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Fig.1 ~ Geographical location of study area
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Fig.2  Stratigraphic column and Shanxi Formation coal sam-

pling number in Huainan coalfield
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Table 1 Contents of rare earth elements and Ba in the Shanxi Formation from the Huainan coalfield (mg/kg)
Fdh La Ce Pr Nd Sm Eu Gd Th Dy Y Ho Er Tm Yh Lu Ba
XJ-1 2.67 5.98 064 222 029 002 041 006 0.56 445 008 032 022 033 005 4453
XJ-2 589 1075 091 415 057 005 066  0.06 063 417 008 026 0.4 022 009  66.22
XJ-3 7.55 13.73 105 467 065 005 075 0.06 075 394 008 032 011 028 012 13569
XJ-4 18.81 36.95 1.38 5.50 222 0.42 2.86 0.33 2.29 2.12 0.37 1.22 0.04 0.93 0.09 89.86
XJ-5 754 1384 1.03 446 063 004 070 006 065 339 008 023 008 018 0.8 7923
XJ-6 9.18  15.66 105 517 067 005 070 0.06 067 340 008 025 010 022 010 6928
XJ-7 774 1538 126 550 070 008 076  0.07 0.66 344 009 027 019 023 008 6349
XJ-8 598 1254 113 494 079 010 085 0.13 0.84 464 009 040 015 039 005 8174
XJ-9 8.52 19.33 1.36 5.97 1.79 0.37 1.89 0.19 1.81 3.29 0.23 0.91 0.02 0.84 0.07 127.83
XJ-10 499  13.84 133 610 131 025 159 0.8 164 403 023 087 001 078 007 8355
XJ-11 2407 36.67 131 493 143 023 181 0.8 134 940 008 062 014 047 016  112.18
XJ-12 9.02  14.86 117 482 060 005 068 007 0.64 896 008 028 009 025 002 6372
XJ-13 2.52 7.22 072 328 047 003 050 006 056 822 008 023 009 021 011 4591
XJ-14 1112 2499 124 472 187 039 248 028 254 1684 044 153 009 140 013  83.62
XJ-15 3.89 7.76 066 253 028 001 034 006 037 1754 008 009 006 004 004 4201
XJ-16 7.91 13.06 105 423 050 004 061 006 057 357 001 021 025 014 0.4 72
XJ-17 6.91 11.65 093 379 050 003 058  0.06 057 335 008 021 017 019 017 723
XJ-B* 70.84 13584 1206 5663 1030 1.83  10.17 149 8.52 2249  1.09 417 049 404 094 —
XJ-T* 7201 12769 11.00 3780 633 1.86 883 130 575 1338 068 237 018 174 081 —
XJ-p* 4383 88.84 9.89 3835  6.84 140 799 LIS 465 161 066 210 020 205 050 —
P 849  16.13 1.07 453 090 013  1.07 0.2 100 616 013 048 011 042  0.10 —
Tz 29.88  80.41 006 1.19 035 002 058 001 044 7618 001 017 000 0.3 0.0l —
R E A (EY 17.79 35.06 376 15.03 3.01 0.65 3.37 0.517  3.141 — 0.731  2.081 0335 1975 0.323 —
HAREE? 1000 11.50 — 470 160 07 — 03 — — — — — 0.5 0.07 —
EEBET 610 7.70 — 370 042 045 — 01 — — — — — 1 0.8 —
ELEEY 2607 484 — 2178 385 074 — 054 — — — — — 149 0.6 —
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Fig.3  Distribution of rare earth elements downwards from top in the Shanxi Formation of the Huainan coalfield

) 154 b
o [ =]
T T

AR i
o

1.0 -
0.5
0.0
1 1 1 1 1 1 1 1 1 1 1  § 1 1 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu
—8—XJ-1 —8—XJ-2 —A— XJ-3 —¥— XJ-4 —— XJ-5 —4— XJ-6 —»— XJ-7 —0— XJ-§ —*— XJ-9 —#—XI-10
—0— XJ-11 —— XJ-12 —¢— XJ-13 —#— XJ-14 —— XJ-15 —— XJ-16 —8— XJ-17 —8— XJ-B—A— XJ-T —v— XJ-P

P4 w5 LD VS 2 T R b OT 3R o A AR X
Fig.4 Distributions of rare earth elements in the Shanxi For-

mation coal seam from the Huainan coalfield

R 7R T, (PG TR
PABRIE A5 25 0 5 AN RAHE 589 L 59%~
82% , R A LA &2, 5 B WA B S 0 LB o
7%~18% , P 225 1 TC R Fr o Le il e/ (Fe 224X
i 7%) o AR S0 A7 5B DR B 4 AR A A
RAEWFFE LI, B0 b i o0 R AR Y 7T 284 2

AR T £ TR I M T R o B
FT Y ORI TS BRI SR 5 5 1 R
F TSI HC I B L 5 AT B &
AU . 5T - E R AT B 4 AT 7
TR - C %% B RS 1 0 R AT
P 5 10 W BT o 8 70 36 A e 25 LA
BT RR 0% AL AT AT TR 0% i
TG +7C 3 5 R PR 0 Pt R

4 4hie

(1) MEm BREB 1L P AL s LT B & =
( X REY)Z: 4L Fl N 18.30~82.84 mgrkg, I {H K
40.85 mg/kg, IR TUHERS T A & 418 S R
SRS LR BRI E . AT N TR AR AN
Jeht s LU RN SR TR LT RS R,
23 [A] A I 2 AP A 38 T A 2t 1 14 v 1 i 35
FEREZ TR AR TG £ou R e 4k

(2) X WM e R® BT o RHE S
EohfE e RRER I TR B E4E B toR
WEM TR L, IR IR 3R H A
AR AR AR AR o R LA H A



262 LT A S 14 $38 8%
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Table 2 Geochemical parameters of rare earth elements in the Shanxi Formation coal seam
from the Huainan coalfield
FES G MY MREY HIEY LM M/H L/H ZREY (La/Lu), SEu 5Ce (La/Sm),  (Gd/Lu),
lmg-kg™)  /mg-kg™)  /(mg-kg™) /(mg-kg™)
XJ-1 11.8 5.50 1.00 2.15 5.50 11.80 18.30 0.57 0.23 1.15 1.38 0.69
XJ-2 22.27 5.57 0.79 3.99 7.06 28.19 28.63 0.70 0.34 0.97 1.55 0.62
XJ-3 27.65 5.55 0.91 4.98 6.10 30.38 34.11 0.67 0.31 1.01 1.74 0.53
XJ-4 64.86 8.02 2.65 8.08 3.03 24.48 75.53 2.23 0.15 0.51 1.27 2.68
XJ-5 27.50 4.84 0.75 5.68 6.45 36.67 33.09 0.45 0.30 1.02 1.80 0.33
XJ-6 31.73 4.88 0.75 6.50 6.51 42.31 37.36 0.98 0.30 0.98 2.06 0.59
XJ-7 30.58 5.01 0.86 6.10 5.83 35.56 36.45 1.03 0.48 1.01 1.66 0.80
XJ-8 25.38 6.56 1.08 3.87 6.07 23.50 33.02 1.28 0.57 1.03 114 1.43
XJ-9 36.97 7.55 2.07 4.90 3.65 17.86 46.59 1.30 0.32 1.72 0.71 2.27
XJ-10 27.57 7.69 1.96 3.59 3.92 14.07 37.22 0.76 0.38 1.23 0.57 1.91
XJ-11 68.41 12.96 1.47 5.28 8.81 46.54 82.84 1.60 0.66 0.19 2.52 0.95
XJ-12 30.47 10.40 0.82 2.93 12.68 37.16 41.69 0.80 0.80 0.90 2.26 0.48
XJ-13 14.21 9.37 0.72 1.52 13.01 19.74 24.30 0.24 0.93 3.55 0.80 0.38
XJ-14 43.94 2253 3.59 1.95 6.28 12.24 70.06 0.91 0.83 1.05 0.89 1.61
XJ-15 15.12 18.32 0.31 0.83 59.10 48.77 33.75 1.04 0.77 2.21 2.08 0.72
XJ-16 26.75 4.85 0.75 5.52 6.46 35.67 32.35 0.60 0.35 0.98 2.37 0.37
XJ-17 2378 4.59 0.82 5.18 5.60 29.00 29.19 0.43 0.27 0.99 2.07 0.29
XJ-B 285.67 44.50 10.73 6.42 4.15 26.62 340.90 0.80 0.82 0.94 1.03 0.91
XJ-T 254.83 31.12 578 8.19 5.38 44.09 291.73 0.95 1.26 1.01 171 0.92
XJ-P 187.75 29.80 5.51 6.30 5.41 34.07 223.06 0.94 0.99 0.95 0.96 1.35
-4 3112 8.48 1.25 4.30 9.77 29.05 34.69 0.92 0.48 1.16 1.58 0.98

HSREY : Fi 0 R B B (SREY=La+Ce+Pr+Nd+Sm+FEu+Gd+Th+Dy+Y+Ho+FEr+Tm+Yb+Lu) ; LREY : 52 + 0 & & &
(LREY=La+Ce+Pr+Nd+Sm) ; MREY : # + 70 % & & (MREY =Eu+ Gd+Th+Dy+Y) ; HREY : T 4% + 70 2 & & (HREY =Ho+Er+Tm+ Yb
+Lu) s LREY/MREY : R + & 5 L& WH: 9+ S8 5FEM S 82 I L/ H:BRES e 5H5ER L5821
(La/Lu) \ (La/Sm) (Gd/Lu) : 4 76 5 = 52 b o AL 1 L A 5 6 Fw:Eu S 78 3 19 53 3 A2 J , 8Fu = Ew/Eu” = Euy/,/Smy % Gdy , Eu" 4 Eu
B PR A (B 5 §Ce:Ce SN JG 2 1Y 57 R Ji 8Ce = Ce/Ce” = Cey/ /Lay X Pry, Ce* R Ce BY P A {H o
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Fig.5 Correlation between rare earth elements content
and ash content in the Shanxi Formation coal seam

of the Huainan coalfield

Fig.6  Cluster analysis diagram of rare earth elements
and associated elements in the Shanxi Formation coal

seam of the Huainan coalfield
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Geochemistry of Rare Earth Elements in the Deeply - buried Shanxi
Formation Coal Seam of the Huainan Coalfield

CHU AnXin',ZHENG LiuGen', LIU Meng', CHENG ShiGui*,ZHOU XueNian®

1. School of Resource and Environmental Engineering, Collaborative Innovation Center for Mines Environmental Remediation and Wetland
Ecological Security, Anhui University, Hefei 230601, China
2. China Coal Xinji Energy Co. , Ltd. , Huainan, Anhui 232170, China

Abstract: In order to probe the sources and geochemical characteristics of rare earth elements (REE) in coal from
the deeply-buried Shanxi Formation coal seam in Huainan, a total of 20 samples of Permian coal, partings, roof and
floor were collected from the Huainan coalfield. The content of REE and associated elements in the samples was de-
termined by inductively coupled-plasma mass spectrometry (ICP-MS). The geochemical properties of the REE in the
coal within the study area are also discussed. The average REE content was found to be 40.86 mg/kg, which is less
than the average for coal in China. The distribution pattern of the REE is mainly H-type partitioning mode. A nega-
tive Eu anomaly indicates a reducing depositional environment. Ce exhibited a slightly positive anomaly, indicating
that the presence of seawater in the coal-forming swamp environment did not cause a significant loss of Ce. A slightly
positive correlation was found between REE and ash content (R*=0.55), and a positive correlation with the terrige-
nous clastic elements Al, Cr and Th. No obvious correlation was found with the characteristic marine elements B, Sr

and Ca.

Key words: Huainan coalfield; rare earth elements; Shanxi Formation coal seam; geochemistry



