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Fig.1 Division of tectonic units in Qikou Sag(modified after Ref.[20])
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Fig.2 Cenozoic sequence stratigraphic framework and hydrocarbon accumulation association in Qikou Sag
(modified after Ref.[20])
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Fig.3 Sedimentary system of Qikou Sag(modified after Ref.[25])
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Table 1 Evaluation criteria for organic matter abun-

dance of continental source rocks in China””

‘ TOC/ % (S,+5S,)/
S -
K —REK AR EK  (mgye/groc)

e <0.2 <0.4 <0.5
% 0.2~0.4 0.4~0.6 0.5~2.0
o 4§ 0.4~0.6 0.6~1.0 2.0~6.0

A

It 0.6~0.8 1.0~2.0 6.0~20.0

by >0.8 >2.0 =>20.0
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Table 2 Statistical table of organic matter abundance in source rocks of Shahejie Formation in Qikou Sag

R

TOC/% S,/ (mgye/groc) (S,+S,)/(mgyc/groc)

R ME T fE fR/ME RRE FHIE /M R RAH P

33
45
90

38

2.38
3.65
5.45
4.73
5.17

1.47
1.69
1.97
1.34
1.46

0.03
1.07
0.01
0.01
0.04

15.15
27.48
61.86
39.68
32.23

6.20
10.09
16.00
7.48

0.17 16.23 6.71
1.35 29.14 10.71
0.02 63.98 17.04
0.02 41.2 8.16
0.04 34.04 6.65
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Fig.4 Relationship between S,+S, and TOC of source rocks in Shahejie Formation, Qikou Sag
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Fig.8 Saturated hydrocarbon chromatography-mass spectrometry of Shahejie Formation source rocks in Qikou Sag
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Table 3 Carbon and oxygen isotope test results and pa-

leosalinity index of Shahejie Formation source rocks in

Qikou Sag
d3C/ %y 8°0/%, St/ B/
H5 WEE/m R Sp
(VPDB) (VPDB) Ba Ga
1 3033.22 Es; 4.44 —5.06 134 0.55 2.71 7.48
2 306535 Es°®  4.06 —5.29 133 0.32 2.50 6.55
3 3123.00 Es®  2.57 —5.33 130 0.46 2.37 6.24
4 312750 Es°  3.23 —6.92 130 0.37 2.39 7.21
5 3254.23 Es® 1.23 —6.82 126 0.34 2.73 7.59
6 329350 Es’ 145 —4.77 128 0.30 3.95 9.61
7 336510 Es®  2.20 —5.60 129 0.37 3.11 6.76
8 3508.59 Es 7.53 —2.99 141 0.38 3.35 7.63
9 1767.40 Es* 147 —4.37 128 0.79 3.75 10.16
10 1770.83 Es*  2.31 —4.40 130 1.76 3.86 9.10
11 1785.23 Es*  3.11 —3.37 132 2.77 4.61 7.37
12 1789.65 Es*  1.48 —4.41 128 1.20 4.31 8.91
13 330550 Es,  3.05 —8.87 129 0.89 3.53 7.19
14 3382.00 Es, -2.23 —10.01 118 0.42 3.11 7.49
15 2899.00 Es,  1.40 —9.09 126 2.47 5.07 7.91
16 351550 Es,  1.22 —9.41 125 0.77 3.06 6.30
17 351850 Es,  1.24 —9.43 125 0.75 2.88 6.14
18 3521.00 Es,  2.04 —9.35 127 0.75 3.53 6.30
19 3658.00 Es, 1.95 —10.17 126 1.21 2.80 4.84
20 3662.00 Es, 1.79  —10.02 126 1.15 2.67 5.44
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Ko FCAR OG e AH ok 2= 4E U0 BB B8 1 A1k I R R
(R O™, SRR, ALK/ B (C, P)BER IL{E
W HIE B 2 A R SR L8 LR B, JF A8 2 2
FITY S BRI IREE PR A W R A L
Co: PEEJR HLABE 290 106: 17 AR 48 XoF BRAT g 2 13T
Wy C,,: PR RN ELAR I T 56 K B 58 48 AL It A 2
MIAFSE , ALGEO % " AR 2 C,, : PE/N T 40: LAY,
EREF AU —WAAIRE ;Y C, P EA T 150: 1
5 200: 1 2R F R JF ;2 C, P T 75:
F4 RREETNIGR (B TH70])

Table 4 Evaluation index of sedimentary environment
(according to Ref.[70])

S ki PP 48 R

JF&fFE V/Cr Ni/Co V/(V+Ni) U/Th Cu/Zn
WE >4.25  >7.0 >0.84 >1.25 <0.21
WAL 2.0~4.25 5.0~7.0 0.60~0.84 0.75~1.25 0.21~0.63
Atk <2.0 <5.0 <0.60 <0.75 =>0.63




No.12

XA E O ETE AW 0 WG A AR R B IARIRIE RIS R ALEE

2031

1A 130 1 Z [a] B 3 2 & & W A4k T ) 81 348 D 19
Wi,

R AR v T] i 2 YR A R T R a2 AR
K UTFR I 85 A A0 38 J A8 B R AH DGR F A, 250 T
RTINS el s i (B T R i PR |
(E116) . MASTEARERGRFE B H M FE v i) i 20 3T

T S A — 0 A A PR B 2 BT B
55 HEF~N

H O, T s Al A2 7 1 s RA A L
Wevk . SUESS %8741 X A #L 5T 32 22 0k U5 T 13 40 1Y)
T2 AR A B DO BT HEAT TAFSE, R4 T
mra:

5 | 1.0 | | 2.0r | '
wE W 5 i P ) ; (©
AT _________ 0.8 i i I i i
! ' 'a ' ! !
L3 WA ! Sy RN B ommmomnnes
@] 1 N 1 1 = | |
~ l | ~ ! »! ~1.0 WA A ! I
> A | | S A AL Lg - | |
T2 N 04 hogeo | foooooooooooe- Fommoooeee
S ) Wi | welk SR
b B e _— |
! L ! ! TR I !
Ak :ﬂﬁﬁ/ﬂi iR Ak ! ﬂfgﬂ’»: iR ! !
0 1 J 0.0 L 1 1 ' 0.0l N I s ! )
0 5 10 0.0 0.5 1.0 0 50 100 150
Ni/Co V/(V+Ni) C,.:P

®Es' OEs’ ®Es™ MEs, AEs,
E1e B OMPEDAEARESRLTERERIEXE
Fig.16 Correlation diagram of REDOX index of Shahejie Formation source rocks in Qikou Sag

r=Cxex1—g) (6)
0.0030 X S°%
KRB AT, g/ (m*a) 50 B T UL %,
g/em’s C AN &8 (TE), % ;S HUTHGHE %,
cm/kas o HFLBREE, %6 o

RS AR ) H R SRR I X TR Y
VECHIL | VH AP = R B AR A A A S R TS
FH T BT AR A 19 2 3K, I 78 X A8 M s Y — B i
S R & Wree SRl i W ) 2V =0 ) /A= W i i L i
BRI T ARK:

R=1237.5297 X C X p X(1 — ¢ )X §™7¢ (7)
A 2408 LRI (6) .

A AL AR A0 R R R DR B AT O ] Y R
AR AN UE  (E A AT 32 K 5] (%) HE RN £8 A7 FL B 45
il o AR 2R S A AR AR X AR I YA A 5 A
TN AT T et , 0 A X it R g A PIL R
) R ) E AT 3 (H R B VR A AL A 2
AH Z o i BB B AR, R A SO ST e T A ALY
B SO % 1 O R I e SR N R AR T I T4
V8 A AT L Ok PR ELAT TR U A R AE o /i N R AT A
S Cog FLI S J2 | Cop FH U] 55 2 20 391 ok U ol W58 v 25
YK AEAY, ]I AR 3 C,—Co—Cy BT
HS be AR X & s RAE A AL ARV . B 17 ek T
Vb n] A 2H R R A LT R R U AR A K A AR

B 5 2 A A

kT 5o B R R T A ML B R R, BE T T Cop
Cos Co BRI 5 908 19 AE U 55 3, T 224 T Co BN 5 Jot
A5 2B & A B (R 18) , N ] DL
PR, ELAR Co B S ot A AR X B AR AR K, A A T
Fil 2 6.01%6~89.34 % , - ¥4 {H Ky 38.25% ,HJ2& Co ML
T 55 5 1) 32 2 0 A X JE) 2 3090 ~50%0 . AR XA
I7i] J22 B R 25 B 1 GE T R B, s, v C I 5
FR S 359 AH X B B , O 3417 %, Hift 4% 2 BEF 3
A, AT 39.58%~40.43% Z [A], 45 2 B
Coo BT 55 J58 B 43 A7 18 00t JE AR [R] o PRI I, 5 S AR
T Coo B0 55 B 75 25 22 BE v 1 - 289 & it R AE Bk VR AT
BT 1 R F 5 i, A IE 2k AT MILRR 50 S B 0 1
W= Jr . KELTS™ MR 46 78 75 2 B K 304 3 Xl
Y NEBEE R CEERM PR B SR
Hoty 2B 7= 1 RN G 3 R F 1 000 g/ (mPa) A F
350~1 000 g./(m*+a) Z [A] . 4~F 200~350 g, m*+a)
Z 8] /NF 200 go/(m*+a) .

R4l A7 SCAF 5T, 57 11 14T 563 > ¥ iy 4 350 30 4 A
DU Ak — T b 8. i TR ME— TR
IR 555 v A7 78 25 A AL DT 1Y) 8 fifk | BAF 1 AL I 0 8K
TG A 7 A BLSE, R B A A LR R
T A RN F R R AR T

AR SCAIF 5 356 B, 11111 AN [i) i DX 174 S 76 8



2032

0 25 25

25

L A2 / ik
203 A/ A
33 A / o AR
4REVE & B M
5k A A A

0 25 75 100 0 25

B 17 B OMBEDAEH AR RS aco20RC,-aaa20RC,-aaa20RC,, #1 &t = 8 E

Fig.17 Ternary diagram of «aa20RC,;-aaa20RC-aaa20RC,, regular steranes in source rocks

of Shahejie Formation, Qikou Sag

20

30 40 50 60

A/ %
18 B HOMBEAEARES C,ANEREENH

Fig.18 The distribution map of C,, regular steranes in

70 80 90

source rocks of Shahejie Formation, Qikou Sag

RO FEAT T A7 1 e . AR WOR
I 11 1M1 v ) A 2 D AR L ol A R 0 A T 33.82~
1510.34 go/(m’+a) Z 8], ¥ K 337.17 go/(m*+a),
HARKE T — 8 E K. ANRZBUOR I, A
2R PR A ALK, Es, 1 Es, OB W00 A7
SEYE SR IR 267.77 go/(m*+a) F1229.50 g./(m*a),
AbF B SR s Es X Es M Es, iy 24272 S E4{E 435100
392.97 g./(m*a) 521.86 g./(m*a)f1320.69 g./(m*a),
FEARKE T 5 E SRR @ T Es, M Es, DU, B Es/’

OB AR 7 3k B 45 KA .

ST B 5T T M g v ) A 2 0 AR B o A
FE B AE AL A, 22 TS [ b XA ) oy A
P gk m A E (R 19)

Wi LE LSRR N A IIFEEI 20, R
R 359 AR A 77 D1 KRR, Ak T E 3R K,
TE Es i A2 7= F7 7K F M G558 g, o] AR 3] oo 35
K, & Es, hEA /N R B Es, B A )
MWK KRB T P E IR, B Es, M Es T
W A A R L R EsS Rl R R 1 KOF
NA— K, 8 Esy B3 kA Es) e, X
FEERW N o B 5-1 1y Az ™ ) B AR KT i i T AR
W 3598, H R b e 3 KU W A Esy bR
Es Ml Es/, 54 R T g 377KF  Es Ul
BEREFKFE . WA AR 78 I, Es, F1 Es*
FARM F B R —E B FRKTY, HEs A 7= Sk
BB F Es,e 1E Es) T IT b Vsl 3 4, n] DLk
F & B FKOT  Es B AR A 77 KO oy KN A
TR IR B A B ] DSk B FR K
o FEEs/Ja M A AR TR IR AR . B R 29
A g 30, [ L 2R KPS A L S
JE BN AE Es) B ik B0 A e ) B RAE LR 3%



No.12 X AEAR S BT &Y B WG W FT A LR R B ILAR IR B BT R AL 2033
MRIE35H: RS- 1 BEROH: WRT8FF 128t
R o LA ¥ - A 2, ¥ R 2 e o 24 ¥ 2, 3
z*m iﬂ};’;fé’iﬁ/(”*/m]ogg @E MEqud_f“jJ/(gr/m 103() 1%52 M,;:]Bui?‘)‘]/(g\/mm&) vr:m im%]fgé?‘ﬁ/(f,k/mlégg %E im%]’;'gi?“j‘]/(g‘/m ]
s 3400 !
2400 |
2 400 ﬁfl | 3800
2600 3600 Es/'| I ]
3800 |y | |
2600 5
2800 3800 I 4000
3000 2800 :
4000 E
200 4000 | 4200
3000 |
4200 .
3400 Es, |
3200, | 4400
|
3600 4400 4200 |
3 400) 1 [
3800 H 4600 - | 4600,
4000 3600 E |
S %
4800 4400 | *
4200 3800 |
5000
4400
4600
43800 G
5000 * )
W R48F i BRI » BB B g2 i [ &5 KEi
e L A | B I L e B B L AL N Sy P I e L | N P T YL

340

3600 340

3601

3800 360

380

4000

4000 380

420

4200 400 440

460

4400 420

480

3200/Es,’| - 3000/l #
3400

3600 3200

3800
4000 3400
4200
4400 &, 3600

4600

4800

oo EE &

4600 440

B 19 1 O MBE AR H

(b)

MEAHET NNE S E

Fig.19 Longitudinal distribution of palaeoproductivity of Shahejie Formation in typical wells, Qikou Sag

W/ AR AL T E SRR o GEMLHAR S A X
KB, Vb I A VTR Es,—Es, oy 25 7= 71K A BT
B, JEA Es R I IR 3 K, 22 B ad — A Se e KA B
A E ] i, E A sy Ja, ol 4R 7 0 SOA BT g <k
FNEME S5 IR I, B 2 Es) 50, A KB

73 o R A5 TR AR P 1 X E Y i AT
A K BRSO O MT I 14T X (Al ¢ 35 0 ) ol A 7 17K
A S AR T A 3t X, FE Aty 2R 7= T B AR AL T A R K

S AV AE B X (B IE 5-1 3F) 89 Es, 3 Es,"F1 Es*
A LLGE B i SR KT B R M (B R 2 1 R e 3
FE ) R A6 U (s TR 48 HFNUs V& 78 I 5 1= TR 8 H- Al
TR 22 ) W9ty A 7= 1 AKOF AR # e, He rpo b ik
[k A 7= o B RAE AT PAGA 3 1 510.38 go/(m*+a) , ik
B IR K

43 ) % Bb A ST R A DX R 48 RN A T
I 1T A T X I 28 F Y oy AR 7R K W IR 48



2034 £ R A W o®x #H % Vol.33
I Es B 1408 42 72 11 0 805.68 go/(m*+a) , I iff 28 MW TOC K Z I, 43 5 it 52 22 H—IE= I 22 H— 1

I Es Br 3 A 72 712 580.82 g/ (m*+a) , 5EiE ¥
JE DX A7 D1 KCE B B T b X, SRR
WU X i U5 T A RT DL A Sk K R S SR R,
AR THEYBRE & T E TRk

6 &R = oA AL KL IR IE A R
= K

T 6 H—TE M 9 H— U I 24 F A I 1 2 R A 1Y
2 1 (D 20) o A 20 Hroe] DL v T

T 2 0 TR A E A I L R [ L 43 A R A AR i Y
e, BACkE, AT E, RES AN &
HA e i /NG 3R %, Es 1R A A LR &
e, 5 LR g B — 8. P b, AR
DX ) G TMT 1K, B DA VY R 2 B X ) 2R b i I, P09

6.1 REEDHGME IR AR SR, B AL S B AW
AR SCAE 5 38 2 X N A3 A 0 R A A B gk S NI, BRI X TR A HER TR A P
122 IR22 1 ER6H: HEHOH: 24
wo| | oA iﬂ%oc w || iﬂﬁumc WM A m/mmc g M| [gamToq g | AH ii@l;oc
o % % /% ()
/m | Bl o—=s5|| /m | 2 o—o—s || /m | B | ¥ | g—e—s || /m| B | # | gme—s|| /m | B | | 0—e—5
3400 . —o :’ 3600 lo
L o 3400 —° 4 000 b Lo
| o o 4
—o o L o
2400 | Y Y R
Lo o e e | o
= —eo i le 3800| Es
3000 . 3600 — Es, o =l
— L4200 L -
2600 i — [’ e
—o e o e
3800 —o —° Lo 4000 .
Es, [ _|}3800 o - Lo s
lo ad o
2800 —o [ e le
.’ ° e °
4000 a| IS o b 42000
| & 4000 lo i Es, o
=>4 lo o
le ad
3000 . —o o Es,’ N
5| [, S
4200 —o o 4400 °
— 4.200 o L4800 B
——o o I‘
= o Lo
o —®
4400 1N =,
Ny 17 11U A 3 BT N
= [~ 4400 [ o Hisha e i
=, [ it
=] . | o (=] mpaifesss
[ = D] dipeses;
s600| 5| BE [ L . ] o
. 4600 -ME
o l o EF ity &
o e
| Bl w L. A ......
=) = :
4800| Es —o L
: N 4800
—o
—o
———] N =] N
lwmrs | wwmes N
S I =
e e =
e i
| &
| -4

B 20 EOMEDAHARRSEFSE

Fig.20 Interwell profile of source rocks in Shahejie Formation, Qikou Sag



No.12

XA E O ETE AW 0 WG A AR R B IARIRIE RIS R ALEE 2035

AL FR ARG, H R DR TR 5 A ML 3 ok i, R
DX B4
62 MRAEXNBRESELZENEM

RWRA R B AR R e, KR &R
W, Hoh A ML R R UL R B 2 S E
. A SCWESE I i R QN6 (4% Es ' Es)’) . Z10
I (4248 Es* Es, Esy) [ B 21 (a) ] . W35 JF (Es))
[ 21(b) T4 1) b A7 HURR A0 ER £k 2 2 800 38 AL BT
EA TR 2878 RO P/ e A= Nilp- A

M 21 (a) 7] LA H, 10 b Es 3@ U525 A HLEk
s, N Esy B Es) @ U5 5 4 R 1 LA e Il 3
KB Es, B Es*, A ALK & 5 558 5 300N, Es,
YRR A A MURR & 1 e B 8 Es, R IR A DLk
BB — AN KO ], Es R TR A A ALRR A
e, HOHG A S il &, B i R G K T —
ASTER ., LA PR IE SR E L (SC, /Y
Co, AT 0.13~1.15 2Z (8], SF- I {E A 0.58; ILhk £ 53
T 5 8BS F (CutCl)/(CutCy) A T
0.75~4.94 Z [a] , - i K 1.80; LI 5 45 C../ Co fEL
T 0.43~2.29 Z 8], - 2ME N 1.05; 255 45 S 504>
M AL R IR 1 A8 4k, & BN 1) B 4% 2 B ok AR A
WA LT L0 AR A R S LA AR b A — B
Pr/Ph {4 T 0.35~2.20 Z [d] , F ¥ {5 N 0.96; Pr/
nC HA T 0.37~2.18 Z ], "F-#4{H 2} 0.87; Ph/nC
A T 0.33~1.53 Z u] , "F- ¥ {H 2 0.72, i W] 2 U4
FOREARIE BT AL — 21 A I TR IR B AT (]
W RS B, k) AR A A R R S A ML
i AR AR DL R K AR AR W e L AR R A —
oo AW BE/Co B H A T 0.04~0.71 Z ], °F
BIE N 0.22, Y, M Es, 8 Es) 2UR K, & Es)
KB 5 e B, £ Es M Es) Jq , HE R T
Es,o Es "k Pr/Ph{d . @& 10 B ot / Co 28 ot {H 8
Es K M R B8 B v, 30 SRR 3 6 o % BOA ML &
AR, Ud B S AR 1Y e R B K AR IR B AN E S X
KAEEYRTZRE . FilEA BB A B R R
i 5 LA ML B4 DR TR, (ELR T 9 A oy A 7 o 32 )
BRI, 5 80z B % X R A R
Es)/ 7K 44 30 B2 TF 4 0 B AR, K A2 AR 9 o L ) A 4
K, UURR IR 35 A A 1 2 480 2 3 T 2o U8 X3, 42
B 2 I = P 1 1 B2 0 RN - B
AR T LB R v KR I 3 T R B R [ B R AR T
2 KO SR A A AR R ) S R R A T

AP

M 21(b) 0] LA H 9\ 1 Es U5 5 A LAk
i SE BN JE W R R R R A KT R
oA R Rl . B HLRCR RS SR E
(XC,, /2C,, )4 TF0.28~0.89 Z [a] , FHI{EH M 0.65;
BB F 5 W i B4 1 (Co 1+ Cl) /(CotCop) 1
AT 0.51~2.56 Z [A] , -S4 {H S 1125 B0 S e C.r/
CofHA T 0.64~2.01 Z 0], FIEH N 144 55K S
oy M A HLTOR IR 0 A 4k, & B Es K AR AR A HL
o e R K . Pr/Ph{i AT 0.12~0.92 Z [i] ,
¥IE R 0.35, BN F 0.5; Pr/nC H AT 0.71~
1.72 Z 18], “F-H{E A 1.08; Ph/nC  fl A F 1.02~4.36
Z 0B R 212, 4w BE/Cy, B BEE A T
0.07~0.80 Z [A] , "F-¥I{H K 0.42. Hh1a) b4 0 e /
Coo A2 ot (5 ELAT AT BILA 75 5 4 [ 1) Y8 34, S g
NG WIS 7 4 R 2 R 5 v K i R R L A
B[ 9% . Es WK B Pr/Ph{d 8 i 4 2 4/ C,
2 (UL B Es /K A B B 8 KA D B
SR, 2% B AT ML B o R AR A T R e K i B 2
A 1 R R K AR IR AR HE T XK A A T
ZORE AR AT A 2 BB R, 5 0%
F 332 He DX R TR 2 o e e

25 BT IR 1 A K AR R 2 R T DL G 4R
1 KA 1) 38 JE R B, X 08 R A O AR A 2 A 7 A LR
FOMR . (HR KRR BE XA A DR A o A e B
XU s (18] 22) o ZEARER B B B, Bl 5 /K IR 46 i g
L, BT R AR & A A R L N R
U525 T AR AL T KR A HLB, A R TR A R
B 5 7E =5 ER B B B, KRR B 35 , S OBk SR A
Y iy R B W0 AR T T B AR R R A LT
YLRZES = WA I NS I B 8- S5 0 A P 7 B
Azl A 7R SR R R R AT Y O R R
63 REAEZFEN

AR A X 0 11 11 o T A 2 T AR o K R R
(K A2 25 SR Bty AR AR BE 1 2565 e B 0T 45 G i A
F 5% AR, TA SRy 12 b X i i 2 T R 08 4 K 1k 2
2 TR, KA AN R RS
SO A K AR B R A AR — R LS T
WK AEAEYN R E I BT EE & A M,
T 2 R Y L AR I X B A R, AR
77 1KV B e B v RT LA Ok
FRIK o FE Y B VR A HILE S A RTEE O M1 v T
T AL 55 1y A 7 O Z KR TR A T R R T
Py S50 L TR B 1) 308 T A 358 R 122 b DX S5 9 VR



2036 x B A ®H % # F Vol.33
TOC/%| Pr/Ph | Pr/nC,.|Ph/nC [inSikpz/c. | L=k |, /c,,{me./c,| (C.+C) | cpl | OEP
B |g——s|o—2.5|0 alo—— 1| o/ Cull 5 J0213 fo—2 5|/ (CartCa) J0.8—0.5/0.8—1.5
Esls = = _ = = =
- i | [—n == = I
= — — — — (a)
g | TOC/%| Pr/Ph [Pr/nC..[Ph/nC, st /Cot ZECWI‘E‘R C./C Tt sc) /((%ﬁ%z)) cPl | OEP
“lo 02,50 2|0 5| 0 1] o——03|0t 2o 28— 5| T3 O3
Es/
(b)

E21 EOMBESAHARESAE(a)FBRAEFSH(b)ELHE

Fig.21 Evolution profile of organic carbon(a) and geochemical parameters(b) of source rocks of Shahejie Formation

in

Qikou Sag



No.12 ) FE A R A O WG Y AT AT AL RO B AR IR BT R LR 2037
6_
7 i
5.
VA E AW v W R 0 AT AT AR R 2 BT
4t RAT S PR T AR RIS 5 A, i T

4 o
T3
S °
®
2 @
QP ° °
1 e
[ .w [
() ‘. . L 1 1 )
0 0.2 0.4 0.6 0.8 1.0
A i Joe / C. 7 Jot
B 22 1 O M D A i 40 1R R A 0 D 8 e/ C,, e
58NH®REEXRE

Fig.22 Relationships between Gammance/C;, hopance

and TOC of source rocks in Shahejie Formation, Qikou Sag

AT AR T PR R HiE o, B ST T BE 1T IR U ]
32 1 TR 5 ) 8 e DR B R R (TR 23) .

R FE R A
R

23 B OMBEPAHARESHBERX
Fig.23 The formation model of source rocks in Shahejie

Formation, Qikou Sag

R At 114y B AR g P52 T8 S A F 1 T M R
Je& T i A W8T B W8 2, v TR A 4 T R A 3 T B0
W ALK TREE K, KR 2 1 K AR 2 W, 36 B K
TE R AR DTRE I 5 50F I 2 T 0 99 oy A0 008 2% 7F on i
TREYE X XA SR B A Ok TR g 1 il 5 A TS A
WAL, W R R T SE R E R, &
SO ET DX T I IR K R M KR A K
YT KT R LR K AR A B BT Y XL
TTER PR HE T R X BRI A TR . ISR KAk
AR AR ORI AR R e HR O e R X
FOKREFRY RS = B UURU A, A BT R
JEE BT DA T DX 15 A T A X 2%

e R FAEFH KK ELE CBRALZLR
TBEAeiaE L= KT TRRE G RAE,
RHT HaRR e R LR L, FRE AT H
8N IR Fe 408

(1) & W 1[G 30 7T A 20 02 R & A LR+ & 1A 3
PE—FRIFHRR, AR LA M Es, 3 Es 3] Es,' 230
K RERADGIFIL, AR EBANIRZ IR Y
A RO i T AT AL AR A AULR R R A R
& AR Am T R AUR R R

()2 mArm R BRI FRERREAN, %
WXz PERAREY ., THATRSFA
WA A BIE R A, EFTESEAMHET,

(3) 38 3 xb s v W R T AT 20O AR R AR & 3
mwzﬁ H e gRKEERSG, BT FRKRK

B, RxREKGYm, FHRERANTESED

%?ﬁW/E%$F%&uﬁﬂﬁA MF i Ew
oMK ESEENE, AN AASERF LA

89 7+ & o

() RFEMF L E WA C,, P ERLAE, L w
W] [ 2 T AT LR IR R AL — T A AL 8 BT AR R
¥, Pr/Ph 4F 4E & PR Es i ROPEIG IR A A T A AR
o BRA

(5) 8 0 W /g 3% # A 2Rt AR 20 1 0 8 AR AR
KRG, TALI P —FEHhRT , A&t
FhHEG. BRIFEREFEZABRK, AT —FTH
Wb, EHE LA AR R E A AR R
H Es,>Es,>Es, 89 45 4E

(6) ¥ T &R A AR A= K A A LR B9 W E T
AP OB R AR R EREALRT

2 % 3K (References)

(1] AT s, IR 2 B, XRS5 DI T8 A0t 1 Rl U B 28 7
P RER N RLT] A0S KR AT, 2020,41(2) - 248-258.
JIANG Y L, SU S M, LIU H, et al. Differential hydrocarbon
enrichment of the Paleogene and its main controlling factors in
the Bohai Bay Basin[ J].0il & Gas Geology, 2020,41(2) : 248-
258.

(2] A7 3, IR B, XIAE GF iR 17 3 o 7 A SR DT AR TR o 2 A
KGN RAR ] A2, 2019,40(6) : 635-645.
JIANG Y L, SU S M, LIU H, et al. Types of Cenozoic sedi-



/=

2038 X R A

e

H A

R

5 Vol.33

[10]

mentary subsags and their relationship with hydrocarbon enrich-
ment in Bohai Bay Basin[J].Acta Petrolei Sinica, 2019,40(6) :
635-645.
WA, L&, T, B 2 &l MBS R 1 3% 5
TER S MR EERRLT] A, 2016,37(11) : 1361-1369.
JIANG Y L, WANG X, YU QQ, et al. Pressure field charac-
teristics of petroliferous depression and its relationship with hy-
drocarbon enrichment in Bohai Bay Basin[J].Acta Petrolei Si-
nica, 2016,37(11) :1361-1369.

ek BOBE AL, SR T M I A K AR A B
RFAELT]. RARR T, 1992,12(2) : 24-29,7.
GAO X Z, ZHAO X Z, ZHANG W X. Natural gas geology

HI 3 A

and gas field distribution characteristics in Bohai Bay Basin[J].

Natural Gas Industry,1992,12(2) :24-29,7.

Bl e (0 KT BB ERAR L AF L I 0 M O 20 R TR S R
TR K TR Bt R 3 SC LT ) v e b 2 4%, 2017, 23(3)
521-532.

ZHONG JH, NIL T, SHAO Z F, et al. Identification of the
ultra deep water deposition of the Bohai Bay Basin during the
Paleogene and its significance for oil and gas geology[J].Geo-
logical Journal of China Universities, 2017,23(3) : 521-532.
AR EDUAE T A b i I B B ik AR AR [T ).
£l S RIS MR, 2002,23(2) : 130-133.

YUAN X J, QIAO H S. Exploration of subtle reservoir in pro-
lific depression of Bohai Bay Basin [J]. Oil & Gas Geology,
2002,23(2):130-133.

Jete A R L
RIRAMAF RS B BRE X [T]. R
(5):665-678.

LONG H S, XIANG CF, NIUJ Y, etal. Occurrences of the

TS L ML 111U 5 v T A 4
SRAHLBR L 22,2014, 25

natural gas in Shahejie Formation of Qikou Depression in Bo-
hai Bay Basin and its exploration significance [ J]. Natural Gas
Geoscience,2014,25(5) :665-678.

LW R, SRS S B A B 1 MR M2 R
S5 F AT (D). 7 MR 22 22 30 (B BRB) 22 ) , 2020, 50(1) -
52-69.

JIANG W Y, SONG Z Z, ZHOU L H, et al. Characteristics
of formation-pressure-structure of Qikou Sag, Bohai Bay Basin
[T].Journal of Jilin University (Earth Science Edition) , 2020,
50(1):52-69.

UCBEIE W 5 WIS S 2T AR L R R X B il e AR e Y
PREAR KR S5 —— LAl v 2 3 s Y bty i = o0 (7). 4

AR, 2021,42(2) : 143-162.

ZHAO X Z, PU X G, ZHOU L H, et al. Enrichment theory,
exploration technology and prospects of shale oil in lacustrine
facies zone of deep basin: A case study of the Paleogene in
Huanghua Depression, Bohai Bay Basin[J].Acta Petrolei Sini-
ca,2021,42(2):143-162.

JEISE %, VBN L 75 W A AR D B A A K i R

[11]

[13]

[14]

[16]

[17]

75 D S & A B 5 DL VA VS b 0 11 T
HPEIAR, 2010, 22(1) 2 7-11.
ZHOU L H, XIAO D Q, PU X G, et al. New pattern of com-

MBI

posite superimposed reservoirs and advantageous phase accu-
mulation in continental rifted lake basin: A case study from
Qikou Sag of Bohai Bay Basin[ J].Lithologic Reservoirs, 2010,
22(1):7-11.

THEE B, B e, AF AT HLBAE 4 R OR A A R U R
SR AR AR [T]. ek B, 2016,41(5) - 832-842.

DING X J, LIU G D, HUANG Z L, et al. Controlling func-
tion of organic matter supply and preservation on formation of
source rocks[J].Earth Science,2016,41(5) : 832-842.

THERE B3 TR A, 55 /N TR B ) A L R
PG AL —— L) R N 2 G R IR — B
(0.3 96 41 3 3t 5, 2017, 38(6) : 650-657.

DING X J, LIU G D, ZHAO L M, et al. Organic matter en-
richment and hydrocarbon source rock forming mechanism in
small - scale faulted lacustrine basins: A case from the first
member of Lower Cretaceous Tenger Formation in Erlian Ba-

sin[J].Xinjiang Petroleum Geology,2017,38(6):650-657.

TAEAE /0N I 1) 22 e R e D AL T X o 1)
el — LA O B (D] AL a0 op i ks (dE s
2014.

DING X J. Formation Mechanism of Effective Source Rock
and Its Control on Hydrocarbon Accumulation in Small Fault-
ed Lacustrine Basin: A Case Study of Erlian Basin[ D ]. Bei-
jing: China University of Petroleum(Beijing) ,2014.

AR IR 2 M 4 RE A 2 K T B AT BL BT A TR AL B
(D] Abs: il R 2 (e s , 2018,

YUAN W. Formation Mechanism of The Organic-rich Shales
in the 7" Member of Yanchang Formation, Ordos Basin[D].
Beijing: China University of Petroleum( Beijing) ,2018.

RSP AR A PET, KA 22 T WA O A 2K [T ]
e RS T A 4R L2002, 8(2) : 215-219.

LISJ, ZHENG D S, GENG F L. An attempt on quantitative
calculation of lake paleoproductivity [J]. Geological Journal of
China Universities, 2002,8(2) : 215-219.

XHR, 25y A5 AT, 2% R8I v = B DO RU e
A IBRGELT ) A i 5 T %, 2003, 30(3) : 65-67.
LIUHM, LIS J, ZHENG D S, et al. Lacustrine palaeo-pro-
ductivity in the third member of the Shahejie Formation in Don-
gying Sag[J].Petroleum Exploration and Development, 2003,
30(3) :65-67.

BEAP A A AR, A AR A v i A 4 — BU AR
IR A A=y [T] 4 S R AR U B, 2004, 25(6)
656-658.

LISJ, WANG JC, ZHENG D S, et al. Study on palaeo-pro-
ductivity of the lake during the deposition of the 1" member of

Shahejie Formation in Dongying Sag[J].Oil &. Gas Geology,



No.12

XA A S B S A O W TG Y T BT LA IR R B U AR IR IR BT AR L EE

2039

[18]

[19]

[21]

[22]

[23]

[24]

[25]

2004,25(6) :656-658.

BES R G AR A AR RS BUR [T e R
o4, 2010, 29(6) : 15-20.

HU W, LU ZS, YU P. Current status of paleoproductivity re-
search in continental basins [J]. Geological Science and Tech-
nology Information, 2010,29(6) : 15-20.

EARTE I ROCR T A B R Y A A R TS A
PO B AR IR 3 A [T ], RAR R BEF, 2014, 25(12)
1896-1902.

WANG Z S, HUA S J, YU X M, et al. Grading evaluation
and high quality source rock distribution in Qikou Sag|[J].Natu-
ral Gas Geoscience,2014,25(12) :1896-1902.

FEOCI, MR .2 I L J2 A% S rp I B IRA A 5 1 TR
—— DB T MBI R O B LT ] v ik B4R, 2015,20(2)
51-58.

JJANG W Y, LIU S. Distribution and controlling factors of
high-quality hydrocarbon source rock in sequential stratigraphic
framework : Taking Paleogene System in Qikou Depression for
instance[ J].China Petroleum Exploration,2015,20(2) :51-58.
TR AN MR T R VD — Bk A IR PR B S O
B HURBESELT]. 391 T/, 2015, 26(4) : 70-73, 80.

YU C, SUN C N. Studies on hydrocarbon source rocks envi-
ronment and sedimentary organic facies for Paleogene Shal
member, Qikou Sag[J].Mud Logging Engineering, 2015, 26
(4):70-73,80.

75 W SR FESCHE AR B R A B B T 1M1 AR 3R X iR
JZ T D A R R AR LT ] A i B R 5 0T &L 2013, 40 (1)
36-48.

PU X G, ZHOU L H, WANG W G, et al. Medium-deep
clastic reservoirs in the slope area of Qikou Sag, Huanghua De-
pression, Bohai Bay Basin[J].Petroleum Exploration and De-
velopment,2013,40(1) : 36-48.

ZHOU L H, FU L X, LOU D, et al. Structural anatomy and
dynamics of evolution of the Qikou Sag, Bohai Bay Basin: Im-
plications for the destruction of North China Craton[J].Journal
of Asian Earth Sciences,2012(47):94-106.

BT 26, R YA A8 5 0 I M 2 S i IR T RRAE [T )
M 5 9F % ,2001,28(3) :22-24,16,8,7.

LIU G D, WANG D Q. The characteristics of abnormal pres-
sure in deep formations in Qikou Sag, Huanghua Depression,
Bohai Bay Basin[ J].Petroleum Exploration and Development,
2001,28(3):22-24,16,8,7.

BRBE AL 5 N, R L, A T A 0 TR O R DL
U 7 54 Z PO [T]. B B R 2 2= 4 ([ AL 2%
J),2017,44(5) : 565-578.

7ZHAO X Z, PU X G, ZHOU L H, et al. Reconstruction of
Paleogene sedimentary system and reservoir evaluation in Qik-
ou Sag, Bohai Bay Basin, China[J].Journal of Chengdu Uni-
versity of Technology (Science &. Technology Edition) , 2017,

[26]

[27]

[28]

[29]

[30]

[32]

[34]

44(5) :565-578.

PR SR R R AL A LML A0 il Tl R AL,
2010:206-213.

LU S F, ZHANG M. Oil and Gas Geochemical[ M ].Beijing:
Petroleum Industry Press,2010:206-213.

rh LA R AR AR R L BRI IR A R AL A IR T 1 S Y/
T 5735—1995[ S AL 5 - 47 ith Tl th A4t , 1995.

China National Petroleum Corporation. Evaluation Criteria for
Organic Matter of Terrestrial Hydrocarbon Source Rock: SY/
T 5735-1995[ S].Beijing: Petroleum Industry Press, 1995.
FEIGF, A, X0k 42, 45 SRR £ 407 4 b R S AE I 4L 9 Be it
AT T [T ] T MO 224 (BB AR L 2016, 46
(2):358-367.

DU Z L, TIAN Y, LIU HJ, et al. Shale gas resource poten-
tial evaluation of Chang 9 Member, Yanchang Formation in
South Ordos Basin [J]. Journal of Jilin University (Earth Sci-
ence Edition),2016,46(2) : 358-367.

PRAE WS, B AR AR — 805 98 A 0 K R MRS R
IS 1 e HE 2 A KO 5 b R A 2 AR AR K HOW IR 35
L1 R ARG 22 4R R B2 ) , 2021, 51(4) - 957-972.
LITJ, HUANG Z L, WANG R, et al. Geochemical charac-
teristics and formation environment of effective hydrocarbon
source rock of the Lower Cretaceous Bayingebi Formation in
Tiancao Sag, Yingen-ejinaqi Basin[J].Journal of Jilin Univer-
sity(Earth Science Edition),2021,51(4):957-972.
BRNL T AR B PR B R AR 3 I A il A ST b B LT ).
A4 ,1986,7(2) :13-19.

WU L Y,GU X Z.The application of pyrolysis technique in so-
urce rock research[ J]. Acta Petrolei Sinica, 1986,7(2):13-19.
ST, /NS A A A AR A S R S RO R < L
DI A ke P R T ]. P22 A R 2 2 e CH SR AL
2016,31(6):23-31.

ZHAO W, GUO X W, HE S. Analysis on validity of maturity
parameters of biomarkers: A case study from source rocks in
Yitong Basin[J].Journal of Xi’an Shiyou University (Natural
Science Edition),2016,31(6) :23-31.

PETERS K E, WALTERS C C, MOLDOWAN J M. The
Biomarker Guide, Biomarkers and Isotopes in Petroleum Ex-
ploration and Earth History [M]. 2" ed. Cambridge: Cam-
bridge University Press, 2005:475-640.

HUANG W Y,MEINSCHEIN W G. Sterols as ecological indi-
cators[ J].Geochimica et Cosmochimica Acta, 1979,4(3) : 739-
745.

CZOCHANSKA Z, GILBERT T D, PHILP R P, etal. Geo-
chemical application of sterane and triterpane biomarkers to a
description of oils from the Taranaki Basin in New Zealand[J].
Organic Geochemistry,1988,12(2) :123-135.

JRE I, e U MUK, A AR M o AR BR E e FE A AL
FRERELT]. MRS B, 2013,49(3) : 589-594.



2040 X R A

e

R

# F Vol.33

[36]

[37]

[38]

[39]

[41]

[42]

[45]

[46]

LU K, ZUO Y H, MEI B, et al. Paleo-sedimentary environ-
ments in the Dongpu Depression and their impact on organic
matter abundance[J]. Geology and Exploration, 2013,49(3) :
589-594.

TEPZE R 9 2 T B G R I haliE A L
Jo ) SR A2 R LT ] 3 55 B R, 2000, 36(4) £ 64-77.

REN Y J, SONG Q Y. Geochemical characteristics of the sol-
uble organic matter in the Lower Crectaceous potential source
rocks in Cuoqin Basin, Qingzang Plateau[J].Geology and Ex-
ploration, 2000,36(4) : 64-77.

B TL 50 O 22 3 4 b S 3T e 11T R A B OO I B 3l
FIEID ] P% . PibRaE, 2011,

QIU X W. Characteristics and Dynamic Setting of Yanchang
Period Hydrocarbon-rich Depression in Ordos Basin, China
[D].Xi’an: Northwest University,2011.

TAYLOR S R, MCLENNAN S M. The continental crust:
Its Composition and Evolution: An Examination of the Geo-
chemical Record Preserved in Sedimentary Rocks [M]. Ox-
ford: Blackwell Scientific Publications, 1985.

A S, R AR R A T JR A b T T R Y S A
fiE R LT ] KA 45 I %, 2007, 30(2) : 30-32.
ZHAO Z Y ,ZHAO J H,WANG H J, et al.Distribution charac-
teristics and applications of trace elements in Junggar Basin[J].
Natural Gas Exploration & Development,2007,30(2) :30-32.
AT, 25 A S BE T 26 T X — & 1 8 e Bk A 27
ik S DR R BT ST ). b R e g, 2016, 28(2) < 7-10.
REN H Y,GE Y H. Late Permian mudstone geochemical fea-
tures and sedimentary environment significance in Zhonghai
mine area, China Coalfield [J].Coal Geology of China, 2016,
28(2):7-10.

MORADI A V, SARI A, AKKAYA P. Geochemistry of the
Miocene oil shale (Hancili Formation) in the Cankiri-Corum
Basin, Central Turkey: Implications for paleoclimate condi-
tions, source-area weathering, provenance and tectonic setting
[J].Sedimentary Geology, 2016,341(15) : 289-303.

NESBITT H W, YOUNG G M. Early proterozoic climates
and plate motions inferred from major element chemistry of lu-
tites[ J].Nature, 1982,299:715-717.

MCLENNAN S M. Weathering and global denudation [J].
The Journal of Geology,1993,101:295-303.

FEDO C M, NESBITT H W, YOUNG G M. Unraveling
the effects of potassium metasomatism in sedimentary rocks
and paleosols, with implications for paleoweathering condi-
tions and provenance[ J].Geology,1995,23:921-924.

FEDO C M, YOUNG G M, NESBITT H W. Paleoclimatic
control on the composition of the paleoproterozoic Serpent For-
mation, Huronian Supergroup, Canada: A greenhouse to ice-
house transition[ J].Precambrian Research, 1997, 86:201-223.
SUTTNER L J, DUTTA P K. Alluvial sandstone composi-

[4

(4

[4

7]

8]

9]

54

tion and palacoclimate. 1.Framework mineralogy[J].Journal of
Sedimentary Petrology, 1986, 56:329-345.

ROY D K, ROSER B P. Climatic control on the composition
of Carboniferous-Permian Gondwana sediments, Khalaspir Ba-
sin, Bangladesh[J].Gondwana Research,2013,23:1163-1171.
KBIRA T SRR Z WA 6 W2 Al SR EE AT ST (T ). A0
i RAR SR, 1999,20(1) : 22-27.

ZHENG R C, LIU M Q. Study on palaeosalinity of Chang-6
oil reservoir set in Ordos Basin[J].0il & Gas Geology, 1999,
20(1):22-27.

i % IR U AT M JZE T B LB SRCTR) 6 3R 20 A 5 BB s R D
HRERF——LURZ IR BIID ] 220 RS 22 M
M AE ST, 2004,

TENG G E. The Distribution of Elements, Carbon and Oxy-
gen Isotopes on Marine Strata and Environment Correlation
Between They and Hydrocarbon Source Rocks Formation: An
Example from Ordovician Basin, China[D]. Lanzhou: Lan-
zhou Institute of Geology, Chinese Academy of Sciences, 2004.
FEOCTT WRHEBL WS R T I A o 0 A VAR R AT Y
Je R [T ] IR, 2005, 23(4) : 604-612.

YUAN W F,CHEN S Y,ZENG C M. Research development
and prospects on Paleogene sea transgression in Bohai Bay Ba-
sin[ J].Acta Sedimentologica Sinica, 2005, 23(4) : 604-612.
RN, PR, BT AL A A s A A 5 OB R IR B
FEIM AL st A Tolk th itk , 1997 :1-146.

LIY X, LU Z S, WANG D. Research on Terrestrial Trace
Fossils and Sedimentary Environment in the Liaohe Basin[ M ].
Beijing: Petroleum Industry Press, 1997 : 1-146.

St Aok SO I T A M i 20 T KGR T S A2 BB L ).
AR AR, 2004,43(1) 1 147-154.

WU X T, REN L Y. The tertiary seaway and new reservoir
probe in Dongpu Depression as well as its surrounded basins
[J].Acta Palaeontologica Sinica,2004,43(1) :147-154.

ARWEEE HEICME K AE BT B U — B IR A R B
SIS R LT ] P R A RS L 2007, 29(5) :45-47.
MOU X H, DONG Z X, ZHANG J, et al. The finding of coc-
colith limestone and its environment significance in Qikou De-
pression in Shahejie 1 Member[J].Journal of Southwest Petro-
leum University (Science &. Technology Edition) , 2007, 29(5) :
45-47.

BT RETE .Y FEIT T = RES A [T]. BkRH
%,1982,7(1):129-143.

HE JY, YU S Y. Occurrence of glauconite in lower tertiary of
northern Huanghua Depression[J].Earth Science, 1982,7(1) :
129-143.

B B4 Y BB A T kA 0 A A B b TR LT .
AR, 2004, 22(2) : 276-280.

UL

GE R Q. Occurrence and geological significance of glauconite

in Cenozoic Group of Jiyang Depression[J]. Acta Sedimento-



No.12

XA A S B S A O W TG Y T BT LA IR R B U AR IR IR BT AR L EE

2041

[57]

[58]

[59]

[60]

[61]

[62]

logica Sinica, 2004 ,22(2) :276-280.

BG4 RAG AR I AF TR B — A O R v A
T 5 O PRI ] o 8 4 i 2 41, 2003, 9(3) : 450-457.

GE R Q, SONG C C, CHUN P, et al. Restudy on the Shahe-
jie Formation transgression of the Paleocene in Zhan-Che Sag
(Jiyang Depression) [J].Geological Journal of China Universi-
ties, 2003,9(3) :450-457.

A, BRI, ok — A% . o [ 2R B AR = A Bl AR IO RR v T
B bt < W A2 R AR 0 AR 7 [T M BB T, 1997, 43(5) -
524-528.

HOU D J, WANG T G, ZHANG Y W. Dinosteranes in the
tertiary terrestrial deposits, eastern China: The marker of ma-
rine transgression facies?[J].Geological Review, 1997,43(5) :
524-528.

PR SO MR DT IR E WL, 45 A A ER AL 2 b R R
T 11T B L 5 = 200 03 S A (). 94 2 A il 2 B 2 4 C A AR
), 2002,17(1) :20-23.

RENLY, LINGF, TANY M, etal. Studying marine trans-
gression of Early Tertiary in Dongpu Depression from Paleon-
tologic and geochemical marks[ J].Journal of Xi'an Shiyou Uni-
versity(Natural Science Edition) ,2002,17(1) : 20-23.
MEE, VL, S, 45 R IR =i R S WA B
Z A Z KRR ——UURE M A A E )], b i
AR, 1998,12(4) : 34-38.

TIANJ C, YIN G, QINJ X, et al. The relationship between
the transgression of Eogene and the origin of lacustrine dolo-
mitite in eastern ChinalJ].China Offshore Oil and Gas(Geolo-
gy),1998,12(4):34-38.

X iz A U M Y — T Bk R A R SR BT [T ] A7 ik i)
H5IFK,1990,16(1):8-13.

DENG Y H. An analysis of the depositional environment of
Sha, carbonate rocks in Qikou Depression[J]. Petroleum Ex-
ploration and Development, 1990, 16(1) :8-13.

B IR R 2, 4 T T A M B T [T B YD YT L —
B R B AR 1 o B S A A 1 28 R[] AR
M5 ,2008,13(1) :18-24.

LIAO J, DONG Z X, ZHAI G Y, et al. Feature of Oligocene
Shahejie lower-1st member lacustrine dolostone in Qikou De-
pression, Bohaiwan Basin, and difference of it from marine do-
lostone [J]. Marine Origin Petroleum Geology, 2008, 13(1) :
18-24.

BRAEBE, 208, b 9, 55 . 2 R B 80 11 [T B 70 — T I B 8
= AR EET]. H it~ 4le, 2012, 86(10) : 1679-1687.
CHEN S Y, LI C, YANG Y Q, et al. Depression environ-
ment of the lacustrine dolomite in Sha-1 lower submember of

the Qikou Sag, Huanghua Depression[J].Acta Geologica Sini-

[64]

[67]

[71]

[74]

ca,2012,86(10):1679-1687.

Wt AR AL T N T R T R R Y I AL A B
JCRFRAE R A L] [ A b R 222 4 (A AR B4R L, 2013,
38(2):1-9.

YANG Y, GAO F H, PU X G. REE characteristics and gene-
sis of dolostones from Paleogene Shahejie Formation in Qikou
Depression [J].Journal of China University of Petroleum (Edi-
tion of Natural Science),2013,38(2):1-9.

KEITH M L, WEBER J N. Carbon and oxygen isotopic com-
position of selected limestones and fossils [J]. Geochimica et
Cosmochimica Acta, 1964,28(11):1787-1816.

POTTER P E, SHIMP N F, WITTERS J. Trace elements
in marine and fresh-water argillaceous sediments[J].Geochimi-
ca et Cosmochimica Acta,1963,27(6) :669-694.

ZHANG X G, LIN C Y, ZAHID M A, et al. Paleosalinity
and water body type of Eocene Pinghu Formation, Xihu De-
pression, East China Sea Basin[J].Journal of Petroleum Sci-
ence and Engineering,2017,158:469-478.

WALKER C T, PRICE N B. Departure curves for computing
paleosalinity from boron in illities and shale [J]. AAPG Bulle-
tin, 1963,47:833-841.

COUCH E L. Calculation of paleosalinities from boron and
clay mineral datal J].AAPG Bulletin, 1971,55:1829-1837.
LEVANTHAL J S. Carbon and sulfur relationships in Devoni-
an shales from the Appalachian Basin as an indicator of environ-
ments of deposition [J]. Geochimica et Cosmochimica Acta,
1983,47:133-137.

BRAE TS il g VRS0 v i s BR AL 2= B R hm [T ] S BR ) 2 e
2002,17(3):402-410.

CHEN J F. New geochemical proxies in paleoc-eanography
studies[ J].Advances in Earth Science,2002,17(3):402-410.
ALGEO T J, INGALL E. Sedimentary Corg: P ratios, pale-
ocean ventilation, and Phanerozoic atmospheric PO2[J]. Palaeo-
geography, Palaeoclimatology, Palacoecology, 2007, 256(3-4) :
130-155.

REDFIELD A C. The biological control of chemical factors in
the environment[J].American Scientist, 1958,46:205-222.
SUESS E, MULLER P J. Productivity, sedimentation rate
and sedimentary organic matter in the oceans: II[ C]. Proceed-
ings of the CNRS Symposium on the Benthic Boundary layer,
Marseille, France, 17-26.

KELTS K. Environment of Deposition of Lacustrine Petro-
leum Source Rocks: An Introduction [C]// FLEET A 7],
KELTS K, TALBOT M R, et al.Lacustrine Petroleum Source
Rocks. London: Geological Society Special Publication, 1988,
3-29.



2042 X K A B B # #F Vol.33

The paleo—sedimentary environment and formation mechanism of the source rocks

in Shahejie Formation, Qikou Sag, Bohai Bay Basin

LIU Xiangbai'?,LIU Guangdi'?,SONG Zezhang'?,JIANG Wenya’, WANG Na’
(1.State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum— Beijing, Beijing 102249,
China;
2.College of Geosciences, China University of Petroleum— Beijing, Beijing 102249, China;
3.Research Institute of Exploration and Development, PetroChina Dagang Oilfield Company, Tianjin 300280, China)

Abstract: The distribution of source rocks is closely related to their sedimentary environment and has an impor-
tant influence on the distribution of oil and gas. The evaluation of the source rocks and the study of their sedi-
mentary environment can point out the direction for the next exploration in the Qikou Sag. In this paper, starting
from the development and evolution of source rocks, the geochemical characteristics, distribution law and for-
mation mechanism of source rocks in the Shahejie Formation in Qikou Sag are studied in depth. The geochemi-
cal analysis shows that the abundance of organic matter has reached the medium-best level and the contents of
organic matter has the characteristics of increasing firstly from Es3 to Eslx and then decreasing from Eslx to
Esls. The types of organic matter are type I to type 111, and the organic matter are dominated by type I and type
II1 in Esls and Eslz, while by type I to type IIl in Eslx, Es2, Es3, reflecting that the source of organic matter
in the sedimentary period of the Shahejie Formation was lacustrine primary organic matter mixed with terrige-
nous organic matter. The distribution of source rocks in the Shahejie Formation on the plane has the characteris-
tics of wide area and large thickness, and high-quality source rocks are more developed in the slope area. The pa-
leoclimate during the sedimentary period of the Shahejie Formation was affected by moderate weathering intensi-
ty, and the overall warm and humid paleoclimate conditions during this period were conducive to the develop-
ment of organisms. The high paleosalinity of the water belongs to the brackish water. There is no obvious corre-
lation between paleosalinity and paleoclimate, and the high paleosalinity of water may be influenced by seawater
intrusion. The relationship between paleosalinity and the content of organic matter shows that in the low paleosa-
linity stage, the abundance of organic matter increases with the increase of paleosalinity, and in the high paleosa-
linity stage, the abundance of organic matter decreases when the paleosalinity increases. According to the ratio
of trace elements and Corg:P molar ratio, an oxidative-suboxidative depositional environment developed during
the deposition of the Shahejie Formation in Qikou Sag, and the Pr/Ph ratio show that a strong reducing environ-
ment developed intermittently in Eslx, which is conducive to the preservation of organic matter. The evaluation
of the paleoproductivity at the period of the Shahejie Formation deposited shows that the lake had medium-high
nutrient content and primary productivity was medium-high, while the Banqiao Sag had low-medium nutrient
content and had low-medium primary productivity. The relatively high paleoproductivity and the high input of
terrigenous organic matter in the Qikou Sag, with the highest value in Esl period and the lowest value in Es2 pe-
riod, provide a rich material basis for the formation of source rocks. The paleoproductivity is the main factor af-
fecting the formation of source rocks in the Shahejie Formation in Qikou Sag. Due to the dual contribution of ter-
rigenous organic matter and aquatic organic matter in the slope area, high-quality source rocks are more devel-
oped here.

Key words: Source rock; Paleoclimate; Paleosalinity; Redox conditions; Paleoproductivity; Qikou Sag
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