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Quantitative full-component hydrocarbon-generating simulation and crude oil mobility
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Abstract: Shale oil and tight oil are current hot spots of oil and gas exploration, and the shale hydrocarbon-generating simulation
experiment can provide important information for the exploration of these oil and gas resources. Taking the shale in 7th Member
of Yanchang Formation (Chang-7 Member) » Ordos Basin, the gold tube-autoclave hydrocarbon-generating simulator is used to
systematically study the Type Il organic matter, the gaseous hydrocarbon (C; ;) , light hydrocarbon (Cs—14) s heavy hydrocar-
bon (Cis+ ) other components of hydrocarbon-generating products in the maturity range (Easy R, 0. 7%-1. 6 %) corresponding
to “oil-generation window” , and the geochemical characteristics of hydrocarbon generation residues. It is found that in the shale
of Chang-7 Member during oil-generation period, gaseous hydrocarbons of 2. 35-103. 91 mL/g and light hydrocarbons of 10. 83~
88. 24 mg/g are produced simultaneously. The peak yield of heavy hydrocarbons corresponds to Easy R, of 1. 00 % » closely ap-
proaching to the maturities corresponding to the peak yield of saturated hydrocarbons, aromatics and non-hydrocarbons. Moreo-
ver, the asphaltene yield of heavy hydrocarbons starts to decline after reaching the Easy R, of 1. 35% , reflecting subsequent
large scale of asphaltene cracking and solidification. However, the light/heavy ratio ( gaseous hydrocarbon/light hydrocarbon)

and gas/oil ratio (light hydrocarbon/heavy hydrocarbon) vital for physical property of crude oil are continuously increasing as the
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maturity getting higher, and the increasing rates are evidently accelerated after Easy R, of 1. 05%-1. 15%. During oil-generating
process, the massive loss of HI and H element of shale residue and the kerogen solid carbon isotope becoming heavier occur prior
to Easy R, of 1. 00% ; the kerogen solid carbon isotope changes less, and can be taken as an original source index in Ordos Ba-
sin. Through comparing six kinds of common biomarker maturity parameters in the hydrocarbon-generating products, it is vali-
dated that MPI and F1 among the PAH maturity are linearly correlated to maturity in the whole oil-generating window, and can
be used to identify the crude oil maturity in the shale of Chang-7 Member in Ordos Basin. The change nodes of various geochemi-
cal characteristics of hydrocarbon-generating products and the maturity indexes can be applied to the exploitability assessment for
shale oil or correlative tight oil in 7th Member of Yanchang Formation, Ordos Basin.

Key words: 7th Member of Yanchang Formation; golden capsule-autoclave system; hydrocarbon-generating simulation; full-compo-

nents analysis; shale oil generation; later oil-generating window; maturity index
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1 2 Ci—s

Table 1 Change of the yield of C,_s gases in hydrocarbon generation simulating experiments with two heating rates

/  Easy R,/ /(mLeg™ 1) /(mgeg™ 1)
C % C, C, Cs C,+Cs C—Cs C—Cs Cy C, Cs C,+C Co—Cs C—GCs
363 9 0. 70 1. 99 0. 27 0. 08 0. 02 0. 37 235 1. 30 0. 33 0. 14 0. 04 0. 51 1. 81
402. 0 0. 92 9. 45 3. 23 1. 76 0. 68 5 67 15 12 6. 17 3. 95 3. 17 1. 69 8 81 14. 97
408, 2 0. 97 11. 84 4. 40 2.55 1L 10 8 05 19. 89 7.73 5. 39 4. 58 2.74 12. 70 20. 44
413. 0 1L 01 15. 66 6. 34 4. 08 213 12. 55 28 21 10. 23 7.76 7. 32 5. 30 20, 38 30, 61
20°C /h 418 0 1. 05 20. 92 8 73 5. 85 359 18 17 39. 09 13. 66 10. 69 10. 51 8 91 30, 11 43,77
’ 423. 1 1. 10 26. 29 10. 94 7. 15 4. 26 22. 35 4863 17. 17 1339 12. 84 10. 57 36. 81 53. 97
4281 1L 15 24, 42 10. 28 7. 01 4. 50 2L 79 46, 22 15. 95 12. 59 12. 60 11 16 36. 35 52. 30
433. 0 1 20 30. 05 12. 28 7. 97 4. 62 24. 87 54. 92 19. 62 15. 04 14. 31 11. 48  40. 82 60, 45
442, 1 1 30 34. 75 13. 92 8 99 5 52 28 43 63. 18 22. 69 17. 05 16. 14 13. 70 46. 89 69. 58
458 1 1. 50 53. 07 20. 46 13 15 8 20 41, 81 94, 88 34. 66 25. 06 23. 61 20. 36 69. 03 103. 68
3331 0. 70 2. 34 0. 33 0. 10 0. 02 0. 45 2.79 1 53 0. 40 0. 18 0. 06 0. 64 2. 16
350. 1 0. 79 5. 79 1. 33 0. 53 0. 14 2. 01 7. 80 378 1 63 0. 96 0. 35 2. 94 6. 72
360. 2 0. 86 9. 01 2. 69 1 23 0. 40 4. 32 13 33 5. 88 3. 30 221 1. 00 6. 50 12. 38
368 3 0. 93 12. 46 4. 55 2,47 0. 99 8 01 20. 47 8 14 5. 57 4, 44 2. 46 12. 47 20. 61
2°C /h 376. 1 1 00 18 02 7. 23 4. 48 219 13. 91 3L 92 11 77 8 86 8 05 5 44 22. 35 34. 11
’ 384, 4 1. 08 22. 39 9 17 5. 78 317 18 13 40. 51 14. 62 11 23 10. 38 7. 88 29. 49 44, 10
392 3 1L 17 25. 89 10. 40 6. 49 2. 25 19. 15 45. 04 16. 91 12. 73 11. 66 5 59 29. 99 46, 90
400. 2 1. 26 30. 36 11. 89 7. 33 4. 20 2343 5378 19. 82 14. 56 1317 10. 42 38 15 57. 98
408 1 1 35 37. 23 14. 33 8 77 5. 03 28 12 65. 36 24, 32 17. 54 15. 75 12. 48 4577 70. 08
428 0 1. 60 60, 46 21. 82 13. 45 8 19 4346 103 91 39. 48 26. 72 24. 15 20, 32 71.19 110 67
1 (Easy R,) (2°C/h)
Fig.1 Changing trend of gaseous hydrocarbon yields with pyrolysis temperature (Easy R, ) rising(2°C /h)
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b b b
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Fig.2 Gas generating potential of 7th Member of Yanchang Formation shale, type I organic matter and type III organic matter (2°C /h)
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Fig.3 The trends of yield in slow heating rate experiments with temperature (Easy R,) increasing(2°C /h)
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2 (2'C/n) (Co-1s)+ (Cis+ )
Table 2 The yields of light, heavy compounds and the four group s
components in slow heating rate experiment(2°C /h) R , .
/ Easy R,/ /(mg-g~ 1) 7 R
c 22
3331 0. 70 10. 83 71.21 18 81 22 07 25 94 4 39 291
350. 1 0. 79 14. 33 98 31 2203 32 04 34 24 10. 00
360. 2 0. 86 25.37 13404 30,14 41 93 44. 52 17. 45
368 3 0. 93 3125 165 85 3655 55 07 50.72 23 51 .
376. 1 1. 00 3516 182 68 4473 55 55 54. 89 27. 51 i . A
384, 4 1. 08 49. 40 184. 94 41. 15 60. 67 55 14 27. 98
392 3 117 5130 174 80 30. 62 50. 82 49. 09 44. 27 3 ’ ’
400.2 126 6566 16653 25 28 50.02 48 20 43 03 , S, HI . 20°C/h  2°C/h
0 Lo i Jnwm a6 18 28 LT : S 75 m/
2 mg/g, HI 350 mg/g 10
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5 ., 7 HI
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4

Fig.4 Relationship between Rock-Eval parameters for shale residue and temperature

3

Table 3 Rock-Eval analysis results of shale residue

/C Easy R,/%  Si/(mgeg ') S;/(mgeg ') S;/(mgeg ') Tum/TC HI/(mgeg~ 1) TOC/ %
363 9 0. 70 1L 17 77. 49 1. 80 436 377 20, 54
402. 0 0. 92 0. 64 27. 22 1. 05 441 149 18 29
408 2 0. 97 0. 81 24, 10 1. 66 440 93 25, 81
413. 0 1. 01 0. 51 12. 18 0. 78 437 75 16. 34

20C /h 418 0 1. 05 0. 66 9. 58 0. 61 436 56 17. 07
423. 1 1. 10 0. 51 5. 55 1. 87 432 29 19. 04
428 1 1. 15 0. 39 6. 37 0. 47 432 36 17. 77
433. 0 1. 20 0. 41 4. 99 0. 69 567 25 19. 85
442, 1 1. 30 0. 26 3. 69 0. 60 570 20 18 43
458 1 1. 50 0. 21 2. 25 0. 41 586 13 17. 90
3331 0. 70 0. 57 71. 06 0. 52 436 348 20, 40
350. 1 0. 79 0. 57 44, 12 0. 97 438 212 20. 79
360. 2 0. 86 0. 34 30. 87 0. 98 442 152 20. 32
368. 3 0. 93 0. 38 23. 85 0. 80 442 108 22. 04
2% /h 376. 1 1. 00 0. 34 12. 85 0. 76 438 72 17. 84
384. 4 1. 08 0. 41 9. 29 0. 76 434 54 17. 19
392 3 1L 17 0. 15 8 87 0. 41 438 52 17. 18
400, 2 1. 26 0. 21 6. 01 0. 32 566 34 17. 89
408, 1 1. 35 0. 22 4. 23 0. 49 571 27 15. 69
4280 1 60 0. 14 1. 80 0. 26 591 10 17. 60
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4 CH.ON , 433, 0°C
Table 4 C,H,O,N element analysis for kerogen in shale residue (20C/h) 400, 2°C(2°C/h) 8" C
TR 7 o C 6. 3a)
C % c H o N / 368 3~408 1C (Easy R, 0. 93% ~
3639 0.70 6593 580 1266 222 106 0 14 1. 35%) 7 ,
402.0  0.92 6502 409 1298 225 0.76 0.15 162 mg/g , ,
4082 0.97 6452 367 1L 20 214 0 68 0. 13 ( )
4130 101 66,46 353 1415 233 0. 64 0. 16 31521 59C , A
20°C /h 418 0 1L 05 6551 343 1382 202 0.63 0. 16 T
4231 L 10 6775 3.54 1474 234 0.63 0. 16 °
4281 115 66,30 3. 34 1273 237 0.60 0. 14 3
4330 120 6462 319 14.27 226 0.59 0 17
442.1 130 66,43 323 16.46 2 34 0.58 0.19 31
4581 150 6982 3 14 17.52 2 42 0.54 0.19
3331 0.70 6331 568 10.92 239 108 0. 13 B s
3501  0.79 6462 503 1231 209 093 0 14 i
360.2 0.86 6493 480 1417 218 0.89 0. 16
3683  0.93 6353 423 1331 225 0.80 0.16 ’ ’ °
2°C /h 376.1 L 00 6330 3 66 1543 238 0.69 0. 18 ’ ’
3844 108 6403 349 1356 245 0.65 0. 16
3923 L 17 6226 338 1592 244 065 0.19 .
400.2 126 6197 322 16.06 2 41 0 .62 0. 19 ,
4081 135 61.90 307 16.32 240 0. 60 0. 20
4280 1L 60 64 44 291 1589 249 054 0 18 ’
5 H/C 0/C

Fig.5 Relationship of H/C and O/C with temperature for kerogen in shale residue
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Fig.7 Relationship of gas/oil ratio and light/heavy ratio with Easy R, ,for hydrocarbon-generating product in

pyrolysis of slow heating rate (2°C /h)

32

[31]



550 2018 39
s Ts/Tm,Cy M/H, ) , , 6
C%lS/(S+R)‘CZQBB/(QG+BB)( )a ’
(MPD ,F1¢( ) o
S Ts/Tm 333 1~ 392 3%C,
350. 1~ 392 3°C [ 9@];C,yM/H
Cng/(S_’_R) 333. 1’\’384. 4°C7
368 3°C 360. 2°C [ 9(b
5 (2°C/n) 6
Table S The 6 kinds of major biomarker maturation parameters
in slow heating rate experiment(2°C /h)
/ Easy R,/ Ts/ CoM/  CuS/  Cupp/
T % Tm H (S+R)  (aatpp) MPTF1
3331 0. 70 0. 17 0. 12 0. 55 0. 35 0. 65 0. 43
350. 1 0. 79 0.16 0. 16 0. 56 0.34 0.69 0. 44
360.2 0. 86 0. 21 0. 19 0. 58 0. 44 0.70 0. 44
3683 093 024 021 0. 54 0. 51 0. 74 0. 45
376. 1 1. 00 0. 35 0. 18 0. 55 0.58 0.76 0. 46
. . MM 3844 108 0.67 019 0. 55 0.82 0 48
:Coo H. Gy H— Coo ML Coo M— ° 3923 117 0.80 0.81 049
8 7 400. 2 1. 26 0.85 0. 50
Fig.8 The biomarkers in saturates and aromatics for original 108 1 L35 089 051
428 0 1. 60 1. 06 0. 60
7th Member of Yanchang Formation shale
9 (2°C /nh) Easy R,

Fig.9 Relationships of major biomarker maturation parameters with temperature and Easy R, respectively,in

hydrocarbon-generating product of 2°C /h experiment



551

9Ce) ]5Co0 BB/ CaatpB)
376. 1°C., 350. 1°C
L 9D, 4
MPI F1

, (Easy R,)

[ 9Ce)
0. 92, ,

9(hH 1,

F1 ,

F1 o s
F1

@) 7

1. 08 %) , .

1. 00 % . 7
1 00% ,
1. 08%.

’

(2) /

1L05% 115%

Easy R, 1. 00%

b

(3

, Easy R,

RZ

[31]

333 1~

0. 97

» MPI

(Easy R,)

b

(Easy R,
HI

Easy R,
Easy R,

b

7
Easy R,

,Easy R,

Easy R,

0.9%~1 0%

MPI
MPI

L 0%~
H
Easy R,
Easy R,
L 00% ~
L 35%

1. 08%

1L 13%

Tooex

(1]

[2]

[3]

[4]

[5]

[6]

(7]

(8]

(9]

[10]

[11]

1515, S;— N .

). mg/g;
’ OC ;Rni
;x—Easy R,

3T

sab.c.d.e— o

BEHAR F,KRESSMANN S,RUDKIEWICZ ] L.et al. Experimen-
tal simulation in a confined system and kinetic modelling of kero-
gen and oil cracking[ ]J]. Organic Geochemistry,1992,19(1/3) .
173-189.
SCHENK H J,DI PRIMIO R, HORSFIELD B. The conversion of oil
into gas in petroleum reservoirs. Part 1:comparative kinetic investiga-
tion of gas generation from crude oils of lacustrine, marine and flu-
viodeltaic origin by programmed-temperature closed-system py-
rolysis[J]. Organic Geochemistry,1997,26(7/8) ;467-481.
HILL R J, TANG Yongchun, KAPLAN I R. Insights into oil
cracking based on laboratory experiments[ J]. Organic Geochem-
istry,2003,34(12) :1651-1672.
HILL R J,ZHANG Etuan. KATZ B J, et al. Modeling of gas
generation from the Barnett Shale,Fort Worth Basin, Texas[ ] ].
AAPG Bulletin, 2007,91(4) :501-521.
DIECKMANN V,SCHENK H J,HORSFIELD B. Assessing the
overlap of primary and secondary reactions by closed-versus
open-system pyrolysis of marine kerogens[J]. Journal of Analyti-
cal and Applied Pyrolysis,2000,56(1) :33-46.
BEHAR F, VANDENBROUCKE M, TEERMANN S C, et al.
Experimental simulation of gas generation from coals and a ma-
rine kerogen[ J]. Chemical Geology,1995,126(3/4) :247-260.
[l :D,2001,31(4) :315-320.
XIONG Yonggiang. GENG Ansong, WANG Yunpeng, et al. Ki-
netic simulating experiment on the secondary hydrocarbon gener-
ation of kerogen[ ]J]. Science in China Series D: Earth Sciences,
2002,45(1) :13-20.
GAI Haifeng,XIAO Xianming, CHENG Peng,et al. Gas genera-
tion of shale organic matter with different contents of residual oil
based on a pyrolysis experiment [ J ]. Organic Geochemistry,
2015,78:69-78.
MICHELS R, LANDAIS P,PHILP R P, et al. Effects of pres—
sure on organic matter maturation during confined pyrolysis of
woodford kerogen[]J]. Energy & Fuels,1994,8(3) :741-754.
UGUNA C N,CARR A D,SNAPE C E,et al. Retardation of oil
cracking to gas and pressure induced combination reactions to ac-
count for viscous oil in deep petroleum basins: evidence from oil
and n-hexadecane pyrolysis at water pressures up to 900 bar[J].
Organic Geochemistry,2016,97.:61-73.
UGUNA C N,CARR A D,SNAPE C E, et al. Impact of high wa-



552

2018 39

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ter pressure on oil generation and maturation in Kimmeridge clay
and Monterey source rocks:implications for petroleum retention
and gas generation in shale gas systems[ ] ]. Marine and Petrole-
um Geology,2016,73:72-85.
LORANT F,BEHAR F. Late generation of methane from ma-
ture kerogens[ J]. Energy &. Fuels,2002,16(2) ;412-427.
MAHLSTEDT N, HORSFIELD B. Metagenetic methane gener-
ation in gas shales I. Screening protocols using immature samples
[J]. Marine and Petroleum Geology,2012,31(1) :27-42.
TIAN Hui, XIAO Xianming, WILKINS R W T,et al. New insights
into the volume and pressure changes during the thermal cracking of
oil to gas in reservoirs: implications for the in-situ accumulation of
gas cracked from oils[ J]. AAPG Bulletin, 2008,92(2) :181-200.
[Jl. ,2016,37(2) . 172-181.
JI Liming, WU Yuandong, HE Cong,et al. High-pressure hydro-
carbon-generation simulation and pore evolution characteristics
of organic-rich mudstone and shale[ J]. Acta Petrolei Sinica.
2016,37(2):172-181.
[l ,2013,34(1):1-11.
YANG Hua, LI Shixiang, LIU Xianyang. Characteristics and re-
source prospects of tight oil and shale oil in Ordos Basin[J]. Acta
Petrolei Sinica,2013,34(1):1-11.
[Jl. ,2012,33(3) ;:343-350.
JIA Chengzao,ZOU Caineng, LI Jianzhong, et al. Assessment cri-
teria, main types, basic features and resource prospects of the
tight oil in China[]J]. Acta Petrolei Sinica,2012,33(3) :343-350.
— L1l .

2012,33(2):173-187.
ZOU Caineng,ZHU Rukai, WU Songtao,et al. Types,character-
istics, genesis and prospects of conventional and unconventional
hydrocarbon accumulations: taking tight oil and tight gas in Chi-
na as an instance ] |. Acta Petrolei Sinica,2012,33(2):173-187.

, , . Lyl

,2014,35(1) . 184-196.

JIANG Zaixing, ZHANG Wenzhao, LIANG Chao, et al. Charac-
teristics and evaluation elements of shale oil reservoir[ J]. Acta
Petrolei Sinica,2014,35(1):184-196.

— L1l

,2017,38(8) :876-887.

WU Hao,ZHANG Chunlin,JI Youliang, et al. Pore-throat size char-
acterization of tight sandstone and its control on reservoir physical
properties:a case study of Yanchang Formation, eastern Gansu, Or-
dos Basin[ J]. Acta Petrolei Sinica,2017,38(8) :876-887.
PR 7

’ ’

[J]. »2006,33(3) :289-293.
ZHANG Wenzheng, YANG Hua, LI Jianfeng, et al. Leading

effect of high-class source rock of Chang 7 in Ordos Basin on en-

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

richment of low permeability oil-gas accumulation-hydrocarbon
generation and expulsion mechanism[ ] ]. Petroleum Exploration
and Development,2006,33(3):289-293.
SONG Jinli, LITTKE R, WENIGER P, et al. Shale oil potential
and thermal maturity of the Lower Toarcian Posidonia Shale in
NW Europe[ ] ]. International Journal of Coal Geology, 2015,
150/151:127-153.
— 7 0l
,2016,37(7) . 887-897.

DAI Quangi, LUO Qun, ZHANG Chen, et al. Pore structure
characteristics of tight-oil sandstone reservoir based on a new pa-
rameter measured by NMR experiment:a case study of seventh
Member in Yanchang Formation, Ordos Basin[ ]J]. Acta Petrolei
Sinica,2016,37(7) :887-897.
TISSOT B P,WELTE D H. Petroleum formation and occurrence
[M]. New York: Springer,1984.
WERNER A,BEHAR F,DE HEMPTINNE J C,et al. Viscosity
and phase behaviour of petroleum fluids with high asphaltene
contents[ ] ]. Fluid Phase Equilibria, 1998,147(1/2) :343-356.
HUNT J M.PHILP R P.KVENVOLDEN K A. Early develop-
ments in petroleum geochemistry [ J ]. Organic Geochemistry,
2002,33(9):1025-1052.
MANGO F D. The origin of light hydrocarbons[ J]. Geochimica
et Cosmochimica Acta,2000,64(7):1265-1277.

, . [J1.

,2012,33(4) :541-544.
ZHOU Qingfan, YANG Guofeng. Definition and application of
tight oil and shale oil terms[ J]. Oil & Gas Geology,2012,33(4) ;
541-544.

0. 22014,41(5) :563-572.
LIANG Hao, LI Xinning, MA Qiang, et al. Geological features
and exploration potential of Permian Tiaohu Formation tight oil,
Santanghu Basin, NW China[ J]. Petroleum Exploration and De-
velopment,2014,41(5):563-572,

— [Jl.
2008,30(3) :276-280.
LI Zhiming, QIN Jianzhong, XU Xuhui, et al. The relationship
between vitrinite reflectance suppression and source rock quali-
ty:a case study on source rocks from the Dongying sag. Bohai
Bay Basin[ ] ]. Petroleum Geology &. Experiment,2008,30(3):
276-280.
PETERS K E, MOLDOWAN ] M. The biomarker guide: inter-
preting molecular fossils in petroleum and ancient sediments
[M]. New Jersey:Prentice Hall,1993.
s PR 7
[Jl. ,2017,38(6) :658-665.
GUO Qiulin, WU Na,CHEN Ningsheng, et al. An assessment of
tight oil resource in 7th oil reservoirs of Yanchang Formation,
Ordos Basin[J]. Acta Petrolei Sinica,2017,38(6) :658-665.
s . 7



553

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

(1l .
2005,34(2) :147-154.
YANG Hua, ZHANG Wenzheng. Leading effect of the seventh
Member high-quality source rock of Yanchang Formation in Ordos
Basin during the enrichment of low-penetrating oil-gas accumula-
tion: geology and geochemistry [ ] ]. Geochimica, 2005, 34 (2):
147-154.

L1l ,2007,19(3) : 1-6.
YANG Hua, LIU Xianyang, ZHANG Caili, et al. The main con-
trolling factors and distribution of low permeability lithologic
reservoirs of Triassic Yanchang Formation in Ordos Basin[]].
Lithologic Reservoirs,2007,19(3) :1-6.
1. ,2013,40(2) :150-158.
YAO Jingli, DENG Xiuqin, ZHAO Yande, et al. Characteristics
of tight oil in Triassic Yanchang Formation,Ordos Basin[J]. Pe-
troleum Exploration and Development,2013,40(2) :150-158.
MUKHOPADHYAY P K, WADE J A,KRUGE M A. Organic
facies and maturation of Jurassic/Cretaceous rocks,and possible
oil-source rock correlation based on pyrolysis of asphaltenes,
Scotian Basin, Canada[ J]. Organic Geochemistry, 1995,22(1)
85-104.
[M].
,1991.
HU Siyi. The bases of nonmarine petroleum geology in China
[M]. Beijing: Petroleum Industry Press.1991.
GUO Huijuan,JIA Wanglu, PENG Ping’an, et al. The composi-
tion and its impact on the methane sorption of lacustrine shales
from the Upper Triassic Yanchang Formation,Ordos Basin, Chi-
na[ ] ]. Marine and Petroleum Geology,2014,57;509-520.
PAN Changchun, JTJANG Lanlan, LIU Jinzhong, et al. The effects of
calcite and montmorillonite on oil cracking in confined pyrolysis ex-
periments[ ] ]. Organic Geochemistry,2010,41(7);:611-626.
YANG Shenyu, HORSFIELD B. Some predicted effects of min-
erals on the generation of petroleum in nature[J]. Energy &. Fu-
els,2016,30(8):6677-6687.
[1]. ,1998,43(11) :1187-1191.

LIU Jinzhong, TANG Yongchun. An example for predicting
methane yield with kerogen hydrocarbon-generating kinetics[ J].
Chinese Science Bulletin,1998,43(11):1187-1191.
SWEENEY J J,BURNHAM A K. Evaluation of a simple model
of vitrinite reflectance based on Chemical kinetics[ J]. AAPG
Bulletin,1990.74(10) :1559-1570.
PAN Changchun, JIANG Lanlan, LIU Jinzhong, et al. The effects
of pyrobitumen on oil cracking in confined pyrolysis experiments
[J]. Organic Geochemistry,2012,45;29-47.
TIAN Hui, XTAO Xianming, WILKINS R W T,et al. An experi-
mental comparison of gas generation from three oil fractions:im-

plications for the chemical and stable carbon isotopic signatures

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

of oil cracking gas[J]. Organic Geochemistry,2012,46:96-112.
DUAN Yi, WU Baoxiang, HE Jinxian, et al. Characterization of
gases and solid residues from closed system pyrolysis of peat and
coals at two heating rates[ ] ]. Fuel,2011,90(3):974-979.
TIAN Hui, WANG Zhaoming, XIAO Zhongyao, et al. Oil crack-
ing to gases:kinetic modeling and geological significance[ J]. Chi-
nese Science Bulletin,2006,51(22) :2763-2770.
s s . 7

L1l .2016,43(4) :511-520.
YANG Hua, NIU Xiaobing, XU Liming, et al. Exploration poten-
tial of shale oil in Chang 7 Member, Upper Triassic Yanchang
Formation, Ordos Basin, NW China[ ] ]. Petroleum Exploration
and Development,2016,43(4):511-520.

D . 7

7
[(cly
,2005.

ZHANG Wenzheng, YANG Hua. Leading effect of the seventh
Member high-quality source rock of Yanchang Formation in Or-
dos Basin during the enrichment of low-penetrating oil-gas accu-
mulation-1IT High grade hydrocarbon source rock of Chang 7
Member is the main oil-source rock in the Mesozoic group[ C]//
The Thesis Abstract Compilation for Tenth Nationwide Academ-
ic Conference of Organic Geochemistry. Wuxi: Petroleum Geolog-
ical Committee,Geological Society of China,2005.
JIA Wanglu, WANG Qiuling, LIU Jinzhong, et al. The effect of
oil expulsion or retention on further thermal degradation of kero-
gen at the high maturity stage:a pyrolysis study of type II kero-
gen from Pingliang shale, China [ J]. Organic Geochemistry,
2014,71.17-29.

. . Tnax
[l +2006,33(1) ;72-75.
ZHANG Zhenling, WU Liyan, SHU Nianzu. Cause analysis of
abnormal T, values on Rock-Eval pyrolysis[ ]]. Petroleum Ex-
ploration and Development,2006,33(1) :72-75.
KELEMEN S R, WALTERS C C,ERTAS D, et al. Petroleum
expulsion part 2. Organic matter type and maturity effects on
kerogen swelling by solvents and thermodynamic parameters for
kerogen from regular solution theory[ J]. Energy &. Fuels, 2006,
20(1):301-308.
RITTER U. Solubility of petroleum compounds in kerogen:im-
plications for petroleum expulsion[]]. Organic Geochemistry,
2003,34(3):319-326.
[Jl »1992,14(4):8-13.
BAO Jianping, WANG Tieguan,ZHOU Yugqi,et al. The relation-
ship between methyl phenanthrene ratios and the evolution of or-
ganic matter[ J]. Journal of Jianghan Petroleum Institute, 1992,
14(4) . 8-13.

2017-06-16 2017-10-26 )



