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Fig.1

(a) Location map of the Jiaoshiba area in Sichuan Basin, modified from reference[2]; (b) map of well locations and structure

outline in Jiaoshiba area; (c) geological cross-section between wells in study area
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Fig.2  Mineralogical compositions and TOC of Wufeng—Longmaxi shales in Jiaoshiba area

22 LWRIE

DU DU il 1 S SCFL B BE 22 T, 1 5
BE ) A DR EASBUE AR A R 2.5 em B EA R 2.5
em AR DFE S o BHEE BG4 4 AR O
BEMBCA R A 110 “CHY TR P T4 24 W', FF
GUARES TR TS OB AR IR A KX-90F 24 78
T LB R A, 16 FH 46 B R 99.99% B A/ SANE R T
VEA B E A 7 20 LB B I, 0003k i Sy e S HE
PRI Ak e

T ALBREE W o 58 B B IR O il B
FEEHCE TR T . S5,
s TR A SN L B R0 B v A SR ECFL B
SRR ARG S 2 A E E R, B
BT RE B TUE AR SR E R 30 /L Y KC1E
W, 7E 35 MPa I 55140 T 45O S b A 7 n FEAf Ak
IKALER B IR] 2R 24 o THERE Ak B 7801 FRR 25
HE NP R A ARG R AR KR AR O
BEH I I B T ARG LR A P, AR O i 1Y
Wit SARAT S A, DE 1T S DU R 5 A A2 W FL R
JEEN A% R S 0 0 e A v B AR AR A i
Y, 292 0.3 T, FHRIE N 12.8 MHz, 1] L5141

B0 0.4 nm FFLER . LA, FE ALK SEEA
FEEFREI R4 5 000 ms, F R UCECH 128 U, BT A4
R 2 0484~ MR Ry 32 Co

YK CTH I X SHEREH TUARE S, —EFH e
RT3 43 PR S A BE B TS 3D BUR , PR R
SOTHERZ R 65 nmo ARRGIK CT HI LR 2 AE
FE A I S R TT R 5 B (b 50 52 1, L R
8 kV, SLHHELE A 20 °C, FLF BT 90 s, CTH
i TAER R B2 DR B2 Hy m7E B s
OVFES EARBCEAR N 1 mm K8 0.5 em Ay B AR
FRE 2) M A ROE R R 58 (5 Ok A-532-DW)
P4 R T ) BT AR 24 65 wm 72524 300 um [ 3 28
[RIATAA 5 3) e A i e R 2, 3 S0 A i DL-90° i
R 90" XA R P A X AR B . g S, ]
BRI~ LA 2D AT B 1 Z 5007 1 Ik 2 g [ 4
e =4 diathk, 2t 901 sk &,

3 ZEHRAHE

31 TEFLBREREEBMHE
3.1.1 LM E4FAE
F 3R, JYA H g — e TR 4H

AR



1422 A

SALBR B, A TS L 2.78%~5.73%, V-4 h
3.90% , FLBRBE R T 3% 1 TUEAE S o L Rk 90% ,
WIIYA JF0UA BA RAFI AR 25 ] . JYB I DUAHE
il AL EE AR AR, B A T 1.1%~2.5% , 341H.
H 1.60% , FLBREE/INT 2% B TUAHE A L2978 80%,
R IYB I iU A E R 2 M A R R (E13) . Kl 4 R
T AR AU X R DU S ARG LB R
fiE o RARR UL, 5 TUA R B A2 R FLBRURE B B K F
SRALBREE (AR S S ALBREE AL, BT JY A
IR REALBREE I R T IYB (B 4) . Hr JYA
HREFLBREE A T 3.78%~6.25% , YJ{H 1 4.56% ; 1iii
JYB AL G LB BE S AT I FE N 2.14%~3.32% , V-3
2.78% (K1 4) . FEFFLEUEMHRES SR, &5 T g it
FRE LB S A AL R E (E5) . [B1S
R LIRS S AL R R Lt O R AE AN [
FI P EA B E 2R AN F SIS AR AR LR
TEJYA v R Bt s 20 0 IE A G SE R LA JE RS>
0.8, Mi7EJYBH R TCE] AR A R .
3.1.2  FURE R8P AR R A AP R

HEABFFE R, FHAE AR 2 S LR, S
AR5 FAEART EIMER T AT LL A kA DTS
JZ P A AR LR SRS UL, SR AR
(R S8 S FL B 2 D it A R G 3 ) FLBREE . %

7 YA

AR %
(=} —_— 8] w - W (=)}

JYA-1 JYA-2 JYA-3 JYA-4 JYA-5 JYA-6 JYA-7 IYA-8 JYA-9 JYA-10
Febbdi

7
JYBI:
6
5
g
o 4
N
nﬁqr’ 3
®,
1
. JYB-1 JYB-2 JYB-3 JYB-4 JYB-5 JYB-6 JYB-7 JYB-8 JYB-9 JYB-10
SRS
B3 A X A — I R DA
AALB R AE

Fig.3 Helium porosity of Wufeng-Longmaxi shales

in Jiaoshiba area

SRS 404
T IYASE
gl

<] 5 [
£
2Har
=
=3t
=
5,1
1k
0
JYA-1 JYA-2 JYA-3 JYA-4 JYA-5 JYA-6 JYA-7 JYA-8 JYA-9 JYA-10
FES G
7 -
JYBJ:
6 3
5 3
g
!
o=
=5}
g
o b
ok
0
JYB-1 JYB-2 JYB-3 JYB-4 JYB-5 IYB-6 JYB-7 JYB-§8 JYB-9 JYB-10
FESh g
Bl 4 £ W X A0 2] — e ShE 2 s
1 AL B R AR
Fig4 NMR porosity of Wufeng—Longmaxi shales
in Jiaoshiba area
.
al y=0.756x+1.607 8 °
R'=0.8297 e
[ =
5 o §e
w4 .. o3
= L
I
i - -
2 ==
y=0.332x+2.248 4
R'=0.0821 ® YA
r m VB
o . . . . . . ,
0 1 2 3 4 s 6 7
ARSI %

KI5 BUA A G LB L RSl <AL B 56 &

Fig.5 Comparison of porosity of shale samples

R SCIRE AN AN KU A AR DU A it B T4
SIS B TRER TP RIESEA B (k) B9 U1
RAERES B BAFAE , AR LR T Ak )= i
HET LB, 3 AT DLFRAE B RLSC R0 85 JCA TN B 4 oK
PR L REK LB (R PR B L) , IR R R
FL B EE g R T 2L B Y T B e
U, AR AT AN £ ) S0 LB E 5 A g AL B BE 2 1R Y
FUAE AT AR SUA AR A AL B T PERAAE
IIHTAE R PR, fE A0 S XA R A8 3 BT U
B ALBEE 22 R BOR (B 6) o Hor (7 T AR
SE DX TY A S 09 50U AL B 1 PR, S T AL B L



A JE S A I X A LB T 1 S R PR 1423

st
55
0.030
® YA
0.025 |
E
& 0.020}
=
2
% 0015}
¥
& 0010}
=
0.005 |
o A . ’ !
30 40 50 60 70 80 90 100

HESEALBR L/ %
K6 o % i LB L ) 5 ik b 8 i R G &R
Fig.6  Relationship between the connected pores ratio and

pulse permeability of shale samples

T 69.139%~94.94% , V- {H 1y 85.12%. Hifm & &
{14372 38 L Bt L A9 (s 45 20 AL I B2 T R AR 1 322 3 LB
FEASRE S W TR i i B S AL R, R S AL
JE S FLI R Z R TEAR DG R (B 5) . J)—
Dy T AL TR A TS R R Y JYB I s fL I %
PR A 25, i LB L A Y LR 36.15%~
81.71%, F-¥I{H 1 58.19% (& 6) . Ak A % 18 £L R
Lb ) 5 B0 A O AT BRAE T LR S5 R RRAIE
DR 1M S S AL B 502 1 L R R TG d £ 5 &R ([
5) DUABIERAEN )2 FL PR Z5 A Rk 1) 22
Fe bRz — il H SFLBR I P BOE A O R . T
AR SRR K s i A g L (IR 2448 508 3 R 1 25
FOMLLE W IYA A B E R &, RN T
(0.003 4~0.025) x10° wm®, #I{E 4 0.010 9x10° pum?,
JYBI- U BE AR, A 4 (0.001 2~0.008 2)x
107 wm?, ZI{H 4 0.004 3x10° wm’ (& 6) , NI EIE T
R A2 s FLBSR B RN S LB B 22 S DA T A FL B i
T PESE AR

J T M2V T 2 0 38 M R A SR T
P AR YCHIFFE X I 1 S ] — /0N 23 B 1 B 2 A
i (JYA-10 #1 JYB-10) #4749k CT L8 . BT
AN TRV 5T 4 53 % X5 S HAT AN [] g IR &, AT
Jr B AN IR 0 R 25 5 o Ly, 2 5348 ey, DR
FEAE B (RP e ) , IR, [ 2, 41 40 % B i
A, A 1 ¢ J3E Al A A1 (B AR ) 5 4 #ILJ5 , i fL
PR DU SR IR TR BE A, SRy T AR UE — 4 EE AL Y %
DX 3 5L AT A e 1 LA B A AR o 30 2 35500 ol R 1 1%
2 ARG JEAR AT = 4 B0 1A o0 IX el 4
WU KIS T R AT A AT o FLBR AT BLTT
JEH W) (e K FgE 45 ) DA K R 2 B 43 3

et e KM aRR (B 7a,d) . S5I0H
BF B ASR A T  FL R S BRI (] Th e ), T RIS
Bt 1 AR Avizo 9.0 A Y B 2RSS | shE4ll v
FLBRZ [ A 3% 8 HERRE (B 7e,0) o 7 SR JYA I
VU FLBRTE = 4 7 [a] rp 32 2 5 B A g A HObR AR 15
B BRR , AR A AH X IS (A FLBR B 5 5 7Nk T (475
grfn) i, IR T 2 hifkiE (R B ) 5ok
W T (5 1 68) 22 b, T8 bt 3 M A i L 37 3 31 PRl 3¢
AL 2 R G AN/ L B A B — [ /N T
B HADFLE RGAXT RS . SRR UL, JYA ST
TUA LR AEZS ) b i a5 20 AR
I WL Bt R ) 1 v 2 3 L B %6 (o 3 LB % 24
4191.68%) BAT —2tk (1 6) . FHI,JYB I I A fL
B AE =42 [A) 52 B0 2R, LB AR e ~F-, HL
A3 FL B A3 3 AR LB L[] B — Y /N | %
R FLE R GBI/, R W] TYB I 00 fL B % 58
P2, SILBEIE M 45 R (EE LB R4 N
39.84% ) FHFF (K16) o
32 MESEMRALNER

55 A AT & 07 XM H, iU SR R A
77 E B T KRR ) RS FoR ™, TR
it KEERRMBEATUA#H)Z I PIGEB 2
TUE R AR U A 2 WK ™ A T 4% |, i Dt
FEEBCEROR . SR, B MR SR 1 U SOF
JEBLE IR HEMERE K IR HER I H B A 5%~40% , i 8
1) 5 8 4o KA B P Bl i J2 53 (T Ca™ Mg 4B
B R R AR R £R DTTE ) S S BT A LB A
BEIRIE  AH T OUA S IR, A R o,
FEA UM IX JY A 2 — e Sh A 32 ) )2 B iU
LB 38 PR A LI 5 e T 69.13%~94.94%
(F#485.12%) , Kt & B B FL IR 25 1 R i 3% 1
TG 1B5 R (K 6,7) , JEME e 1T A g2/ H
WZRE ™. BeAh, Fe S T i ik 3 A i PRl ) A FL B
I 26 E U i R R (L 7) 97 KR S v e
AL = VU A . EE R, U2
JE 240 58 R R 24 7 W] 8 5 i 3 AL BRI 4%
S HEN, FEAR A 25 E K B 5522, TYB H Hg
20— h B 2H T LI S A 2% i AL R L
9 36.15%~81.71% (F-3 58.19%) , 15 i85 RIEHAL N
0.004 3x10° wm’, JUA 2 A W HE A X85, H R
PR AL M 48 BUR 200 Y B B B (Bl 6,7) , &
AU RSO E  ANF T DU SR 02



1424 i M

JYA-10

JYB-10

(d)

Bl 7 A U DX D0 A it AL B 5 4 B = A i A
(a,d) R SUE R 1) AR TR, £ AR FLIE, L RAAT WU IR ERFATIE AT G P R0, S U B S BI040 (b, o) KB FLIR Y
YT A SCIRI201; o, £) R AR T ALIRAET LR, 1530 F1SCRRI20]

Fig.7 Three-dimensional reconstruction of Wufeng-Longmaxi shale pore structure

(a,d) reconstructed 3D microstructures for shale samples (red = pores; blue = OM; gray = mineral matrix; yellow = pyrite); (b, e) 3D pores, modified from reference[20];

(c,f) pore connectivity in pore-throat skeletal model, modified from reference[20]
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Abstract: Shale pore connectivity directly affects the migration of oil and gas in a reservoir, thus influencing the lev-
el of difficulty in shale gas production. It is an important consideration in the evaluation of exploration and develop-
ment potential of shale gas. Samples from two key wells (JYA and JYB) in the Jiaoshiba area of the Sichuan Basin
were tested by helium porosity of plunger samples and nuclear magnetic resonance (NMR) saturated brine porosity to
determine the pore connectivity of shale in the reservoir; the influence of pore connectivity on shale gas development
is discussed. The results show that the helium expansion method mainly identifies the connected pores in the shale,
while the NMR test reflects the overall pore space of the sample. Thus, the ratio of helium porosity to NMR porosity
quantitatively characterizes pore connectivity. Only a small difference was found between helium porosity and NMR
porosity in well JYA, and they both have a strong positive correlation, suggesting that the pores are mainly connected
(69.13%-94.94% , average 85.12% ). Conversely, the pore connectivity of shale samples from well JYB was relatively
poor (about 36.15%-81.71%, average 58.19%). Therefore, the proportion of connected pores does not fully reflect
the true porosity of these samples, and no obvious linear relationship was evident in either the helium porosity or the
NMR porosity. These findings were confirmed by nano-computed tomography (nano-CT) and pulse permeability dif-
ference tests.
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