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Geological control of differential enrichment of deep coalbed methane in the

Ordos Basin
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and Reservoir Formation Process, Ministry of Education, China University of Mining and Technology, Xuzhou 221008, China)

Abstract: The deep coalbed methane (CBM) resources in the Ordos Basin are abundant and have great development potential, making it
the main battlefield for exploration and development of deep CBM in China. Among them, clarifying the enrichment law of deep CBM
and delineating enrichment sections are important foundation for CBM exploration and development. Based on the analysis of data from a

number of deep evaluation CBM wells recentlyimplemented by China petroleum Changqing Oilfield company in Ordos Basin, the geolo-
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gical control factors and enrichment rules of deep coalbed methane differential enrichment in the basin are studied by means of mathemat-
ical statistics, model calculation and geological analysis. It has been proposed that the effects of material composition, depth, and preserva-
tion are the "three controlling effects” that affect the differential enrichment of deep CBM.The material component is the main factor con-
trolling the enrichment of CBM, among which ash yield and coal metamorphism degree are the main parameters, low ash content, high
metamorphic coal with high gas content. The depth effect is a comprehensive effect of superimposed porosity, temperature, and pressure.
The porosity decays with the increase of burial depth, resulting in the free gas will tend to slow down with the increase of burial depth, and
the adsorbed gas exists obvious critical conversion depth, and the critical conversion depth of total CBM content is deeper than the critical
conversion depth of adsorbed CBM, which is generally in the range of 2 000—3 000 m, and in this depth range, the total CBM content is
higher. For depths deeper than 3 000 m, the depth effect intensifies, and the total CBM content gradually decreases, often below 20 m*/t.
The preservation effect is an important controlling factor for the enrichment of deep adsorbed CBM and free CBM, especially free CBM,
among which the type of cap rock is a key factor in the preservation effect, while groundwater total dissolved solids and pressure coeffi-
cients are important indications of the preservation effect. The coal-rock combination of coal-mud. coal-ash and coal-ash mud in the study
area has good capping property, corresponding to its high groundwater salinity. Within the buried depth of 2 000 ~ 3 000 m, the total gas
content is often higher than 20 m*/t, and the coal-sand combination capping property is relatively weak, corresponding to its relatively low

groundwater salinity, gas content is often lower than 20 m*/t. At last, a deep CBM enrichment model in the Ordos Basin was proposed by

coupling depth effect and preservation effect.

Key words: deep CBM; material compositioneffect; depth effect; preservation effect; enrichment mode; Ordos Basin.

0 51 T

o I 7R S XU IR R 5 S B AU H
ket v AR AR AR R SRR T
7= AR ER Y RARSRAE G A R B ik
VR A BT, IR AR AR IR AR
ARG P EE R IR ST 4 B R F 5 ]
5, KW E BA Y AR 7= A4S 07 KB 24 K™=
M H IR SERES Mo, B2 R R R,
TR 2 000 m L2 A0 B R 30.5 742 m*)
2000 m LATE 40.47 742 m’", 2021 4E, B /R 2 8%
WARG K T—5 BT 6-7 F 01 KT, R
2200 m, /KBS 1000 m, 3856 T8 KRR B R
FEZEEEAR, B 5 B =S50 10 7 m™, 23R E
BN H 10 07 m® R STE, DL o bRk
Fol, PIF T BRI 2 ST & P55

I i HP ] RS2 A S PR 22 55 T A6 B3 e T
IR S At . DU A | v RS R S R R 4
RWTBAF HRE ZSIE R  EAZEm, #uk
H A1, B/R 2 W A R 2 ST & M TG BR, B
PRk e K R i . SRR 22307 4 b S T Rl i 50—
FUUFR 8 K 2 () REVR B3, Je— MBI 1 &
A fhHh, M ARZY 33x10% km?, B JE 0 . oS
S | T A AR A AR AN B A, Z b
AT 25%10° km®, ZHONEEZSEE T EE,
P Al L, Hod 2000 m DA, 0 2S00 5 9 R AR A
7.26 42 m™, 2000 m DL IR M 2 S M R TR R
12.99 Jife w7, JBE IR A 20.25 T2 m®, B

204

AR T e U VS R M o T BB AF, BRIR 2 b AR
G NEE TR LE ) 7 KT — BB A I 2% —h
I, B IR ST R RIS TR BRI R . 2
ICEHE, 2023 4Lk, A YR BRI HE 281
IZRAR, KRBEL . AR IX B St 1 30 Ay F1
EEIF RS, ZHES I H R 10 77 m® UL, B
FIOEME T 19 T m/d, BaPEAE S T m/d DAL, R
TR LIS, IR R K, AR RE
Beik#] 2542 m’, AEPE R IAE] 1542 m’,
TR 2R E SR R R SR = E
BHZE, I H BRI 2 XAk E, ALl
FRBNEENES I UM R T -5
B B as 2 o, RIS SR KT 16 m't
b — 2 XU R ) A SR KT 26 mt Al
22 m/t S35 R — 2R T A X e A AR, 4
ARG 2 IR W it T A P — 2 T
X FHUEAT L, 5 —FE, HEm SRR M
PR . [RIET, TRARERE R AR R ERT SR
T R Z AN B S R R ), R
L2 A L FHE R i B e 5 I SR R
DRIt BT TR 2 0 SRR B A A e, 2 TR R
2 SIWERTT A ) S B R AR . SR N FE SR I F
FEATFR, Hh R TR SN AR , A A AR A T 2
TSR IEATIRFRIRE 2 5 A A FIUI, doke /DS B 504 1)
FrB o [AIET, 2000 m DATR A IR 2 S5m0 s ] 448
B, I T 2021 48, B HAGUL 4 a Z B9[], R
T I b Ji B a2t 8 R 1o o RS 5 I R AR AR,
2000 m DAVRTRFRME 2 A0 48 10 b o e il i i —



WAL TR SRR ZHT BRI Z 22 5 6 B (Y i o

2025 455 1 11

Hot

S, 2 B L E A A PO AR SRR 2
Hr G HBAE T 2 a SEMERY 34 RSP I R 2 b it
filh, H 3 S EHRA T 2071 ~ 3 666.26 m. 54
T b PR AR R RE J 22 A AR R AR ) b B s o R 2R
FEALTE, YL 5 300 R RN, FRAE RN, FE
BEIERE B R DA IR A I
ek, JEALFRIE S

1 WEES

S IR 22 37 4t Rt A s (o7 T e b Al B 7Y e R
J& TR — 00 . SRR 2 Rt A A
ARV P Aok 8 A v P38 73 M A0 e A SR A I 2 ) &
i, KB TR ORI R oo Ak A IR
Zbo D TR G A s, T B
S HANA— P 1 P OTHIM SR R, 50T
O BB /N T 1R R B - 22 1] P {15 B R B AR O
IR F RIS, B S U A r e L
WEEREL, M ol Y 5 18D KA T 1Y 5 o s, A B AR %
KB IE R ARSI BRSO IR 3
BRI LR G P ARER A DR AR

SRR A )Z FEON A R- TR P
ENA R ORI Bl A et kw5 s
15~ 20 )2, JRdHi XAl 3k 30 40)22 . ARG m) AR
AR 10 ERIZE: 15 ~ 5 SRR REF T
il 2 By, Suble s Bz, o 5 S HRE UK,
IR RE , R T B L RA)R, 1l B R D,
JERERGHE, Z LR | BRI KIS BIA R
KE 65 ~10 S8, b 8 SO0 P EEMR, di
HArGRIE R £ R HE

8 S MR 4 ML 4 70 Y Ly T 52 ety
AR, 175 U I A 3R B—F il —i B —F B—
B A5 i34 g JCIRE DX, A M DY % K BRI I v
F—R AW IR, WX, S AME BN A
TR F R ICHE X, 322 A e R R %
R . 8 SRR 0 ~ 25 m, BAKFRUEAR
JE R ARIE, PURGE, SR /N 2 m (3 X A A
oV R AU PE R, 2 7 RAEIX T AL A 20% . #EH P L
RIS /RZ i I, MRS IR, MR —(R1E—
PP WA —R AR 4D HLIX, BRIRE 6~ 12 m, i
JEIK 20 m DL, BRI . BIRBERT
3.5 m WML TE R AT E) . MUK AR Y
RT—dE . w5, 8 2 MEEAE 2~ 6m
Z 4], I8 TR

8 SRR S E L R B L B A R b
A7, M/ T 2000 m A9 DX TR b AR PE P 7h
GAL T VU S vy 1 B Sk — 21— 4k, KN WT)2 %
M, MIEE A ARG EEN TRy Ui
IR EB I X S TE AR A AR IX o Z b N AR A
PYHE R R, TE 71 P Af Ak X e, B 3k 75
F] 3000 m PAIR, A VG 75 R PR3 G — iy B R Ak 35 3
4000 m ATR(E 1),

FRYERT AL RPN S5 3L, 8 “5-JE 22 Tl Fn 2
AL GBI | Ve DA A, SO IR~ |
SRRl A FEAS LA | TR A A O IR
JEE  HERD, [a] PG AL T 1) SRR RO IR A

2 RIEiR

SCH I BB IR 35 AT R AR UK
DA B T DRI H 43 W Z5 46 0 A il AR A%
3 BN FIHHER I B W98 Be B 3 B e . H AR
WS A, I GB/T 19559—2021 (B2 & i
W J7 36 )AT; Tolksr#r, 38 B GB/T 30732—2014
CHRERR Tl 3 AN YA T 5 AR 285 T, 3 PR
GB/T 23561.2—2009 KA A Py 3L )y 4P o 7y
5 2 BB SR A L I A Tk Y IRAT s IAH
Xof 25 BE L, EIE GB-T 23561.3—2009 CAEFI A AT 1)
TS 2V O E 7k 4 3 30 MR A B R B
W2 7 35 Y INAT 5 B0 B AR s B R, 3 B GB/T
6948—2008 {4 1) 4578 [T 4 52 S 248 Il S o Ty 12k D4k
175 B 259 B L 2R 1w ik, 28 GB/T 19587—2017
CRARTEZ R BET 20 [ 2454 5t be 2 AR YA 75 45
TR B G, I8 GB/T 19560—2008 (B ft e 15 4515
W B 5 ¥ DA T o

3 ZR5itE

3.1 EEMYFE

WF5E X B 34 DAY & A A7 1 24
FEOREIO | 2 UL | 48 2RI 7 FLER
L, PREBCO AU A B 2T 62% L E (1K 2), H
MR JE A T 2071 ~ 3 666.26 m, 3000 m LAIE
14 B A IR 2 R R R UL A PR G . —
T, PR RN AT I a5 SR et o o, 2
RO FIE G | 0 R H RGO T RE A7 76 1% K
B PR, 40 2R A O /I A Tl i, 8 DA X2 SR ok
A 34 DI & AR AR R B, HIEJGHH
PERE S, RS2 BRI, BRI S, B s, il 4
A5 o 34 HH 250 A0 26K DI F B 2248 | ORI A

205



2025 4F5 134

#EHFHK

553 %

—~ M)
: = .
z | a J5 5 /m) FEIR
i)
)J-g _— Vel oo oo
T Sopes
I ==
B il -
RS =
O IS —
Zal
7 ? 65~1055ess
A =k
it e =
S
P&% i
O % 35~85 ===z
I~
[ESyS i —
. th
gt T 7511
éﬂ e e
NZz] P
' QJ%" 40~60
A iy
5 ) 25~45
: T %
} H /ll A |
l‘;o " v W |2
. = O E% x
\ ( O E i = {’J
(2] [® oy [« ] e B -@-
WX 4 Wiz RiE e 8 SRR BURAUE M E}E ke W AR
M Z/m
Bl 1 SR % A s N A B R AR
Fig.1 Tectonic outline map of the Ordos Basin and columnar map of coal-bearing strata
35r
B ORGP ORI
30 f
25+
ré 20
ﬂiﬁ 15 F
4
10
5 -‘ ‘ ‘
0 1
12 4

3

56789 1011 1213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

WA Z S5

A2

WAL HERRBEERARBC T RAMKER

Fig.2 Test results of different coring methods for deep coalbed methane in the Ordos Basin

PRI B, fESM A

M, BRIz AT

PR Z W B AR ES o ARG EE R, P2 &

(T HE (ad) ) It

T 7.64 ~ 33.48 m’/t, “F-3IMH

g 18.1 m/t, T4 T JK 3t (daf) & &4 T 927~

206

42.5 m’t, FAAME A 23 m/t, FEASSCH A JCH R LA,
BRI R TR T & REE . ik
TR T 62.02% ~ 98.78%, -1 19 90.97%, H:ik
AT BN 0.65%, — FALBRIRFR M B0



WAL TR SRR ZHT BRI Z 22 5 6 B (Y i o

2025 455 1 11

H 4.42%, RASMBDECN 3.40% ., 4K 5,
FHBE v 3
3.2 HERIEE
HIMEERRTRENEERRZ . )
20 43 S S Ak, A4S T AR B 0 4 o 4 43 A AR
JoR AR BE AN, R o 21 d5e KOS 3R IRy B A
A TR AR VR 2 A ELAT R 1 4 1
N, FARA T2 IR B A 2 R ) A e AR 4k, b
e TR RRAE 25 [ FLBRUR ) 2 ARk . )
TEARATF S, BRAT 2 AN X TR B, TR 2
DR B S s SR B AR IR . R
3 TR BE T ARAE S 3 b i B 45 D9t o] AR 2
Sk 3 FRRLRE, LR AR T IR E R E A .

BT, LA HL N BB 34 1 BRI R SO I AT
TR AT

W 5 2L RV JBE 2 T S i (Y 258, SR T BER
SOHITE, T T 2280 SRR (E 3),
FSRARBUZ MR & R A R S e 4l 2R
AR KOy AR AR, IR R R o M P N
BB, HABSBSE 17K | e s i R0
S5, Koy 5 T RERR S ORI TH AR B SCR, o AR
JR T SRR £ K oy o HaRk &< SR
BRI R (R ) TEARSE, SRR GAARSC . A B
WA SRS HETRECRMREA R L5k, Y
9319 FZEMA S LI IK TP Ry s SR EIRTR
PAF R e H A o

B
7

TR/
g 3600 IR 1.0
K ' ' ~0.048 0.33* 0.20* —0.28% 0.37* —0.32% 0.35*
1800
2.90
o S R, 0.8
%5 gy
S NS ) —0.11 —0.11 0.31* 0.053 0.019 0.006
M ot 0d1 12
el I "
R s .o _ * _ * * _ — *
2 Gi 'f@ :(\g;.j 0.17 0.24 0.16 0.02 0.062 0.008 0.32
Pearson’s==0.079 89 | Pearson’s=0.1302
54
o . . . oy
= 36 — N o 104
2 nl /ha) || wCd@e || (B - . - .
4\% |§ ‘\?It"':%!/ .%}J. (\&:k : 0.21 0.016 0.085 0.061 0.056
Pearson’sr=0.21 621 | |Pearson's==0.164 01 | |Pearson'’s=—0.170 45
Sl L - ~ R 0
= e || TR —0.14 0.30 0.072 —0.072 1
& MEUDAI SNEIC >l
L—H\t ;3 I"egﬂ\:m:::ﬁé 3 Pearsnn'&r*{ﬁz\‘;SS l’egmﬁ‘s?fo/:)ﬂl 58 earson's
e\a 102 — — —
z /,:t*\ /Q‘\r \ ("fg\ e 0.064 020 © —0.0043  0.0094 0
o [ o (BT Jh. y —0. —0. . 7
® 'k,,,' 4 \‘t‘,-/ Ny, \;,;J T
E[ 34 Pearson’sr= 7819 Pearson’sr=0.381 5 Pearson'sr=0.124 69| |Pearson’sr=—0.949 67| |Pearson'sr=—0.481 17
X 120 I — P — . . Vi Joii 4H
= T ) o\ o . ol = P AN
Sy |0 (B || (|08 || (B 0.2 \ / 014 |,
BB 30 paserer 0423 |Pearsonso1803 ] | pesisonsre00023] [peasorer="0006 88 [Pearsonsi=-0.045 28 | | Pearsomsr=bri20 56
S oo : : B :. TR
=5 s 3 SN N S R — —
o Cavorwy (et | | (s » .{@:\\ _ng_\ I 0.051 0.033 0.089 o4
HE s Pcunux\\xmél/ﬁl 6] | Pearsons—0.110 18 P\cumi.imm 07] |Pearson’sr==1 57/09 Pmmm'»\f\frﬂ‘/l/ 62 :
g . IE o a5l
5= 3 = *
8 43 \ 0.15
Kz Phr\ﬁrs{n 13737 —0.6
S ZZ : N . . . BitaLL
3 . . . . . . . ~0.17
T W || Camn . VIR (BN || o DRENE BN A :
® O [ S %7 ‘< 053] [pea: 6.101 36 ( a1 [pes 002351 |pearsairsr—0:00747 | parsonsr 058391 ] |peaison'se—0.16087 | | pearsoirer—o:501 45 —0.8
T uf ) i = ks <[ e ot 0 55 E
o 2 2 \ oz g‘;\" %\ K . /‘S; @-‘v.‘!&: \ ( (& '-s-‘} ( ?\ :
LR (] B || | ] ) || (& B
@ 0 Pcarson’s;gsﬂ/ﬁ Pca\rs'o'ﬁ.g;UAﬂ 2 P:azﬁ?sl{(J.l7ﬂ 02 Pcalscn’slil'!{m 69 Pca$§5£0.470 66 PC}'{O’K%#}.&SS 76 Pcmson's\Fgﬂ‘ﬁu 92 Pearson’sr=0.005 36 Pearson’sr=0.197 78| Pc;s\o/n'/sF*U 142 98
© 180 3000 116 174 232 290 0 061122 183 0 18 36 540 74 148222 34 SI 68 8 102 30 60 90 120 -15 0 15 30 0 32 64 9% 0 25 50 75 0 1l 22 33 -1.0
4 HETR/m Ry, /% K5 % KRG 1% VRN % WEW % BRM% A% A% BiEH% AR (mi ) *p<0.05

A3

TR LB AR E G MR B AR E X R AT

Fig.3 Analysis of the relationship between gas content and geological control factor Spearman in the deep Ordos Basin

321 YA

Py T2 53 300 H )5 i S U A 2 1 A8 T R
BEFR 43, VA T o PR 38 2 5 M 5 A<t R /N ) S
2. A g R wos, PEO -5 ot 40 fe R U 324

F 1.08% ~ 2.97%, -394 2.00%, BF5% X 3= 5 Sy e 44

FIBURE o ARAE DA T Z 3 PG L AR O R A A
IR HE D8R, g (L XA Tt 14 i ¥ X0, T H AR
T R X, R AR LUAE 39 LI,
BN ICHARE . BN B PE AL ER O TR LA R, A
R T et R 2=, 23 B o R 0y R B B
207



2025 4F5 134

# £ M FH K 553 %

B2, KON T 6.84% ~ 35.68%, F-XIM 17.97%,
BRI . DR &R 5Ky R R ER R
(& 4), BA B TS, K5, &R,
TEIR A KT 20% LA, & S B AR T 20 m't, X
R E MK L2, 2SR E TR E EX
W, MK G AR B T B YR X BT, K ik
LR R o EHZ R, e B, SRS,
A W0 IE A M (B 5) o Wl ol & S i
PR J5T 2 ) I 4 A3 4 o) T LB 5 44, i FL B b 4 2
FEH SR NIER R, K5 R, 2L
BREEA Y R EESEL

35

30

@
B s ° @
| o
4o °
10 @ o
(]
5L
0 10 20 30 40
KA %

Ha FREZHEHMEHEEETHERES KX R
Fig.4 Relationship between average gas content and ash yield

of deep coal reservoirs in the Ordos Basin

35
o
30+
25| Qe
2ok ®
: 2
ﬂﬂ 15 ..
I
4 o
0t ®8
e (]
5 L
0 1.0 2.0 3.0 4.0
JI—

HS FAREZIEHEREEETHERES Ry K 7
Fig.5 Relationship between average gas content and R, ,,,, of

deep coal reservoirs in the Ordos Basin

322 REHKE
TRAB IR At J23 R B2 00, 2 AR AR FLBR AR | TR
IR 7 BETR EE RUHEAZ AL T 02 R/ N S HAS R
208

AR LB LR AR o BRI RN R 2R
(R ARF RIS ) 1 ) 2 50

XoF T DA Bk 3 0 T i 2 ke U, FLBR R
JERAEB P ) S5 (EX TR 2 Rk
vk, FLBR R EA ZEAN, B T 0T LRIEHZ T,
FLIR S ) 52 R o AR 5 A7 110 B A 25 ]
R AL BR AR P & S N S

W5 X P 2 TALBR A T 1.56% ~ 8.36%,
VIR 5.79% . TETEERIEAE ZE h MR CO, W B
RA/NT 2 nm AL, JEBSREAE )2 10 2R FLER S
¥, BFFE X AL L R AR o S LR TR 98.85%, 1
FUARTR 5 BURTREY 70.86%, 7T LI IR L6 2 & B
IEE X EMYRAEZE o 0 FREEE R B2 L 3
BRI B RAF 2 0], LA 1~ 4 )2 REh 32,
AR IR DL, LR IR S A
FEHEZE, hALBTRGAL AR EORE,
HA RGFWIEM LR (E 6, E 7), Xt R AF5E X
LR 5 &S EA RIFAIEAH R (K 8) A

300
1=27.829x+1.012
2
asol  R=0.6053 )
®
~ ®
T @
e 200
< F
E 150 Wiad
& b
% 100 / )
()
50 |
0 2 4 6 8 10
FLBRR /%

BHe6 AREHHMILERKR
Fig.6 Relationship between porosity and micropore

specific area

HE— 20 FLBR AR B R (A OC 2R (181 9),
SR AEA AR W], (HAMu 2% SRR R BN fL
BRARAE 2 500 m ZiAq it iy, T e SIS i A,
U BB A SR B A O 7 %8 T L B3R ) S R
FEA VRIS, LB AR B N E— L AR PRI,
X T IRER A JZ A UL, FL B0 T W B =R i 5 <
HA B AR, LB S 18] 2 0 ORI 25 <
WAF Y E s A] o ARG, FHRALRBN LT IX,
R FUERRZ R X 2R



WAL TR SRR ZHT BRI Z 22 5 6 B (Y i o

2025 455 1 11

0.08 -
=0.007 9x+0.003 8 @
0.07 - R>=0.599 4 ® |
([
0.06
= ’ e
o0 0.05 o
E %
z 004 @
2 s )
—J Ve
= 0.03 )
(]
0.02
0.01 |
0 2 4 6 8 10
FLIRE/%

7 ILREEHILERX R

Fig.7 Relationship between porosity and micropore volume

35 -
y=3.427 7x-2.358 7 i
30 R*>=0.709 2
25| ° ,,,o
- s
< 20 LY
£ e *
41
10 a4
° e
st
0 2 4 6 8 10
FLIRE/%

Hg RIMUMBELREFEREXAR
Fig.8 Relationship between porosity and gas content in deep

coal reservoirs

1500
2000 |
© (@]
|
(@) |
g 2500 f © o
@ © (@] (@) //
By /
= o %
3000 | Y,
R ¥
//
3500 | ®
o/
4000 s
0 2 4 6 8 10

LI /%

W9 HHEMELREGHEREXA
Fig.9 Relationship between porosity and buried depth of deep

coal reservoir

RS 8 R P 2 R B AR .
1 P 7 TE 20 R B 500 6 P VR 4 1

I SR B, E G PR BE LATR, W B =iy, i g <o
I, RS R T, R RS
3L & AR e Ak, A A5 i 0 2 HA o % U £ B TR
JRZ A GEIR B B TRk, X R EE R
52 SRR R 22 50 DL RS
AU R R SR 2 A AR G K T B
DX B R ], TR B S LU AR 10% ~ 43%, — AR
20% ZEAMPN, RO BN AR HBAE 2 000 m ZE AT, T ES
S A E] 10% ~ 25%, ELAP e <5 s
T B,

I, TR ER IR B RN 25 SR iU, AT
Ph Langmuir /7 %, S-DR BRI G TiH5, J5 & LLR
AR TR N HEmh 0 T AT . AR
BRI SMACIRAS I AR A H ik 1) 2 R AR (X 1)
AT B ST, MR B R R S el
I AR

y, = $U=SWPT,
0yP ZT

b Vo2 R A, mis PSR E A,
MPa; T 2R E, K; o HFLBR; S, N F KR
po MR 5 5 5 g/em’s P,y Ml T A% U K T, MPag
T, AR, K; Z W SARES R . FLBER,
K ARURITEE , WA X 2% B BRI S I A5 s A, v
B KA - M8 Ky 35.34% ., AB)JZTE 1 PARIEE
1 RFA AR, i 2 IR AR MR A EE 0.029 °C/m
VAT . P o P 4 PR 3 ok 5 ) ) A v 5 R
5T BE (NIST ) £ FE L AR 21

S HEBR P B AL o RO BRI SR S HEIR O R,
T HERR K Ay g, BERE TR IO IO A SR
HATVHE, EHRRE, WE HA BRI R,
B3R TR 3 K LA B S Y AR 3 (18] 10a) o iE—25
HEBR R X ESER RSN, B T S i KA A
IMER TCHRIEFIAE ISR, HoAth R, e EEAE 2.0% /2
A, AR SR, e AR R B R B R S LT
ATH 8K & 3 I 38 R 184 o i AT Ay s 34 (&L 10a),
HE— 25 HEBE Ry X 75 A2 15 ), 36 5 230 Hb N 358
Romn=1.81% ~ 1.98% (&Y, F L NI, H R,
SRS ARG, 7R BLAE DL, 58K R B REHETA
HERNFRAR AR (E 10b), BITREERON B i .

B RSB ES AT 1.00~ 7.8 m't,
g 4.38 mt, JiF B SAE 2500 m AE AR, BT
FasE . WO el 24.78% . W E X 32
BT 2500 m A2 AT, T Bl LRI i G R
(1 11) o MBS SR SR A B AE C R, ST

209

(1)



2025 4F5 134

#HEHMFHAK

53 %

1500 ~
e Ry 0x=2-97%
o}
L 2500¢ Ry u=1.08% 0%53
£ o
® QCSO
H S)
3000 + ° OOO
0° @
3500 - e
%o
4000 e
0 8 16 24 32 40 28

AR (')

(@) Ry, 1=1.08%~2.97%
2000
2400 - °
£ See)
® 2800 F °®
=
%o
o
3200 - o)
08  Ronn=1.80%~1.98%
o
3 600 . . . . . ,
0 8 16 24 32 40 48

SRS A E/(mP )
(b) R, 1x=1.81%~1.98%

0, max

K10 RBIEEALGAEMHERE
Fig.10 Variation of total gas content of deep coalbed methane
with buried depth

T LB AR R A 22—

TE DX TR J2 A8 A AN A, AR Jor e 5
TRCARANRITEOL T, BREHZ R & IR
i g i, R E FLI R | BRI 25
B AR AR, Ul A s g 2 i W S R g A T

10000 4 8 12 20 24 28 32 36
o LI
1300 o jpse,
BEAR
2000 F
£ ° H o
%2500_ OOQQ QO‘:“
e e ‘&o:?o o eegqe !
3000 [ 0.9 qo
[l (<)
49000¢% 2° °
35001 @ © ° °
e ° °
4000t

Bl RBEEARMABEARLELRLEMERE A
Fig.11 Variation of adsorbed gas, free gas and total gas
content of deep coalbed methane with buried depth

Je s B, T FLBR 2R /N P 52 T W BRI 25
WA 2 TR /DN, TR Ui s S A7 2 1], LR
HAUE 12 s WeBFAEIm AR BE LAY, 1B 7 3L
N KT He 3 IR, M BiE A2 szl o Il AR B
PRI 2 T S B SRR B, AE [ — RS T,
BRI 5 2 400 % 2 i A 388 R 44 K, (H — i 7
1500 ~ 2 000 m AE46 W78 SRR AN, H LK
SR 46 RAR AR A, A IR 48 KRR SO TR IR
BE R 1120 m, {H LB 25 B 35 G- 34 i s ek, 5 Al 1
i B S 25 o) i D, 35000 B R ke 2z, 1
MR A A A I A R AR A S i 3 Y, 25 3
SE SRV R I R, BRI A
Bt 460 VRS P LR T W BRSNS o R B, — AR
2000 ~ 3000 m**,

DA X LA G M172 F- R3] (] 13), %I
il B T 2E R R SR %4 1.90%, 72X N A 1Rk,
FE T IR e A R P S e A SR, 2 AL R R 4 e,
LRFLERR R 4.40%, SoKARAE K 41.34%, g2 5T
BB M 0.01 MPa/m, 3% FH] S-DR R R85 (1) 43
STE BT IR B ASCORT i 5 B U B Y Bl A AR A AR A

W

WeBs PR | --- fLpE S

BBl

R 5 000 m

4000 m

B 12 REBEERRERRTA R E A6 BHIR o2 BAE R

Fig.12 Distribution pattern of different occurrence state content with depth under the depth effect of deep coalbed methane

210



WAL TR SRR ZHT BRI Z 22 5 6 B (Y i o

2025 455 1 11

EJF /(g ecm™) FTAE/(m ) PRBL A /%
0 0.25 0.50 0 4 8 12 16 20 0 20 40 60 80 100
= T — 1 T T T T T T T
y T //
j\\ \\ /]
. N
1000 [\ N 1000 | \ 1000 /
N \ /
N
) . I
| . e Bl SR | |
2000 |- E= 2000 - 2000 |- ol
£ | = £ AREImAEREL| £ R |
® - FE | g / = o
% = F1® | = / x =
3000 = !’ 3000 | // 3000 | ’I’
£ | / |
| / |
4000 |- ,’ 4000 - // 4000 |- /
EAR WES HES |
— _ L
1] =3 1] Y} = } =
5 000 W B < 5000 &WTWI/ 5000 W /
B 13 AR KA H MI72 B3R AR R AE AT
Fig.13 Prediction of different occurrence states of deep coalbed methane in typical well M172 in the study area

THEGE 0 7 . LR B SOG40 R B2 1500 m,
M ARIE FUEE N 2000 m A4, A H TAL
BEUR I 20, 76 2 000 m Ji5 ¥4 2%, o bRl 2 R Jin i
B, AR . ZRA A ERER, 2 000 ~3 000 m
TREEE R, IR AL BiE s SR S R BB .
3000 m LAV, VR EERON N, J5 R YE T, 6 2 5
B, FLBRR B, T 3O B P i IR AR, T
eI sE, BER BRI, W& T
AT 20 m* (18 11)
323 AR

TRAFSRAEXT TR B S LR S R 2 AR
RV EA TR L, U X, R/ AF
SR —ATEIEM S, USRS TR
WA X . TR A 5 2 07 i
FRR A 6, A A A (TR E ) | Wi
R 7K Bl K i A R AT . R R 22 T 4 Hh Y
a3 950 oA TR B, RS2 S2 AR A /NP e
T A g v B R AT 22 S PO, R I A R A
25, AR T —2, e, 2N R T
25BN, BUEE AT TR SRR N, B
I8 X 2 B RS, B TR AR A
S B, A K = A N PR R R PR, s
BRI ZRE, BRI A RS A I L,

5T XA 20 5 257, B2 00RO 5 AR 2
S 5 2 B R O, TR R SR SR A
WFFE B S A A T AR 2 2 S B 55
WF9E. ELAFSE X 3 )2 8 SR AR & —
ER A, I YR A A . X B

BCTETR AR Z A AR . BRI, R
JIIR IR PR L A 1 4 56 F e, PR S SRl
Bon, KME(E &I A RS, U EAS
2B A A A B R R R S, AR AL B
PEAXT 55, 2o A A A i PRI AN LS .
A1 PR 2 A KA A g AR L X B 3 B A 7R

SRR NI A A X3
9 DX 2 1 )2 1 7K PR Tl S PR A7 2%
TF, A m AR A g, M /KU R R e, )2
MR AT, PRAF AR . RS X AR 2 A5 2 1l
JEH T Kb A HLR ER R (K] 14a), H R K9k
JE YR, FEAHRTE 20 g/L L b, Tt i TR 2
TR AREE, R T A R A5 . R Al
I B 53, ML —H A A B, 7F 200 /L LA L,
JEHJETE 2000 ~ 3 000 m FEEE TGP, KA X 45k
W AR o ELUAARSRIN I SRR 2307 40 b VE R
T 2 b 2 S A T 40 A R T 4 1 )RR R R A, X e
PUGAE 2 I SR SR T A R A ok LT R
WITERFIE SR /R 2 2 bl A IR A SO ik 8 g
Yk, R HZ M50k, w120 6 1T SRR 2 8 i
AR, AR ZE b 2 3 3 S A7 A K SOK R B -1
IS = TIPS B 2 | 5 M S 8 v |
BRDTRIX, X 3 AN K SCHITHE T A0 K 4
AP0, e — AR R T R KAk 3
THRFAE o H AN T oty A RS 2 AE DU R S 4k
A A P S A PR 2 R ) b AR AR TR 254
FHR O W18 75, 78 7 i AR SR 50 1 35 14 47 1 IX 3 5
FAREIK 1] A T GER JE T K X, 76 30 3 A
211



2025 4F5 134

#HEHMFHAK

LRI ) RECHE

l:l L
B MRS BURGRRA ML I 1 |
7 1

(a) MR KT 0 AR 2R

(b) i 21 R EEFE LR

K14 FEXKRREAERBERT AT CEFELEREEEA A B EELE

Fig.14 Groundwater salinity contour map and reservoir pressure coefficient contour map of Benxi Formation coal measure strata

[ RTINS 1) B e e O 7 N7 N G A O 4 1 1
IR XAEAE I B e 4 L R R A 7K . B X
b 7K BA R B e AR B A A, (] P 2 R
A AR XD,

25 1 RBOR TR & 4 AR R LR &
WP, 30 RUL, DRAF AU R ) R 80m, DR A5
A28 T R . SRR 23 25 b A IR A it 2
FEF &ZHNT 0.37 ~ 1.20, F 0.89, R AKX FE-1E
WAKZ R RRE . 52 E 1 R 50 AR 2 8
—EM AR . WFIE X AR R 2R T
RIS KT (K 14b), W23 25 30 3 43 b 75 35
JE 5 2 BE WA, DLEEEE 3000 m %L, 3000 m LA
WE R B, R R E07E 0.9 LU, 3000 m LA
W, JLHE 3500 m LAVR, FE 77 R B0, 18T 0.74,
FE 0 Z B0 E AR K BB X, X —
AL W T KL AR R Y A, T
IKA AR S (L IX T BB

AR, B AL A R AR S R A
HART 20 m/t, MIHEDE . I FNIRET—IHE I 21 & O 1
JEEIFIRR A SRR T 20 m/t, MERPLLA X I8
BRI, B 2 K B i, R S EUL SR
AR [FIRZS G Nk (R R 2 R
212

TR, ZEH 0 TP AR 2 SR S5 R
i, T AT PE A G R, T RE S T 3 A P
T2 W 4 DX Sl 2 SR, R A SR AR 22, B2 R
TIZEE/NE 14b)
33 EBEHEER

TR 2 A s R0 3 RN i & INAE T R .
Wy I 40 533500 S AR IR IR 3 AR R B X 5 <
PR, 22 T IR AR DU R R4 5 s
TR, R UUE SRR KM IR E
TR B2 2500 )2 DR 2 e AR AR R0, A
IUAE GRS J2 SN R A AT R il v e AR FLBR
RN T RS AS TR . PRAFRU NS T2
SR AT A B, TRER I B AR RS o L £
15, o BT AR AR S A L

BT UL %R, FEER G VR BN AR AR,
IR 2 000, 3 000 m 5 A8 [ RAFZEAUSAS 34T
Hrf 2000 ~ 3000 m 580K | R BOR-IER A G
KAV Z B, WOEHR TN & R X, A5
U, R BB, MR K AR, B R AR
Wbl TR EETE R Y, R A S BT 20 mo, RS
S, WS R, WA 20% ~
30%, H i EeHT ) S0 25 R bt — 2 Rk 17X —4518,



WAL TR SRR ZHT BRI Z 22 5 6 B (Y i o

2025 455 1 11

P (L IX AR 3 — X3 [R5k — X3k Ay T A
JESITF R AR B, o B l DR 7R 27 >

JE X He St R 2 S0 I 20 210, Hidh 2
I e H A SR AE 10 07 m® R [RIRERY 2 000 m
PATRIET R 2 SIS RLBTT & 1 R T — BRI IX
Pt X — X8, 3000 m LUIR SR . BEe2H &
FHEIYy, BV AT & L X, RAEA R,
{32 G BE 00, B2 SR AR B, KT 20 mA,
T R A LR AR | 1300, 3Nz,
F T R R0, Ui R TR B 35% LAE, 7E
P23 F PR DA A SR AR 22, B A T AR A

FEIX HLTT BRI A 2 3 000 IR, RAE &S
HAXT 2000 ~ 3000 m FEAIG, {H Hy T Hb 2 065 3,
o TR FH T R B AP T e b B, ORI AR 3
DX [R] G R, KA BHEE e R AL T 5K S AR AIR, 5 R
FHRIZPEKB R . A E XA HA w =i,
PLANARIX B NL1H A1 HTS H- R4, #5178 3 200
F1 3500 m 2247, I W g 0 H 7 AR 43 K &)
T 547 m #1827 m’PY. [AIRE2000m ~3 000 m
SR GBS X, R IRAEZ T EE X, 2
RAF RN B M), )2 BRI, KT 20 mAt
(K 15),

! H=3 000 m

AN E AR X

AR AR X

— LRI == LRI

BRI X ———

AR BRI CRCEREY .« PEY

W15 FREZHEMEDPEELTERER

Fig.15 Deepcoalbed methane enrichment pattern in the Ordos Basin

4 #F it

-l

DAFFE X AR 8 AR J22 5% o 4 e KR 3%
FEATF 1.08% ~ 2.97%, F-¥8 2.0%, 7 F a1
MEBE . KN T 6.84% ~ 35.68%, F-1IM 17.97%,
FENR IR LR T 1.56% ~ 8.36%, 1
¥h 5.79%. FHERE(EITEE (D) N TF
7.64 ~ 33.48 m’/t, SF-44 2 18.1 m*/t, T4 JC K 3 (daf)
ERBENT 927 ~425m i, ¥k 23 mP/, Wk
JEN T 62.02% ~ 98.78%, -390 90.97% ., B4k -5
S, BRI

2) W A 433000 | TR S AR AE S5 S 5
TR R 22T Ew BN SRR o BRA
REHIRER S SN FERE, K AT
R AR . UREE ROV R B InFLBR R | IR
FIRZEA RN, FLBR 2R Bt 1 R i i 0, 5 2 S
SBEHRTRIG I 25 ¥a 5%, W B SAEAE B I L 46
TREE, BB A I A 460 TR 5 U TR B A A 46
TREE, —RAE 2 000 ~ 3000 m, 75 I HE IR Bl N,
SRR . 3000 m LAV, YR BERCN I, A
SZABFRAR, FEAART 20 m't,

3) WA A A AR R R AERON T I S R 2 i
H R KA RN ) 2R BONE CR AR50 11 T B A
R A AR R | BRI K B
RAFE e, M SR R s, T R AR, 2 000 ~
3000 m BRI N, B RELER T 20 m't, B
WO 4 A 28 0 35 PR AR X455, b K Ak B AR X 55
%, &K BT 20 m¥/t, BEA IR BERON FUF-AE
BRI, B T SRR 22 i A M RO 2 A AR

22 3k (References):

(1] SEZMk, BER, BREEA, 55, SR 5T o E R AR B A

U], iSRS IT %, 2023, 50(2): 431-440.
JIA Ailin, CHENG Gang, CHEN Weiyan, et al. Forecast of natur-
al gas supply and demand in China under the background of “Dual
Carbon Targets” [J]. Petroleum Exploration and Development,
2023, 50(2): 431-440.

[2] HWAE, G FHRE, % TR 2hERRITAI A
JrESA: i U SRRSO R Y — e L [T]. KRR
HERE, 2021, 32(1): 1-16.

DAI Jinxing, NI Yunyan, DONG Dazhong, et al. 2021-2025 is a
period of great development of China’s natural gas industry: Sug-

gestions on the exploration and development of natural gas during

213



2025 4F5 134

#HEHMFHAK

53 %

[3]

[4]

[6]

[10]

[11]

the 14" Five-Year Plan in China[J]. Natural Gas Geoscience, 2021,
32(1): 1-16.
B, AR5 . S, TACSE I KRR ST i s 5
HARIERET]. 7024, 2023, 44(11): 1755-1763.
LUO Pingya, ZHU Suyang. Theoretical and technical fundament-
als of a 100 billion-cubic-meter-scale large industry of coalbed
methane in China[J]. Acta Petrolei Sinica, 2023, 44( 11) :
1755-1763.
TRIE, RS, B R, 4. 2 EER SRS 5 R A
SIMT LI JEIRAEHE, 2018, 43(6): 1598-1604.
ZHANG Daoyong, ZHU Jie, ZHAO Xianliang, et al. Dynamic as-
sessment of coalbed methane resources and availability in
China[J]. Journal of China Coal Society, 2018, 43( 6) : 1598—
1604.
IR, BERTEE, S50, P R 82 10 55 RAEEOR DTS
HERE ] R EH R, 2022, 50(1): 196-203.
LIU Dameng, JIA Qifeng, CAI Yidong. Research progress on coal-
bed methane reservoir geology and characterization technology in
China[J]. Coal Science and Technology, 2022, 50(1): 196—203.
TRAR, 1 2, AR, 55, REEZE S L BRIUR S K e J5 1)
(0], BEeRlE R, 2019, 47(10): 205-215.
XU Fengyin, XIAO Zhihua, CHEN Dong, et al. Current status and
development direction of coalbed methane exploration technology
in China[J]. Coal Science and Technology, 2019, 47( 10) :
205-215.
R R[] T2 A MR TR AR PR B[R], AR o T
AR, 2021.
TRRAR, FIEE, ARaRAE, 55 TR SR BOT R EBORBE Tk
Je 5z g5 1) L] M I o S5 R, 2022, 50(3): 1-14.
XU Fengyin, YAN Xia, LIN Zhenpan, et al. Research progress and
development direction of key technologies for efficient coalbed
methane development in Chinal[J]. Coal Geology & Exploration,
2022,50(3): 1-14.
TRIRR, T AHE, RBSEHN, 45, SRR 2 A M ARG IRTA 2 S Ui
AL LA R O RS2 B (). Al 2 4R, 2023, 44(11)
1764-1780.
XU Fengyin, WANG Chengwang, XIONG Xianyue, et al. Evolu-
tion law of deep coalbed methane reservoir formation and explora-
tion and development practice in the eastern margin of Ordos
Basin[J]. Acta Petrolei Sinica, 2023, 44(11): 1764—1780.
RBSEHR, FIEE, IR RUR, &5 B2 2 B A pLa
fifp WAL A 5 O R AR R AT LD A A 3R, 2023, 44(11)
1812—-1826, 1853.
XIONG Xianyue, YAN Xia, XU Fengyin, et al. Analysis of multi-
factor coupling control mechanism, desorption law and develop-
ment effect of deep coalbed methane[J]. Acta Petrolei Sinica,
2023,44(11): 1812-1826, 1853.
e, MWL, A A, A SR 2 GO R ERE= SUA
BURZESE SR [T]. B4, 2024, 49(5): 2376-2393.
AN Qi, YANG Fan, YANG Ruiyue, et al. Practice and under-
standing of deep coalbed methane massive hydraulic fracturing in
Shenfu Block, Ordos Basin[J]. Journal of China Coal Society,
2024, 49(5): 2376-2393.

214

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

WL, INSE R, VIR, 5. U1 A0 b e e T A TR R
B2 ABIRTIT R Iy (0], M I3 5 5 I8 ¢, 2024, 52(2)
102-112.

MING Ying, SUN Haofei, TANG Dazhen, et al. Potential for the
production of deep to ultradeep coalbed methane resources in the
Upper Permian Longtan Formation, Sichuan Basin[J]. Coal Geo-
logy & Exploration, 2024, 52(2): 102—112.

FRERIN, SORW, B, A5 B R A I R R I K
BT, A EAmIAR, 2021, 26(6): 38-49.

GUO Xujie, ZHI Dongming, MAO Xinjun, et al. Discovery and
significance of coal measure gas in Junggar Basin[J]. China Pet-
roleum Exploration, 2021, 26(6): 38—49.

B, TR, FLLA, 2. K77 £ B2 M2 s
AEBATFIXIEA L] 5 b B S5 R, 2022, 50(9): 59-67.

LI Shuguang, WANG Chengwang, WANG Hongna, et al. Reser-
voir forming characteristics and favorable area evaluation of deep
coalbed methane in Daning-Jixian Block [J]. Coal Geology & Ex-
ploration, 2022, 50(9): 59-67.

VR, BRI, 2N, 45, BTSN IR A 1 5T N B
BEZ A ALE RGURRAE D], B 3 Bt 5 B3R, 2024, 52(6)
33-43.

CHEN Heqing, YANG Zhaobiao, LI Daoqing, et al. Characterist-
ics of the pore and seepage system of deep coalbed methane in the
Baijiahai uplift, Junggar Basin, Xinjiang[J]. Coal Geology & Ex-
ploration, 2024, 52(6): 33-43.

AR, IMER, FAENR, S5 I M DXTRAR AR Z M0 137 B He
X R A8 35 R ) (0] B B 2R R 2022, 50(8)
140—-150.

GAO Xiangdong, SUN Hao, WANG Yanbin, et al. In-situ stress
field of deep coal reservoir in Linxing Area and its control on
fracturing crack [J]. Coal Science and Technology, 2022, 50(8):
140-150.

0. o [ PR R A T E 5 R (00, A A 4, 2023,
44(11): 1791-1811.

QIN Yong. Progress on geological research of deep coalbed meth-
ane in China[J]. Acta Petrolei Sinica, 2023, 44(11): 1791-1811.
SRV TRARMEZ SRAF S MO B O (D). A h B
LKA, 2021: 74-90.

GUO Tao. Occurrence and content prediction model of deep coal-
bed methane[D]. Xuzhou: China University of Mining and Tech-
nology, 2021: 74-90.

A, P, RS, 55, R T35 KRR A s
A2 B B AT B (D0 A 4 i, 2023, 44(11)
1879-1891.

YANG lJiaosheng, FENG Peng, TANG Shuling, et al. Phase con-
trol factors and content prediction model of deep coalbed meth-
ane in Daning-Jixian block[J]. Acta Petrolei Sinica, 2023,
44(11): 1879-1891.

20, WP, MG, AF. DRI U R A B B
FEIE: LUSRIR 2 s AR S R AR 2 S 091 (0] 2441, 2023,
44(11): 1892-1902.

LI Yong, GAO Shuang, WU Peng, et al. Evaluation and correc-

tion of prediction model for free gas content in deep coalbed


https://doi.org/10.12363/issn.1001-1986.23.09.0528
https://doi.org/10.12363/issn.1001-1986.23.09.0528
https://doi.org/10.12363/issn.1001-1986.23.09.0528
https://doi.org/10.12363/issn.1001-1986.23.09.0528
https://doi.org/10.3969/j.issn.1672-7703.2021.06.003
https://doi.org/10.3969/j.issn.1672-7703.2021.06.003
https://doi.org/10.3969/j.issn.1672-7703.2021.06.003
https://doi.org/10.3969/j.issn.1672-7703.2021.06.003
https://doi.org/10.12363/issn.1001-1986.24.02.0141
https://doi.org/10.12363/issn.1001-1986.24.02.0141
https://doi.org/10.12363/issn.1001-1986.24.02.0141
https://doi.org/10.12363/issn.1001-1986.24.02.0141
https://doi.org/10.7623/syxb202311004
https://doi.org/10.7623/syxb202311004
https://doi.org/10.7623/syxb202311010
https://doi.org/10.7623/syxb202311010
https://doi.org/10.7623/syxb202311011

WAL TR SRR ZHT BRI Z 22 5 6 B (Y i o

2025 455 1 11

[21]

[22]

[23]

[24]

[25]

[26]

methane: A case study of deep coal seams in the eastern margin of
Ordos Basin[J]. Acta Petrolei Sinica, 2023, 44(11): 1892-1902.
TLIAISC, BBIEHN, SRRk, TRARIEIRE S BRI 5T x5 [T].
A, 2023, 44(11): 1918-1930.

JIANG Tongwen, XIONG Xianyue, JIN Yigiu. Geological char-
acteristics and development countermeasures of deep coalbed
methane [J]. Acta Petrolei Sinica, 2023, 44(11): 1918-1930.
IR, R, Z 05, 4. SN REMEZ S SRR B LT I
F1 0. IR, 2024, 49(S1): 348-361.

YANG Zhaobiao, GAO Wei, QIN Yong, et al. Geological charac-
teristics and resource potential of deep coalbed methane in
Guizhou[J]. Journal of China Coal Society, 2024, 49(S1): 348—
361.

LI C L, YANG Z B, YAN X, et al. Distribution law of occur-
rence state and content prediction of deep CBM: A case study in
the Ordos Basin, China[J]. Natural Resources Research, 2024,
33(4): 1843-1869.

FIOT. BRI VAR TICE AT MU DU fk KR S
LB UA B BRI GR ], M 2= 4, 2014, 88(7):
1209-1218.

GUO Xusheng. Rules of two-factor enrichiment for marine shale
gas in Southern China—understanding from the longmaxi forma-
tion shale gas in Sichuan Basin and its surrounding area[J]. Acta
Geologica Sinica, 2014, 88(7): 1209—-1218.

TR, R, ARG, 25, v E B AR TR RO S e AR
HINER L] AR S T %, 2020, 47(3): 617-628.

JIANG Zhenxue, SONG Yan, TANG Xianglu, et al. Controlling
factors of marine shale gas differential enrichment in Southern
China[J]. Petroleum Exploration and Development, 2020, 47(3):
617-628.

VPG, Ikl B, S5 5 RIRIZ A PR A 25 S P B K
TR (7], ML 3575 B, 2024, 52(2): 33-39.

XU Hao, TANG Dazhen, TAO Shu, et al. Differences in geolo-

gical conditions of deep and shallow coalbed methane and their

[27]

[28]

[29]

[30]

[31]

formation mechanisms[J]. Coal Geology & Exploration, 2024,
52(2):33-39.

FERIR, ZoMg, 58/0K, 25 T 2 4 b 7 VB 111 i oS b Xk 7K
B AL 5l B R ] i 5 KA HURR, 2014, 35(5):
585-594.

JIAO Dagqing, LI Mei, MU Xiaoshui, et al. Evolution of paleo-hy-
drodynamics and hydrocarbon migration and accumulation in
southern Dongpu Sag, Bohai Bay Basin[J]. Oil & Gas Geology,
2014, 35(5): 585-594.

2N, o R, AR, S MR SRR R RHIE 5 Ras
RAUELT]. Al 5 RIA ST, 2012, 33(4): 607-615.

LI Mei, JIN Aimin, LOU Zhanghua, et al. Formation fluid charac-
teristics and hydrocarbon migration and accumulation in Junggar
Basin[J]. Oil & Gas Geology, 2012, 33(4): 607-615.

KA, MEREAR, G R,  SOR S WA bl A SR A SRR
PR El J) 2 R AL B G AR 2 (V). b BURE2#, 2003, 38(1):
31-43.

ZHU Rong, LOU Zhanghua, JIN Aimin, et al. Analysis on fluid
dynamics and formation process of deep basin gas trap in upper
Paleozoic of the Ordos basin[J]. Scientia Geologica Sinica, 2003,
38(1):31-43.

ML, R, B R, 55 DU T /K S5 S Ar e
F [J]. 324, 2009, 83(8): 1188-1194.

LOU Zhanghua, ZHU Rong, JIN Aimin, et al. Relationship
between groundwater and hydrocarbon accumulation-preserva-
tion in sedimentary basin[J]. Acta Geologica Sinica, 2009, 83(8):
1188—1194.

X, IRAEAR, BUIRT, 45 SRS A A R RACR AU AR
Hb R AR 5 AR 2 8 (). Al R 5 T &, 2024, 51(2):
234-247,259.

ZHAO Zhe, XU Wanglin, ZHAO Zhenyu, et al. Geological char-
acteristics and exploration breakthroughs of coal rock gas in Car-
boniferous Benxi Formation, Ordos Basin, NW China[J]. Petro-
leum Exploration and Development, 2024, 51(2): 234247, 259.

215


https://doi.org/10.7623/syxb202311011
https://doi.org/10.7623/syxb202311013
https://doi.org/10.7623/syxb202311013
https://doi.org/10.1007/s11053-024-10367-9
https://doi.org/10.11698/PED.2020.03.18
https://doi.org/10.11698/PED.2020.03.18
https://doi.org/10.12363/issn.1001-1986.23.10.0693
https://doi.org/10.12363/issn.1001-1986.23.10.0693
https://doi.org/10.11743/ogg20140501
https://doi.org/10.11743/ogg20140501
https://doi.org/10.3321/j.issn:0563-5020.2003.01.004
https://doi.org/10.3321/j.issn:0563-5020.2003.01.004
https://doi.org/10.3321/j.issn:0001-5717.2009.08.017
https://doi.org/10.3321/j.issn:0001-5717.2009.08.017
https://doi.org/10.11698/PED.20230679
https://doi.org/10.11698/PED.20230679
https://doi.org/10.11698/PED.20230679

	0 引　　言
	1 地质背景
	2 试验测试
	3 结果与讨论
	3.1 含气性特征
	3.2 地质控因
	3.2.1 物质组分效应
	3.2.2 深度效应
	3.2.3 保存效应

	3.3 富集模式

	4 结　　论
	参考文献

