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Fractal characteristics of tight sandstone pore throat structure
of Chang 8 Member in the western Zhidan area
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Abstract: In order to precisely characterize the microporosity features of the tight sandstones of Chang
8 Member in the western Zhidan area, clarify heterogeneity, and discuss the associated geological impli-
cations. Using cathodoluminescence thin sections, scanning electron microscopy, X —ray diffraction,
high-pressure mercury injection, oil-water relative permeability tests, we determined the influence of

pore-throat architecture on reservoir properties. The results indicate that: The storage space of Chang 8
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Member tight sandstones in the western Zhidan area is dominated by secondary dissolution pores and
residual intergranular pores. Throat systems are diverse, including constricted, platy, curved-lamina, and
micro-tube-bundle assemblage types. Based on the shapes of mercury-injection curves, reservoirs can be
classified into Type | and Type II; displacement pressure and petrophysical parameters show a decreasing
trend while pore-throat structural heterogeneity progressively increases. Reservoir fractal curves are three-
segmented with distinct inflection points; fractal dimensions follow the order: D, (2.598 1 ~2. 828 3,
mean 2.728 5) >D,(2.570 6 ~2.780 1, mean 2.712 9) >D,(2.236 1 ~2.851 5, mean 2. 591 6),
indicating stronger heterogeneity in large pore-throat domains. In tight sandstone reservoirs, differences
in mineral assemblage contents are an important cause of reservoir heterogeneity, and the degree of het-
erogeneity directly determines reservoir quality and the complexity of pore structure.

Key words: tight sandstone; porestructure; fractal characteristics; Chang 8 reservoir; the western of Zhi-

dan area
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Fig. 1 Location of the structural units of Chang 8 Member in

the western Zhidan area( Modified according to Ref. [16])
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Fig.2 Triangular diagram of sandstone classification of

Chang 8 Member in the western Zhidan area
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Fig.3 Reservoir porosity types and mineral composition of Chang 8 Member in the western Zhidan area
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Fig.4  Reservoir mulli-scale pore development pattern diagram( Modified according to Ref. [247])
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Fig.5 High pressure mercury injection curves and pore throat radius distribution curve of typical

samples of different types of reservoirs

KRIRFLIR > AR e 2 A R AL Bt 25 1] 2 780 43
F74 2 KAL(FLE =1 000 nm) . HPFL (L% 100 ~
1 000 nm) i L (fL4% 10 ~ 100 nm) FIfHFL (FL

Az(2) AT, BA R AR B 6K )2 1eS 5
lgP, BERIE R, 0 I 4ER0H 1 % R R R H
KA

%£<10 nm) , FHEFHEEBHIX K 8 Brsl & wb A i D=3+H (3)
FEEEF P G ELMMIL, KFULEAKRT . Kb H K lgS 5 1gP, HAE MR,

3.4 SRARE
3.4.1 HHESL
HUB D A2 R B R AR B, 7
W 2 0 TE 40X — S HO =ik 17 & 41
o T2 AER A /N5 L B 2% T AR RS R 0
WP ML EAG TR R,
YRR BUA ISR T 2.0 ~ 3.0, B 4ERU It
F3.0, EIRE LIRSS i S 2, fB R I AR R
TR QLR A s o B 2 0 T i TR T R I 25
L A 2 2 iU ST W)
s=(p2)p-2 8
X PR SE B ST, MPa,
Xt (1) B, 15
lgS=(D-3)lgP, - (D -3)lgP,,,  (2)

3.4.2 HpWEXR

ISR AR R T 1g(1 - Sy,) 5 1gP,
Ao ALY, B0k 1 RE i £L B R SE Y 20 2 4y
P BHEMADCRE(R) R T 0.9, R 5T
RYAAT SR I A LB AR Y k. ok il
2R IR P = B A AR AL, 45 BORb R 22 5+
Fo BB B HeAT 3 AL B I 4
B D, R BOR R AL B LT S 28R, D, KAkt
PEFLBT I 25 27 R4, Dy I 3 A FLRBE S5 44 1Y
ZERARNNE . X P2 ROE AT MR T80
NHERFLER R G 7 IR MR AE (18] 6) , AR fLA
DX 8] 73T i 2 2 2 B S A MR S

it ZALBE R G 7 JE ik S B 8 1 2 U
S AL (D)) i AL (D) Kb AL (D) B9y



%28

E5,H B R B K 8 BBE A 5 Uk 4 M 5 T 4 AE 425

TEHERIA 73 AT 2 ~ 3 W5 FRIX ], HL45 4R 50 35
B BORAICHRYE (MR % >0.9) . D BE R
T Dy, D, X KT Dy, AL AN P L A 45
FEAE R4 o P B i, Lt s i) o A B D B

= L
0.1 |a j%}‘)%ﬂ
[ ]
0.0 1=0.274 7x-0.068
~0.1 \\5.2:0.976 2
u;“f 02|
% -03p y=-0.219 9x—-0.1 164
= _04L R*=0.994 5
-0.5¢ y=-0.460 9x~1.188 2 \
—0.6F R*=0.985 0
-1.0 -05 00 0S5 1.0 15 20
Ig/MPa
(a) I 4082 FE 0 JT45-107
N
ALy
0.1- i
oof L=
-0.1F y=0.316 1x-0.248 6
o R*=0.990 5
F-04f
% —0.5¢
< 208k y=-0352 200240 2
= -0.7F R’=0.991 9
~ -0.8F
“0oF y=-0.763 9x+0.286 8 \
~1.0r R*=0.815 0
-1.1 L L

~1.0 -0.5 00 05 10 15 20
1g/MPa

(b) T 26k = A4l JT45-107

K6 AN[FZETLHZ S RAE i 0T R IE
Fig. 6 Fractal characteristics of typical samples of

different types of reservoirs

BT A5 AL AR DX E] i LB BE 5 He R AT ARG

AL TS B RAE A RUE FLMR RGN 255 7T TR 44K

DT S 4 T S i 22 FL R 285 A Y S A AR B . X

AL 3 AL AN b FL AL B AP 34, 45 2 A £L
LiRSRSSagI 2434

D¢, + Dy, +Dshs

b= b+ by + s (4)

X o, WERSLRXERFLEE STHRE, % ; D, Ny

PR TEHER

4 T it

4.1 HREHESEEDE

il )2 DR PP A 27 5 5 U8 A [ R A AL
WA BURFAL . LS B SRS YIES Rz ]
MR RAR, TR (D;) SILEE (BB
PR E OGS AL (D) Mt 5L (D,)
MRS YIPE S BOR R B2 R (B 7).
K 8 2 IR E P RE 122 15 TR WAL 2544 114

BRI
— MO S B ERZ MR
—— MRS PR 22 ) 0 OC FR
161 B B 15
14}
1L *\\ m . 4
= 10F u \Il a
= - " - 3E
= 8 y=-0.124 90x-45.646 2 Eg
=gl R=0.172 0 1250
n
4t . B} . IR
2t TTo— =
O ) .. ) um ....| O
2.5 2.6 2.7 2.8 2.9
(a) BT EC S 1 R
9, [mriL
A EFL
8- |® il A,
Tr A
§ gl 11477 Be1 9450 2.
@ R?=0.004 9 .
& 5F A Al
= wy R=0.0589
A =061 1era262 4 033 ‘&”-417 0
3F 0 ° R=01105 g -
———=teem =
2 B o e $ L[]
2122 2324 25 26 27 28 29 3.0
(b) 7T 4B S5 FLBR B R E R
m Al
0.9r AL
0.8 Lo N
0T 2259 0x46.446 6 &
= 0.6 R=0.2519
2
5 0.5
S04 4=—0337 8v+1.091 7
¥ 0k R=0.0616 o
# °
N 02F °
y=-0.218 8x+0.5
0.1F  R=01999 S eq M

0.0 I
2.0 2.2 2.4 2.6 2.8 3.0
()M YT BAK) K F
7 K8 BokE i fLME TR AR S il R P PERY R AR
Fig.7 Relationship between pore throat fractal dimension and

reservoir physical properties of Chang 8 Member samples

WEE D, (ELAYIE R, LIRSS M 52 B LA T A2 A4
AiE O L A B T 52 2% 4k, A /INFL IR 7 6 B 2
() By oy ST, LR o A S BN S R AR, AR 2
FORRBERI N . (HAHTE AR, D, 5B BRI AR
FEL(R =0.199 9) i 2 i T H 5 LR L A DG 1
(R*=0.110 5) , B shfL 454 1) & 24k 0t k)2 5
UL RE ST AR 11 FH B R 2
4.2 SREHSFLMEEN

TERE UM Dy 5 B S22 19 SO DG, FLI
AT AR BRI 22 68 # FL B 20 AR A 7 2R A T TR
TRL -5 9 L JE R P9 52 0 R B2 AR X 450N, 3B



426

% A X

F ¥ M 2026 % 46 &

i
JEE BB A, TR A5 )2 1A A 25 Joi 0 P ol e i
(K 8(a))o
Dy 54y 3k R ECZ T ZR B G A, 1T D,
D, 5316 F R S I JBE U JC S 8 A, LR R
ST REE RS LR AR S A R, X AL A

L BTSN
_ | A REAL
04 ® il
[ ] Am
021
[N
Bt -
® ° A
[ ] A
1=0.779 6x+1.890 4
—021 R=0.6638 ® apme
° \
_0.4 1 1 1 1 1 1 1 1 1
21 22 23 24 25 26 27 28 29 3.0
I IE 4EEL
(a)TEJE
m AL
95 A STEAL
® il
90
S el
= 85
=
= 80f e

=7
K y=—32.832 6x+163.965 3 -
=S R*=0.670 0
7or A
A om
65 1 1 1 1 1 1 1 1
22 23 24 25 26 27 28 29 30
IR 4R
() R BT AR

LR B O] M (& 8 (b)) o

B RIERMANE RS Dy BA B 09 A ¢
P, RE AL B D Tl AL S AL B
A, BRI A FL X i J2= 4 4 25 18] (1 i R0 B 2 5%
(K 8(c))o

LRCEIR
2.8 | AtpELL
o ifl
2.6F ° n
[ ] Anm
ﬁ 24 ) A ]
ﬁ;‘\j 0.719 0x+3.912 2
y==U. X .
R 22 ! R*=0.300 0
2.0r Am o
1.8 1 1 1 1 1 1 1 1
22 23 24 25 26 27 28 29 3.0
I IE 4EEL
(b)Jr ik R A
B AL
A AL
0.67 |l
05 L ® Am
=0
2
xd04f o =
S+
=03 A L
+ y=—0.432 9x+1.306 3
K R’=0.398 3
=0.2
= ®
0.1 °
0.0 1 1 1 1 1 1 1 1
22 23 24 25 26 27 28 29 30
I AR
(d)FLIGE ff 242

K8 K8 BBl fLRZE S R R &

Fig.8 Relationship between fractal dimension and pore throat structure parameters of Chang 8 Member
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