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48.26% , SN 42. 98% ; A1,0, K 27. 28%~
30. 83% , %I {5 M 28.53%; K,0 & &} 0.72% ~
0.89% , ¥J{H & 0.80%; MgO & 1 N 0.47% ~
071%, ¥ {H H 0.63%; Fe,0, & & N 9.53% ~
20. 41% , %I {8} 13.96% ; Na,0 &5 5 K 0. 45% ~
0.69% , ¥J{E N 0.61%; MnO, % & K 0.07% ~
0.09%, ¥4 {H 4 0.08%; SO, & & N 1.40% ~
3.17%, ¥J{H Jy 2.25%; TiO, & & N 1.81% ~
2.95% BN 2.56%, ZHLIX | &5 e E A
B EREITE P& & i KREVMRIR A . sio, >

Al,0,>Fe,0,>Ca0>TiO,>S0,>K,0>MgO>Na,O0>
P,0,>Mn0,, Si0,/AL O, {4 1.36 ~ 1.59, F1
1,51, Si0,/AL0, & T E A (E (1.42)
(DAIS, F, etal, 2012), & T /& W& £ (9 B8 (4
(1. 18) (A 2014 ) , FRIIBEH Al FZLIAL 1
W YNBSS Y, ShEEFET
HEEMEE (TG 45 ,2006) , 7 52 5 1 X 4
Si0, \TiO, MnO, &, Hrh Sio, f& i [E 4 m
5.1 4%, Ti0, £ EHEA 7.8 5, MnO, 2 [E 4
5.3 4%, Bk MgO /T 1 4b, A A & ) )2
R 2.5 ~4. 8 %, W 1,

5.2 Mitic®E

WFFEIX ARG + 0 2 B (SREE ) 24 60. 93 %
1070~ 244. 12x107° S48 158. 73x 107, Ry [
PIE(119.05%107°) ( DAISF , etal ,2010) 4 1. 33 43, 1
SFURESE A1 (60. 21 %107 ) ( DAISFetal ,2010) 14 2. 64
£ 8% Eu Lu /T 146, Aot R 2 ERR 104 ~
1. 53 %, AR 1.2 ~ 3.3 £, SLREE/SHREE
B R 4. 64 ~ 12.93,F¥°H 8.56, UL3% 2., i X A
BRI PR LOCR B4, ek E R A0y
AR (R TR ) T« V" A oy A3k
AR—3, M La 3 Lu i 4 J0 2 145 i A0 (E 328 8 [
I8, e e o i 2 Aol A h iy« oF
W7 A o R TRELLER P, R T E ik
FEXAF-22, 4081 3 s, (La/Yb)y oH 9. 68 ~ 33.86,
YIEN 16,92, KR ER + 0 R 0 MR E & 105
fiF;(La/Sm) N 1.78 ~ 12. 65, ¥{ Ky 7. 54, Fe W42
Wi F TR E S (GA/ YD) N 2 1.21 ~ 7.08 ¥I{H N
2. 72, R L ICRARTE A ;8Eu 0. 10~0.47,
E R 0.38, HABH B/ Eu 1573 % ;8Ce 4 0.77
~1.02,¥HH 0.97, A Ce 81554 . Eu i
w, M TR R, RUIRF I X i+
JGE EEORIE TR S (387104 ,2016) ,

*1 RRFWREBEAFEHEIETEST R (%)
Table 1 Major element test of coal sample in Longtan formation of Wujiazhai area
e Si0, ALO; TiO2 Fe,0, CaO MgO K,0 Na,0O MnO, P,0; 30, @gg{ﬁ Si0,/Al,0,
C5 43.68 27.5 2.93 11.34 5.45 0.71 0.8 0.69 0.09 0.23 3.17 0.25 1.59
C8 48.26 30.83 2.95 9.53 2.93 0.56 0.72 0.68 0.07 0.24 1.40 0.17 1.57
C12 37.00 27.28 1.81 20.41 5.59 0.47 0.79 0.45 0.09 0.21 2.18 0.41 1.36
EHME 42.98 28.53 2.56 13.96 4.66 0.63 0.80 0.61 0.08 0.23 2.25 0.28 1.51
AR 8.47 5.98 0.33 4.8 1.23 0.22 0.19 0.16 0.015 0.092 - - 1.42
FEEME/ P EE 51 48 7.8 2.9 3.8 03 42 38 53 25

TE AR A P S 2 TSRy PO SR 3 SE B KM K= (Fe, 05 +Ca0+Mg0) / (Si0,+A1,05)
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REEMXEERFEFEPHLITR(0B/107)

Table 2 REE of coal sample in Longtan formation of Wujiazhai area( wB/107*)

fik la C P N Sm Eu Gl T Dy Ho B Tm Yo Iu Y 3SREE 3LREE IHREE LREE/HREE 8Fu 8Ce 3la/Yh 3La/Sm 3Gd/Yh
(-1 47.8 826 7.34 21.9 378 0.58 3.65 0.7 469 0.9 311 049 302 045 563 8.1 164 171 9.59 047 0.95 1583 1265 12
(-2 255 57.6 732 342 143 0.47 1465 177 7.29 1.07 257 0.35 2.07 0.3 265 169.46 139.39 30.07 464 010 1 123 L7 708
C8-1 564 107 1155 385 7.16 0.95 5.9 1 615 121 3.64 0.5 352 0.51 332 24412 2056 2.5 928 043 0.9 1602 7.8 170
(8-2 120254 28 96 214 0.32 221 0.4 254 045 L4 0.4 1.24 0.17 281 60.93 5228 865 6.04 045 LO2 9.68 560 L78
CI2-1 285 559 629 20.4 417 0.8 3.45 0.59 3.57 0.7 218 0.3 2.03 0.31 4.6 130 1168 13.16 8.88 045 0.96 1404 6.8 L7
C12-2 474 682 7.97 262 451 0.2 402 0.6 326 0.59 168 0.2 L4 02 2.3 16677 148 1.97 1299 037 0.7 338 10.51 2.8
C5 36,65 70.1 7.33 28.05 9.04 0.53 915 1.24 5.9 1.03 2.84 0.42 2.55 0.38 4.4 17529 15195 2359 712 0.29 0.9 14.08 1443 415
8 M2 0662 719 2405 465 0.64 410 0.7 435 0.83 252 0.40 238 0.34 30.65 152.53 136.92 15.61 760 0.4 09 128 675 LM
C12 3795 625 713 23.8 434 0.5 374 0.6 342 0.65 1.93 0.28 1.72 0.26 30.45 148.39 135.82 12.57 10,90 041 0.87 2.9 867 229
T 36276612 7.2 253 6.01 0.57 5.66 0.84 458 0.8 243 036 220 0.32 %.8 1873 14148 17.05 8.5 038 094 169% 754 27
MRS 051 4910 5.47 215 43 0.87 37 0.67 313 0.65 1.8 0.27 212 0.3 - 119.05 10635 127 837 065 0.97 798 367 L4l
fAE 003 34 12 22 04 27 030 21057 1 03 1 02 - 602 203 818 6.3 0.4 09 74 315 218
AR/REA L4135 130 118 140 0.6 153 125 146 129 131 133 LO4 0.63 - 133 13 LM L2 L3702 L1 08 L3
ARARE 33 287 200 210 273 132 21 271 218 147 243 12 220 L6 - 264 272 Ll 135 162 0.5 L2 1 0.8
TE ARSI b R B bR AL A RS T 58 A
o EPSE— JECHAR < 1) 5 551 FBEA L HE(19. 77 £%) \Nb
) e BB (14.46 £%) .Cu(9.23 %) . Zr(6. 82 %) .Ta(6. 61
" . . f5) W (4.9 1%) .Cs(4.67 £%) %, Sc. V. Ga,
—— Y Pb Th U.Co. Mo, Rb Ba giﬂl—,[ ( ttﬁjﬂ 2~
E; 4),7Zn Ge Ni li Be & S AHXT 0 (A 1 ~
gso 2),As W . Se Tl Sr &AL FHAE (HHE<1),
: PRSI, Ze Cu S rh EERISE 10 4%, HE Nb & Ht
FHHER 15 ~ 20 %5, W3R 3, XEETTR N E ol
Al 5 DB 111 R A SR B R A — 72 1
5 ! ! L L 1 L I L L 1 L L L ! L [ B Co, Cu Ga Ge Mo Ni v Zn_
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu L 7% % & & & w & % & % —
E3 HtaERRREIRELS R E 7]
GBI 2019 65 5:1 S —— - " —
Fig. 3 Standard distribution model of REE chondrite :+ ! 5“‘/ g v Ll bood \
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S | |
HP 4 AL C12-C8-CS T FE F,Co.  B=Sh bl ;
Ge \Ni Sr.Zn & w61 KIG WD, AR>S 4 HEREEHEBTENETHIFTENER

e Cr Cu,Ga Mo 7 & M| e /D Jg 3 K, 8
A< GV S HE AN, BRI 5

DXARE P A i oo A A 1) AR fp B S S5 e ) 1
DU AL RRAE A ¢ (5K SO 46,2020) .
b T R & = 5 T E S (DAISF etal,2005)
AHE . Zr (9.03 %) .Cu(8.03 1) (HI(6.21 %) .
Nb (5. 65 Tj)/\Ef—E,Cs V.Ga,Th,U Mn, Mo,
Rb.Ba.Cs.Ta i (lWEM 2 ~4) , B hE
££ As Hg Pb Ni, Co,Cr, Sn,Be ¥ & A %f $% i
(HAMEHM 1 ~2),Zn Ge W . Li B Tl S KT HE

Fig. 4 Vertical change line rule of coal seam trace

element in the study area
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K4 (Mad) : &K 2. 03%~ 2. 83% , YJ{H K
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Table 3 Analytical results and parameter characteristics of trace element in the coal seam in Longtan formation of Wujiazhai area

FEAS S CSOCREARE9) CB(RRAREL13) CI2(FEMK10) ~F¥ME PRI HFURE AKX/ PEGE AKX AFE

As 6.3 4. 84 6.01 5.72 3.79 7.6 1.51 0.75
Hg 0.249 0.351 0.221 0.27 0.15 - 1. 80 -
Se 21 10 5 12 4.72 3.9 2.54 3.08
A 65.5 91.31 83.22 80. 01 34.97 25 2.29 3.20
Cu 337 76 30 147. 67 18. 4 16 8.03 9.23
Zn 29 55 20 34. 67 42.11 23 0. 82 1.51
Ga 20.6 13. 82 15. 11 16.51 6. 64 5.8 2.49 2.85
Re 0. 005 0. 003 0.022 0.01 - - - -
Pb 18 21 31 23.33 15. 41 7.8 1.51 2.99
Th 14.55 10.22 12. 07 12. 28 5.84 3.3 2.10 3.72
U 7.9 6. 02 3.38 5.77 2.41 2.4 2.39 2.40
Ge 3.1 1.85 1.92 2.29 2.78 2 0.82 1.15
Ni 24.21 29.31 12. 37 21.96 13.72 13 1. 60 1.69
Co 19. 61 19. 52 2.33 13.82 7.08 5.1 1.95 2.71
Cr 59.72 11.17 17.76 29.55 15.35 16 1.93 1.85
Mn 168. 12 189. 62 182.7 180. 15 77 - 2.34 -
W 0.77 0. 88 1.34 1 1. 04 1.1 0.96 0.91
Sn 0.76 0.55 10. 29 3.87 2.11 0.79 1.83 4.90
Mo 4.5 1.27 13.7 6.49 3.19 2.2 2.03 2.95
Li 30. 62 4.9 1.07 12.2 31.8 12 0.38 1.02
B 8.25 8. 54 12.22 9.67 63 - 0.15 -
Be 2.03 4.15 3.12 3.1 2.13 1.61 1. 46 1.93
Se 0. 091 0.092 0. 127 0.1 2.47 1 0.04 0.10
Tl 0.02 0.14 0.79 0.32 0. 47 0.6 0. 68 0.53
Rb 1.8 6.91 79.5 29.4 9.24 14 3.18 2.10
Sr 66. 19 82.77 43.09 64. 02 140.2 110 0.46 0.58
Ba 336.72 502.78 468. 75 436. 08 159 150 2.74 2.91
Cs 3.59 3.52 6.91 4. 67 1.13 1 4.13 4. 67
Nb 2.77 7.42 150. 3 53.5 9.47 3.7 5.65 14. 46
Ta 0.15 0.43 4.97 1.85 0. 66 0.28 2.80 6.61
Zr 271.82 277. 16 187. 14 245. 37 89.3 36 9.03 6. 82
Hf 3.1 5.29 62.76 23.72 3.82 1.2 6.21 19.77
Sr/Ba 0.20 0.16 0.09 0.15 0.88 0.73 0.17 0.20
Th/U 1. 84 1.70 3.57 2.13 2.42 1.38 0. 88 1.55

TE R S A R P SR S S
R4 REFHEEBARRSTERRSEHFE—RE

Table 4  Analytical results and parameter characteristics of coal quality in Longtan formation of Wujiazhai area

2 KA Mad  Ad vd Cd Hd  St,d Cld Pd Asd F
ETa=2 Qb,d Qgr,d Qnet,d (K4) (K4) (FERS) (Bk) () (B4 (%) (B  (F) ()
T By (MJ/kg) (%) (%) (%) (%) (%) (%) (%) (%) 10°* 10™

C5 25.27 25.19 24.63 2.77 25.73 12.96 64.84 1.85 3.15 0.03 168.48 6.10 218.44
C8 26.65 26.57 26.23 2.83 22.35 12. 31 68.42 1.89 2.03 0.03 178.38 4.84 135.00
C12 26.72 26.62 26.06 2.03 23.92 12.24 66.88 1.77 4.34 0.03 147.70 6.30 181.50
EHE 26.21 26.13 25.64  2.54 24 12.5 66.71 1.84 3.17 0.03 164.85 5.75 178.3

T A DU 5 P 4 ) v 0 SE 3R 2 SE
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RS (Ad) ;&N 22.35%~ 25.73% , ¥l
5 24.00% , Ry IR BIFGT IX M2 K oy B i
1o, 2 TR e R ABG AR v Bl VR i 9 R I A
MFEECHIER A R (i F,
2020) , S AY REE & R8s S oK 2
FAHE, S K5 B IEAHE, iE S iR,

EE S (Vdaf) . &R 12.24%~ 12.96% ,3
B4 12.5% , WRFE K& 4, M C12 ~ C8, B )2
FER 5K BAEM S, 5K B o 2 TAH G
M C8 ~ C5, JEZ K& 4y 5K 4y B A, 5K
a3 BT IEAR DG nE 5 R

K5y O RSy () sy O K53 Co)
Mad Vdaf Std Ad

Bs5 HARXRE-BSHLEAKER
ke kG FBROSMBHE@ELE

Fig. 5 Vertical change chart of water,ash,volatile and sulfur content

in Longtan formation coal seam of upper Permian in the study area

T4y (St,d) : H i 2. 03%~ 4. 34%  ¥{E N
3.17%, J& TRe B Bk 2 St vy 199 i IR Ry 8 v
URA B & S R (TEVESE 2017) , AR R o 20 I
BT W s H2S i, ek S, S
Hok sy R SC S R4y KA BIEARSE, anE
5 N,

B (Cd) S (Hd) : [F 2 & 2N 64. 84% ~
68. 42% ,YJH A 66. T1% , Ay i [ 5 BRI &5
BN 1.77%~1.89% ,¥I{E 1 1. 84%

S&#E (Qgr,d) :25. 19 ~26. 62 MJ/kg,
PIMH 26. 13 MJ/kg, JH e a5

Bi W, RSB (P) &N 0.001% ~
0.044% ,YJ{EH N 0. 016% , J& T8 43 15 ; 1 ( As)
EEHN 1751074~ 17.20x 107*, 4 H 5. 89 x
107 )8 T & B /U (F) ity 63x107°~
484x10°°  HJ{E N 165. 58x 107, J& T H UM ; &
(C1) &M 0.01%~ 0. 06% , #1{E Hy 0. 03% (LA
T AR A IME 0. 1%) |, J& TR

25 b, R b DX B I ELAA R4 K 4
WSy ARAE R 3 SRR A s T A e &

Bt GRS IR AR
7 RIRINE ST

S Vi ki 28 EAH SR A 2 P i B R R
DUBRER, o S 55 A b AR SR F TR A
TR KRR B | H R b 27 2% 1 B it~ 1 A8 Ak 1y A2
Pl % 2 52 M 1) 43 A 31 B RT T R AT K
JEFE (TR 45,2003 ZFRHEK 4F,2010; B 8 X
4,2013) , EHUNEMREAER N £ FHEAT
VAL T 5 T BV BRI AL 22 3R 5

7.1 YyETmEE

7.1.1 FE A

¥ 1532 e R B R R R,
B IR I AR S22 Bl i 48 R AR R R 43 1l IX 46 T B
Wi, 207 TR B AR R ok, e — S i, B AE T
RELIE TR W KA AT B T 4 F B e 3R I 4 b
(E/NN11996) W58 XA T3 F AR PE R 2%, %
b DX 1A 24 A T e | D0 e 55 A A A R R
ARAH Y Shy SRS 75 1 1 A M DU R AR 5 1,
SEITTRE DX 5 BE | B A % | o5 2 SR
Y I L A R EE | TUBURME: S TR AR )
2H AN AR (ZEHE P, 2016) o By HE BURN 577
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Fig. 6 a Relation between sulfur index and ash index in Longtan formation coal of upper Permian in

Wujiazhai area,b Triangle end members of coal ash
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Geochemical Characteristics and Coal Accumulating Environment
Analysis of Late Permian Coal Seams in Wujiazhai
Area,North Guizhou Coalfield

YANG Xu,LIU Zhi-chen, QIN Xian-jin, XIAO Lin, CHEN Lei, LI Long—fu, WANG Yang

(102 Geological Party, Guizhou Bureau of Geology and Mineral Exploration and
Development , Zunyi 563003 , Guizhou , China )

[ Abstract] In order to discuss the relation between geochemical characteristics of coal seams and coal form-
ing environment,based on the analytical data of geochemical characteristics of coal samples from Longtan forma-
tion of upper Permian in Wujiazhai area of North Guizhou coalfield, the overall coal quality characteristics of
late Permian coal in this area were evaluated, and the relation between coal ash composition index, trace ele-
ments and rare earth elements and coal forming environment was mainly discussed. The results show that the ash
composition index(Fe,0,+ CaO + Mg0)/(8Si0,+ Al,0,)and SiO,+ Al,O, in the study area are 0. 28 on aver-
age ,which belong to strong reduction type; The content of SiO,+ Al,O, is the highest in CaO + MgO, Fe,0,+
SO, and SiO,+ Al,O;,which indicates that the terrigenous minerals represented by clay minerals are mostly re-
lated to fresh water injection. The three terminal element analysis of ash yield, ash composition index and ash
composition reveals that the Coal Accumulating Environment in the study area changes from the environment
with shallow water, strong hydrodynamic force and strong reducibility in the terrigenous source area to the envi-
ronment with deep water, weak hydrodynamic force and strong reducibility far away from the terrigenous source
area. The average value of trace element Sr / BA in the study area is 0. 15, indicating that it is a freshwater en-
vironment. The geochemical parameters of rare earth elements in the study area are EU negative anomaly and
CE negative anomaly. Therefore , the study area is mainly continental coal accumulation environment, and the
coal forming environment is little affected by sea water. Comprehensive analysis shows that the Late Permian
coal accumulation environment in wujiazhai area is mainly related to paleoclimate , sedimentary environment and
other factors.

[ Key Words] Coal seam;Longtan formation of Permian;Geochemistry ; Coal accumulation environment; Wu-

jiazhai area



