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Geochemical Characteristics and Geological Significance of Major and
Trace Elements in the Permo-Carboniferous Taiyuan Formation Coal
from Ningdong Coalfield at the Western Margin of Ordos Basin
MA Feng-hua, WANG Dong-gang, HE Qing-zhi, WANG Cheng, LI Tong, WANG Hong

(Geological Survey Insitute of Ningxia Hui Autonomous Region( Geology and Mineral Center

Laboratory of Ningxia Hui Autonomous Region) , Yinchuan 750021, China)

[ Abstract] In order to reveal the characteristics and geological significance of the main micronutrient geochemistry in the Carbonifer-
ous-Permian Taiyuan Formation in Ningdong coalfield which deposited in marine-land transition coal-accumulating environment, the X-
ray fluorescence( XRF) spectrometry, inductively coupled plasma-mass spectrometry (ICP-MS) , macerals identification and industrial
analysis were used to study the source, occurrence and environmental significance of trace elements in coals. The results show that the
content of major and trace elements in Carboniferous coals of Ningdong coalfield are varies greatly, except the Fe,O; content is lower
than the mean content of China coals. The Rb(5. 1) is enriched in Weierkuang while other elements are slightly enriched in different
micronutrient. The major and trace elements in coal are mainly occurs in clay minerals, and come from the supply of terrigenous clasts
and the combination with organic matter and authigenic minerals in water-soluble state and ion state. The ratio of TiO,/Al, O, indicate
that the minerals in the coal are mainly derived from felsic clastic rocks, and the positive correlation between CaO and MgO indicates
that they coexist in the form of dolomite. The ratio of Sr/Cu and CaO/(MgO-Al,O,) and the other parameters indicate the coal-accu-
mulating period is in a warm and humid environment, it is inferred that the temperature is between 15 “C and 30 °C , the ratio of Sr/Ba
indicates that the coal-forming marsh is a brackish water environment, which indicates that it is affected by seawater. The parameters of
Cuw/Zn, V/(V + Ni), Ni/Co and V/Cr revealed that the peat-formed bog was in an anaerobic redox environment.

[ Keywords] Ningdong coalfield; Taiyuan Formation; coal; trace element; geochemistry
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HPEBENT 4.4% ~39.3%, A& EN T
3.1% ~7.7% s BEAR IR AT (R) AT 0.5% ~
2.21% JE PRI, B TR RS BN T
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Table 1 Macerals and proximate parameters of
Taiyuan Formation coal from Ningdong coalfield

A~ EL
=/ %
FE - — Ro/% Vyy/% Ay/%  S/%
" BmEd eEA ama T ’
IF 8 56.4  39.3 4.3 0.50 28.60 19.10 0.32
XIKBEET 87.3 9.6 3.1 2.21 20.61 34.48 1.51
EFFEMY 85.6 6.7 7.7 0.61 34.55 7.34 0.72
OBt HT  61.8 32.4 5.8 0.72 32.72 8.58 2.02
M 80.6 4.4 15.0 2.01 13.68 18.26 0.33
FHM—F  78.2 18.2 3.6 1.02 16.55 35.92 5.26
Vo N TR IR R B i s AN IR 72365 S BRI & i,
3.2 FETEHIE

P B IC R VI RR , T AR H
RIFABEN FRITR A F R NER 2 Jrs, 4
HSi0, AT 3.78% ~21.91% , TiO, & # 4 T
0.087% ~0.413% ,ALO, &=/ 3. 13% ~10.06% ,
Fe,0, & /T 0.1% ~2.15% , MnO % & 4+ T

0.002% ~0.175% ,MgO & F 0.09% ~4.75% ,
CaO T H T 0.12% ~9.07% ,Na, O & A T
0.05% ~0.30% ,K,0 &N F 0.02% ~0.93% ,
PO S AT 0.016% ~0. 118% ; 5 Fp [ M 24 {8 AH
et RS IXOBRE o 32 e R R AR T
WREFER) Si0, MgO K, 0 /5l H 2.6 .2 4.9 5,15
VIR ERE R MnO  MgO . CaO 7392 3.4 4.4
2.6 5 , XIS I IEAE ) MnO  MgO | CaO 4351 J&
H11.7 21.6 7.4 £, i A FE i 4L Fe, O, & 540
T EHIME (4. 85% ) o
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A BRI, ST B 58 X AS TR i 40 38 IX Jal 7
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MnO ,CaO 55K 4372 5 A S E  (EAH 5 R 534/
F0.5,P,0, 5 K5y 7= 5 2 A M, AHOC R EH
0. 46 5 b3 AH S — Jr 1 S e T I v i 4y 7 R
KT L0565, 55— I s AN FE T XA
BT AR A AR S AN TR AR TR TR
FEEE B KA B2 1 5 IR 3 77 %6 5 P, O I SAAH Gk
FEHLE g Py A 1 22 2 s LB A Bt P i
PAX I, FEICREMY SRS ®mE A
THEMEHERZE, MAX&ES S0, Tio, .
A0, Na,O K, O A 54 Ay A M, A B £
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A BEBHAD Si0, 5 YIEAAEAE  FHAERE Ti (Al Na K 55
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Table 2 The oxide content of major elements in coal from Ningdong coalfield
T/ %
B
Sio, Ti0, Al,O,  TFe,0, MnO MgO Ca0 Na, O K,0 P, 05 LOI
[jienye i 3.87 0.120 3.13 1.03 0.003 0.09 0.32 0.05 0.04 0.118 90.93
FHM =" 21.91 0.413 10. 06 1.07 0.018 0.44 0.61 0.30 0.93 0.042 63.65
BRI 3.78 0.176 3.42 0.10 0.002 0.09 0.12 0.11 0.02 0.112 92.10
el C XN 6.48 0.087 4.22 0.48 0.051 0.97 3.25 0.14 0.07 0.016 83.16
XN GV I 9.15 0.176 6.61 2.15 0.175 4.75 9.07 0.22 0.22 0.050 65.89
A% G 8.48 0.319 7.13 0.21 0.003 0.10 0.35 0.07 0.05 0.054 83.28
o E 8.47 0.330 5.98 4.85 0.015 0.22 1.23 0.16 0.19 0.092 —
4 : TFe, O3 N BBk & 1t LOL helk &,
=3 THEREBEPRSETESUYWEEMX ST
Table 3 Relationship between ash and oxide content of major elements in coal from Ningdong coalfield
FHEEAY Sio, TiO, AL, 0, TFe, 0, MnO MgO Ca0 Na, 0 K,O0 P, 05
JRAY 7= 5 0.66 0.31 0.74 0.44 0.36 0.36 0.31 0.77 0.56 -0.46
[olewe -0.14 — -0.04 -0.09 -0.16 -0.18 -0.16 -0.58 -0.23 0.08
Y 0.80 0.43 0.50 — -0.05 -0.06 -0.07 0.55 0.84 -0.20
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Fig. 2 Cluster analysis of oxide of major elements from

coal in Ningdong coalfield
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Table 4 Results of trace elements in coal from Ningdong coalfield

JLE O TRURTE BN EZETS AN XGOS T BRI PEDE AU
Li 28.70 38.10 60. 10 34.40 42.50 47.60 41.90 31.80 12.00
Be 1.19 3.57 1.08 3.88 2.86 4.94 2.92 2.11 1.60
Sc 4.26 9.42 4.58 6.44 10. 60 7.13 7.07 4.38 3.90
A% 33.10 48.90 9.42 27.90 26.90 23.70 28.32 35.10 25.00
Cr 5.09 23.70 2.03 3.60 8.20 5.15 7.96 15.40 16.00
Co 1.13 13.10 0.51 14.20 2.71 1.37 5.50 7.08 5.10
Ni 1.50 22.10 1.13 19.60 9.56 3.65 9.59 13.70 13.00
Cu 7.74 17.60 14.00 5.87 7.45 12.60 10. 88 17.50 16.00
Zn 4.99 66. 80 3.09 15.00 22.60 5.75 19.71 41.40 23.00
Ga 16.60 18.70 3.67 11.10 12.00 14.70 12.80 6.55 5.80
Rb 1.62 47.00 0.20 2.97 7.80 1.62 10.20 9.25 14.00
Sr 98.40 112.00 490. 00 97.30 185.00 31.00 168.95 140.00 110.00
Y 10.70 30.40 12.20 27.70 31.60 17.10 21.62 18.20 8.40
Zr 286.00 322.00 62.50 96.00 228.00 158.00 192.08 89.50 36.00
Nb 14.10 21.80 3.43 5.07 8.16 8.06 10.10 9.44 3.70
Sn 2.18 4.45 1.90 0.58 1.31 1.69 2.02 2.11 1.10
Cs 0.22 3.51 0.02 0.66 0.44 0.14 0.83 1.13 1.00
Ba 98.80 508.00 50.60 89.70 71.00 19.00 139.52 159.00 150.00
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Si0, F1 AL O, L H A T 1. 11 ~2. 18 AL F5 4 —
W VBB BERE & T B (1. 42) B
FEZ W 0K T e A A B (E (1. 18) , R
Al FEUR 0 Y 8k, A T8 Si gy,
M T EEIRAF T Y 24 S IX R Tio,
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Table S Relationship between major elements and trace elements in Taiyuan Formation coals from Ningdong coalfield

TE A, s Sio, TiO, ALO,  TFe,0,  MnO MgO Ca0 Na, 0 K,0 P,0,
Li -0.03 -0.10 -0.02  0.03 0.00 -0.16 -0.01  0.00 -0.01  0.00 -0.04  0.06
Be 0.27 0.18 -0.20  0.22 0.39 0.47 0.00  0.00 -0.01 -0.05 -0.06 -0.70
Se 0.96 0.00 0.49  0.24 0.64 0.00 0.51  0.51 0.45  0.65 0.37 -0.44
v 0.40 0.70 0.63  0.24 0.43 0.18 0.00  0.00 0.00  0.35 0.65 -0.15
Cr 0.58 0.90 0.95  0.60 0.75 0.13 0.00  0.00 0.00  0.70 0.98 -0.15
Co 0.22 0.17 0.35  0.03 0.16 0.00 0.00  0.00 0.00  0.36 0.34  -0.57
Ni 0.46 0.27 0.52  0.08 0.33 0.05 0.05  0.02 0.04  0.59 0.49 -0.67
Cu 0.05 0.34 0.40  0.74 0.36 0.09 -0.22 -0.18 -0.29  0.16 0.41 0.01
Zn 0.64 0.81 0.94  0.47 0.70 0.14 0.0  0.01 0.00  0.84 0.98 -0.22
Ga 0.23 0.39 0.36  0.24 0.34 0.13 0.00  0.00 -0.01  0.07 0.32  -0.07
Rb 0.51 0.88 0.94  0.57 0.68 0.08 0.00  0.00 -0.01  0.72 0.99 -0.12
Sr -0.13 -0.03 -0.10 -0.05 -0.16 -0.04 0.00  0.00 0.00  0.00 -0.04  0.27
Y 0.82 0.14 0.43  0.07 0.42 0.34 0.46  0.41 0.44  0.71 0.36 -0.72
Zr 0.28 0.66 0.37  0.20 0.29 0.39 0.0l  0.02 0.00  0.19 0.43 0.00
Nb 0.25 0.86 0.61  0.40 0.42 0.12  -0.03 -0.02 -0.05  0.28 0.69  0.00
Sn 0.15 0.86 0.62  0.62 0.43 0.01  -0.12 -0.09 -0.18  0.30 0.73  -0.01
Cs 0.45 0.83 0.91  0.49 0.62 0.05 -0.01  0.00 -0.02  0.68 0.96 -0.17
Ba 0.35 0.91 0.83  0.45 0.51 0.05 -0.02 =-0.02 -0.04 0.6l 0.94 -0.07
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