945 5 A2 R B 2 Earth Science Vol. 45 No. 2
2020 4F2 A http://www.earth-science.net Feb. 2020

https://doi.org/10.3799/dqkx.2019.004

tEEZMEARAYEPERRERES
FRAE A H 35 7R BY i SEVER 77 [

1. F B lEFERFATA LR F S 266071
2. FHEFMFERRRLBRERTEFT S RRIFNSKMNERFSEZR T, LAFTH 266237
3L AHREKFHBASEE TE2E, LAFH 266590

W OE O T RAR AL B AR R b A R R IRA R ER R, S B SR S R (R,) R A A BIL A
(TOC) A A1 g T B8 A BERR B 4 Rk (2 15 A5 BERL 78 SLAS BT T DX IR b AL R A0 19 R Aty 38 5 it % LG T 2 0 e
JEIFRAT F M7 A AL A HEJR TR . 45 2R e ], b 3 v 23 Ml 2R AT 34 6 b A SR G T 2 Dl 340k IR T IX N R AR B e A L
KRB G ME I RIEA 2 Hoh PR B SR IR B LD R R A T — B U, B AR G IR A AL A U LA
AR — G T A A R S AR R R AR AR e (H B AR G HE R R g =27.3X10° t/Ma | iz
5 TR E BT B HEIR T R [ Gy =42 10° t/Ma], XA 58 DXl OB AY TTIREE R . AR BT (e ) A2 IR T AT B
H LR R0 5 15 B AR IR B 458 2 T R TRA 2 A iy < 2R B AR TR AR L B OC R R XN R B IR A A2 YT B
RE GENERT [ R B AKX FDSORA &, R PR 2 G B AT i 7 X B4 4 At B 7 DA A

KRR - SRUA AT 5 IR LE 5 32 T3 RRIRCA s R 5 1) 5 v A2 B 5 2R I 5 b BV £ 5 T U

FESES: P618.13 XEHS: 1000—2383(2020)02—583—19 KRB 2019—02—13

Characteristics of Mesozoic Source Rocks and Exploration Direction of Oil and

Gas in the Eastern Depression, North Yellow Sea Basin

Cai Laixing'*, Xiao Guolin"*, Dong Heping ', Pang Yumao®, Guo Xingwei'"’

1. Qingdao Institute of Marine Geology, Qingdao 266071, China

2. Pilot National Laboratory for Marine Science and Technology (Qingdao) , Evaluation and Detection Technology; Laboratory
of Marine Mineral Resources, Qingdao 266237, China

3. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China

Abstract: In order to quantify the characteristics of hydrocarbon generation and expulsion of Mesozoic main source rocks in the
eastern depression of the North Yellow Sea Basin, geochemicalcharacteristic of the Mesozoic source rocks in this study area was
summarized by comprehensively using vitrinite reflectance (R,), residual organic carbon (TOC), rock pyrolysis, kerogen
microscopic examination and gas chromatographic analysis of saturated hydrocarbons and other geological data. Then on the base
of these, this paper has clearly defined the chief source rocks through oil-source correlation and furtherquantified the contribution of

hydrocarbongeneration and expulsion. The results show that two types of Mesozoic crude oil in eastern depression of the North
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Yellow Sea Basin are all originated from the two chief source rocks of the Middle Jurassic and Upper Jurassic. Among them,
organic matter abundance of the Middle Jurassic source rocks is in the "good-best" level, while that of the Upper Jurassic source
rocks is mainly in the "medium-good" level. The two sets of source rocks all have two peaks of hydrocarbon generation and
expulsion in the Early Cretaceous and Early Miocene. However, the hydrocarbon-expulsion rate of the Upper Jurassic source rocks
[Gem) =27.3X10° t/Ma] is much higher than that of the Middle Jurassic source rocks [g.mm =4.2X10° t/Ma], which has the
most important contribution to the hydrocarbon accumulation. Although the hydrocarbon generation potential of dark mudstones in
the Lower Cretaceous is limited, the source-reservoir matching relationship between the bottom sandstone of the Lower Cretaceous
and the chief source rocks of the Upper Jurassic is "lower generation and upperaccumulation", which is the first exploration target in
this study area. The secondary target layer is the reservoir forming combination of "self generation and self accumulation” in the
Middle and Upper Jurassic. And the reservoir combination of "upper generation and lower accumulation” in the lower part of the
Middle Jurassicis also noteworthy in oil-gas exploration.

Key words: source rock evaluation; oil-source correlation; chief source rock; exploration direction; Mesozoic; eastern depression;

North Yellow Sea Basin; oil-gas geology.
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Fig.1 Area Location, geotectonic division and well position maps of the eastern depression, North Yellow Sea Basin

5%, 2016) (& 1b). 52 #3538 sh Kl 9 55 55
R 2R L[] 52w, AR 5% IX & B 2 T I — VR 0 AH R
BRI = AR AR U LR BT AR e
G2 BRI M AL A (BH/NRSE, 2015; El
4 2015) , H B 7E 406,606,610, X1.X3,X8,X10 %
IR B 22 A 3 SR R S T

b BV 1 7R 3 B v A AR AL T IR R R
B, b 2 v Ak T 48 43 SR v gk B R 4 W L e
R 2 BT B e U0 R R 1 S DT 5 25 A 3 A B B
(FEek =4 ,2015; #H R4 ,2016) I K& T k%
g LRP g ales R T ES SRR SIS
i)z .

oGk 2 b B A AR S M B D A LR &
A2 E W7 IR T I NW T B A0 B BT B R R 4%
2016) , B, 30 40 3 AR DT A 8 %2 1 4 200 m/Ma, 7K
PR b T DR R S ORI — IR
WMHHKERAQRSEEEFTAERERY 50— =
W E R = 45,2015) e KIEE A1 670 m.

W fk % I, 25 N JTF 1 i — & %1 ik EW-NE [i]
i 7k Pk 1 W7 )2 (Molnar ez al., 1977; Tapponnier et
al., 1982) R M P AR E AW FR Y RIIE K& T
— > S8 R R — ) ] (k= %, 2015). R
WU AN R I R 2 R E A
FURS = A AR DR T S 00 18 % W T BE SR
XK S TR R EL K PR, = R s R A G
e A e W2 AR TR 0 A, R R B 25 800~
1 200 m.

T A 52 000 W SR 22 P B8 AR i 4R T
S, 2R T 340 o T s 4 A ¥ 22 Sy W 34 45 Ay LI 7
2 25 40 (AL RS, 2016) , i 2 UM 728 1 1 5 R
WEEIXT H G S S B R LLLAE (5 18 K (A
TR I R B A A OER T = A A
B2 5 J5 01T 7K VAR R AR 6 9 R 7 R R I A
KB EKA — IR TR S, 2R R
PR 7E 0~275 m.

2 FESD SSEER TV

AR SCHE A BTN S b AR BOHE B R L B AT
KA I X IR UR A I B R A i 3 878 4 (&
B g li a 302 8 EARE el 423 8 il 1
PF D 8 F HES e 7 136 He 5l 4 7F b 5
) IR T R, TOC M A A" B
O3 R Ay R RTE S A5 S — R AT I
B R, ZHUE SR R 5 K RO CE T
Leitz MPV-IIT & OGP & L4 T B AR 55
JoT 20 5 SRR AT IR AR A D RO D T
20, HAE 2 h Jg 47 — R B #E ; TOC 2 8L TE
LecoCS-230 i Bt I 5 A b A4S I , He 4 B O 0 J i R
sl A3 B i 2 s kR ok 2 L i TE MUK L 2205 T VR
W ITAE 55 CHE R T#48 T 5,78 1 200 “CrR i T
PR RS, B HR B B v 7= A2 1) CO,, 2R 21 4
i TH O A HLR 0 PR S I R 2 0.07~
0.15 mm [ %8 5 5 FF 5 & 78 OGE-TI 8 5 A A fi



586 HIERRL2E  http://www.earth-science.net

45 %

A 5E B, BE S 2 AN BUE HE B SR )
AN RS N PR S KOHE B R S AR [ B HE
R AR A B H 20 A DU A T, B S R AR R
BB 28 5 3 I AR5 A2 A CO, Al B 2T 4146 T 25 46
W5 v R A B B R 2 4 43 B e o RN
R A R A RE S R 2 80 H kAT 72 h R IR,
Wil J5 R O 0 TS U8 GE S AR 7~10 mm K
400~500 mm Y fE 2 A AL BRE BT AL, 20 R T IE C
Pt AR e/ IE Ot (R B L 30 1) e & e/
IR R 2: D) VeI, i A5 B R R Y & 18
AR KR AL 53 . A o3 S 2 s T T AR R i A
Leica DM4500P & i3 55 ik K 400~600 %5 , & /48
T 300 A B A WL, SR 5 e 45 A 43 1) TR B 5 o
AH L B 43 B it A R — R 5 AR 26
Agilent 2 5] 4 72 19 Agilent GC-MS 7890B 5977, &
B 4% AL HE  HP-5MS 7 95 B 4045 A (30 m X
0.25 mm X 0.25 pm) , 8N AR, IR IR 120 °C, LA
4 °C/min (33 R THE 2 300 °C Z3R 16 2 15 min.

3 KRR M ER AL S R K PR EE

31 BHRFEE

TEH A S5 A E RT3 N RIS R AR B A
LBk TOC AR S +S, A E A" BRk&
i HC S S 40 80 oA PLT 3 B2 B, 2F e
J1#58 (SY/T 5735-1995,1996; £ & K %, 2001; %
B, 2015).

(DFRAA PR (TOC) 5315 FRAE

WFE X P AR R A BB s R G
e R e A AR DL R H g e, Ko,
R R, A U A AR RE A R A, L (A
TOC {4 43 i 76 0.03%~70.71% JE B A (£ 1). I
o R R GE e s TOC & i 1Y 43 A1 X [R] 2y 0.03 %6~
5.72% ,FHHEA N 1.87%; FRP Gl TOC &
A A AE 0.07 % ~5.80% Yo BBl I, S E RS K T
RP G, 20 1.41% s F H RS e A 4 e ie s 2
RNEE H IR A R R H TOC S E AN
0.77 % 5 "R B 45 1 i e 5 B b FBRERE (1 TOC 3
1853 598 13.07% F148.77% , —Z AR T 1k %
GikE R 16.46 %0 F156.43% (% 1).

Kl 2a GE 45 o, th R % Gems (e 5 A Bl
e = i AR B L B 3.5 %0 M RE i R AR R R A A L
R EFAERRD, HP i —RIFTRES S
82.8% , AP A 5 13.0% , Z R A &I N

0.7 % 5 5 J 8 5 B il I A BB 7 B D 2 — R 37 9
B, E SR MY 81.3% , o Wi R R A
(Bl 2b) s BTk 5, LIRP SRELEERE
Ry WA TR R A5 08 e I R R B BILEK T R A
R ARG, G i 25 B o b i — R A R IR S
17 60.2%0, 73 A 28.7% BYRE i & T AR G0 1 2 T
HOCCE-ETREASERTRY E AL AN
11.0% , 2 JBT 6 5 B il R R DL 25 — v 48 " 5510 o &
([ 2a,2b) s fE3RK T R P R F W T A5 K
My VR OK A A FE S A LR R 2 AR R
U5 A BRI & 30.9% T i — B i R IR A
T 13.3%  AERRRE T B 2 — R SR IR
i 55.9% (& 2a).

(2) At S+ S, 70 A F A

T TOC S8, S+ SAUEAE T A P51k
AR B ¥ 1 (Hakimi ez al., 2016) , i L H1 H R 7 9
WF 58 XA HIL BT 3 B2 3 i I, 8 T ol BT DA 25 —
T AR Sl R IA B4R — B GO Y R R s
W R RS R AR s R R EENT
0.29~105.65 mg/g Z [i] ,*F-¥I{H 2N 3.78 mg/g(
1), Dh2= b S5 R R A & i A, 40 il oy 44.8 %0
42.5% R N i — I R E , A SR MY
9 9.4% (Kl 2¢) s 5 BTl G FIBERERY S+ S, F- H4{H 43
1k 11.86 mg/g F145.31 mg/g( 3 1), i A ke ik 1y
J& Tk — 227 R kR R A (BR T 45, 1997) 4k
KW 1IN (L 2d) 5 10k 5 50 08 3 Bl 1 A Jd v
FE Ay A6 AE 0.02~40.27 mg/g X ], - 15 45 N
4.06 mg/g(FK 1), 4§ If FE4F 30 M Rl A
TR G BTG 43 43.8%6.13.6%
1 2.3% (E 2¢) 524> B¢ Jot e 4 4 il Al 3 A A 4 3
AR — 2R A (K 2d), —FH B S+ S, {E
Wk B G /N, o 5 R 7.93 mg/g FT11.26 mg/g(
DGt g RIFEAE R, N ARG A HLE
JE WY G R AT, G A= R W 4 43 A 7E 0.02~27.40 mg/g
J0 [ A O 5 AR A AR B0 oy A, R — 22 TR TR
T 2 Mk 78.8% , AR IR A 12500, “F —
IR A A 8.7 %6 (18] 2¢).

(AWl A7 4 A FRfiE

AF 58 X P S0 W7 A7 8 7R 1A BILJTE 3 B AR AE
HTOCH & REA 3, P kP R BRI A A
D5 E A" & R T 0.008 4%~1.482 0%, F
PIEZ R 0.234 0% , Hoip“4f — e b " i i & i
WO, ZHFZMART9.7% s FIRE G AN



%2 Bk B4 - AU I 7 3 AR A I v A B IR R A B A IR il S A 1) 587

F1 LEBEMFEMYEPERBRES ML S TEER

Tab.1 Geochemical data chart of Mesozoic source rocks in the eastern depression, North Yellow Sea Basin
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Fig.2 Abundance histogram of organic matter inMesozoic source rocks of the eastern depression, North Yellow Sea Basin
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Table 2 Parameter table of basin modeling of Mesozoic source rocks in the Eastern Depression, North Yellow Sea Basin
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