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Distribution and Evolution Characteristic of Favorable Geothermal Field

for Oil Cracking Gas in Sichuan Basin

MA De-wen'?, QIU Nan-sheng'?, XU Wei'?, XIE Zeng-ye’

(1. State Key Laboratory of Petroleum Resource and Prospecting, China University of Petroleum. Beijing
102249, China; 2. Research Center of Basin and Reservoir, China University of Petroleum, Beijing
102249, China; 3. Langfang Branch, PetroChina Research Institute of Petroleum Exploration and
Development, Langfang 065007, Hebei, China)

Abstract: In order to sure the favorable area of oil cracking gas in Sichuan Basin, the thermal
evolution history of Sichuan Basin was reconstructed by geothermometer of vitrinite reflectance,
and the distribution and evolution characteristic of favorable geothermal field for oil cracking gas
reservoirs in Feixianguan Formation of Lower Triassic were determined. The results showed that
the heat flow evolution after Triassic was inconsistent in different tectonic units in Sichuan Basin;
the heat flow was lowest in Northeast Sichuan, low in Central Sichuan, highest in Northwest
Sichuan and West Sichuan during main geological ages, and the differences were mainly caused by
the uplift of Qinghai-Tibet Plateau and basalt mantle plume of Emei Mountains; the heat flow
was significantly higher during Permian than other periods, but the duration was short because of

the magmatic intrusion; the distribution of favorable geothermal field for oil cracking gas in
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Triassic Feixianguan Formation was ever changing; the distribution was almost over Sichuan

Basin at the end of Jurassic, and reduced at the end of Cretaceous, and continually reduced to

West Sichuan and part of Central Sichuan, and was smallest and mainly in part of West Sichuan

now; the distribution of oil cracking gas was mainly controlled by paleogeotherm., especially the

geothermal field with highest geological temperature,

but it had little relationship with

contemporary geothermal field.

Key words: oil cracking gas; geothermal field; thermal evolution history; vitrinite reflectance;

heat flow; paleogeotherm; Feixianguan Formation; Sichuan Basin

0
[1-2]

220 C, 160 C
220 °C
1

[16]

[17-20]
[21-25] ,

[26]

)

’ ;@
’ Ro ;@ Ro
[3-4] R R
N Ro Ru ’
, [27]
[4-10] )
160 C ~ R
[4,11-12] [24,28-29] s
[3,13-15] , R
2 500 m,
¢ 1~3),
R 60 mW » m 2,
, — 54 mWe+m™?,
— 51 mW + m? R .
1 , 62mWe+em °,
R R 55 mW e m ? .
, 5
60 mW « m 2 R
(R,) , 45 mW «m %,



# K em

B EEkm

B H/km

(1)

[+ sar,

D —
40 gz Ny AN
[T i i S
80 C ormne B TN
20 100C e WL X
g T
=
=
*
oL
P —MRER& 0 77 YT
------ 48R
10 1 1 1 1
250 200 150 100 50 L] 8OO 600 A0 200 0
BE AR R/ Ma BE4 #E¥/Ma
(ay  JFACH L€ e B S () Nl d B3
O i
6() T
B0 CxH
5L 1oT
g T
=
£ L
g T HERE  g0p e
------ SR
240 °
7 ! I | o | | :
300 200 100 Q 300 200 1GD 0
¥H 4 RS Ma H A L Ma
(e} NITTHE 1A (@) NS AE R % H5H
1
Fig. 1 Simulated Results of Burial and Thermal Evolution Histories in Typical Wells

— R,

1¢° 10
R./%
TR B S6 A H

317,
b

[30]

or Or Or
+
2k 4 S 2}
4
g £ £
= + = =
B 41 ) B 4 = 4
# [y "{ oy
|+ =R, + SRR, |+ sibg,
—H AR, — AR, — AR,
0 19 10 0 10° 10 0 10
R/% R/% R,/%
(by NIl K A A (cy NIFGARL 1 () N AL & YesH
2
Fig. 2 Fitting Results of Vitrinite Reflectances in Typical Wells
[32-34]
’
[35
N ’
R, R,




52 2012
’ b 9 ’
b
b
B _
=
=
2|
40 1 ! ] a 4r .
300 200 100 )] :*.g ¥ j—'iﬁll\itéﬁ
14 4 B4 M b | hwL
6l
3
Fig. 3 Heat Flow Evolution Results of Typical Wells
s |
[36-37]
H & s
#2 B
’ lU 1 1 ]
, 300 204) 100 0
B A-AE i /Ma
[29.35-36] 4 3
o ’
’ ’ Fig. 4 Process of Oil Cracking and Temperature
’ ° Evolution of Hydrocarbon Source Rock and Reservoir
’ in Well Puguang5 of Northeast Sichuan
C 3. ,
b b N
, [27]
o ’
, C 5.
b ’
’ b ’
b o °
2
(160 C),
’ Y
’ N 220 OC 1) H
N o ’ . .
2 ’
[38-39]
’ b
o ’ ’ ’
° 5 ( 4 ) ’ N ’ ’
( )R, ,
5 % ’ N ~ )
’ ’ Ro ’ ’
1L 3%, o
° 160 Ma . 1)

160 C,




53

gl
Rt RpX

AHE MR
HEE(C)

() HELERY

5

(d) wRFLARM

Fig. 5 Distributions of Favorable Geothermal Fields for Oil Cracking Gas in Feixianguan Formation During Main Geological Ages

(

4),

(@V)

(2)



54

2012

References :

1]

(2]

£3]

[4]

[5]

L6]

[7]

s ’ ’

[Il. 22006,13(2) ;234-248.
ZHU Guang-you,ZHANG Shui-chang, LIANG Ying-bo,
et al. The Characteristics of Natural Gas in Sichuan
Basin and Its Sources[J]. Earth Science Frontiers,
2006,13(2) :234-248.
[1]. ,2010,32(6)
560-565.
SHEN Zhong-min, JIANG Min, LIU Si-bing, et al.
Partition and Contrast on Genetic Type of Continental
Natural Gas in the Sichuan Basin[ ] ]. Petroleum Geo-
logy and Experiment,2010,32(6) :560-565.
[yl » 2006,
33(6) :682-686.
ZHAO Zhe, ZHONG Ning-ning, LI Yan-xia, et al.
Application of Hydrocarbon-generating Chemical Ki-
netics in the Puguang Gas Field, NE Sichuan Basin
[J]. Petroleum Exploration and Development, 2006,
33(6) :682-686.
Ll +2006,51(5)
589-595.
ZHAO Wen-zhi, WANG Zhao-yun, ZHANG Shui
chang.et al. The Oil Cracking Gas Is an Important
Way of Gas Source Kitchen in Marine[ ] ]. Chinese
Science Bulletin,2006,51(5) :589-595.
. : .2010,
37(4):419-423.
DAI Jian-quan. Exploration Potential Evaluation of
the Changxing-Feixianguan Formation Gas Pool in
Yuanba Block of Northeast Sichuan,Chinal J|. Journal
of Chengdu University of Technology: Science and
Technology Edition,2010,37(4) :419-423.
. [Jl. ,
2010,32(2) :130-135.
GUAN Hong-lin, JIANG Xiao-qiong, WANG Shu-yi,
et al. A Comparative Study of Reservoirs of the Chang-
xing and Feixianguan Formation Between Puguang
Gasfield and Jiannan Gasfield in the Sichuan Basin[ ] ].
Petroleum Geology and Experiment,2010,32(2) 130~
135.

[8]

L9]

[10]

[11]

[12]

[13]

[J1.
,2010,37(2) :140-146.
YAN Ji-hong, LI Qi-gui, SHI Wen-bin. Sedimentary
Evolution of Feixianguan Formation and Its Control
on the Reservoirs in the Zhenba Area,Chinal J]. Jour-
nal of Chengdu University of Technology:Science and
Technology Edition,2010.,37(2) :140-146.
Lyl
,2010,32(1):175-182.
GUO Min, LI Zhong-dong, YANG Lei, et al. Evolu-
tion of Abnormal Pressure and Hydrocarbon Accumu-
lation in Feixianguan Formation in the Northeastern
Sichuan Basin[ J]. Journal of Southwest Petroleum U-
niversity: Science and Technology Edition, 2010,
32(1):175-182.
[yl .
2010,32(4):366-372.
WANG Shuyi, JIANG Xiao-qiong, GUAN Hong-lin,
et al. Diagenesis Effects of Lower Triassic Feixian-
guan Formation Reservoir in Puguang Gas Field,
Northeast Sichuan[]J]. Petroleum Geology and Exper-
iment,2010,32(4) :366-372.
[JJ.
,2011,33(4) :78-84.
TANG Hai, WANG Quan-lin, PENG Xin-ling, et al.
The Study of Fracture Characteristics and Causes at
Feixianguan Formation in Xuanhan Area of Eastern
Sichuan[J]. Journal of Southwest Petroleum Univer-
sity: Science and Technology Edition, 2011, 33 (4):
78-84.
SCHENK H. The Conversion of Oil into Gas in Pe-
troleum Reservoirs Part | ; Comparative Kinetic In-
vestigation of Gas Generation from Crude Oils of La-
custrine, Marine and Fluviodeltaic Origin by Pro-
grammed-temperature Closed-system Pyrolysis[]J].
Organic Geochemistry,1997,26(7/8) :467-481.
WAPLES D W. The Kinetic of In-reservoir Oil Destruc-
tion and Gas Formation; Constraints from Experimental
and Empirical Data, and from Thermodynamics[]J].
Organic Geochemistry,2000,31(6) :553-575.
[yl
,2010,21(2) :175-185.
LIU De-han, XIAO Xian-ming, TIAN Hui, et al.
Methodology and Results of Dynamic and Thermody-



55

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

namic Simulation for Oil-cracked Gas Pool of Puguang
[J]. Natural Gas Geoscience,2010,21(2):175-185.
[J]. +2006,28(2) :53-57.
XUE Hui,ZHANG Jin-chuan, LIU Li-fang, et al. Distri-
bution and Mechanic Classification of Gas[ ] ]. Journal of
Earth Sciences and Environment.2006.28(2) :53-57.
(Il
,2011,38(1):21-28.
TANG Xiao-giang, HUANG Guang-hui, ZHANG Min,
et al. Composition Characteristics of Products in the
Process of Cracking of Crude Oil and Oil Fractions[]].
Journal of Chengdu University of Technology : Science
and Technology Edition,2011,38(1):21-28.
- [Jl.
20(1):1-18.

, 2006,

LIU He-fu, LI Jing-ming, LI Xiao-qing, et al. Evolu-
tion of Cratonic Basins and Carbonate-evaporite Sedi-
mentary Sequence Hydrocarbon Systems in China[]].
Geoscience,2006,20(1) . 1-18.

“ ”
’ s

(7l » 1996,
17(4) .276-281.
LIU Shu-gen, LUO Zhi-li,DAI Su-lan. Sichuan Move-
ment in West Sichuan Foreland Basin and Its Relation
to Oil and Gas[J]. Oil and Gas Geology,1996,17(4) .
276-281.

L1 . 2007,
29(5) :446-451.
ZHOU Xiao-jin, YANG Fan. Tectonic Evolution and
Prototypes Analysis from Neoproterozoic to Early
Paleozoic in South China[J]. Petroleum Geology and
Experiment,2007,29(5) :446-451.
(M. »1996.
GUO Zheng-wu, DENG Kang-ling, HAN Yong-hui,
et al. The Formation and Evolution of Sichuan Basin
[M]. Beijing : Geology Publishing House,1996.
(1. -2006,26(11) : 7-10.

MAO Qiong, ZOU Guang-fu, ZHANG Hong-mao,
et al. Discussion on Geodynamic Evolution and Oil/Gas
Prospect of the Sichuan Basin[ J]. Natural Gas Industry,
2006,26(11) :7-10.

[22]

(23]

[24]

[25]

[26]

[27]

[28]

(Il .1988,10(2) ;134-141.
ZENG Dao-fu. A Preliminary Study on the Restora-
tion for the Various Denuded Sequences of Sichuan
Basin[ J]. Petroleum Geology and Experiment, 1988,
10(2) :134-141.
[J1 .
2008,19(3):293-300.
LIU Shu-gen, SUN Wei, LI Zhi-wu, et al. Tectonic
Uplifting and Gas Pool Formation Since Late Creta-
ceous Epoch, Sichuan Basin[J]. Natural Gas Geosci-
ence,2008,19(3) :293-300.
L1
,2008,35(4) :477-486.
DENG Bin, LIU Shu-gen, LI Zhi-wu, et al. A Compa-
rative Study of the Late Mesozoic Uplifting in the
Eastern Margin of Qinghai-Tibet Plateau and Sichuan
Basin, China [ ] ]. Journal of Chengdu University of
Technology : Science and Technology Edition, 2008,
35(4) :477-486.
[Jl 2009,
36(6):1268-1277.
ZHU Chuan-qing, XU Ming, SHAN Jingnan, et al.
Quantifying the Denudations of Major Tectonic Events in
Sichuan Basin: Constrained by the Paleothermal Records
[J]. Geology in China,2009,36(6) :1268-1277.
L.
,2011,38(6) :638-645.
HUANG Wen-ming, LIU Shu-gen, MA Wen-xin,
et al. Primary Study on Characteristics of Paleo-Oil
Reservoirs of Sinian System-Lower Paleozoic in
Sichuan Basin,China[ J . Journal of Chengdu University
of Technology : Science and Technology Edition, 2011,
38(6) :638-645.
SWEENEY J,BURNHAM A K. Evaluation of a Simple
Model of Vitrinite Reflectance Based on Chemical Kine-
ties[J]. AAPG Bulletin, 1990,74(10) :1559-1570.
[M]. : »2004.
QIU Nan-sheng, HU Sheng-biao, HE Li-juan. Theory
and Application of Geothermal System in Sedimentary
Basin[ M. Beijing : Petroleum Industry Press,2004.
Lyl : ,
2009,36(6) :675-686.



56

2012

[29]

[30]

[31]

[32]

[33]

[34]

DENG Bin, LIU Shu-gen, LIU Shun,et al. Restoration
of Exhumation Thickness and Its Significance in Si-
chuan Basin, China[ J ]. Journal of Chengdu University
of Technology: Science and Technology Edition,
2009,36(6) :675-686.

] bl ]

[l .2011,54(3) :807-816.
TIAN Yun-tao, ZHU Chuan-qing, XU Ming, et al.
Post-early Cretaceous Denudation History of the
Northeastern Sichuan Basin—Constraints from Low-
temperature Thermochronology Profiles[J]. Chinese
Journal of Geophysics,2011,54(3) :807-816.
(1] ,1998.,19(1) :28-33.
WU Da-mao, WU Nai-ling, GAO Jian-jun. Paleogeo-
temperature in Sichuan Basin and Its Geological Sig-
nificance[ ] ]. Acta Petrolei Sinica,1998,19(1):28-33.
[J1.
,2005,20(6) :24-27.
CHEN Mei-tao, TANG Liang-jie, YANG Ning, et al.
Establishment and Application of the Thermal Wave
Model of the Deposition in the Northern Sichuan
Basin[J]. Journal of Xi’an Shiyou University: Natural
Science Edition,2005,20(6) :24-27.
0. » 2005, 48 (5)
1110-1116.
LU Qing-zhi, HU Sheng-biao, GUO Tong-lou, et al.
The Background of the Geothermal Field for Forma-
tion of Abnormal High Pressure in the Northeastern
Sichuan Basin[J]. Chinese Journal of Geophysics,
2005,48(5) :1110-1116.
. -2006,27(5) :549-551.
LU Qing-zhi, GUO Tong-lou, HU Sheng-biao. Hy-
drothermal History and Hydrocarbon Generation His-
tory in Northeastern Sichuan Basin[J]. Xinjiang Pe-
troleum Geology,2006,27(5) :549-551.
ZHU C Q,XU M,YUAN Y S,et al. Paleogeothermal

Response and Record of the Effusing of Emeishan

[36]

[37]

[38]

[39]

Basalts in the Sichuan Basin[ ] ]. Chinese Science Bul-
letin,2010,55(10) :949-956.
AR ,2007,27(7)
24-26.
SHEN Chuan-bo, MEI Lian-fu, GUO Tong-lou. Fis-
sion Track Analysis of Mesozoic-Cenozoic Thermal
History in Northeast Sichuan Basin[J]. Natural Gas
Industry,2007,27(7) :24-26.

s sMclnnes BT A, . -
(U-Th)/He R,
. ,2008,14(2) :223-230.
QIU Nan-sheng. QIN Jian-zhong, MCINNES B 1 A,

et al. Tectonothermal Evolution of the Northeastern
Sichuan Basin—Constraints from Apatite and Zircon
(U-Th)/He Ages and Vitrinite Reflectance Datal[ J].
Geological Journal of China Universities, 2008, 14(2) ;
223-230.

— . (U-Th)/He

[l ,2012,34(1) :19-24.

WANG Jie, QIN Jian-zhong, LIU Wen-hui, et al. Me-
sozoic Tectonics and Dynamic Thermal History in
Yuanba Area of Northeastern Sichuan Basin—Appli-
cation of (U-Th)/He Dating of Apatite and Zircon
[J]. Petroleum Geology and Experiment, 2012, 34(1) .
19-24,

[1]. ,2007,52
¢ 1):149-155.
MA Yong-sheng, CAI Xun-yu, GUO Tong-lou. The
Main Controlling Factors of Hydrocarbon Filling and
Accumulation in Puguang Gas Field of Sichuan Basin
[J]. Chinese Science Bulletin,2007,52(S1) :149-155.

Lyl D,

2009,39(12):1721-1731.
DU Chun-guo, HAO Fang,ZOU Hua-yao,et al. The
Mechanism and Process of Oil and Gas Migration,
Accumulation, Transfomation and Adjustment of
Puguang Gas Field in Northeast Sichuan Basin[ ] ].
Science in China:Series D,2009,39(12) :1721-1731.



