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Abstract: The organic-rich lacustrine dolomitic mudstone, argillaceous dolomite, organic-poor siltstone and dolomite interlayer
are important areas for shale oil exploration in terrestrial basins in China. However, the research on the integration of hydrocar-
bon generation, expulsion and hydrocarbon accumulation in the lacustrine organic-rich dolomitic mudstone or argillaceous dolo-
mite under near geological conditions is still blank. An integrate experiment of hydrocarbon generation and expulsion simulation
from argillaceous dolomite rich in organic matter under near geological condition in confined systems, has been carried out with

typical lower mature organic-rich argillaceous dolomite. The four-stage of hydrocarbon generation and expulsion evolution mod-
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el is revealed. The results show that the first stage is characterized by relatively slow oil generation associated hydrocarbon ga-
ses and by limited ability of oil expulsion when R, is <<0.74%. The second stage is characterized by rapid oil generation associ-
ated hydrocarbon gases and with incremental ability of oil expulsion when R, is in the range of 0.74 % —0.84%. The third stage
is characterized by hydrocarbon gas generation associated oil and oil initial cracking, and by oil expulsion effectively at 0,84 % <C
R.,<<1.28%=1.30%. The fourth stage is characterized by oil cracking into hydrocarbon gas associated hydrocarbon gases gen-
eration from kerogen when R, is >>1.30%. And the retained oil is mainly occurred as adsorption phase with organic matter at
R,<C0.68% , and mainly occurred as free phase within micron to nano-scale pores and microfractures in mineral matrix of argil-
laceous dolomite at 0.68 % <<R,<<2.00%. The range of thermal maturity for favorable shale oil exploration within lacustrine
dolomite measures, is proposed at 0.84% —1.30% , on the basis of the results of simulation of hydrocarbon generation and ex-
pulsion for lacustrine organic-rich argillaceous dolomite, integrated with geological conditions and exploring economic benefit.

Key words: lacustrine;organic-rich argillaceous dolomite; simulation of hydrocarbon generation and expulsion; occurrence; ma-

turity; petroleum geology.
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Table 1 The plan and concrete conditions of hydrocarbon generation and expulsion simulation for organic-rich argillaceous dolomite
READLIR B T i 2 i 7 A 1) TR T HezR =y EET) PR = AR TR
C)H (°C /min) (h) (MPa) (MPa) (MPa) i (g) Fht () i (g)
250 1 48 25.0 20.0 36.8 60.98 20.14 20.60
275 1 48 26.5 21.5 39.1 60.10 20.54 20.39
300 1 48 28.8 23.8 43.7 60.75 20.90 20.11
310 1 48 30.0 25.0 46.0 60.55 20.70 20.39
320 1 48 32.5 27.5 50.6 59.14 20.19 20.41
335 1 48 35.0 30.0 55.2 58.28 20.72 20.36
350 1 48 37.5 32.5 59.8 59.85 20.27 20.15
360 1 48 40.0 35.0 64.4 59.48 20.21 20.56
370 1 48 45.0 40.0 73.6 58.60 20.96 20.55
380 1 48 48.8 43.8 80.5 60.32 20.78 20.71
400 1 48 55.0 50.0 92.0 60.49 20.48 20.36
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Fig.1 The simulation experimental flow of hydrocarbon generation and expulsion for organic-rich argillaceous dolomite
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Fig.2 The simulation results of hydrocarbon generation and expulsion for organic-rich argillaceous dolomite
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Table 2 The simulation results of hydrocarbon generation and expulsion for organic-rich argillaceous dolomite
FEADL IR B AR R, TR T HezR =y EET SRR TR He il 1
“C) % (MPa) (MPa) (MPa) (kg/tc) e (kg/te)
250 0.59 25.0 20.0 36.8 0.79 3.74
275 0.64 26.5 21.5 39.1 0.92 5.23
300 0.68 28.8 23.8 43.7 2.82 10.2
310 0.70 30.0 25.0 46.0 3.08 12.85
320 0.74 32.5 27.5 50.6 3.68 13.15
335 0.80 35.0 30.0 55.2 8.08 29.17
350 0.84 37.5 32.5 59.8 17.59 33.79
360 0.90 40.0 35.0 64.4 23.47 36.95
370 1.12 45.0 40.0 73.6 38.75 101.46
380 1.28 48.8 43.8 80.5 57.76 167.18
400 2.00 55.0 50.0 92.0 149.36 207.33
He il 2 He i 3 Hethh 4 SR B F S JEY SYaalcd
7= (kg/te) e (kg/te) e (kg/te) FEE(kg/te)  TEHE(kg/to) (kg/tc) (kg/te)
1.56 1.61 0.66 7.57 83.51 91.08 91.87
1.77 2.82 0.22 10.04 126.75 136.79 137.71
1.18 1.83 1.91 15.12 160.20 175.32 178.14
0.86 2.17 1.65 17.54 206.35 223.89 226.97
1.74 4.50 1.23 20.62 225.16 245.78 249.46
11.13 3.44 2.69 46.44 349.60 396.04 404.12
5.88 34.19 70.89 144.75 372.23 516.98 534.57
8.32 89.95 51.95 187.17 335.73 522.90 546.38
11.27 116.89 64.88 294.49 224.54 519.03 557.78
39.37 78.42 120.82 405.79 110.90 516.69 574.45
79.47 18.23 36.48 341.51 21.64 363.15 512.50
*3 EFNRRAEBZEEHEENTIRRRRES =X

Table 3 The yield of hydrocarbon gas

generation and expulsion

compositions for organic-rich argillaceous dolomite during the process of hydrocarbon

R B JUEE J& U5y # (kg /to) PN
CH R, (%) CH, C:Hs C3Hg C3He iC4/Hie nCiHyw CiHg  iC;Hyz  nCsHyp (kg/te)
250 0.59 0.46 0.11 0.1 0.05 0.00 0.07 0.00 0.00 0.00 0.79
275 0.64 0.68 0.11 0.08  0.00 0.00 0.05 0.00 0.00 0.00 0.92
300 0.68 1.69 0.43 0.37  0.02 0.1 0.13 0.00 0.04 0.04 2.82
310 0.70 1.78 0.52 0.41 0.03 0.12 0.12 0.00 0.05 0.05 3.08
320 0.74 2.07 0.65 0.51 0.03 0.13 0.17 0.00 0.06 0.06 3.68
335 0.80 3.79 1.66 142 0.07 0.29 0.43 0.00 0.24 0.18 8.08
350 0.84 7.28 3.89 3.46 0.10 0.7 1.12 0.00 0.52 0.52 17.59
360 0.90 8.69 5.18 4.80  0.20 1.09 1.71 0.00 0.90 0.90 23.47
370 1.12 12.81 8.44 8.44  0.27 1.77 3.29 0.12 1.73 1.88 38.75
380 1.28 16.97  12.42 13.36 0.39 2.93 5.6 0.13 2.81 3.15 57.76
400 2.00 37.1 3413 39.69 0.75 8.06 16.34 0.2 6.42 6.67 149.36

H oz A R R B R DA W 3 A 2R B SR e A5, Bl
AL R S R R B £ R, O 0.59%
MRS 5 CH, .C,H, .C;Hg . C, Hy 1 nC, H,, 4
WL E R, K074 %R A5 CH, .G, H, .Cy H
C:; H; .iC, Hyo «nC, Hy, o iCs Hy, Fil nCs Hy, 2H 58, 45 125
2 G 7 S B KT 38 44 = TR B G B B R
HE H T 7 S R0 HE TR 2R CRVHE M R S T 3R X

100) ARG, A= 1 I 32 EE0F B2 TR I 1 = 4 N L A
LIRIE S 250 °C (R, =0.59 %) W EHE i = 0 5%
BN 25002 7.57 kg/te F183.51 kg/te, HE I AL
S 8.31 %6 s i HE I I LAHE H ol 1 AR 0 3 S 32,
ROy 9 A 7,57 kg/te M1.61 kg/te; 320 C (R,
0.74%0) B S HE 3 7 25 R0 8% B I 7 R 4y i) 3 =
20.62 kg/tcfl1225.16 kg/ te, H HE il Z& KA K 1
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Table 4 The hydrocarbon generation yield of different stages for organic-rich argillaceous dolomite

WrECRE BrBOlVE BrBokm R B BUR AT R N BRUT R BBl R Wi B 7 4 ok i
) R, (Y (kg/te) HAT O (kg/te) R A1)
250 0.59 0.79 0.53 91.08 17.42

250~275 0.59~0.64 0.13 0.09 45.71 8.74

275~300 0.64~-0.68 1.90 1.27 38.53 7.37

300~310 0.68~-0.70 0.26 0.17 48.57 9.29

310~320 0.70~0.74 0.60 0.40 21.89 4.19

320~335 0.74~0.80 4.40 2.95 150.26 28.74

335~350 0.80~0.84 9.51 6.37 120.94 23.13

350~360 0.84~-0.90 5.88 3.94 5.98 1.14

360~370 0.90~1.12 15.28 10.23 —3.87 —0.74

370~380 1.12~1.28 19.01 12.73 —2.34 —0.45

380~400 1.28~2.00 91.60 61.33 —153.54 —29.36

(8.39%0)  EHEH s LAHE ol 1 FnE ol 3 S L
FA 1315 kg/tefl4.50 kg/tc.

PR A AR R HE TR O 32 Tk v v Ak Y B
(320 °C<TBEPLRL BE <<350 °C,0.74<CR,<<0.84 %) : B
BRI L 77 ) 1 85 5 A AL T B B 1 38 KL T
JEERA R AR R T R A g =L R, N
0.80 6 1 0.84 %6 B, 31 7= 2 A8 B 7 R 43 0
396.04 kg/tc.8.08 kg/tc F1 516.98 kg/tc.17.59 kg/tc,
25 B Be S AT 2 TR AR SOZ B B
HE A LSR5 25 10 2% 0 A PR st A vl oy 3 1
ARSI AL R ¥l CH, LG H G H
C, Hy +iC, Hyo «nC, Hy oiCs Hy, F1 nCs Hy, 20 B % RS
2 43 7= R i A R AR KT 38 780 9% B BE R HE H il e R
FRIHE 1 A X HT— B BORE A 3G K, 52 SR RE 7 3%
4 R 5,335 °C (R, =0.80 %) I S HE i 7= R
5% B8 77 23 R 46.44 kg/ tofll 349.60 kg/ te. HETH 2
1173 % o SHEH T AHE I 1 RTHE R 2 S 3L
A9 K 29.17 kg/te il 11,13 kg/te; 350 C (R, =
0.84 %) B & HE iy ol 7= 2 5% B W 7 R 4 i R
144.75 kg/ tel 372.23 kg/tc, 5% B I 77 R 5 B de KA
HEIH 3 828,00 %0, B HE H i DAHE B9 3 HE H il 4 Fn
HeHm 1 R F L 7= &40k 70.89 kg/te.34.19 kg/te
F 33.79 kg/tc.

Az S A T S ) R 2R e CHE T E b Y
Br (350 °C << B 4L B << 380 C, 0.84 <R, =<
1.28%21.30%) : R A5 0L IR BE L R 7 1 3% v 5 A AL
oo S T B R R 7 R R S I A K = B S RS A
Bof AT e AR B 7R Ol — S AR R E T L TR R
SRR X B LR, 0,90 %0 4 1.28%
B, S ORI SR A4 i 522,90 kg/te Fl
23.47 kg/tc 285 516.69 kg/tc M1 57.76 kg/tc, & R,

R 0.84 26 ~0.90 o IF B 77 28 5 B B g R T AR AR
AAH Y A1, FA A5 By Bk AR T R B TR
BRI H By BRI R R A, R A B CH, .
C.Hy. C;Hg, C;H,. iC,Hy, . nC,H,,, iC;H,, I
nC; Hy, Z A0 i AE7E /D& C Hy SO By Be b 2R 2
SR IS 0 e S e R (R B 9% W BE R S
7 SR I R R 2 B R ) R L T
360 °C (R, =0.90 %) B G HE 9l 7= R 5% B il 7= %
39 187.17 kg/te A1 335.73 kg/te, HE WM R Ny
35.79 % S HE H I LAHE i 3 HE ol 4 FHE 1
S FE, PRy Bk 89. 95 kg/te. 51. 95 kg/tc Fl
36.95 kg/tes ERIALIR BN 380 C (R, =1.28%0 =~
1.30%0) B 8 HE il = o F0 5k Bl R 4 Gk
405.79 kg/tcHl 110.90 kg/te, HEW 2 Ky 78.55% »
He B DUHE 1R 4 AR U 3 kL R R
I35 4 167.18 kg/tc.120.82 kg/tc Fl 78.42 kg/tc.

T A AR S T R AR AR RSB B R LR >
380 “C,R,>1.28%~1.30%) : Byl /=3 HE o =
LT BRI 7 R A MR AT T A AR e T
LR A CH, L CoH, W CHy L Gy H, L iC Hy,
nC, Hyy  CyHy o iCs Hy, A1 nCs Hyp 4 A% A5 50076 B8
400 °C (R, =2.00 %) By Sy 7= & CHE ol ™= 22 5% B
PSR AR H 9N 363.15 kg/te.341.51 kg/
tc.21.64 kg/te M1 149.36 kg/te, K iz i B I8 5t 14
5 A O T T B R B R 1) R R A O B AR L
(I KB o AT HE R R BT s A, HE R R Sk
94.04 % HEH I LLHER w1 HEH O 2 b E LR R S
WH 207.33 kg/te.79.47 kg/te, M HEH I 3 HEH
4 ByFE R HIFEAEZE 18.23 kg/tc.36.48 kg/te, X I
RERHERFNRE A RS L PR EE P mE X
R R ST AT RCHE T OBUE R G B AR A SR
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A3 %

(200 WF 5T N, B # L W B R 4
50 BFRH s AH R, =1.28%0~1.30% & 2.00%
B, B B S 2 3k 91,60 kg/te, By B 7 2 ) [
ik 153.54 kg/tc.

3 X TUA RN B RS 78

31 RRAZERBEEHFBEHMBREANX

WAL A SR 2 R AE R R A
EXF 8 T PN Bk B A AR LB A TE A ] Y IR
P (Leythaeuser and Poelchau, 1991; Pepper and
Corvi, 1995; JEHEDT 1995 ; Stainforth,2009). H i 2%
H AT 3 I R B A HILIBT U8 U A R 2 A T
A WGRAF A AL A 78 0 2R THT S T 7 AR A BRE A P 2
i Y S AL L 0] DA B AN A T8 B Y
L .58 Z 55 (Ritter, 2003 ; Larter et al.,2012;48 A4
AES,2013) , WA T i AR v iy iy B i iz 7% 5 8
FEFEY B P AN 2 28 MY 3K P8 98 AR L B
2N TR 20 60T X5 A4 7 Be 0 1y 52 me s AR /b
(Larter et al.,2012) , X 13 B 5 A HL 5T W B A R A7
{18 it B i R S Ao R B R AR X DL AT 8Bl L
I 48 78 PR BT 1 2 o AN [ 3 Ak B B s B A =
XF DU AR AT SR

2 A [v) BT A B B 2B HE R A S 36 I 1)
P AR T Jre S A LK | i BR Wl S BT, JT AR 8 40 B 46
THA R A A LB & & CRA DLk — A Bl & X
0.85) AN [ #R I AL B Be e BT = N B & B 5
BR A A WL & B AR LRI W3R 5 FNIAL 3 BT,

B UL U B Y 3 v (RO BIL BT A R, Y 3
VDRSBTS PAE = ORI R = 2w ) IR RN
R 3 25 AR AR R AR L T R A A BIL B 7 e DU S 3 0

i g, B LA 4DLIR B 350 °C (R, =0.84%) K
D R AN S PaE e il R IS PR EIR el ST
S5 GRS 1 5 I AR S R AR AR #E 250 “C (R, =
0.59 V) B IR BT 11 == % N iits BRIl it o 2.94 mg/g. 5%
AWK & 52 3.34 %05 7E 350 °C (R, =0.84 %) i}
e 5T 11 2 5 N i R Ol o 3k B B KOk 13,60 mg/g s 8%
A WUBR 5 o0 1,65 %0 5 22 5 BEAS S0 76 B2 3 o (HA
U REE R, 3K L U8 B 2 A N T 1 il B A
B ok A LR & X B W, & 400 C (R, =
2.00 %) Bf e BT 1 = 5 i BRI i FE & 0.82 mg /g,
RAAENBREERE 1L.35%. AR mEmy 54
BLBT IR B A A O I8 47 250 “C B (R, =0.59 %)
A HLER YA B &l 88 mg/g. 7E 350 CHF (R, =
0.84 %) A HLAR PN ¥F 7 I £ 1= 35 826 mg /g, & 400 C
A (R, =2.00%), AHLER N E BB E 61 mg/g
(% 5). T UK AT 46 (2015) S % Ak 52 36 ) 11 284 T i
R 11 B R ASEAL , &5 SR ¢ B B A U 1 1 o 5 ik
LU T W B Rtk B 2 BRI, VRS 8 v A% A 4 B B e i
W ASTR] S I S e I R 25 2 DI TR 5 HE s i
NSOs B & e KA Z HE h R B 5 i B R
K, >120 mg/g TOC,7E R, 4 0.90% i} & &
HEEZ 100 mg/g TOC,fE R, N 1.20 %0} BB g &
R % <750 mg/g TOC. H IL 25 # H#HEWr . & A LT U8 I
F1 25 5 1 0 R IR i) AT b B B (R, <20.6800)
e B4 T N 3 DL ML T O B S TR AE . ZE 0.68 Y0 <<R,
<C1.30 %0 M I 1k B B L VR R 1 = A TR s A
T L T A B ST W BRI R L AR A AL
JE| 30 0 FL B N 4 4% 2R Gt — 5 40 T R U 5% T P 4y
MR ILas R K LB HEH R =5 . 5 —
53 W0 LA 1 25 O FAWRAE TV B A = A 0 W) 5E
B — 9 K LMk I 24 4% R 8 b, R T BRI )

x5 RBREBZEFRARRUMBRFBREESRAFINBEE

Table 5 The contents of retained hydrocarbons and residual organic carbon in argillaceous dolomite at different thermal maturity stages

BRI CC)  WEVE R, (%) Wi (mg/g Rock)  BRAHHR(Y%)  #WE M (mg/g TOC) HE

250 0.59 2.94 3.34 88

275 0.64 4.52 3.33 136

300 0.68 5.78 3.28 175

310 0.70 7.33 2.91 252

320 0.74 8.17 2.67 306 i B 8 R R B
335 0.80 12.57 2.4 522 A5 A LR )
350 0.84 13.6 1.65 826 B 25 Tk 7 P 1) 55 B
360 0.90 12.44 1.61 775

370 1.12 8.34 1.57 532

380 1.28 4.43 1.40 317

400 2.00 0.82 1.35 61
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Fig.3 The contents of retained hydrocarbons and residual organic carbon in argillaceous dolomite at different thermal maturity stages

i)

T S . R L, A 32 A S 1 P Rl DL U
BIAWAT T IR A = 40 10 3 5 B — 40 K ALk AN
TR L P, Al LA LT R B 2 T AE S 3 7E i A
By B, 48 A0 A A T D T 2 i A S R P
T EETE B HERR A T 6 I 11 = 2 o8 i B
I AR AL [ B A5 40 52 56 25 B4 7R L AS i ] R M AR
T e VR A i R I R A LR 1 R R A O OG ROk A
W e Y 2 A i B i 2 DA HIL SR R A S TR A
32 HHERRBzEREEREZEMN A MBIRY
JIT V8 BT 2 1 A AE B A DL DU (e 51
52BN RA LT A M R RS s
SCRD 2 R N A R R R R R A A 9 R
(Jarvie, 2012) JRiFJZ R W 00U Il & &£ K R
A BRI R FH S = KR ERRG A XK. AE A
FEH S PTRIAEE (P g R IR 2 R A A A 254
P 3 LA B AL 3 B 28 A5 ) | BB s /b 2 i AR
(B A S 50 S LAk PR 15 A PLFLAE e
B 5D FIARAT 3 L 25 A / 0 P 5 R A 455 TO0JEG A L 0 i
B ARG S (BKRRE 2015 TE ALK
Fl oA 2 RGBT ROK — 2 JSOK B L T A
BEREIAHIAEE M AL VTR st b O PR AF I R R R
U o B IR U A 3 R v A 2R — P i AR R 3t A R R L A AR
I 2 76 & A LT A =255 2 & P B R AR TR,
XN TEANRA S SRR G, SO e H 2
T EL A DU B R O 0 DG L WA X TS A
TR 48 DX VR o 228 B ) 3 BT, AS ) 2 35 11 SO0 153 77
TE—5E 2 55 A8 A4 RE 45 (2013) I\ g JR 3 3 3 Bl o

0.80% ~2.00% , 5K 4x JII 55 (2012) 1A Ay B 24 B 5l
H0.50 % ~1.50% . 1 75 OB %5 (2012) W] 2 3 Rl
Hh0.70%~1.10% » 2= 3 B 48 (2014) X5 Wb BH 1M1
PR SR ie YT Bl 0.80% ~1.20%. iR & A ML
e A = a AR R R R, <
0.84 Yo It o SV AT LA AE B S8 9 il o AL A= 10 il ] 3
PE5S , BV A7 7E e 22 HE RS VR B . HE i = R AT AR 1K
(P 2) 5 [R) o 7 32 AR B B, R i 2 A 3 A 7
ORI e W S e A el AR B 2o N [ AN 5T A
Hzaa ik B (S W2 /a3 K, 2 R, =
0.84 2/ I ¥ifs BA 5 35 B 5 RAH W5 /R LB U8 T 1 =
A HIERE QWAL TTAE R, =>0.84 % WL N, 4k
R FA I AT DA A ) HE AR L O ELHE ol 3
REAMBHRAVLEIZN M E TREA S
R S DLW B S AR TR B A = ) B T
B — 9 K G FLRE I o 24 4% P L A A 0B R Bl AR
FH AT gl AR R v 2 A0 A T R 45 T80 A 25 L 31
IR T 130 M A WL H = e A e ik
a5 2 R IRE BIAE 3500 m # % 4000 m
Db s VTS0 45 1 v L T v V2 e W A AL
Hza s R A = A2 RURAE 4000 m DL L.
PRI SHe i 58] 46) € 2 T A0k e 458 [ A0, 4 SCHR s B T
MHEAIE A BRRA REAH S AE2ER A M
B 0 R T L 0.84 90 ~1.30 % R AE.

4 g5

(1) i R B 2 A HIL BT 0 2 e 0 T A%
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PN By A HE RS A0 S 56 3R B L B G R H0R B S s )
() 14 1 CA AL 0T A b 7 B8 A 38 KO & A WL Ui i
F 2 B AR T CA S0 L HE i 5 0 B ol ™ 32 DA
2 E R D SR S S W = R B R R T
S 4 D ACKY B (1) 2208 28l 1 A 2 A0 Rl RE
14 R AR B B (B 4DLR B2 <<320 °C . R, <<0.74%0) 5
(2) PR A= v A 2R S0 HE T RE 32 T 4 e T A B B
(320 °C <t R <350 'C,0.74<<R,<<0.84%);
(3) A I S A= il 5 3 A7) s 2 e v A58 vl 3 Ak B B
(350 °C<FR U i ¥ <<380 ‘C,0.84<<R,<<1.28 %~
1.30%0) 5 (4) 1 24 2 e T s MR A= 8 < B Be (B AL
T EE =380 °C BV R, >1.30%0).

(2) AN R R b B BOUR BT 1 2= 5 PN i B8 3l 7 T A
75 A ] AR BB B (R, <C0.68 %) Wi B8 il = LLA
BLBT W BEE 2 A7 AR G 2 M 0T — e 2 B B
(0.68 %<<R,=<<2.00 %0 H F T U B A A7 TR i
DO T — AR AL MR T R A R G AN RE TR
B AR R S R BRI 5 A ML B i R IR G OC
FORMEW IR A PN i B2 il 322 DU HILJBT 0 B A TR

(3)*&%1‘%%16}%% m AL L 25 G S bR i BT O
JERN R T/ e, A SCHE AR B AL = e
F\Y}%ﬁﬁEzzq#l%’%ﬁﬂﬂzﬂ%ﬁ?ﬂ@ﬁk%&ﬁfm
il 0.84%~1.30%.
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