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Oil generation and retention kinetics from the upper Es4 source rock
in the Dongying Depression
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Abstract: Core samples were collected from the upper 4" member of the Shahejie Formation (Es4'), Well
Wangl161, Dongying Depression, in the Bohai Bay Basin. Pyrolysis and swelling experiments were carried out on
the kerogen and residual kerogen isolated to study the potential for oil generation and retention, respectively.
According to the results, the oil yield of the upper 4™ member of the Shahejie Formation (Es4') is 585.47 mg/g;
the oil generation time of the 4™ member of the Shahejie Formation (Es4') is about 22 Ma, according to the
parameters of hydrocarbon generation. The timing of oil expulsion is approximately 8 Ma for the 4™ member of

the Shahejie Formation (Es4'), which is currently in the late stage of oil generation.
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Table 1 ~ Geochemical parameters of Wangl61 kerogen

HFR KR i TOC (%) fmax (C) Sy (mg/g) S, (mg/g) I & S$ii| I (mg/g)
Wangl61 Es4' e 40.22 436 12.08 287 0.04 I 714
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Table 2 The oil yield of Wang161 kerogen
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£x3 AEBRENABESH
430 185.23 440 234.28 450 272.63 Table 3  The solubility parameter of different components
450 132.72 460 252.56 4 WMESE (J/em®)
Cis: AR 13.91
1.3 %ﬂﬁ;gﬁ Cise FFHIE 16.37
W4 o 18.42
Bk — R E o T R A WA O kA R U
IKAIELS, W FHAET TR ES ) i F 52 v o R, [ x4 BAEIBARTMNBARESY

P A — e B HEAT T — 66 T iz A1 PR
TREAR B R U IRE T MBI o X I ik S 58 ok Ui,
Vel S Ritter B SR vA KBS N T
MR s B g U, Aok I A 3 A4
O Crs MRV . Cos 07 B ke AR P 21 43 (B B AN 0 75
Ji), XFRE BV RSB 3 iR, 38 E 22 DR
g AU v K B AR5 T IR £ B i ) A T
TIRE, JFHX & ELL 1 B & T Tk
i, %07 B ANE AT LU 5T HE R B B) R HE R &, i HL
X FRIFFE A UG8 B s B T AL 43 0 o0 S i 3] 2
&b T Larsen ef al'VARFSE, W LIS SN TREAR
HIVE AR EE S0 19.40~20.50(0/cm®)’° . AR 4R AR IR
VSR, 7R A O3 i E SRS R T AR Y I A
JESHORAENT, A7~ WAE 5 A T W AR v iy 3% B i
bR, L, FRATERE T 5 MismIESETER N
14.94~25.99 (J/em®)* 1 56 4% A3 T B AR V5 1 S 8000
BRI (EERE . CIROTR . LR . SN )

Table 4 The solubility parameter values of solvents
in the swelling experiment
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Fig.1

Oil yield of Wangl61 kerogen at different heating rates
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Fig.2 The oil generation curve and kinetic parameters of kerogen
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Table 5 Adsorbed quality of solvents in residual kerogen

(RN ZMZE LM SHEEE LB
(C)  (mglg) (mg/g) (mg/g)  (mg/g)  (mg/g)
2°C/h
350 189.19 256.76 391.89 31081  166.67
360 165.56 218.54 35099 27152 158.94
370 138.98 179.66 318.64 23729 145.76
380 129.31 168.10 314.66 21552 11638
390 119.62 153.11 27273 19617 100.48
400 109.22 153.58 255.97 16724 102.39
410 100.00 181.82 24242 160.61 93.94
420 8971 147.76 248.02  153.03 87.07
430 8437 134.37 20938 168.75 84.37
440 7273 127.27 23636 160.61 90.91
450  65.42 126.17 22430 163.55 84.11
6 C/h
360 196.53 246.63 40582 290.94  190.75
370 173.58 215.09 37623 252.83  181.13
380 162.37 190.72 353.09 24485 15722
390 153.41 178.98 32055 207.39  161.93
400 135.42 174.48 30729 187.50  145.83
410 123.20 166.32 29979 197.13 12731
420 11647 134.54 285.14 18072 122.49
430 11034 156.90 262.07  153.45 94.83
440 8421 138.95 25895 14316  82.00
450  76.92 138.84 25328 150.09  90.00
20 ‘C/h
360 239.94 303.16 464.08 31034  251.44
370 221.05 268.42 407.89  286.84  231.58
380 19820 239.64 38378 259.46  205.41
390 187.22 246.70 367.84 23128 204.85
400 177.30 234.04 34752 21513 191.49
410 159.34 195.05 31044  197.80  167.58
420 162.29 173.11 342.94  181.56 14697
430 139.59 169.34 290.62 16476 116.70
440 117.02 162.23 31649  178.19  125.00
450 105.49 154.01 28059 15612 109.70

SRR PLA IR E G RE /A (B 4). MNIE 4 h
AL T AR gk B A R i 2 S R B A v,
UL 12 SN A 4 AR . M5 ER N 0.37 B,
I F LR AT A . X — 25 R B i T
Pl B b LT A PR B AR e AR T, AT
AL RARREAAS . T 45 20 0 7 T BEAR b ity
i, BRI B T T A A, S ARl
SRR -, B 4 =5.0E+15 s, JIFaisfkaE
J3Ah 213.5~242.8 kI/mol, FIEALAEH 238.6 k/mol.

2.3 M EERERER-HEHE

TH B U 1 B R AT BT IE 5 DA S AR
e . H HTBA 2 N U L e i s Yyl ] O i
R ERY R EE . TR EERRE
W45 b 2ok A8 A AR T A R O LA B A, R
WA, Ak B8, RESEPEE ORI
GRFE SRR DT iR gk, B SR T DURR A b v e
M5 Kt fE, VRN fb A e FEBIRA
Pk o A A SR g R, AR MR AT ROR), R
FHHbFRRE N 15 °C, Ml B6 B 3.8 "C/hm, TH3A AR
B TV 864 i 70 1 B Xof o7 P 338 0 391 1450~2000 m
F12450~2950 m, FEEMSE] 53514 32.8~24.6 Ma Fl
13.6~2.0 Ma, P78 20 510 T2 8 A DT RRR 18
FrE b - AL DR . EARCEADIBORY, BT
Hseig sl JEm e A AR R4 T 10 Ma
B TR ] DT

ARE MR E AR A B B, P X — S AL
MR TORE, BUAHIRER B R 3 °C/hm. 3 SCRk[1914]GH,
REME A S Sz s Dok, BAEM R
HOVRRE, T HORAR AR ST A MR B, R
EUTRE A R TRE R 14 °C o MR AR S M Xy R TR
FE 14 °C, HuEBREE A 3 C/hm #EATHE, AT LIS H
ZRE M BE VD Y BRI A R B 2 (& 5), Ak
THUFIAE B T 7= 2R B R 2R RN ] AR Ak 2% 7 FTR o

W S 2B BBl g A R B B 12 S S ARE M
B M B S H0AE &, Bt TS T AR R R R
A b ST Rl AR AR 7). B 5 SR b B
A SR R ik, B S HhaTUE Y, ARE TR
W BRI B H AT ok, Bk B
585.47 mg/g. TE T HEARAE MMMt &, ARy
FEYIRE A T AR R, A A B AR T R
HEGES TR EIERE S, RAEARERTT
FEAR ) B IR R 1, oA AR AT IEAR TP RS o IR A,
S5 S v R AR BRI B TSR, Y ARE M sV I
BORIE A R IKF] 0.8%I), JEIHI 9 A4 iR TR
T X8 S B R B AE T, TA SR Dl AT LD i AR v
Het, 5B AE X AR mT RS ACE M [ v
DU_I- Bk e I A s ) o BE A2 8 Ma, i AP
5T R AE M A YD 1Y L B 5 A i S5 1) i 2
FE T BURE B P 5 1 WIFEE 4 30~25 Ma 1
B, 25 2 WISMIEAS 5 Ma; JEUi Az s RIHE HS A0 B[R] 0
LIPS, T A s RHE e R AR AR AL
FUOR I — A [ 7
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Fig.4 The fitted retention curve and kinetic parameters of the kerogen
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Table 6 Adsorbed mass of oil in residual kerogen at different

temperatures
b e By L by i By EL b e By EL
£(C) S i B £(C) S B £(C) S B
(mg/g) (mg/g) (mg/g)
2 C/h 6 C/h 20 ‘C/h
350 308.01 350. 309.11 360 350.29
360 270.20 360. 282.46 370 310.40
370 231.62 370 274.47 380 287.58
380 202.61 380 252.15 390 279.27
390 175.73 390 228.52 400 264.98
400 151.98 400 205.40 410 226.51
410 133.34 410 188.03 420 197.75
420 113.67 430 148.84 430 182.76
450 148.45 450 136.69
t (Ma)
28 18 8 2 0
T T T T
600 | | — Rl ik
= —  Jgiuhr i
E
=~ 400
i
£
i 200

V:

0 1 1 1 1
0.4 0.6 0.8 1.0 1.2

R, py (%)
K5 vb iy b Bt Az A B ith £k

Fig.5 Oil generation and retention of Es4'

Fz7 HENTEREBERCEFFEREE
Table 7 The calculated yield values of oil generation and retention
Ro Easy (%) t(Ma)  JEHZE B (mg/g)  JIMI B T i (mg/g)

0.20 —47.20 0.00 310.40
0.24 —45.20 0.00 310.40
0.26 —42.80 0.00 310.40
0.31 —-36.00 0.00 310.40
0.36 —30.53 0.01 310.40
0.41 —27.55 0.06 310.40
0.46 —23.87 0.65 310.40
0.51 -21.20 3.00 310.40
0.59 -17.73 18.80 310.40
0.64 —-15.07 61.40 310.40
0.70 —12.40 118.66 310.40
0.78 —8.53 191.99 285.59
0.90 —4.53 424.74 225.11
1.07 -1.15 579.16 114.85
1.26 0.00 585.47 114.85

AT Y BEAS R, AT AT BILBLE T AR P AR AR
A2 114 mg (¥ 8 & wT NP BT WO, RE

MR VD DY 1 B 1 A B (8] R 29 42 #E 4> 24.6~2.0 Ma,
EFARE MG, dira o EEAmAR A RE . &
Jedit B E BRI 66%. £ MR TR B 1B ki B
FEEI HEIE B 38 BRI 80%., RATAIBLRIZE RS
TN T8 A P A A S R 50 7 5 M1 o i 2 45 1 1Y)
SR RARAHAT

3 48

(1) AR SR A0St S 560 R s i 52 560 %o S [ ol 228
B B 2 8 U1 V0 DU L BB Je VR 2 i D AR D9 A
TR b i BE RE AT TFSE . VD L BT AR
SEA HLBR P R K M 585.47 mg, YU b BOIRIE A ik
AAIH B B B 29 54 22.0 Ma, BT, 0 L
B R 2 E A S B B

(2) TSI AE T AR b i iy B4 B8 ) B A AR 1Y)
B AR, BEE PR AT, R 2P
wam, AL R, S EUR IR AE T RAR Y
T P R B IE T AN

(3) R 1 AR A= e T g R I A R AR
i R DLW, A TE T AR AR Y 5 R R i
HERZRE G T A ReHES, 5 YR E MBI
DU | B I Ry IS5 0.8%FN, JEUIH AT LU T P& R
RS, AR ERX RS, W LB R
THHEH BRI Z) 4 8.0 Ma., A= il B Be4h ok, Al
ESATALBTAE T AR TP TS AT 29 114 mg (3 B4 o
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