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4,89 A0 11 FHE B TURM A £ 7T 84 8 & F Ao R F 4R ST 047 St mAR T T X R B K,
ELEFREREA HRRA R PHRERIACHERERAE A ESTIK REER TR A
B4, L F &R L7 TR A oe 2 Z M4 A Si0, #= ALO,, Tt T X 698 AL iK%
FAE L EEAEETREMAXFF PG EARTHNER, AP 11 FRHEHAST LI GERER
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Provenance of debris in lithium-rich coal seam:A case study of Taiyuan group
coal seam in Anjialing Coal Mine, Pingshuo mining area

CHENG Xiankang'** ,SUN Beilei'? ,LIU Chao'”? ,ZENG Fangui'”,XIE XiChao™* ,CHANG Xiangdong'"

(1. Department of Earth Science and Engineering , Tatyuan University of Technology , Taiyuan 030024, China 2. Institute of Geology and Mineral Resources of
Shanxi Province , Tatyuan 030001, China; 3. Shanxi Key Laboratory of Coal and Coal Measure Gas Geology, Taiyuan University of Technology , Taiyuan
030024, China)

Abstract: The enrichment of beneficial elements such as Li and Al in the Taiyuan Formation of Anjialing coal mine,
Pingshuo mining area, are mainly affected by terrigenous clastics. In order to clarify the prove-nance, thin section,1CP-
OES and ICP-MS were used to analyze the petrological and geochemical charac-teristics of roof, floor and gangue of
No. 4,8,9 and 11 coals. The petrological results show that the clastic components in the samples are mainly quartz and
rock debris,the content of miscellaneous bases is low,and the type of cementation is mainly calcareous cement. Geo-

chemical results show that the main components of the samples are SiO, and Al,0O,,and the content of other elements
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is relatively low. The enrichment coefficient of the trace element Li in the roof and floor and the gangue of each coal
seam varies greatly. Among them ,the No. 11 coal seam sample has the highest concentration of Li,the No. 9 coal seam
sample is relatively enriched, and the No. 8 coal seam sample is relatively depleted,in the 3 samples of No. 4 coal
seam ,only the gangue sample is enriched, and the roof and floor samples are not enriched. The remaining trace ele-
ments relatively enriched are Th,Hf,Zr,and Nb,while Co,Sc,Cr,Ni, V,Rb,Cs,and Ga are relatively depleted. Ac-
cording to geochemical parameters,such as element ratios and Si0,-TiO, ,Hf-La/Th, ¥ REE-La/Yb, Dickinson dia-
grams and DF , .\, diagrams,combined with the regional geological background,they are interpreted that the debris
in the Li-rich and non-Li coal seams in the study area are mainly originated from the Inner Mongolia uplift of the
northern margin, North China. The source rock types of the roof,floor and gangue samples are mainly felsic igneous
rocks. Compared with the roof ,floor,and gangue of the Li-rich samples,there are more sedimentary rocks debris in the
source rock of the non-Li coal seam.

Key words : Pingshuo mining area; Anjialing Coal Mine; lithium-rich coal seam; geochemical characteristics; prove-

nance
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Fig. 1  Geographical location of Anjialing Coal Mine in Shanxi Province
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Table 1 Statistical content and description of sandstone
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Fig. 2  Stratigraphic column of Anjialing coal mine and Sampling location
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Table 2 Detrital components of sandstone in coal seams
. S R K /A AR S 2H A 1/ %
e S2
Qm Qp F Lii Ls Lm B Qm Qp F Lii Ls Lm

4-R-A 182 118 12 89 68 21 490 37. 14 24.08 2.45 18. 16 13. 88 4.29
4-R-B 165 99 19 101 58 17 459 35.95 21.57 4. 14 22.00 12. 64 3.70
9-R-A 157 218 93 106 79 13 666 23.57 32.73 13.96 15.92 11. 86 1.95
9-R-B 204 126 48 129 84 21 612 33.33 20.59 7.84 21.08 13.73 3.43
9-F-A 134 161 69 91 62 30 547 24.50 29.43 12. 61 16. 64 11.33 5.48
9-F-B 172 142 52 102 55 25 548 31.39 25.91 9. 49 18.61 10. 04 4.56
11-F-A 224 53 13 130 79 5 504 44. 44 10.52 2.58 25.79 15. 67 0.99
11-F-B 272 67 26 103 99 15 582 46.74 11.51 4.47 17.70 17.01 2.58

Fig.3 Micrographs of coal seam gangue and sandstone of roof and floor of Taiyuan Formation in Anjialing Coal Mine
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R T BB LU AR . Si0, o 23 B v HL AR Ak
Bl K, M 25.39% ~ 83. 44% , 144 43.33% , 7 B
s HR P A T Bl R B A T B . ALO,
IBORZ N T.93% ~39.38% , V-3 4 28.89% , i3 B
R A B2 KA L0, X 58 AR 14
B—F, Ti0, 5 0.47% ~2.18% , F2 5 0.90%;

Fe,0, 7 0.06% ~ 12.80% , *F- N 2.30% ; MgO A
0.04% ~ 0.92% , F Y94 0.18%; P,05 K 0.02% ~
0.11% ,~F#1°4 0. 04% ; K,0 4 0. 02% ~2. 45% ,F-3
4 0.52% ; Na,0 "N 0.01% ~0. 12% , -4} 0. 05% .,
K,O /3 B0 .55 T Na,O B 2085, Ui W TR AR
Fdeht KA FE R A,

R3 HRIETZRSTER

Table 3 Test results of major elements in samples %
k4%
MEZE ST A
Al, 0,4 Ca0 Fe, 04 K,0 MgO MnO Na, O P,0s TiO, Si0,
4-R S 7.93 0. 838 00 1.940 0 0.589 0 0.062 4 0.012 200 0.030 3 0.028 2 0.472 83.4
5 4-J1 M 30.60 0.057 80 0.3590 0.091 4 0.1350 0.001 370 0.1100 0.016 3 0.659 34.3
o 4-F 35.40 0.073 30 0.792 0 0.671 0 0.227 0 0. 001 000 0.0455 0.049 7 1.100 44.1
T 24. 60 0. 323 00 1.030 0 0.450 0 0.1420 0. 004 860 0.061 9 0.031 4 0.744  53.9
8= 8-R M 24.10  0.763 00 2.9500 2.450 0 0.916 0 0. 026 700 0.116 0 0.100 0 0.714 54.9
9-R S 27.00  0.678 00 4.3100 1.050 0 0.467 0 0. 090 500 0.046 4 0.1130 1.020 51.4
9-J1 M 38.40  0.042 60 0.306 0 0.2490 0.092 9 0.001 010 0.075 0 0.033 4 0.824 42.4
9-J2 M 39.40  0.031 50 0.367 0 0.2650 0.091 4 0.001 010 0.086 0 0.042 4 1.250  39.8
9-J3 M 37.10 0.023 10 0.059 3 0.047 5 0.039 7 0.001 020 0.027 7 0.017 5 0.503 43.6
9-J4 M 36.50  0.042 20 0.072 2 0.284 0 0.063 5 0. 000 996 0.023 8 0.018 5 0.550 42.8
9% 9-J5 M 23.70  0.052 30 0.074 0 0.147 0 0.080 6 0. 000 531 0.026 7 0.018 7 0. 431 27.3
9-J6 M 20.40  0.099 60 1.840 0 0.3110 0.114 0 0.004 410 0.016 0 0.0320 0.993  28.7
9-J7 M 17.60  0.088 40 12. 800 0 0.300 0 0.097 9 0. 015 100 0.012 0 0.039 6 0.842 25.4
9-J8 M 30.80  0.085 20 2.5200 0.687 0 0.2210 0. 005 890 0.026 3 0.055 8 0.960 44.0
9-F S 29.30 0.103 00 1.470 0 1.100 0 0.258 0 0. 006 330 0.050 0 0.0319 0.740 51.3
Sy 30.00 0.12500 2.3800 0.444 0 0.1530 0.012 700 0.039 0 0.040 3 0.811 39.7
11-R M 25.90 0.611 00 12. 800 O 0.678 0 0.189 0 0. 043 300 0.020 2 0.048 5 0.520 37.6
11-J1 M 30.60  0.043 20 0.1120 0.2750 0.093 7 0. 000 720 0.037 5 0.039 8 2.180 36.0
o 11-)2 M 30.90  0.004 08 0.0555 0.017 4 0.059 4 0. 001 020 0.029 0 0.023 5 2.010 35.5
e 11-J3 M 36.10  0.005 10 0.107 0 0.063 5 0.092 0 0. 001 030 0.036 0 0.015 6 0.571 42.4
11-F S 27.30  0.026 20 0.765 0 0.5100 0.0515 0.001 810 0.034 7 0.022 6 0.735 58.7
T 30.20  0.138 00 2.770 0 0.309 0 0.097 1 0. 009 580 0.0315 0.0300 1.200 42.0
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if S T0UJRE Al i 9 53 & 40 B8 i, Femr AT Ik 551 %

JIT A B U 0 R T A 4 AR b ML 5T R T
R BRI ALk W A0 2 4 TR 4 TR, B2
T0UJEC AR e A A i i T 3R Ze 0T B 43 HSORE X A
P HEIRFE T 100x107° DL E L KRR AT
A P L EERERE HEER
AR K, & E R 0.02~26.25, F¥{E N
7.50, BT 4-R,4-F,8-R F1 9-R U {} &L 5 LU
Hb AR SR Li B4, Hrb 11 S 2%k

107°,9 S J2 Je Bt o 0 i AR AH X & 48 Li, & 4B R
AT 0.56~19.82,8 SHZA 1AM, Li
JE A RO O 20.20x107°,4 S 2 3 ANEES
HACH 1 ARESE S L TUSHRAES A E % L
JLE ., ARG Th, HE, Zr 1 Nb 250 £ 5 4
ZBEIMEAE 1. 03 ~ 1. 70, 22 30 A X 55 48 10 45
fE ;Co,Sc, Cr,Ni, V,Rb,Cs Fll Ga %55 % 2 ¥ n 14
H7E 0.21~0. 89, X T M ITTE,
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Table 4 Test results of trace elements in samples 107°
‘ N T4 A
P = T Y
Co Th Se Hf Zr Cr Ni Vv Rb Cs Nb Li Ga
4-R s 4.400  7.76 1.93  6.31 220 16.90 66.70 28.80 15.800 0.308 9.39  0.37  7.15
L4 M 1,200 11.10  3.12 11.00 369 3.43 13.10 21.20 4130 0.396 32.20 187.00 17.20
4-1 =
4-F M 15.600 15.60 4.23  10.50 386 22.00 21.20 58.70 27.700 1.352  22.30 10. 30 17.20
Sy 7.070 11.50 3.09 9.27 325 14.10 33.70 36.20 15.900 0.685 21.30 65.90 13.90
8= 8-R M 15.000 16.00 8.43 5.30 171 44.20 56.50 120.00 85.90 5.352 15.20 20.20  20.00
9-R S 13.100 13.60 8. 64 10.60 388 47.00 33.40 94.90 39.900 2.510 18. 80 11.70  20.60
9-J1 M 1.260 9.8 2.17  7.80 254 11.70 31.10 32.50 2.520 0.156 36.80 238.00 12.50
9-12 M 0.506 14.40 2.37  8.04 270 10.90 12.10 48.20 2.430 0.121 41.90 235.00 13.00
9-J3 M 0.274 2.83 1.07 3.80 116 1.62 6.71 7.78 2.590 0.401 29.70 326.00  8.10
9-J4 M 0.521 2.76 1.37 4.54 122 3.56 4.54  12.40 6. 080 0. 504 25.30 285.00 8.70
95 9-J5 M 0.162 6.99 1.77 6. 15 177 3.77 2.72  13.00 1. 900 0.193 17.70 416.00 8.71
9-J6 M 8.500 16.90 4.21 8.62 299 41.60 21.20 113.00 11.300 1.210 21. 30 74.70 13.70
9-J7 M 8.070 17.20 13.10  6.02 223 37.80 22.30 82.00 9.830 0.994 18.40 105.00 22.10
9-J8 M 22.000 11.60 5.63 6.95 228 30.80 49.70 48.60 27.800 3. 040 18.10 127.00 17.90
9-F S 4.740 5.41 5.65 10.80 402 13.50 20.40 28.20 31.100 1. 550 16. 30 74. 00 17.90
4 5.910 10.20 4.60  7.33 248 20.20 20.40 48.10 13.500 1.070 24.40 199.00 14.30
11-R M 22.700 14.50 8.59 7.37 250 54.30 45.00 86.20 24.600 2.090 14.70 74.80  21.20
11-J1 M 0.890 20.20 7.58 23.30 952 14.40 14.40 99.30 5. 890 0. 827 2.18 249.00 22.20
11-)2 M 0. 463 7.53 2.52 8.41 298 6. 37 3.67 44.70 0.978 0.113 6.81 329.00 21.70
115
11-J3 M 0. 526 1.92 1.25 4.43 135 1.44 26.50 6.09 2. 500 0. 257 34.10 551.00 10. 20
11-F S 3. 560 8.72 4.44 11.30 398 27.80 33.90 52.40 20.400 4. 080 21.10 152.00 13.00
T 5.63  10.60 4.88 11.00 407 20.90 24.70 57.70 10.900 1.47  15.80 271.00 17.70
102 0.67~260.00, ¥J{t &y 106. 41, LREE/HREE #J{#
—o—4-R  —* 4-]1 —*—4F - §R X . B
= 9R =9 4912 —4— 93 79.89~15.7,(La/Yb) ¥ A 13~20, % E
L A —0—9-76 —#9-14 . o e 1
10 - T, LABRRL B A AR o AT AR AL S
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Table 5 Test results of rare earth elements in samples 107
)2 IR 2y
La Ce Pr Nd Sm Eu Gd Th
4-R S 20. 60 44.30 4.77 17.70 2.99 0. 455 2.20 0.317
o 4-J1 M 9.09 22.50 1.62 5.48 0.99 0. 161 0. 81 0. 140
e 4-F M 49. 20 93. 40 9. 46 34.10 4.79 0. 867 3.38 0.429
- 26. 30 53.40 5.28 19.10 2.92 0. 495 2.13 0. 295
85 8-R M 51.70 93.90 9.55 32.50 4.51 0. 898 3.45 0.537
9-R S 57.10 110. 00 11.7 45.10 7.37 1.360 5.56 0. 825
9-J1 M 4.22 13.50 1. 04 3.45 0. 60 0.127 0.53 0. 103
9-J2 M 4.80 16. 10 1.19 3.95 0.70 0.142 0.59 0.112
9-J3 M 0. 06 0.19 0.02 0. 082 0.03 0. 008 0.05 0.011
9-J4 M 0.53 1.23 0.113 0.422 0.10 0.020 0.15 0.037
95 9-J5 M 0.23 0.79 0.07 0.274 0.13 0.032 0.32 0. 081
9-J6 M 33.50 78.90 7.43 25.80 4. 45 0.812 3.26 0.453
9-J7 M 57.30 117.00 12.30 45. 80 7. 88 1.510 6.21 0.942
9-J8 M 43.30 78.10 8.47 30. 50 4.62 0. 654 3.15 0.433
9-F S 13.10 24.20 2.29 8. 14 1.51 0.324 1.40 0.264
-1y 21.40 44.00 4.46 16. 40 2.74 0. 499 2.12 0.326
11-R M 31. 10 60. 50 6.50 22.10 4.12 0.799 3.57 0. 645
11-J1 M 56. 00 117. 00 10. 70 37.90 5.17 0. 659 3.43 0. 485
o 11-J2 M 17.90 44. 40 3.12 10. 20 1. 56 0.237 1.09 0. 169
e 11-J3 M 2.38 6.32 0.50 1.76 0.32 0. 046 0.24 0.038
11-F S 9.28 19. 40 1.94 7.24 1.34 0.223 1. 06 0.179
- 23.30 49. 50 4.55 15. 80 2.50 0. 393 1. 88 0. 303
P K S T
Dy Ho Er Tm Yb Lu Y
4-R S 1. 900 0. 403 1.290 0. 206 1. 340 0. 206 10. 80
4ol B 4-J1 M 0. 829 0. 166 0.478 0.073 0.476 0.071 4.07
4-F M 2. 060 0.371 1. 040 0. 155 1.010 0. 154 9.53
Ty 1. 600 0.313 0.936 0. 145 0.942 0. 144 8. 13
84 8-R M 3.330 0.724 2.200 0.353 2.320 0.352 18.90
9-R S 4. 600 0.905 2.580 0.388 2.530 0.374 23.50
9-J1 M 0.610 0. 115 0. 305 0. 046 0.292 0. 041 2.53
9-J2 M 0. 698 0.130 0.357 0. 055 0.342 0. 050 2. 81
9-J3 M 0.075 0.016 0. 048 0. 008 0. 060 0.001 0.33
9-J4 M 0.279 0. 057 0.163 0.026 0. 163 0. 024 1.27
95 9-J5 M 0.575 0.116 0. 301 0. 044 0. 280 0. 040 2.45
9-J6 M 2.240 0. 396 1. 020 0. 146 0.922 0.131 8.71
9-J7 M 5.050 0. 926 2.490 0. 356 2.260 0.322 22.90
9-J8 M 2.130 0.378 0.993 0. 137 0. 850 0. 127 8.79
9-F S 1. 860 0.414 1.240 0. 195 1.260 0. 187 10. 60
T 1. 810 0. 345 0.950 0. 140 0. 896 0. 131 8.39
11-R M 4.220 0. 892 2. 600 0.397 2.490 0.353 23. 60
11-J1 M 2.410 0. 444 1.220 0.176 1. 130 0. 175 9.92
o 11-)2 M 0.924 0.175 0. 480 0.070 0.410 0. 062 3.90
e 11-)3 M 0.228 0. 045 0.132 0.021 0.132 0.021 1. 04
11-F S 1. 130 0.230 0. 680 0. 105 0. 680 0. 105 5.73
Sty 1. 780 0.357 1. 020 0. 154 0. 968 0. 143 8. 84
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Table 6 Calculation results of rare earth elements in samples

2 K5 #PE SREE/107°  LREE/10°°® HREE/107® LREE/HREE  (La/Yb)y 8Eu 3Ce
4-R S 98. 70 90. 80 7.86 11. 60 11. 00 0. 520 1. 020
. 4-J1 M 42.90 39. 80 3.04 13.10 13.70 0.535 1.280
ot 4-F M 200. 00 192. 00 8. 60 22.30 35.00 0. 627 0.961
Ty 114. 00 108. 00 6.50 15.70 19. 90 0. 561 1. 090
8= 8-R M 206. 00 193. 00 13.30 14. 50 16. 20 0. 670 0.932
9-R S 250. 00 233. 00 17. 80 13.10 10. 40 0. 624 0.954
9-J1 M 25.00 22.90 2.04 11.20 10. 10 0.675 1. 480
9-J2 M 29.20 26. 90 2.34 11. 50 0.71 0. 653 1.550
9-J3 M 0. 67 0.39 0.28 1.40 2.34 0. 597 1.260
9-J4 M 3.31 2.41 0.90 2.67 0.59 0. 504 1.130
9= 9-J5 M 3.28 1.53 1.76 0. 87 26. 10 0. 465 1. 500
9-J6 M 159. 00 151. 00 8.57 17. 60 18.20 0. 624 1.130
9-J7 M 260. 00 242. 00 18. 60 13. 00 36. 60 0. 638 0.994
9-J8 M 174. 00 166. 00 8.20 20. 20 7.48 0. 496 0. 908
9-F S 56. 40 50. 00 6. 82 7.27 12. 90 0. 670 0. 965
i 96. 10 89. 60 6.73 9.88 12.50 0.595 1. 190
11-R M 140. 00 125. 00 15.20 8.25 8.95 0. 623 0. 957
11-J1 M 237. 00 227. 00 9.47 24. 00 35.50 0. 451 1. 060
. 11-J2 M 80. 80 77. 40 3.38 22.90 31.30 0.528 1.297
e 11-J3 M 12.20 11.30 0. 86 13.20 13. 00 0. 488 1.304
11-F S 43.60 39. 40 4.17 9.46 9.82 0.553 1.028
Ty 103. 00 96. 00 6. 62 15. 60 19.70 0.529 1.130

—0-4R -9 o912 —A11-R MiAkZm, Wik, 3 &0 % 8% HIEY IR R
TR TN T AT w(K,0/AL0, ) T L SR Bl I R I
100 - —o—8R —°—9-J8 —#9J4

FE by BB A1
=

0.1 1 1 1 | 1 1 1 1 1 1 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm YbLu

K5 RESERBLRA R EALRY REE BC /X (Mo
4-R,4-F 8-R Fl 9-R A E L))
Fig. 5 Chondrite-normalized REE distribution patterns of
samples ( Among them 4-R,4-F ,8-R and 9-R are

non-lithium-rich coal seams)
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Fig. 6 Discrimination diagram for provenance attribute of samples( The ones filled in red are samples that are not enriched in Li)
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