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Differences in geological characteristics and sweet spots evaluation of marine and
continental shale oil: a comparative case study between Wolfcamp D shale oil in
Permian Basin in north America and Gulong shale oil in Songliao Bsain

Liu Yuxi', Bai Bin', Cao Jianzhi’, Wang Rui’, Zhu Rukai', Meng Siwei', Hou Xiulin'

( 1 PetroChina Research Institute of Petroleum Exploration & Development; 2 Sinochem Petroleum Exploration & Production Co., Ltd.;
3 Research Institute of Exploration & Development, PetroChina Dagqing Oilfield Company )

Abstract: The global technical recoverable shale oil resources are 2512x10°t, and the cumulative crude oil output from shale series has
reached up to 3.9x10°t in 2021, which has grown to be one of the major fields for global petroleum exploration and development. Based on
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the geological conditions and sedimentary characteristics, the “sweet spot” reservoir of continental shale oil in China is classified into three
categories, i.e., interlayer type, mixed type and shale type, among which the interlayer type and mixed type shale oil are the main targets for
global shale oil exploration and development. Recently, breakthrough has been achieved in the exploration of shale type shale oil. However, the
sweet spot evaluation urgently needs to be deepened to provide a basis for achieving benefit shale oil development. Therefore, the geological
characteristics between the Carboniferous Wolfcamp D marine shale oil in Permian Basin in north America and the Cretaceous Qingshankou
Formation Gulong continental shale oil in China are compared, and the key indicators for sweet spot evaluation of shale type shale oil are
discussed, so as to provide reference for the exploration and development of continental shale type shale oil in China. The comparative study
indicates that the two sets of shales are dominated by felsic shale and clayey shale with high clay minerals and quartz contents, and show
similar geological characteristics of formation overpressure, relatively light oil quality and high brittle mineral content; The reservoir space of
Gulong shale oil is dominated by composite organic matter pores and bedding joints related to a large number of clay minerals, showing better
connectivity than Wolfcamp D shale oil but slightly poorer organic carbon abundance. The geological sweet spot of Wolfcamp D shale includes
organic-rich clayey shale and siliceous shale, while the engineering sweet spot is the organic-rich siliceous shale based on the fracturing results.
Similarly, the geological sweet spot of Gulong continental shale oil includes organic-rich clayey shale and felsic shale by using evaluation

indicator of retained hydrocarbon, and the engineering sweet spot is the silicic felsic shale.

Key words: north America, Permian Basin, Wolfcamp D, Gulong, shale type shale oil, sweet spot characteristics, target optimal selection
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Fig.1 Division of structural units in Songliao Basin (left) and lithologic column (right)

(modified after references [17—18])

T B M T T S LV P A 5 T R 2R P R
I, fER)iE X5k Delaware k&, Midland 1K 7
GRS Val Verde ik (Bl 2 /£). ARA—
—#& % Wolfcamp £ = 22 Ea Bl T T & 2
%, B4 fE Delaware {k #Zf0 Midland k&, &
FEZoh 600m, (RPEITAE B FNs A 2 BURFAE I _E F
TRk 4 BE, 43R4 Wolfcamp A, Wolfcamp B,
Wolfcamp C Fl Wolfcamp D, Hr, Wolfcamp D
BIAMTUAERRE TEY BRI, HRiE
JUBERE— DRI L L T3IBR(E2A) ;
F 25y A {E Midland ik 2 7 S FZR ED,  Hh R R
73 500~600m, FET 2 G L) 80m, S E
R BGIRR T, HOHER K RURHRRE, HRh
1900 ~2900m,

2 il A U 2 D it R AE X L

Fo83 L 2 by o 111 B 1 2 2 i L 10 2 3 2 A B AR R
G — RIS TR S AR A E &, At
KB EM A IR ZA Wolfcamp D B T W A v 48 i

i 2 b T T B — & & A LR e o T2 i IR e 8 240
R 5/ EikiR s R BIE TUS UURMR . 38 (ER™
PR, EHEAA . I HERIL 2R T AL,
AEALBASE T PeB s PN B PR 55 075 A 12 D]
E‘k%ﬁi ( %% 1) [12,20,22—26]0

2.1 ARFHHE

NI AT WH K E, T A Wolfcamp D
BUaB R0 E & w A S A B AR,
AT HURRIA L E, 7/ FRE N, SiEa
R, Hd, & ZH Wolfcamp D Biff4H 1A
B e Eh 4% ~61%, F1h 40%, IS &
3 3% ~66%, FHhy 34%122 2 ST S fh ol g M B
B A AR T AR 0 & & 17.4% ~ 58.9%,
SR AT%, ABEE R A 19.2%~35.5%, FIh
30.4%, SR E, BT ERSARS R ZMYE
0%, FFfRAT. A RER LTy FAE SRR A

M AEHARTE, T 1 Wolfcamp D
B U T A 38 o0 K 3 5 0T R R T A (1 3),



58 oE Ao B R 2023 4F 28 %%

WE HM1 GR TOC Al Si Ca Mg

k

elan
I~ \/\/\ Pl
P WA A M A
Wiama

N MW,
e
| Wi
A

1%

/

A

T —

Pl

§

=

A

AN R A JY)

V

Midlandk# .

T

[V

Ozona 'y

\ \
|
\ |
N \
\ !
\ \
| :
;
\ !
~
\

Wolfcamp DEE
o R £ HORE A2 AR RN
E VU TG I:l o Hrﬁmﬁm@ BLRRICE U

F 2 & TEAERTRAE () K& Wolfcamp D BetZ ekl E (F)  (FEICER [12,26] Bik)
Fig.2 Division of main structural units in Permian Basin (left) and stratigraphic units of Wolfcamp D member
(right) (modified after references [12,26])

AN

¢

S
&
K
4
‘g@
&
Wolfcamp D
=B
e L‘A‘/rh\r/\/\/v‘\\//‘
MR AN A~ A
ANIV) SN Y SUS NSV N WA PO

o
bad
D
pud
M
3
e
bl
N

&1 Wolfcamp D SUATMAN G 2 SUA MRS ERT LL R

Table 1 Comparison of source rock and reservoir characteristics between Wolfcamp D shale oil and Gulong shale oil
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