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Abstract  Gravity flows, including coarse-grained and fine-grained gravity flows, are the most im-
portant sedimentation processes in deep-lake environments. Fine-grained gravity flow sediments hold signif-
icant potential as unconventional shale oil “sweet spot intervals”. The distribution characteristics of fine-
grained gravity flow sediments within sequence stratigraphic frameworks in lacustrine basins are of great
significance to the prediction of shale oil “sweet spot intervals”. Through systematic comparative study of
gravity flow deposits and sequence frameworks in major lacustrine basins in China, it is found that gravity
flow sedimentary systems are mainly deposited in high accommodation sequences. In the lowstand systems
tracts (LST) of the faulted/rifted lacustrine basins, coarse-grained gravity flow deposits are developed at
proximal sublauctrine fans and thin fine-grained gravity flow sediments are deposited at distal sublaucus-
trine fans. The distribution of sublacustine fans is controlled by valley and syn-sedimentary structural slope
breaks. Fine-grained channel-levee-lobe systems are developed in transgressive systems tracts (TST). Un-
confined-channel sublacustrine fans are developed in highstand systems tracts ( HST), and fine gravity
flow deposits are distributed in distal sublacustrine fans. Large fine-grained channel-levee-lobe systems in-
fluenced by flooding occurred in transgressive systems tracts (TST) of down-warped lacustrine basins. On
the steeper slope of syn-depositional flexural breaks, fine-grain sublacustrine fan systems are present. Both
fine-grained sublacustrine fan systems and fine-grained channel-levee-lobe systems can be deposited in
highstand systems tracts ( HST) and lowstand systems tracts (LST). Fine-grained gravity flow deposits at
distal sublacustrine fans and channel-levee-lobe systems can form “sweet spot intervals” of shale oil. Mud-
flow deposits form “sweet spot intervals” of foliation type, fine-grained debris flow, fine-grained turbidity
current, fine-grained hyperpycnal flow and fine-grained transition flow deposits form “sweet spot intervals”
of lamination type and bedding type, while fine-grained concentrated density flow deposits only form
“sweet spot intervals” of bedding type. Fine-grained gravity flow deposits are favorable “sweet spot inter-
vals” for shale oil exploration and development.

Key words high-accommodation sequence, fine-grained gravity flow deposits, continental basin,
shale oil, “sweet spot interval”
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Fig. 1 Tectonic outline map of Jiyang depression, Bohai Bay Basin (A), the sandstone distribution map of sub-lacustrine fans and

deltas within lowstand systems tract in sequences of the sub-upper member of Third Member of Shahejie Formation (E,s;) in Dongying

sag (B), the lower sub-member of Third Member of Shahejie Formation (E,s)) in Zhanhua sag (C) (after Feng et al., 2013,

2016) and structural profile of Dongying sag (D)
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Fig. 3 Stuctural schematic and sedimentary facies maps of the First Member of Qingshankou Formation in Songliao

Basin (A), and the Seventh Member of Yanchang Formation in Ordos Basin (B) (Fig. A is modified from Meng
et al., 2016; Fig. B is modified from Chen et al., 2021)
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Fig. 4 Lithofacies association of fine-grained gravity flow deposits within the Fengcheng Formation in Mahu sag, Junggar Basin

(after Feng et al., 2023; LA1 to L A8: Lithofacies association of fine-grained gravity flow deposits)
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Fig. 5 Gravity flow sedimentary pattern within high-accommodation sequence framework

of faulted lacustrine basin (after Zou et al., 2023)
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Fig. 6 Gravity flow sedimentary sequences within the First Mem-
ber of Qinshakou Formation and the First Member of Nengjiang

Formation sequences in Songliao Basin (after Zou et al., 2023)
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Fig. 7 Gravity flow sedimentary model within the First Member of Qinshakou Formation and the First Member of Nengjiang

Formation sequences in Songliao Basin (after Feng et al., 2021b)
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Fig. 8 Fined grained sedimentary sequences within the Third Sub-member of Member 7 of Yanchang Formatiom in Ordos Basin



‘(IM K

952 + W E

1% 2024 4 8

(FSS2) | K-S 24 s (FSS1) | Je)d . Bib
JEMZ 53 A ) e Bk b e (ASSL) | By b s . Je)d
KSR B b e (SSM1, SSM2, SSM3) 4
B E AL A S (LAS) (K 8), AT LIk R Sy 2
BRI AR MR IUTAL (Mulder and Alexander, 2001)
JE0.2~1.0m, FEMKEEAILT K, 404 fEKiE—
be—Jemt R & Y K T8 30 . 5OR 2k MY O
(Feng et al., 2021b). & A& JZ M By 20 &
(CSS1) ., FRBHH KA (CSS2) . &8k
ARIZ AR 0 5 AR A A S LA6 (18 8), R
R TEIWARIRA =M, 25 2L TRE IR A,
AR DR AORL M 46 5 BE R U (Mulder and Alexan-
der, 2001), JF£0.2~0.8m, Bk & 1£/K il 1) JE
#, HEMKFEEL 2~5km (Feng et al., 2021b; Chen
et al., 2022) . W& BWPJE BB BT A (SSM3) |
AT AR A (FSS3) | ~PATEUZ WTE A &
Ak b a (FSS9) . & Y 8 R 2 340 by b
(FSS4) | BORIZBEAN M b5 (FSS2) | “FATLUZR 4
krtba (FSS1) | PORSEHTSUZR kb s (FSS3) |
TSR Aok b e (FSS3) L & K JE B b B e e
(SSM3) , A A A A LAT (B 8), LIKE /D
R IR ZE 54038 A R, JF B ) B ARHLUA ) bR
AR RS FREEHE , sz o, ARER T SRR
HEACHH G 1 006z 5 B 1 DU AR P 21 . R EZY 0.5
~L.Sm, SpATIEKIER N %, SEMKEL S~
10 km, 24 R R7 B AR 40 B, 3 Fh 55 5 9 U0 BT 91
WA &8 R 5 B0 H o 3 5 .y 3 30 s A g T 7 A
2 FL T (Mulder et al., 2003)

D WL R B IR 22 3 4 M AR T A B 2% AR
(BT 0.88°) K73 ERIIHER, Hil
B LUR B POIRZ B BORZSHZ B . EHRE
JZ . CPATEUZ . MK G S O RRAE, R A W
o, R T 5EEZ A K IE—5— 2 iR & 0
o WAV BCBE RN (B 2o 1.24°) (B & &
4, 2022) FEELHHBMAE ., RITRY BN
L OBE AL bR JeRIRE M SE, R
T MR TR AT = A DR BT ) AE R E
JKTE B I8 6 B TTOAR

iR HrERN], SRS 7 B3 WEJE
FPUURR, S R B s R, DUARAE IR g K18
HOARRLIIIE B o ZRBCIF M AR E R B S Iz A G )
KIE—Sg— MR R o ZFHIE S R T G — B

e — Bt RUZ PR AR TR (I 7)o ATl 2 b 2 S8R 22 3
AR T B 3 WER UL, ZH I i i &
I Sl A ISR 1 0, ) 2 VS R e il T A
T, T 2O %Y RS2 B T A £ 9 R B
KT HIZAEEHKAERIZ

3 ARNENRALPAIERBRMIT S

OB RERT RBEIRAFE

T ok X AR Y TR =B MEM R A
HOFD [0S MR AL . BAIT AT — B R B DA%
SR T A K T B 3 B R I G
i) 24 e VR ) LB AR IE S 00T, R LR 24 A
9 W T UL RUE A A LASE , R AR
TIRBUBUT S 45 7 65 B 8) . ULBUT IR
52 B AT R 43 b ST B K

3.1 Tial ‘SRR KB

e OB EE G AT, VEH KB40k )
WMUBFSI B T WM () U2, BYUZ. /b
RIZH 3 RZHRM, —RZHMRHEZ R A
JZMIEA, XTI AR E B, X 3 KR
XFRE R X LB TR g2 AL A
R 3R TUE M CEE BT (). BEREE
B, 28 2 B R X Ry Y T R A B
H55 R E AR LB E A A A (R 1) .
TR AR U Z R T 0~ 1.0 mm, 2y B sk
W2, MAZIEEANT 1~10mm B, #5E S
JZ (Potter et al., 1980) . BRI F K DLTESN (K 9-
A, 9-B), WZUZFIELL)Z 322k AR R T AR,
A ST H 0 AR )2 B S0 A AR A B T T
“HEEE BT BN TTHEIAL RSB, hRESUR A
B TUA T BT RO SR BT
B AR RIEEA T 10~30 mm ff, AJ Ay
BN JE B, B AT R R AR g B . X 2
RE/NUZHE A B U LSBT RO )R
HATUE M CHSET (R 1 B9,

3.2 AEHANEARABIEAERN TS
B AR
3.2.1 ZRAIFHMER
BRI ARE R AR B, ENlE T
2o FE IR B & B A7 AR N Z () 55 1) (Talling



‘(IM K

H208 4 YA KR o T R340 B W A i T 2 N s ) 2 AIDRE T 7 R OB M T T A L 953
x1 RPAPNRRERESTER “HAER” £8
Table 1 Beddings and “sweet spot interval” types of deep lacustrine fine-grained sedimentary rock
2R/ NS
22 24 i R i “ 5 B
7 . 4 =] oA L BN Sk AL P ¥ N e %&ﬂ
K A7 2 BER OB Wk oo gt 33875 ES
B0 /1 i /1
I J2 4 91 /18 7 2
SIS ] L RHER \ e o g
Gugre  KF o EE o GUSL mmR Wk wk ke pemmaess SR
=k BEa R R ewm gm pEm gEm Mg hm g (RS R
1~3 cem) i) — U R R
Wb A Y A/
452 5
MO (MR KPR gﬁ’i‘fﬁ BB R MR
ERE1~10mm)  HUZ AV mgz gz gz Bl Or TR RS SR
ks )
B 8 A
ey WG B B B SO BBR, SR
ST kPR e 8L WL T
/NF1 mm)
T N FHPEU (408

] RE AN K IUTE IR uR/ R i

5 1EH i

W )

et al., 2012) . P AT WA 2R FE/N T 1 mm (1) 453
W g /PS8 WA 2 R DU i A BT . R
MEZ B Wb B /DB T 82 A, VLA e & K9
e e (K 9-C) o P W ReE 4 2R 1 ~
10 mm f ¥y 05 J5 . 98 8 5 8002 B 00 aah R
B, HURRAE S R RPN A0 )2 TUE R A
B MR

ANRLTE T Al T RGE I D BT &, BETE U2
RIBE 1~3cem MEERZEB (K 9-E) . mbE . %
JERZ /N RZ A (K 9-F) . A . kb g iz
HARIEEUZ (K 9-G) , B Uz BB K 50z B it
ail CERET (58 1) o ARERNIE TR L) T i
CRHREET, RIOYA P AR R T
Yo e ke s (AR RESE, 2023), DISR/RZ M
A T B3 W EJZE OB, % vUE I Rl
B Ry & B A 50% ~75%, JE % —# 0.1
~1m, fLBRE 2% ~6% (4 2),
3.2.2 ARERFABRER

240 R Yok 3L 1 S O SR T R RR R R A A AR R
Wi (Mulder and Alexander, 2001) . i B9 2%
18 1T K RETE 1 AT LWL 21 14 2000 0 AR b 2 ) FAAE
MR AZ (K 9-H) . S i ok 55 2B K B L IE
wAr & 50 2 ( Mulder et al., 2003; Tian et al.,
2021), EREUZR “WABT (K 1), kiR
TLRE RGO, XS R R A AR 5 | B iR 80z (1 9-
1) RZE(E 9-1,) . ZHZH (K 9-]) . &5
REUZE (K 9-K) | Jeih 72 J2 #L40 by b & (18] 6,

LA3; [& 8, LAT) . ZikLi i F1 5 5 i A & 0l 55 g
T RAE 33 28 R SUZ (& 9-H)  H1Z HE Y I8 i A b
kb a, DL Ak s R LA 51 (18 6, LA3,
LA4; [ 8, LAS, LA7) ., JE&UZARPe ik wh 5 e
JEUZAR A /A BT, SR Z Ak 7
B3 WBZEF R, & R A BT RN R
0.1~ 1.0m BB ib e, KREFTH Y T & 50% ~
75%, fLBRJE 2% ~6% (3 2) o JZBERUMG b T2 Bl
JRRIRIGUA R R BT, DASRR Z Ak 7 B
3WEZIT A, Z)Z R TUE M CE#S BT K
FEORZ B, PRS2 EEZAE 0.2~ 1.5m
ZHB b E, KO, ART ST EKRT 75%,
fLBRSE 3% ~10%, & itk fctf, 2 E27 )2 (R
2) o PEBFFE,  AORL MR A S E U U0 AR A S0Z B R
SRR G R BT F R E A ] A
(8] 2 7 (K AR 2R 38 (TST)  fe Rz mi i, %
JAEME BT IR A Z b BE AL AT B A 55 4 B (Feng
et al., 2013, 2021a, 2021b; B %7 77 %, 2022).
E 20 A Y 3 A e U S 0 B )2 R G i
CEEAECT, TR R R RCOR M DUE I R R BT
ST DUE IR T R R BT R AR
3.2.3 ARRBEER

AIRL T A RE U 2 R B B AR A 3R G P R
(Mulder and Alexander, 2001) . i % A &K ikiiz
PRE Sy, WO R A R B s (& 9-M) I
JeJE A b (1 9-N) B )= B 20 4 b
HULRF 5 (18 65 LAL; 8, LA6) ., ZIUTHF



e

954 + W 2 F R 2024 % 8

A—IK V- BIMEBUZ TUE ,2486. 2 m, H—Bt, Gy3JF; B—WLUZEE KR IUA, 2854.2m, K7 B3 WE, Y285 0F; C— Wil E sz
#, 2492.05m, H—E, Gy3 I D—MEBLURRE, 2407.8 m, FH—B, Gy3JF; E—@ & BTN, 1827.9m, B, L242-
L5 F—Hy b [ R R IR 2% RUBUZ 43 A  BTM b 5, 1963. 7 m, 5 —B, Zylh JF; G—#yib)s (H) . RIBLUZRBEM A, 2515.5m,
— B, Gy3 b 1, BRZEBRB S, 1192.91m, K7E3 W, D214 I 1, WRGUZEWRBEHEE, 2509.3 m, FH—B, Gy3 Jb; H—i
BHUR PRI A, 1660.0m, 7 Be 3 WBr, N228 Jf; J— PR B A ib A, 1177.39 m, K7 B3 WEt, D214 JF; K—@#Hikaz
B, 1959.5m, H—E, ZY1 H; M—sh 2B 2 aba, 1429. 14 m, K73 WE, 7240 3 N—SREH A, 1821.62m, K 7 B3
W B, Zhuang233 #; R—Z H)JZH RIS &, 2266.8 m, K 7 B 3 B, Zhu80 H
9 MR A T A g A ()2 AR TR S M B R B e
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Table 2 Shale oil “sweet spot interval” types, mineral ingredient, physical property and genetic interpretations of fine-grained

deposits in the Third Sub-member of Member 7 of Yanchang Formation, Ordos Basin
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