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Geochemical characteristics of rare earth elements in Late Permian coals in

Western Henan and indicative meaning
LIN Jingyanl, SUN Mingxiaol, LI Hongdoul, ZUO Guibin', GUO Wenmu', Maksim G Blokhin®,
WANG Zhiyong', TIAN Zeqi', XIAO Lin'
(1. Department of Geoscience and Engineering, Hebei University of Engineering, Handan 056038, China; 2. Far East Geological Institute, Russian Academy
of Sciences Far Eastern Branch, Viadivostok 690022, Russia)
Abstract: With the wide application of rare earth metals in high-tech fields such as medical treatment and new materials, its strategic posi-
tion has been increasing. As a major country in rare earth, China supplies rare earth products of different varieties and grades to all coun-
tries in the world, making great contributions to the development of emerging industries in the world .In order to explore the enrichment
degree, occurrence state and sedimentary environment of rare earth elements in late Permian coal in western Henan, 20 stratified coal
samples from No.2, coal in Huixiang mining area in western Henan were taken as the main research object. The rare earth elements and
major elements in stratified coal samples were measured by ICP-MS and XRF, and the content characteristics and enrichment degree of
rare earth elements in coal samples were discussed. The occurrence state and sedimentary environment of rare earth elements in samples
were discussed by correlation analysis and characteristic parameters .The results show that the mass concentration of REY is 35.29-133.61
ng/g, and the average concentration is 79.14 pg/g, which is slightly higher than the average concentration of REY in the world coal, but ob-
viously lower than the average concentration of REY in China coal. The REY content is low, and LREY is mainly enriched. There is a sig-
nificant positive correlation between REY and ash content (Ad), SiO,, Al,O; and other major oxides in the No.2, coal of Huixiang mining

area, indicating that REY mainly occurs in clay minerals .The negative anomalies of Ce and Eu elements and slight positive anomalies of
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(Gd/Gd)N* in the samples in the study area indicate that the study area is mainly affected by terrigenous sources and the coal forming envir-

onment is a weakly acidic reducing environment.

Key words: rare earth elements; Late Permian coals in Western Henan; coal forming environment; geochemical characteristics
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Table 1 Contents of rare earth elements in No.2, coal of Huixiang Mining Area

FGS R e )
La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho E Tm Yb Lu REY
HX2-1 B 583 1295 155 537 093 0.7 086 015 096 509 019 055 009 053 008 3529
HX2-2 B 1879 2795 310 1046 193 036 183 030 184 930 034 090 0.14 084 012 7822
HX2-3 B 1713 2974 333 1108 221 041 211 036 222 1051 039 106 016 1.00 0.15 81.87
HX2-4 B 227 477 065 251 066 014 065 015 096 473 017 047 007 045 007 1873
HX2-5 B 2221 3183 341 1089 189 036 197 032 196 1032 036 096 014 086 0.13 87.60
HX2-6 B 1796 2704 264 846 154 031 167 027 163 839 029 076 0.1 069 010 71.86
HX2-7 B 1540 2660 247 763 125 024 129 024 161 868 032 091 016 1.04 0.16 68.00
HX2-8 B 1964 3080 3.09 993 199 039 207 035 204 1081 038 093 0.4 081 0.3 8351
HX2-9 B 3486 4489 460 1477 237 039 214 035 225 1101 041 121 018 1.18 0.8 12078
HX2-10 B 2314 4364 491 1519 242 041 225 041 279 1442 054 166 026 168 026 113.97
HX2-11 B 3755 5997 613 1675 1.69 024 184 022 117 604 023 074 012 079 0.13 1336l
HX2-12 M 2186 3386 3.66 11.63 238 052 271 051 313 158 055 138 020 121 0.17 99.61
HX2-13 B 1281 2205 237 787 168 034 177 039 281 1437 055 153 024 154 023 7057
HX2-14 B 2657 3787 383 1213 230 042 224 040 266 1326 049 140 022 141 022 10542
HX2-15 B 1353 2548 314 1128 198 027 160 025 153 921 029 088 0.3 090 0.14 70.60
HX2-16 B 1454 2695 330 1140 193 027 179 030 196 1167 039 115 019 120 0.19 7722
HX2-17 B1311 2479 308 1102 199 030 1.8 031 194 1063 036 107 017 108 0.17 7186
HX2-18 B 886 2021 239 948 232 043 221 042 281 2090 061 175 029 180 030 7475
HX2-19 B 281 664 085 346 1.0 021 127 030 243 1619 055 177 031 203 034 4027
HX2-D JEMR 5570 98.65 13.87 4595 567 082 502 076 467 30.67 094 293 048 3.04 050 269.67
SO 1731 2832 3.08 1007 182 033 1.80 032 204 11.12 039 111 018 111 017 79.14
hE 2250 4670 642 2230 4.07 084 465 062 374 1820 096 1.79 0.64 208 038 13589
THEF 11.00  23.00 340 1200 220 043 270 031 210 840 057 100 030 100 020 686l
S 1200 21.00 240 950 170 040 1.80 030 190 840 035 110 0.5 095 0.4 62.09
bt 2607 4840 — 2178 385 074 — 054 — @ — — —  — 149 026 103.13
a5 3000 6400 7.10 2600 450 088 380 064 350 032 2200 080 230 033 220 16837

cc 157 123 091 084 083 076 066 1.02 097 132 068 1.11 059 111 0.86

. QLbFEuco)® s @fdesE™; @xEMER; @itFEHE"Y; CC=AVERAGE(C)/AVERAGE(W).
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Table 2 Characteristic parameters of rare earth elements in No.2, coal of Huixiang Mining Area
B REY LREY MREY HREY oCe JEu 0Gd oYy Lay/Luy Lay/Smy Gdy/Luy
HX2-1 35.29 26.62 7.23 1.44 0.98 0.90 1.06 0.99 0.73 0.94 0.86
HX2-2 78.22 62.24 13.63 2.34 0.82 0.92 1.08 1.00 1.60 1.46 1.23
HX2-3 81.87 63.50 15.61 2.76 0.89 0.92 1.08 0.98 1.19 1.16 1.16
HX2-4 18.73 10.86 6.63 1.23 0.90 0.94 0.99 1.02 0.36 0.52 0.82
HX2-5 87.60 70.23 14.93 2.45 0.82 0.91 1.16 1.05 1.89 1.77 1.32
HX2-6 71.86 57.64 12.26 1.96 0.87 0.94 1.19 1.06 1.87 1.75 1.37
HX2-7 68.00 53.35 12.06 2.59 0.96 0.86 1.09 0.99 1.01 1.84 0.67
HX2-8 83.51 65.46 15.66 2.39 0.88 0.92 1.14 1.04 1.67 1.48 1.39
HX2-9 120.78 101.49 16.13 3.16 0.78 0.82 1.05 0.97 2.07 221 1.00
HX2-10 113.97 89.29 20.28 4.40 0.93 0.83 1.04 0.98 0.95 1.43 0.73
HX2-11 133.61 122.09 9.51 2.01 0.89 0.76 1.34 0.95 3.14 3.32 1.22
HX2-12 99.61 73.40 22.70 3.51 0.85 0.97 1.16 1.05 135 1.38 1.32
HX2-13 70.57 46.79 19.69 4.10 0.91 0.87 1.04 0.96 0.58 1.15 0.63
HX2-14 105.42 82.70 18.98 3.74 0.83 0.87 1.07 0.99 1.30 1.74 0.87
HX2-15 70.60 55.40 12.85 2.34 0.89 0.72 0.99 1.15 1.04 1.03 0.97
HX2-16 77.22 58.11 16.00 3.12 0.89 0.68 1.06 1.08 0.82 1.13 0.80
HX2-17 71.86 53.99 15.01 2.86 0.89 0.74 1.06 1.07 0.81 0.99 0.89
HX2-18 74.75 43.25 26.75 4.75 1.00 0.86 1.04 1.25 0.32 0.57 0.62
HX2-19 40.27 14.86 20.41 5.00 0.97 0.75 1.04 1.07 0.09 0.38 0.31
HX2-D 269.67 219.85 41.93 7.88 0.81 0.75 1.07 1.19 1.20 1.47 0.85

H: REYM Lo E A E=5MuE S22 M; Euy. Smy. Gdy. Cey. LafIPr /35 HEu, Sm, Gd. Ce, LafiPrycZ &iit; JEu., oCe%s
TR T E T E M R, SEu=Euy/Euy , 6Ce=Cey/Cey , dGd=Gdy/Gdy o
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Fig.3 Distribution pattern of rare earth elements in No. 2, coal of Huixiang Mining Area
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Table 3 Correlation coefficients of rare earth elements and major elements

R FREL

LR

Sio, AlLO, Fe,0; TiO, MgO CaO K,O Na,O P,05 REY
SiO, 1.000
AlLO, 0.992 1.000
Fe,0; 0.355 0.321 1.000
TiO, 0.659 0.724 0.007 1.000
MgO 0.590 0.562 0.926 0.237 1.000
CaO —-0.296 —-0.328 0.703 —0.455 0.550 1.000
K,0 0.991 0.968 0.401 0.585 0.628 —-0.237 1.000
Na,O 0.988 0.963 0.399 0.568 0.619 —-0.237 0.999 1.000
P,05 —-0.073 —0.060 0.299 —0.057 0.385 0.492 —0.065 —0.087 1.000
REY 0.882 0.897 0.116 0.728 0.403 —0.431 0.853 0.842 0.116 1.000
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9
Wanoy/ Wrio, =21 <
WAIz()g/W T iOz:8
-
L LS
- 6 . . . .
£ $ N
3F e
e ¢
*
0 0.2 0.4 0.6 0.8 1.0
Wrio,/ %0

Hs5 E#7 XK=, ¥ ALO, § TiO, — T H
Fig.5 Binary diagram of Al,O; and TiO, in No. 2, coal in
Huixiang Mining Area

AR e 5 5 5 At Al R R A K B SRR G .
FXMESTZAE S R REY 55 CaO 2 3 HUAHSE, AHE
AH =043, 5 w0, ALO; ¥ EIE I, HI5E
FECH 0.88 F10.90, I MIHERTZAEH" X -, BERUREER
BN SIRMEAREE . BEAh, (Gd/GA)N*IE 5 & 8 55 1E
Wy R TR T KBRS 1 i R AR AR U0 B g XA o
(GA/GA)N*H7 0.99 ~ 1.34, ¥{E K 1.09, F2I0 K42 18011
TE S8, I AT LA 1A 156 B A XU TR 1 A2 1R
IR R

190

g5 BRIk, BESEIX DARIARDORR N 3, AR 32 1fF
FEPRGE I, W 0 o | e, U S 55
PRE I A o

4 & &

DEFD X =, B+ o0&K REY S 8GN
35.29 ~ 133.61 pg/g, ¥MH N 79.14 ng/g, LLH: + &

2) WG IXHEZ TP L oe R B oA I 2R
[FIRTER, K MEERTE Ce Fl Bu AbZB R 7 2%, 4
SRR b A DL S SRS I S, LAy IR RN £
RS, AT REIE BT RS A S AR 25 A AN RS 1 LY o

3T XM R LT R 5 Ko 7 SRR R
(IS, RARE oo R EEWAT0 Y5 h; # +
JLE 5 Al Si, Na fl K B EIEAHCE, & REY 547
RERRER OC R B Y], M F WA T2 L.

4) BiF5E X ARG AR TR A 32, 52 9 1 PR 45 52 Wi ¢
AN W e | RS, OB IREE L) 58 IR T i ik

S % 3 Hf(References):

(1] AR, (R8N, 2 m. R b b oo R AR A B B



PEHSOTAS : BRPU I — B P s LT R MER P2 R A B A 7R T 3

2023 455 5 1A

[10] EBB, ¥, %

BT R L R4, 2002(5): 12-16.

DAI Shifeng, REN Deyi, LI Shengsheng. Occurrence and sequen-
tial chemical extraction of rare earth element in coals and seam
roofs[J]. Journal of China University of Mining & Technology,
2002(5): 12-16.

AR, AEFENG, 2 A R, ARdb A Tt AR AR P s L oe 2R IR
FPAREAE (7] 3BR4R, 2003(3): 273-278.

DALI Shifeng, REN Deyi, LI Shengsheng. Modes of occurrence of
rare earth elements in some Late Paleozoic coals of North
Chinal[J]. Acta Geoscientia Sinica, 2003(3): 273-278.

ZEH, AR R AR R O R T R Y ek
RAAE S BTIRALRIH (1], BB 240R, 2022, 50(3): 1-38.

QIN Shenjun, XU Fei, CUI Li, ef al. Geochemistry characteristics
and resource utilization of strategically critical trace elements from
coal-related resources[J]. Coal Science and Technology, 2022,
50(3): 1-38.

O, R BRIE, & B PR T R B AR ).
ERFIFHE AR, 2022, 50(4): 181-194.

CAO Bo, ZHU Shifei, QIN Yunhu, et al. Research status and pro-
spect of rare earth elements in coal[J]. Coal Science and Techno-
logy, 2022, 50(4): 181-194.

FOOM, A T, A B B TR AT RRIE S &R
i (0], JERAEHL, 2019, 44(1): 287-294.

HUANG Wenhui, JIU Bo, LI Yuan. Distribution characteristics of
rare earth elements in coal and its prospects on development and
exploitation[J]. Journal of China Coal Society, 2019, 44(1): 287—
294.

TRIE, BT, R K, 4 P EEE SR CE s X 1], F
2341, 2019, 64(24): 2501-2513.

NING Shuzheng, HUANG Shaoqing, ZHU Shifei, ef al. Mineraliz-
ation zoning of coal-metal deposits in China[J]. Chinese Science
Bulletin, 2019, 64(24): 2501-2513.

XUZRES, JH 22, PG, KRIFHE 85 LR B WAL M i i e R
FIR L TCR IR ZARAE (1], BE5243, 2015, 40(2): 422-430.
LIU Dongna, ZHOU Anchao, CHANG Zeguang. Geochemistry
characteristics of major and rare earth elements in No. 8 raw and
weathered coal from Taiyuan Formation of Datong Coalfield[J].
Journal of China Coal Society, 2015, 40(2): 422-430.

MoK, RESA, R, S TR RIS X G s R P 4
JLHHBERALZEARE [T]. M543, 2018, 43(S2): 505-512.

XIAO Lin, ZHANG Jiawei, ZHOU lJianfei, et al. Geochemistry
characteristics of rare earth elements in the Keluke Formation coal
from Shihuigou Area, Qinghai[J]. Journal of China Coal Society,
2018,43(S2): 505-512.

FEIE, XUHEHT, A5 SCa, 55 5 AR B I BRF- S DO 1
TEF M IRAL 2 FREAE B X OB PR R 46 7 (7], 3 BT 41, 2020,
39(7): 995-1005.

HUO Ting, LIU Shiming, QI Wengqiang, ef al. Geochemistry char-
acteristics and indicative significance of rare earth elements in coal
from Juhugeng coal district, the Muli Coalfield in Qinghai
Province[J]. Geological Bulletin of China, 2020, 39( 7) :
995-1005.

B, A5 I VE VYRR B R s R Bk

[11]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

AZERFIE KR 7R B ). BURHE R, 2021, 35(4): 1009-1017.
WANG Zhenzhen, LI Jinxiao, ZHANG Ke, et al. Geochemical
characteristics of rare earth elements and the indicative signific-
ance in the Ximing Coal Mine, Shanxi Province [J]. Geoscience:
2021, 35(4): 1009-1017.

I, MR U, A TR Z_URE M TR IR
R L] BB 225K, 2019, 47(2): 176-180.

ZHAO Mingkun, WANG Haiquan, XU Jun, et al. Study on oc-
currence features of rare earth elements from Seam B_1 in Henan
Province[J]. Coal Science and Technology, 2019, 47(2): 176—
180.

BRI, ROEH, K% 2, % BVEET — S RZWIER PR L
TER M GIRAFRAEL]. HhBRALA, 2017, 46(4): 345-357.

LI Chunhui, SONG Dangyu, SONG Boyi, et al. Distribution and
occurrence of REE in the Permian tectonically deformed coals
from the Peigou Mine, western Henan Province[J]. Geochimica,
20-17, 46(4): 345-357.

L, R AT, FRARI. BV — UBZ s MR 1 B
SF BT (V] 0 R TR 2 4R (AR AR, 2008, 27(2):
163—-167.

XIE Hongbo, XU Yafu, KANG Jiwu. Reflectance on the origin of
deformed coal in 11 coal bed in the coalfield of west Henan
Province[J]. Journal of Henan University of Technology (Natur-
al Science Edition), 2008, 27(2): 163—167.

SRSCH. TR T 2P ) R iR U R s A A R L
FH[D]. A5t FEG L K2ZEdERD), 2019.

GUO Wenmu. Enrichment and differentiation mechanism of min-
erals and trace elements in Paleogene coal from Hunchun, Jilin
Province[D]. Beijing: China University of Mining and Techno-
logy—Beijing, 2019.

Fis g, BN, W, 5. BErh Rk TTR RIS
(7], H iRk, 1997, 32(1): 65-73.

WANG Yunquan, REN Deyi, LEI Jiajin, et al. Distribution of
minor elements in Chinese coals[J]. Chinese Journal of Geology,
1997, 32(1): 65-73.

AR, FEE S P R AR 5T 2 (D], P R 3B, 2002,
14(S1): 71-75.

ZHAO Zhigen, TANG Xiuyi. Rare earth elements in Chinese
coal[J]. Coal Gelogy of China, 2002, 14(S1): 71-75.

Grigoriev N A. Chemical element distribution in the upper contin-
ental crust[J]. UB RAS: Ekaterinburg, Russia, 2009, 382: 383.
FEBER, BEOOKE, B4R, A5 THAUEEH T IR O & 2 B
TIERMERAL IS ()], Hh2ARTER, 2016, 23(3): 90-96.

CUI Xiaonan, HUANG Wenhui, AO Weihua, ef al. Study on the
geochemistry of rare earth elements in the Permian coal from
Xiayukou, Weibei Coalfield[J]. Earth Science Frontiers, 2016,
23(3): 90-96.

ZEIELL, XA, X JT, 5. SRR 2 v g b A LT R
AL (7], B 55 R, 2016, 44(6): 814,

QIN Guohong, DENG Lijun, LIU Kang, et al. Characteristic of
rare earth elements in coal in western margin of Ordos Basin[J].
Coal Gology & Exploration, 2016, 44(6): 8—14.

DAI S F, GRAHAM I T, WARD C R. A review of anomalous

191


https://doi.org/10.3321/j.issn:1006-3021.2003.03.013
https://doi.org/10.3321/j.issn:1006-3021.2003.03.013
https://doi.org/10.13225/j.cnki.jccs.2018.1708
https://doi.org/10.13225/j.cnki.jccs.2018.1708
https://doi.org/10.1360/N972019-00377
https://doi.org/10.1360/N972019-00377
https://doi.org/10.1360/N972019-00377
https://doi.org/10.1360/N972019-00377
https://doi.org/10.3969/j.issn.1001-1986.2016.06.002
https://doi.org/10.3969/j.issn.1001-1986.2016.06.002

2023 4F5 5 11

#HEHMFHAK

%51 %

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

192

rare earth elements and yttrium in coal[J]. International Journal
of Coal Geology, 2016, 159: 82—95.

EBR, ik, Kk B, 45 I K BT 155
M L TCER A AR . AR ZS B H R e i O] vh
HT, 2021, 48(3): 777-784.

WANG Zhenzhen, LI Jinxiao, ZHANG Ke, et al. Distribution and
occurrence of rare earth elements in No. 15 coal in Shouyangshan
Mine, Qinshui Coalfield, Shanxi Province and its indication to the
coal-forming environment[J]. Geology in China, 2021, 48(3):
777-784.

XIKE B &, kw55 by A A i S e Je R
SMARAT U L] B R4 R, 2000, 28(9): 39-42.

LIU Dameng, YANG Qi, TANG Dazhen, et al. Distribution and
occurrence of sulfur and trace elements in late paleozoic coal in
North Chinal[J]. Coal Science and Technology, 2000, 28(9) :
39-42.

TAYLOR S R, MCLENNAN S M. The continental crust: its com-
position and evolution[M]. London: Blackwell, 1985: 1-312.
VALKOVIC V. Trace elements in coal: 1 and II[M]. Florida:
CRC Press, 1983.

XD, WSO, BT AR, AR 0K A AR R R AR TR
HERAL2EARAE (1], M40, 2015, 40(12): 2916-2926.

LIU Bei, HUANG Wenhui, AO Weihua, ef al. Geochemistry
characteristics of rare earth elements in the late Paleozoic coal
from Qinshui Basin[J]. Journal of China Coal Society, 2015,
40(12):2916-2926.

AR T B B R M v s T 3R R SRR B F
JE K ZE[D]. HBHE: Wb TR, 2021.

FU Zhiheng. Enrichment characteristics and main controlling geo-
logical factors of rare earth elements in coal of Liujialiang Coal
Mine, Ningwu Coalfield[D]. Handan: Hebei University of Engin-
eering, 2021.

H 2RI, XUAIE, P20, 45, DURRAHRG Bkt 2 hn 5 (7). 3t
FRBLFERIE, 2015, 5(3): 193-234.

XIAO Rongge, LIU Jingdang, FEI Hongcali, ef al. Rare earth geo-
chemical indicators of sedimentary facies[J]. Frontiers of Earth
Science, 2015, 5(3): 193—234.

[ I P R I o T R e RE R e oS P gl Ly 1
ZREPIREAL L], B 3 B 5 0 HR, 2012, 40(2): 1-5,8.

HU Bin, SHANG Yongguo, NIU Yongbin, ef al. Sequence strati-
graphic framework and sedimentary evolution of late Paleozoic
coal measures in Henan Province[J]. Coal Geology & Explora-
tion, 2012, 40(2): 1-5,8.

FRRAE, LT, ik =, S SRS A A SR AL A

[30]

[31]

[32]

[33]

[34]

[35]

BB VAR T T F M BRI R AE B I IR 3
SCT]. MRz, 2016, 90(12): 3454-3472.

ZHANG Tianfu, SUN Lixin, ZHANG Yun, et al. Geochemical
characteristics of the jurassic yan'an and zhiluo formations in the
northern margin of ordos basin and their paleoenvironmental im-
plications[J]. Acta Geologica Sinica, 2016, 90(12): 3454—3472.
FHEH, W\ R, T, . B AR SRR G T X
A WA RE A TR A s BR AL 2 R AE (D). B AR 23R, 2016,
41(6): 1507-1516.

QIN Shenjun, GAO Kang, WANG lJinxi, et al. Geochemistry of
the associated elements in the Late Permian coal from the Hu-
oshaopu and Jinjia Mines, Southwestern Guizhou[J]. Journal of
China Coal Society, 2016, 41(6): 1507—1516.

LIU J, NECHAEY, V P, DAI, S F, et al. Evidence for multiple
sources for inorganic components in the Tucheng coal deposit,
western Guizhou,China and the lack of critical - elements[J]. Coal
Geol, 2020, 223:103468.

AR, AR L AGHR FRAE s Lo Z M BRAL AR LI]. o
FEI A I, 2018, 30(11): 18-23.

LIN Longbin. REE geochemical features of main mineable coal
seams in northern Hedong Coalfield[J]. Coal Geology of China,
2018,30(11): 18-23.

B SCA L WP AR S 70T X 25 B T R MR 2R A
fiELI). AL LT, 2018(4): 18-21,24,

LYU Wensheng. Geochemical characteristics of rare earth ele-
ments in No. 2 coal from Xiangning Mining Area, Hedong
Coalfield, Shanxi Province[J]. Hua Bei Land and Resources,
2018(4): 18-21,24.

Z B, B, BOfAR, A IR AR T B 0 BT
) R H I8 iR B R B —— DAL WG LB 2 R AR A s
RIGEH TS L)), H iR, 2008, 82(2): 234-246.
QIN Yong, WANG Wenfeng, LI Zhuangfu, et al. High-resolu-
tion coal facies sequence and paleo-peat swamp development
model influenced by transgression: A case study of No. 11 Coal
seam of Upper Carboniferous Taiyuan Formation in Antay-bao,
Northwestern Shanxi[J]. Acta Geologica Sinica, 2008, 82(2) :
234-246.

RHHs, 7% 9, HEA. SONIUR RN iR Lot R Ry
B AR BHLBURIA [T]. M4, 2010, 84(2): 280-285.

WU Yanyan, QIN Yong, YI Tongsheng. Enrichment of rare earth
elements in high sulfur coal of Liangshan formation from Kaili,
Guizhou, China and geological origin [J]. Acta Geologica Sinica,
2010, 84(2): 280-285.


https://doi.org/10.1016/j.coal.2016.04.005
https://doi.org/10.1016/j.coal.2016.04.005
https://doi.org/10.12029/gc20210308
https://doi.org/10.12029/gc20210308
https://doi.org/10.12029/gc20210308
https://doi.org/10.3969/j.issn.0253-2336.2000.09.013
https://doi.org/10.3969/j.issn.0253-2336.2000.09.013
https://doi.org/10.3969/j.issn.1001-1986.2012.02.001
https://doi.org/10.3969/j.issn.1001-1986.2012.02.001
https://doi.org/10.3969/j.issn.1001-1986.2012.02.001
https://doi.org/10.3969/j.issn.1001-1986.2012.02.001
https://doi.org/10.3969/j.issn.0001-5717.2016.12.013
https://doi.org/10.3969/j.issn.0001-5717.2016.12.013
https://doi.org/10.3969/j.issn.1674-1803.2018.11.05
https://doi.org/10.3969/j.issn.1674-1803.2018.11.05
https://doi.org/10.3969/j.issn.1674-1803.2018.11.05
https://doi.org/10.3969/j.issn.1672-7487.2018.04.009
https://doi.org/10.3969/j.issn.1672-7487.2018.04.009
https://doi.org/10.1111/j.1755-6724.2010.00086.x
https://doi.org/10.1111/j.1755-6724.2010.00086.x

	0 引　　言
	1 地质背景
	2 样品采集与测试方法
	2.1 样品采集
	2.2 测试方法
	2.2.1 常量元素测试方法
	2.2.2 微量元素测试方法


	3 结果与讨论
	3.1 煤中稀土元素的含量和富集特征
	3.2 稀土元素的地球化学参数
	3.3 稀土元素的分布模式
	3.4 稀土元素的赋存状态
	3.5 稀土元素的指示意义

	4 结　　论
	参考文献

