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Abstract: At present, the deep coalbed gas resources in the Suide area are at the early stage of exploration. Clarifying the
accumulation and enrichment mechanisms of coalbed gas in this region is therefore of great significance for the efficient
development of deep coalbed gas. This study focuses on the No. 8 coal seam of the Benxi Formation from Well Suide 1H. Using
organic petrology and rock physics approaches, the differences in reservoir properties between this well and adjacent areas, as
well as the controlling factors of depositional environment, pore structure, and gas occurrence characteristics, were
systematically analyzed and discussed. The results show that: (1) the coal-forming peat in the study area was mainly derived from
wet-forest and open-water marshes; (2) micropores are the dominant pore type, and ash content is the primary controlling factor
for micropore development in the coal reservoirs;(3) the No. 8 coal seam of the Benxi Formation exhibits a relatively high gas
content, with desorbed gas accounting for the major component of the total gas content; (4) the coal reservoirs in the study area
are characterized by high-quality coal, high gas content, gentle structure, and continuous deposition, which together favor

coalbed gas enrichment and accumulation. This study clarifies the reservoir and accumulation characteristics of the No. 8 coal

seam from Well Suide 1H and provides valuable insights for the exploration and development of deep coal reservoirs.

Key words: deep coalbed methane; Benxi Formation No.8 coal; pore structure; reservoir characteristics; petroleum geology.
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Fig.1 Tectonic and strata diagram of the Suide area
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Fig.2 Photograph and macroscopic coal structure of No.8 coal

sample from the Benxi Formation of Suide 1H Well
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Table 1 Industrial analysis of No.8 coal in the Benxi Forma-
tion of the Suide 1H Well

M, A,
BRI 0 ey o 0 o ) (8)

V. FCu R, TOC S,

da da o

8-1-1 2353.30 0.64 7.98 8.70 91.30 2.00 34.73 2.95
8-2-1 2355.31 0.80 857 842 91.58 2.15 33.36 2.73
8-2-2 2355.66 0.82 3.23 8.02 91.98 1.95 32.72 2.78
8-2-3 2356.04 0.92 235 837 91.63 2.07 3552 3.40
8-2-4 235641 0.80 3.41 8.56 91.44 2.02 34.13 2.87
8-2-5 2356.78 0.70 2.96 8.32 91.68 2.09 35.76 3.09
8-2-6 2357.15 0.84 4.74 10.16 89.84 2.03 34.33 3.43
8-2-7 2357.53 1.00 242 8.01 91.99 2.21 3343 3.03
8-2-8 2357.89 0.95 4.67 8.84 91.16 2.25 32.79 2.45
8-3-1 2358.20 0.86 4.98 8.21 91.79 2.14 32.07 3.63
8-3-2 2358.47 0.75 3.72 8.06 91.94 2.04 34.53 2.74
8-4-1 2359.20 0.75 14.20 10.27 89.73 1.99 33.66 4.40
8-4-2 2359.50 1.01 8.08 8.67 91.33 2.17 34.49 2.50
8-4-3 2359.87 0.79 13.51 9.39 90.61 2.34 30.53 1.93
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Table 2 Microscopic component analysis of No.8 coal reservoir in Benxi Formation of Suide 1H Well (no mineral content)

e BLFRAL(A) HiBRAL(%)

" T TC cc DC VD Hit F Sf D Ma Hit
8-1-1 17.97 17.51 0.77 15.21 1.23 52.69 7.22 22.43 17.67 47.31
8-2-1 11.38 19.76 28.94 3.99 64.07 4.19 10.98 20.76 35.93
8-2-2 16.05  23.79 1.74 20.70 2.51 64.80 2.71 18.38 14.12 35.20
8-2-3 11.32 42.59 20.78 4.32 79.01 0.21 10.08 10.70 20.99
8-2-4 6.51 43.49 0.57 28.74 6.51 85.82 1.72 6.51 5.94 0.19 14.18
8-2-5 3.45 31.09 1.34 14.98 2495 7581 - 4.61 19.58 24.19
8-2-6 1.99 38.12 2.39 19.56 18.98  81.04 - 6.19 12.77 18.96
8-2-7 8.28 43.52 2.12 21.66 5.94 81.53 0.85 7.86 9.77 18.47
8-2-8 0.98 49.42 0.98 17.39 15.04  83.81 0.19 3.36 12.64 16.19
8-3-1 17.01 27.41 2.46 18.15 18.33  83.36 0.18 4.17 12.29 16.64
8-3-2 24.74 2247 0.21 20.41 6.80 74.64 1.03 11.34 12.99 25.36
8-4-1 12.97 29.58 1.34 24.62 14.69 83.20 0.57 3.25 12.98 16.80
8-4-2 17.88  20.04 3.94 8.25 16.69 66.80 1139 21.81 33.20
8-4-3 1118 21.34 1.02 22.97 2480  81.30 0.41 3.86 14.43 18.70
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Fig.3 Microscopic composition characteristics of coal in

Benxi Formation No.8 coal reservoir of Suide 1H Well
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Table 3 Nuclear magnetic resonance spectroscopy analysis of

coal in Benxi Formation 8 # coal reservoir of Suide

1H Well
L RmWEE LB H (%)
i (pm/s) AL e KA
8-2-1 0.710 9 78.18 7.24 14.57
8-2-3 0.747 8 78.70 3.52 17.77
8-2-4 0.753 8 52.52 11.25 36.23
8-2-7 0.658 3 86.73 3.10 10.17
8-3-2 0.647 4 72.56 9.81 17.63
8-4-1 0.880 5 82.47 5.78 11.75
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Fig.4 Nuclear magnetic resonance T, spectrum of coal in Benxi Formation No.8 coal reservoir of Suide 1H Well
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Analysis of coal pore characteristics in Benxi Formation No.8 coal reservoir of Suide 1H Well
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51 %

Bifi L 4% A Ak iy 4 RORE LA 4 A B (L S) | O 4R 4
TUPAC 43 28K AL % AL A2 43 M L (0~2 nm) Hh 4L
(2~50 nm) AR FL (=50 nm). fy 35 45 5 n) 40 (%
3) (Sing et al.,1985) , A SCHEAE A FLBR LA GIAL M 32,
o7 HUAE 52.52%0~86.73% Z 18], SE ¥ 75.19% , th
FL i e AE 3.52%0~11.25 Z [d] , -3 {H K 6.79 %, KL
o7 AR 10.17 %6 ~17.77% Z 18], F-3¥{H R 18.02%.
34 BAERMMFLPRERE

X T2 AL BT, RS AR 0 AL B 45, N, I B
A5V 2 11 I8 S 2 R R A 2 23 T AR ST B L AR A TR
5 R SRRV S5 B B R R AT LA B A O AL B 25 44 (Sing
and Williams, 2004 ). 2% 1H H A 12 41 84 A ik )2
FC TR 2804V R 2 56 e 5 380 174 5 3R R A a2 7 AR G
F 7 AR Bl O o e b P, ol e b S Ak 2k T
ThH B AR AR A 28, 4R T 2% . Ab T AR R
FVRR B, W B o 5 b Tl R A S S ST AF
4 TUPAC iy IV AL W B 45 0 e, W5 5 3 77 &
TUPAC 4325 iy H, 28 (1 6a). i B 2o 72 b iy 7
FL &5 A8 0 L3 14 BEL T, 5% B AE TR /INAE G R A R
JI B 52 4=, BT DA MG BV O BRI L L S PR B4 Y
AR 7S E FLBR A M B A A%, BT B 2 i B 4 AL A
BLIE KL . () B AR A LA 43 A il 42 mT A, JRERE v AL AR
O3 K 22 5 BRI R B L AR AE 3 nm ZE A Fi
10 nm 72 A7 . A 46 AR I 28000 B 52 56 Y FL LE 2R 1w
FRURIFL A i AL A% A2 Ak 18 R0 (BT 6e ), 0 Y bE 3
I FLAE 3 nm A1 10 nm 22 A5 HY B 5 A, 158 B A L
Xof 2 L 2R T AR Y T R A R T L AR K BT X
B FL AR B 4 #K, 7E 40 nm AT 100 nm &b HY 3T
UEEAEL , 3¢ B vl L A R L 8 T L A R A58 KA DTk

22 18 TH JF AR R 41 8204 25 ik 2 IR JE CO, 1
BiF S 6 T A B B A R W Rt 2 AR AR R R ) B
BF, R B o A RS, il 2k 2 ) B iR R, A
XF 7 e R W B e 49 27 0 il 2k R T OT 2%
% M2 Re AR 6T 1 W Bl R oy Sy T OAY, e I 4
T IH A B A 8= A i )2 h '\ & AL (18 6b).
HRAE I CO, W B 5 56 11 FL L 3= 1 AR A0 L A4 B Bl
LA v A (E 6d) , 228 TH AR 4 Se 4
At 2 AL B AL R LR L e T R AR R 2 0 Y
fE, fEFLAE R 0.5~0.7 nm F1 0.8~1.0 nm X [i] P #if
S I~2 > A . R SR ST A, fL AR
F£ 0.5~0.7 nm 2 [i) B FL A2 5Tk T 5 K A FL AR BRI
L FEm A, L4 KT 0.9 nm B934, AR A Tt
ik 45 B L b R T B (R SR T A K I AL

*4 ZEIHFARZASHESHEEFLILLRERSH
Table 4 Analysis of coal pore specific surface area in Benxi

Formation No.8 coal reservoir of Suide 1H Well

fLH R E A (m?/g) AL LE 3R T AR TR R ()
AL Pl kAL flAL Pl kAL

8-1-1  152.060  0.578  0.052 99.59 0.38 0.03
8-2-1 152.160 1.976  0.084 98.66 1.28 0.06
8-2-2  162.830  0.717  0.033 99.54 0.44 0.02
8-2-3  166.200  0.967  0.061 99.39 0.58 0.04
8-2-4  155.246  1.271  0.059 99.15 0.81 0.04
8-2-5 160.886  0.248  0.038 99.82 0.15 0.02
8-2-6  154.130  0.231  0.023 99.84 0.15 0.02
8-2-7 163.770  0.547  0.037 99.64 0.33 0.02
8-2-8  152.980  0.449  0.035 99.68 0.29 0.02
8-3-1 156.310  0.547  0.045 99.62 0.35 0.03
8-3-2  165.590  1.898  0.073 98.82 1.13 0.04
8-4-1 135.780  0.655  0.046 99.49 0.48 0.03
8-4-2  157.360 1.634  0.046 98.94 1.03 0.03
8-4-3  136.580 0.382  0.032 99.70 0.28 0.02

x5 ZEIHHFRNZHESHEEMEBILER S0
Table 5 Coal pore volume analysis of Benxi Formation No.8

coal reservoir in Suide 1H Well

o FLIAF(107 ecm?/g) LA BT (%)
)
8-1-1 3.40 0.19 0.15 90.78 5.10 4.12
8-2-1 3.40 0.44 0.25 83.25 10.74 6.00
8-2-2 3.70 0.18 0.10 92.99 4.49 2.52
8-2-3 3.60 0.27 0.19 88.79 6.61 4.60
8-2-4 3.37 0.30 0.18 87.66 7.78 4.56
8-2-5 3.33 0.12 0.12 93.28 3.49 3.23
8-2-6 3.30 0.10 0.07 95.11 2.80 2.08
8-2-7 3.40 0.17 0.11 92.30 4.64 3.06
8-2-8 3.20 0.16 0.11 92.36 4.51 3.12
8-3-1 3.20 0.18 0.14 90.87 5.25 3.88
8-3-2 3.70 0.39 0.21 85.99 9.07 4.94
8-4-1 2.90 0.19 0.14 89.76 6.03 4.21
8-4-2 3.80 0.29 0.14 89.84 6.88 3.28
8-4-3 3.00 0.13 0.10 92.85 4.08 3.08

T o Xk A Ak T B S B R AR R S I
ITHR G RAE AT DL A I, 22 18 1H I AR 40 8 7 ik
JZ AL 2 DUGFL A 3 AL A AL b 3 1 A A L
£ 98.66 %6~99.84% Z [l , - {d Jy 99.42% , fL 1%
U e fE 83.25%~95.11% =z & , F ¥ {5 N
90.42% , LI FL e R AU LR R 5 H ik 2, K
LI AL Z 1 AR S LR & b > (R 4R 5).

W H 25 A RAE MY 45 B 5 83 IR S0 56 4
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R6 ZBIHFAZASHEMRESSE (m'/t) BT
Table 6  Gas content (m®/t) analysis of No.8 coal reservoir in
Benxi Formation of Suide 1H Well

- RES BERR MWK ERS PP
(Q) (Q) (Q,) (Qy)
8-1-1 0.00 4.88 22.03 0.54 27.45
8-2-1 0.91 6.83 20.84 0.59 29.17
8-2-2 0.87 5.24 21.16 0.69 27.96
8-2-3 0.84 7.15 18.39 0.48 26.86
8-2-4 0.84 4.56 21.04 0.32 26.76
8-2-5 0.86 6.54 19.91 0.23 27.54
8-2-6 0.80 3.39 21.05 0.38 25.62
8-2-7 0.84 6.02 19.65 0.53 27.04
8-2-8 0.85 5.91 20.06 0.48 27.30
8-3-1 0.00 0.98 7.52 0.06 8.56
8-3-2 0.00 2.70 20.33 0.17 23.20
8-4-1 1.19 2.39 22.08 0.31 25.97
8-4-2 1.11 1.38 21.56 0.24 24.29
8-4-3 0.56 0.54 10.76 0.35 12.21

HEAT XL, K B R e — B, # R B
il fL B | %, Tk i LR B R L H R TR
T W B S 58 R AE Y AL AR Y5 Bk 2~296 nm,
JE LA R AL R R H A 22 R
35 REESERL

AR S o T O X ST UK 22 17 4 b 2 A 1H I
AR SHBEAR B AT S R T R (R 6), H B
R B R Ak 29.17 mP/t. AE 8.56~29.17 m’/t Z
6], S ¥ {8 R 24.28 m*/t. IF H & A 5 2 i g <

PRIEA
1 20 5 10 0

PR

A

10

WMo, R R o Al G 22.03 m'/t, fE 7.52~
22.03 m*/tZ 8], F¥MH N 19.03 m*/t, & TR &< &
W2 AR ESAE 0~1.19 m’/t 2Z 8], -2 4 0.69 m®/
t, B A AE 0.06~0.69 m*/t Z ], F-HI{E K 0.38 m*/t.

R4 2% 8 1H HE AR 4 SHEA% 2 & R R B
AL AT (B 7) B8 2 B & SR AE T AR e,
EBZR I ERERE TR REA TG X
ThE X AT BB NTE 2 358 mAb R E T — 2 IR,
BT RIRAE MR L TR Z T RBUE )RR
BERERAETRE, PR Z N a7
2 359.50 m¥ETRAL &St 5 1 ARERAR 2 A o A KB
AAE (B 7E 2 359.87 m HLIR AL kA T BRI, 31X 1T A
S PR Ry G R JR I SR L IR AR R A R AR A B
BE 2%, S EOR Ay A Rk T DA & AR AR .
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Fig.7 Change in gas content (m’/t) with depth in Benxi Formation No.8 coal reservoir of Suide 1H well
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Table 7 Comparison of coal reservoir characteristics between Suide area and nearby areas
i [X A2 TR (m) B (%) M RA(%) R, ..(%) R (m?/1)
S X AR 8 2 353~2 360 75.56 24.44 2.34 8.56~29.17
A A b X AR 8 2 500~3 200 66.96 24.26 1.77 15.40~23.63
KTk EL o X KIFE 4 8=J4 1 888~2 277 82.20 11.60 2.15 23.67~37.64
1] 7 Hb X 11175 41 2544 1 500~1 800 72.00 18.00 2.35 8~22
FRAE X B KIE AL 8 Fl O£ 1000~1 200 69.00 22.00 1.11 0~12
FURS R X K 2H 8 Fil 924 2 000 75.32 24.67 1.40 7.94~21.13
I 24 7R X AR 8 F 9 1 800~2 200 70.18 20.77 1.87 11.28~22.44

B R 250, 2014; 25 W] 0, 20205 XN, 2021; WhEL AR 45, 2022; JH A 45 2023; J& JE M, 2023; F BIE S, 2024; X Hh 45, 2024b

T, BB AR ) 5 LR S R TR BT R R SR
AHE ) i A 2, o O TR I KA AR VIR B
MRRSE i S i 55 T X L AR IX A BRI
I 2% i X A R 20 8K )2 , JLBE AL 5 i 5 4
H A RARED R P P IR B 1 406 A A s TR
PR L B A 2 AT DL B e AT Y A BT AR
e R T T 4 R B U0 W] LA
Ve e A T B A TR B A B e, B
WAl RE R K 8 I S AF AR E , RO A s £
S, B T R BRSO AR R
B8 X R, . W1 T 48 X, Ul B 22 18
DCIRE A U2 B B v, AT R R R R L X T E
Je I Ry B 7 Hb DX O fid V2 R R, S B
P AR B BT LAOBE 9 AR LE T R DI

i g A BT EE AT DL R B G A b X R
S5 A AR B A 8H LA )2 1 A AR L XA L,
AR, B R AR B AR b X 1B A AR
Hi D R AR R B AR XK, X AT T
F 3 B 00 AR 5 ) S B 4% I Hh X AR A 8 R K
EE S RPN R =0 N AC NI i N e
L DAY S AR, T A XY R IR,
VLA A S 2 M H R B R R4 R E .
4.2 REB SHEITTARINEE

A ST TR G A PR A2 0 Ul e T T 1Y
wEREE AN 8 AR, BE I AH S B0 1 BE K ik
&8 B (GD) | 45 14 0/ £7 45 % (TPD) | i F 7K 48 %k
(GWD Bi18 b (V/T) 8 & I (F/M) BL K E AR
B COD A TP GIE %o 2SR B BT, B
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®8 ZEIHFRZASHEMBEBSH ST (T WRE)
Table 8 Statistics of coal phase parameters of Benxi Forma-
tion No.8 coal reservoir in Suide 1H Well (no miner-

al content)

B i B MR TPI GWI V/I F/M OI
H(%) H(%)
8-1-1 52.69 47.31 1.11 1.87 1.04 1.11 1.91 0.21
8-2-1 64.07 3593 178 0.86 2.16 1.78 0.86 0.26
8-2-2  64.80 3520 1.84 1.56 130 1.84 1.63 0.16
8-2-3  79.01 2099 3.76 1.79 140 3.76 1.79 0.12
8-2-4 85.82 14.18 6.05 1.39 238 6.05 141 0.07
8-2-5 75.81 2419 3.13 0.64 0.63 3.13 0.66 0.24
8-2-6 81.04 1896 4.27 0.86 1.16 4.27 0.90 0.15
8-2-7 81.53 1847 441 1,53 1.76 441 1.62 0.11
8-2-8 83.81 16.19 518 1.17 1.29 5.18 1.20 0.14
8-3-1 83.36 16.64 5.01 0.95 0.65 5.01 1.00 0.14
8-3-2 7464 2536 294 147 0.71 294 148 0.15
8-4-1 83.20 16.80 4.95 0.86 1.01 4.95 0.89 0.15
8-4-2  66.80 33.20 2.01 0.97 047 201 1.05 0.28
8-4-3 81.30 18.70 4.35 0.58 0.85 4.35 0.59 0.17

- GL A 46 5L
LM e F/ML B 56 L O AL FR L.

s TPL S5 My R AE S B GW L 3 Rk 3530, v/

TPI<<1Hf.GI<1,BERHEF,GI>1, T @K EH
P TPI> 10} GI<<1, T R MIB I , 1<<GI<5,i
Hb 25 MRV P, 5<<GI<<10, 8 /K FF A8 ¥, GI>10,

R K AR ARTR R . 2 S R, 4% b X S i
ZREB K TPIHEA GIE, GIEY KT 1,48
Pt TPI-GIHEAHE (] 8) , 48 7 B Y WL T 11 b 2R ARV
T FIT W K S 98 % . 3 ELE 3 TR B 0 A8 Ak, i
IR 55 b 1 M AR MR VR R T K AR U8 T PR AR
1) i8] 7K 3l 7R 13 RN M 2R AR B e A2 (&1 9a.9b) .
GW L{E AT DL A8 7R 6 5 V8 5 1 b R 7K 3l 1 41
FK A7 A8 46 (Guo e al., 20185 #X f5 Ik 45 , 2024b) .
M 9b. 9c AT AT, GWIMH 5 GI{H By # #AH L, >4
GWIEAS K, BI K 7 A8 = , #F K 3h J3 A8 sk i, GI{E
SRR MK AR AR BV AR A HE K /P I R S
5 ) VI8 e VH B 1) SR A TR B B AR A A A W A
Fitg 1 35 P, AT AR - A BB 1Y G i R AE i ik
(I B VA1 B N i B o A 74
T8 B 2 AR b (B A S 2022) . F/M 1K
Bt v DL 48 78 K BR 5% (Duan ez al., 2011) .24 H#F
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K e F/MPs 8 s/ T 1S &L,
BRIV O 8 S T PR R ER A 85 8 AR SR T K BR BT (B
9e) . JFHMME 2 M B TR S K S, FHMER
2.99% , #8575 U8 B V8 ¥ AT fig 52 W A= 52 ) T Bk
WL, B Y & B m (Guo er al., 2018) .
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Fig.9 Coal phase parameter analysis of Benxi Formation No.8 coal reservoir in Suide 1H Well
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Fig.10 Organic petrological and pore characteristics of Benxi Formation No.8 coal in Suide 1H Well

45,2020). 4 V/I<<1, )& T e 59 8K 5L, 1<<V/
<4, J8 THEE-EK,V/I>4, 8 T EH KB .
& 9d T DL Y, 2% 7 b X A IR 41 826K )2 Ak T
55 78 K iR K IR Y TREEAL TE K AR EERT A
b3 2 KE /N | OT{E AT LL4E 75 ¥ 3 1 B AL ik
JRI S (S K255 ,2017). 2% OIE/NTF 1 R KR
W JEEREE AR V/UE A OIME 728 A6 52, 22 18 34 [X.
AR SHREAEZ b N AL T 55 34 A SRR
43 KREABMEZEHEREEFESE

B SH  RMA S R, K SRE R
WE 10 frR . ANE 10T LA H FERE R 2 356 m
LA B F o B T KR B, R TR R,
TRy T R B B L Eb 2 T B A B e L AR R
KT KmE BT L e A P LR R R AL
FETH AR R AL A FRAR by W R 8 T 4y B B B v LA
L TE B ERE R L B2 356 m DL, B 4H S AT
BF K 43 e 5, flfL EL 2 e R DA R B L R B R
5, i L L 3R T ARURT A LR R A K AE T T R
2, Bl 2 356~2 358.5 m = [A] , 55 it 20 & & 5
TR 4y & i AR, AL B 2 T R DA R L AR B R
i H L B 2 1 BURD Hp LA BRI

1M R, 76 0 2 1 U8 BB X Ia) 9 0 3 A R i A

b A, AR SCHE — 25 4 B B BT AL R R 4 5 AL
B Z B & K 10 AR 1L AT, K 4y 5
FL Y B 2% R R BB AH 6, X AT B B Oh AL
FE AL, K5 &N F S SR8 L
R R REAG, T DL H R o AL S B A
b5 2 A BLT & R AR R fFL Y Bl kS
RV N e 1 A S NS A N
T JC 43 2 JRE 2 oh JR 08 T A 1) L 4y, 2 R AR
oyt R SR R A S, — R
R AL A b AL Hb AT BE T S 4 B RGBT BT
A1, 5 B K AL B A AL AR R R AL b 2R T AR )

F P&l 10 AL 11 AT, L L 3R R R AL AR R
Wl & BE T 2 E DA R O R AR, U6 B BE T AR P
I I ol N T W = T AN N A G 1]
R AL RO W - o S S B N < 7 A 1 D)
R B WS T B A T AR 0 N
44 RIPBEBESWEFEEARIFE

TRAR A 2 B T LR K, = 8 N ) oK
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