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anthracite. Among pore types, secondary organic gas pores are the most abundant, followed by intergranular pores and cellular

pores. Well-developed micro-fractures significantly enhance the permeability of the coal matrix. Pore structure analysis reveals that

the No. 8 coal is rich in micropores, which contribute 64.53% of the total pore volume, providing nearly all the storage space for

adsorbed gas. Mesopores are underdeveloped, while macropores and micro-fractures are relatively well-developed, offering

storage space for free gas. The main types of peat-forming swamps for the No. 8 coal were flooded forest swamps and deep-water

reed swamps. The warm, humid paleoclimate favored the growth and proliferation of peat-forming plants, and the closed,

reducing water environment promoted gelification, providing favorable conditions for the formation of high-quality coal.

Key words: Yichuan Area; No. 8 coal seam of Benxi Formation; pore structure; peat-forming environment; petroleum geology.
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Table 1 Macroscopic type classification for coal rocks
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Fig.2 Photos of the macroscopic coal and rock types of No. 8 coal in the study area (Well Y76-2)
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Fig.3 The submicroscopic component of No.8 coal in the study area
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Table 2 Statistics of macroscopic components for the No. 8 coal seam in the Benxi Formation of the study area
B Be B 7 A T L 5 (R AL TRIR AL S &t o
(%) (%) (%) (%) (%)
Y156-2(1) 84.0 10.0 4.5 0.6 0.9 6.0
Y156-2(2) 85.2 10.0 3.8 0.4 0.6 4.8
Y156-2(3) 83.6 8.6 6.3 0.7 0.8 7.8
Y156-2(4) 85.6 7.6 5.4 0.6 0.8 6.8
Y156-2(5) 81.0 11.2 6.4 0.5 0.9 7.8
Y156-2(6) 87.6 6.0 5.0 0.6 0.8 6.4
Y156-2(7) 81.2 6.4 8.6 2.5 1.3 12.4
Y39-1(1) 85.2 9.0 4.6 0.5 0.7 5.8
Y39-1(2) 82.0 8.6 7.9 0.6 0.9 9.4
Y 39-1(3) 81.6 10.6 6.3 0.6 0.9 7.8
Y39-1(4) 82.2 6.4 9.9 0.6 0.9 114
Y 39-1(5) 81.0 11.0 6.3 0.8 0.9 8.0
Y39-1(6) 81.6 11.6 5.5 0.5 0.8 6.8
Y23-1(1) 81.0 12.0 5.2 1.0 0.8 7.0
Y23-1(2) 61.2 28.0 8.7 1.0 1.1 10.8
Y23-1(3) 87.2 5.8 4.3 2.2 0.5 7.0
Y23-1(4) 80.6 11.2 5.4 1.9 0.9 8.2
Y23-1(5) 81.0 11.6 5.8 0.6 1.0 7.4
Y23-1(6) 76.4 16.0 5.8 1.0 0.8 7.6
Y76-2(1) 78.0 14.4 5.8 0.8 1.0 7.6
Y76-2(2) 77.2 14.8 6.6 0.6 0.8 8.0
Y76-2(3) 86.4 7.6 4.6 0.6 0.8 6.0
Y76-2(4) 71.2 18.4 8.2 1.0 1.2 10.4
Y76-2(5) 76.4 17.6 4.2 0.8 1.0 6.0
Y56-3(1) 79.6 12.4 6.6 0.6 0.8 8.0
Y56-3(2) 83.6 10.0 4.8 0.8 0.8 6.4
Y56-3(3) 78.0 13.2 6.6 1.0 1.2 8.8
Y56-3(4) 74.0 18.0 6.2 0.8 1.0 8.0
Y56-3(5) 85.2 8.0 5.2 0.8 0.8 6.8
Y56-3(6) 76.0 10.4 10.4 1.4 1.8 13.6

-1 {E 80.5 11.5 6.2 0.9 0.9 8.0
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Table 3 Proximate analysis data for the No. 8 coal seam in the Benxi Formation of the study area
. . KA3(%) KA (%) PR3 (%) [ 5 Bk (%6)
FE it 4 5 TBE (m) R,(%)
2 TR 2 S TR ST 2 ST R
Y156-2(1) 2239.31 0.88 3.94 7.04 88.14 2.92
Y156-2(2) 2239.88 0.93 4.83 6.51 87.73 2.94
Y156-2(3) 2241.32 0.83 11.39 10.02 77.76 2.92
Y156-2(4) 2241.67 0.91 4.27 7.18 87.64 2.99
Y156-2(5) 2242.62 0.92 11.27 7.60 80.21 2.97
Y156-2(6) 2243.42 0.86 4.32 7.07 87.75 3.03
Y156-2(7) 224417 0.86 17.45 8.70 72.99 3.07
Y39-1(1) 2 342.07 1.47 10.48 7.32 80.73 3.03
Y39-1(2) 2 343.28 0.89 12.98 7.86 78.27 3.10
Y39-1(3) 2 344.64 1.16 10.13 7.22 81.49 3.10
Y39-1(4) 2 345.58 1.36 10.93 8.00 79.71 3.13
Y39-1(5) 2 346.88 1.34 10.92 6.90 80.84 3.13
Y39-1(6) 2 347.23 1.77 6.94 6.12 85.17 3.16
Y23-1(1) 2 099.60 0.91 23.48 8.57 67.04 2.94
Y23-1(2) 2101.71 0.23 21.35 8.75 69.67 3.02
Y23-1(3) 2102.12 1.43 12.43 6.99 79.15 2.96
Y23-1(4) 2102.67 1.67 19.71 7.67 70.95 3.04
Y23-1(5) 2104.87 0.99 32.75 9.13 57.13 3.04
Y23-1(6) 2106.17 0.92 35.86 8.99 54.23 3.21
Y76-2(1) 2097.27 0.55 2.43 6.82 90.20 2.80
Y76-2(2) 2097.61 0.49 5.47 6.51 87.53 2.82
Y76-2(3) 2 098.69 0.83 7.09 7.88 84.20 2.81
Y76-2(4) 2099.74 0.87 11.84 8.78 78.51 2.85
Y76-2(5) 2100.35 0.59 20.19 9.17 70.05 2.90
Y56-3(1) 2 334.99 0.68 12.26 8.42 78.64 2.95
Y56-3(2) 2 336.92 0.94 17.27 7.96 73.83 2.86
Y56-3(3) 2 337.85 0.55 18.94 7.45 73.06 2.99
Y56-3(4) 2 338.75 0.77 10.17 7.24 81.82 3.01
Y56-3(5) 2 339.00 0.84 10.94 7.08 81.14 3.02
Y56-3(6) 2 340.67 0.83 16.76 7.43 74.98 2.90
S {E 0.94 13.29 7.75 78.02 2.99
BRI P2 (%) A2 (%) A2 (%) BRI T2 (%) BRI P2 (%)
0 5 10 15 20 25 0 5 10 15 20 25 5 15 25 35 0 5 10 15 20 25 0 5 10 15 20 25
2238 — 1 T T 1 2097 T T T 1 2099 T T T 2341 T T T 1 2334 T T T 1
2239 2097 21001 2342f 2335f
2098 2101 F
2240 23431 2336
2098 2102
g 224r B Gl E 23441 g 23371
" = 2099 #2103 e e
£ 5ouh ® % % 5ush % o sl
2099 2104
2243 - 5105k 2346 2339F
2244 24100 2106 - 2347 2340
2 V1s6-2 ) i Y23-1 23485 Y39-1 S Y56-3

4 BEFE XA B AL STHE R R I3 7 AR B TR L 72 Ak 3
Fig.4 Variation trend of ash yield with depth for the No. 8 coal seam in the Benxi Formation of the study area
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Fig.5 Contour map of vitrinite reflectance for the No. 8 coal seam in the Ordos Basin
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Fig.6 SEM-observed pore types in the No.8 coal seam of the study area
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B 7 BT X 8T BRIF R (YQ27 JF)
Fig.7 Micro-fissure images of No.8 coal seam of the study area (Well YQ27)
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W 5¢ A FH CT 45 48 S 20 A7 A0S [6) 8 A 7 A A 25
A0 A ST R 4 KB L BR 45 44 22 fE /A

Y56-3(7)

251 —e=Y76-2(6)
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[ —e—Y14-18X1(2)
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Fig.8 CO; adsorption curve of the No. 8 coal seam in the

study area

(D ALFFAE . R CO, M BF 52 56 1 B R AE /N T
2 nm FLAE B 43 A FRAE L AFE S CO, IR B it 2 mT 0 ([
8) , FE M 22 Tk BE A5 A1 N, W Bt i 5 AH X K T p/ oo W] Wik
TEARDG , iR HT - Be bR A B p/ po /T 0.01 B, 1
B 2t Bt e 7 28 AR TR 38 0, 24 p/ po K 0.01 B, i 2%
AR AR e, LU R P T A A 0 4 A
W B HE AE 23.38~27.05 em®/g 2 [a] | - 49 W B 2 ok
24.54 em’/ g, AL L R A 189.53 m?/ g flfL
AR 0.064 8 cm®/g(F 4). %t L 7] 23 H A [] B4 1k
R BE ML (B 2245, 2025) , BIF9Y X 87 bi vt 14 72 i
o, R B A | L TRV FL AR R A e K (/T 9) L i
AF A P oy, AL A R, W e bl . L B A
Jo P G AR 2%, L L T RRURT AL AR R R A AR (&
10) , 42 1 B FL b 3% T Lk 185.87 m*/g FLAK LS
0.065 2 cm®/g, = WAL H 1w ALk 169.08 m*/ g
FLARFL K 0.060 6 cm?/ g, 2 W 5 ok L e 26 Tar B>
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Table 4 CO: adsorption specific surface area and pore volume of the No.8 coal seam in the Benxi Formation, study area
L R 1 R FLIRR
. ; DFT Dubinin- Horvath- DFT Dubinin- EATEN
h=2 FE it 4 5 Langmuir ) .
(m?/g) PoreSize Astakhov Kawazoe PoreSize Astakhov pURL S
m/g . 5
(m*/g) (m*/g) (em®/g) (em®/g) (em®/g)
1 Y56-3(7) 183.341 6 156.913 0 166.985 8 0.042 8 0.045 5 0.064 8 R Y
2 Y76-2(6) 219.226 0 157.887 0 166.533 8 0.043 3 0.046 8 0.064 6 e
3 Y14-18X1(1) 161.037 8 187.910 0 178.326 1 0.049 5 0.052 2 0.067 4 P
4 Y 14-18X1(2) 194.506 3 161.554 0 162.989 0 0.044 1 0.047 2 0.062 4 s
200 0.10 0.005 —* Y56-3(7)
=O— WERmA O L1 ——Y76-2(6)
s 0.08 0.004 - 8-y 14-18X1 (1)
= . - Y14-18X1 (2)] [t
) 20 20
3 0.06 = g 0.003f
100 = ’Efi
Hfﬂ 0.04 % E 0.002
kel M
50 L
U2HFR =1.06% 0.02 0-001
M1JFR =1.84%
ZZ#ROZZJE% . 0 1 I 1 1 I L 1 I 1 1 ]
0 XBEHRE2 95 0.00 0.102030405060708091.01.1121.31.41.5
u2 M1 z2 Y56-3 FL % (nm)
IS T A T A T B I T [ o M L % 4
T o BT BRFCIX 8 A AL AL AR A i
B9 WFFE XA B 2 87 Lh 3 1 5 FL 1A BRI AR i b R . , L .
A 4 Fig.11 Micropore size distribution of No.8 coal seam in the
-a Z

Fig.9 Curves of specific surface area and pore volume vs.
thermal evolution degree for No. 8 coal seam in the

Benxi Formation, study area
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Fig.10 Curves of specific surface area and pore volume varia-

tion for different quality coal samples
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B 3T, 6 A BRLAE 1.3 10 P m®/g . i b 23.61%.
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Fig.12 N adsorption curve of the No.8 coal seam in the

study area
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A fL o m OB 0.1~4.5 mY/g . F R
1.75 m*/g, fL A& B h (1.1~4.7) X10 " em?/g .
S H R 2.3X10 P em®/g (£ 5) . A WL A fL A b
T A | I N 2 B i N el G { R 2 R 1 A T 8
8 AN LA K H H WM AR Ty 85 .
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Table 5 N adsorption specific surface area and pore volume of the No.8 coal seam in the Benxi Formation, study area

. Lt 2 A FLFLZE FLALE KILALE
A2 [ ITE TR . . ) , . ; s
(BET %) (m*/g) (z-plotik)(em?/g) (BJH ¥ )(ecm?/g) (BJH ) (ecm?*/g)
1 Y56-3(7) 2.0 0 0.001 852 0.001 028
2 Y76-2(6) 0.1 0.000 075 0.001 072 0.000 178
3 Y14-18X1(1) 4.5 0.000 236 0.004 747 0.000 476
4 Y14-18X1(2) 0.4 0.000 083 0.001 625 0.000 793
16[ o yiga8xi (1) o 1000
14 —— Y14-18X1(2)
2k Y56-3 (7) Wor S me—
= —— Y76-2(6) | 5
S 10T ¢ s iof
(=}
- 8 R
=S H
< 6f 1 m 1T
= s AT L —Y56-3(7) K -—Y56-3(7) BE
B ) 01k Y76-2(6) #K - Y76-2(6) Bk
oL \ — Y14-18X1 (1) # K ——Y14-18X (1) B
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Fig.13 Mesopores size distribution of No.8 coal seam in the

study area

ML A BB FL AR AR A il 2k AT (BT 13)
iff 58 X 81 & A L fL 42 4 b 4> A E 2.52~
15.94 nm Z ], 5 B0 B0 X7 43 A R A L AR
FH R 7.3X107 em®/g, fi H 84.36%.

(3) 7 FL R AE . R A & e R oKk BOH OF R KR
50 nm #Y 7% FL AR B 8 B R AE L 5 R R R th &8
B R G — B0 B A 14) | e Kk R 1 A
BEAY AR AE 73.7%~91.7% ,F-3 }y 84.0% , it B 8
LA BT R AR 25 [R] 5 IBOR ORI 1 0 85.36 0 B
FL UG %2 38 PR G, B TR AR 1 B0 , NP8 B R o S Tk
B FLAR SR 20 A T 400 nm DA b, U I A e R 2
B HEIK R S F 2 1.79 MPa, W (8 K 7153
89.18 MPa, i KALMEEAR T2 0.477 pm, 245
V3428 0.008 pm, HI{H R FCF- 1 12.90, ¥ MH R BUK
KBRS AR R G LT A Ttk .

(4) 4 R FLBR &5 4 R AE . R FH CO, M BfE VN, W
BF e He R A CT 45 1 55008 1047 DR, AT RAXT ML AL
FLE 72 L+ T 2B A 4 R FL AR FLBR 45 #4 o 15 2
HRAE AL AR B R AL AR A Ak i 2k R DLE (K
15), FLAR B 808 8 “U™IE 20 A, B i fL & 22 5L LA
AL B AR R e K, AL FLARFL 0.039 6 em’/ g H
64.53%, 7% L L b AL & L 0.016 6 cm’, /i H
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Fig.14 High-pressure mercury injection curve of No.8 coal

seam in the study area
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Y 14-18X 1 fi e Bty MR8 CREA & R U E R
UL S ) (T /C1267— 2024 ) I Ji & S 4 R, 52
W 30 S 44 R 34.86 m®/t, I v W R (iR
AR R 28.49 m*/t 15 1 81.73% , i &5
A (AR RS 6.37 m*/t. i 1 18.27%.

4 RIEIHIE M

41 FFEXE

i 5% X 87 A B K L A b SIO, = R
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WA ALO,, i H 25.5%~45.0% F ¥ 37.4% 5
Hih xR ocRZzAaAhYEERM, SHHNT
10% (2 6). ¥ & h SiO,+ALO, & b 5 & 4 7=
RMF 0P & BB B, A
K43 v S10, F ALO, 19 FE 2RI R EE -804 .
42 HMETE

B 22 1R T BF5T IX 87 & i i ot 2 IR 4%
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Fig.15 Full pore size range integrated pore volume variation of No.8 coal seam in the study area
x6 MRARFZERASEIETESTHIE
Table 6 Major element analysis data of No. 8 coal seam in the Benxi Formation of the study area
EINE T (m) Si0,(%) TiO(%)  ALOY%)  TFe,0,(%) MgO(%h)  CaO(%)  Na,0(%)  K,0(%)
Y156-2(1) 2239.31 52.10 1.12 25.49 3.64 0.56 15.97 0.56 0.56
Y156-2(2) 2 239.88 66.20 4.50 28.16 0.16 0.22 0.38 0.16 0.16
Y156-2(3) 2241.32 44.21 0.78 30.30 15.08 0.65 7.93 0.39 0.52
Y156-2(4) 2 241.67 45.67 0.42 41.90 7.68 0.42 1.82 0.28 0.28
Y156-2(5) 2242.62 50.83 2.52 44.19 0.94 0.41 0.23 0.18 0.67
Y156-2(6) 224342 49.29 0.47 42.92 0.94 0.71 4.95 0.47 0.24
Y156-2(7) 224417 48.37 2.48 43.76 0.25 0.35 4.16 0.15 0.45
Y39-1(1) 2 342.07 36.39 1.71 31.48 6.51 0.85 21.24 0.21 0.32
Y39-1(2) 2343.28 40.96 0.49 36.02 0.85 0.92 15.61 0.21 0.42
Y39-1(3) 2 344.64 45.98 0.43 38.80 1.85 0.54 11.52 0.22 0.22
Y39-1(4) 2 345.58 49.48 0.57 44.72 0.38 0.57 3.62 0.19 0.19
Y39-1(5) 2 346.88 48.08 1.03 43.85 1.78 0.47 3.94 0.19 0.19
Y39-1(6) 2 347.23 34.79 0.42 32.50 24.40 0.73 5.71 0.21 0.31
Y23-1(1) 2099.60 46.34 0.94 38.65 1.88 1.88 9.76 0.38 0.19
Y23-1(2) 2101.71 51.71 2.54 26.54 0.29 1.85 16.68 0.20 0.20
Y23-1(3) 2102.12 44.12 0.74 34.56 0.37 1.47 18.01 0.37 0.37
Y23-1(4) 2102.67 51.70 0.82 36.61 3.27 1.40 4.80 0.70 0.70
Y23-1(5) 2104.87 49.73 1.32 43.93 0.48 0.42 3.47 0.12 0.30
Y23-1(6) 2106.17 50.40 4.15 43.83 0.12 0.35 0.81 0.12 0.17
Y76-2(1) 2097.27 63.91 1.41 28.87 0.35 0.35 4.40 0.35 0.35
Y76-2(2) 2097.61 53.46 0.45 38.93 0.79 0.79 4.43 0.68 0.45
Y76-2(3) 2098.69 47.09 3.50 42.91 0.68 0.49 4.66 0.39 0.19
Y76-2(4) 2099.74 45.60 0.28 42.19 6.11 0.57 3.27 0.28 0.28
Y76-2(5) 2100.35 38.65 0.90 32.93 0.45 1.05 25.41 0.30 0.30
Y56-3(1) 2334.99 51.06 0.56 42.68 1.45 0.56 3.24 0.11 0.34
Y56-3(2) 2336.92 42.84 0.99 37.31 14.51 1.28 2.47 - 0.59
Y56-3(3) 2 337.85 39.49 0.59 34.63 20.58 0.49 3.84 0.11 0.27
Y56-3(4) 2 338.75 51.00 2.92 44.99 0.24 0.24 0.33 0.09 0.09
Y56-3(5) 2 339.00 36.48 0.69 31.55 19.33 0.37 10.99 0.05 0.37
Y56-3(6) 2 340.67 40.52 0.94 35.09 21.46 0.26 1.51 0.05 0.10
S 47.21 1.36 37.34 5.23 0.71 7.17 0.27 0.33
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Fig.16 Rare earth element distribution pattern diagram of

No. 8 coal seam in the study area
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Fig.17 Chondrite-normalized rare earth element distribution pattern diagram of No. 8 coal seam samples in the study area
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Fig.18 Palaeoclimatic discrimination diagram for No. 8 coal

seam in the study area
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Fig.19 Palaeosalinity profile of the No. 8 coal seam in the study area
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Fig.20 Redox conditions profile of the No. 8 coal seam in the study area
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exploration in the Benxi Formation of the study area
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