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Fig. 1 Coal resources in Guizhou Province
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Table 1 Contents of some metal elements in Late Permian coal from Guizhou ( the unit of A, S;qis %, others are pg/ g)

BB | A | Sud | L Zr Hf Nb Ta U | REY E‘E W7 12 BRI IR
16.94 | 0.31 | 41.90 | nd nd nd nd nd | 81.15 | 10 | ICP-MASS | Z& &35 2016
nd nd 27. 60 nd nd nd nd nd nd 6 | ICP-MASS | fli#F44F,2017
nd nd | 30.17 |518.04 | 14.24 | 21.22 | 2.69 | 4.38 |178.10| 19 | ICP-MS | Xie Panpan et al. , 2017
20.49 | 0.82 |29.37 | 77.80 | 6.89 | 30.44 | 1.89 | 3.11 |136.00|36 | ICP-MS | Effff, 2017
nd 0.97 | 15.00 | 62.70 | 1.03 | 5.90 | 0.17 | 1.37 nd | 3 | ICP-MS | Dai Shifeng et al. , 2005
13.54 | 0.89 | 17.29 | 38.28 | 1.02 | 4.04 | 0.31 | 1.46 | 77.50 | 66 | ICP-MS | #&f:%%, 2015
14.68 | 0.17 | 15.50 | 35.80 | 1.05 | 3.20 | 0.28 | 1.11 | 57.44 | 9 | ICP-MS | Liu Jingjing et al. , 2020
S 20.37 | 1.48 |26.20 | 60.20 | 1.72 | 7.56 | 1.72 | 1.60 | 80.83 | 7 | ICP-MS | Liu Jingjing et al. , 2020
nd nd 96.42 (291.00| 10.78 | 24.19 | 3.82 7.32 |111.12| 12| ICP-MS | Shen Minglian et al. , 2021
20.86 | 2.40 nd nd nd nd nd nd | 99.90 |22 | ICP-MS | #3584, 2006
10.67 | 0.22 | 25.18 | nd nd nd nd nd | 47.82 | 4 |ICP-MASS | Z&4#%5 2016
21.12 | 0.31 |53.05| nd nd nd nd nd | 92.47 | 6 |ICP-MASS | Z& 54955 ,2016
20.38 | nd | 21.95 | 47.75 | 2.19 | 7.83 | 0.54 | 1.94 nd 3 nd JEHBE A, 1999
nd nd 27.60 nd nd nd nd nd nd 9 ICP-MS | P54 ,2018
N nd nd |10.15 | nd nd nd nd 0.88 nd | 18| ICP-MS | [ ,2018
SR 41.68 | 5.73 | 29.39 |290.24 | 7.43 | 43.76 | 2.69 | 4.84 |267.21| 7 | ICP-MS | Ffi%% 2015
22.18 | nd | 22.00 | 42.00 | 2.00 | 7.00 | 3.00 | 4.00 | 78.70 |39 | ICP-MS | Zhuang et al. , 2000
13.85 | 1.54 | 12.68 | 39.46 | 1.09 | 3.90 | 0.26 | 1.36 | 71.17 |22 | ICP-MS | %%, 2015
16.51 | 0.79 | 21.95 | 47.75 | 2.19 | 7.83 | 0.54 | 1.94 nd 6 | ICP-MS | ¥§2EM4E, 1998
Kk 16.02 | 1.02 nd nd nd nd nd 1.50 | 64.67 | 3 INAA T H, 2011
nd nd nd nd nd nd nd nd |[117.76 | 2 | ICP-MS | 5KyT. %%, 2010
0.76 | 0.81 [55.89 | nd nd 8.62 | 0.94 | 2.74 [109.01| 11 | ICP-MS | Du Fangpeng et al. , 2021
0.7 | 0.18 | 18.80 | nd nd |28.40 | 1.68 | 1.25 | 94.80 | 2 | ICP-MS | Du Fangpeng et al. , 2021
18.16 | 0.55 | 14.16 |193.60| 4.29 | 22.57 | 1.75 | 1.80 [272.48| 11 | ICP-MS | Liu Jingjing et al. , 2019
19.68 | 3.24 |30.33 | 68.58 | 1.25 | 19.40 | 2.54 | 2.03 | 53.51 | 12 | ICP-MS | Li Baoging et al. , 2016
14.01 | nd | 58.00 |196.00| 10.00 | 30.00 | 6.00 | 5.00 |157.20| 7 | ICP-MS | Zhuang et al. , 2000
ANEL| 12.70 | 2.05 | 27.84 | 53.94 | 1.35 | 5.94 | 0.33 | 3.53 | 72.13 | 23 | ICP-MS | F&fh%4%, 2015
nd nd | 19.22 |32.32 | 0.83 | 3.49 | 0.18 | 1.49 nd | 5 | ICP-MS | #fH5%,2015
nd 2.76 nd [228.13| nd 6.97 | 0.72 nd nd |16 | ICP-MS | Dai Shifeng et al. , 2005
BT | 7.93 | 4.19 | 9.85 | 14.53 | 0.33 | 1.29 | 0.07 | 0.73 | 34.54 | 2 | ICP-MS | Ffi%%,2015
nd 1.69 | 48.44 |293.92| 6.95 | 17.13 | 0.78 | 19.28 | nd |16 | ICP-MS | Dai Shifeng et al. , 2005
nd nd | 24.10 |52.90 | 1.17 | 5.75 | 0.33 | 0.59 | 26.08 | 1 | ICP-MS | Jiang Yaofa et al. , 2016
nd 1.16 nd | 60.29 | 1.80 | 4.80 | 0.78 | 8.00 | 84.88 | 19 | ICP-MS | Dai Shifeng et al. , 2004
22.77 | 1.13 nd nd 1.80 | 4.80 | 0.78 | 8.00 [192.63| 11 | ICP-AES | Dai Shifeng et al. , 2005
nd nd nd nd nd nd nd 1.36 | 86.06 | 2 ICP-MS | XI¥, 2009
23.37 | 2.86 nd nd nd nd nd |20.34| nd |19]| ICP-MS | FEHi%%, 2013
44| nd 1.40 nd [361.25| nd nd nd | 18.18 [387.96 | 15| ICP-MS | Dai Shifeng et al. , 2003
nd nd | 63.50 | 75.50 | 0.91 | 24.25 | 4.88 | 4.98 | 66.78 |30 | ICP-MS | Li Baoging et al. , 2017
219 22.55 | 2.65 nd nd nd nd nd 3.47 nd | 83| ICP-MS | X|7*5*,2021
nd nd 124.00| nd nd 7.60 | 0.68 1.70 | 82.68 | 21 | ICP-MS | Du Fangpeng et al. , 2021
nd nd |24.98 | 62.19 | 1.89 | 5.79 | 0.82 | 1.36 | 86.07 | 6 | ICP-MS | Ei&, 2007
nd | 0.65 | 56.00 | 41.00 | 0.60 | 5.90 | 0.40 | 0.80 nd | 2 | ICP-MS | Dai Shifeng et al. , 2005
18.17 | 3.26 | 61.75 | 56.08 | 1.61 | 4.62 | 0.29 | 1.18 | 69.68 | 15| ICP-MS | Liu Jingjing et al. , 2021
nd nd nd nd nd nd nd nd 84.34 | 2 ICP-MS | kT X 4 , 2010
. nd 1.11 | 44.00 [183.00| 4.48 | 15.40 | 1.50 | 1.66 nd | 6 | ICP-MS | Dai Shifeng et al. , 2005
nd nd | 36.82|70.40 | 2.06 | 5.81 | 0.60 | 0.91 | 82.47 | 2 | ICP-MS | T3, 2007
nd nd nd nd nd nd nd 2.87 |151.01| 6 | ICP-MS | XI¥, 2009
10.40 | 1.77 | 8.94 |29.83 | 0.85 | 2.80 | 0.16 | 0.92 | 68.48 | 4 | ICP-MS | F&fli4%, 2015
BT | nd nd | 12.93 [23.03 | 0.69 | 2.01 | 0.28 | 1.22 | 40.80 | 16 | ICP-MS | FEi& ,2007
K nd nd nd nd nd nd nd 1.22 | 37.31 | 7 ICP-MS | XI#, 2009
.| nd nd |50.78 | 42.95 | 1.29 | 3.91 | 0.43 | 0.81 |53.98 | 5 | ICP-MS | Ei& ,2007
3 nd nd nd nd nd nd nd 0. 81 54.70 | 2 ICP-MS }TU}@\, 2009
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ME | 5K | Ay St,d Li Zr Hf Nb Ta U REY NSRS g 2% S
. nd 2.98 | 18.50 | 65.50 | 1.10 | 5.85 | 0.25 | 1.25 nd ICP-MS | Dai Shifeng et al. , 2005
23.59 | 0.98 nd nd nd nd nd | 11.49 | nd ICP-MS | # {545, 2013
nd 1.16 | 44.50 [258.50| 3.70 | 46.50 | 1.45 | 5.95 nd ICP-MS | Dai Shifeng et al. , 2005
nd nd nd nd nd nd nd 2.87 |144.68 ICP-MS | X%, 2009
KT nd nd | 24.21 [ 28.96 | 0.92 | 3.16 | 0.49 | 0.72 | 28.95 ICP-MS | E3# ,2007
23.72 | 2.06 nd nd nd nd nd 6.21 nd ICP-MS | #ff%, 2013
P nd nd |129.00| nd nd nd nd nd | 442.38 ME-MS81 | #Hi 7R %, . 2021
wik | v 23.93 | 2.31 nd nd nd nd nd 7.71 nd ICP-MS | % , 2013
1~ nd nd nd nd nd nd nd nd 168.23 ICP-MS | M55, 2017

nd nd 135.40 nd nd nd nd nd 461.48
Hil ks nd nd nd nd nd nd nd nd 434.25
15.70 | 6.99 | 28.48 | 66.71 | 1.70 | 9.95 nd 4.52 | 76.72
nd nd nd nd nd nd nd 1.26 |128.79
By
22.24 | 2.80 nd nd nd nd nd 6.00 nd
% nd nd 51.00 {987.00| 17.00 | 77.00 | 1.00 | 7.00 |458.02
24.01 nd 33.93 |127.02| nd 19.48 nd 21.25 nd
nd 1.45 | 67.75 |178.75| 2.55 | 17.93 | 1.23 8.08 nd
21.98 | 2.51 | 38.62 |249.28 | 3.49 | 12.55 | 0.47 | 32.41 | 93.24

ME-MS81 | #HiZ: %, 2021
ICP-MS | B &M, 2007
ICP-MS | Li Baoqing et al. , 2019
ICP-MS | X%, 2009
ICP-MS | Fffi4E, 2013

nd MpR{g S 2020
ICP-AES | F#iRME%, 2017
ICP-MS | Dai Shifeng et al. , 2005
ICP-MS | gl 2006

N o© W oo N-BV w o | () w w | $EEnQ
= & INIFN S T NS =S ~ oo

nd nd | 40.77 |180.44 | 4.53 | 25.87 | 1.86 | 22.97 |149.32 ICP-MS | Cheng Wei et al. , 2018
nd nd | 33.93 [127.02| nd |[19.48 | nd |21.25| nd ICP-MS | B35 /55, 2017
Wz 1 19.32 | 4.79 | 60.78 |207.45| 3.63 | 21.32 | 0.58 | 7.27 |114.17 ICP-MS | #fH%, 2015
22.54 | 4.32 nd nd nd nd nd 3.26 | 68.13 INAA | FH, 2011
18.49 | 5.10 nd nd 1.74 nd 0.36 | 3.39 | 63.93 INAA | =F, 2014
nd nd [142.16169.00| 4.10 | 17.56 | 1.18 | 3.61 |128.82 ME-MS81 | $ifAk k%
nd nd nd nd nd nd nd nd | 183.01 ICP-MS | 5KIT. 4%, 2010
nd nd | 112.08[126.55| 3.37 | 14.59 | 1.07 | 4.44 |110.73 |11 | ICP-MS | ¥¥iRk k%
17.17 | nd | 63.99 |139.09| nd | 16.14 | 0.90 | 45.00 | nd 4 | ICP-AES | Fg¥RMESE, 2017
P3¢ - 34.20 | 1.04 | 45.80 |856.70| 8.54 | 16.25 | 0.85 | 46.20 | 46.20 | 1 | ICP-AES | Z=Xk4E, 2008
nd 2.67 | 61.50 [158.00| 1.35 | 11.50 | 0.40 | 5.65 nd | 4 | ICP-MS | Dai Shifeng et al. , 2005
nd nd |63.99 [139.09| nd [16.14 | nd |45.00| nd | 4 | ICP-MS | BEiZ&%E, 2017
nd 2.42 | 77.60 [162.00| 2.46 | 20.14 | 1.26 | 24.58 | nd | 6 | ICP-MS | Dai Shifeng, 2005
19.00 | 5.44 nd nd nd nd nd | 70.50 | nd |21| ICP-MS | BXEiEH, 2017
D471 40.61 | 0.25 | 27.95 |541.73| 15.89 | 31.43 | 1.67 | 4.89 [239.02| 9 | ICP-MS | 3K3Cit4E, 2020
nd 3.78 | 91.56 [233.67| 3.42 | 21.01 | 2.67 | 16.10 |131.10| 9 | ICP-MS | Dai Shifeng et al. , 2006
22.24 | 5.62 nd nd 2.93 nd 0.74 | 21.55 | 91.44 | 13| INAA | &#], 2014
Sk nd nd 1.89 nd nd 1.13 nd | 12.10 | 39.04 | 3 | ICP-MS | F#RME%E. | 2015
b 7.98 | 5.55 nd nd 0.70 nd 0.19 | 2.19 | 39.94 | 2 INAA | 2, 2014
M| 30.67 | 6.70 nd nd 2.25 nd 0.51 | 2.31 | 63.74 | 3 INAA | A, 2014
o | nd nd nd nd nd nd nd nd | 51.36 | 2 | ICP-MS | 3KV{L4%, 2010
L 18.86 | 3.43 nd nd 2.25 nd 0.65 | 16.42 [101.71| 3 INAA | ZF], 2014
s | s 21.34 | 2.47 | 46.00 |661.00| 13.00 | 67.00 | 4.00 | 6.00 nd 1 | ICP-MS | ##hhfild%, 2020
nd nd | 57.35 |838.85| 17.29 | 80.69 | 5.31 | 10.48 |521.48 |13 | ICP-MS | Li Baoging et al. , 2020

nd nd nd nd nd nd nd nd [874.00| 7 | ICP-MS | R¥iHi% 2010

YA %JLE
B 39.48 | 6.97 nd nd nd |52.80 | 4.30 | 31.90 | nd 7 | ICP-MS | R4, 2008

BN | 19.99 | 2.44 | 44.64 |188.75| 3.96 | 17.45 | 1.33 | 8.74 |141.27 1002 ARG
o [ -1 nd nd | 31.80 | 89.50 | 3.71 | 9.44 | 0.62 | 2.43 [117.69 | nd Dai Shifeng et al. , 2012
H S nd nd 12.00 | 36.00 | 1.20 | 3.70 | 0.28 | 2.40 | 60.07 | nd Ketris and Yudovich, 2009

T A — RGP B A A (THRER) 5 S, — 2 (THRER) s nd—H/ b EidiE

e FSTRBCE 4 30 e~ A HEBEH Li L Ze HEND
P I M e AR A ) JZr (HE (Nb |
2 M LR G JE TR A AR To U I REY %ot % A AL At 2

BT 1999 4ELIRE R RIS ST SCIRANME - R 1 R, St — S b Li Ze Hf Nb Ta U Fl
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Fig. 2 The enrichment ratio of some metal elements in

R2EMNBEZBHERBAIBERATESE( A,.S,« BIH %, HitH pg/g)

Table 2 Average contents of some metal elements in Late Permian coal

the Guizhou coal (based on the World average )

from various mining areas of Guizhou
( the unit of A,, S, , is %, others are pg/g)

REY R W& W&, LR P&
WK Li 44. 64 pe/g. Zr 188. 8 pg/g Hf 3.
96 wg/g Nb 17.45 pg/g.Ta 1.33 pg/g. U
8.74 wg/g REY 141.3 ug/g, M8 M
(Dai et al., 2012) Fl B 44 ( Ketris and
Yudovich, 2009) 5 Af 1 T & B9 & &
RSN DL E& TR EEIL(CC =
WFE oo Rk B 5t AR A L)
(Dai Shifeng et al. , 2015), 45K FEW, 5
R G, SN Li HE N REY %
JLHE CCHO0.5~2, KRNI LT RAEMRZE
R B AR Zr Ta U S0 EW CC R 2
~5, KRWLL FuRERER RN EE. 5
B L, B2 N Li HE Nb Ta U,
REY JEE CC A 2~5, %W Foo KA
EHCNE S, Zr TR CC>5, K WZIT
EHEME PR EE(E2),

3 ML lEotR
H) o A4Sk

GERN U €I
DS 2 T 3 A B SR
Vi 487 L 4 I IC % 15
SEEAT I SATHRE . 455

WX | BERE | A S Li V/ Hf Nb T U REY — N w
#M ;;7 20 do7 1!3; 31 112 157f95 5.15 | 16.46 | 1 ;7 2.80 |111.78 MR 2 R o A UHRICEE L
K| 96 | 12.60 | 0.81 |24.25]80.70 | 2.39 | 13.05 | 1.36 | 2.08 |115.51 SR 23 A EERL (T,
k| 63 | 15.46| 2.68 |33.85 [115.79] 3.36 | 13.16 | 1.95 | 3.01 | 94.28  HU¥E W SR E R 2690 A
iﬁ; 2 7.93 | 419 | 9.85 | 14.53 | 0.33 | 1.29 | 0.07 | 0.73 |34.54 (237 AMRERL) 414 (240 RE
Y14 | 240 |21.72| 1.85 | 57.54 |125.39] 2.09 | 8.96 | 1.08 | 6.86 |120.31 o .
H v B Sk Mgz W
HFE | 16 nd | 1.11 | 40.41 [126.70| 3.27 | 10.60 | 1.05 | 1.81 |105.94 i) YOI SR 2%
| 27 11040 | 1.77 110.93 | 26.43 | 0.77 | 2.41 | 0.22 | 1.12 | 48.86 AT ESTGSEHL DL F BT XM B BRIR
T nd nd |50.78 | 42.95 | 1.29 | 3.91 | 0.43 | 0.81 | 54.34 o W
By nd | 2.98 [18.50 [65.50 | 1.10 | 5.85 | 0.25 | 6.37 | nd . — ,
.1 Lig/ & =
K77 | 19 |23.72| 1.61 | 34.35|143.73| 2.31 |24.83 | 0.97 | 3.94 | 86.82 3 " E’Jﬁ?ﬁ'ﬁmﬁﬁﬁ#
v 11 23.93] 231 [129.00 nd | nd | nd | nd | 7.71 |442.38 oM g B R Li TR
=1 6 nd nd nd nd nd nd nd nd |168.23  ENEAE EMIR ST 641
e | 31 15.70 | 6.99 | 81.94 | 66.71 | 1.70 | 9.95 | nd | 4.52 [324.15 N A L i Al S ] o
Ll PAIN v
A5 | 48 2224|280 | nd | nd | nd | nd | nd | 3.19 |128.79 Fe T aiy‘%f%ﬁ
M2 A A B
E% | 4 nd | nd | 51,00 987.00 17.00 | 77.00 | 1.00 | 7.00 |4s8.02  1.89~142.15 pe/g, ¥ 8N
Wz | 76 | 21.27 | 3.63 | 66.25 |170.69| 3.34 | 18.60 | 0.96 |12.79 [113.92 44,64 we/g, B W & T E Y
=48
e |13 25.68| 1.85 | 58.82 |323.22| 4.95 | 15.01 | 0.72 | 35.46 | 46.20  pyyspr 3 g we/e( Dai Shifeng
M| 58 [27.28 | 3.50 | 65.70 |312.47| 6.18 | 24.19 | 1.59 | 27.52 |153.85 o
o L
iES 7.98 | 5.55 | 1.89 | nd | 0.70 | 1.13 | 0.19 | 7.15 |39.49 etal., 2012) 3 fif i Tl AR
ML 30.67 | 6.70 | nd nd | 2.25 | nd | 0.51 | 2.31 |63.74 X 12 pe/g (Ketris and
jﬁ 18.86 | 3.43 | nd nd | 2.25 | nd | 0.65 | 16,42 76.54 vy qovich. 2009), Li J0 % 7E 8
4 14 |39.48) 6.97 | nd nd nd | 52.80 | 4.30 |31.90 |874.00
b —% i YA S ESY A
%N | 14 | 21.34 | 2.47 | 51.68 |749.92| 15.15 | 73.85 | 4.65 | 8.24 |521.48 HIE % R h oy A A 50, 76

TE :nd—B DB A — RS TR AT E (TR AR ) 5 S, »— 2R ( TH4E) ; REY—REE+Y,

IR V> HEED XA Li 88
FEAE L R4 129
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pe/g Al 81.94 pwg/g; HURZE LM IEZ 55115
DX Li S0 0008 51 pg/g F1 57,35 ne/g, % U
FH 3822 IR %0 X Li 2 5530000 66. 25 g/
2.58.82 wg/g.65. 7 pe/g, UL A IE 21 47 X
Li %8R 57.54 pg/g, IR TREFE(EZ) ., B
REV MR L W DT B IER S
G X Z AN, Hofh ™ X Li 584 1. 89 ~56. 84 pg/
g, FH48 25,59 pg/g, AT,

Xt Li 5 it B O s LA X R, 400
WX Li FEFEETE 5,15 5T RMZ, WME
W 129 pe/g, Bk 347 weg/g. WAKED X Li FEEH
BT 15 SHZ  MH 135. 4 wg/g, i N 253 pe/g.

DX Li R EE T THET 22 552,58
93.7 pg/g. HEH X Li EEEETHET —H 1E
BTN 24 X RS 8 ANEEZ AR S, it & BLE

Lig &
Content of Li

TEHAE

no date

I 19,20 S, 70518 145. 4 pe/g Fil 241
ne/g, PRI 17 SHEIEH 153.5 ng/g; #hE 26
SR 133.5 ng/g, W Li TR S EIE N 142. 15
pe/g, e FEIE 10 50 LBt T Li s R iy el
WA IR FR (120 pg/g) , HHRE AR 20 S48 2 50
JEIRE]T 242 pe/g, WL, BILEH £V (9,15 5
W) MARE(1S SHE)Z) 57 X LA S VG g 8 22 X
bR L B &, A O O IR AT,
PRI 0 5 5 A SR R 5
3.2 Zr ST 5 E ST

S B I Ze TR E IR E
TH 608 ML, Zr T B 6N 14,53 ~987 pe/
g, FX &y 188. 8 we/g, 2 e T Y1y
£ 89.5 pg/g( Dai Shifeng et al, 2012),5 {5 T
THFE 36 we/g(Ketris and Yudovich, 2009) , Zr 7

Kl 3 St AH X Li STTR

Fig. 3 Distribution of Lithium in coal in various coal mining areas in Guizhou
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TR A E A 3 A E X, — 2B
FH ) I 22 RN 55 )07 1K, Ze S35 B i 43 1R 987 pe/g
F1749.9 pg/g; 2% SCHEH [ I B 240 X
Zr TTE SR N 323.2 pe/g M 312.5 pe/g; =&
ANEKIE R R EM G X, Zr P& 8K 215.2 pg/
g HIREEE(E 4), Bk LRIER 551 WERE 2%
1= BN K AN, HAfl s X Ze 558 14,53 pg/g~
170.7 wg/g, VX &80 89. 01 we/g, WA T [ 44
-2 i 89.5 pe/eg.

Xt Zo Frim 2w i B LA IX AT R B IR
W IXEEEY Zr &8, P& 987 pe/g; 551
WX Zr & & T EA D M & A, P2 & il
1 819.7 ¢/ I 885 pg/g, BEdh i E E 437 R 1614
ne/g A1 3010 we/g; FEBER" X Zr & 4 T HEFE Y K6
T &R 856. 7 we/g; BN X Zr EAET

rg g
Content of Zr

T H IR

no date

] o100
El 100~200
- 200~300

A 6 S IEE, P& &R 518. 04 ng/g,
TR E N 926. 1 pg/g.
3.3 HINHHGS5EEHME

S B R HE SRR E 4 RS
THE) 582 AMEE R, HE & AR LB FEl R 0. 33 ~
19. 13 pe/g, HARFHME R 3. 96 we/g, B i & T
FEL R 9 S 35 5 4 3. 71 wg/g ( Dai Shifeng et al,
2012),3. 3 ffim THFEAFY & & 12 pg/g
(Ketris and Yudovich, 2009) . Hf 7¢ 5 i i — & i
S A AN 5] AR AU IE % S5 N X HS i
KR HE S50 17 pe/g B 15,15 pg/
g HYCR LM R0 X HE P34 8 840
WK 6.55 we/g F16.18 pg/g(E5) . B FRIEZ .
S FN A0 XA, HoA g™ X HE &8 0. 33
~4.95 wg/g, F¥IH 2. 14 pg/g, Fr RHXTRAR

B 4 M BH XA Ze STTE A

Fig. 4 Distribution of Zr in coal in various coal mining areas in Guizhou
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HfE &
Content of Hf

T H

B 5 SN SF XA \3f TR

Fig. 5 Distribution of Hf in coal in various coal mining areas in Guizhou

X Hf B 2w = i LA X o Hr 2 B, IE %
X Hf FEEETHEREDFHEEN 17 ng/g;
)N X HE B4 T R R F e e S35 i
ORI 17.9 pg/g Fl 16.76 pg/g, FE b B (8 53 51
H 42 pe/g F1 40 pe/g; BT IX HE H4F H 5 H
I 6 SR EE SRR 14. 24 we/e, BRSNS
{4 23.04 pg/g.

3.4 Nb MIKIDHEEEHE

UM BRI Nb TR B B, ALK
ity 632 AEE SR A Nb S ARG
H1.13~80.69 pg/g, FHIEHEN17.45 peg/g, K2
i T E A A 9. 44 pe/g(Dai Shifeng et
al, 2012) 3% 6 {5 TH AP i 3.7 pe/g
(Ketris and Yudovich, 2009) ,

Nb 7ESEH e —F b 85 4 DN EEIX, —
TR A A IE 2 XSS B IX, S35 Nb 5
PN 77 we/g T 73. 85 wg/g; B AR
MIELEW X, Nb X &8k 52. 8 ne/g; —JEBduIE
K5 X, Nb -3 F 500 24. 83 pg/g; U2 2%
SCIREF 24 X, N SE3 5 R 24,19 ng/g (B
6). BR FRIEZ 55)1 HLE K M ET X2
b, HoAh B X Nb & HR 1. 13~19. 98 pe/g, FIH 8
TN 9.26 wg/g, HHEMEED Ze B S EBGE,H
P TR

XFF Nb F 8 3 = 1 LA X o b & B
EZW X N FEEERTHEERT P& ER 77
pe/g; 55X Nb & 4T BB 4 i, %
P&y 900 80. 83 pe/g M 80. 57 we/g, KEdh i i
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Nb& B
Content of Nb

T H

no date

6 SN &AM Nb JEE AR

Fig. 6 Distribution of Nb in coal in various coal mining areas in Guizhou

E 5500 148 we/g 1 194 wg/g; LT X Nb F %
WAET A, F &R 52.8 ng/g, BRI
HHN 67.2 pe/g.
3.5 TaWHDHEESERIE

UMM B R Ta SURB N B, E RS
T 629 AR EUE T, S E N 0.07~5.31 p/g,
BARTHIERN 1.33 pe/g,2 firm T B F 55
i 0. 62 pg/g(Dai Shifeng et al, 2012) ,4 £ & Tt
SRS 5 5 0. 28 wg/g (Ketris and Yudovich,
2009) . Ta JLER 1L 5t M M — B R 0 A A E 2,
BEARACIE 55 N1 X Ta 5ol & 4R, Ta P&
R 4,65 ng/g; HUGR B R B H L LA™ IX, Ta
FRE RN 52.8 pg/g(BI 7). BR T ERS)IE IX

FIELELY" XA, HABE X Ta &4 0.07~1. 95 pg/
g, 409 0. 86 ng/g, B w5 T+ AL it FLAE
Ta B8t B 5t ML Ta 19 R8RS 5 (42
= o

SoF Ta 2 ik 5835 0 85 (6 LA™ IX 2007 42 B0, 4511
X Ta B4 T &MU R T H BT, Ta T34 45 i
SYI 5. 01 /g 5. 65 pe/g, iR it 5 153
419 pg/g Ml 15 pe/g; WG X Ta & 4 T 0 i 4
BP0l 4.3 pe/g, FERM RS A 1R 5. 6 pg/
2o
3.6 UMM 5 E ST

SN B R U TE R R R, EAIRSE
) 899 ANRE S BHE Y, U 5 BEAR AL B 0. 59 ~
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Tag &
Content of Ta
THHE

no date

o

K7 SN X Ta JTTR AR

Fig. 7 Distribution of Ta in coal in various coal mining areas in Guizhou

70.5 pe/g, P& N 8. 74 we/g,3 fiii T rh
(- 35 B i 2. 43 /g AT R S 1 & 2. 4
pg/g( Dai Shifeng et al, 2012 ; Ketris and Yudovich,
2009) , U JCEAESTM M S R A A 5] 2%
SCHRE R I R 40 DX RS 2R e M FH L L DX i U
AR U S5 510h 35. 46 pe/g F131.9
pe/g, FLUOE 2 S 240 X, U P & oy
27.52 pe/e IR T HEEE(E 8) . b LikHERE
FLH 2 X Z A, HA™ X U & &R 0. 73~ 16.
42 pe/e, PSRN 5.2 ne/g, B E T E S F
A U B2 &, BT St D U Bk
SCEBR

Xt U i O e 0 LA X B & B, I P
TXUGEEEFETENET 19 52, %
2 U ERR TS pe/g, FEM B &N 140 pg/

g IR X U T EETaREY, U FgE
N 31.9 pe/g MR E N 53.2 ng/g; 407X U
TER EEEET R, U &N 70.5 pe/
g, HRTFHREEE,
3.7 REY HMS S EEHST

SN B REY JTREC N4, fE LK
GEITE 711 ASRE SR T, REY & AR AR YE R
28.95~978.2 pg/g, P &N 141.3 peg/g, W
125 T A SE 2 5 i 117, 7 pg/g( Dai Shifeng et
al, 2012),2. 4 {5 THFER Y & & 60. 07 pg/
g(Ketris and Yudovich, 2009) , REY 75 M — &
T A AN 5] B8R B A A BB IR AR
JBEE Y 55 N0 X b 5 48, P38 REY & 50 5ok
874 pg/g M1 521.5 pg/g, HUCE R AL IE 257
XA I 42 V0 X A REY SF- 35 8 50 51
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UgE
Content of U

T E

no date

K8 S NA B X U JCR A

Fig. 8 Distribution of U in coal in various coal mining areas in Guizhou

h458.02 wg/g Fl 442. 4 wg/g VI R ARFED X B
REY &N 324.2 pe/eg, B TR ESTE(K9),
bR T ERELE 51 E% GV R SEDT X4,
" X REY &1 34. 54~ 184 ng/g, FH &N
91.94 pg/g, & AXT AR,

XFREY 75 i i 25 0 v i LA X 43 B & 8, B
A X REY BT Ay, 7 REY &4 874
we/g, FTIRE St B {E N 1380 we/g; 551157 X REY
BET RS AT, REY SF &5 h 530.
5 pg/g F1534 pg/g, i 774 pe/g F11024 pe/g;
IEZH X REY HAETHERMEY ¥ REY & H
458.02 wg/g; &VPW X REY E4ET 9 S M 15 G4
2 Yl 442,38 pe/g, e N 689. 6 pe/g;
HFER" X REY EEFET 15 5B, FHEER

N

461.48 pg/g, FEh AR N 728 pe/g. WLET X

RS 55 ) T A s IE 2 X B
MR, SV X 9 S 15 52 MRS X 15 S
E RN REY FE s 4EHLIX
4 PR g TR TR W IR PR

FF LM, G4 0 R & E X P R
Li Zr Hf Nb.Ta U REY AR & &,
R EAEA S EITE M &N C,, KR ILEA
570 Mo, WA (D) IHE R IZ 4
JBICER KIS =,

3 Co m-x+ 16y

CCA T mex =
K. AMEPEIEITE M WIKIES B (A,
ne/g;Co IR ESIRITE M &, neg/g; A,
R FEIK AT s m A SRR M AT R
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2022 4E

REY & &
Content of REY

THE

no data

K9 SEMAH X REY JLER I

Fig. 9 Distribution of REY in coal in various coal mining areas in Guizhou

it
5T 3 S AL B AR Ml A DA KA DG
SCHR AL T 2 MDBCR T Tl 46 4R ( 3R 3) i
TIXTE . £0b AEE DX EE Li, 0 -3 52051
1254 pe/g Ml 1214 pe/g, BIAR IR AR XS R A R 1)
G SRR Tl i 7, (E 8 3 90 ot (2014) 42
AR Li,0 MZRG RIUHAE IR, 2w XKL
Li,0 FH &8 724. 4 we/g, B L4 I S b
F)N B KR 700, T3 & 5530002 4749
pe/g 4168 pe/g, Mt FCIHEIE (2020) S W] &
FIHFEHR R AT FNG 2207 DR IR B 700, 53531)
H 1701 peg/g 1548 pg/g Al 1084 pg/g, HI5 4 5 F
I RR R AR . 55 )17 KB 3E Nb,O, P31 &
IR 484. 4 pe/g, BB (2020) HECAY AT &
FIHE R IE % B HELA XK 3L Nb,04 -3 7 &

S390h 343, 8 we/g 191, 1 pe/g, ik B X ALFE 20
Nb " PRI SRAR T 5 XA FE2 07 X Nb, O &
AN 126.7 ne/g.125 pe/g, ISFNAALFEZE Nb
WIRRL R G, 5501 BLE HAE 4D FNE L
XK 3 REO V34 & 1 43 il h 2875 pg/g. 2604
he/g. 2429 pg/g. 2175 pg/g. 1684 pg/g, il
Seredin and Dai (2012) $i& i i REO A£G 7
FHAER

ZE L RTR &0 HFE XL Li REY, Bl
HHIX ) Nb # REY, 55 )15 X 1) Zr Nb REY , IE%
W XA Zr Nb il REY , 248" X 1) Zr Nb , 24" X
() Li \Zr Nb LASREBER IX ) Ze K5 T AR PR Y
SRR T A0 B SCHR B TIOR8 b, R 4h,
AL DX 43 T T R B o R Tk B AH I 2 A
B AL S | A EAR L AR X 5 4R Bl 1R
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RIBMEFBAEETESER SHMY KIEHRT L
( Ad BAGIAH %, Hithh pg/g)

Table 3 Contents of some metal elements in Guizhou coal and

their comparison with corresponding deposit indicators
( A, unit is %, others are pg/g)

FLIET (B AR, 1989 ; i > 4 % 1992
Wang Hao et al. , 2011) , 7K A9 AR HI
TH AR S e AR A58 L R B A 2 v ) i
Yy A, 2 o g — S R b R T
R A EEE W, L5 (2007) F
Wang Qiang(2008a, b) & PUHEHFf + &

B A, Nb, 0, 70, Li,0 REO T AR F TR RN e T gk A L
&= 23.96 / / 1253.66 2174.87 ZRA KA = BITR A |, 3216 7K 5210 7N
fike 15.70 90. 94 574.20 1213.75 2429. 00 o TR
511 21.34 484.38 4748. 85 563.20 2874.91 (PRSI LR R 03 & B A
% 32.00 343.75 4168.07 370. 64 1683. 90 BE . RIRPGRAE FIAE SN i — B I
L 39,48 191. 06 / / 2604. 45 H T 2 R AR e AR B TR Y
W5 25.68 83.50 1700. 87 553. 04 211.65 o , i
Wl 21.27 124. 92 1084. 45 724.35 630. 11 "I(Dai Shifeng et al. , 2005;Li Baoging
f 27.28 126. 68 1547. 86 560. 08 663. 49 etal., 2017), AW LN, BV i

AR ST R R AP AT Li Nb Ta U 50K #
oo | RUEFEEL | RUESERL | 4000~6000 | 800~ 1500 A2 1 S 99 A
R | 000 | Bikzsem | Eaer % iﬁ)ﬂﬁﬁ&ﬁﬁt@fﬂﬂ’ﬁﬁﬁﬁﬂé( i
R 5000~7000 | 5000~10000  PHERAE 2016 4 5 A< 55 ,2017) , ILAF,
Tl px AEpfBihER | TR g LR AR SRR B DOR, 2 R M
A WAeses | KAkFEs!l | 8000~11000 | 1400~2500 SRl — s P E S e A [ A 1
Tolb & | 160~200 8000 AL R AR | A @”Mﬁi— HEREFR SRR 2 TR OT R R e
9000~ 12000 |15000~20000 . ZASIA A 3 (Dai Shifeng et al. , 2017;
SR R A E T X ina, 2022) . ARRIBBNFEM WG
45 £ b b ¢ d N L .
(@j}i&gﬁﬁ Tk #6845 | 428.57 2702. 70 966. 96 1000 3171 3% 5 76 g M X L i Bl

Hra—3 | AW P HIR TALE SR T 2010) ;b—31 A HESE(2020) ;e—31 A FD
T4 (2014) ; d—731 H Seredin and Dai(2012) , LLIR 4 17% 48 %f i E AL 4

B Ay IR R (TR .

FORM L A P RE R T AE AT R FH R
5 EAEBKA®

JSCHRE DA 0 T 2 R e R R S R i g 45
M ST AE G b i T R Y AR LA Y
(Bouska, 2000; {FfE0545,2006; Dai Shifeng et al. ,
2012) , S PEHRHE B T AR v i i e 2 AR
(= % TN i S Y S R S G I D 7 S
T R TR S B A 3 A R B R
HEgs VIR LR AR IR AE 4% ( Dai
Shifeng et al., 2005; % % [ %, 2011; 7 i 5%,
2015; Liu Jingjing et al. , 2019)

SR Bt 0 L2 A KAk R AR S VY
e 5 T SRR b 179 = B B VR i 0 R U,
TAME PR AR TR N EE LA R
(Dai Shifeng et al. , 2005, 2008; 2= K45 2008;
Yang Ruidong et al., 2011; #2%%, 2015; Shen
Minglian et al. , 2021; X & 5h%, 2022) , BE#H I —
B R VT AR Ak, SR USRI A T I A VA i

U JA L2 o I 7 A R K LU R R T
FRUTRE , O I b )2 v DL o3 A A7 LR
PSR 4 5 JE AT (Tonstein ) (J&] CF,
1999) . ARG 7E 5t JH V5 B — & I
SR T DT KL E S B K L i 4 I
(VIM) (Dai Shifeng et al. , 2003 ; ZERALEE 2005) ,
TERF AT S BES Rrh LB T KL s A iy
Nb(Ta)—Zr( Hf ) —REY—Ga £ & J& A0 %, Ik
WA A 0 KK ARG 5 e K R oA e
DI K KL Ff B8R4 55 ( Dai Shifeng et al. , 2010)
AAHTE S, B IO 5 1] TR0 X R % SRR
0 24— X 58 3% 5 4 Zr Hf Nb.Ta &% REY %C
£, MHXILMTREH DAS R EE, e
REHAT AT & SR A . BT AT TSR W, 5t M P &R
e S REY—Zr(Hf) —Nb(Ta) S &£ 5
B P B8 I A L R i A AR RO FH A B i
PEREB Y B HE LS A G, Dai Shifeng 57 (2016) K h
] VY e e — &t A9 REY—Zr (Hf) —Nb (Ta)
B U R TR Ll K B A Liu Jingjing 5§
(2019) B 5% o I\ S 7S £ K B REY—Nb—
Ta—7Zr—Hf T & T+ 55 1 3 B PR 0% 8 11 R KOk
A (ELIP) T3 i o Pk i 9 B iy R A Li
Baoqing 55 (2020) % BLES UM FH 3 S0 A 45 TE AR
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W REY—Zr(Hf)—Nb(Ta) 44 B E 54 REY
AR IART IR L Ze F1 HE BIAARE W4 41 Nb Al
Ta MZAD P ELERD ok A KB LIRS .
Li Baoqing 55 (2017 ) 1A R AR FA 8 A T 6 4
REY—Zr(Hf)—Nb(Ta) H & FH BHELAFEE
YER . LAk, A 09 A IR VR A (R R B2 iz A
EHEMTEEEN, AR E S (2020) BF5E £ BB
5 )NA I A T i T &R A Li Ze \Nb HE
Ta U5 Al HA RAFIIEAH G, EZIRAAAE S+
T 5 B E L 2R

B 55 )1 IE%E A vb K kEnT X g
F e REY, AT AR, S0 PG H e — 5 A
i REY 198 48 2 22 500 112 s KUk =4 &
KL F—r W i A RIEEEA A 6 . ARTE SR ik
TAEMAA PR (B 2R, 1989) , 55 )1 I
X PUBPAEE A AR Y | 4 VDM R DU R A 854 )Ry R
R AR, FLEE B W U X ik JE 1 R A R, SR
2 A S o VR B R R B T Y AR R
SEBARAEE A & (B SR ,2002) . BG4,
B REY WIELH X E TR AR X AR
W FM T X SE D 2R A TR R
TS E AT W SR S SR I T U X R S
PIlk T A Ll B A KA = A, T BRI 1 Bl 4 5
Jr—rh ) B B A (CE AR R, 2007 5 A% PR AR,
2020; Xie Panpan et al. , 2017),

SR I B 240 X R AR U AT
FEFRM, MG S IR A U S R
FUKTR e SRR TR AR A | i D T ) o A O,
I AE (2003) KA 4 9 SHE TS EN U
(49.6 weg/g) FIFUTAL K I KA X, Dai Shifeng 45
(2004) A HE14: 30 S 2 & B U SaEFIGE
PR AT O, 25 RAE4E (2005) AT K BRI B
X 8 HZh U S i (154. 8 we/g) il id B %Ak
SLPRBUEN U R84 T R AR Lo, B
IR U By 50 & 5 5 R oy bl B U e 8 ik 25
X, Yang Jianye 55 (2006) & B 201X 2 50K 5
TR U132, 7 we/eg) EEMAE A, H L
W R IR B Y TR U B BRI,

WA Y G V> ARE 55 )1 2% SO Y
Wiz R DT NI P SR X R A
Li, FESF(2015) BFFE &, 5 P 0 i — 25 THE A
HHH Li 52 5 B2 B 9 TR X XA 0 5 A 4 45 Rt
RS AR b 2 A, AT i 32 B A7 31 DX I IR $A R E
PLBCK L SRR AR, FR R (2021) W58 &

241X 20 S A Li(134. 1 ng/g) 2
FLi 5 ALSi %R CHE DL R Y i X e R =
(LA-ICP-MS) /¥, Li EEMAF T2 L5 b, i
Bl YRR S ) (AL 2 o I L Y AR T B SR
SR T B SN e — B I Li 0 s SRR AT
FEX A

25 FJrR 6 TR S5 s 4R Nb Ta  Zr (Hf
FIREY 55708 JE 1L X s KA = i k45 (2
DURRIREE At K2 M ) | TR0 K R TR A DA K&
B e IR AR A 8 B AT E 252 e, b REY
() A, AU RS KL= O 38 T RE Sz 3K
B — PR TR ARSI, RSN, R U L B
LG RGO LK AR T Bl 56 T 1 AT
X,

6 4t

(1) SEIHBE Li 5 -2 {E Dl 45. 48 pg/g, W]
BT EEAE Y S, H 3 5 T R
Py, Li BRI MfE 255, 1
TR KA Li, 0 405108 1254 pe/g 1214 pg/g Fil
724.4 wg/g, iR F AR d5 AR Tl i 67 5 5L
BRI AT [DOR I FE AR, e U L 420 9 5 15
SHZE AR 15 SRR e 20 SR SRR,

(2) BrHIBER Ze F11 Nb 2 ESEE{E 5 51k 201.
2 pg/g M 18.25 wg/g, sl 7 F5FIE 6 £ i Tk
FURERSEX SR, Ze A ND Y B4R X O B8 A0 I B
G5 NI AEZE HAAE LA B % SCIRE T 1) W e 522
SEth, Hoh S5 R Ze (T A R AN
JREE 7x0, 43 91K 4749 wg/g T 4168 pe/g, 55 )11
H1 Nb P & O KBS Nb,Oy by 484. 4 pe/g,
PR3k T R R A o ) e I Tl ot 87 8 SR AL 7T
ISR A8 b5

(3) BHIBER REY JCR &8 R 154.8 pe/
g, B T R A, B 2.5 f e TR
WA &, REY B EEAELST MkE 5
KB X 4050 0 KRR + A6 REO & 43l
H 2175 ng/g.2429 wg/g 2875 wg/g Al 2604 pg/g,
Pyt T R R A o ) R Tl A7 8 SR A L T
B @ IDEEE =2 TN

(4) BEMIBET Li Zr Nb REY 25 KGRIt R
BOh E AT B A v 0 i DX sy B AL
BRGSO A X, b B A0 R A
WFFEREBERAR , T ARIBC B S AR 45D | a2
JEHE (0 R s BR AL SRR AE 1A T — IR A5
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(5) PRI JE 1l 2 3A KA ™= W i k45 (52
ORI At K52 ) ) | [T Ll R TR A A B
FSCHRES o IR AR T 2 B N e — S i v Nb |
Ta.Zr Hf Fl REY 0 R B E M FEH R, Hh
REY W& %, AU LA WAL= %, i8] g
ZFRGEE—r P SR A B T LU Y
w5 FPURAOLK ARR PR | Rl I 5 4 5t
EEP
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A review on the abnormal enrichment of some
metals in coals from Guizhou
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Abstract; Coal seams can enrich a variety of key metal elements under specific geological conditions, and
thus form " coal-type key metal deposits" with comprehensive utilization value. With the increasing development of
the extraction technology of associated metal elements in coal, it is of great resource significance to study the
enrichment and distribution characteristics of metal elements in coal and to identify the target areas or coal seams for
elements with economic importance. Based on previous published literatures in the past 20 years and the author’s
recent test data for coals from Guizhou province of China, this study conducts statistics on geochemical data of 1002
samples from 23 major coal-producing areas in Guizhou, and reveals the overall distribution and enrichment
characteristics of some critical elements such as Li, Zr, Hf, Nb, Ta, U and rare earth elements (REY) in Guizhou
coal. The research shows that Li, Zr, Nb, REY are relatively rich in Guizhou coal, and the areas with the
metallogenic potential of coal-type key metal deposits are the Northern Guizhou coalfield and the Xingyi coalfield.
Specifically, the average content of Li in Jinsha, Tongzi, and Pu’an coals converted to ash-based Li,O content is
1254 pe/g, 1214 pg/g and 724 wg/g, respectively. The average content of Zr in Wuchuan and Zheng’an coals is
4749 ng/g and 4168 pg/g respectively after converting to ash-based ZrO, content. The ash-based Nb,Os in
Wuchuan coal is as high as 484. 4 wg/g, and the ash-based rare earth oxides in Jinsha, Tongzi, Wuchuan and
Kaili coals are 2175 pg/g, 2429 pg/g, 2875 wg/g and 2604 weg/g, respectively. These content values described
above all exceed the minimum industrial grades for the corresponding deposits or the available levels suggested by
the literature. It can be seen that various metal elements in Guizhou coal have relatively high background values,
especially in some mining areas of Xingyi coalfield and Qianbei coalfield. Therefore, the author suggests that coal
geochemical research and geological exploration of the above two coalfields should be further strengthened to reveal
the temporal and spatial distribution and enrichment laws of these trace elements, and provide scientific basis for

the prospecting and exploration of coal-type key metal deposits. The enrichment of elements such as Li, U, Nb,
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Ta, Zr, Hf and REY abnormally enriched in the late Permian coals of Guizhou is mainly due to the supply of
weathering products of the Emeishan basalt, the mixing of syndepositional volcanic ash, and the low temperature
heat after the coal-forming period. The effect of fluid action. Among them, the enrichment of REY is not only
related to basalt weathering products, but also may be affected by the input of felsic—neutral substances.

Keywords : Guizhou, coal, trace elements, enrichment characteristics, coal-type key metal deposits

Acknowledgements: This work was supported by the National Natural Science Foundation of China
(51964009)

First author; ZHANG Yan, male, born in 1996, master degree, research direction: Mineralogy, petrology,
ore deposit; Email; yanzhang2022@ 163. com

Corresponding author: CHENG Wei, male, born in 1983, Ph. D. , professor, mainly focuses on clean coal
technology and coal geochemistry; Email ; wchengl @ gzu. edu. cn

Manuscript received on: 2022-04-13; Accepted on; 2022-10-09; Network published on; 2022-10-20

Doi: 10. 16509/j. georeview. 2022. 10. 045 Edited by: ZHANG Yuxu



10 A

SRATAT : SEMIEE R L RT3 S e AR

21




