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Hydrocarbon generation and expulsion pattern
of different types of excellent source rocks
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Abstract; Semi-closed pyrolysis experiments were conducted in order to evaluate what controls the hydrocarbon
generation and expulsion efficiency for three types of excellent source rocks (siliceous, calcareous and clay
ones). Each type of source rock has different relative hydrocarbon expulsion efficiencies in the stage of early—
middle oil window, where siliceous source rock has the highest oil expulsion efficiency and oil expulsion quanti-
ty, reaching to 50% , and the expelled products are dominated by heavy oil. This is followed by calcareous
source rock, about 30% . The oil expulsion efficiency of clay source rock is the lowest, about 4% —11% . During
the middle—late maturation stage, siliceous source rock tends to achieve the highest expulsion efficiency first, fol-
lowed by calcareous source rock (65% ) and then clay source rock. During the late and high-mature stage, the
oil expulsion efficiencies of siliceous and calcareous source rocks do not change obviously, while the oil expulsion
efficiency of clay source rock increases rapidly from 20% to 90% . The models of hydrocarbon generation and ex-
pulsion of three types of excellent source rocks are different in the stage of early—middle oil window.
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Table 1 Organic geochemical data of different types of marine source rocks by thermo—compression simulation experiment
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simulation experiment vs. conventional one



B2

Z P AR ORIE B B B A R U

- 181 -

SER I T BB A BRI LU
2 s (1) M= AL BT AR HE I AR S 0 S 2
BT IR ST R GE e A R EE % AR AT ] A 2
S5 I R R A LS PR A, U R LB S R
F 3 2 B¢ 09 R U008 e e A AL Do T A AR RE (1A
VA B B 52 0 T R E i A 27 1 i i e
MSEEE, (2) HuJZ= LB S A HE I RS2 56 0
PR Z AT REHAT T I SRR | AL S B 2 SR A
X A A I R SELSE 36 107 il R 8 T 1
(1 1B) ,H, (I 1C) [CO, ke A5 AR 5 12 ] ok
I, LB AR S B0 45 R R
F R A ORI B B LS B 2

2 BUSCERSER S A HE R

2.1 HERERRBRERE

RETT BRI B IR A AR S S0 25 SR WLk 2 B 2,

B IR A0 T 8 V25 AE AR T I (VR 29K
0.45% ~0.9% ) Heh AR (HE H I/ B SF- 34 0]
ik 50% ZE A7, HE AR AL 7E 80 ~ 130 kg/t
Z 6], i HAE R (VR, 978 0. 55% ) HETh S
2 BV R DA (P, I o el o AR X R v, R
PRI RE A - (1) PURE B8 1A 22 452 30 1 RT3k 4, & 4
B RIB B I N, 2 R Wt e R, R A
T L SR A AR X &, A R 5 S R HE
— Mk AR TUEHE T A SRR API<10°5 (2) XTAT
AL R AR X AT, R AR B AR T RG 2
FRRFRER A . I (VR, 2970 0. 82% ) HEMRR
BN 59. 35% [ 21 45. 66% , HE 5 T
B A A3 AR AL AR . (18] 2,36 2) , EER A
S (1) M LB S8 0 B0 S 56 1) el ot o 42
TR A R B SEPR AR 5 (2) BE AR TR 72 AR

SR D A LA G AR K i s SR FH s A 1Y
B, Ve A LB B B 2 fa) 2 b RS TR
AHUTT (JFIN) 55 BEAA TREA, (H 2 o R ) ik P
R RE S DRI EE B O R U 2 A ) 3
HEMRCR B W R 2

TR I R0 00 5 0 U 5 L2 BRI (VR 20
0.9% ~1.3% ) HEMSCEIEIG N, 2801 62.7% ~
81.5% X1 A HE AR fL 7E 243 ~ 408 kg/t, B AL
P (VR, 290 1. 02% ) HEM R AN HE M =1k 5]
EEE (K 2,38 2) , FEHERH, — 2 A LR
SRR LG 77 AR AR I B AR R A ) Bl
He R U8 7 s IR R S8 ) 25 5 e A TRl R B
5% MR AR S AR

R 7 7 G S — 1o G BT e
AR AR R AR T RN (B 2,36 2)
B SCHEH TR B T B A (VR >1.05% ) ,— T
T TR AL G100/ VoAb T A IE 5 il —
BB RS> TR () BWE R,
5T T OF IR R A A S ) T K 41
(BRORWIT ) e LB #4887 i R —ad By

800)

—— SRR
- = i
a0 BE
_ O e T |
2 400 \\
£
200F
]
0 ! ! R R '\! !
02 03 04 05 08 10 20 30 40 50
R, /%
2 RERTRUE BRI (AT ERAR ) AR HE AR

Fig.2 Hydrocarbon generation and expulsion model
of siliceous source rocks (type Il kerogen)
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Table 2 Data of siliceous source rocks by formation porosity thermo—compression simulation experiment

BRI B/ KIEfG B/ HE b/ pErliivg j= v B Hei s WD/
. VR,/% (kg-t™")  (kg-t")  (kg-t")  (kg-t")  (kget') BIMZH/%  (kg-th)
R 0.45 87.29 87.29 87.29
250 0.48 81.21 80.63 161. 84 0.09 161.93 49.82
300 0.55 75.19 109.77 184.96 0.85 185.81 59.35
325 0.70 82.80 90.45 173.25 1.94 175.19 52.21
350 0.82 153.74 129.20 282.94 8.25 291.19 45.66
375 0.94 144.92 243.31 388.23 13.50 401.73 62.67
400 1.02 92.50 408. 06 500. 56 89.01 589.57 81.52 0
425 1.18 80.18 244. 66 324.84 145.69 470.53 75.32 124.04
450 1.52 40.97 134.58 175.55 240.18 415.73 76.66 183. 84
500 2.00 9.60 62.85 72.45 324.11 396.56 86.75 214.75
550 3.12 2.80 21.43 24.23 342.85 367.08 88.44 235.05
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Table 3 Data of calcareous source rocks by formation porosity thermo—compression simulation experiment

AL BIEJE U3 ekl Hethh/ s j=av ey Y4 Heas  ERWE/
M/ C VR,/ % (kg ") (kg-t)  (kg-t)  (kget')  (kget') EIMZE/%  (kg-tTh)
ke 0.45 60 60 60
150 0.48 62.96 16.58 79.54 0.09 79.63 20. 85
200 0.51 90.36 16.13 106. 50 0.13 106. 62 15.15
250 0.54 57.67 25.87 83.55 0.59 84.14 30.97
300 0.6 60. 30 33.57 93.87 1.55 95.41 35.76
325 0.75 79.78 33.18 112.96 3.11 116.07 29.38
350 0.83 261.78 53.75 315.54 4.70 320.23 17.04
375 0.95 308. 86 70. 65 379.51 12.53 392.04 18.62
400 1.11 160.72 298. 13 458.85 33.94 492.79 64.97 0
450 1.55 58.96 209.36 268.32  161.26 429.58 78.03 65.21
500 2.05 21.18 91.51 112.69  322.27 434.96 81.20 89.72
550 3.15 7.45 58.83 66.27  372.20 438.47 88.77 90.96
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Table 4 Data of clay source rocks by formation porosity thermo—compression simulation experiment
S KIER baichliivg Het b/ Js8iiig =/ B Hetha s BADIE/

M/ C VR, /% (kg -t™") (kg -t™") (kg-t™") (kg-t™) (kg ") BIZ/%  (kg-th)
JERE 0.43 17.44 17.44 17.44
250 0.48 27.28 2.24 29.52 0.02 29.54 7.60
275 0.51 30.52 1.39 31.91 0.05 31.96 4.36
300 0.55 59.35 7.31 66. 66 1.45 68. 10 10.97
325 0.75 114.75 12.24 126.99 3.71 130.70 9.64
350 0.82 155.94 23.82 179.76 4.94 184.71 13.25
375 0.94 296.93 51.65 348.59 17.40 365.99 14.82
400 1.02 355.78 71.52 427.29 35.51 462. 80 16.74 0.00
425 1.18 139.88 138.82 278.70 99.16 377.86 49.81 90.94
450 1.52 79.29 113.54 192.83 146.87 339.70 58.88 133.10
500 2 4.93 65.55 70.47 249.58 320. 06 93.01 163.78
550 3.12 2.60 58.27 60. 87 257.06 317.93 95.73 168.19
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Fig.4  Hydrocarbon generation and expulsion model of clay
source tocks (type Il kerogen, dominated by benthic algae)
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Table 5 Dynamic evolution of hydrocarbon generation and expulsion
of different types of excellent source rocks (type II kerogen)
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Fig.5 Oil expulsion efficiency (A), quantity (B) and gas
generation/expulsion quantity (C) of different types
of excellent source rocks (type II kerogen)
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R JTRY A6 5 R AIORG - LR B U s A HE T
B b R HEEET I () BUR BT () BOR Y
AR iR, HEBEAT I SR 5 T e 247 Bl Al A e o 32 ke
A%, 2B HERS S B R 3 1 I T 3G =%
T, B BTG N AE | (ER L HEEET ISR HE
BERTI D A HER o SRR I T it A — 2
FESE(FRS5) (1) HERR T SCEE AT T AR 4 v M
DURE A R AE JJ 5 5 B K, AT LA 50% 42 = £
90% VA I 5 R Jo 2 R 85 i R4 /0N | T N 73% $2
£ 90% , J5# M 65% H& & EE 80% ., (2) HER I
T SREEHT T 2 DL T L A AR R e R R A, AL
250 kg/t Jl/DF) 92 ke/ s AEBRIVRZ, D 200 ke/t ik
263 kg/t; K BUEAK, M 120 ke/t 1820 E 65 ke/t,
(3) re BB B e oo A HE A o B sk e U 7 o LA
Feb JoT AU I e U5 A T o ey, 805 S5 R e v A HER S
AR (FUR R A 7 A X I, R T
A HER S AT B I, SR T R, (4) FEAR
SA— e B B A HE T A DA o L R TR A
FEXTRETE BT 2 5 ol T VA HL A i A
FERTR IR ) TR A e R AR T Y
AN A A Wt B i s % R RS A R IR
W BRI A O
3.4 TREME

TR SR A5 3R R ORG = LR R IR A HE
B b A A HEEE AT I A I ARAIR, JF B A B
NGB T (HHEEET BRI &, LT
1R A AR A R SR S R I 7 S A
FAAE—S625 5% (3R 5) « (1) AR HEE R DAAY o Y
PR fe K, Foe i T 3k 372. 2 keg/t; ik AL YR
Z N 342.9 ke/ty R AN, D 2571 ket
(2) KT AR B Tk U5 25 7 3 1 A o B v
W A HER S A0 A HERR ST B AT B LA 5 A
R A EH R R R R, EHE TR VR, >
4.3% S K, R ALK 2, ik R Bk R R
HElR S T R /N (R 30 S 508 ) . (3) 5k
Wi 2 DA S5 7800 o e Y AR X A K, Al = IR

Z 85 TR AR X BN (A A AR ) . AR
SRR ER A MLERER AR R A TR AL A E R Y
ANT] B A X R 2 A W B S O
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B P TRRIR A | I A S o B AR R (S A
MU 2 B DU KA e KA 45 ) Rl = B
KRS R & B KT 10% B8 0T 4 B3 45 3 1L
w7 S EAS ANAHRR AR (ERS) . BN
X IE AR R R FE I Sk A R i sl A v S
KA IR s ELA B S wIVE T . olan , A
oA T A o AR G S AR VR Y B R R A (e
SRR ) T I (B B ) i (B
Bo) iR B SR B2 R AL BT A U
R R E RBER R B (JEH 2 R R AL i H (i
BRI PR A IR
4 Z5

1) i o R 5 4 Y 25 7E LA R v S HE T 50K
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Z I8, T HAE VR, 294 0. 55% I HE 2% 3% 3k
e WA 5 7 B P G B HE T 250 48 T 2] 809% LA I
Hv 28 2 7=

2) 85 TR T U 5 E A R T HE R 50
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65% ,HEMEIE LN VR, = 1. 11% ; i3 WU BH R
SRR R S A MLRER A K,

3) K B B IR A A HE SR —
BHA 4% ~ 1% ,HEEAL 1 ~ 12 ke/t, BUA IR
91— e AR BEHEMACR M 20% 5635 2 90% LI I

4) kS RY B Jo A RS - AR R R VR A HE
AR 2 ] R 1 22 5702 B AT 1A R rh ot HE
TRRCRAHE I SR AT RE R S e AT AT
VA BT W B 25 5 A MBI PE S R R B
BEAREA X,
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