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Abstract: The rare earth elements, major elements, microcomponents and industrial components in the coal seam and its roof and floor
were determined by ICP—MS, X-ray fluorescence spectrum, optical microscope and industrial analysis of coal. According to the results,

the content, geochemical characteristics and distribution patterns of rare earth elements were comprehensively analyzed. The modes of
occurrence and genesis of rare earth elements in coal were discussed. The results show that the average content of REE is 23.01%X10 ° in

the No.1 coal of the Juhugeng mining area. LREE/HREE mean value is 3.38, indicating that the light rare earth elements are more
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abundant than the heavy rare earth elements. In the top and bottom mudstone of the lower coal, rare earth elements are relatively
enriched, and the total amount of rare earth elements is much higher than that of coal, with an average value of 8.6 times that of coal.
The distribution mode of rare earth elements in the roof and floor is similar to that in the coal. With the influence of the change of water
body in the coal accumulation swamp and the later hydrothermal action, the rare earth content is slightly different. The rare earth
elements in the coal are closely related to the continental source rocks.In the coal, Eu negative anomaly is obvious, and the structure
preservation index ( TPI) versus gelation index ( GI) diagram shows that the coal —forming environment is mainly a reducing
environment, which is consistent with the coal—forming environment indicated by Eu anomaly.The negative Ce anomaly may be related
to the strong reduction environment.In coal, rare earth element REE is positively correlated with ash content (R=0.481) , and positively
correlated with SiO,(R=0.652), indicating that rare earth elements in the No.1 coal in the Juhugeng mining area coexist in inorganic

state. The content of rare earth elements in the mudstone of roof and floor is positively correlated with clay minerals, among which the

content of illite is most closely related to the enrichment of rare earth elements.

Key words: Juhugeng coal district; No.1 coal seam; rare earth element; geochemistry; Qinghai Province
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Table 1 The content of rare earth elements in the No.1 coal from Juhugeng coal district
10°°
R B "
. A La Ce Pr Nd  Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
(DA A=
-1 TieAE 435 817 872 333 642 128 551 0.88 483 1.00 277 046 3.03 048 27.1
1J-2 JEJE 217 299 051 1.66 024 0.025 025 0042 0.17 0.040 0.12 0.042 0.12 0.027 2.21
1J-3 DA 1.46 320 054 1.72 028 0.070 0.26 0.055 0.30 0.070 0.21 0.043 026 0.046 2.04
1J—4 S 270 451 0.60 1.77 026 0.10 0.28 0.054 0.30 0.061 0.18 0.035 0.19 0.035 1.50
1J-5 JEJHE 1.77 213 059 1.61 023 0.6 023 0.052 0.20 0.045 013 0.033 0.14 0.036 1.41
1J-6 JAE 232 406 058 1.84 030 0.053 0.28 0.054 027 0.057 0.17 0.035 0.18 0.034 1.58
- 1J-7 JEIHE 2.08 3.46 056 180 0.29 0.086 0.27 0.049 022 0.080 0.14 0.032 0.16 0.033 1.24
I
m 1J-8 JAHE 1.62 289 051 1.61 0.26 0.069 0.24 0.047 0.23 0.053 0.15 0.034 0.17 0.035 1.47
1J-9 JE AR 400 6.89 085 3.04 053 012 048 0.089 053 012 036 0.066 0.45 0.076 3.49
1J-10 JEAEE 141 197 216 624 091 021 1.02 019 092 0.19 056 0.11 061 011 5.39
1J-11 JRUE 8.66 158 1.82 6.73 133 025 1.19 019 1.13 023 0.65 010 0.69 0.14 6.46
1J-12 JE I 122 189 187 6.83 133 036 1.24 022 146 033 1.00 021 120 0.18 850
1J-13 DR 7.68 140 152 6.07 125 024 110 0.18 1.04 020 054 0.08 051 008 572
1J-14  JEMIRA 342 683 726 264 455 076 3.99 061 313 059 1.61 028 1.69 029 16.1
33-1  WidRdes 512 972 114 411 804 1.61 670 1.04 584 1.20 3.42 054 369 056 32.1
H 32 J A 0.69 1.10 043 095 0.17 0.019 0.17 0.04 017 0.04 0.12 003 0.17 0.03 1.11
H
333 JEMIBSE 517 961 109 385 7.80 1.50 659 1.05 6.12 1.24 3.46 0.55 3.74 056 353
49-1 WA 332 639 7.8 27.1 5.04 1.09 430 0.66 3.44 068 1.94 032 1.92 0.33 19.1
i
F i ) JAHE 248 267 209 285 027 0012 041 010 0.04 0.02 0.07 0.09 0.15 007 1.38
H
41-3  JRRIRAE 179 313 435 154 291 0.84 274 053 317 063 1.66 029 1.63 029 16.4
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Table 2 Geochemical parameters of rare earth elements in the No.1 coal from Juhugeng coal district

e R Ad/%  REE LREE HREE L/H (La/Yb)y (La/Sm)y (La/Lu)y (Gd/Lu)y  8Eu 8Ce
(DA v
1J-1 / 2209 1749  46.05 3.8 9.67 4.26 9.42 1.43 0.66 1.01
1J—2 120 1061 7.59 3.02 251 12.69 5.675 8.45 1.147 0.31 0.688
-3 671 1056  7.27 3.29 2.21 3.78 3.306 3.31 0.704 0.80 0.866
-4 471 1257  9.93 2.63 3.77 9.63 6.51 7.92 0.995 117 0.855
1J-5 2541  8.78 6.50 2.8 2.85 8.44 4.76 5.12 0.801 2.09 0.500
-6 3.09 1181  9.15 2.65 3.45 8.50 4.934 7.06 1.003 0.57 0.839
- -7 233 1050 8.8 2.22 3.72 8.52 4.555 6.63 1.009 0.96 0.550
g 1J-8  3.31 9.39 6.96 2.43 2.86 6.26 3.950 4.82 0.842 0.86 0.766
J-9 652  21.10 1543  5.67 2.72 6.00 4.73 5.50 0.797 0.75 0.90
J-10 3514  52.4 43.3 9.10 476 15.53 9.70 12.93 1.12 0.67 0.86
1J-11 970 4535 346 1077 3.21 8.44 4.10 6.65 1.09 0.62 0.96
1J-12 1853 558 414 1436 2.89 6.81 5.73 6.99 0.86 0.85 0.95
J-13 577 4023 308 9.45 3.26 10.25 3.87 10.19 1.74 0.63 0.99
1J-14 / 169.8 1415  28.29 5.0 13.63 473 12.45 1.74 0.54 1.04
— 3 / 265.7  210.6  55.1 3.8 9.36 4.00 9.46 1.48 0.67 0.97
J o3y—2 1782 523 3.35 1.88 1.78 2.80 2.559 2.28 0.68 0.34 0.48
H 353 / 2651 20655  58.6 35 9.33 417 9.53 1.45 0.64 0.97
jpoo 4 / 1703 137.6  32.71 42 11.70 415 10.56 1.63 0.71 1.00
42 445 1270 1037 2.33 4.46 10.99 5.771 3.84 0.76 0.11 0.28
H 4-3 / 100.0 727 27.30 2.7 7.42 3.87 6.43 1.18 0.91 0.85

A B R Boynton $EFEAYBRAL B A SE X {H!*! ; ¥ LREE =La+Ce+Pr+Nd+Sm+Eu; ¥ HREE =Gd+Tb+Dy+Ho +Er+Tm+Yb +Lu;
Y REE=Y LREE+Y HREE; (La/Yb) . (La/Sm) . (La/Lu)  ( Gd/Lu)  JGZE BRI A1 bR AL Y He {5 SEu =Buy/ (Smy XGdy ) V2, 8Ce =
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Table 3 The mineral composition and content of mudstone in roof and floor of the No.1 coal

B, TR % FEM/% i toeE & a/107°
% oy 3 MRA RHKRA E¥ET TeeM A iy e REE LREE HREE
1]-01 47.0 1.0 52.0 25 27 220.9 174.9 46.05
1]-14 46.0 54.0 24 28 2 169.8 141.5 28.29
3J-01 41.0 5.0 4.0 50.0 24 26 265.7 210.6 55.1
3}—()3 42.0 58.0 24 34 1 265.1 206.5 58.6
4]-01 50.0 3.0 4.0 2.0 41.0 15 24 1 170.3 137.6 32.71
4J-03 63.0 3.0 2.0 1.0 31.0 16 14 1 100 72.7 27.3
JErRET S 5 o TR 1 R M B K 1Ly
TR LR (995 BEAE FTE 15 o1 5 T . R
P B TR R R 1 TR S R A LREE %065 T
TGHOR R LS A IR T ol
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Fig. 5 The relationship between clay mineral content and REE,LREE and

HREE content in mudstone of roof and floor from the No.1 coal
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ZHy Ad K,O Na, O Si0, ALO,  Fe,O, CaO  MgO SO, MnO, P,0, TiO, REE

Ad 1.000

K,O -0.863"* 1.000
Na,O -0.738"*  0.190 1.000

Sio, 0.055 0.522" —0.049 1.000
ALO; -0.773**  0.236 0.474 —0.184 1.000
Fe,O;  0.245 —0.333  —0.101 —0.696** —0.311 1.000

CaO 0.318  —0.689" * 0.071  —0.613"* —0.311 0.640"* 1.000

MgO 0.327 —0.467 —0.044 —0.632"" —0.422 0.833"" 0.880** 1.000

SO, —0.347  —-0.532" 0.245 —0.255 0.081 0.244 0.598 * 0.430 1.000
MnO, 0.351 —0.052 —0.390 —0.343  —0.603" 0.754" " 0.413  0.692"* —0.256 1.000
P,04 / 0.899 " 0.257 —0.886 " 0.371 0.886 " 0.143 0.143 —0.821 0.486 1.000

TiO, —0.136 —0.140 0.411 0.005 0.390 —0.017 0.025 =0.015 0.701** —0.446  0.657 1.000

REE 0.481 0.668 " * —0.278  0.652" " —0.118 —0.392 —0.696" * —0.547 " —0.679** 0.048 0.829* —0.275 1.000
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