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Effects of lithofacies on pore structure characteristics and evolution of lacustrine
shales: A case study of the Jurassic Da’ anzhai Member, central Sichuan Basin
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Abstract: Lacustrine shales typically exhibit distinct mineral-pore network frameworks for diverse lithofacies, significantly
influencing the formation and evolution of primary and secondary pores in the shales. Based on data from whole-rock analysis
by X-ray diffraction (XRD) mineralogy, total organic carbon (TOC) content analysis, scanning electron microscopy
(SEM) , and N, adsorption experiments, we examine shale samples from the Jurassic Da’ anzhai Member in cored wells
LAT1, RA1, and G10 in the central Sichuan Basin. To be specific, we investigate the petrological characteristics of these
shale samples, as well as the characteristics and evolutionary mechanisms of their pore structures. The results indicate that
the shales in the Da’ anzhai Member can be categorized into seven lithofacies types: organic-lean limestone silty shale
(OLLS) , organic-moderate limestone silty shale (OMLS) , organic-moderate limestone clay shale (OMLC) , organic-
moderate silty clay shale (OMSC) , organic-rich silty clay shale (ORSC) , organic-lean argillaceous shale (OLAS) and

organic-moderate argillaceous shale (OMAS). Reserving spaces in these shales are dominated by intercrystalline pores in
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clay minerals. The OLLS exhibits well-developed intergranular pores among brittle grains, characterized by relatively low
pore volume and specific surface area. In contrast, the OMAS and OLAS contain the most developed intercrystalline pores in
clay minerals, featuring the highest pore volume and specific surface area. The clay-mineral intercrystalline pore diameters
and the pore volumes of organic matter and clay minerals are significantly influenced by the compositions of detrital and clay
minerals. Shales with a detrital mineral content of less than 25 % manifest a relatively high total pore volume due to the
elevated pore volume of high-content clay minerals. For shales with a detrital mineral content of 25 % and above, the TOC
content varies greatly despite the high pore volume of organic matter. As a result, the total pore volume of these shales is
jointly affected by organic matter and inorganic minerals. The evolution of the mineral-pore network frameworks indicates
that organic matter and mineral components govern the occurrence and intensity of diagenetic events, leading to diverse
evolutionary characteristics of the pore structures and pore network frameworks across various lithofacies at present.

Key words: mineral-pore framework , reservoir space, lithofacies, pore structure, lacustrine shale, Da’ anzhai Member,

Sichuan Basin
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Regional location map of the central Sichuan Basin (a) and the stratigraphic column of the Da’ anzhai Member in the region (b)
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Table 1 Statistics of the experimental results of shale samples from the Da’ anzhai Member in well LA1, central Sichuan Basin
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LA1-05 3508. 20 1.74 20.20 35.00 0 1.20 1.00 42. 60 1.89 0. 008 353 OMLC
LA1-06 3509. 20 1.71 24.30 28.70 0 1.00 4. 00 42.00 3.39 0.012 370 OMLC
LA1-07 3510.97 1.62 19. 00 31.00 6. 00 3. 00 3.90 37.10 2.50 0.010 400 OMLC
LA1-09 3521.10 0. 66 27.50 45.00 0 2.00 3.50 22.00 1.32 0. 005 092 OLLS
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Fig. 2 Micrographs showing the microscopic characteristics of common inorganic mineral components of shale samples from the Da’ anzhai

Member, central Sichuan Basin
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Fig. 4 Micrographs showing the macroscopic and microscopic characteristics of the varying lithofacies types of shales in the Da’ anzhai

Member, central Sichuan Basin
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Fig. 5 Vertical and horizontal distributions of various shale lithofacies in the Da’ anzhai Member crossing wells LA1, G10, and RA1,

central Sichuan Basin (see Fig. 1 for the well locations and Fig. 3 for lithofacies abbreviations )
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Fig. 6 Scanning electron microscope (SEM ) images showing the reserving space types of shales in the Da’ anzhai Member, central Sichuan Basin
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Fig. 7 N, adsorption-desorption curves and pore size distributions of shales in the Da’ anzhai Member, central Sichuan Basin
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Fig. 8 Developmental characteristics of mineral-pore network frameworks and their influence on pore development in shales of the

Da’anzhai Member, central Sichuan Basin
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Fig. 9 Impacts of terrigenous detrital minerals and carbonate minerals on the pore volume (specific surface area) of shales in the Da’ anzhai

Member, central Sichuan Basin
a. TRIEO Y& S MBUESCER b, BT )& i S ALB ERTBUAAC IR se. I f & it SALBMBUWESCOCR s d. Jrfiffr & it LB L R IR
[IESSSA
Go(Q+F ) A EJE I BB 280 S AT S BT ULIAL 3.)

S ) A A7 )i R (1] 8a,)

HAl A AH(OLLS , OMLS,, OMSC #1 ORSC £+ 4H &8 43
OMLC 5 A1) A JE TR 43 nT LA 94 Ry 5 — Rl s 42
LI B R B 5 8 L (Q+F) > 25 % ], HAT B Kk,
KA (> 10 pm) , FB 5014 8 BORL 2 [8] 5 55 -2 4 i ¢ &
(K 8b,) . Fhtw" 45 w8 POk £ BEAF AW R4
G OF 0 s T 65 g ORORL ] (1] 8b,) 5
QW BBk S 3 Y 9N B B R (& 8b,) .

4.2 SRTYBEXNTUE LR G R0

4.2.1 LA FH

ST P A AL P [w(Q+F) <25 % | : DR
UKL 55 25 W) VAT HES B B i AORE RE A% 7E [R]— 1%
JZ PR 7 18] SR 52X, T AR RRE B ) 4 B b
A Wy & 1] L T ol 2R 4 25 9 K LB (4] 8a,,
as) o (HIXFE PIH G XTI BT B WA HLT L
B B A AT BR8] 8a,) o QBF i WURLTE 2 107 1)
_EER N A S OB 23 DR M= S i T R A b

Y G A AR DG L B T e 5 A
(Kl 8ay,a,) o OF LB WAL T8 8 UKL - 35 sl H & [l
AAETERE B BURL , 25 0 Wy Rl b 2 — R E 2 3 |
B E R IR (18 8a,) o X T w(Q+F) <25 %Y A4,
B B AT B 3, 1 8 UK HIE 8] b A A
8B —Fh WAL G I R BRI &, KRS XA &
FREERZ R, UE LB AR (R BO B R, vl
FLBR & B A2 B2 AR N £ T (18] 9a,b) o

S AP AR IR [0 (Q+F) > 25 % | - i i
W2 (8] BEAE TR J W A% 2R, X T Fe 320 T 8 Uk A )
(%G W) oA BB BT PR S ] (8T 8b,,b,) o {H
SRR JE OB HE S B R S I, - W [ A 52 B AR AR
B BURL A B AR o 300 YR ) 29\ & &
KRN, B0 ) B 432 3 A B0RL Y 52 (& 8b,,
bs) o I ELBEAE 0 8 0K 5 B BT 0 8 UKL HE ) 7% 4R
FEBESE N, SEVERY B L8 W) 8 52 5 TR A1 D0 BE 3k
{75 DA FLBR AR 5 FLIR o R B AR, FLI L &
FE TR (K 9a,b)o

A7 O A7) ME—BBOR CREAE > 1 mm) , IR



502 £S5 KRR R

546 5

THE 0 (Bok-90Kk 90 , B H 4 BoA B B A HE
BIRAES S A ae (O fi A ) XE LS i 2 37 9 b LR
B % E (F 2a; & 4b,—b,) . I, Mk LUK A 52 (O i
) 5% E YRR Y — R IH S5 AR A
[ — J R A & o 245K, A e e g UL kL Py
VAL AR S BT B, 5 i & i 5 DA LB AR
(e RmAD) 2 W& A SC (B 9¢e, d) o X UL/ 5E5¢
WL R B BB, AR A 72 AT L L i 5
AT B A AR

4.2.2 FLBEH5H

R A5 B — A i JE N R SR e B T AL TEHLE 4
53 18 (B 10a, b) A HLE F B (] 10c, d) 22 75/
FIRE S, Tl fLAa A

& 10a,b 2B :w (Q+F) < 25 %HY 0 4 [ Holk B+
Jii 1A (OLAS 5 OMAS #4H) JFLAZAKF 90. 0 nm B,
HALPR e R A B 22 5, BRI MLRFLALAR
AL T 90. 0 nm. [F1FE,w(Q+F) > 25% 1 7 25 [ W4k
SRR 5 TS TS (OLLS 5 OMLS 7 4H) 1A

0.25
a

0.20
5 0.15 JLER L R
= ,

3 ook B UL FLBR L R T AR
\ <90.0 nm
I
0.05 .
== FELAI-15, OMAS, TOC=1.28 %
——FELA1-02, OLAS, TOC=0.88 %
0 . .
1 10 100
L4 /Mmm
== FEALAI-02, OLAS, w =55.20 % w
025, —- F£HHLA1-05, OMLC, w,, =42.60 % =
—A— FEAILAT-07, OMLC, w,, =37.10%

0.20 -

015 L FLT AR
o e I T
E,

g
0.10 + ]
o
EERBUL
0.05F MU
<100.0 nm
I

1 10 100
fL4#/mm

HLUFRALALAR A T3.9 ~ 90. 0 nm. 25 A A A HL
T ALALAR 53 A R B — 30, R TR A% %t A LT
FLAE 01 0T A 2, {E 6 LA R AL AR 49 A 5 T
FE DR AR

10c,d W 1w (Q+F) < 25 %[\ 71 % (OMLC 5
OLAS #2541 R FLAY FLAR 38 A5 T 100. 0 nm;
w(Q+F) =25 %I 7 A (OMLS 5 OMLC &40 &+ 1)
rm A FLAYFLAZ E AT 8.4 ~ 100. 0 nm. PIZEAHIZE
8" fh LA FLAR R ¥ 100. 0 nmo {HAHEEZ
TLw(Q+F) <25 %y vt g A AH T fLAR KT 8. 4 nm 1Y
Bt ma LR AT . DARIRBCRES TS
(OLAS #AH) A ], A A B m &5 W% i SRR S
Yo, 22 S BT W ALS T X 2R CPAT
B YN S E TR , TUA AR R Z R B+
W), 32 SRR 25 57 R, X AT e s i T 2 0 Wiy
EFLIFLAR AR )RR T B R Y B
Yy 55 0 i Ok SN 0] & O R SRR T R
TEHLJZ R SAE T, 33 0 26 07 ) s [l L FLAR T
B BIRGEE N o K] RBSE R W UK R LR

0.20 —— FEMLAL-03, OMLC, TOC=1.78 % roc

o1g kP FERLAL-01, OMLS, TOC=1.75 % v
-0~ #ELA1-12, OLLS, TOC=0.70 %

0.16 | .. A~ FEFLA1-09, OLLS, TOC=0.66 %

0.14 | [ Mo FEAALAT-10, OLLS, TOC=0.51 %

a) 0.12 <

201 ERERe X TR
SO00T DRy e SN AL R
= 0.08 | B FE R TR

006  pm ST

0.04 F '

0.02 F 9~90. PR —

0 L=
1 10 100
fLA%/nm
020
d
0.18 F | 8.4~100.0 nm J
I 1

0.16 F

0.14 j FtwyaE
o012t . 2N G
Zolor /

0081 gitwwam

006 L BIKIKTUE

0.04 F —@—FEILAL-06, OMLC, w,, =42.00 %

002 |~ FEAHLA1-03, OMLC, w,,,=32.10 %

0 FEARLAI-01, OMLS, w, =28.50 %
1 10 100

fL42/nm

F10 1l X R 2 28 BETUA AN R A AR A HILBT LS 3 ) b AL ) F LA o A A

Fig. 10  Pore size distributions of organic pores and clay-mineral intercrystalline pores across varying shale lithofacies in the Da’ anzhai

Member, central Sichuan Basin
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Table 2 Statistical summary for linear regression analysis of data on shale samples from the Da’anzhai Member, central

Sichuan Basin
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surface areas of shale samples from the Da’ anzhai Member, central Sichuan Basin
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central Sichuan Basin
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