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Geological characteristics and exploration of continental fault-block shale
oil reservoirs in the Subei Basin
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Abstract : Continental faulted basins in eastern China contain multiple suites of significantly thick lacustrine organic-rich
shales of the Mesozoic and Cenozoic, thus boasting abundant shale oil resources. However, these organic-rich shales are
extensively dissected by faults, resulting in multiple isolated fault blocks. This is a big difference compared with the shale
strata in North America in continuous and stable distribution, and poses the challenge to obtain stable commercial oil flow
in exploration. Based on the investigation and comprehensive assessment of the lithology, and quality of source rocks and
reservoir of shales in the 2™ member of the Funing Formation (also referred to as the Fu 2 Member) in the Gaoyou Sag,
Subei Basin, we hold that three suites of thick target intervals are developed in the Fu 2 Member, which can be explored
and exploited as a whole. Given the current geological conditions of the target intervals, faults, and fault blocks in the Fu 2
Member, we propose an idea for fault-block shale oil reservoir exploration, that is, to have long laterals landed within a
single or across multiple target intervals within a single or multiple fault blocks. Considering the correlation between fault
throw and target interval thickness, we divided the fault-block shale oil reservoirs into three types for exploration, that is,
the continuous and stable reservoir, reservoir dissected by micro-faults, and the reservoir spanning multiple fault blocks
with multiple sweet spots. It has been verified through practical exploration that all these exploration targets can yield
stable commercial oil flow. The study results have expanded the exploration targets and reservoir types for continental shale
oil in China, thus serving as a significant reference for shale oil exploration in continental faulted basins.

Key words: fault-block reservoir, geological characteristics, shale oil, the 2" member of the Funing Formation (Fu 2

Member) , Paleogene, Subei Basin

Yo B #:2023-06-08; f& B H #5: 2023-10-02.

FE—EEE N G (1962—) , 5 1 UGS TR i BT R 5T 545 . E-mail : fangzx. jsyt@sinopec. com.
BIEEEE N B E(1977—) 9 4 S TR, iAW . E-mail : duanhl. jsyt@sinopec. com,

EETE : PEAA TR A BRA FIRHEIT &35 H (P21113,P23189).



ol

T3 G ME A5 L R G AR TR R i M SRR S B PR 1469

S| &N e, Rk A BRI, 45 . Tl b B AR DT B B T i M SRR A AR SBR[ . A S AR R M BT, 2023, 44(6) : 1468-1478. DO :

10. 11743/0gg20230611.

FANG Zhixiong, XIAO Qiusheng, ZHANG Dianwei, et al. Geological characteristics and exploration of continental fault-block shale oil reservoirs
in the Subei Basin[J]. Oil & Gas Geology,2023,44(6) :1468-1478. DOI: 10. 11743/0gg20230611.

T2 2 4k T R 2 e S — T B IR A0
B, H B2 72363 Permian 73 Hi 1 Williston 737 i1 45
i A SN 1Y) I | 1 S 11 28 AN T VB LK 208 LRV
FERE BRAF I AR DU 2 ZROR TR, o [ il 2 22
O3 A AR T A 2 B A DU 2 R X B A
T BT 2 b YAk A R BT U7, DA N R ) A 2 5
PEGR Y 5 A 3k A A7 W DD R R, T A T ST
(W B, HLA Wb 8 BE A4S TETRB/IN (AR 135 24 Y
FRAED S H AT 2 B 28 0 B4 I VS 4 b i 2R M)
B T 2R L (FL G A1) — B U /K S R 1) 02 g 22 0 3k
21.0 ~25.4 MPa""", Ji b 73 3th =5 1R 111 4 vy 30 28 B (R
TU) B U KR Y 1 25 3458 12,5 MPa, )
VS 2 M A 1M o vy O R VT i 2 = B R I B A UK
SEWE AN ) 228N, R 7.8 ~ 7.9 MPa" s B8R 1Y 7K -
A I 1 7 25 BRI T 7K I (0 4 57 467, fE i T 62 TR
S0 AR T R T e M B K, e IR AR
S P TR TS A SR T i T I ) 1 2 (R R, 2 2 X
AR T B W E R F T AN N ) S
FAEUIR , 7E B BT SRR AR AT A B PR AN Y
LRl b, 25A A R T 2 TR R 2 T B 2 ] ) T
KFR P T WAL B AR R IR T
3 b L (1% BT B L T B A I A X 4y A T
T BRI AN AT, ek 1A R BB R B AR, L3
Shy v ] i AH D T BRI S

1 HRE 5

Il Hb 2 v 7R S i R T I A b A 1 T A
A8 R i e R A AR i ki A = AR AR TR
M. FE AL DL 1l - K R 2 S g R R O A, T
PLAR IR Wi 4t ke /IS ke S A, g SR A e B AE , R
B BT AL AR (8] 1a) TR 24 3. 5%10° km?, A HIZE
I3 T W4 W o RN 48 B 45 3 S AR B B, X R T AR
M- T H (Ke-Ef) R H- =B (E,d-Eys) |
AR (Ny) 55 322 (B 1d) o 324 AL AT
FUR RS, e ot — o s ) iz 2|/
THRIB(KA) B B(E ) MR (B )3 R E
W -URI ARG AR TUA )R R P B2 DUA R R
AGIE R, AR T S A R PG AR B, 2 DA T

e NN Bl = (VAR

BBIRUG , 2 )y T R R S IR
S WMIYEZE B, JE M T NEE [6] FE EW (6] 1 20 K [7)
FRBL AR B8 R 488 (R 1 1 1b, B 1e) , 3
Hh SR R T A U Sl W S A A 4 A 1 B
BEoUA IR AW, LA IR TG G Rk A ] X AN ]
ST AR D IR, T — F 31 NEE A& [ ik
Wk ASS R A 3, 5850 R BLAR AN KL Z 4R 5 &
JEZANTF 4.0~ 16.0 km,F¥IH 8.0 km; FaENT0.5 ~
4.0 km, ¥R 1.5 km; AU T2 ~ 32 km®, Tl /N T
20 km?,

2 CWTHRAL” G i RR A M R AR

T HIB TH 37 B B A A Sl — 25 TR — 1 BRI A U L
71,2250 ~ 350 m, HhIn] AR R . KRS TR
PESRRRAE, P40 50 A S A WEE (K 2) . Hp, T WR—
TS B3 J2E B 457 30 ~ 40 m IV Z B A VOB S B 433
AT 90 ~ 100 m F1100 ~ 110 m, K4fE A1 L R4 AE
AR an oy 8 AT 104~/ NZ

2.1 BRTUAYHE

e HIS U 56 R — B s AR LA IR € 98 0 2 o 3, i)
Py m ke . Ho T W BN I Bk )2 - Bk g5 4, DL
DEAEYTE . T— VB LLZE-SUZ2RE5 /8 3,
)2 VUM R 0 TR 802 R RS2 KR 2 5802 R
F, R EE H oA 5 MIZ i bk, a2 5
JETE0.3 ~ 1.5 mm, F & A 5B E—BTES ~ 15 em;
SUZRTUA TR 2315 E /T 40 %.

BOBCAOT YA AN KA TRG Haf
MEE LYk £, Hd KIETT0 Y% 5 30 % ~60 %,
TR R ) B B AE 15 % ~ 55 %, B 0 1) & 5 AE 15 % ~
45 % (& 2) , HAT B 5 AR AR T A A, HL DU B -1
JEIRFIUA A i — K 2 iR AR A A (F3) .

2.2 HERHHE

o M TU1T o . — B % €0 Y08 2 AT AL R 4,
A HLER & 8 (TOC) A F 0.72 % ~ 3.65 %, F¥ H
1. 62 %; Ui# B 8 B 1 (S) A F 0. 65 ~ 5. 12 mg/g, -3



Fa4 B

2 n2 MR wie | R
= Lé},; nake: it | AR |
a Wl
Ik R
4N 100700 FR
NN
| [s0-s00 TR
IS
TR
. £ | .0 [100-s0 P
% E.d"1100~900)| Mﬁ'
i : =fA
]
4l BVt
£d'0~900 KF
]
E,f*| 0~5 -
7 0-500 ﬁ{%wﬁ)ﬁ
¥ £ [E,/[150~300) =M
¥ E, 1} 50 ~350 ’*’sﬂf
% ]
Eil
E,fH00~1 100 =M
TR
K,7[70~220 ;’;r\;sﬁ ‘7
gl i
R & |45 |41 [K.0}100-300 ::%W[
) S ik
\~
S i (72 e e A O e e
R W X Y 3 Hp e 2k HRX HARIX — R = e gz A==
(0.7 %<Roe<0.9 %)  (Re>0.9 %)
A L~ R L] [
Jelpu e iR R R e T o BB K RS
e ey Y i R s R = R e I
] o ] = B
WuRE [Fa] iR BRI bE JeRE PeTUE NEEATH
BT R IR Bk AR R Kt SR 2R S AR A
Fig. 1 Fault system in the Fu 2 Member in the Gaoyou Sag and the composite stratigraphic column for the Subei Basin
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Fig. 2 Composite stratigraphic column of the Fu 2 Member, Gaoyou Sag
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Fig. 4 Micrographs showing the primary storage space types of organic-rich shales in the Fu 2 Member, Gaoyou Sag
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Fig. 5 Typical sections and characteristics of three types of exploration targets for fault-block shale oil reservoirs
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(see Fig. 1b for the structural location)
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Fig. 7 Schematic diagrams showing the trajectories of typical wells in the Gaoyou Sag
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Table 3 Parameter statistics of faults encountered in drilling
well HY1HF in the Subei Basin
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