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Occurrences of Toxic Elements in Upper Permian Black Shales at Wushan Area and

Their Environmental Implication
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Abstract: Black shales in the upper Permian stratum outcropped at the Wushan County were collected in this study ap—
proaches including bulk chemical analysis XRD sequential chemical extraction and leaching test were applied to reveal
occurrences and environmental impacts of toxic elements ( TEs) in the black shales. The results showed that the black
shales enriched in organic carbon and sulfur and therefore might be formed in a reducing environment. The results also
showed that the black shales contained elevated Cd Cr and other toxic elements cadmium resided mainly in carbonate
minerals Cr was hosted mainly by silicate minerals Zn and Ni resides in multiple pools such as sulfides and organic
matters. The occurrences of TEs were highly related to the mineral composition of black shales and varied from sample to
sample. The mobility of TEs in weathered soils was likely controlled by occurrences of TEs in the parent rock. Characteris—
tics of high sulfides and low carbonates imply that the black shales can release large amounts of TEs into the supergene en—
vironment and pose high potential ecological risks.
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Table 1 The main chemical compositions of the black shale samples (%)
AL, O, Ca0 Fe, 0, K,0 MgO MnO Na, O P, 05 Si0, Ti0, TOC S
JPR1-05 3.07 1.72 1.40 0. 62 0. 86 0.01 0.10 0.41 77.20 0.12 8. 60 0.93
JPR140 6.63 0.96 1.93 1.28 0.18 <0.01 0.32 0.55 48.50 0.23 26. 50 1.97
JPR142 1.00 30. 00 0.44 0.16 16. 80 0. 05 0.17 0.01 8. 06 0. 05 1.99 0.23
JPR146 2.45 17. 40 1.76 0.52 0. 82 <0.01 0.11 1.00 46. 20 0.09 11.55 1. 49
- Hy- ; Gyp- i Ze— Q- ; Doc— ; Cal- ; Kfs— ; Fl- ; Py—
1 X

Fig. 1

The X—ay diffraction spectrogram of black shale samples



Fig.2 The micro morphology of typical minerals
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2
Table 2 The concentrations of toxic trace elements in
black shale samples ( mg/kg)
As Cd Cr Cu Ni Pb Sh Tl  Zn
JPR1-05 14.5 148.0 576 50.1 181 4.4 4.55 0.94 123
JPR140 13.9 113.0 2510 135.0 671 13.3 6.29 4.41 261
JPR142 0.1 121.0 182 18.8 111 1.2 0.91 0.20 152
JPR146 11.4 19.4 1470 74.6 372 5.5 3.99 0.98 440
13.0 0.3 90 45.0 68 20.0 1.50 1.40 95
2.2
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Fig.3 The enrichment coefficients of toxic trace elements

in black shale samples
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Fig.4 The geochemical occurrences of toxic trace elements in black shale samples
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Table 3 The releasing characteristics of toxic trace elements in black shale samples
S03” Cd Cd Zn Cr Cr Ni Ni
ot fmg/l)  /(pgll) 1% /( pg/L) 1% /(pg/L) 1% /( pg/l) 1%
JPR1-05  7.05+0. 05 374+23.3 75.9+18.8 0.0026  9.20+3.86 0.0004  30.1+50.3 0.000 3 28.2+21.1 0.000 8
JPRIHA0  2.39+0.02 4 346+74.9 9621+137 0.4257 16910+202 0.3240 9023+2735 0.0180 36 850+299 0.2746
JPR142  7.73+0. 30 118+1. 11 0.67+0.50 0.0000 2.75+0.40 0.000 1 2.24+0.34  0.000 1 3.53+2.07 0.000 2
JPR146  7.58+0.07 593+5.03 3.40+0.19  0.000 9 19.2+2.46  0.0002  2.56+0.31 0.0000 36.7+0.76  0.000 5
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