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Abstract: The identification of fans under the para-sequence framework helps to reveal the sedimentary filling history of
continental rift basins, the relationship between sediment and tectonic activities, and to guide the further exploration for oil field.
Cores, logging data, and seismic data are used to study the evolution process, shapes, internal architecture, and formation
mechanism of fans. Fans are mainly developed in midwestern Gaoliu tectonic belt in 1" member of Shahejie Formation, and

expand to No. 4 tectonic belt in Dongying Formation. The fans can be classified into 4 types based on shapes and internal
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architectures: (1) the fans are wide in delta plain, and gradually narrow down in delta front, channels are well developed with multi-

branches in delta plain, mouth bars are deposited close to delta plain, and this type of fans is developed when the faulting rate of

boundary faults is higher than subsidence rate in the lake; (2) the fans are narrow in delta plain, and gradually widen in delta front,

the channels show limited branches in delta plain, the amount of mouth bars are large, but each mouth bar shows a small coverage

area, and this type of fans is developed when the reverse drag anticlines appear; (3) the fans are elongated, the channels show

limited branches in delta plain, the subaqueous channels are unstable, the mouth bars are large in quantity and total coverage area,

and this type of fans is developed when the faulting rate of boundary faults is lower than the subsidence rate in the lake; (4) the fans

are bird-foot shaped, channels are stable in delta plain, subaqueous channels show large amount of branches, the amount of mouth

bars are small, but each mouth bar shows a large coverage area, and this type of fans is developed when the faulting rate of

boundary faults is approximately equal with the subsidence rate in lake.

Key words: Nanpu sag; sedimentary facies; fans evolution; formation mechanism; sedimentation.
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Fig. 1 Geological map (a), stratigraphic chart (b), and structural framework (c) of Nanpu sag
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Fig. 5 The flow chart of the approach for identifying fans basing on seismic attribute

Ik 5 5 X A8 T RR O A DE PC A R

W% o3 A 7 5 K M R RO B O 1 i —
IR B 125 e J S A AR A A 2 A v R A W 2 e
U [ RO TE VT AN Y = b s Sl L R TIR VA
AT LA A 4R A S AR o LR B 8 38 A A
BT Al 3t 72 A BE T BOR UF d R A AR = HmT A
Pt 10 m 2w A9 70 B R L X T e A i
JZ At 3 DURBURS P iy i = w5 A 2 i o0 i BA
3 ORI TR = A O RUR B X Rl s PR
2%,V T B G 1) A AR PR DT RR B 58 A A AR E 1Y) Ml
ZME T AR PE R AT BR

B Ji Pk M 25 Ja A A 1B I 2 Ja P R O A A Y
R BUER R PE (A 45, 2019) | H 2 B — 1) BE s
PER 5y 52 B 2 B0 SR e A — s
P55 8l X BEAT A 5 P A A A B B
FOAHE Y Al 3 PR IE A5, W Sa firos AHE , ANiE
S 1E A G B TN 5C X 2 Jm P AE 5 A VR A A —
FUEBC G 2, PRI, R AR T 5 o, ) A 3 2 5 1 B
SR PR S R0 S i 2 E 2 7 %) BE 22 19 24 31
Y5, 0% I — A PN R MR R R AT R A
AR SR A B 6 55 52 P 55 AR 0 S 2
HEAT X, AP Sb R 45 F 5 e v AU 2 B
— EA R AU A Ak X A [ DY
G PR T B A A, BE— 2D U 2 g A B
A B B R ASCR S BRI Se B R 'R 8 g IX
IR PEER LS, B PR B TR 250 M, T LA SR #E AT R AR Y
K 4 20 ]

4 BRI A A

AR SCHE HEAT B R TR AR AR A S BT 200, 1SR
HRR a5 A 1 7 2Ok # e J2 - 4L R 42 AN & 6 TR
W B bR 2 B BT 8] RAE 5 3 72 B AR S5 A
# 57 SQEs, . SQEd;*. SQEd;*, SQEd, il SQEd, 3£ 5
A =G 1 AE 2 AL A% 4R L IR 50 20 A ofE )2
FRe .

FE SQEs, #5277 41N, e A0 1l DX Bl A 15 22 %
F LV L B I 45 R R R AR
B O B AR S A L 0 T U 2 8 I B VR 4
TE R AN TE AT i = A T T T S DR 2 A 1Y
RS, AN 7 v PS2~PS4 b 9 B AR ST 1T R A Ay 451
B SQEd, £ e JZ2 )7 20, o M b X AR R 22k B
FRALEE I, B b VG AR R SR B IR R AR R
e =R R N N = i SR N R NSRS
b B AT £ & E KR 43 T AR e, T
1 IUAE i 2% HE BT AR, B8 S Al A R AN, IR 7 v
PS5 B —PS7 J AR AT BTk . 3] SQEd, Wi A,
FWEZTA N = X R R RS R E 45 s
W 01 R B R RLASE A%, Bl AR 25 4 I, B = I T 2%
TA) T IUAH B B e, B R AR R TR A A Y
Jid VR I 0] 1 00K RS AR AR A 1 KR A T
o, 2R ERRT, W 7 o PS12 0 ) B AR BT R
SQEd, K SQEd, H1 3 74 1) - T J5& A7 7 1E Bz 9 25 44
B AL, B AR R B R K, BT 2K T 43 T JE AN
FaE , 43 B R B ECR 2, T 3R T4 an A
7 PS19 F Ak



1302 HBERBL2%  http://www.earth-science.net A5 B
R ol SR | WAEY | RS
e PS20 ;
- PS19
0z SQEd, PS18
HsT \ PS17
g i3
o z - PS16
1 7 ?; PS15 %
o s : SQEd, osie
’ " PSI13
v §_§ i g TST PS12 %
“ Eil . PS1I
1% i SQEd, PS10
“ PS9
B e [
s J£ LSt
LS i O T
'f I PS5
PS4
Ps3
SQEs, P52
pS1 *

16 2T 2 R A
Fig. 6 Flow chart of the approach for building the para-sequence framework
FEAL L v i oz B DL 1a

i £4-51
i 1#4-80,
1 2419

1 124-68

PSS —_—

12 km

11 £4-68

PS1211: 11

] #2:4-68

& N
LS
11 12480

i #4-19

i 24-68

i 4-51
1 124-80

PS4+ i

( — Ps2
i 17:4-80

1 24-19

i 24-19

Eo ] = s g 1o
|7

=

Bl s=nnrr [ | w=mmns
AN T2 1 B A A i A [

[A] 1 = s

Fig. 7 Evolution features of fans in different para-sequences

o A 28 0 K TN 44 A

WAL A48, SQEs,-SQEd, = %% 2 )T I
1, 12 X EL AT 5 W 5 R A 2 I G R AR 120

2k 7 16) T ARSI 48 /0 . 1A B4 1 5L A 3 1] 32 )2
I Bl BIR A B A S DR il ) A S AT T T Y
A [0, LV 5L 1) i S A, 3 B O ol U A )
HEN W G 2 J5 AR PRE AN 1K T BREE TS AR SR

58 1Y) 20 A5 A2 Al BT I R 22 S VA R ML OB P A X R A T ALK g T TR 4 D AR SR

PR PRI 25 K oA A 285 4 1) S B DR 3R AR S X 20 A4 1
JZ ¥ 40 B 1A 1) S T JRE A TR 2SN RS R O I

VA B ) S B O DA T L 2 B SR
AR 2, 3 55 Bl AR DAY 1S 614 9T S o D AEE A ) R A O

BAH T AR AL AR SR A RSN RIE A ERRMER L X WIEZ IR R A E T

T PR 25 R L AN 8 T, B A 1) 1 0 P S A
.

B R SR —  BAR B SRANTE N AE TR HE R
eI 1 - % i 2% 009 30T o, B A B 5 D RRUCK 1) i

X 22 B3 32, #E AR &% R T E R T Ok
AT A Jr A 5tk 1 B 58 7K 8l 39Tl , 320K T 3 U T 1E
HEART S B2 0K T 23 i 6 IR OF R W 1
T R 5 AT Ji DX T R R T, R T



41 2 IS S5 . T A 1 A R D S A i T D — BE — 25 A R A R A1 22 i R R DR L 1303
: ) RRLE e
) S !
e PR A Wk | PR | W& | ThRwE | m&E | WO
wohge | e |Epme.| 2ok, | g, | ©gn
- par| iz ik | s | dax | ®7 . i
o i i
s | e | pax, &| murn | gRz,
B ot | A |mpn | R K | & 24 | BIFER
- I % K,
HHUN
R | I | WIS | s, | iEN R | SR,
WE | pEs | Em | e, | v 24 | @EmER
= B WK | % *
WE
SRk | |2 owl | Aok, | e, | g,
i | W, @ | daw | B
m i i % ¢ it
[H] AR 7N

B8 B ATE 25 B N R E H X L 23
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Fig. 9 Formation mechanism and examples for different types of fans
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