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Abstract: With the acceleration of the global energy structure transformation, deep coalbed
methane as an important unconventional natural gas resource has become a strategic replacement
area for China's natural gas production increase. As an important part of the Bohai Bay Basin, the
Jizhong Depression has undergone multiple tectonic evolutions in its Carboniferous-Permian
coal-bearing strata, presenting complex geological characteristics and coalbed methane
enrichment patterns. Based on drilling, logging and experimental test data, this paper
systematically analyzes the geological characteristics, main controlling factors of enrichment and
accumulation models of deep coalbed methane in the Jizhong Depression, and proposes a
favorable exploration area selection scheme. The research shows that the deep coal seams in the
Jizhong Depression are thick (the maximum single layer of Taiyuan Formation is 25 meters), with
significant burial depth differences (1000-5600 meters), and the vitrinite reflectance (Ro) of the
coal rocks generally ranges between 0.65% and 0.95%, with vitrinite as the main maceral
component (46.7%-97.4%). The thermal maturity is significantly affected by volcanic baking, and
the local vitrinite reflectance (Ro) is as high as 4.6%. The gas content of the coal seam (6-18 m® /t)
is closely related to the coal thickness, pressure coefficient and preservation conditions. The weak
overpressure environment (pressure coefficient > 1.15) and stable cap rock (breakthrough pressure
of carbonaceous mudstone 15-29 MPa) in the deep part promote gas enrichment. The study
reveals that anomalous heat flow triggered by volcanic activity is a key geological factor
enhancing coalbed methane generation, and the spatio-temporal configuration of secondary
hydrocarbon generation and structural preservation conditions dominates the accumulation
process. Through comprehensive evaluation, the middle to outer belt of the Wena Slope and the
northeastern part of the Dacheng Uplift are classified as Class | favorable areas, with advantages
such as large coal seam thickness (6-8 meters), high gas generation intensity (> 110 m?/t), and
large Langmuir volume (average 11.39-12.42 m?®/t). The research results provide theoretical
support for the exploration and development of deep coalbed methane in the Jizhong Depression
and offer a reference for the evaluation of coalbed methane in similar residual faulted basins.
Keywords: Deep coalbed methane; enrichment and accumulation model; residual faulted basin;
Carboniferous-Permian; Jizhong Depression
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Fig. 1 Location of the Jizhong Depression, Division of Structural Units, and Comprehensive



Stratigraphic Column (the red area indicates the location of the northern exploration zone)
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Fig.2 Relationship between gas content and burial depth for a single well in the northern
exploration area of the Jizhong Depression (a), and comparison with other study areas (b). The
comparisons represent the relationships between gas content and burial depth for high-rank,
medium-rank, and low-rank coals (gas content data for the Jixi, Pingdingshan, and southern
Qinshui mining areas are cited from Song, 2019).
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Fig.3 Coal Seam Thickness Maps of the Shanxi Formation (a) and Taiyuan Formation (b) in the

Northern Exploration Area of the Jizhong Depression.
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Fig. 4 Distribution Characteristics of Maceral Composition in Coal from the Northern (a) and

Southern (b) Study Areas of the Jizhong Depression.
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Table 1 Proximate Analysis Results of Coal Samples from the Northern Exploration Area of the
Jizhong Depression
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Fig.8 (a) Relationship between gas content and coal seam thickness in the Jizhong Exploration
Area; (b) Relationship between gas content and burial depth; (c) Relationship between gas content
and reservoir pressure coefficient.
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g MR R ACTBEA G Z LB 2R, IURAL BEIL. LU N E, FEDRIR
fL. FRESLAE, MWLM 0.5%-4.5%. fH4 1 - amilary 3.32%, HPwkifl 10%,
SALE 16%, JEEIFL A 40%, FEAEANE AL S 34%. BT E AL EoR, SAL
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AL R Y B AEANLET AN ER(E 9a). )50 2 = BRI A B R e FH e U AR
B, HAERIEE R BB BRENAR LA, BRI EEZ I (M5 AR5,
2014) o FERCEMPIEACIERE S, B2 PR AT 7 A 2R g, X e ARG SR AU T RS
FEIWIE (Crosdale et al., 1998; FRZARSE, 2012) . (KMHEHMERIF . KIL, Kol 21E
SER TR 22 AR (] 9b), —ROAJRAEFLRR, M ZE . AESLLVNLN R, E AR
AT . B T 2 W AR (B 9c), i I 2R T R A o P A e T I E T
REKRE RS, —REAERE, R YRR &0 P e T 2R
(SEM) R 52 21134 Jo 82 A4 K B 4K G L(KL 9d), FLARZ 04T 1-20 nm JE N, SAEIREL
ISLIRK B TAHBUBTIE T o AR ALIG R A T2 BT, FLBR RN 3 A7 5 R
W R 2 RV o o A B LR A (RS K4, 2025).
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Fig.9 Pore characteristics of representative coal samples from Well Xintan-1 in the Jizhong
Depression. (a) Gas pores developed during humic matter gas generation, with fractures formed at
the edges creating hydrocarbon expulsion pathways; (b) Fusinite cellular pores; (c) Static pressure
fractures;(d) Homogeneous vitrinite exhibiting nanopores, with pore sizes annotated in the figure.
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3.1 BEFERER

PRI S SR U - ti- TR 7 I R FH R 46 R - B2 TE e AL B AR BRI R
AR AL 7R R RUR A DU PR S A B S TRAE T 90K ALBE, TGRSR R Gt RIFIE AR
FAFAT DV P SRR AL, SEILE R . SRS S RGBT S EHEEF B, 2023; %
WS, 2022, ZEiRAE, 2025, JHSLELE, 2025). ZEoIRE LR A, AR
SR B, AR, EAGRE . 8RR RE SRR X IR 2 & 4R
TR A K o
3.1.1 AR HEE

R G S R R AR AR I S AR b, BRI R R EIRE A AR R, A THE
UE SERB(Zhang et al., 2024) . FRIRE A RS B2 RO SR I OC RIUESE, B Ro (NS
RIFEE MBS ERT I, 2024; FEESE, 2024). R HEE AR R AW SO A L
AL AR 9 3 AN B (8] 10). | RGBT B, VA 3000-3500m, Hili 70-90 T, Ro
5N 0.5%-0.70%, VAIKIGHENT. W “A” ITOC Ny 1.5-3%, (S1+S,)/TOC 7£ 0.3-0.8%,
Si/TOC<10 mg/g, A FE%(~250 mg/g, THEER H/C JiFL6~0.85, Tmax 7E 430°C-435°CZ[f],
AW B B A R ARIE R R AERAE e (CHa) I ZEALER (COn) o A= BRIR, —
AT 50 mPte Kb ARG B (M BEE 32 B0 AT 1E BIS [P A A R — iy, 1Ll
DX AR A 52 2 S B T B, JE TR ) SE i, K R4 T R 4R TR B
I B, % 3500-4800 m, Hhil 90-120 T, Ro A 0.7-1.3%, LUSHE-HEMEREL,
(S1+S2)/TOC 7E 0.8-2.8%, i F“ A”ITOC Hy 3% inE 8%, S,/TOC Hi 6 mg/g 3% i F 35 mg/g,
S EH<100mg/g, TE&HE HIC JE T EE<0.60, Tmax M 435°CE 473°C. ARrB LR ME/E R
NFFIE, K EAE R, WA TR B SO R A I 2 52 i 4k il
ERNFE, BRI AU, BEE PR F e T IR R, AT AR B . AR
AR B S S AN B (60%~90%) 5 PAMRBH A E . 11 & i B, 3% 4800-6200
m, i J& 120-170°C, Ro {E>1.3%, Trma>473°C, LLAEIEFIERE N = IXANB B (S1+S2)/TOC<0.5%,
SUTOC<5 mglg, ERRKERMAES, BB TFEAE. S BIEE DL “mE .
FRANRE” RHE, R L RN ORI X K RE KB X (FF 4. 75 1. J5 8.
IC 23 S5 ) Ik B i A B

SR A R- B RE SRR E MG T, HEEZ A FRRE R, 53
SEGHUREE PR | Rk B AR A e, TR I e A2 s A S PR Bl 3 LA A (R 80 55,
2004; %5E5E, 2008). Hirsd, FAHBIXFAAGRZLTRG, IR A WL R ARG G i,
s ZIRARAER, Nl A RS OE 7% M. ATFFIESE, IRARTTRIHIR N
3000 m, URARKRTHIRIZ) N 1780 km®. BRI 1 Ro {H— R AE 0.6%-0.9% 2 [, BRIE
FRE W B2 A1 HE AT B Tl AR BRI 2 S il T 40 K R (2 N AT LU 2
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AT B ot
e s
- gy |Ro/| [RI | UK/
#y ; 0150 250
.
#H
2 —10.5
1 = i
F Az I
it o ;gl_g .
o P07 -
;lf L % il e
11
11 ’ij: 1.0
JIE B A
R g [1°
N I =1
94 :
17 | &
8 e 4 A
y i
gLy oy =9
- oL o
P _J(UJ?JD??M’EJ#J - 4.
S A5 N ;ch
11 '“ﬂ :
I
TG R I 3.5

K10 SErp et a AR R . B B S R R R
Fig.10 Relationship between coal metamorphism degree, gas generation stage, and gas production
intensity in the Jizhong Depression.

3.1.2 fiitkRE

FLBEUR At A7 A I F B2 0], B SR IS RS 3@ TE (Wen et al., 2016; F 40455, 2024;
Ren et al., 2026). L HfE R4 b -ARBEIBEE LR (B T - B s, k2 Bl
FLBGURNZLRRZE e (R W EE FLRR A5 48 o A DAl BRI, unf ., JEp AL AR
7 [ o FE RS el i I T 25 1F T B 23 I AR B AR T P2 AR B 2B, B RTHAR &R 77
PEEREAL LR TEAUR, W] LY I Ge SR A58 22 (R B A, 17 e L B e s DR ALA B T4
ITBEN . AR IBEE BEE FUBREE RGN, &R (& 11a). BEE KA 5 5
i, SAEZRERR(E 11b). BEE R > E R R AL, TR SRR, 2
BALAWD, AR RE IR, TR S RE DRI S EmGE M e, 2018; 26 1L%E,
2024).
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Fig.11 Relationship between porosity, ash content, and gas content of representative coal samples
in the Jizhong Depression.
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3.1.3 fRAFFRAT

SR THARE RS2 4 T 3 2 B I BE 70, T 5 2 3 P e 0 B T8 R LB 1
TSR 7 KA EL FE (Zhang et al., 2019) o AR F0A4 K S 2R L 76 20 75 )23 o 1 4 S 20 R 4
HEE SR BT WA IS 4 i A 800 S BT e & A, B FLISUE <9%,
1515 %4 0.0005-0.0035 mD 2 [f](Zhang et al., 2014), ik e &5 % N 0.0006mD 444,
RME S 15-29 Mpa, XML, BRI TR S EMMEE. LTEH—. A
WAEREE, UE-DHERENE, BRRZ . ZRAFERER-RBAEG, HiBHE,
MR BRI - A . RIFANIRE. ANEHFERFH-RAE, ke, Bk
WOk A . FORABAREERRE, UWR-DHEGRENE, B-RIKZ. TR
ST RN, KRBTt d5 G F 2 AL, e E By 3-12 my (L VG- etk
i A F B AR TR AVE IR, VB RN 2-8 m.
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Fig.12 Fault Structures and Seismic Inversion Characteristics in the Wen'an Slope Area. ()
Development characteristics of Carboniferous-Permian faults in a representative area of the
Wen’an Slope; (b) Seismic inversion showing the distribution of coal measures and volcanic rocks.
Faults cut through coal seams, and volcanic rocks are distributed on both sides of the faults. The
micro-amplitude anticlinal structure near Well Su 405 is a high-value zone for gas measurement.

WAL EER PP B Z S RAF ST I BB AR S A 0 LR R WG KA AN, 3 ]
FAFEAT, BRTHRESHIRAE (S, 2022). WiZ0E T /K i sl B /K 57 R 2 50 H



KRS AN 4k FE () B B K] 2K (Bense et al., 2013). ZLAIRE A - B R L AT R =
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Fig.13 Hydrogeological Conditions of the Carboniferous-Permian System in the Northern Jizhong



Depression.
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B BAWT R, AR RN o IRER SRR L8 B R
BREAESHER . WREN BRI REAH, Fral2WiEiait e ERIBEE S, F1E
S EBERYNL, EEIEMBERNE SN NEZ TS R (GE M, 2022;
JEESE, 2022, HEMSSE, 2023, (F/REAE, 2023; Lietal., 2026). AHF 70K 5L A B R SR
HREEAEEHRE S, BREMIR AR BR Bl R U (A 14): ()EREIK
Yerli A SR IR KA, FERTII AR R R Bt b, AMRKIRAE e /R T S 2
AR, BRI F R KB A B A TR A E . K R RHR 1 §8C T
-64.1%0~-52.6%0, S BRI A TR (MR 95, 1994), I HA DR ORI ST £ S AE AR
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BEERE, AR TRETE S WEEX BRE D5 RMIEEET, BRI
fir BATY R B SRR R, ORI R T 7 AR . Q)R AR AT EERS X3, R
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T et At AT RE 0, AR R AR AL N AR AU ) R IR AR R s A, A R TR AR PR A7 2K
TFBUERS 0 R 80m, EORS BT 1.2, DSCRHEF 403 HOARE.

W/ km

VA A | w2 | K

R8P A . GE T | KR, ————>

[

~ [~ B e - = =

= AREH BERHS BERES BEEKES BEREREE Ky KR
Kl 14 Frh R S U] o SRER IX ARG T I KA T T B A R S R
BRIIR A s IR RO AL BRI K L BRSSO AT T T o SR AR e R A T REE 23
e, FEURE SR A I A S AR -
Fig.14 Model of Coalbed Methane Accumulation in the Jizhong Depression. In the shallow zone,
biogenic and thermogenic gases mix under the influence of surface water during late uplift; in the
deep slope zone, thermogenic gas enrichment occurs due to combined effects of burial depth and
volcanic baking. Faulting enhances coal permeability, facilitating localized accumulation of




coalbed methane in structural highs.

4 HRXLRE PN

T IX R AR H AT AL T BRI R I B, il O I & R R S SR A = s sl s
B, 456 SRR IR ™ R PR B ER SR, ARSI Y 3 28 13 AN R R A A VPN 4R bR (R
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HE )R8 RS OFEIERTY . %2R ERKSCHUR & 0F. 35 &M S80S &
e 3 BRE A E AR hritE

SCERHE R AR AR AR | B, BAMERIRMGN: OBAERE, KA
4 10 SURIEZ 6-8 m, HHI>100 km?, M2 ETPIRIEIE BN, £ R E RITFIHE-5RT
Pt E: QMEREER, XS Ro 7y 1.0%-1.4%, KILEERAX Ro ATEA
Rk 4.2%, AT AR B, MR RRIE R, KR ARSI >110m Y, SRR
M E SR AR . Q)EZRETRE SR, 22 RARBUR I B SRR BB 71 (Fianu et al.,
2019), MEASEWIHAL SR, SCHX 2L AR 6.98-15.1m%t, P48 11.39m/t; K
X 2% [ AR 4.11-15.5m%t, Py 12.42m° M. (AR, (8 SCLRH 2 MG 15 3) 5 808
BRSHERFMZHB IR X RE, WS R A FIE . F8RWE., R
SR BT ) L, BRI SEPERRLT, SR AL I S O R AR S R X A 1 X
FEAAE R X, R ERMRS AR b, RS EEUE, HIR
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Table 2 Evaluation Index System for Deep Coalbed Methane in the Jizhong Depression Area

SV A A
GRS ARRERE =S I 1ES
K SR
F 2 JE B (m) 0.18-8.66 0.18-5.5 >5 4-5 <4
45 B (m3h) 6-35 5-27 >12 4-6 <8
BIRES
S B () ~90-100 >110 >110 80-100 <80
B ST (km?) ~200 >250 >100 50-100 <50
PR EE R R | R | RSN | EA-ER | BRgH
(=I5
PIEALFEE Ro(%) ~0.95 ~1.15 >1.0 0.7-1.0 <0.7




R (m) 1300-1800 >2600 1800-3500 | 3500-4800 4800

E R 1.0-1.25 1.0-1.3 >1.18 1.0-1.18 <1.0

B (%) 51-115 80-113 >80 50-80 <50
J WA 1 ) L3 B 5 B S

TRAF % AF THUJEC AR J5 2 () 4->8 3-4 >6 3-6 <3
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5 45k
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SRR B A R- B ROKJRAL S L VAR SR B 4 5 2-46m Al 3-35m, MRS
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¥%1 10.55%, f#EMIEERIN WAl 2L, IGE7 FHE, FLBRENT 3.4%-8.8%. &
EMRES W, WEX GI5m ) EES AT SRR RN AR AL, W R BT
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