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Abstract: A major breakthrough in oil and gas exploration has been made in the Lower Submember of Member 4 of Sha-
hejie Formation (Es,*) in the Minfeng area, Dongying Sag. However, the systematic research on the hydrocarbon gener-
ation potential, biomarker characteristics of source rock, and their environmental significance, as well as the impact of
gypsum-salt rock on the maturity of the source rock is insufficient. According to the experimental results of rock organic
carbon, pyrolysis, identification of kerogen macerals, and chromatography-mass spectrometry of saturated hydrocar-
bon, as well as the geological conditions, the Es,* source rocks are systematically evaluated. The research results show
that: (DThe organic matters of source rock are mainly sapropel-type I and II, kerogen with excellent hydrocarbon-gener-
ating parent materials. The inter-salt and inter-fan mud rocks could both generate hydrocarbon and are medium or excel-
lent source rocks, which thus could be considered as a potential shale oil and gas development area; 7OC log evaluation
models of different lithology are established by multiple regression analysis, and the predicted values are consistent with
the measured values. @ The upper source rocks have higher C,, diasterane/C,, regular sterane and regular sterane/17c-

hopane than the lower ones and are mainly inter-salt mud rock in a strong reduction environments with salt water. The
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lower source rocks are mostly inter-fan mud rocks in a reduction environments with brackish water. The above two kinds

of source rocks are bounded by a vertical depth of 4 180-4 200 m and are well developed near paleogullies. (3 The source

rocks are mature or highly mature. The upper and lower source rocks are bounded by a vitrinite reflectance of 1.0%. The

upper source rocks mainly generate oil, while the lower ones are favorable for gas generation through splitting decompo-

sition; the geothermal gradient and vitrinite reflectance of source rock above gypsum-salt rock (mainly glutenite reser-

voirs) are greater than those under or without gypsum-salt rock.

Key words: salt-lake source rock; hydrocarbon generation potential; biomarkers; thermal evolution; Minfeng area
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Sedimentary facies of Es,* in Minfeng area, Dongying Depression
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Fig.2 Comprehensive stratigraphic histogram of Dongying

Sag (Modified according to reference [10])
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Fig.3 Relationships between Es,* source rock S, + S, and
TOC in Minfeng area (Classification based on reference [20])

JSCA I - i B B, ER IR A 1Y S, S, R HEAE
W& TR A, e s FEE AT B i AR v ), ik vl
B H A IR (7, /N ) A o) 3 Al
S LIS TR (o 56.7% ~ 97.0%) K F, &b
R (HRN6.7% ~ 32.7%) MEE 4 (& &N
2.7% ~ 16.7%) , TTIE AL, f8/m BE A R ALY 1
MR EEAR (R 1), BRI W IUE R I BHE
VA A YR F B @ (TOCHZ KT 1%) , B iR
U, AbF - A B, R sl ke A A (S E 2



305 3

2T RGN ARE MR B 3 DXV DY BE R S BUR A R

.31.

BOKT 1 mg/g, B 0 3.27 mg/g) , WA UG £,
AR TUA IR B X,
2.2 MHFEMMIEE

TOC 2 VU M PEN I EL s b 2 — , & PR AL
TOC VT T 445 LI 3 B AR A il 0 0
R X VOB T BRI A & & A8 A Eh &y
Y, SECA A B AR (GR) FA TS B (DEN) [
i, 75 B 22 (AC) P B3R (R) 3 K, AN BE T & #1
AlgR L TUMIEIR 2 TOC . 25 JE5IF (5h) o
i (Be BT A i ) AN (R I H- il £ 52 ma A ], DT ke o0
EVERFSE T X TOC B R, HAR R N
T LA bR JZ PR 0 H fh e Ar vl X LA IR 2
HAE MRS, LATD DU B R W B T KRB R 2 i
FAERPRUEZ s WA B A B, S BBIG - A
HEZ . QTEMIH B AR EIL A FERE 3R BOR R & 5
() Ye A Fnal e A o ) {6 . FE DEN, AC,
TR (AGR) , #MZH T2 B (CNL) | H BH X4
(logR,) %5 I F- th £k v & B TOC A 52 W) 19 30 - it
28, 3T Excel B2 7 o Y 2 JC IR H A AT A A0 | 7 R
[R5 PR 1) TOC 5 i 2 2 [a) g g o 482X, B
DFHPEMAE Y

Eh [R]85 0 g B AR AR B 4R, BRI A PR
(CER) WL & s Al o % s 2L Rl . xF TRl
FUt, LLAGR X E 1k, AGR UK, A1 W 1R ot &

B B (R B & . AGRTHR AN

AGR = (GR - GRy,) /(GR, — GRy,) (1)
24 AGR< 0.6 B, Xt iy Atk 2 AR B h A

FVEF (R VR, JR 5 I e o o R AAE 32 787 (3h) AR
Ayl A 22 0 AR RS 2 i TOC -
PR A .
TOC,=9.42 - 0.040AC - 3.29DEN + 0.161 log R, +
0.065CNL + 1.049AGR + 0.021GR (2)
24 AGR>0.6 5, X b ) 71 LA 8 (B8 Je 2 Fn
Sl E R 3 R UE A I 7 R AE 37 U8 T A s
FIF 2 0 [l A R RIAS 2] () TOC TUFF AT AN .
TOC,=-8.97+0.000 143AC +2.53DEN +0.982 log R, +
0.111 503CNL - 2.855AGR + 0.041 934GR (3)
5 T] e 2 I HE PR AR AR Ay
TOC, = 3.801 668 + 0.037 398AC - 3.027 72DEN +
0.020 893GR + 0.420 667 log R, + 0.002 913CNL
(4)
Shy R AR P MR 1, ST SN TOC {5 TRl
TOC{H BIAH 1k . I 4 Al 0, % T3 ] U8 2, 24
AGR< 0.6, F1 2500 0.879; 24 AGR=0.6, 1 )& R 5L
ALK 0.745; % F B [R5, FHOC R BCR 0.832, HEHR
SRR Kk HSC MBS 2 ) F 08 2 TR 08 1 X
LSz TOC A TOCHH , % =5 W) & 584t

F1 RFEHRDIBETIEREFHRREMEISER R HE
Tablel Kerogen maceral contents and R, values of Es,* in Minfeng area
b4 HE Y i 15 4

P 1 B hiEYes 40243 0.84 73.3 16.7 10.0 0 74.2 I,
FH1 kit s 40258 0.87 72.0 173 10.7 0 72.7 I,
ESAS Rk | HhmEves 40275 0.83 83.7 12.7 3.7 0 87.3 I
F2 B HEJeSE 39717 0.87 87.7 8.3 4.0 0 88.8 I
F:8 Rk | S 38162 0.85 79.3 16.7 4.0 0 84.7 I
+3 -7 EhEEE 39436 0.75 79.3 16.0 4.7 0 83.8 I
FE10 SR MEJSE 39167 0.93 91.7 0 8.3 0 85.4 I
FER10 - MERE 39176 0.93 89.7 0 10.3 0 81.9 |
FE10 R FEJESE  3966.1 0.71 94.0 0 6.0 0 89.5 I
B s WS 43275 0.89 91.7 0 8.3 0 85.4 I
FBWRH [ BEE s 4329.2 1.02 86.7 0 133 0 76.7 I,
KR4 kil B 47349 1.24 83.3 0 16.7 0 70.8 I,
YR 4 TR MRS 47398 121 56.7 32.7 10.7 0 65.0 I,
F®2 TR RIS 43005 0.90 90.7 6.7 2.7 0 92.0 I
F92 TR s 44995 1.13 97.0 0 3.0 0 94.8 I
F3 TR JEREE 47703 1.43 90.0 7.3 2.7 0 91.7 I
+38 N WY 41837 0.88 71.7 20.0 8.3 0 75.4 I,
F8 B RS 41863 0.91 69.0 21.7 9.3 0 72.8 I,
F8 TR WA 4201.0 0.92 84.0 9.3 6.7 0 83.7 I




=

-32- moR M R

H R g = 202345 H

VB ST DU AN A B2 T S (&1 5) o

FRYEI - PE A AL A 20 V0 U B T S BEJe 2 TOC
B, IR B A E 2 H R X VD U BT W B
PV TOCHEL A E (E 6) . TOC L)
A FA A5 V0 U B W B T 1 S AR — 2,
TOCTHHER KT 0.5%, K7 KT 1.0%, BEHA 75 I B
BRI A (TOC>0.5% e 5 ) fE R FHLIX T {2
3. TOC B XA T R M X AC 70 pU B T Bt
T R K AL , TOC HIME R T 2%, 18] 2 FTEE 5 [w)
BN R AR 2. FIR 104 TOC YIE
K, H2.35% SrHrilR, VP EL T EB 0 AE R
M DX AL R B K, R A DTRR G, 2 &
558 38 R I35 A R TG BILITR ) & AR AR A, N TATTE A%
TOC = {HIX.,

Y DUBLERBE e HE A1

3.1 REEEMRESMHEREMEEX

VO PU BT MY B R ORE € 3 - o 1)
EAFEES, EMECa S TR, BA W C,H
HE 5 e/ Cop LI 55 5 | e DU 55 e/ 17 -2 5 e SRR

3

Sz TOCHE /%
[\)
T

R=0.879

e

1 1 1 J

0 1 2 3 4
TR TOCTE /%

a—3h A1 Y 5 (AGR<0.6)

PE e B R AL, U6 G s R AL R IR AR E 22 57
R T S — W AR R PR TR R R ] o
XYL Y B S AT 5 R A A v I L, ZE R R
LA Co, FHE S e/ N FS BEAEL N 0.7 2 5, % g T
TRM4 180 ~ 4200 m, $ Vb PU BN W.BL o Ay b &R A
AT AT o
3.1.1 AW b A &b /nC,, 5 Ak /nC

Cyy Cog 1 Cop ) £ A2 A XF = B 19 = JC 4L A &
A BT HriRR R,y K] 7a F1E 8 AT UL, v0 Y
BER W B LR C,, B0 55 2 70 A7 Y LK, 1A
Ry AR R C,, AR Co FMIG-P S 8 C M
W8S J , B8 ot 5 S 2 TR A W SRR . T
BRI VR 5 HAT AR 43 A7 FRAE (L C, BRI S e 75 12
AR FE s B BORIR LA TR W A Wy A v ok 3, 5 /0 i
Bl VR A Y o W J5e/nC,, (Pr/nC,,) 5 4 556/nC s (Ph/
nC,,) & S WA HLIT R LR35 TR AR A R0
ZRES YU BER WL R SR JR A Pr/nC,, 5 Ph/
nC, BB 514 0.66 F10.68, b F K U5 25 1 34 o
K, 41528 0.95 F11.29, Ut BH I 2 Wiy B ot 3= 2y i
FAPUT, DI TR R A% (H B3R AH LT R
DU B A 4 T 5% (&1 7b) .

25

20 F

S TOCHE /%

0.5
R*>=0.745

1 1 1 1 ]

0 0.5 1.0 15 2.0 25
T TOCHE /%

b—#h e & (AGR= 0.6)

25
20 e
©
< L
a 1.5
O
IS
=10
#
0.5 R’=0.832
! ! ! ! )
0 0.5 1.0 1.5 2.0 2.5

TR TOCHE /%
o E A

B4 sl TOoCEFTM TOCERHE X

Fig.4

Correlation between measured and predicted 7OC values



30 H3M 2T RGN ARE MR B 3 DXV DY BE R S BUR A R -33-

CNL/% [AC/ (ps*ft) ILLD / (Q*m) I TOCHE /4 CNL/% [AC/ (ps=ft7) LLD /(Q*m) [ TOCTE /%
j [-100 150[1 2000 g/ 002 10°) 0 50 4 [0 501 200| yep/[0.02 10°f o 5
J= | DEN/(geom’) | GR/API mALLS/ (Q*m) e SeTocki /| /7 | DEN/@em’) | GR/API m | LLS/ (Q+m) e 2 TOCHE /%
1.5 30 150 0.02 10 0 e 5 1 510 250 0.02 10 0 e 5
4287 4022
4289 4024
- 4291 4026
v 2
- 4293 -4028
. m
- 4295 -4030
B B
-4297 4032
T T
-4299 4034
N 14
4301 [TITIT1/777777; m4036
B B
- 4303 4038
4305 M77777777 m 4040
4307 4042
a—=F R2If b—F R
BE5 TOCERFHM
Fig.5 Single well prediction of TOC
/ AN P
ﬁ

o RR2

0.6

TOC /%

[S]
S

OOl
R e e clanl IS ¥ o No Tl
48
[a=1
T
St
=

6 RFEMRDIOETERRESTFHTOCEELTHE

Fig.6 Distribution of average 7OC contour line of Es,* mud rock in Minfeng area

3.1.2 AN G I/N1T0-BliAC,, EH G b/ Cpr, § 12
R 5 56/ 17 - 782 Bt i o W FLA A ) (2R i vy
ERY)) 5 A CH ) SR IR S 1 DTk . o L
B (1) 4878 A HILIT 3 B U5 T 07 Ui 2 1 A0/ re A
PRI Rz AR S R S e AR S e /1 7 -

FE e LU T 22 Mg 7 ki 2B 1 sl 28 TR Wl i A AL
JE b G B R B b AR e Y e RN e/ 1 T -
St FUAE M 0.51 ~ 16.84, #4{H 4 3.98, B I KT T B
KA (BME R 0.56) , 5 78 EH IR U 5 B T iy A LA
TR A ) RN/ B2 E (B 7e) o & Cy EHESS



“34- ELTES N UGS T | G 202345 H
Cy,/%
0100 10 -
2 Es, BEEIS s Es, EEEIA
» Es, FiEIS » Es, FiEIS
U:
\f 1
&
100 0 )
0 20 40 60 80 100 0.1 1 10
Cye/% C,e/% Ph/nC,,
a—C,,, Cyq, Cyo LIS JE — LK b—Pr/nC,,5Ph/nC &K
100 10.0
s Es," EHEIERS s Es, BEEIRA
o Es, FHOEIHH o Es, FHUEIRE
A
r
w 10 ]
3 9o
B N i 1.0 N
g ‘ =
=, L » s
=3 A A N
e . a A
LI X2 4 4 A
* *
. A .
~ e 4
. ¢ A . R
1 | 0.1 1 1 1
0.1 1 10 0.01 0.1 1 10
C,, BB bt/ C, Bt L IPEiE

—HUN 5 ot/ 17a-78 bt 5C,, EHE K bt/ C,, i Fi 28 &

A1 S it g 4 B B b 4 B 2 1

B7 RFEMRDUETIERREREREEMIRENSE(aF0b EREZ#[27])

Fig.7 Biomarker parameters of Es,* source rock in Minfeng area (a and b chart are modified according to references [27])

Pt/C,, 85 B LA R E O IR T8 & L 9 iy B Ui
00 ] DA H R A R M A ) R A
B, VR B B BRI A C,, EHE S BE/C,
SSBEE o 0.42 ~ 1.29,3{H 0 0.97, B8 & F F#kE
P (L0 0.45) (K T K 8) . 1 T ik
T R NS, HAR TG B BT DR
Ui Co FHE S oe/C, S e T e S H = 26 L0 1)
&
3.1.3 A By b 4 e LA e 48 2

F= & BN L I e 8 s TR AE TR A A )2
IR ] BE AN [R] R B 1 432, AR R BRI i
PR ERIABEO 00 EL E or = B A 05 e s (A
Eh I IE/C o fi bt ) R FAE o BRI ot 1 R U5 T B A /=
AR, BB T AE OO BRI e = R E R el SRR ot
FRBCCR R BE/C, 78 be ) FRAE o 5 = B 1l BRI Jog i
Sty 28— 20 b AH A BILTE Y R B A G

F P 7d AT, VR DY B R B R TR A G A
IR ECA 0.14 ~ 1.30,¥9{E R 0.55, /i T T @i

F(BMHEZ R 0.20) , FBHHOKARER B, S LA
DU R AR — 30, LRI A 1Y SR e 76 B0CH
0.15 ~ 329, ¥ {H N 1.17; T &B ¥ F &z 45 % A
0.04 ~ 0.48, ¥ 7 0.22, ] AT EHBREE S, N
WA BEFREORE , DU T UK PR 858 1) AR U5 L
U TR 1R K B 0k U Bk AR LS 4 A
W2 X SEGINAATT G BRI 152
i V5 R T8 4 o o e P 8t K i AT R VD Y B R
Y5 B T A B AR A AL AL L 30 J U i A A
Yroaik s TR AR A AT RE /N . BT AWESEAR SR
ot fr mE bR T A2 4 T Bk A A HLTT Y STER S I8 A2 R
SEIR K LR K B T AT T A R AT
I, B /b i kAR AT HLE G BB TR B T SR e 1Y)
R EARAE S BOLRR SR s PRI s R B
RV E A T Y A TR SRR 22 ik
BRI

ZE E TR, VP B WBE R R A 22 1A
P, D R oA T 0 ER X B B3 (A1 5, A K a8



A0k W3 2T AP AR R BB 0 DU B B U A 35+
F8H 3816.2m
G H G C,,
C, & ——
C'm Ts
S0
Cy Z 8k Cyy éw% %Jkgr
S ¢ 2o ML DU 5 6
“19 C,, °C,, TeT i . ) 0C3U4—EF'§)'5§S§¢£
g
Coc, TF 2 8k
FIR10F 39167 m C, HHES b
i CL i
G b Co il ()EIJJ % ky:“q -
Vel X3 -

a— VP B R B B AR
F8JF
H

C,C,,TeT
26

b—IBPIE R
M E T IEE AR T AR IR S IR A g ik - ik

Fig.8 Chromatography-mass spectroscopy of saturated hydrocarbon in Upper and Lower Es,* source rocks in Minfeng area

w

E8 RFHX

J -5 A RS, B SR R LA VE R AR W | RS A
R, E bR S Y T AR RS 2 o T
BHhanZ THmRes , bm hihm s, TR T ik
JIK IR AKIE SIS, B 5 R R L e A W) A4 A
F, G mIR S ALY . TR R e
PEPE K 2 1k, HERR T R R A5 T DR T
A B R IR PRLE , B (R] e 75 5 Bl U i i ¢
AKX A5 A AT A R ] U8 A R B Y A
BLJE 3 B 22 /N P 25 SR — 3
32 RREER

SRR R R, T K T e E I ERT
W& W2 TH 12 B T DURLU T ok, Br DA, B 3 Y e A
e Le AR, Ve TR /)N o AR A R = i DX A [
Hb U B BE EER AT TOC>0.5% By Ve & &
B, il 7 A I R T T R BE AR L, R IR 9 T
VIE Y, b a8 B 43 A Y B R, o 0~ 350
m, FIRA FR VAR 8 I IX A& 1 thia iz th
FHRE K, B T VIR R A A, R A U5 S R
B 3 B PR R MR B IR 4 KR 2 FIF1 2 45
FEBA T SZ AR Y R /N U R e 3% IR TR A R A

=5

4186.3 m

Co MU 55 Jo

Z ik Coo LI £5§ J5

Cyd-FIE ff J

2 e
Co N £ J

Cog MU 8 £t
Co LN 5§ J5

C,, AR b

Cyd-F I HS ot

B LA

AR (>250 m) o T BRI A A A T R 2 T M
X R/ (<100 m) S AL B, Hm A X R AL 2 4%
PAEFER A FER A E S S HIX & F 1Y vh ) Bt
AT 5 TR 2 B A U B R S B AR (R TR
W, TR B YR X AR ER A T LT
R YR A R B B 48 K (>700 m) o

Pl e e o B

4.1 RBIEERFE

T R R B[] g Ve A e R b 2 DG ) — &)
PRIZR LA LR (58 2 i E 220 if AR SR
WY DU P SR A R R R — IR 1 2 ~ 3
) A ) TR A R A . L, BRI
EEHAEZTFEEN)WERETIR TS A (L
) X Al — R 2R B M E A2 L (3E B2
R TR X A —ER 2R T A
BE DL b BRI A (e s b ) 5B A R
RV TUBRIE A 4 R b A ) (3

)) DLk Joh e s o R in R, Bl 2 R 1 28 1k (18]

4



6- WO MR

N A3
229844 e
o= #h 2271100

A .’/
m _%?139'7?:%410171(928_ il

k9284513
Fk{9ZBe

a—VP BT LB b AR J5 B 7 Al

5 Ok il % 202345 H
0 1 km
FIRA RS /m —
350
300
928-414 250 JRYEA R
X SL/m

200
. K930K934, 0
9 793652

FIHRR9

PRE
<50 gm Ly

/ﬂ(?ﬁlSSS
7K559-2

#2294
%1’1?5[’229 %1'1%[’228 22_%4100

s - _A
: ’%229'?43 o 1t R TR0
i ‘,.ﬁL¥1

SR8

0 1 km

[

;
R R

H L /m

[—]

P ES
HL L

JEIRE I /m

K938 2

b—IBIUE F IR F A LA A
B9 RFEMXDURTERZFEEEESEZSH

Fig.9 Thickness distribution of Es,* source rocks in Minfeng area

10a) .7~ ,3 500 m LA F &k b EREIFIER TR A R,
1284k 3243 51124 0.153%/hm , 0.077% /hm F1 0.065%/
hm, =& E B HT RT3 500 m DL )2t 3R 81
e — R EE FRRIE S R, R T IR IR (4 A
UL A IS R B R B IRIRAR LR A Eh
T AR, BRI R £ T DA R e R IR AR T AR
IR RYE R R VRARE 15 VDU T B
AR AR IR ) R R 2 R 1.0%, Pl B 3 BR

T ORI IR AR 22 A0 A AN ]

LT R A X PP DU ES 47 11 HAY 73 A4S SR B
5T T R L AR T AT 2R (R B AR iR
)20 F) TR AZ L, IS TECR, B
TR s R o 2 R R B — AT
H & 10b i LLE Y, Jodh AR m skEh b R 2 R
JE 5 TR H A LM AR MR R B 430 200k 3.63
4.90 F13.09 °C/hm, [H L, $h ) sl ik [ b )2 0 il



$30% 3 ZEF RS RE A R EH X0 DU B B A RRAE -37-
6000 - 6000 -
. s . *
../ /
5500 % ’
7/
,/ 5000 |- 7/
/ /
// o// .
- 4
5000 // A
A
~7/.. /:. ‘/I/
/ 4000 2
’ . "
4500 |- /e ;?‘f_
7 ,° 7
s /4
/ ‘ ° /;".
S Al £ N
/ ‘e
> = / @ - -
ﬁ 4000 Y P 3 000 o .
..3‘:{‘ # T 1R,=0.000 65D-1.776 10 = J*
R'=0.857 4 L6 thFiT=(D+621.91) /32.336
3500 -, e R=0.70
L] IR R = — /
) mmJ%QWOWDznéw 2000 - o EhiF LR - 7= (D-754.46) /20.397
. R=0.643 5 ) el JAl ¥l : .
... :. . /, '. R=0.77
3000 - ° #h [.1R70.001 53D-5.067 63 e e
* - R=0.675 1 ’,: T T (]?;3)692828) /27.557
L) ’u\ —VU.
* ¢ F 1000 .
FEN ] LN
2500 - 17 . ;Fﬁuﬁuirjg
o ih | L ik
. Fth * ik
2 000 1 1 1 1 1 J 0 1 1 1 1 1 J
0 0.5 1.0 1.5 2.0 2.5 3.0 50 75 100 125 150 175 200
R/% HhJZ IR /°C

a—JR U5 R A TR AR 1L

b 22 BT VR P AR

10 REFEMRDMUEREIESR MiERERERMEZWL

Fig.10 Variation of R, and formation temperature with vertical depth of Es, source rocks in Minfeng area

Fh R ey, HUON TEER 2 EE T 2 el . X2
THEANERIE R TS, SBR[
ARG IS, BT B A X S R
42 RBRREEHELE

FEF b RO ()2 53 2 A PR ) Ry
PR BE , A 25 B PRA 2 6] IT & 1Y BasinMod 4
MR G AR T IR 2 B s A s ([
11)o N 1 ERLHLEE S e , R 2o ks 21
VY Bt RO BB AR A RN S R HLARS R M s )
Brtl, R H AL (B 2 BT KT 1 5 4 b A s g
GERARE ARE HDUBUR I R B2 RIS 5 /A
WHFE M, HET Basy%R, 8l J1 2 46 3147 4 o At
JOLEN LA FH S R (ERE IEARY . EIR 2 Vb DU Bt
B BRI A R AE U Y B — b — B R
P, v = Bt R AR TR (R, R
0.5%) , Vb " BEUTRET ] (4> 37.8 Ma) E AR T
WEHI (RN 0.7% ~ 1.0%) , 75 6 AL UTRL A ) (I 4>
28.5 Ma) N/ETHMI (R, N 1.0% ~ 1.3%) ,{HEA K
RBNESB B (R>1.3%) o VP PUE: T BE T #R AR IR
AR RFE VD Y B L BEUUA 0 (24 43 Ma) R R4
T, Y = B I BT T (FE 4 40 Ma) 35 2 A= il

e U, B RE DR, 7D — BeiBUR I (BE 4> 36.5
Ma) ifE AR , 7558 4 ORI (BE 4> 32 Ma) JF
A (R>1.3%) , AL THE BT B

5 IR E SR

ZEA A NIA U DU B BT REAFE DL T A F
WA X O REFEH X ILH, B A TOCHZ
KF 1.5%, L& F RIS JEE R R, #izX
WA R W I SRP R 75 1 SO 5 ) it
Foa AR RUR R AT AE R v AR DU T AR X
Q7 B M X R 0, 58 3 308 2 M 0 R IR A
TOCHZ KT 0.7%. ZIX H TiE & ik s iR
HIEAEE , AFT 5 A ER 7l =R R, (2
RRRE A AT AR I A A ORAE . 72X L
TR IE A TR R R, A WL = By, 7R A R DU A
PR F XA VE R AE TUA TR X R keI s
JEEE R B & AT A T AE R RS TEA
FI T AR R R & 1 T AE R T AE DU SR X
VP PUEE T W BOE A R R T 300 m™, A R £k

i J2 B SO M T SR R R O



-38- £ IV D S R S Q= =4 20234E5 H
0 Pal | N |Q 0
Qp Qp
Nm Nm
1000 1000 -
KEJ> KEd
| Es |
2000 | 2000 -
\E g Es3Z
23000 #3000 - . .
& 1%
+ ESACX
4000 - GRS () 4000 |- x
] R‘,1E[;'SIO.S%~0.7% fég
|:| PR (i) MR,
RfEHN0.7%~1.0% Es,’ ] Es,'
L e () s - N
RS Ek Ek
C R sves.on
6000 L L L L L 6000
60 50 40 30 20 10 0 0.1 1 10
P A i S5 4 Y/ Ma R,/ %
a—¥b U B SIF B b— AR FISZIIR BHER E F1 254k
11 REMXFER2HDOETIEEIBEHEMMELSE

Fig.11

B A7, U B T SRAT  (EXRE I RO REARA
#ﬁ_’—:"gﬂ‘_{ o

6 e

A8 B R M X VD DU B W B R WA AR R U5
AOLRFFE R (TOCIHZ KT 1%) , AL A 4f
CT AL, BT FEAR ), B o R 5 A 77 e A e 2R
BUSE, UTR T 38 S -5 308 SR IR BT, 8 v S5-I o
Ao FETHESL AR AT TOC T HPEA 45 AiF 57
TRFHXERA TOC RAVRHE, £ X TOC{HI K
T 0.5%, fEdbif s s 2 S-S A R E
X, Ry R A AH BRI S R B T S o R RN HILT T A
FARAF R4S

HRAE C,, 5 HE {55 BE/C,, LIS Joe | = B0 0] 55 e/
1Ta-ZE R EEYARE YRR IES 5L, IR 4 180 ~
4200 m N FL BB IU BRI BUE IR A 4y ERRATT
o LRSS A L, B C,, AR b/
Co, FIU) 655 J5 7o I 665 e/ 1 7 -2 5 e TR e i
T A bl b S B AR AL L 35 s DU IS BT
VR IKAREL RS 2 5 (BB DA AR 3

SRR A B AR AL F - E A B . R TR
HARAZEZ/NT 1.0%, FHBE KT 1.0%, ik IR A
F14) b R0 B RS B K T R MR R R
Ml Y B B 2% ] 55 1.8 °C/hm, R, 28 4k % 2% 7 0.088%/
hm, BRI S TR VD = BEUUR )0 A A= il TR,
VW —BOUBUR e A B m g, DU £ R

Burial history-thermal history of Es,* source rocks of Well FS2 in Minfeng area

R AR IO A A B B i ] 24 2 ~ 8 Ma, BE
Ak A I N A B B

AC—FR I 2%, ps/ft;
CNL—#Mh 7

DEN— KRB, g/em’s

GR—— B, APL;
GR,—4li 7 A SRy, APL;

GRy, — 2l wilidh A 24N, APL;
AGR—R i & i

R——HiBA%E, Q- m;

TOC,—— Tl S A ALK & 5, %,

%30k

[1] FeomER, BRrbar, 28 50, 45 A8 M o i R b i 4182

RS BOR U T]. HURARL 2 SR A, 2022, 44(3):
374-390.
QIAO Rongzhen, CHEN Zhonghong, LI Chenyi, et al. Petro-
leum phase states and accumulation models of the deep Shahejie
Formation of Paleogene in Dongying Depression, China [J].
Journal of Earth Sciences and Environment, 2022, 44 (3) :
374-390.

[2] ZESy, AREAr, 2300, 5. U BB A 8 Mg e Fi 1
IEDCTRIZVD VU 5 KSR SO (] ik R AR U
2010, 31(2):173-179.

LI Yanjun, SONG Guoqi, LI Wentao, et al. A fossil oil-reser-

voir and the gas origin in the Lower Sha-4 Member of the well



$305

35

2T RGN ARE MR B 3 DXV DY BE R S BUR A R -39+

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

fengshen-1 area, the north Dongying Zone of the Jiyang Depres-
sion [J]. Oil & Gas Geology, 2010, 31(2): 173-179.

ZHOU X X. Origin and source of deep oils in the Dongying De-
pression, Bohai Bay Basin: Insights from geochemical and geo-
logical analyses [C]. 21st International Sedimentological Con-
gress, 2022, Beijing.

TR, WAV, SKMG K, S BF MR T I AR A s o
PRI 505 1], AR, 2021, 42(12) 01 605-1 614,
WANG Yongshi, CHEN Tao, ZHANG Pengfei, et al. Explora-
tion potential and direction of Palacogene light crude oil reser-
voirs in Jiyang Depression [J]. Acta Petrolei Sinica, 2021, 42
(12): 1605-1 614.

TR, B, BERGEE, S ARE MR E R IRE A YR S
IR B R L. DURREEAI, 2011, 29(1) :192-198.

DING Fei, CAI Jingong, SUI Fenggui, et al. Characteristics of
biomarker and its implications of deep source rocks from north-
ern Dongying Depression [J]. Acta Sedimentologica Sinica,
2011, 29(1): 192-198.

e B R T B AL TR YD DU BT S B R AR R A AR B R A
[9]. IS R CR , 2014, 21(1) : 10-15.

GAO Yang. Characteristics and distribution of salt lake source
rocks from Lower Submemeber of 4th Member of Shahejie For-
mation, north Dongying Depression [J]. Petroleum Geology and
Recovery Efficiency, 2014, 21(1): 10-15.

5 H AN AE B PP SR AR AR IR A (], OB, 2013,
31(4): 730-737.

GAO Yang. Salt lake source rock evaluation by logging data [J].
Acta Sedimentologica Sinica, 2013, 31(4): 730-737.

BT, TR, TSR, AR ARE IR R AR BOA TR 2 i Ak
JECI R AIE B ot S R 23T [0, il U B SR, 2022,
29(5):15-27.

NIU Zicheng, WANG Yongshi, WANG Xuejun, et al. Charac-
teristics of crude oil with different sulfur content and genesis
analysis of high-sulfur crude oil in eastern section of southern
slope of Dongying Sag [J]. Petroleum Geology and Recovery Ef-
ficiency, 2022, 29(5): 15-27.

JUER, BT, E30W, 55 AE M0 T 22 5 b DX AL 230
SIEB BT WG, 2022, 29(3) : 325-330.

GONG Jianqgiang, YANG Huaiyu, WANG Wenbin, et al. Hy-
drocarbon migration model in Kongdian Formation of Wangjia-
gang area, Dongying Depression [J]. Fault-Block Oil and Gas
Field, 2022, 29(3): 325-330.

FENGYL, LIST, LUY C. Sequence stratigraphy and architec-
tural variability in Late Eocene lacustrine strata of the Dongying
Depression, Bohai Bay Basin, Eastern China [J]. Sedimentary
Geology, 2013, 295(15): 1-26.

KA, BB, BT, AR MIWIK A R R T A
ph{E AR RUEERE T[], FRIIRFST, 2022, 30(1): 46-56.
ZHANG Li, MA Yunqi, LI Xingyi, et al. Journal of salt lake re-
search regularity of salt separation and the variation of PH values
in the process of evaporation in Tuosu lake water [J]. Journal of
Salt Lake Research, 2022, 30(1): 46-56.

RERF, RS, R ACE MG A BES i R B A A

[13]

[14]

[15]

[16]

[17]

[18]

[19]

A G PR R 4 PR 3R (0], il SO B R MR, 2012, 19(6)
37-41.

SONG Guoqi, LIU Xinjin, LIU Huimin. Study on genetic
mechanism and controlling factors of conglomerate diagenesis
trap in northern Dongying Sag [J]. Petroleum Geology and Re-
covery Efficiency, 2012, 19(6): 37-41.

X E4ar, RIER, XUHER, % RE M AL EESCT i kA i
FE I B P AR ], Sl MBS SR OR 2012, 19(5) : 20-
23.

LIU Xinjin, SONG Guogqi, LIU Huimin, et al. Study of con-
glomerate reservoir types and distribution in north slope zone,
Dongying Depression [J]. Petroleum Geology and Recovery Effi-
ciency, 2012, 19(5): 20-23.

EIONE, RSEAY, M, A5 RE M RE AT I
B U2 AR U2 B A T[], 75 MO 2241 MR 2
JZ, 2014, 44(6): 1 747-1 759.

WANG Shuping, XU Shouyu, DONG Chunmei, et al. Diagene-
sis characteristics of deep natural gas reservoirs in Es,* in the
north zone of Minfeng Sag in Dongying Depression [J]. Journal
of Jilin University: Earth Science Edition, 2014, 44 (6) :
1 747-1 759.

SR, MRk, 2RI, A P T AR SRR IR S RS S
IAEYIARE YA B AL DOREAA, 1998, 16(3): 119-123.
ZHANG Zhihuan, YANG Fan, LI Dongming. Biomarker assem-
blage characteristics of source rocks and associated crude oils in
saline lake facies of Cenozoic in China [J]. Acta Sedimentologi-
ca Sinica, 1998, 16(3): 119-123.

SR, Wik, el . RIS = AL WA A LT R R
R SCD) VA Be A A BARREE IR, 2002, 17(6)
16-20.

ZHANG Zhihuan, YANG Fan, FANG Zhaoliang. Geochemical
characteristic and environment of organic matter of saline lakes
in Tertiary, China [J]. Journal of Xi’an Petroleum Institute : Nat-
ural Science Edition, 2002, 17(6): 16-20.

FE XS, BRNLC, XVHER, 45 . A MR ALl A i i AR AL i+
KT B it 5 M 1 B HGm AUBGBARE SR [0]. s B, 2010,
84(2): 246-256.

SUI Fenggui, CAO Yingchang, LIU Huimin, et al. Physical
properties evolution and hydrocarbon accumulation of paleogene
nearshore subaqueous fan in the eastern north margin of the Don-
gying Depression [J]. Acta Geologica Sinica, 2010, 84 (2) :
246-256.

KUK, i 4580, RO T, 55 WA W0 8000 IS b D 5 (R DT B R,
i B TR R AT —— LA MG R X = Beh W Bl
B[] WA BTGR R, 2021, 28(3): 1-13.

SONG Mingshui, MAO Shuwei, LIN Huixi, et al. Sedimentary
characteristics and controlling factors of sublacustrine fan sand
bodies in faulted basin: A case study of Middle Es, in Minfeng
area, Dongying Sag [J]. Petroleum Geology and Recovery Effi-
ciency, 2021, 28(3): 1-13.

WANG Q, HAO F, XU C G, et al. Geochemical characteriza-
tion of QHD29 oils on the eastern margin of Shijiutuo uplift, Bo-

hai Sea, China: Insights from biomarker and stable carbon iso-



-40- WmoR M R

5

Xk & 202345 A

[20]

[21]

[22

—

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

tope analysis [J]. Marine and Petroleum Geology, 2015, 64:
266-275.

HAO F, ZHOU X H, ZHU Y M, et al. Mechanisms of petro-
leum accumulation in the Bozhong sub-basin, Bohai Bay Basin,
China. Part 1: Origin and occurrence of crude oils [J]. Marine
and Petroleum Geology, 2009, 26(8):1 528-1 542.

TISSOT B P, WELTE D H. Petroleum formation and occur-
rence, second revised and enlarged ed [M]. New York: Springer-
Verlag, 1984.

BRIG4E, skARW], BUKELL, 45 AR AR A iR A
A e HE R (25 FE L[] AT 5 R AR BT, 2022, 43(3):
682-695.

CHEN Zhijun, ZHANG Chunming, HE Yonghong, et al. Char-
acteristics and geochemical indication of over-mature source
rocks in the Paleozoic, Yingen-Ejinaqi Basin [J]. Oil & Gas Ge-
ology, 2022, 43(3): 682-695.

CHEN XY, HAO F, GUO L X, et al. Origin of petroleum accu-
mulation in the Chaheji-gaojiapu structural belt of the Baxian
Sag, Bohai Bay Basin, China: Insights from biomarker and geo-
logical analyse [J]. Marine and Petroleum Geology, 2018, 93:
1-13.

IR, BEAR, EARAE, A R TORTR AP R S LR B
TR 7 3 —— LLZRE B 46 37 S0 U0 ] i 4 = B N S B K A
. AR, 2021, 43(4): 721-727.

ZHAO Linjie, LU Jianlin, WANG Baohua, et al. Segmented
prediction of 7OC based on lithology: a case study of the lower
sub-member of the third member of the Eocene Shahejie Forma-
tion, Dongying Sag, Bohai Bay Basin [J]. Petroleum Geology
& Experiment, 2021, 43(4): 721-727.

PASSEY Q R, CREANEY S, KULLA J B. A practical model
for organic richness from porosity and resistivity logs [J]. AAPG
Bulletin, 1990, 74 (5): 1 777-1 794.

B, R, XU, S IR BOR SR A AL
BT O B A BT, DUBREAAR, 2011, 29(6) 11 199-1 205.

HU Huiting, LU Shuangfang, LIU Chao, et al. Models for cal-
culating organic carbon content from logging information: com-
parison and analysis [J]. Acta Sedimentologica Sinica, 2011, 29
(6): 1199-1205.

ZHOU X X, GAO G, LU X X, et al. Petroleum source and ac-
cumulation of WZ12 oils in the Weixi’ nan sag, south China sea,
China [J]. Journal of Petroleum Science and Engineering, 2019,
177: 681-698.

RIBOULLEAU A, SCHNYDER J, RIQUIER L, et al. Environ-
mental change during the early cretaceous in the purbeck-type
durlston bay section (dorset, southern England) : a biomarker
approach [J]. Organic Geochemistry, 2007, 38 (11) : 1 804 -
1823.

WANG L C, WANG C S, LI Y L, et al. Organic geochemistry
of potential source rocks in the Tertiary Dingqinghu Formation,
Nima Basin, Central Tibet [J]. Journal of Petroleum Geology,
2011, 34(1): 67-85.

PETERS K E, WALTERS C C, MOLDOWAN J M. The bio-

marker guide, biomarkers and isotopes in petroleum exploration

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

and earth history [M]. Cambridge: Cambridge University Press,
2014.

SHANMUGAM G. Significance of coniferous rain forests and re-
lated organic matter in generating commercial quantities of oil,
Gippsland Basin, Australia [J]. AAPG Bulletin, 1985, 69(8) :
1241-1254.

HAO F, ZHOU X H, ZHU Y M, et al. Lacustrine source rock
deposition in response to co-evolution of environments and or-
ganisms controlled by tectonic subsidence and climate, Bohai
Bay Basin, China [J]. Organic Geochemistry, 2011, 42 (4) :
323-339.

SONG J L, LITTKE R, MAQUIL R, et al. Organic facies vari-
ability in the Posidonia black shale from Luxembourg: implica-
tions for thermal maturation and depositional environment [J].
Palacogeography, 2014,
410: 316-336.

MOLDOWAN J M, SEIFERT W K, GALLEGOS E J. Relation-

Palacoclimatology, Palacoecology,

ship between petroleum composition and depositional environ-
ment of petroleum source rocks [J]. AAPG Bulletin, 1985, 69
(8): 1255-1268.

SEIFERT W K, MOLDOWAN J M. Applications of steranes,
terpanes and monoaromatics to the maturation, migration and
source of crude oils [J]. Geochimica et Cosmochimica Acta,
1978, 42(1): 77-95.

SEIFERT W K, MOLDOWAN J M. The effect of biodegrada-
tion on steranes and terpanes in crude oils [J]. Geochimica et Cos-
mochimica Acta, 1979, 43(1): 111-126.

MURRAY A P, SUMMONS R E, BOREHAM C J, et al. Bio-
marker and n-alkane isotope profiles for Tertiary oils: relation-
ship to source rock depositional setting [J]. Organic Geochemis-
try, 1994, 22(3/5): 521-542.

MELLO U T, KARNER G D, ANDERSON R N. Role of salt in
restraining the maturation of subsalt source rocks [J]. Marine and
Petroleum Geology, 1995, 12(7): 697-716.

FLENT), R, R, AR PR R A U R S R
A W T R DA T B HC R SCT] R A R B 2
2014, 25(12): 1 903-1912.

ZHUO Qingong, ZHAO Mengjun, LI Yong, et al. The delay of
Paleogene evaporate on the gas generation peak of source rocks
and its significance in Kuqga Foreland Basin [J]. Natural Gas Geo-
science, 2014, 25(12): 1 903-1912.

2, AR, TR AR AR (U P R AR I 3K
FRFIE SR A D], BB, 2018, 32(6): 1109-1 124,
LI Lei, LI Sumei, ZHANG Hong’ an, et al. Characteristics and
formation mechanisms for the saline lacustrine oil in the west
slope of the Dongpu Sag [J]. Geoscience, 2018, 32(6): 1 109-1
124.

BRi €, 2R My, skt LRI PR Eh A R IR s
T A 19 4 T A B HG A i b s L), BRI T, 2018, 32
(6):1125-1 136.

CHEN Xiangfei, LI Sumei, ZHANG Hong’ an, et al. Control-
ling effects of gypsum-salt on hydrocarbon generation of source

rocks in Dongpu Sag and its significance on petroleum geology



$305

53]

2T RGN ARE MR B 3 DXV DY BE R S BUR A R 41+

[42]

[43]

[44]

[45]

[J]. Geoscience, 2018, 32(6): 1 125-1 136.

FUF, B A, N, AR R R EE SR U
AR RE 0 7 73 BT - AR AR P2 2 i i £ b 490 0. A 9l B 4
571 %, 2016, 43(4): 550-558.

WU Hai, ZHAO Mengjun, ZHUO Qingong, et al. Quantitative
analysis of the effect of salt on geothermal temperature and
source rock evolution: A case study of Kuqa foreland basin,
Western China [J]. Petroleum Exploration and Development,
2016, 43(4): 550-558.

S, ARAEWE . i A B4 A A R D A AR - AR
AL [I]. BACHLT, 2013, 27(6): 1399-1 406.

PENG Bo, ZOU Huayao. Present-day geothermal structure of
lithosphere and the Cenozoic tectono-thermal evolution of Bohai
Basin [J]. Geoscience, 2013, 27(6): 1 399-1 406.

WIZEPR, SR, BRINE, 55 i T B - AL
FFAE[T]. Mo BRIBIZEH , 1999, 42(6) : 748-755.

HU Shengbiao, ZHANG Rongyan, LUO Yuhui, et al. Thermal
history and tectonic-thermal evolution of Bohai Basin, East Chi-
na [J]. Chinese Journal of Geophysics, 1999, 42(6): 748-755.
AR, PR R, XM, S IR A i R 25 S M
HEFERERD] A5 RIS THTT, 2021, 42(6): 1255-1 264,
JIANG Youlu, SU Shengmin, LIU Hua, et al. Differences in hy-
drocarbon accumulation stages and main controlling factors in

the Bohai Bay Basin [J]. Oil & Gas Geology, 2021, 42(6) :

[46]

[47]

(48]

1255-1264.

W, mek, K, L SAAREIILRIE IR Y RIRUE
FATH AL AR A b X il SO W (], AR Bk, 2020,
31(3): 358-369.

HAN Yang, GAO Xianzhi, ZHOU Fei, et al. Thermal evolu-
tion of Jurassic source rocks and their impact on hydrocarbon ac-
cumulation in the northern margin of Qaidam Basin, NW China
[J]. Natural Gas Geoscience, 2020, 31(3): 358-369.

KRV, 25, SRIHE, 55 . R T 2 RTLE R (1 e 5 i
s B SRR DL HUK 2 b R R 357 4 A 4] ).
AT S5 RICE, 2018, 25(5) : 39-49.

ZHENG Jianchao, LI Bin, WU Haiyan, et al. Study on the ther-

mal history of the source rock and its relationship with hydrocar-
bon accumulation based on the basin modeling technology: a
case of the Yuertusi Formation of Tarim Basin [J]. Petroleum Ge-
ology and Recovery Efficiency, 2018, 25(5): 39-49.

JAH AR D PR Bk PR A i A S A T S
[R]. Ay A JE R ER ST 1034 45, 2023:1-125.

ZHOU Xiaoxiao. Study on phase evolution of hydrocarbon gen-
eration from source rock of Es,* in Minfeng area [R]. Mid-term
report of Postdoctoral Research Project of Shengli Oilfield,
2023:1-125.

YREE R B

“Hhmaba iR RERTZWEANEAHTWAL” |
NED02F ARG HEE LR

H ]l B 2 AT H A A 2022 4F B2 HR T 4 R B SR AT TR o A AR A A
ST IR 5 BH I e oty 30 28 AT T I i D o s AR AL A B R EOR " AL 2022 47 3 Ml TR R R IR

A ORI R

55U SRR G AR LG, JHE M3 P B 340 6 Bl R 5 i 5 7 ()0 4R A2 S 0 3.000 m 25 000 m,
JRERHETR K 5 500 m , RHR 73 SRR BB B ST R (R ) T 0.7%~0.9% , BAT I U U REARR b BEHE Rt |
b )2 e T e R R A M A A K, A R TE R T 0.9% 1 v i U RE IR U )2 38 v 1 DU A 1 Ml T &
1L, PRLIHC 5 P 40 Bl AR BT 2 4 e B R % T e 3 R R PR A

FHIF A BTS2 B, D BRI BE o 3 R SUA TR T AR BRI S K A PR 58 T I8 s s A BT R A7 5
U AEARAR B R A5 0 AT LAA SO A3, T 7R 1 R (ETE 0.7% 2645 1 50Ul BIVa SR W] S B N FELEE, [W]
I BRI BN T i R TR 3t D AR R 5375 58, W T JCAILFLAR A B B B v i 2R DU 1 R A AR s (),
ST A SR BACRAE DA . BT LA EBTATR BTG SR 1 A il AR S b T AT TR
IR ZR IR T - R A BN B 5 A TR I P R o A — RIVRUHT ORI A 88 5 T, BB B il
RT3 75t T 2 3o P S T A A R TR 2 o 2022 4 P ) el PR BT 18 D ) 5 i 1. 13420, 0
Jtfif 5t 10.37 AZ W, JE2 B 135 B 340 e i AR BB o 2t 0 e g B AT A T



