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Abstract: The shale reservoirs of the Lower Cambrian Qiongzhusi Formation in the Sichuan Basin exhibit complex pore
structures, which provide important spaces for pore water occurrence. However, the specific occurrence characteristics
and their controlling factors remain poorly understood. In this study, we investigate deep marine shales from the
Qiongzhusi Formation in the basin. By integrating a series of experiments, including water saturation centrifugation-
nuclear magnetic resonance (NMR) combined tests, scanning electron microscopy (SEM) , nitrogen adsorption, and
molecular dynamics simulation, we systematically reveal the microscopic occurrence characteristics of pore water in the
shale reservoirs and their primary controlling factors. Accordingly, the corresponding pore water occurrence patterns are
established. The results indicate that in deep marine shale samples from the Qiongzhusi Formation, totally irreducible

fluids occur primarily in pores with a diameter smaller than 4. 98 nm. In contrast, partly movable fluids are distributed
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in pores with sizes ranging from 4. 98 nm to 8. 54 nm, while pores larger than 8. 54 nm mainly contain totally movable
fluids. Molecular dynamics simulations reveal that water molecules are preferentially adsorbed on the surface of inorganic
minerals, followed by methane molecules. With the increase of temperature and pressure (corresponding to the increase of
buried depth of strata) , the adsorption capacity of both increases, but the presence of water molecules has a significant
inhibitory effect on methane adsorption. Under high water saturation, the proportion of movable water increases
significantly, while tectonism-induced microfractures further enlarge its occurrence space. Concurrently, the increased
proportion of large pores reduces capillary pressure, leading to a decreased proportion of irreducible water which tend to
primarily concentrate in small pores. Mineral composition, pore structure, tectonism, and the water saturation of reservoirs
jointly constitute an interconnected system that governs the occurrence state of pore water in shales of the Qiongzhusi
Formation. These findings serve to lay an important basis for advancing geological theories on deep shale gas accumulation.

Key words: occurrence characteristics, controlling factor, pore water, deep marine shale, Qiongzhusi Formation,

Sichuan Basin

SIRARE: EES, AR, 2R, 45 DU Z T FE R AT <5 42 AR SUAFLBUK AR A Rl B 2R [0 ). i 5 AR UM 5T, 2026, 47 (2) -

537-554. DOI: 10. 11743/0gg20260212.

WANG Xinlei, TANG Xianglu, JIANG Zhenxue, et al. Characteristics of and controlling factors for pore water occurrence in deep marine shales in

the Qiongzhusi Formation, Sichuan Basin[J]. Oil & Gas Geology,2026,47(2):537-554. DOI: 10. 11743/0gg20260212.

Va1 2t FE R G AT S 2H DA )2 B AT B R 1Y
FrKALFN R TUE A 2 P LR KO A S ERT &
SO R ALK AY B AR AR RS X UA Y
W BERE ) A Bl e ) A AR AR TUE R R
AL R P T A ALBR R ST, ik SEALER N Ry 4l
K, BA BN RO LB A i ZU R
AR Ky USRS IE 205 4 0UA )2 1Y AL
it TR B LA B 285 ) T R T D i 2 1) FLBE T
MR ™, TOIR U )2 0 AR = Ik, LR
T —EE ALK, HaxX S LK FEA [A] 28 R ATA
] FLAR LI ZR e v S 3 I S %) 2 S P O3 A R R AT
ZAALIRAEARZS

HIAKEALBRAK o3 Rl Zlk B 408 R K KR
ARG K R F 2B AL UK A7 F LA R/
UNGIIES v & oy AR5 Wik ey i) =L iR N v e
AHZS R R P 28 AN g 28 2 b, W B 280K F2 B AR LAR
2~ 5 nm LB A U7 28 AOK FEIAFAESLAE 5 ~ 10 nm
FIFLBR PN, 1 FLAE KT 20 nm (9 T2 FLBR P LT 3%
ATRKIRAT o S SR A 50 o R 88 Lo~ R i S B
FEI A I 74 L DX R 4K A T LR/ T 5 nm
AIALB D B AN R Al K 2 2RAF TLAR 5 ~ 25 nm AYFL
Birh, AT Bk EEMRAE TR T 25 nm AFLBH

VU1 24T FE RGeS AT 4 DU 2 3 L Y
ARAL-MRIBRRAE ™, S LA 22 A AN K AL B I 25 )
B 2 25 0K MRAFBE T, Herb FLBSUK 52 30 HS A0 1Y)
WA A e 1) 2 ) o A A X EL T, B0 U 1 4
by AT S 2H R 2 A T B ALK AR TR AT S AT A

TE AN A 1) 0 G2 o DAL 2 B A TR o S 35 I
St ASHIFGE LAY 1] 4T 28 5055 55 7T 2 4 g R T
BRI RE S I BETERT B, R G R S AT ST 2 R 2 WA
BUAFLBK BOMRAFRRAE , IR AT R R T
ST SE L U AL K AR, LU 12 X 50 <
TIF AR A

1 HiJET 5

DU 1| 73 3 A A v 2 ) 5 i S, R A R
FLAT ERR A 0 DCRPAE o G A7 55 00 )11 48 2R %
JCER PR T PGB X3k, 2 AN K A i AR b,
PERE AW Z A SE . R E T s b 6 i 5
2 b, A WA & A B RRAE 2 DU )1 2
B oM, BRI AU 3 4 AR s BEAR 107
JIEEARBER 1A )1 V8 ma IR BER &y 1 PG (I BEA 7
AN AP 171 o IR XL 0 )1 3 b P g 3, &k
T PG R AR A 1 7 A AR R R (BT 1)

VU ZE B 2 b2 R B S 4, DU R )2 B
JEFE A 6 000 ~ 12 000 m™>24 Fhly A= AC R 3, 78 i L
Ris BN 2N Ml & AR R B 3, 001 F b Ae
HOL BB R MVE TR T = B — 107 (% 2 Ry BR i
R, DU T FE R AT <P L — ALY
ROKBAHTTARAL G, SEAT <P 4T 30 2 8 B SR Ak 5T
U, 1) AR R IR G, R Je 2 e A
TR A 4520, XU Rt R i A 2 R
7E 150 ~ 300 m' >,



£ ] T, 5 NN FER G AT IR 2 1 A0 A FLBK AR AIE B 3 il IR 539
: o R L il
; 21 A
7\I§/&\ . 0 100 km 22

ey N O

NS F it

B

el I N
SR T H s U2 P e A i o i
JIFEAE BE x| 2
Hai i B 4 Y
Y 4 ~
® 7201 (I
! w201 © '
© kg
WY1 F}L

TR .
Wi IRk -
Fid W
B

7 B 20

=
-

P

< L] L B e ] B

e ===

AR MIERITRL A BLES FiEDA Wb

Gossee
Ve R b TehH

Wb RRKE

B U A TSR () B T FERGEIR AT LA HEAR I (b)
Fig. 1 Structural characteristics of the Sichuan Basin (a) and composite stratigraphic column of the Lower Cambrian Qiongzhusi Formation

in the basin (b)
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Table 1 General information on shale samples from the Lower Cambrian Qiongzhusi Formation, Sichuan Basin
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Fig. 2 Flow chart of the water saturation-centrifugation experiment
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Basin in centrifugal experiments
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Fig. 5 Calculated NMR T, cutoff values of shale samples from the Lower Cambrian Qiongzhusi Formation, Sichuan Basin
a. B 7201-1,378 4 610. 56 m;b. £ 22012, #1784 596. 73 m;c. FEfh 2201-3, 11K 4 499. 34 m;d. FEA WY 1-1,39 4 334. 86 m;e. iAWY 1-2,#IK
4344. 81 m;f. FEGH WY1-3, 3% 4 329. 18 m; g FEfh WY 1-4, 3K 4 296. 76 m;h. 5 W201-1, 3K 2 700. 36 m; i. FF i W201-2, 3P 2 680. 76 m;
i BRI W201-3, HIR 2 632. 28 msk. FES W201-4, #2693, 12 m
(T, 3t s 7, o T, A A

A A LBK ) S K AR TR EE R L 2, Jio ANET YR EEAE, RS S EUA FLBK
5= [“ar["ar, (1) AEEESE SEATIRALTUA 6 AR h B
SL U R I SR RS R IR T, %
s.= [ arsf Tar, (2) SRR, A i A TR K A7 35
o 25 2 35 A e A 2 g VR RE P=X
A5, AT HK KSR 9: 8, Aok prokty TR M PORIRR . B ERTERI, S 67
R %3 70 Bk 5 K B UL (857, g 0P (R 3) SLRBFE TSR, 2 SO Bk A7 Bk
BRI B 5 T, 34 B ] 5 /MR V A SR FIEE B B AR A )
o KRR - L RS AL
3.2 ABRUKRIFEHRR Sy T S  FL B 403 . 577 3 A 0 B
PR S RILEE , BARGE/KBE J1A FR , (H REHE 5

BB, K s B RHIE
TUA A 0 2E 5 M) £ L B 45 ) B XS 7K 1) Rz o e FH 2% 3 A0, Bl DR BE 3G, 01 A L B K 5 K A

3.2.1 #F 4



544

A 5K AR R R

F41 %

F2 MM TERGEHRMFERNSHERT,BILLER KA
MEHEERSIT
Table 2 Statistics of calculated NMR 7, cutoff values and

water saturation of shale samples from the Lower Cambrian

Qiongzhusi Formation, Sichuan Basin

e ] T, Ims S /% S,/%
7201-1 1.2 76. 118 02 23. 88198
7201-2 2.5 79. 906 17 20. 093 83
7201-3 1.8 81.705 19 18.294 81
WYI-1 2.0 67.51535 32.484 65
WY1-2 2.3 82.290 09 17.709 91
WY1-3 2.5 74.382 34 25.617 66
WY1-4 1.0 86. 057 56 13. 942 44
W201-1 1.9 89. 121 08 10. 878 92
W201-2 2.6 87.926 82 12.073 18
W201-3 3.2 84. 159 48 15. 840 52
W201-4 1.1 87.224 24 12.77575
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Table 3 Longitudinal distributions of water saturation and its influential factors for shales in the Lower Cambrian Qiongzhusi
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saturation of shales in the Lower Cambrian Qiongzhusi Formation,

Sichuan Basin
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Fig. 7 SEM images of organic pores in marine shales in the Lower Cambrian Qiongzhusi Formation, southern Sichuan Basin
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Fig. 8 SEM images of inorganic pores in marine shales in the Lower Cambrian Qiongzhusi Formation, southern Sichuan Basin
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Fig. 9 Low-temperature nitrogen adsorption-desorption curves of

shales in the Lower Cambrian Qiongzhusi Formation, Sichuan Basin
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Fig. 10 Low-temperature nitrogen adsorption-derived pore size distributions of shales in the Lower Cambrian Qiongzhusi Formation , Sichuan Basin
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Table 4 Pore structure parameters of shales in the Lower Cambrian Qiongzhusi Formation, Sichuan Basin

FEG BET LBt 1 Y (m¥g) BJH FLBRIAA/ (cm/g) BJHFLf&/mm
W201-2 13.1950 0.009 8 3.1656
W201-4 10.6470 0.009 4 3.7200
WY1-1 7.1416 0.0106 5.999 7
WY1-2 9.7677 0.0120 5.040 1
7201-1 14.3510 0.016 4 4.5673
7201-2 19. 546 0 0.020 1 4.2229
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Fig. 11

Relationships between the irreducible water saturation and pore structure parameters of shales in the Lower Cambrian Qiongzhusi

Formation, Sichuan Basin
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Fig. 12 Schematic diagram showing the control modes of shale pore structures over pore water occurrence
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Table 5 Calculated pressures and pressure coefficients of deep marine shale reservoirs in the Lower Cambrian Qiongzhusi

Formation, Sichuan Basin

5 I /m ESEY e #K K J1/MPa # R J)/MPa fi#% )2 FE F1/MPa
w201 2810 1.01 28.10 76. 15 28.38
7201 4480 2.01 44.80 121. 41 90. 05
WY1 4473 1.73 44.73 121.22 77.38
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Fig. 13 Methane and water adsorption evolution in inorganic mineral models under different temperature and pressure conditions
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Fig. 15 Proportions of peaks in the NMR spectra of sample WY 1-
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4 from the Lower Cambrian Qiongzhusi Formation, Sichuan Basin
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