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Study on the influence of pyrite mining in Yunfu on the contents of rare earth elements
in surrounding top soils
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Abstract: The rare earth elements (REEs), as an indicator for the geochemical behavior of trace elements, can
effectively reflect soil environmental changes. In order to investigate the impact of pyrite mining in Yunfu on the
surrounding soil environment, the spatial distribution of REEs within top soils around the Yunfu pyrite mining area
and its influencing factors are discussed in the present paper. Fifty-seven top soil samples and two dust samples
collected from the Yunfu pyrite mining area were investigated for their concentrations of 16 rare earth elements by
using the acid leaching method and ICP-MS. The spatial distribution of each element and its influencing factors
were analyzed and discussed by using the statistical, Kriging interpolation and factor analysis methods. The results
indicated that acid mine drainage and dust generated during the mining process are the main factors influencing
the spatial distribution of REEs within top soils. The concentration contours of the LREEs and element Gd are
similar and dust generated from the mining area was the main influencing factor for these elements. The
concentration contours of the HRREs, except element Gd, were similar and the main influencing factor affecting
the spatial distribution of these elements could be the acid mine drainage generated from the tailings and
waste-dump area during rain events. Positive abnormality of Ce* and negative abnormality of Eu* are mainly due
to warm and humid soil-forming conditions in South China, but soil acidification caused by pyrite mining is also

an important factor for the positive abnormality of Ce*. Therefore, research on REEs in top soils around the
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mining area is of significance in identifying soil environmental changes and may act as a guideline for
contaminated soil remediation.
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Table 1 ~ The results of statistical analysis of REE contents (mg/kg) in 57 top soil and 2 dust samples
)

Sc 21 12.41 11.99 4.01 16.05 6.26 23.51 8.13 16.53
La 57 32.33 29.93 14.67 215.13 14.68 108.70 37.5 48.72
Ce 58 72.56 65.81 35.08 1230.52 32.48 220.60 79.4 89.34
Pr 69 7.50 6.89 3.69 13.62 3.57 26.93 5.95 10.13
Nd 60 27.54 25.81 14.19 201.47 12.08 102.60 22.1 34.93
Sm 62 5.16 4.67 2.70 7.27 2.45 19.45 4.96 6.21
Eu 63 0.93 0.83 0.45 0.20 0.41 3.25 0.75 1.17
Gd 64 4.85 4.41 2.28 5.22 2.37 16.63 4.64 5.37
Tb 65 0.81 0.71 0.37 0.14 0.39 2.52 0.59 0.80
Dy 66 5.33 4.64 2.41 5.83 2.56 15.30 5.09 4.70
Ho 67 1.15 0.98 0.53 0.28 0.52 3.12 1.06 0.93
Er 68 3.28 2.96 1.52 2.30 1.35 8.51 3.39 2.51
Tm 69 0.52 0.48 0.24 0.06 0.20 1.28 0.48 0.39
Yb 70 3.27 3.03 1.49 222 1.25 791 3.45 2.39
Lu 71 0.52 0.47 0.24 0.06 0.20 1.23 0.54 0.38

Y 39 32.68 27.19 15.52 240.85 13.93 91.24 29.1 25.21
1) A e, RSD <2%
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Fig.2 Spatial distribution of LREE concentrations in top soils around the Yunfu pyrite mine

Geochimica I Vol. 45 I No. 5 I pp- 527536 I Sept., 2016

?1994-2016 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net

52.9
40.0
31.4
25.9

22.2
19.8
18.2
15.8
12.1

Ce(mg/kg)

220.6
165.3
126.8
99.9
81.8
68.0
58.8
52.5
48.0
41.6
32.5



£5H BEE: REFWMGKT ARMEBREIFB LI TRZZEAR 531

Gd(mg/kg) Dy(mg/kg)
16.6 15.3

11.7
9.2

7.3
6.1
5.1
4.5 1.0
4.0 0.9
3.7
3.2

2.6

Lu(mg/kg)
1.23

0.92
0.72
0.59
0.50
0.44

Ho(mg/kg)
3.1

2.6
2.1
1.6
1.2
1.1

0.41
0.38
0.34
0.29

0.20 [

Y(mg/kg)
91.2

61.1
442
34.7
29.4

Tb(mg/kg)
2.5

2.3
1.9
1.5
1.0
0.9
0.8

26.5
24.8

23.9 0.7
22.2 0.6
19.2 0.5
13.9 0.4

Fig.3 Spatial distribution of HREE concentrations in top soils around the Yunfu pyrite mine
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Table 2 The results of statistical analysis of total REE content and fractionation characteristic parameters in top soils

Eu* 0.57 0.56 0.06 0.00 0.31 0.74 0.47
Ce* 1.14 1.04 0.47 0.22 0.63 3.96 1.18
(La/Yb)y 8.16 7.45 4.14 17.17 2.66 21.18 7.80
(La/Sm)y 4.15 4.07 0.6 0.35 2.87 5.7 4.88
(Gd/Yb)x 1.34 1.22 0.53 0.28 0.67 3.22 111
YREE(mg/kg) 198.42 185.46 85.47 7305.13 106.97 629.26 198.90
YCe(mg/kg) 146.02 133.02 66.95 4482.29 68.7 481.53 150.66
Y Y(mg/kg) 52.41 44.57 24.13 582.4 24.11 147.73 48.24
YCe/yY 3.01 2.92 111 1.23 1.09 5.46 3.12

i 1) A 27
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Table 3  Characteristic values and accumulative contribution rates

% % % % % %
F1 12.268 76.672 76.672 12.268 76.672 76.672 7.45 46.565 46.565
F2 2.305 14.403 91.076 2.305 14.403 91.076 7.122 44.511 91.076
F3 0.992 6.202 97.278
F4 0.315 1.966 99.243
F5 0.058 0.36 99.603
F6 0.037 0.228 99.832
F7 0.017 0.104 99.936
F8 0.006 0.037 99.972
Fo 0.002 0.014 99.986
F10 0.001 0.007 99.993
Fl1 0 0.002 99.995
F12 0 0.002 99.997
F13 0 0.001 99.998
F14 0 0.001 99.999
F15 0 0.001 100
- 0 0 100
83% , , *4 FAEMKXEXREHEERFHEER
8 Tb>Dy> Table 4 Factor loading matrl)i]:g:;:;thogonal rotation of maximum
Ho>Y>Er>Tm>Yb>Lul*, Lu>Yb>
Tm>Er>Y>Ho>Dy>Tb , F1 F2
8 ; Lu 0.957 0.255
, Yb 0.957 0.276
, Tm 0.953 0.301
, Er 0.936 0.349
[24] Y 0.908 0.401
Ho 0.907 0.414
’ Dy 0.853 0.512
’ Tb 0.745 0.657
44.5%,Nd Pr La
Nd 0.311 0.946
Eu Sm Gd  Ce € 4, Pr 0315 0.944
Gd La 0.287 0.941
> Eu 0.288 0.929
R R Sm 0.361 0.926
Gd 0.539 0.838
, Ce 0.313 0.779
Sc 0.156 0.198
s ; Kaiser
[35] ; 3
>
(1 )s
Sc( 4), Sc , , S¢** Fe*
R Sc [36],
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