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Mechanisms for lacustrine shale oil enrichment in Chinese sedimentary basins
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Abstract: By analyzing the tectonic and sedimentary environments for the formation of organic-rich shales in China’ s
continental lacustrine basins, we identify significant differences in the development of high-quality continental source
rocks across various types of lacustrine basins. For shale sequences deposited in fresh-water lacustrine basins, the main
lithofacies are felsic and clayey shales, as observed from the 1" member of the Upper Cretaceous Qingshankou Formation
(K,gn' section) in the Songliao Basin and the 7" member of the Triassic Yanchang Formation (T,yc’ section) in the
Ordos Basin. For shale sequences developed in a saline lacustrine environment, however, carbonates and evaporites are
dominant lithofacies, as represented by the Paleogene Shahejie Formation in the Jiyang Depression. There are three
types of lithofacies assemblages for Chinese lacustrine shales, that is, the shale interbedded/intercalated with sand,
mixed shale, and clayey shale. These lithofacies assemblages determine the hydrocarbon source-reservoir coupling
characteristics, differential evolution of hydrocarbon generation, and property differences of in-situ fluids in the
lacustrine organic-rich shales. The shale interbedded/intercalated with sand assemblage is characterized by source-
reservoir separation and near-source migration. The mixed shale assemblage shows macroscopic integration and
microscopic separation between source rock and reservoir. In contrast, the clayey shale acts as both the source and
reservoir of in-situ generated hydrocarbons, featuring pervasive oil distribution. As revealed by evidence, inorganic
pores provide the most favorable storage space for lacustrine shale oil in medium-low maturity, and form effective pore-
fracture networks for hydrocarbon transport together with multi-type and multi-scale microfractures. Self-sealing capacity

of shale is conducive to the in-situ or proximal preservation of shale oil and gas. Comparison of typical continental shale
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sequences in the Chinese sedimentary basins indicates that favorable source-reservoir coupling, suitable thermal
maturity level, and self-sealing capacity of shale are the major controls for oil enrichment in lacustrine shale. This study
also presents a preliminary model for differential enrichment of lacustrine shale oil in China. Therefore, the laminated
shales in medium-low maturity in gentle slope zones and the clayey shale-rich strata in medium-high maturity in deep
sags should be prioritized in lacustrine shale oil exploration in downfaulted lacustrine basins. Moreover, both the shale
interbedded/intercalated with sand and the clayey shale in medium-high maturity are crucial to making breakthroughs in
lacustrine shale oil exploration therein.

Key words: lithofacies assemblage type, pore-fracture network system, source-reservoir coupling, differential evolution

of hydrocarbon generation, self-sealing, enrichment mechanism, lacustrine shale oil
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Fig. 1 Maps showing the sedimentary facies distribution of primary argillaceous shale strata in the three typical Chinese basins selected
(modified after references [7,10,25])
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Fig. 2 Envelopes outlining the whole-rock mineral compositions of the representative lacustrine source rock sequences in Chinese

sedimentary basins
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Fig. 3 Lithofacies variation of the organic-rich shales in the lower submember of the 3™ member of the Shahejie Formation (Es™ section),

Dongying Sag, Jiyang Depression (cited from reference [5])
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Table 1 Lithofacies assemblage types and source-reservoir coupling characteristics of the organic-rich shales in the Chinese

lacustrine basins
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Fig. 4 Data of the 7" member of the Yanchang Formation (Tyyc” section) in the Ordos Basin: lithofacies/organofacies classification for

shales in terms of mineral composition (a) and composite stratigraphic column of a typical borehole (b)
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Fig. 5 Data of the 1" member of the Qingshankou Formation (K,gn' section) in the Gulong Sag, Songliao Basin: lithofacies/organofacies

classification of the shale (a) and Rock-Eval pyrolysis parameters of a typical borehole (b)?
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Fig. 6 Data of the 3" and 4™ members of the Shahejie Formation (Es*~Es* sections), Dongying Sag, Jiyang Depression: lithofacies/

organofacies classification of the argillaceous shale (a) and composite stratigraphic column of a typical borehole (b)
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Fig. 7 Data of the Lucaogou Formation (P,/)in the Jimusaer Sag, Junggar Basin: lithofacies/organofacies classification of the argillaceous
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shale (a) and composite stratigraphic column of a typical borehole (b)
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Fig. 9 Evidence of biosignatures and organic petrology for the differences in depositional water-body environments and dominant biota in

the organic rich shales within basins in central and western China
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Table 2 Basic geological parameters of typical lacustrine shale oil reservoirs in China
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(E=X) (F1719)
KPRt e MR RSk 2000 ~ 2 700 1.20~1.70 0.77 ~0. 83 50 ~ 2 000 1.20 ~ 1. 60
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1344 £S5 KRR R

Fa4 B

Wi, B o JR 28 B A A AL DU R B TR e
TMIRTER -MEb AR EhEE, K7BRIUAHZE—
J Sk R R AR AR AE )2 R T R — M 0. 6 ~
0. 8, k- 4HabaJe )22 2 AR F i 7 5 [ A, R 68 T
HRR B F B (S,/TOC 28K T 50 me/g) (K 4b) .
PR, & A HILJTE U 0L T i 2 2R - i b 5 e
JZRE PR EEAEER . —

3.4 BhHETUAEHE SIS i FAR UR

KRAEWFFERM, U R R AE 5 3 B A7
FEE I ES . TR R —IRAT T & A LR AL
DUBVA R A5 TOC B 3R 0 0 R 0 B8 5 Al
BRI IUA . 5ECED A MECEICA I, A
M EEE— B R A R R RALBUE B B R . L
JUE I, 50U T AR - TIOKR G LB R GE i ALk AR —
B/NF 1 pm, S YRR LR R 2 BN T
30 nm; 7E & A HLT U, SAPLUTAECHfLAE R4
(AN PR A el 4 4 RLTR) 8% B2 AT BOE LAY
AYLR BN AT , FEUA R TR - Ko 14
B 8] FR) 5~ W B A T G S50 i U 2 S . PR,
PATBAE T 1 2 = il < A B PR AR T3l <A U 0T
PRI R TE AR -BOR R ALEE R e R AE T
TMREE b, AR A v A A PR O — e H A 8
G I R B 2 00 A 1 TR 2 R BATRR
8 B GRS 0, WM B R Y A T R AR
B MY IR TN TR 2GS , M2 8 |
T TR A H] TR B AT R

ARG LY 5E 3 B DU Tl A A 2 UL R
T, ] DR B E T8 2R ARG T T S | DX B A T
JIEAR T AR5 B B, L M i ) A AR
JE SR AR TUA I AR PR T2 2 R B AR
T BRGS0 B AR 26 18 5 1 AR L, 5 HERE AN i P
B X S PR CREEIE AR R 2R DA Rt 5 T
AR BT ) e il A Jm AR s 4
AT, R DO % 1 g sl S LSS AR 2 Ay
TEERZES ISR Z R MS 91T sh s ke s,
TERATIR AR R AN -5 R AR S5 R8T, BIE Al
TR HFF ORI E AP A TR R . R,
% BT AR AR 2R A 52 2, Bt A TTOARUA 2
Sif AR 35 R A - 2 4G SRR SRR T, SR Rl AR
BUERH RS SEHLIE, N7 AR pUE e AR

AT AR BB My DIR  Ca
A G TOC ARIENE i) 28 SLBUE B B |
B R TR A A e RR R R B R

JE AT RS A PO DU R AR
B AN R AT 5 25 A () i DX 5 9 1) A 7 P I v
Ze5 o I XSS BN ARSNE T, T DU e
T 3 TR R O A PLBARLIURA 1A A, %
W TR R 2R B AR S RGN DR ER
SR AL s @B , S T R EEA T AL A T
K BCE B AR s O R A LB A KLU A T AL i) 4
PR PR AVE R S S b2 B A 5 R S S
JZ - 2L I ZR g X e Oy XA TEAR R AR B2 B Bl 198
PUA R ZR B TP RUE A . R, TUBUE A R E A ik
YA, PR P RV T, 101 S 2R 1 R R
Mo PRI BUR OR)Z) KT B A e A
g T A et R B A A R B D5 1]

TP 17 LR DRI I T80 230 Rl A 40 1 180 G Jl
A R A SR RS T I R N RS =
EARE IR ZS (8] AT AE W A 22 5 o X P2 St
JREE AT LT DU TR AT T il s SRRl B
AR, NI DU 6 ARG R AT

LA FR e vb  b S B =R S B ),
J1E A LT e J2 28 O vl a0 22 i AR B I A 1 2 0
U MR 2 S s MU R 7 LA NGO T O T2 1)
DUBUAR R (&1 11a Hh B9 A1) FIN I BB E R TR
PRZR (B 1la Y A2) B R IR L — 55 K D2 36 1 TR I
DUBUREIX W B R A ) 2 00 8 25 i o ShEoL e S b
W A (A L) 2 0 B I = % 1) 2 22 Al
JRALAKARTE B B AT DL A = &R (A2) R AR
B WA USRS A AR B AT SR ) B A LT -2b
T RIRERSUZ * —ou a5, A A Tl AR AR,
BRI AR B B 2 F AR o TREE X (A3) I AR IT
PR & B LA IR R, 2 T — 2P R
ZR P =i AU U U

5 AN TR] , 5 58 22 19 R R [t A 350 o ) 4 1 B ) e
M7= 7 B IR IR R 2 R T B A L DU T
I, Z AT BB RIS A R K s sA AT
ZROKE RO AT, AR D a5 R U
T 7 3 Bl oA R T BB Ak (AT 11b) o il S5 7K 2 38
FHA T B TR - TR AR 8 (0 5 RIS (B )8 e 5 =
F N AT %A e FE 7 S ORI A T DI A -
fitf 245, TR 4G 7 B 0 J2 28 PN i s 7 i g 4
PRt T E g B, K 7RI TR B D A e SR
HRTE MRS BE R Wb/ HE R 3R 2 iy B
FE A% )2, 70 SR A5 2 B0 b/ LB iR
TS B 2 22 i 4 4t b — ey FRC A U i e AR A T
T, 2 H AT E 2 BT PR R S s (18] 11



ol

SROBT, A5 BlAH DO R PLBERS 1345

a. [l AR T B

Al RZHI B
WEER

A2 WUEFRIESZAR

TUATURA R
A3 IRIEX KT &
DURA R
b. BRI
Bl = ffHaT4 B2 /i B3 B LR TUA
WEkR IR AL TUBUA R SEHRS
4 — | ~

BT BEARM G AR AR R 2R 5 A e AR
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