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Abstract

Carbon isotope kinetics is developed from hydrocarbon generation Kkinetics. In this paper, cram-
mer model is accepted and Kinetic parameters are gained in Kinetics software on the basis of
thermal simulation experiment of kerogen from shahejie formation in Dongoingpu depression.
Then an isotope kinetic model is established in spreadsheet to fit simulation result with experi-
ment data in stable carbon isotope of natural gases. The variation in methane carbon isotope val-
ues under geological condition from the beginning of hydrocarbon generation and the other varia-
tion from 28.4 Ma are gained combined with burial history and thermal history in Qianliyuan de-
pression. Qianliyuan depression is the main source of natural gas in Baimiao area, and the range
of natural gas isotope in Baimiao is between -36.1%. and 39.9%., bigger than the maximum of the
variation from 44 Ma but is located in 27.5~25.5 Ma in the variation from 28.4 Ma. The natural gas
generated in Qianliyuan depression is accumulated from 28.4 Ma and ended in 27.5~25.5 Ma.
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Table 1. Yields and carbon isotopic compositions of the cumulative methane generated in kerogen pyrolysis experiments
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FHEHEE 20°C/h FHEEE 2°C/h
HEIE(CC) Ro (%) FILE 8°C (%) MBI~ #(mlg)  RE(C) Ro (%) FHE 81C (%o0) L BE7= 2 (ml/g)
300 0.44 0.24 299 0.56 —4430 0.68
320 0.51 —44.76 0.47 319 0.65 —42.99 1.67
340 0.59 —44.01 1.04 340 0.75 —42.62 421
360 0.68 —42.70 2.35 360 0.86 —42.06 9.65
380 0.77 —42.95 4.58 380 1.04 -41.97 18.25
404 0.92 —42.28 10.98 404 131 ~40.68 3227
428 1.15 -4131 22.68 428 1.63 —40.01 59.48
452 1.42 —40.69 39.63 452 2.02 —38.66 96.71
476 1.75 -39.38 70.38 478 2.49 -37.59 143.11
500 2.13 —38.62 114.87 500 2.91 -35.75 206.81
525 2.54 —37.24 159.15 524 3.38 —33.80 270.86
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Figure 1. Kinetic parameters of methane generated by shale of the third member
of Shahejie Formation in Dongpu depression
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Figure 2. The modeling results of methane carbon isotope generated by shale of

the third member of Shahejie Formation in Dongpu depression

B 2. FREMPEA#T = BORTUEE B RRKEI ZR S 4R

5. SEBREZFH

FR A AL T AR MBI 230, JbEe T ALl R, ma e 5s R SRR, =T 2 AL 28 W7 2 R i Rig
P 1) - EEIE 23], HLAHE A AL ek R A e BORLE 3 [24 LA 15 2 13l ) 2 2 08 B 2117 3 el 3 B 1R R AR
AR, 13RI AN AR AL R A A R 4 A R AR 32 B A AL T ) o R Y
TIBTZE = AR 1, T A el P R A BE B FE AR, KA b T 0.7%~2.0%, 13 N i - i s B [25],
762 B H AT (i X LR 8 BT

Table 2. Isotope compositions and maturity of oil-type gases from Baimiao area, Dongpu depression
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Figure 3. The burial and thermal histories of Qianliyuan sub-sag (according to paper [24])
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Figure 4. Variation of modeling values of methane carbon isotope ratios from Paleogene
oil-type gases in Qianliyuan sub-sag
E 4. BIREEEE R R MBS BRREGIREL

6. &t

1) R T 2R 9 U1 B b = BRI HEAT VSN SI2 06 2 A e )y g 2 7 2 W i 2 el o 2 ke eyt 22 R

SRR 28.4 Ma TFHEE] 27.5~25.5 Ma 2 1B BRAE SBLSE IR, RIS 1R o

2) AN [F TR 3E AR A AL S 06 T DA AR A i R o (R 2 AR AE I L, I I A
ARG 80 )£ 28, i EXCEL K spreadsheet I LAJT {8 AR5 ) 22 R 0] SIS B 30 4T 05 I 182

DOI: 10.12677/ag.2019.91002

18

HERE} A HT AT


https://doi.org/10.12677/ag.2019.91002

ey 4%

T SERRHBARAT T o SRS ESHRRLE,  3h 022 05 R RS AR b X Al s s et Il e 1 i A
R A, HEFTEE &

oM

ARSCAE] e HEERTT 5 0F TG O BRS04 TR AR L5 R 70 B2 34 BERPALAR - #00,
TEULIRF
S5

(1]

(4]

[3]

(6]

(7]

(8]

9]

[11]
[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

TR, B, M, & SEREAL R A BURIE RER SRR P E R (R SR R S
1987(6): 85-94.

W . RVUBE RN R AL 2R AR T RI]. RV THEREFE, 1993(2): 1-40.

Berner, U., Faber, E. and Stahl, W. (1992) Mathematical Simulation of the Carbon Isotopic Fractionation between
Huminitic Coals and Related Methane. Chemical Geology Isotope Geoscience, 94, 315-319.
https://doi.org/10.1016/0168-9622(92)90006-V

Rooney, M.A., Claypool, G.E., Chung, HM., et al. (1995) Modeling Thermogenic Gas Generation Using Carbon Iso-
tope Ratios of Natural Gas Hydrocarbons. Chemical Geology, 126, 219-232.
https://doi.org/10.1016/0009-2541(95)00119-0

Lorant, F., Prinzhofer, A., Behar, F., et al. (1998) Carbon Isotopic and Molecular Constraints on the Formation and the
Expulsion of Thermogenic Hydrocarbon Gases. Chemical Geology, 147, 249-264.
https://doi.org/10.1016/S0009-2541(98)00017-5

Tang, Y., Perry, J.K., Jenden, P.D., et al. (2000) Mathematical Modeling of Stable Carbon Isotope Ratios in Natural
Gases. Geochimica Et Cosmochimica Acta, 64, 2673-2687. https://doi.org/10.1016/S0016-7037(00)00377-X

Cramer, B., Krooss, B.M. and Littke, R. (1998) Modelling Isotope Fractionation during Primary Cracking of Natural
Gas: A Reaction Kinetic Approach. Chemical Geology, 149, 235-250. https://doi.org/10.1016/S0009-2541(98)00042-4
Cramer, B., Faber, E., Gerling, P., et al. (2001) Reaction Kinetics of Stable Carbon Isotopes in Natural GasInsights
from Dry, Open System Pyrolysis Experiments. Energy & Fuels, 15, 130. https://doi.org/10.1021/ef000086h

Cramer, B. (2004) Methane Generation from Coal during Open System Pyrolysis Investigated by Isotope Specific,
Gaussian Distributed Reaction Kinetics. Organic Geochemistry, 35, 379-392.
https://doi.org/10.1016/j.orggeochem.2004.01.004

VIR, M, ORMEE, 5 B BUR G R B kil 2 O e 13N 0 A S BN T D]. s 4R, 20085,
79(1): 133-142.

AR, MY, IR, 5 RR MRS R R R AR B s )] R TI, 2005, 25(8): 9-11.
e, ARHEOR, S22, B LR B b PR AR SR AR R PR e Bk 1R 2R B 0 ST AT R GRS [D]. HUERAE A,
2003, 32(5): 469-475.

BN, LR, %, S5 ARIBEIMIRE 5 DXCOR SRS BENT Il s BRAL 22 R AR S BRI D], TR A2, 2004,
22(S1): 50-55.

Lewan, M.D. and Roy, S. (2012) Role of Water in Hydrocarbon Generation from Type-I Kerogen in Mahogany Oil

Shale of the Green River Formation. Organic Geochemistry, 42, 31-41.
https://doi.org/10.1016/j.orggeochem.2010.10.004

Lewan, M.D. (1997) Experiments on the Role of Water in Petroleum Formation. Geochimica Et Cosmochimica Acta,
61, 3691-3723. https://doi.org/10.1016/S0016-7037(97)00176-2

W, XIS0L, 1Rk E, &. KIEANURE AR EH P REEsLIS T i []. B SR, 2006,
16(10): 1275-1281.

Monthioux, M., Landais, P. and Durand, B. (1986) Comparison between Extracts from Natural and Artificial Matura-
tion Series of Mahakam Delta Coals. Organic Geochemistry, 10, 299-311.
https://doi.org/10.1016/0146-6380(86)90031-8

Price, L.C. and Wenger, L.M. (1992) The Influence of Pressure on Petroleum Generation and Maturation as Suggested
by Aqueous Pyrolysis. Organic Geochemistry, 19, 141-159. https://doi.org/10.1016/0146-6380(92)90033-T

VR, MW, HRE, S RRUERSI S RE B M]. JEET MR H AR AL, 2011.

DOI: 10.12677/ag.2019.91002 19 HOBRBL2ERT


https://doi.org/10.12677/ag.2019.91002
https://doi.org/10.1016/0168-9622(92)90006-V
https://doi.org/10.1016/0009-2541(95)00119-0
https://doi.org/10.1016/S0009-2541(98)00017-5
https://doi.org/10.1016/S0016-7037(00)00377-X
https://doi.org/10.1016/S0009-2541(98)00042-4
https://doi.org/10.1021/ef000086h
https://doi.org/10.1016/j.orggeochem.2004.01.004
https://doi.org/10.1016/j.orggeochem.2010.10.004
https://doi.org/10.1016/S0016-7037(97)00176-2
https://doi.org/10.1016/0146-6380(86)90031-8
https://doi.org/10.1016/0146-6380(92)90033-T

ey 4%

[20] AEKGE, HKZHRS, Xebh. SO Bem [F) A R 0 18 30 ) SN [T]. HERIEE, 2004, 33(6): 545-550.

[21] Zou, Y.R., Wang, L., Shuai, Y., et al. (2005) EasyDelta: A Spreadsheet for Kinetic Modeling of the Stable Carbon
Isotope Composition of Natural Gases. Computers & Geosciences, 31, 811-819.
https://doi.org/10.1016/j.cage0.2005.01.011

[22] Burnham, A.K. and Braun, R.L. (1999) Global Kinetic Analysis of Complex Materials. Energy & Fuels, 13, 1-22.
https://doi.org/10.1021/ef9800765

[23] ARARF], EME, AT, S RBEMBEAL A HL X R ARSI IR IR [T]. A S RIS, 2002, 23(4):
376-381.

[24] B, ALEUHE, HCIE, 25, ARMEMNIFE BT AL G Ra A s R R IR s AL [T]. BAREI2E, 2016, 4(4): 401-411.
[25] XUFAR. AREEMBEIL B X T RIE TR A AR ACRRE & FL = R R[], P E MR, 2013, 40(2): 498-507.

[26] TKVEH, EAEG, MRAREN, & R B =S W00 2L MG AL S i SR []. A S R AR AT, 2000, 21(1):
57-60.

Hans X
SIS R PR 2

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THFRAEESE: [ISSN], FAHIT) ISSN: 2163-3967, BIATEif]
2. FTHEIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

ehmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE: ag@hanspub.org

DOI: 10.12677/ag.2019.91002 20 HOBRBL 2RI


https://doi.org/10.12677/ag.2019.91002
https://doi.org/10.1016/j.cageo.2005.01.011
https://doi.org/10.1021/ef9800765
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ag@hanspub.org

	Methane Carbon Isotope Kinetic Research of Oil-Type Gases in Baimiao Area, Dongpu Depression
	Abstract
	Keywords
	东濮凹陷白庙地区油型气甲烷碳同位素动力学研究与应用
	摘  要
	关键词
	1. 引言
	2. 热模拟实验
	3. 碳同位素动力学基础
	4. 参数拟合
	5. 实际应用
	6. 结论
	致  谢
	参考文献

