EE T 111 5 25, R H AT
LA IX, {H SiOo/AlLOs{H . SiO/TiO, {HAHE: T
M RV L o AR, BRI 5 X5 4 o R X 1 B
BARE T RS I8 £ S RIR X IR . B
)2 (S) 5 H Al BE S BT RO TR], RER B Y
SiO2/Al0; fH . SiO/TiO; &3 i T HoAth A HUAE i,
B SO i HL A TR P 8 R o ) A B B
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6 TiO2/Al203-SiO2/Al,03 Elfi# (a, b)1E RHALE T HAF1E,
TiO2/Al,03-SiO/TiO: Elfi#(c, d)iE R A X S ST LIHE
Fig. 6 TiO,/Al,03-SiO,/Al,O5 diagram indicating grain size variation characterics (a, b) and TiO,/Al,03-SiO,/TiO, diagram
indicating quartz content variation characterics (c, d)
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K BE AT W T b ) TR o BB (S)RE e 1 I
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P BT D55 DU 20 b 22 R G (bR T, SERE R EE T
HH 2 2T I 104 0 3% 2 2 (F K 2%, 2020). Aif A
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HuBER AL~ B HERR T R R ID VD Hu AV Ay 32 5 X R f
FEX TR R (E 7)o T RIRAE R, KUSE
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B 7 &M RERERYIRXE R

Fig. 7 Binary discriminant diagram of inactive element ratio for source region tracing

B8 FAMXEEDIMOBUNERMLERTER

Fig. 8 Distribution location and dust transport diagram of main sandy land in northeast China
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