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Characteristics of Source Kitchen and Hydrocarbon Generation in
Bangiao Sag, Bohaiwan Basin
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Petroleum University, Beijing 102249, China

Abstract Banqiao sag is the most exceptional feature of the Mesozoic and Cenozoic lacustrine basins in eastern China. Gas to Oil Ratio
(GOR) of the present reservoirs ranges from 300m¥t to 3000m*t, with most of reservoirs saturated or supersaturated with gas. Based on
rock—Eval data and logging data, source kitchen characteristics were evaluated. Effective source rocks chiefly lie in the first and the third
members of Shahejie formation, which are of types IL-III. Total organic carbonranges from 1% to 2%, which corresponds to Hydrocarbon
Index (HI) of from 200mg/g to 350 mg/g. The mature depth of the source rock is below 3600~3800m. Consequently, characteristics and
components of the hydrocarbon generation and expulsion can be calculated. Significant hydrocarbon expulsion begins when the
transformation rate is about 30% and vitrinite reflectance is more than 0.8%. GORs of the hydrocarbon expulsion from the first and the
third members of Shahejie formation are over 600m*t and 222m%t, respectively, which is highly consistent with the property of the
present reservoirs. The analyses of more regions in eastern China show that the initial hydrogen index (Hlo) and the initial total organic
carbon are key factors to control GOR of reservoirs. Most of gases trapped in Bangiao sag are attributed to the humic source rock.

Keywords source kitchen; hydrocarbon generation; gas to oil ratio; maturity; Bohaiwan basin; Banqiao sag

0 . . .
20 , , , (

(-7 5 ) ’

5 .
[10-12] [13-19]
, 1
9 9 ( 1 ) 9
: 2009-12-23
s s ) :jingyich@163.com; ( ), s

s :fywang@cup.edu.cn

78 2010,28(6)




] lemik —®
eview
(Articles) Seconce & Techoiogy]
) ) ( - )
9 9 ( ) [m]O
s 540km?, 3 .
2 o ’
2
, 111 , 11~
111 2 19%~2%
9 (HI’ )
100~300mg/g, 180mg/g,, 1%
300~400m,
100~300m, 2% 0
HI (T ¢ 3),
3600~3800m JHI , T ,
(R,) , R,
1.5%, R, 07% ,
( 4(a)); R,
1 0.65%~1%( 4(b)); R, 0.5%,
Fig. 1 Tectonic locations of Bangiao sag - ) o
800 HI/ (mgg ") Tl (ng-g")
1] 100 200 300 400 500 [51] 0 40 /0
~ 1500 T T T T T 1 1500 T T
700 A
fHUT I HHLE
2000 o ®0. 5%~1. L -] ®0.5%~1,
GO0 "‘: i . .T, g:=;,2 0001 ey ° .. :. ® = 1.0%~;, g:
eias | a5 i-- . ® =0 "y, a -2 0
500 . A '.:.’.; _} 2500 il:'_
= 000 | o B 0@ & 3000 | =
¥ 400 - o, o fmy " " & a
= a8 '. L g c b= L]
) 500 - Sp e 88 3500 e -r:
& 300 | ® '-0'(!'. s '5’ S I .
L S ;"-. ¢ P of & .
200 v oy o 2 S
1500 | gop ua"® w00 | ®agy —
100 1 ®ota
5000 -- ] 5000 F e m ﬂ -
0 . . .
110 435 160 185 sl 5500 - a500 -
Tae/ T
2 3 HI Tl
Fig. 2 Organic matter type of Fig. 3 Varying tendency of Hl and Tl rocks in different of source rocks with depth
source formations
3 ¢ 5
3.1 5(a) ,
Pepper  Corvi(1995) 120~140°C . 135~170°C s 0.15~0.2 (R,
i, C( Hl, 600mgg, 0.5%~0.6% ) ; 5(b) ,
) D/E(HI, 333mglg, ) 120~160%C . 175~220°C ,
. , , 0.3 (R, 0.8%~0.9% )
Kinex Cis O™ , o

2010,28(6) 79



] jcmik

eview

(Articles)

B—BR.%
0 02 04 06 0.8 1

(a)
(a) The third member of Shahejie Formation

Fig. 4 Vitrinite reflectance distribution in the bottom
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(b) The third member of Shahejie Formation

1@

a Gy R ERE
® C ikl
2 Gy ghB i
@ Cg At H

0.8

0.6

0.4 F

0.2 |

150 200 250 300

D/E

(b) Organofacies D/E

2°C/Ma)
Fig. 5 Models of hydrocarbon generation and expulsion (heating rate of 2°C/Ma)

GOR , Ces ;
) Cis )
, GOR o
3.2
,  Kinex3.5 )
( 6)
, 3.77x10%

(2753.54mmbbls) , 0.25%10"m* (8790.76bcf) ,
661m*/t(3192.53scf/bbl) ,GOR ,




] lemik —®
eview
(Articles) T
, 0.87x10% (637.96mmbbls), 0.019x10"m? 400m?/t; , .
(684.49hcf) , 222mYt (1072.94scf/bbl) ,GOR , . ,GOR , 600m’t, ,
s 5 s 10(X)~ “ s ”
3000m , , ,GOR °
3500 T T T T T T T T T 100’00 1200 T T T T T v T T T I T T 5 ?U’O
3000 L —— “UHIEL/ (scfbbI)  (1sef=0.21m) logp] —— Tt/ (ool 600
— jli/mmbbls ( Immbbls=1.37x10%) 4 BOOO 1 — ili/mmbbls
2500 F — “Ubef (1bef=2.83x10°m") T Hibef 1500
. = 8004 1
£ 2000 F 1600 5 2 100 =
k = o e
E T & 600 i
§ 1500 44000 - L%: F300
8 2 S 400- e
1000 r200
7 2000
500 2001 L100
0 i i n 1 i i 1 i i 0
) 1 1 1 T T 1
50 45 40 35 30 35 200 15 10 5 0 40 35 30 95 90 5 10 5 0
it (i) /Ma It ] /Ma
(a) (b)
(@) The third member of Shahejie Formation (b) The first member of Shahejie Formation
6
Fig. 6 Hydrocarbon generation process from source rocks
5 3) -
,GOR 0 ) , °
’ ik,
s s - s s Zetaware Kinex
; Trinity ) °
, , (References)
7 [1] Sandvik E I, Young W A, Curry D J. Expulsion from hydrocarbon
, , sources: The role of oxganic absorption [J]. Organic Geochenistry, 1992,
19(1-3): 77-87.
, 2] L
' ' ' [J]. , 1995, 22(2): 17-23.
’ ’ Wang Xinzhou, Zhou Dixian, Wang Xuejun. Petroleum Exploration and
° Development, 1995, 22(2): 17-23.
13] ML :
4 1995.
1) s Pang Xiongqi. The theory of Hydrocarbon expulsion threshold controlling
, , oil and gas and its application [M]. Beijing: Petroleum Industry Press,
Cys 199s.
(4] , , . N [J1-
C ’GOR ’ , 1997, 11(4): 510-521.
o 5 ’ ¢ Pang Xiongqi, Chen Zhangming, Chen Fajing. Geoscience, 1997, 11(4):
) ’ 510-521.
( Hiy), [5] Inan S, Yalecin M N, Mann U. Expulsion of oil from petroleum source
Hi, s GOR , ’ rocks: inferences from pyrolysis of samples of unconventional grain size
GOR o s N [J]. Organic Geochenistry, 1998, 29(1-3): 45-61.
. (6] o it
2010,28(6) 81
| -



] jcmik

82

eview

Scdesece d 7«:‘-‘-&9;

, 2003, 30(6): 45-47.
Chen Zhonghong, Zha Ming. Petroleum Exploration and Development,
2003, 30(6): 45-47.
7] : : :
[JI- , 2006, 18(5): 289-295.
Wang Feiyu, Li Yangbing, Zeng Huasen, et al. China offshore oil and
gas, 2000, 18(5): 289-295.

[8] Horsfield B. Practical criteria for classifying kerogens: Some observations
from pyrolysis—gas chromatographylJ]. Geochemicaet Cosmochimica Acta,
1989, 53: 891-901.

[9] Lafargue E. Experimental simulation of hydrocarbon expulsion[J]. Organic
Geochemistry, 1990, 16(1-3): 121-131.

[10] Tegelaar E W, Noble R A, Kinetics of hydrocarbon generation as a

function of the molecular structure of kerogen as revealed by pyrolysis—
gas chromatography|J]. Organic Geochemistry, 1993, 22(3-5): 543-574.

[11] Pepper A, Corvi P. Simple kinetic models of petroleum formation(Part I:
oil and gas generation from kerogen)[J]. Marine and Petroleum Geology,
1995, 12(3): 291-319.

[12] Pepper A, Corvi P. Simple kinetic models of petroleum formation(Partll:
oil-gas cracking)|J]. Marine and Petroleum Geology, 1995, 12 (3): 321-
340.

[13] : : ul

, 1996, 41(10): 1021-1024.
Liu Jinzhong, Tang Yongchun. Chinese Science Bulletin, 1996, 41(10):
1021-1024.

[14] Tang Y, Stauffer M. Multiple cold trap pyrolysis gas chromatography: A
new technique for modeling hydrocarbon generation [J]. Org Geochem,
1994, 22(3-5): 863-872.

[15] Welte D H, Horsfield B, Baker D R. Petroleum and basin evolution:
insights from petroleum geochemistry, geology and basin modeling [M].
Berlin: Springer—Verlag, 1997.

[16] Behar F, Vandenbroucke M, Tang Y, et al. Thermal cracking of kerogen

(Articles)

in open and closed systems: determination of kinetic parameters and
stoichiometric coefficients for oil and gas generation [J]. Org Geochem,

1997, 26(5/6): 321-339.

[17] s R R GC-IRMS
[J]- , 2002, 31(1):21-25.
Xiong Yongqiang, Geng Ansong, Liu Jinzhong, et al. Geochimica, 2002,
31(1): 21-25.
[18] , , ,
[J]- , 2003, 32(5):
485-490.

Gao Xilong, Xiao Xianming, Liu Zhongyun, et al. Geochimica, 2003, 32
(5): 485-490.

[19] Primio R di, Horsfield B. From petroleum—type organofacies to hydro-
carbon phase prediction[]]. AAPG Bulletin, 2006, 90(7): 1031-1058.

[20] : : ( M}

,1999: 604-606.
Qiu Zhongjian, Gong Zaisheng. Oil-gas exploration in China(Vol III)[M].
Beijing: Petroleum Industry Press, 1999: 604-606.

[21] Okui A, Waples D W. Relative permeabilities and hydrocarbon expulsion
from source rocks[C]// NPF Conference: Basin Modelling, Advances and
Applications, 1991.

[22] Pepper A, Corvi P. Simple kinetic models of petroleum formation (Part
III: Modeling an open system)[J]. Marine and Petroleum Geology, 1995,
12(4): 417-452.

[23] Thomas M, Clouse J A.Primary migration by diffusion through kerogen:
II. Hydrocarbon diffusivities in kerogen[J]. Geochimica et Cosmochimica
Acta, 1990, 54(10): 2781-2792.

[24] o L ,
2005, 20(4): 459-465.

Chen Zhonghong, Zha Ming. Advance in Earth Sciences, 2005, 20 (4):
459-465.
(PR 3 4iE)

i i T S e e e e e e e et e e S e el mte e S e S e

“2010 i 2010 6 18-21

) N

62 4102

:010-68710443; :010-68722033;

~
7

,
o
e e en e e en i er o —er s s s s s er s et re e

“201 0 PEi MY 71X

o : 2010 4 5, :2010

(100048), R
.c—-mrs@163.com,

T S e e S S A e S T S e S S B S e aae T T e

2010,28(6)




