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%) B4 TS U ) ARG e 32 e U 1) % Ak B (Mutti et al.
2009; Li Chunlei et al. , 2012; Shanmugam, 2013;
Cao Yingchang et al. , 2017a) ; it BA BT 5% & BL7E #H
X PO AR 2L sy o AT Ve B 1) 0t 3 A W 0 ek b B A 8
Fe LR R SE I SR A4 3 32 B ] AT P R
e 85 e 7 B9 V8 T W JE 9 (Baas et al. » 2009
Sumner et al. , 2009; Haughton et al., 2009;
Craig et al. , 2020) . 3X Fft i 3 % 16 JE B 1Y 8 Jo 1
JE UL 22 5 i DOBUR & B A L i BUTE il i A
R PSR S 1 = el O 1 B R L RTINS A
Pl AR 2 (0] 22 5 AR B 5% AR i, 2 5O N E
TR EF M E (Lowe et al., 2000; Talling et
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TE BRI D S B A RE RE R R R R B R R K
P 3 H UL s H2 hy it 3 R0 65 i 9L =2 T 1 3 3 3 44 T
B R A B A 2 0 8 B2 s H3 Ul BT R e i DU AR
WA R B R & R B A 6 e s He £ 2%
JEE R O Y B R UL s S 2 i i B A
PR BEUIRL, Talling(2013)IA MR G HMAEZE H1 5
H3 2158 B BUZ 4544 B Ry # W, 1 H H1 BTl
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R BIE5 00 B4 TR R, R 2 L 8 3 A 3t R
KB W E ISR A S )2 TR AE SR AL A
ARSI T W AT (Talling et al. , 2004,
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Tian et al. , 2018; Fonnesu et al. , 2018; Pierce et
al. s 2018) , AH I AH 5 b, iy A4H I 48 R T A4 3 0
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et al. , 2017a),
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AP (Jin Jichua et al. , 2019a; & 1a), i i 42 i
399, 108 VG R 1M Sy SR 1) ol AL R B 2t L 2 AL AR AR —
BV P4 1] 8 R B R JE A L AL BE R 2% L AL KT R
AL T A SR, MU B R T _E AR O K AL D
4 JFE I 41 (Yang Xibing et al. , 2019), JV#E 4l
B AT RUE — 25 Al 43 Sy = B B —
Bt 3 AN UURRET ], i, 33— Be OB e 109 4 365 1 2l 5
FUIE R T K K HE i iR (8 1), 3 H &
TR EENERE .
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Fig. 1

Location of Weixinan depression and Ordos Basin and distribution of sedimentary facies
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(a)—Sedimentary facies distribution of the first member of Liushagang Formation in Weixinan sag; (b)—sedimentary facies distribution

of the third submember of seventh member of Yanchang Formation in Ordos basin
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X ity A W8 72 B 7 38 U AR 2R AU I (Yang Tian et
al. , 2015a, 2019a, 2020) , 4 YR WF 5T TN h 90 73 £ 38
AEAEVE S E T I A0 JOT R S A e % R O L AR R
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K Bl 51 454 (Southern et al. , 2017; & 2¢) . (K& F
MR VTR L, WZ11-7-4 H,2182.50~2183. 33 m {5
J3E DX 18] £ o S RY LRy A0 5 GURR O 3 5 S UL
SR G R KL B IR NI SR B LR
Z/NT 5 em, BRI F S Te Bl b, )2 00
BUPH) LT & E 8 A i ab e i 52 F8 s DR
T Ui ) 55 U FR 8 1 #73% (Yang Tian et al. , 2019a;
Bl 2d), BT iR RV Z 40, 7E WZ11-7-1
F£,2521. 13~3231. 95 m JF B X [A] , i A 0L 51 A4
OB 51 R i Ay R D o 4% i O 00 B Bl e 2 2 il Ut
DR RRUIR G 2 H1 B B e B i it
T L DR 51 6 R & F 4 2 H3 B e |
AN ) JBE B AR e 91 28 Y DN O AR R 1 M AL ) EE
1R IR A ZFE A )2 (Haughton et al. , 2003, 2009;
Talling et al. , 2004; & 2e),
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Fig. 2 Sedimentary characteristics of gravity flow deposits in lacustrine basin

Ca)— i P4 g 1M1 B » WZ11-AN-6 , B (A2 0 4 3 4 7 5 I 08 ] DL 25l 3 3l ol 34 ] D 6 R /N BB 2 b R o v A Bk RN SR 4 8 TR M R
Cb)— B PH R MTBE  WZ11-4AN-6 ., 3% BRRLED 5, e R — R 30 3% 7 80 R R 8 0 O R R 5 (o) — T P P 1M1 WZ11-4N-6, =28 JEL )i 22 53 I
AR AR A 1) S B e i 0 5 TR ) R 0 SRR R TR 2 bR R B IR D ORI AT 2 B H R R R B R 51 Ta-Th Y
M 4L A (D—IE TG M, WZL1-7-4, 0 8UZ FUR B W2 B b a5 iR e B m 4165 (o —HVE g B . WZ11-7-1, T PCik b 5 U0 &
e A 5 IO 2L B 114 A2 25 AR DU R 4 2 1] 28 5 (D) — SRR 2300 4t 39 96 A PR b U8 VR 2 S [R) 46 ol 1) A 6 WK BT U2 K B 5 (@) — BB UK 22 36
Ao I 96 He L BRARED 5 5 7 TN TR U 5 5 28 e i, T 43 BOR WD A B R AR U A BB s (o — SRR S A st K 96 L DU R E A

S A 3 O AR R 1) e L o T 08 5T T AR (R] B D ST OB B S HOR B R B8 IR W B TURR R AT R R R (R R 3 )3 41 Ta-
Th {2404 5 (D—S8RZ Wi da s, K 96 H W EUZ A F P MZ M E SR A E N A G (DS /R W, 3k 96 . F i PR A
L ERPOIRVE B DUBUT S R 1] 21 BORED A DU Y B R R R A e A B R

(a)—Weixinan sag, WZ11-4N-6, deformation structures are common in the overall sediments, with curved slip surface in bottom, step minor
faults in the lower part, sandy injection and crumpling deformation structures in the upper part; (b)—Weixinan sag, WZ11-4N-6, pebbly
coarse-grained sandstone, massive bed with internal floating round mud clasts; (¢)—Weixinan sag, WZ11-4N-6, stacking of three sandy beds
with different thickness interbedded with thin bedded muddy deposits. With massive bed or weak normal grading in the lower part of the
sandstone and parallel bedding in the upper part, which compose the stacking of Ta and Tb of Bouma sequence; (d)—Weixinan sag, WZ11-7-
4, thin bedded sandstone with ripples interbedded with thin bedded muddy deposits; (e)—Weixinan sag, WZ11-7-1, vertical stacking of
bipartite structure sequence with massive sandstone in the lower part and muddy sandstone in the upper part; (f)—Ordos basin, Cheng 96, sand
and mud mixed with step faults of different dip; (g)—Ordos basin, Cheng 96, massive sandstone sharp contact with underlying and overlaying
mudstone. Floating mud rip-up clasts are developed in the upper part of some massive sandstone; (h)—Ordos basin, Cheng 96, Stacking of four
sandy beds with different thickness interbedded with thin bedded muddy deposits. With massive bed or weak normal grading in the lower part
of the sandstone and parallel bedding in the upper part, which compose the stacking of Ta and Tbh of Bouma sequence; (i)—Ordos basin, Cheng
96, thin bedded sandstone with ripples interbedded with thin bedded muddy deposits; (j) —Ordos basin, Cheng 96, vertical stacking of bipartite
structure sequence with massive sandstone in the lower part and muddy sandstone in the upper part. Mud rip-up clasts are developed in the

upper part of massive sandstone
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LA S Y T K G CHEE K 2% B Ak ik
3b) o €0, 45 ] L 6 Joi g 7« 5 W K ok i S 3 Y
Ze A 1 FE A (Southern et al. , 2017; Porten et
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Fig. 3 Sedimentary characteristics of gravity flow hybrid event beds in lacustrine basin

Ca)—H PH MR - WZ11-7-1,2517. 52~2518. 16 m, = J23 5 1 T J7 IR & 5 00 )2 B A ) 1 vk TR 6 5 10 T2 00 2 ) 2% 85 () — TR /4 g M1 B
WZ11-7-1,2511. 53~2512. 30 m. YURZSM T iR & FAF)Z 5 (O — P A MRS . WZ11-7-4.2171. 72~2172. 39 m. BUZ G5 1 ) i 18 5 241
J2 B R [ T UK T A S 2 1) 3 16 2 5 () — B P 7 I . WZ11-7-4, 2189, 31~2189. 80 m, WUJZ 45 4 T 1 I & S5 12 M0 B 1 25 (o) — SR
Z WA 3 96 1. 2023. 30~2024. 01 m, WZ L5 T FIR A F M2 s (D—SR/RZW A, IE 40 #1441, 05 m, SUB L5 T J) IR & F 4+
25 (@) — SRR ZW 4 T 40 HF . 1442 mu UZ S5 T D3R & 300025 () — SRR Z Wi 44t . 3% 96 I 2076. 84 m, WUZ S5 M T Jy i ik 5 1
JZ s (D SRR ZHT M 9% 96 I, 1976. 14 m, BUZLMFE PR G F )25 (DB /R ZIAE M IE 40 . 14414 m, ZJZ G E T IR G 9
i

(a)—Weixinan sag, WZ11-7-1,2517. 52~2518. 16 m, tripartite structures gravity flow hybrid event beds and vertical stacking of hybrid event
beds with different period; (b)—Weixinan sag., WZ11-7-1,2511. 53~2512. 30 m. bipartite structures gravity flow hybrid event beds; (¢)—
Weixinan sag, WZ11-7-4,2171. 72~2172. 39 m, bipartite structures gravity flow hybrid event beds and vertical stacking of hybrid event beds
with different period; (d) —Weixinan sag, WZ11-7-4,2189. 31 ~2189. 80 m, frequently interbedded bipartite structures gravity flow hybrid
event beds; (e)—Ordos basin, Cheng 96, 2023. 30~2024. 01 m, bipartite structures gravity flow hybrid event beds; ({)—Ordos basin, Zheng
40, 1441. 05 m, bipartite structures gravity flow hybrid event beds; (g)—Ordos basin, Zheng 40, 1442 m, bipartite structures gravity flow
hybrid event beds; (h)—Ordos basin, Cheng 96, 2076. 84 m, bipartite structures gravity flow hybrid event beds; (i)—Ordos basin, Cheng
96, 1976. 14 m, bipartite structures gravity flow hybrid event beds; (j)—Ordos basin, Zheng 40, 1441. 4 m, tripartite structures gravity flow
hybrid event beds
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R 53 R 22 2 45 K B3 45k RO B LR R S
FF R =R (B 4), Hoh, SUZR S5 &
TR A F R — R N A DR R T R
)25 5, 2057 R TR DURR B oo R B R F B Ui R
JCJEEJE (& 4b) F1 R & T AR B o0 2 /N F B E U
FITIE B2 (] 30)

Z 245 E ) R & F 72 5 Haughton et
al. (2009) $& H (4 B 1 7 0 2 AL, o 1A IR B 43 A1 AE
0.3~3.5 m ZI[Al, EEERM N FH HL BEA EFHK
H3 Bt 2 ) £7 76 i U 3 7R U0 LB B 14 B 165 A8 8] 2%
. BRI EE — A 20 cm; FHF HI B FH
K E H L, B H3 Berb iR A e YR S e .
AR I St 5 R (& 3a.j, & 4a) , H3 Bl g Ik
MR UIRIE ) HA 5 HS Bras . Ui
BT R R F 1 BT AR BT IR B 1) L) 5 4 U
BEFUZEZ)Z B UTBURRIE AL B A B 43
MTE 0. 3~3 m Z[A], F#8 HI Bk 2 Hulk , itk
WIE R LH H3 BRI A VLR 2, b ab
S B e WS TR AR S R E 2 A5
() H3 BeA A AR (& 3b.e, [ 4b), FIBUTALHAIC
JEEE/N T E AR UUBUA TR B AU S5 IR S
FAF R REARREE A TE 0. 1~3 m Z ], H M #8 HI
BORAR R YO MK IE A & B 5 B H3 B R
b2 s e DU AR Ry L b D o A B L8 0

0.3~3m

+—(0.3~3.5m
groradiHENE

JE TG UR I A5 a0 WL (& 3g. iy B 4o), M H R
I R G R RO ER BT o E K
TR AR TR B 0 R BE R )2 45 40 E ) IR A )2
(3 ] & L R R EE Al /T 0. 01 my, R A]
k5 m(A 3d, A 4d),

AN TR 23t 2R R R IR A 2 R R
TE— & 22 5 VI R M B i D s 2 — LR B )
TR G FHF 12 22 12 G546 F1OBLIZE 25 1 6 UL 48 D A1 %%
R XA G5 LT B UURR L OT R R T LR
DURRBA TR B o 3 AT RE G 78 17 [ 66 AR 7 B 3 JE 00
AED i 20 48 325 05 2 A TR G S R HT B &
H. SWREWBEMER A 7 B E N RIRGF 2
PLBUZ 2540 0 3 A8 UL 22 )2 45 46 R 28 B2 2578 5
JEEER LU U BRI /N T BB SR T R
L ATRESE N 11 22 b TR R AH X 55 1) 7 3 3 2 A
TIREFMZH HIEMAKH .

4 EIJRIR G IR AL KT

552
4.1 ENREBEESEHERENE

TR A F 2 0 B DR BB BUE AE AR AL
Z 141 (Cao Yingchang et al. , 2017a) , U] 4
(PR T R S )2 1 R A A A R 1 A i
SEE . T BB Rl R 9 7 T ) TR A R DR AR

0.1~3m
0.01~5m

3 R 2| L S Ak e L i
Fig. 4 Typical types of gravity flow hybrid event beds in lacustrine basin
(D—Z 2 E N TIREGFI)Z (D—BUZ4 M HE N RIRGFM)Z HLEE KT H3;
(O —XMZAEEMTE I iR -G F 42 HLEE/NT H3: (D—BZE MR G FHEMEE R

(a)—Multilayer structure gravity flow hybrid event bed; (b)—bipartite structure gravity flow hybrid event bed with the

thickness of H1 unit more than H3 unit; (c)

bipartite structure gravity flow hybrid event bed with the thickness

of H1 unit less than H3 unit; (d)—{requently interbedded bipartite structures gravity flow hybrid event beds
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Fig. 5 Formation mechanisms of gravity flow hybrid event beds in lacustrine basin
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Co)— i A 2 S5 DU R L 181 XU 45 4 T ) ik R & A 2

(a)—Multilayer structure gravity flow hybrid event bed caused by flow erosion or liquefaction;

(b)—bipartite structure gravity flow hybrid event bed caused by flow expansion and deceleration;

(¢)—bipartite structure gravity flow hybrid event bed caused by differential settling processes

S 22 T B il b XA R S RIE A S 2
R AT 93 4

2 J2 S5 K 1 E 1 R A R R 2 O TR AR
PR SR OB AL R (T 5a) . R 8 HIT B 5 R R
b2 22 8] T e B A 452 ol % fih ¢ R (& 3a) ] L H
H3 Beh e s i 28 W % 2 2 2 A 5% =B 0 A
o ) T O3 U8 e 1 208 SR A Bk B A ORI B B OR T
Je LS IO A0 R KL D Wk A R (A8 301 e R (A
S5a) , X LEYEHRIR AT BEFE 75 1 Ui M TR L s LR
L E 3R 18 A A 0T 10 T3 OIS 1) i A Sl A T L 4R S U
JE e s AE ST T 1) b s R A B Ak B B
A VT Iz I AR b R B AR, B R 8 A
I 2 e Ak Sy Ul o R JE I UC AR O IR & R 1 2
(Haughton et al. , 2009; Yang et al. , 2018;

Sa), MANFEZZEBZEME IR G F4ZM
HI1 Bt A2 7 K it 1 3 B K Gl 3E (8] 3a.b.e,
5a). )z KA R K AR AT RE LR T BOR & FE 2
TE SR . B AG UT AR AL A an S R TR L
08 L2 URR A v 2 3 3 O AR LR R HCR BT
(18 3k 7K P 2300 2 b3 1 B 8 B T AR AL A L 5 3
Ve a3 MR U & # 248 (Li Shunli et al. ,
2017) X FIIE B0 T B U 25 40 2L T8 1) 30 4 R A
Z BT 4 il R AE S FR s T A 2 R . TR
K AT FE T RE 4 5 3 B DR i R AR T B, R
R B A B KT AR A s A T M K A i
KB PRI 5 R 2 0 w0 e 52 P R E
JRIR A S E)Z (Higgs, 20100,

T A Ul 3 ik 5 SO T AR AL S TR IR DT AR R T
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Fig. 6 Distribution characteristics of gravity flow hybrid event beds in lacustrine basin (the location of profile see Fig. 1b)
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T U B ) N B ) (Talling, 2013), # )
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SRR U 72 IS SR S0 B R UTE » b2 Ui A
HT T3 Jo 5 AN B 0 e A S 8 SR T R (U8 AL T
HEPR I 25 DU DT 4G BT B DT BT R R T

HR TR B TT IR B2 Y B2 S5 TR & 1=

YE ST 18 WL B T R 14 22 S UL R A e T T
DURR IR /N T L B UAR 0 8 L 4 BUZ 4544 T
TR A F R T RE A (&l 5¢) 0 — 7 i - % Rl
THOLT H BeJR BB Bk o 3 A S s i 3 19
TERLFY (& Se) s 5 —Jr i, Fe EaR iy H3 Br—Bs 2
BOR YR 2R ik 5y CIR HLa] WL 23 3 WO U A 4
7 HAT —E B AR SR R Sy e 5 RE T IR (R D TTUAR
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PR B b o URL B HE L 7R R AR R AR R R Y HI
Bt (Sumner et al. , 2009), MENZRREGHNZE
e [0] | Y 25 B0 ] RE I O % B R 2R Y ) ) iR
BEFz.

4.2 ENREEEHERRER

P RCERAY R o = 1A 1159 W S o Ve
2T O B O P D (T S (T o i
Br o P R TR U VD s 2 — B ) IR A )2
KB H M AHE WZ11-7-1, WZ11-7N-2 1 W11-
AN-6, 057 T B /K B g i U0 AR 1Y G v A0 Ah [ A
1) 5150 /K 2 W 4 b B 4 7 B & ) iR &
PFZ R B WA A HEPE 191,95 270, 81 225, I
403 96 FN/F 63 SE S, YA T AR X IR 2 O
PRUTF A %k (B 1, B 6, Ta) . BT . IA A 18 7
H IR A FFZ 0900 A6 5 A E R A 2
(89 53 A B ZEA » 32 2 40 A 75 5 7 It 0 AR A A X
vit 5 1 2% (Haughton et al. , 2009; Hovikoski et
al. , 2016),

30 A ) S G e R I U s A — B R
BB AL RS L 23 A B DT AR D A v 1)
%5 DR R A SR 38 W U (8T 6) . bR G
BB MR A S5 2 R A BORL, HT BOR B B
KT H3 B AR B i s o b R 2
WAL CE 6) o WM R . AT T U )2 T
fa] , A0 A J5E B2 vy DLRR DR B 8 4l HL Be 5 H3 Bt
JE R 2 S /0N R ) JBE B2 2 e b TR 2 B
AR R O ORI 2 1 (8T 6) o D A et
M 1 T UUR Y oz T 1 o AR IS B BB A 0 L UL
FRYPRL A 40 . HT B H3 BeJs i 25 S s/ HoJot %8
HIZ(E 6),

T LR R0z J7 1] 5 T AR S 380 190 BRI o, B
T3 AR B4 4 Tl BE g 2 T U8 5 B SE TT R B LR
TR & R 2 i R R R L B 2R S5
HFEUCRF T HI BJR KT EER TR H3
B A1 J5E 8 5 I A I B 5 ) 6 o AR A Gy R o 9 555
3B A A DAy AR I K D s PR ) XU 5 ) TR
B RAF)Z R G SRR R AR R A BT s T AR
T H1 BREARR R T BRI ST H3 B
JELBE 5 Bt Vi A 1 E — 25 Wi is 5 D Bt AR ) Y i —
HAUTVE » 75 TR S I8 3 5% A Ay e o 148 T i 4 T JUAsE
28 S U KR A TR & o R 2 A5 2 0 — A0 Wk
TESULAR O H1 BUR /N T BRI BT H3 B
AR T B 5 0 5 A J2 OO ] A A %8 B ok 3t 0 AR B 7
SR JE UL % (Yang Tian et al. , 2018; Pierce et

B 7 Rl AR ) 4 o R S dE R 2 R E IR PR X
Fig. 7 Depositional model of gravity flow deposits with
development of hybrid event beds in lacustrine basin
() Jy i 1R 5 444 J2 7 10 23 A 5 AE 5 (b) —F 3 i iR & FFE
BT 45 4 B S A R AIE 5 (o) — T J7 R 45 S 7 2 6 ) i 45 4 % ) A
FRAE 5 (D — g Uit 8 & % 18 J2 A0 X 1T i 5 s I AL 90 AR R AE 5

H1—WZ11-7-4; H2—WZ11-7-1

(a)—The plane distribution of gravity flow hybrid event beds;
(b)—longitudinal profile geometry and distribution of gravity

flow hybrid event beds; (c¢)—lateral profile geometry and
distribution of gravity flow hybrid event beds; (d)—sedimentary

characteristics of gravity flow hybrid event beds in proximal and

distal; Well 1—WZ11-7-4; Well 2—WZ11-7-1

al. , 2018; & 7b) ., 7EIE H T UARY 2 Jr ) (14 8%
NI P E N S DTN WA Rl WV S e R > [ R TR
3z fik ) FAZ IURE J) de o B BUR Ik B Dy LR
BRMZZ 25T IR A F )z, LLUR &8
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8 i LR S R AE 2 A O A
Fig. 8 Characteristics of gravity flow deposits core withvarious formation mechanism interpretation
Ca)—JMH P4 R M B » WZ11-7-1,2508. 63~2509. 20 m, T8 3 J UL FRA) 55 85 B R 5 (o) — b BT A g i o 181 e 7
Co)—b JoT 148 Ji8 AL B8 ey 8 8 e 3k 0 AR 5 08 I 148 8 O AR e % o il PR A B 5 (D — T g Tl TR 6 5 0 2 L R A R
(—R W& T ARG E S WIRA 2 DUREF A1 58 S 0 17 £2 58 43 75
(a)—Weixinan sag, WZ11-7-1, 2508. 63~2509. 20 m, Photo of gravity-flow deposits core;

(b)—interpreted as the deposits of sandy debris flow; (c)—interpreted as vertical stacking of sandy debrites or

high-density turbidites and muddy debrites; (d)—interpreted as gravity flow hybrid event beds;

(e)—the lateral continue distribution of gravity flow hybrid event beds, lower Cretaceous, Lingshan Island
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8b; Shanmugam, 2013) ;7% Jo i A H) 1] H TR
FATCYR BT 2 1 R A D0 T L AT LK LA B Dy R R
0 Jo 14 T3 e AR B e A B v O AR, B S e B 4 S
WULFR (K 8c; Liu Jianping et al. , 2017); {1 R 1A
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B TR TR 1) RS A1 Ay BB AR (J 8ed s fE 0 i
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BRI R R 70 A0 PR IR A F AR
TR AT FE K P8 (Haughton et al. , 2009), 401 WZ11-
7-1 vt B A A ] T AR BR T A T AR )2 A A ) |
AR B A6 s T H y S Y A TR 5 g5 R 2 DU AR (J&]
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et al., 2014),
5.2 BEARNMBBSYBRALZBT

i AF) 7 E ) R A A TR B R B 6 iR
DURVE L AR 5P R 277 AR IR R 2 . i
THEADWE A FM)Z L H3 B2 DLl Bk 5 il
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AR R R AIG DA T P B 1) b ) O 1A 03 B 2 L 3
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FEIREHZ BRI 20 Y0 LL B AR X I AR 5 R
G A K (Amy et al. , 2009), B, 78
R A S O L R T 5 E R R
PR SR 5 1 AR STy 7B R ) R & dE AR 2 H3
Bk B ok i TR i (] 9a) . HLKN L i B
TR T R S F )2 H3 BAE N AR R Z 4
B - AN TR A M 2 S BOB IR A B B AR T R T %
il 2 I 5 AR R G R 2 HS B ma i MR H
PR BE L 3673 5 P & 8 0k it A4 O sl ) BELAS A L e %
A3 B AL i TP I TR T K U7 %6 (Amy et
al. , 2009) .

Wi AR ) % 5 3 IR S R )2 0 B IR
T UCAREE R AR 5 T & 7 A T R R R
L G BRI R N B R VI A RR P = A ==
B T A I A R IR (Qiu Zhen et al. , 2020) 5% T 4450
182 P DURR L PR A o T K B T A Ay kL 30 AR i)
FERCH ML & A 22 31 8 A (Schieber, 20165 Song
Mingshui et al. » 2017; Yang Renchao et al. , 2017b;
Boulesteix et al. , 2019; Davarpanah et al. ,2020),
20k T 3 R T R A B R S R R
BUBT  HGTAR YR AL R0z T8 A A 7 S 73 A KL AR 5
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et al. , 2016; Baker et al. , 2017; Craig et al.,
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(a) (b)
9 EIIWIRAHEMETIBUE M-S AR W B A R

Fig. 9 Conventional and unconventional oil and gas
exploration significances of gravity-flow hybrid event beds
(a)— S WIR A F 4 Z UORUE AUl IR AR S 7= SRR 2 47
Fh ML I 96 I 5 (b)— T Iy iR A F A B TR B R A
R 7R P g B WZ11-7-1 JF
(a)—Gravity-flow hybrid event beds bad for conventional oil and
gas exploration, Ordos basin, Cheng 96; (b)—gravity-flow hybrid
event beds benefit for unconventional oil and gas exploration,

Weixinan sag, WZ11-7-1
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Abstract

The formation and distribution of hybrid event beds, common in lacustrine basins, is significant for
understanding the evolution processes of gravity-flow., conventional and unconventional oil and gas
exploration, and development of deposits within. Considering the gravity-flow deposits in the first member
of the Liushagang Formation in the Weixinan sag, and the seventh member of Yanchang Formation in the
Ordos basin as examples, the sedimentary characteristics, types, formation mechanisms, depositional
model as well as the oil and gas geological significance of hybrid event beds in lacustrine basin are
discussed. The gravity-flow deposits in the lacustrine basin include slide and slump deposits, sandy and
muddy debris flow deposits, high and low density turbidity-current deposits, and the common hybrid event
beds. Three types of hybrid event beds are identified including sandwich structure, bipartite structure, and
banded structure. The bipartite structured hybrid event beds can further subdivided based on the thickness
difference between the upper and lower division. Sandwich structured hybrid event beds are mainly caused
by flow erosion or liquefaction and located in the proximity of hybrid event beds. Bipartite structured and
banded structured hybrid event beds, which are located in the distal part of the hybrid event beds, are
mainly attributed to flow deceleration and expansion, and differential settling of detrital grains in a muddy
debris flow. The vertical stacking of different beds with the same internal depositional unit composition in
the core is a reliable identification mark for hybrid event beds. A lack of knowledge of the formation
processes of these hybrid event beds may lead to a misunderstanding of the depositional processes. The
development of hybrid event beds adds to the depositional heterogeneity of gravity-flow deposits, which is
bad for conventional oil and gas preservation. However, the fine-grained deposits caused by hybrid event

beds are good lithofacies associations, which is the sweet spot for unconventional oil and gas development.

Key words: turbidity currents; debris flows; hybrid event bed; geological significances; lacustrine

basin



