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Abstract; Considering the fact that hydrocarbon-expelling source rocks are difficult to identify in oil and gas
geology, a method to distinguish hydrocarbon-expelling source rocks was proposed using the conventional TOC
and pyrolysis analysis parameters ( Rock-Eval). This method is used to identify the TOC threshold, based on
hydrocarbon-generation amount parameters [ I, =S,/w(TOC) and w( A)/w(TOC) ]. Only when TOC content is
higher than the threshold, can the source rock be regarded as hydrocarbon-expelling source rock. This method
was applied to the source rocks in the Permian Lucaogou Formation in the Junggar and Santanghu basins, the
Cretaceous Xiagou Formation in the Ying’ er and Qingxi sags in the Jiuquan Basin, and the Upper Triassic Yan-
chang Formation Chang-7 member in the Ordos Basin. The discriminant results are useful, but it requires source
rocks with similar organic matter type and maturity. The parameters represent liquid hydrocarbon amount.
Gaseous hydrocarbons are lost easily, and as a result, the method is more effective for oil source rock.
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Fig.1 Schematic diagram for identifying
hydrocarbon-expelling source rocks
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Fig.2 Discriminant chart illustrating TOC threshold of hydrocarbon-expelling source rocks

in the Lucaogou Formation in the Jimusar Sag, Junggar Basin
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Fig.3 Discriminant chart illustrating TOC threshold of hydrocarbon-expelling source rocks

in the Permian Lucaogou Formation in the Santanghu Basin
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Fig.4 Discriminant chart illustrating TOC threshold of hydrocarbon-expelling source rocks

in the Cretaceous Xiagou Formation in the Ying’ er Sag, Jiuquan Basin
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Fig.5 Discriminant chart illustrating TOC threshold of hydrocarbon-expelling source rocks
in the Cretaceous Xiagou Formation in the Qingxi Sag, Jiuquan Basin
1 000j 1000
oo M HOCHIXT A
o0 | = L e
\5 10 E 10 // AA'
& 2 e e -
1 1+ wEE : PR
et HERUEE
TOCHHE=1.5% TOCHHE=1.5%
0.1 | L ! 0.1 ! 1 + |
001 0.1 1 10 100 001 0.1 1 10 100
W(TOC)/% W(TOC)/%
Ko SHRZETEM =&RERAK 7 BHHEEE TOC BEH R
Fig.6  Discriminant chart illustrating TOC threshold of hydrocarbon-expelling source rocks
in the Triassic Yanchang Formation Chang-7 member in the Ordos Basin
XA PRAHIT . SEBRAITSE I e 5 B o 28 A 5 s 1k 1
34 SBREGEM=BZREK 7 HHREREE A —E R BALIE , R IE 1w (TOC) KT B E ED

BRIR 22 1t 23 i R R VR e 3 A K AL TS AR
Fr R, EIRIEAZBON K 7 B AR
XEEHER 7 BHR IR A B S L R, K
7 BRI w(TOC) 41 T 0.2% ~ 37% , Horih vt
1 w(TOC) >3% , BEFTZEMILIRA R 3 il it
B E R, AT A IR IE B B, K
P L i, HE R 5 A ML B (29 1.5%
(E16), v WL BIh T B R HERR IR A #5538
HWAHERIES . T BdE AR, E 6 2 A
PRI RS S A HE R TR 5 A A LR R (A7 A 22
5o BE VTG Z R ZE R T E, H i
FESHT w(A) /7w (TOC) Fidli A8 AL AR I, 0201 2 7%
Ly 5T BT 4

4 HERIRE RS e
HERR IR 0B R S 2 —

ARSCE AR U5 0 0 D7 3 S S A R 3
IR L RO SRR i B T A A B

REC AR, B/ T IR EAR DA, U HHE
A B, A S RUEE R w(TOC) KT
{ELIE, A REHE ) B 22828 RIS e A HE BB
AR

MARE A BN S BORE | ZITE N T4
WA TR BRI« A” FEARR T RIS T
ORI A BILE, AR A Zy R, ke S,
FEAR T RIS PR SR, WM T RUENE
IR, bR e AR IR A DR B (B D7 2%
T RARDY . PR 5 B DU IR DO |
SRS KU B B T | I A R R AR AT A 22
St HRE DA R S A DL BIE B AR, XA £
PR WX, W] DL 2 IX O3 RE B2 B ARG f
JE |, Serf i HAHRRE IR 1Y SO LB B ME, 1% T ARk
TRAWII

5 %Eig

(1) ARSCR I T I HEE IR A B 7k, T2



53

R, S B SRR A R A LR B (R 7 3k S

- 401 -

FHARR A B 1, =S,/w (TOC) ] AL F 554k
Flw(A)/w(TOC) |, FBAEHERR, 2T k2R R
5 BB T RR IR R AR AR B B R B, s AE
BN N A4

(2) PR HE R 25 40 ) T R o T A M8 O 4
M5 = IR 2 S R BRI R A S R M
B IR PG VT 1 S R T I A LA B SRR 237 F i —
B RK 7 BRI A S VLR B, 5500 1%,
2.2% ,0.8% ,1% ,1.5% , ¥ IR U

(3) AN[m] b DRI 2 A7 1) s s B B S R A
PR S S URAHTC B G R AR 25 55, I 0 ol o e G
BRI AW SA PR, TSRS KUK AR
KB S8 B R TR A R A s RS R, 14
D5 T UE A R B0 T A R

S 3k

[1] Hunt J M.Petroleum geochemistry and geology[ M].San Francisco,
USA; W.H.Freeman and Company, 1979 .524.

[2] Tissot B P,Welte D H.Petroleum formation and occurrence[ M].
Berlin Heidelberg: Springer—Verlag, 1984.

[3] Magoon L. B, Dow W G.The petroleum system: From source to
trap[ M ].Tulsa: AAPG,1994.627.

(4] akAkmE FLRERE SRFR, S5 PRI G T 30 = R BUR A
WA MRS T] Bk, 2003,32(1) :35-42.

Zhang Linye, Kong Xiangxing, Zhang Chunrong, et al. High-quality
oil-prone source rocks in Jiyang Depression[ J ].Geochimica,2003,
32(1):35-42.

[5] #fe, K3CE, X8 H, % A BUR ECA R SR 2 RE & =

A P B SC B [T ] BB 22 5 3R 0 22 41, 2013,
35(4):1-9.
Yang Hua,Zhang Wenzheng, Liu Xianyang, et al.Key role of high-
quality source rocks on the formation of low-permeability oil-rich
reservoirs in Ordos Basin[ J].Journal of Earth Sciences and Envi-
ronment,2013,35(4) :1-9.

(6] AOUA, Atk 7 78 I BE 1 2 00 B AR 0 )2 Bt Bk Al =2 4
EBFFE [ J] . UURE4,2003,21(3) :506-512.

Zhu Guangyou, Jin Qiang.Geochemical characteristics of two sets
of excellent source rocks in Dongying Depression[ J].Acta Sedi-
mentologica Sinica,2003,21(3) :506-512.

(7] iR, BEORER, el A, 4. SCE R A BT U st AL RS AT

A1) P ES,2012,21(9) :69-71.
Xie Ruiyong, Huang Baojia, You Junjun, et al. The geochemical
characteristics and hydrocarbon generation potential of the high-
quality source rock in Wenchang Sag[ J].China Mining Maga-
zine,2012,21(9) :69-71.

[8] EJy,4axuik MU, 5. 5835 AR 4 7 & 3T R —HTiE R AR
B IRAFFEL)]. R Tk, 2009,29(2) :23-26.

Wang Li, Jin Qiang, Lin Lamei, et al. Characteristics of quality

Tertiary source rocks in west Qaidam Basin [ J ]. Natural Gas

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Industry,2009,29(2) :23-26.
L3y, FEA R AOA , 5 BRI SR A i 2 BT ).
AR 5 % ,2007,34(4) :385-391.
Zheng Hongju, Dong Yuexia, Zhu Guangyou, et al. High-quality
source rocks in Nanpu Sag [ J]. Petroleum Exploration and
Development,2007,34(4) :385-391.
BERA 3RS0, 1 A, 55 U B34 B DL B T A AE 5 B
eI BN 26 R M [ 1] 2T 2%, 2008, 15(2) : 137~ 146.
Hou Dujie, Zhang Shanwen, Xiao Jianxin, et al. The excellent
source rocks and accumulation of stratigraphic and lithologic
traps in the Jiyang Depression, Bohai Bay Basin, China[J].
Earth Science Frontiers,2008,15(2) :137-146.
SRR I T i 4 2 b O SR A M PP R R[]
AR, 2009, 14(2) :52-58.
Zhou Jianlin. Prospect of logging evaluation of excellent hydro-
carbon source rocks in offshore shelf basins in China[ J].Marine
Origin Petroleum Geology,2009,14(2) :52-58.
BERKAL, B AEAR KIS , 45 AL 2 b AL 1 T — By
RO VR VAN T R ST KRR L] AR AR, 2012,
33(3):379-384.
Huo Qiuli,Zeng Huasen ,Zhang Xiaochang,et al.An evaluation dia-
gram of effective source rocks in the first member of Qingshankou
Formation in northern Songliao Basin and its implication[ J ].Acta
Petrolei Sinica,2012,33(3) :379-384.
PSS, XIS JErfEar , 45 A v T I oY S e HE AR
ARG S K i FH L) ] o B2 , 2008, 13(3) :5-9.
Zhu Houqin, Liu Pinglan, Pang Xiongqi, et al. Principle of
hydrocarbon—generation potential method studying hydrocarbon
expulsion characteristics of source rocks and its application[ J ].
China Petroleum Exploration,2008,13(3) :5-9.
R A RUE IR A Y T M KRS [T ] A BT R U
#.,2001,8(1) :1-4.
Jin Qiang.Importance and research about effective hydrocarbon
source rocks [ J . Petroleum Geology and Recovery Efficiency,
2001,8(1):1-4.
RS AL Il R T8 A 0K R R R A o
L[] WA ,2008,26(2) :5-10.
Zhang Caiming, Du Xuebin. Continental lacustrine basin effec-
tive source rocks identification and petroleum geological signifi-
cance[ J ].Qinghai Petroleum,2008,26(2) :5-10.
b, ARy MRS A TR A R T A R R
KB RATRFAE [ )] A7 5200 5T,2013,35(4) :414-418.
Gao Gang, Wang Yinhui, Liu Guangdi, et al. Confirmation and
distribution features of effective source rocks in Ying’ er Sag,
Jiuquan Basin [ J ]. Petroleum Geology & Experiment, 2013,
35(4) :414-418.
SRR BRREST , RIS T ARBR MR & R R L
MARZDUBREL T ] A S250 5T, 2013,35(5) :528-533.
Si Chunsong, Chen Nenggui, Yu Chaofeng, et al. Sedimentary
characteristics of tight oil reservoir in Permian Lucaogou Forma-
tion, Jimsar Sag[ J].Petroleum Geology & Experiment, 2013,
35(5) :528-533.

(F#% 408 W)



- 408 - & & B

2 %398

[21]

[22]

(23]

[24]

[19]

[21]

LRATTLI] AL HLT,2013,35(5) :583-586.

Zhang Xing, Yang Shenglai, Wen Bo, et al. Experimental study
on threshold pressure gradient of CO, miscible flooding in low
permeability reservoir [ J ]. Petroleum Geology & Experiment,
2013,35(5) :583-586.

Bk B  ZEIRAT, A5, R AR R SR I A R DUR AR AL
AFT[T] FRFIA, 2015,22(1)  115-117.

Zhong Zhanggi, Hou Dujie, Li Yuehong, et al. Research on the
favorable sedimentary facies combination in oil reservoirs with
CO, Flooding[ J].Special Oil & Gas Reservoirs,2015,22(1) .
115-117.

5, 3L, HSELL S AR IETNE CO, SO BASAEL ) ). 1
el ,2015,22(2) :237-239.

Li Nan,Tian Ji,Tan Xianhong, et al.Microscopic sweeping chara-
cteristics of CO, flooding in low permeability reservoirs [ J].
Fault-Block Oil and Gas Field,2015,22(2) :237-239.
T2, NI, 25—k, S BT 4 3R T R it e 4 A
BRUKSEIRWETEL J] FFFPh U, 2016,23(4) 1 123-126.

Pu Wanfen, Sun Boshuai, Li Yibo, et al. CO, flooding experi-
ment of super-heavy oil reservoir in Tahe Oilfield [ J]. Special
0il & Gas Reservoirs,2016,23(4) :123-126.

Z ) [ TR BE R AR 7 0 AR AR IR T AR 1) 5 o R
SEER[T] AT RN, 2015,22(1) :84-87.

Li Xiangliang. Experimental study on the effect of temperature
and injection pressure on CO, flooding[ J].Petroleum Geology
and Recovery Efficiency,2015,22(1) :84-87.

Wang Chen, Li Tiantai,Gao Yuan.Quantitative evaluation of inter-

LA B T8, 20 S R 4 — 5 R R AL A 5 i
HECEIIE A S WARE I (] AR 57T %, 2012,
39(6) :657-667.

Kuang Lichun, Tang Yong, Lei Dewen, et al. Formation condi-
tions and exploration potential of tight oil in the Permian saline
lacustrine dolomitic rock , Junggar Basin, NW China[ J].Petro-
leum Exploration and Development,2012,39(6) :657-667.

FE RS, p T T, T, A5 =R A b TS e i i R
FEATRE [ ] Bk A2 2012,41(3) :266-277.

Guo Jianying, Zhong Ningning, Liang Hao, et al. Study on the
source and distribution of Middle Permian oils in the Santanghu
Basin[ J].Geochimica,2012,41(3) ;266-277.

o BT, T, A I ) 4 A I 2 B0 I b PR AE
SRS )] A MRS T & ,2014,41(5) :563-572.
Liang Hao, Li Xinning, Ma Qiang, et al. Geological features and
exploration potential of Permian Tiaohu Formation tight oil , San-
tanghu Basin, NW China[ J].Petroleum Exploration and Deve-
lopment,2014,41(5) :563-572.

ERBE, TRFT, /I A5 R I i R ) 2 A B R R

SCLIT BT BT, 2007,28(2) : 146-149.

Han Yongke, Zhang Li, Han Xiaosong, et al. Classification of
crude group in Ying’ er Sag and its exploratory significance[ ] ].

Xinjiang Petroleum Geology,2007,28(2) :146—-149.

[26]

[27]

[28]

[29]

[22]

[23]

[24]

[25]

action between CO, and micro-nano pore-throat-fracture system
of supercritical CO, flood in unconventional tight sandstone res-
ervoir ( Russian) [ C]//SPE Russian Petroleum Technology
Conference and Exhibition. Moscow, Russia: Society of Petro-
leum Engineers,2016.DOI; 10.2118/181958-RU.

AR BOCE, B 2, 5. CO, 785 Ih A & o A K A8
PHEBOTEIELT] o E AR i (B RFHE R
2016,40(3) :136-142.

Zhao Renbao, Ao Wenjun, Xiao Aiguo, et al.Diffusion law and
measurement of variable diffusion coefficient of CO, in oil[ J].
Journal of China University of Petroleum( Edition of Natural Sci-
ence) ,2016,40(3) :136-142.

Hamdi Z, Awang M, Bataece M, et al.Cold CO, injection for balan-
cing interfacial tension decrease and viscosity increase[ C]//
SPE Asia Pacific Oil & Gas Conference and Exhibition. Perth,
Australia; Society of Petroleum Engineers,2016.DOI; 10.2118/
182149-MS.

TR, LB, B NEE , 45 ARSI i — AR IE TE B 4L
G R BHARARL T 5 5 R UCR ,2016,23(2) :83-86.
Lun Zengmin, Wang Rui, Lii Chengyuan, et al.Study on modified
capillary number theory and its application in parameter optimiza-
tion of CO, flooding in low permeability reservoirs[ J ].Petroleum
Geology and Recovery Efficiency,2016,23(2) :83-86.

Ajibola J, Adam A, Muggeridge A.Gravity driven fingering and
mixing during CO, sequestration[ C]//SPE Asia Pacific Oil &
Gas Conference and Exhibition. Perth, Australia; Society of
Petroleum Engineers,2016.DOI;10.2118/182317-MS.

(Hm8E W)

JUEGTE AR, F A A 55 P FE R R AR (]
AR 5 TF % ,2004,31( 1) ;40-41.
Fan Mingtao, Yang Zhiming, Tian Baozhong, et al. The genesis of
viscous crude and asphalt of Qingxi Oilfield in Jiuquan Basin,
Northwest China[ J ].Petroleum Exploration and Development,
2004,31(1) :40-41.
W, i, DESRIE , 55 SRR 2 A B AR b DX S A =
TR K RFIE (1] T2, 2013,20(2) : 116-124.
Yao Jingli, Gao Gang, Pang Jinlian, et al. Development charac-
teristics of non-main effective source rocks of the Yanchang
Formation in eastern Gansu Province of Ordos Basin[ J |.Earth
Science Frontiers,2013,20(2) :116—124.
Tt B SCIE, 1 2, 25 50K 2 A B AL b X 4 10
WIS (0] kAL, 2010,39(3) :274-279.
Yang Hua,Zhang Wenzheng, Lin Hongbin, et al.Origin of Chang
10 oil reservoir in northern Shaanxi region of Ordos Basin[ J].
Geochimica,2010,39(3) :274-279.
X BH L XBF5 7 B A R XA 9 SR M R iE B
MR SBR[ 0] e PRl =0, 2011,23(5) <9~ 15.
Liu Xianyang, Deng Xiuqin, Zhao Yande, et al. Hydrocarbon
migration law and model of Chang 9 reservoir in Jiyuan area,
Ordos Basin[ J].Lithologic Reservoirs,2011,23(5) :9-15.
(m8E & 4A)



