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Abstract: Field sampling, chemical analysis, electron microprobe analysis (EPMA) and X-ray diffraction
(XRD) analysis were conducted to study the chemical composition, material composition, trace elements and
rare earth elements characteristics of black shale in Zhijin, Guizhou Province. The chemical composition of the
ore sample was given priority to SiO, and Al,Oz, which also had the characteristics of high K and low Na. The
results of electron microprobe and X-ray diffraction analysis show that quartz, clay mineral, dolomite and pyrite
are the main mineral composition. Pb, Ni, U, V, Cr and other metallic elements exist in the black shale of Zhi-
jin with different degrees of enrichment. The amount of rare earth elements in black shale is 153.2 X 107 ¢~
224.89 %10 %, suggesting a LREE enrichment type. The authors also systematically discussed some problems

such as resource utilization of black shale from polymetallic layers, shale gas, extraction of potassium from
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potassium-rich shale, and the phosphorus uranium resources near the bottom of the black shale. Black shale

polymetallic layers contain Mo, V, Ni, Ag, U and other metal elements with utilization value. The content of

organic carbon in the black shale is more than 2%, reaching geological conditions for shale gas development.

Potassium can be extracted from illite in black shale for the preparation of potassium fertilizer. Phosphorus ura-

nium deposit, mainly colloidal phosphorus uranium, is produced on the bottom of black shale and the contact

zone phosphate layer, and hence the contact zone can serve as the uranium prospecting marker bed.
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Fig. 1 Sampling positions of black shales and geological structure map of Zhijin (modified after No. 108 Geological Party
of Geological Bureau of Guizhou Province, 1971)@
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Fig. 2 Columnar contrast diagram of Lower Cambrian black shales in Zhijin
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Table 1 Chemical composition of black shales in Zhijin
G MH-A MH-B YH-1 YH-2 DH-A DZH-1 YZF
SiO, 63.68 54.32 56.65 56.87 62.10 74.53 61.87
ALO; 16.37 15.37 16.27 16.48 18.07 11.49 17.57
Fe,O5 2.08 6.11 9.55 9.22 2.95 1.66 1.83
K,O 5.13 4.35 4.98 5.00 5.58 3.39 5.49
MgO 1.55 3.56 1.45 1.44 1.50 0.94 1.64
TiO, 0.77 0.69 0.74 0.74 0.81 0.54 0.71
P,0s 0.375 0.163 0.133 0.166 0.122 0.185 0.12
CaO 0.50 3.54 0.12 0.15 0.05 0.06 0.47
Na,O 0.08 0.07 0.07 0.08 0.08 0.04 0.06
MnO 0.01 0.10 0.01 0.03 0.01 <0.01 <0.01
BaO 0.08 0.06 0.06 0.11 0.07 0.04 0.09
Cr,04 0.01 0.01 0.01 0.01 0.02 0.01 0.01
LOI 9.05 9.91 9.15 8.87 8.36 5.93 9.87
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Fig. 3 EPMA images of black shale
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Table 2 EPMA analytical result of black shale material composition
W NaO K,O Cr, 05 ALO; CaO MnO MgO Sio, FeO NiO TiO, Total
1 0.01 0.67 0.66 2.13 0.11 0.01 0.20 90.59 1.06 0 0.06 95.350
2 0.11 5.04 1.58 14.37 0.03 0.04 1.61 36.58 9.59 0.04 0.71 69.70
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Table 3 XRD analytical result of black shales
R L0 YIRS i % B
Fide FER B AN - : Rt 4
PR = RFIF e SR o S
MH-b 29.3 10.4 4.9 11 81 5 3 55.4
YH-1 40.8 - 6.4 - 100 - - 52.8
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Table 4 Data of trace elements of black shales
b5
\ a a 8 : : - 34 N
MIH-A MH-B YH-1 YH-2 DH-A DZH-1 YZF SEME GRIBHB2E, 2007)
Cu 16.00 46.00 43.00 51.00 18.00 9.00 14.60 28.23 25
Pb 126.00 40.00 57.00 50.00 36.00 1540.00 132.50 283.07 20
Co 1.00 18.00 11.00 18.00 4.00 1.00 1.50 7.79 10
Ni 87.00 52.00 45.00 67.00 24.00 29.00 68.70 53.24 20
Sr 54.00 67.80 38.30 41.60 46.80 211.00 48.90 72.63 350
Ba 829.00 639.00 635.00 1245.00 777.00 420.00 820.00 766.43 550
As 65.00 19.00 11.00 15.00 21.00 219.00 81.60 61.66 1.5
U 24.70 7.43 5.74 6.00 18.65 23.30 24.60 15.78 2.8
\% 340.00 151.00 163.00 164.00 489.00 324.00 400.00 290.14 60
Cr 130.00 90.00 100.00 110.00 130.00 90.00 120.00 110.00 35
Rb 149.50 124.50 138.50 139.00 158.50 98.80 138.00 135.26 112
Mo 42.00 10.00 5.00 7.00 32.00 199.00 99.60 56.37 1.5
Zn 25.00 73.00 113.00 137.00 64.00 14.00 40.00 66.57 71
Ti 0.42 0.39 0.41 0.42 0.46 0.31 0.44 0.41 3000
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Table 5 Data of rare earth elements of black shales
MH-A MH-B YH-1 YH-2 DH-A DZH-1 YZF BRI A JeETH
La 47.6 34.1 36.9 38.7 42.6 39.7 41.1 0.32 32
Ce 74.5 65.5 69.9 72.5 79.0 59.6 69.0 0.94 73
Pr 8.08 7.84 8.35 9.02 9.36 6.57 7.42 0.12 7.9
Nd 26.0 30.0 31.8 35.7 33.0 20.5 22.8 0.60 33
Sm 3.35 6.04 5.64 7.54 5.35 2.57 2.13 0.20 5.7
Eu 0.60 1.18 1.03 1.44 1.04 0.47 0.46 0.073 1.24
Gd 2.20 5.50 4.87 6.67 1.47 4.28 1.39 0.31 5.2
Th 0.39 0.86 0.79 1.05 0.74 0.28 0.28 0.05 0.85
Dy 3.07 5.44 5.03 6.24 4.87 1.76 2.34 0.31 5.8
Ho 0.76 1.11 1.07 1.29 1.06 0.45 0.56 0.073 1.04
Er 2.42 3.03 3.04 3.58 3.12 1.50 1.98 0.21 3.4
Tm 0.40 0.46 0.47 0.55 0.50 0.27 0.35 0.033 0.5
Yb 2.71 3.00 2.97 3.22 3.18 1.95 2.46 0.19 3.1
Lu 0.40 0.41 0.46 0.49 0.46 0.30 0.42 0.031 0.48
Y 22.8 29.7 31.2 36.9 29.9 13.0 17.2
SREE 195.28 194.17 203.52 224.89 215.65 153.20 169.89
oCe 0.73 0.81 0.80 0.79 0.80 0.71 0.77
SEu 0.69 0.67 0.64 0.67 0.91 0.48 0.83
LREE 160.13 144.66 153.62 164.9 170.35 129.41 142.91
HREE 35.15 49.51 49.9 59.99 45.30 23.79 26.98
LREE/HREE 4.56 2.92 3.08 2.75 3.76 5.44 5.30
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Table 6 Data of main metal elements of polymetallic mineralization strata
5 P Pb Mo Ni Ag \Y U
1 R REFY) - 2251.43 2717.62 14.63 690.47 102.42
2 RXOEZ &8 ZH)ODZH-1 1540 199 29 - 324 23.3
3 XA - 994.91 562.1 3.79 122.39 77.45
4 AP OEZ &8 EREYZF 132.5 99.6 68.7 - 400 24.6
5 PR B 29 000 - 1232 -

VE: R 1235 SRR AR RV SCRRGIRAS, 201205 24 5 FF 5 A AR AR

RATHURR CFR 2%, 2003) 0 A3 HLBR 35 F 0 00 TR
MR E PRI R 2 A A S SR (P2 EE
25,2014 0 AUCKERRE b K IR A AR 20 AL
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Fz7 BIBRTOOEZENELR %
Table 7 Data of organic carbon
Gi 5 ek TOC WG TOC
MH-A 2.94 3.53
MH-B 0.96 1.15
YH-1 0.79 0.95
YH-2 0.94 1.13
DH-A 2.27 2.72
DZH-1 3.01 3.61
YZF 1.93 2.32
M 1.83 2.20
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Fig. 9  Scanning electron microphotographs of phosphorus uranium deposits (sample Zwn-3)

F 8 Rt HEBRRRIEONER wp/ %
Table 8 Component analyses by scanning electron microscopy and EDX

WA a W b W5 e W5 d WS e
C 25.00  25.37  21.36  25.13 33.71
0 10.01  10.44 8.84 11.40 20.29
P 11.47  12.25 9.06 9.54 0.39
Ca 17.78  21.44  10.19  11.12 -
Cu 3.49 3.52 5.08 4.38 -
As 1.75 1.08 1.97 - -
U 30.96  25.90  41.81  35.59 -
Ni - - - 1.28 -
Mg - - - - 1.41
Al - - - - 8.57
Si - - - - 23.43
S - - - - 2.70
K - - - - 4.90
Fe - - - - 3.11
ey 99.66  100.00  98.31  98.44 98.51
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