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Genesis of deep lacustrine subfacies laminated shale and influence factors on
shale oil mobility in Cangdong sag. Bohai Bay Basin
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Abstract ; The laminae, the fundamental sedimentary structure of deep-lacustrine subfacies shales, have an important influence on the
mobility of shale oil. This paper is a case study of the Member 2 of Kongdian Formation in Cangdong sag of Bohai Bay Basin. Com-
prehensively using the testing techniques such as X-ray diffraction, Rock-eval, X-ray fluorescence spectra, advanced mineral identifi-
cation and characterization system, high resolution field emission scanning electron microscopy, and N, adsorption, the paper ex-
plores the features and genesis of laminated shale oil at the micro- and nano-scale, and deeply analyzes the controlling factors of shale
oil mobility. The results show that there are mainly five types of laminae in the study area, i. e. , felsic laminae, calcareous-dolomitic
laminae, clayey laminae, analcime laminae, and mixed laminae. The average thickness of felsic, lime-dolomitic and clayey laminae is
approximately 250 pm, 125 pm, and 65 um, respectively. These laminae mainly develop three types of laminated shales, i.e. , lami-
nated felsic shale, laminated calcareous-dolomitic shale, and laminated mixed shales. The classification of organic facies based on
fine-grained sedimentation indicates that laminated felsic shale originate from freshwater depositional environment with strong exter-
nal input, whereas laminated calcareous-dolomitic shale are formed in saline water depositional environment of sulfur-rich carbonate
and evaporite. This reveals the differences in efficient hydrocarbon generation mechanisms between laminated felsic and calcareous-
dolomitic shales. The further research suggests that the mobility of shale oil is jointly affected by both organic and inorganic geolog-
ical factors. The conditions favorable for the mobility of shale oil is as below. (1) Shale has the moderate total organic carbon con-
tents in the range from 1% to 4%, with the maximum pyrolysis temperatures in the range from 435 C to 450 C. (2) Gas-producing
kerogen is developed in shale, rather than oil-producing kerogen. (3) Shale possesses higher carbonate content compared to felsic
content, large pore diameter, and low pore specific surface area. This study is expected to improve the evaluation of “sweet spots” in
continental shale oil and guide shale oil exploration and development.
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Fig.1 Sedimentary facies distribution,structural profile and stratigraphic characteristics of the Member 2 of

Kongdian Formation of Cangdong sag in Bohai Bay Basin
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Fig.2 X-ray fluorescence spectra of typical sedimentary structures in the Member 2 of Kongdian Formation
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Fig.3 Lithologic ratio in the first to third submember of Member 2 of Kongdian Formation,Cangdong sag

0 A 100

0 25 50 75 1000
KER /%
(a) KER. BN LY =TTHR
& 4

TR/ %

100
T scEwm
Hr s — s
o mEM
80 +
O i
70 -
60
50
40
b4 4 *
30 +
L
20| ®
10 - &
0 .13

Rk KA MR BZE KB Bk &% MG Bt
H A =TA i I 7Y

(b) 257 YER I

ERMBLAZRYEERTUENT MANK

Fig.4 Mineral composition of laminated shale in the Member 2 of Kongdian Formation,Cangdong sag

2.2 BEHLEkHFEEFAE

FL BRI SRR U B DL IR AL 2 R 2 E00
Fo (L SR B - AE 3 REUZ R IUA K3 BT U 19 8 A
B (TOC) {34 25 BEARXS B &, 292 2. 75% (&1 5(a) I
B (S) &R/ K = i vUA H e » 35 31 4. 93 mg/ g,
MTEIR & B U E ik, Ry 1. 76 mg/g[ & 5(b) ] T %
R S0 7 A e RO B 6 A Il BE (T ) FA $5
B L) TER DT TUS i P 244303k 5] 442. 65 C
1 366. 82 mg/ g, M TE K 2= 5T U1 5 H AR F- 344301
439.97 CHI293. 01 mg/g[F 5Cc) & 5(d) ]33 K42
RIS AP B Ay UL, B FELE 5Ce) ],
2.3 QUEMT YMEHFLE

A H ORI BT LA 1) ] XRF 43041 (K 2)
R4 A P Hr 72 % CAMICS) 50 1% 50 (I 6) . 28
F AL Z BB BUZ R TS PR DUS TF R T 84 2%
Foo X T B AR ) 53 19 S0)2 R T HOIR 5T 7R

BUEER AR B E 2R HEARES A
PUTUR BB AL X . O B8 g b B 34 0T 5 1 80
KRR Y FHAE 2 H B BRI U2 AT T =
XF Lo AR A2 R R BE W 2 R EE R B )
G U 5 KR,
2.3.1 KEREE

K BT8R 2 & 6 T KB T4 (AR X
T 50% . BUZIEEEEK 8T 4 A TE 150~300 pms A
MU RN FEREG TEBAA LT 8 58 Bk 5
FE DA AL UK TC R TEAR S s 04 UKL - 3
BAR RIS 45 5~10 pm; EZ 09 il A7 968 B A7 0
KAMBRK AR R DA H oA 8H
AAME LY R A ) s KT R R A
A AR X 2 N 62, 08% (14, 30% 1 7. 00% , 4
BUBR AR S50 16.27% . KA A A 12 K 3
SUR NI BCEVERILIE 6(b) @],



808 ral i 2 Eird 2024 4F 5 45 4%
7 8 800 : .
ol > BRI — B - | > RERES — PR R=03% °\R.=05%
T $dpsE O % T dEE O M : 2
R 5t ~ 6F 700 +
> =5
EE 4r TED 4+ )
o 3 <
Q - 3L 600 |
=2 Dol =
1F 1k e
& - 0 s 500 -
KEFETE RERTE KERTA KEFERE BRERKE KERTS Eo
TR TUHAA £ 400
(a) (b) t;
450 800 -
et 300
446 _ 600
444t = 200 -
2 4t g 400
Hé 440 + =
438 + o 100 |
436 200
434 | I
432 1 0 0 1 1 1 1
KRS BERIE KERITE RERIE BRERTE S KERTE 400 420 440 460 480 500
TUAKA TUERE T/ C
(e) (d) (e) TUAANRAR
FTOC—BA WIS —WEBI S s T I AR WE IR In— I8 HGR,— BRI R,

5 ERMBAZRIERTENANBKEESH

Fig.5 Organic geochemical parameters of laminated shale in the Member 2 of Kongdian Formation,Cangdong sag
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Identification of minerals,organic matters and diagenesis of shale in the Member 2 of Kongdian Formation based
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Fig.7 Pore size distribution and pore morphology of typical laminated shales in the Member 2 of Kongdian Formation
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Fig.8 Occurrence states of shale oil in pores of the Member 2 of Kongdian Formation in Cangdong sag
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Fig.12 Correlation between the oil saturation index and organic-inorganic geological factors for laminated shales

in the Member 2 of Kongdian Formation
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