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Abstract: Unlike marine shales, lacustrine shale sequence in China exhibits intricate source rock-reservoir
configuration and coupling relationships, as well as significantly different storage characteristics between shales and
their interbeds. Therefore, it is necessary to ascertain the evolutionary patterns of shales and their interbeds, which will
provide critical guidance on the exploration of lacustrine shale oil and gas. Using data on mineral compositions, organic
geochemistry, and physical properties, as well as data from the analyses and observations of cores, thin sections, and

scanning electron microscopy (SEM) images, we conduct a comprehensive study of the lacustrine shales in the Triassic

5 H #5:2023-07-10; 1& 8 H #7:2023-10-08.

F—EEEN AR 2 (1971—) B Wb RGOS S LRI, DU S W )2 BUE S TS AR T 4K . E-mail: huzongquan.
syky@sinopec. com,

BEEEEN: TIHE(1990—), 53 101 = U R, A5 A <5 S5l SR . E-mail: wiy1990@vip. qq. com,

E£W A : BEPHLE R LI (20172X05036-004 ) 5 1 E A Ak TR0 A BRA RIRHE O H (P19017-2,P21078-9)



1394 £S5 KRR R a4 5

Yanchang Formation of the Ordos Basin, the Jurassic Ziliujing Formation of the Sichuan Basin, and the Cretaceous
Yingcheng Formation of the Songliao Basin, which vary in thermal evolution. By analyzing the storage space types and
physical properties of shales and their interbeds in these formations, we explore the formation and evolutionary
processes of pores in both shales and their interbeds and establish differential evolutionary patterns of the pores. The
results are as follows: (1) The lacustrine shales in China are of diverse lithofacies types, primarily consisting of
mixed, clayey, and silty shales, which tend to alternate with carbonate, sandstone, and tuff, suggesting complex
lithofacies assemblages. The storage spaces in the shales are dominated by inorganic pores, followed by organic pores,
with microfractures developed locally. In contrast, the storage spaces in the interbeds are dominated by inorganic pores
such as residual intergranular (dissolved) pores, intragranular (dissolved) pores, and microfractures; (2) The
evolution of pores in the lacustrine shales and their interbeds is influenced by both diagenesis and hydrocarbon
generation. The shales, with high clay content and weak anti-compaction capacity, undergo a rapid decrease in
inorganic pores before hydrocarbon generation. After entering the oil generation window, these shales experience a
gradual increase in organic pores, clayey intergranular/intercrystalline pores, dissolved pores, and microfractures.
Prior to the late diagenetic stage, the shale porosity tends to decrease before the peak oil generation and increase
afterward. In contrast, the interbeds become increasingly tight under compaction and cementation, leading to a gradual
decrease in their storage capacity; (3) The Yanchang Formation shale in the oil generation window, contains
underdeveloped organic pores and thus exhibits poor storage capacity. In contrast, the sandstone interbeds in the
formation present more favorable shale oil enrichment conditions. The Ziliujing Formation in the mature to highly
mature stage, exhibits oil and gas coexistence, characterized by well-developed organic and inorganic pores in the
shale, more favorable for storage, while the interbeds serve as secondary reservoirs or barriers. The Yingcheng
Formation in the highly mature to overmature stage, is the most favorable for the formation of shale gas and organic
pores, boasting the optimal storage conditions in shales.

Key words: porosity evolution, lacustrine shale, Yanchang Formation, Ziliujing Formation, Yingcheng Formation,

Ordos Basin, Sichuan Basin, Songliao Basin
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Fig. 1 Distributions and lithofacies assemblages of lacustrine organic-rich shales in the Ordos, Sichuan, and Songliao basins, China

a. = REMREATUA 7 5b. SRS TH37 HAE KA 7 Bese. PO 203 YL303 HF I ZE 28 B s d. MME M LY 1 Il —Be



1396 £S5 KRR R

Fa4 B

0.5% ~2.2%, FY¥I{E N 1.3 %, i % T A 04
H-Te BEHATUA (TOC HIHE 8 K T2 %) s AL
RIS A A RS T B 2 1 44 20 A, EARLL T -
IRAR £ WA RN T0.9%~1.8%, AL
JF A F - R A B, A SR A B R
OB U R AR U AR O A e e K
A(HE 1),

1.3 #iT&Ei

PAIL b T 5 ST A TR T kA e Al
T T B IR B B 4 BRI A . B TR
P IL 23 1 R T P e DX BT B R B TRl 1 2 & B e
Fr 4 TR R RV 5K A BT AR 5 v 114 W
o HIRAR B IR - R TS DUA TR K, i
SebELr s TR LD -MNE SR A FE RN T1.3% ~
2.3 %, i A - B B . LY 1R AR
UM, B 3 — B 808 5 J& E 7E 200 ~ 250 m, TOC
T 0.4%~4.5%, FEMEH2.0%, RN T 1.6% ~
2.1 %, FAHEZAF LIS JRG TUS bR
TR IR b (E 1d) o

2 Rl ICE S e 2 RS R R L

2.1 fEEZFIg

2.1.1 REgEmRER

SR T L BB A BT S W Bl A O e
HEELHE IRE TR (K 2; £ D, o,
TEHLAL AR KL G ) £L DR () LA 8™ P )= 1)/
s 6] L s A7 UL 0] 23 g D M AT BT (g 2 40 ) LB AN
TER A DL (R AR ) FLER 5 B4 I 23 Sy ] i
SRR (B REE

K7 B A T4 RS I TR A R R A
L, B HR G B B L B b B Ay . SRR 2
A L =B5 KT B LR R LR L0 Y)R
[E1V2 Y 61 PN o A 7/ S S LR A el 1 B D R A T W
Fem R MAEEmAL PSR, DRI EA
HLFLAN LS K (I 2a—c) . DPUJI Z5H FARZ 56 H i
L U LB 2 LARG B W SR A e L
KB VEAYL, R A T RERGE (K 2d—0) ", il
N HEGUE A TUA AL A ML N A
FER TR L Prkia] £l B BORL R FL AN B AL,
s R B RRER S (K 2g—i) , ANALE B RERT

FEAZH AN 2 R B HLALAR RN 3 /N T
50 ~ 100 nm,

AR b BEREAL R OO L 3 B Rl AR IUA
A HLAL & B REBE B WG I s TCHLLLER b, 26 - Pk
[E1) 75 T FLFDRL P (2 ) L& 7 A BE S W T i 5 )2 1)
) 4% R B R AR YA BT T (R 1) o

2.1.2 kEAEETREA

SR Z WK T BRICA R R RE RIS A
WO FNEE KA 3 e JZ2 2RI s N e J2 R B
DLANRD A FUB 0 o0 £, R L T R AL 5 Tl
fL AL FLANES B kLl £l , U A AR i s
fi] LA 2 AL (FLA2>50 nm) 24 3 (] 3a—c) , HAZ 4 wm LA
LB A LB Y 70 %L I

Vu)i o F O DUS R R EE R F KA SR
TR E o A IR DAY 58 I TR A 78 K
HRNECHAFTREN AN, N R EE E NS
i, FER S 5 A . a2 R FE k-
HHAD A FNE Bk - D, i AR R A e Ok
W, B R A CHBM a0, FLEARE
(& 3d—f).

FATL 7 138 2 — B D UA TR R VR R TUA N &,
e 2B B b A e J2 . Je SR i B A5 ] LABR Ak
)L o bl FL A g ok 3 (1 3g—i) o FLBRR/N E 2
DAL (LR R 2 ~ 50 nm) TR ALK, EALE B R
LT R AR A2

2.2 WMHE4FAE
2.2.1 =& FZuk

SRR 2 W A b A 7 BT LB R A A T
0.1% ~5.8%, FIIME K 2.4 %, fLEREE/NT 4 %rYFE
i o FLAR I 85 %, FLBRBE R T 4 %rIAE A 13. 6 %.
K 7B OUE e Z Y B E T A S A A
HRBIABE EZESMHAE0.6 % ~ 12.2 %, FHH
6.6 %, FLERFELE 8 %A L REN: 5 HEik 30 % (K 4a) .
HIUAM G, 8K A0 5 I 26852 25 0] 5 Y 1k 5
B TR 7 BeAb T AR P, A R AR A
g2 BRI R s R T A S R

N
2.2.2 BRFZABASA

PO 3 R AR % G A i 4 = A LU s fLER
FHEIMGIEL 0% ~ 8.4 %, FHIE N 4.3 %, FLEEE K



WA A R U BH e R R A H 5 2% 5 A 1397

B2 BliAH LA 3 SR AR 25 A H BE fOWL R AT B R
Fig. 2 SEM images showing the major storage spaces in lacustrine shales
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Fig. 3 SEM images showing the primary storage space types of interbeds in lacustrine shales
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Fig. 5 Differential evolutionary patterns of pores in lacustrine shales and their interbeds under the influence of both diagenesis and

hydrocarbon generation (modified after references [ 19-24,30])
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Table 2 Statistics of geochemical parameters and reservoir physical properties of typical lacustrine shale sequence
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