% 345 F 2 XRAHKAF Vol.34 No.2
202342 A NATURAL GAS GEOSCIENCE Feb. 2023

SIRAE TSI AR M BZ A A i X TR BUR U AR [T ]. KRR U Bkl 27, 2023, 34(2) £ 334-348.

WANG Kaiming.Enrichment characteristics of deep shale gas in tectonically complex regions of the southeastern Sichuan Basin[J].

Natural Gas Geoscience, 2023, 34(2) :334-348.
DOI: 10‘11764/j.iSsn.1672-1926.2022.09.006

NFEmERESERMIE

REN SR EEHFE

E 2L

(PE LR BE >N METFLAFRLE, TH =

HMEIONAH2LALMERHNR AFRIT L, A T4+ F
M EFERR, ELETHERE WEENF RBIREE
B A R BB RE G ER T R AH— R D 5E A — R

R o FFRAAA O FRARA

210019)

oo AT R A A, R B
ﬂ:ij‘m:/,?: N EA S EWH Atk
5% T IR

KEMIBRRE LA RELFT, EEBRREABRO T REN., QAF WL T H KRR

IR G R T RE, & E—

A. QREREAALAZDR G NG R FHFIE, BE
Wﬁ/@ﬁg\‘u«ﬁ%m?@l,mi%i&éﬁﬁ%‘ﬁj\E/’Liﬁ%i?aii‘l“]& e
& }?’fi}k @L\m

AR, RERE

BN RFRT,EREEEIK,AEH TR E

MREEREAA TILRGIER, R ERETREYHN L ERBAE

AR ) 3R B A A 0 e B

T BACST A AR T AR # v

A&, BB RARGT A I, Bl AR EH Fo ik, ﬁTvmfi’TM«ﬁk%i’xéfF%JmWé’umﬁb

HATFREAAHRSE, ORELEEH AR EIN— T EADE M LR A48 T 2
BARAGE R AL

B AR A A B A
KBIRRERBA;G ERHIE; A% —R D5 WERE
NEHS . 1672-1926(2023)02-0334-15

R RE AR EOHE R Z
FWEREBOARR AL L MER R 2
:TE122.2"3

HESES MERAREARD A

0 5%

H AU 1] 4 B AR 7 2 b X0 ] — T B iR
Ml HSAEME 3 500 m LB HEE PR EDR
BB &, R T Rk KT T MR
A GUA S B A PR AR A AS T R AR TR
T 2HEARMARW 25 )2 00 A BUAS T Bk F
JR AT AR A IR K AR R A R F TR T
PO YN A IXHRAS T IR Z DU R R E R R,
22 1t 7 B 5 20 < 10° m®/d™®, Hivh Z202-H1
JE(HE % R 3 957 m) Ml ik 7 & 45.67 X 10" m’/d,
L203 I (T K 3 893 m) M 1 7= Tl K 3 138X

m’/d, BN IR E O H AR E S R
WIZTUASI . E A TR B2 & e Y
JU 2354 B 3 % BT ESR R Z DU AR BRI A R

X U E¥ 30
WMEBE KRR G @I WP e ARG

sWER N ML KK

Jififi i 1 247 10° m™ 5 55 i A B, 6 00 )1 425 b 7R
T Y 7R 2% B2 2 M 1 XTI — AR (R 1 b X R
TUASHEEEASE T RIFAR, TH—REBX £
H 51 5 S I AE 3 800~4 500 m # MK H 72 < (5~
31) X 10" m’, iip DY2 H- 4% 4 418 m, M3k H 72
10.42X 10" m™" "  DYS1H- T A HE 4 219 m, 3K
Hﬁ%mxmmﬁm%T4ﬂwmu%%%Fﬁ%
AR E RN, B R 22 B S 1 £ IR
JETUE SIS T RAFROR  m )1 H X B 52
NY 13 .JY205 342 1 a3k B4 A <R
NY LU AR 4 411 m, KB 1100 m, HbJ2 77
FHON 145,58 H725(0.2~6.6) X 10* m*%TY 205 51
AR 4151 m, AKSF B 1289 m, L JZ JE H RBCH
1.3, 2R I /INBe R R AT 7K e il e i K B
FEMAL A T2 A H =R 174X 10'm’, s &

s B H3:2022-08-09; 18 @ H #7:2022-09-07; M 48 B % HHA:2022-09-27.
BT . HERHE RET B H LRSI R (45 :2016ZX05061) ; o 8 A LR 35 H 00 1] 4 3 K Ji 2 AL R W 6 X e 3

M (45 . P21086-2-6) e 4 ¥ bl .
TEE BN ELWI(1982-), 5, Widb =4 A i1,

R SE 51, 2SIl S T 255 B 58 B AR K LR TAE  E-mail: kaiming214@126.com.



No.2 AR N A EHEL L LMEREER

g BT 335

A3 IR JZ DU S AT R I I T A28 7
JIZR P 4 % 52 4 o DX 52 22 309 3 A T 1Y
B IRk 3 S A T b R 3 AR TR O 5 AL 1%
F7 2R 22, 22 O TR U S0, 28 T TR 0
ﬁ%’%%?ﬁlﬂ%,ﬁﬁAﬁ?%%ﬁETU“Eﬁl%?ﬁfﬁ”
AR B e AR B IR TR TROK BB A
PRAFZC AP R 45 T F o 2 0k
THEE R R USSR, T8 TR U R
B FRAE A W AR 0 B A R e 2R M )R TR
1 5 JRRE IR 8 AL A TR R U A ) LB R I R
M L R 6 SRR A 7 A0 s B 09 45 oG R A
LG M, A e BT X )Z DU RO R TR AT
PRI, AR SC LA R 1 4 DX 0 20 — e T A 2 T
SRR DT FERT R B IR FOREAE , B A R E
J T 5 B ER 358 A8 A % TR J2 U R AR IR LA
W18 52 F b st DX )2 D0 O AN A AR B 3t
E AR

1 #FR KRB

WS X B A T HE R R I X T B IX, Bt
A TE % B A5 B M a4 D] 2 b )1 AR s B
A s A A R A P b 2 (1), 55 5 Ll i 24 LA
U AR A B AT X, ELA M 3R XU 44 7 (1 L
iR A o % b X DT 4 AR g P BN S
e 11— L R )45 2 A 1 08 B0 S N0 | DA
Ly i B B e AR W, B RHE 4 T R el R ) I
s AL B B T LG AR 1 S 3 0 ) & 5 A A (] 53
AT B4R — R4 4 335 A% JR At 2 40 AR b A P 4
H—TEBG R SEA RGN EZEAW
EZ, TUAMEA T 1.500~5 000 m =z J6] , 43 iy
MY 7 X 0T A BEYR O 1 500~3 500 m, 1] &} X 51 4
PR F AR F 3 500~5 000 m Z 8], 12 5 F1 &5

AF 0.9~1.55 Z (8], J& F i e — % ik i X, DAE
SN FE . T 10 R FRFEE BOCHESE B ST

XL ¥ 9 3N TACSL 7 K BUA g 6 DX, & 23T

[ ez [ Juwz =% |:|g§§ -iféﬁ? -E%-*% -Eilfﬁ%
[ ez [ mus [ ewst [ sk [onvi epmsts [max ey ] ok

E1 JIFREREERXMERME (B2 HAHEXEK7,12,15])

Fig.1 Structural location map of the basin-margin zone in southeastern Sichuan Basin(some well data from Refs.[7,12,15])



336 X K A B B # #F Vol.34
R T 45 M T A% BT 2 000X 10°m®, © 77 Rk IR R e 2 -

21X10°m?*, Bl A =T A A 47 X10°m?, Bl &
TR 2 T2 SSRGS T R B B, B 0 1) E 3 A
HIRZE USSR

2 WETW &R H A

2.1 MIEHFE

AR F i DX 3 A A8 1 A2 VL R R SR 1) Jb 7S
J7 1) 36 1 JR 4 ][] Bk 2 b Hb X3 37 i 300 30 e b
] A4) 325 2 0, N [) 9 4 15 DX 5L A AN [R] 14 4 3 A8 T i
JE RS O 3 g ] b X 2 e L v 3 s R
W AL 2R ) R A8 B W 2, W ) A7 B R E W AR
5 W T B b 1 R 3 R ST AR TR 2L L 2 0 b s 4 T
(9 28 0, T8 8T 04 e V1A ] 2R 75 0 iy 1) ) 368 A
Ja o MR T 24 Uk R 3 R A, 1 LK B AR ] P
CIBUE Ry A S R S i N R G V- P N
U R PRI TR AR (E 2) .

Fm Wi R AR T 2 SR A R
Fh AR VG M, 0 SR AR SR VS 55, b2 4R
T g AR VA A, 2R R B P B2 R
/N, MR T R £ W )Z W EE A 2 000~2 200 m, P
5 T B 4R BT J2 W97 BB U/ 31 220~600 m, M )2 HE VR %
BN K, PR AF S A B AR Ao O — T T IR 2 IR
J2 U 3 B 43 A3 AE A 3 0 1) RN AR e S A 2 R
R | TR NG B RN SR N
], s 38 DL R 5 4 W7 2 S 5 R I OF B 2 R
T i [ 7 N L= O T = N = IO (OB e o 7
BEHG AR TRl AN M R AR BB AR R HIELLR
YR AE 3 500~5 500 m 2 [6] 5 4 1k SF #F 2 3 &1
RVZH o Wiz e Ur o b2 de ks BRI R
A 1] AU AR A P e R A R — IR R
b, 1 A AR AR, U 4 S TR AE 4 000~4 500 m
ZAA], 1) PR S AR — R H R
T TR 2 ) b Bn R R Y A R AR S A P I

KEBD,
2.2 AR E4EE
At BBt L — R R AR AL T X

Ab T R 1 PR i R 3l B e
{16 6 TF 0 0 Bl B PR R, 32 2 Wk A2 BRI R 1Y
W, o U4 20 — e B R 2 ORI IR] 22 ) 1 T K Il 10 51
A TRK Tl A, 5 310 e A i B #) 0 B A e AR A
T — VLUK MR ) B AR AR P 0 KL S AL
CAENTIBUTI, KT RERO—IKB AT

MR A v R e SRR I AR e SR A AT
i BT e R — B R R B S
Bl =B, g — e SR A — B T ol B — IR kR
T 32 O TR K — 2 TR K Bli B S0 A 2 € DU, KO
EHER.EAFE,Z W EEKT P e,
JZR DURR A O 6 T35 B — A A — i, DORR 2 i
110 m, Ry 75 45 7 2 R K — K Bl 40 20 5, )1 e 0 AR
L LT N — R o, U N DX T AR R
170 m, g U 5 2 UK — R 7K i B B 455, T 0 4 —
T By % A — B 85U SR TP 1 2 K JE 2 ot
FARRTE I R

B M DX A0 3 N AR DR s, 5 B A A L
AR TR 5, BRATUE LT MR AR
A b X A A — P TR 2 — B JEE A 105~128 m,
MG AT e WA B R ke A AR AR AR PR TR
BRAb 2 A S ERE, G — T R — Bk — 4
Mo DO—O@% 94/NZE W WF2—WF3, LM 1—
IM7E A4, AT a e =% 2y, b O—0
SNE X R WF2—1LM5 2 4147, T IR 7K fiti 4
DURA BT , At DL B R DU o £ R K
WA AN, A TOC=2% & 41 0 A % T
RITREET; ©—@5 /NEXT N LM6—LM7 2 £
A7 B T2 TR Bl 0 O R IR B, A DL R S T
HELVRT LT K BOE)E B IE TR F
KBRS T MR B ET ALK
R, A TOCH EEA T 1% ~2% Z 16, 2
M USRI R E SR 2R

NY 14l i 0 — e B R4 — B B fa 00
I m(K3), HpO—O5 /N2 HE29m, ©—
@5 /N2 TR 82 m, M I £k s Rk L BN & A
SRAM S (OF- ¥4 172 APT) 5 75 Bl ik 22 (8 (P34
240 ps/m) (B CFE 13 Q-m) 5 U/ Th{E
CF#524 0.63) FAIL %5 FEAE (CF- 3128 2.63 g/cm’) (1A FE
fEs & Lo & 3 41.60%, BE T & &
47.03% R FRER ™1 & 1R 7.61% 5 F R AR
AR, % AR K, U/ Th - 3ME Hh 1.10 FE IR % 0.46,
B m B R, R A R D ik R
R Py w8, R O RUK R TR AR R R Ak
M IS5 A R AR — B0 S ) s AU IR — 2
DU IR B A R T4 WL B PR A7 o
23 EARTYAEME

65 1 O B B 4 i XOB R AT S 0 4k ) B 4



No.2

EVR N R A% A LM

Wi O s st /m [t i [ @ |aisbai
[ m s [ |emms [ |0s0as

()

of [ / ms

.

T o

FMTHREERE ——————Pe— aa Shahy —

L

2 AR T 4E R T A E 4R AE (a) SE B M R FI T (D)

Fig.2 Structure map of the bottom of Wufeng Formation(a) and typical seismic profile(b) in Nanchuan area
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Fig.3 Comprehensive stratigraphic column of Wufeng Formation-the first member of Longmaxi Formation in Well NY1
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Fig.10 Relationship between depth and porosity of Wufeng-Longmaxi formations shales from typical shale gas wells
in Sichuan Basin and its southeastern margin (some data from Refs.[15,34])
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Fig.12 Overburden permeability experiment of Wufeng-

Longmaxi formations shales
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Enrichment characteristics of deep shale gas in tectonically complex regions

of the southeastern Sichuan Basin

WANG Kaiming
(Research Institute of Exploration and Development, East China Branch of SINOPEC, Nanjing 210019, China)

Abstract: In recent years, deep shale gas exploration breakthroughs have been achieved in the Wufeng -I.ong-
maxi formations in the complex tectonic region of the Sichuan Basin and southeastern margin, showing good
prospects for deep shale gas exploration and development. Based on the data from drilling wells and experimen-
tal analysis tests, the study of deep shale gas enrichment characteristics is carried out in the Nanchuan area of
the complex tectonic region of the southeastern Sichuan Basin margin, focusing on the role of changes in the for-
mation environment such as formation temperature and pressure on deep shale gas enrichment. The study con-
cludes that: (1) The dominant sedimentary phase zone is the basis for hydrocarbon formation in shale gas reser-
voirs. The Wufeng Formation - the first member of Longmaxi Formation in the study area was formed in a deep-
water shelf sedimentary environment with high-quality shale development, which has good material conditions
for the formation of shale gas reservoirs. (2) Organic carbon content controls the degree of development of na-
noscale organic matter pores, and the high-pressure-ultra-high-pressure environment is conducive to the mainte-
nance of pores and it plays a positive role in improving the physical properties of deep shale. (3) Deep shale gas
has the typical geological characteristics of high temperature, high ground stress, and exceptionally low permea-
bility. The influence of temperature on the adsorption capacity of shale is more obvious than that of pressure,
and the deep shale gas is mainly free gas. High pressure can slow down or inhibit the gas flow, which is benefi-
cial to shale gas preservation. (4) The changes of temperature and pressure have complex effects on gas diffu-
sion. High temperature will increase the diffusion coefficient of gas, aggravate the migration and escape of gas,
while high pressure can slow down or inhibit the flow of gas, which is beneficial to the preservation of shale gas.
(5) The burial depth and pressure coefficient show a certain positive correlation, and the burial depth has a
more significant effect on the pressure coefficient of syncline shale gas, indicating that the preservation condi-
tions of deep syncline shale gas reservoirs have a tendency to become better. The residual syncline core with
larger depths, inner-sag uplift, and slopes with reverse faults can be favorable targets for shale gas exploration
in complex tectonic zones.

Keywords: Deep shale gas; Enrichment characteristics; Wufeng Formation-Longmaxi Formation; Geothermal
temperature; Formation pressure; Tectonically complex regions
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