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“Exploring petroleum inside source kitchen”: Connotation and
prospects of sourcerock oil and gas
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(Research Institute of Petroleum Exploration & Development, PetroChina, Beijing 100083, China)

Abstract: Based on the transitional background of the global energy structure, exploration and development of unconventional oil and
gas, and investigation of key basins, the unconventional oil and gas resources are divided into three types: source rock oil and gas, tight
oil and gas, and retention and accumulated oil and gas. Source rock oil and gas resources are the global strategic supplies of oil and gas,
the key resource components in the second 150-year life cycle of the future petroleum industry, and the primary targets for “exploring
petroleum inside source kitchen”. The geological connotation of source rock oil and gas was proposed, and the models of source rock oil
and gas generation, expulsion and accumulation were built, and five source rock oil and gas generation sections were identified, which
may determine the actual resource potential under available technical conditions. The formation mechanism of the “sweet sections” was
investigated, that is, shale oil is mainly accumulated in the shale section that is close to the oil generation section and has higher porosity
and permeability, while the “sweet sections” of coal-bed methane (CBM) and shale gas have self-contained source and reservoir and they
are absorbed in coal seams or retained in the organic-rich black shale section, so evaluation and selection of good "sweet areas (sections)"
is the key to “exploring petroleum inside source kitchen”. Source rock oil and gas resources have a great potential and will experience a
substantial growth for over ten world-class large “coexistence basins” of conventional-unconventional oil and gas in the future following
North America, and also will be the primary contributor to oil stable development and the growth point of natural gas production in China,
with expected contribution of 15% and 30% to oil and gas, respectively, in 2030. Challenges in source rock oil and gas development
should be paid more attention to, theoretical innovation is strongly recommended, and a development pilot zone can be established to
strengthen technology and promote national support. The source rock oil and gas geology is the latest progress of the “source control
theory” at the stage of unconventional oil and gas. It will provide a new theoretical basis for the new journey of the upstream business in
the post-industry age.

Key words: source rock oil and gas; shale gas; shale oil; coal-bed methane; sweet section; sweet area; source control theory; artificial oil

and gas reservoir; unconventional oil and gas revolution; large “coexistence basins” of conventional-unconventional oil and gas

E1):E , e ”: [J]. ,2019,46(1): 173-184.



174 -

Vol. 46 No.1

YANG Zhi, ZOU Caineng. “Exploring petroleum inside source kitchen: Connotation and prospects of source rock oil and gas[J].

Petroleum Exploration and Development, 2019, 46(1): 173-184.

[5-7]

3
1 1
21
43.9x10%¢
3.7x10'% m?

25%!1>1 10

21
[1] <« >3
& c > 3
10
973
1“ 9
1 EREMEENARTE
[1-2]
2030

[1,3]

12 EEMHSENRFLER

7 345x10% m?
1200x10%m?

85%

2.36%10% t

[4] 1

2017
14%

2017
4746x10%m’

302x10% m®

2017
37%!1



2019 2 “« >z 175
— . , FE | o | "l | Bax | JFk ; -
VR 2K TR A TR PIRTE A5 oo | mee | owm | g | s KA 52 i
e s FATT ity
w | o | PR . i) W e e RKEMAER
. 23 U _AEn
ol i 20% ik =HeE,
5 | x5 P Fs ES Wo| A% IR TS 7 A
I I Y St Ao 7t KFIE i %
i —HEHBA
NS L] ] L] L] I’*ﬂ:uﬁﬂﬂ
gg KEY T ——— T B &
5 gl
L - i T
EV N hith
o, ; R W R Z W A
" %ﬂ H j% . " {}H% 1%;%;#} T
o | N ECE N e el BRGNS PV B i AT
p A om Moo | kAR =%
= e “ Sy | s
B T I A B =i o
¥ " Wk E I
GRS ?ﬁ PG
/5\4 [52)
e " a1
LiE e EREZ—EHBR
Hil RAR KB WE de BE BE O WHMER RmEER
1 EHRS5EEHHIERR S ST [4]
10 > = [9-10] 2017
6 600x10*t 20%
2016 13 »
4.7x10"% m? 36% 2017 1.3 “REHMR" BT
499x10% m’ 34%
2017 6200x10%t
360x10% m? 2017 50%
9209x10%m? 3922x10"% m? 8
3 2017 77% [17.11-14]
90%10% m®
2017 2 150
49x10° m’!" [4]
3
3
2017 150x10*t 10
2017
1266 m 203~277 m
42 d

23.5x10* m*®!
i 7




176

Vol. 46 No.1

R1 BUEEENHSHEFE. FREFSXTEE

~

t m
4 878% 200
40%~ oo’
20%% 90%~ 100% 90%~100%
0
471x  20%
90%N 12 1012
100% 90%~100% 90%~100%
(]
2 146x  42x
10® 108
3 000x (50~70)
1072 e
(400~ (20~
, 600)x  25)x
220/‘(’,/ 90%~100% 90%~100% 10 10
0
O~
210
00%— 1 13)x
50 106’0/ 90%~100% 90%~100% 10
() (0]
0%~ o 1000 o (200~
0% 0%~100%  0~5% 151%(§0x 300)-
10°
20%~50% 90%~100% 90%~100%
(10~
456
40% 1; 25)]>2<
70‘;/ 80%~100% 30%~60% 10
0
256x  11x
o)~ 10 10"
52& 5%~10%  0~5%
0

10

[4,14-31]



2019 2 “ i 177
— TOCI% — TOCT%
ol 0 0"15“”/[{’5 . 0 %15
ﬁﬂgﬁ ik 04W%40%%£ﬁ ) RI% 4
R
% _ll _ll._ll
%}a e e .co o0
W =
i
%& cc
i
/;\ ”6
e = ] .- e . e
VR W ARG A
B SRR
I
I, II
I 3
7 _ _
5
2.1 RE RS A B A E
[10,31-36]
& c > 3
/ R, 0.5%~
N BT B IR ZFARX 5/ % S AT /% SR AR /%
RABTE 0 30 60 0 30 60 0 30 60
* 6 T T 6 T T
e S LA LI ! !
=405 Hir £k T T
i
i @ @
£ — T
Lo N
£ \\\\ Ak \
i ® [ R M2k
| < S \ S
‘_ zc 1 Rc P \““ 1 CEC
ez |
s E ®
ﬁ %%/
it 4 R (4 R/
i @ Dz, P o Dt
wm| 25 \ ¥
‘ ‘ Hh 2
“ \
| ‘ \

(a) WIAR S 00 BT A R
@ vt @ h—maE Tt a R @ h—sRaET e DA AR OB MR

& 3

(b) AN RO T A fe

REBSE. # FERERX

(o) B R MR AR



178

- Vol. 46 No.1

0.9%

1.3%

[9]

Ro

0.8%

0.9%~1.3%

[18,36]

[35]

22 RAEMS T HEITEE

2— 4
23 IREMSER “MaR” FERIE

147

432
174

B4 HhEESEZMREERSEEEEETRL-ARBERHMURA



2019 2 < > 179
%2 EARITEHEIESEILL
/ / TOC/ S1+S,/ R/
m /km? m % (mg-g™) %
1500~3 000 30000 30~70 6~97 0.6~1.1 I I,
5.0~16.0
1000~2700 20000 40~150 5~26 0.5~1.2 I 1,
2.0~3.0
2000~4500 20000 100~250 4~20 0.5~13 I 1,
3.0~10.0
2000~4000 3000 100~240 2~50 0.6~1.2 11
3.0~12.0
o Bakken 2600~3200 50000  5~49 3.0~250 10~65  0.6~0.9 I
Eagle Ford  1000~3 600 40000 20~60 3.0~7.0 0.7~1.4 I
Wolfcamp
2200~3 800 520000 20~150 22~72 0.7~1.7 I
Spraberry
/ / / / / / / /
% (107 pm?) 1% (mPa's)  (grem™)  (m>th) % (10%t) /(108 t) t-d™! (10*t)
1~3 30~50 %77 5~20 0.80~0.85 20~100 0 1300 300~350 1~25 /
0.10 0.9
2~6 0.02 40~60 1'10; 20~200 0.82~0.85 50~100 0~15 1160  250~300 1~8 0.5~1.0
2~6 0.10 40~60 1'12; 10~100 0.67~0.86 50~130 0 1100 250~300 1~50 0.5~2.8
1~3 0.10 60~90 1'12; 50~120 0.87~0.92 10~20 0 200 30~50 1~20 /
4~14 s0~70 12T 0.81~0.83 50~100 450 570 210 1.0~5.0
1.00 1.5
s~10 o 60~90 1'13; 0.82~0.87 200~500 5~15 400 500 200 1.0~5.0
=12 55~85 1'10; 0.78~0.84 100~500 15~25 1000 1000 80 1.0~5.7
3 ERITTESEZESHXILL
/
TOC>2% TOC/ R/ /
/m /km? /m % % /% (m*t™")
2.4~
2000~3 000 2050 3346 0379 T II 1.4~2.0 96~99 1.9~7.8
1.8~
1600~2900 1415 20~60  03~82 II 1.4~2.0 96~99 2.8~3.9
22~
2 000~4 500 600 38~44 15~61 T 11 1.5~2.0 96~99 2.0~5.0
0.8~
800~1 600 2367 2166 2.0~10.0 1 11 0.7~1.0 50~80 2.0~8.1
7000 11~ 1
Marcellus 1300~2 600 15~61 2.0~10.0 1.0~1.3 95 1.7~2.8
6900 3.0 11
/
/ / / /
1% 1% /% 107 pm® % 10°m® (10°m>km™)  /(10*m>d™") 10° m® 10° m’
34T 3agn o~116 2000227 s g 3500 438 5.55~27.4 0.80~1.00
8.4 o ’ 0.0019 : ’ : ’ ’ 55
257 3470 0000 11750 o 2300 4.00 2.30~22.80 0.70~1.00
9.7 o 0.000 6 : : ’ ’ ’
4.6~ 0.50~
3.7~52 0.05~0.30 55~75 2000 9.92 5.90~54.70 1.13~2.00 60
7.8 3.30
0.5~
30~50 5318 225 0.20~1.60
4.0 0.05
6.0~ 3.50~ 0.13~ 0.60~3.40
Marcell 50~70 85000 6.12 7.10~76.50 1590
arcerius 10.0 4.50 0.77 0.60~5.70




180 - Vol. 46 No.1
*4 EPRIINEESEZESHX
/
C Ro/
/m /km? /m /%o %
- 300~2000 5000  4~17 -31.95 1.5~3.0
- 600~2000 10000  5~18 —3241 12~28
60~760 3300 24~45 6233 0.3~0.4
150~1200 1900  9~21 4112 03~13
/
_ / / / /
/107 pm? 1%
w * 10° m’ 10°m*km™®  (10°m*dH  10°m’
0.01~5.75 0.7~0.9 98.87 4.0~32.0 6 064 1.2 0.2~0.3 30.9
0.02~16.17 0.8~1.0 90.80 4.0~20.0 11 481 1.1 0.2~0.7 10.4
35.00~1000.00  0.9~1.0 98.60 0.8~1.6 6 600 2.0 0.5~0.6 145.0
5.00~60.00 1.0~1.2 97.00 10.0~12.7 3800 2.0 1.0~3.0 150.0
(X3 7 (¥ 3 9 6.85 Ma 20/_\/
[ X3 7 40m ¥ 3 Y
5
24 REBSFHEH “HaX” HHRE
cc . TOC _
s e o 3 e
. Al g S S cc >3
W R b ENN Kb N
e A o] THEE | TUateE | Rz
5 TER = a 23 [a W o6
e b g M R . .
=05
ﬁ = = = = = = 3 ®= & 7
H
i
______ 1.01 cc
P
7 >3
4\‘ 15- X3 r
I /
Lj\‘ 'Y E R
E ENEE=E [oe]
B k6 M2 R ORE Auhie TUAT TR BEXR
TS PRI Ha B TR CTHABT T B

Bs5 FEmS “HHRR EaiE



2019 2 “c 77 181

>3 1012 m3[7,11-14]
6
< 131.80x10% ¢t 12.85%x10"? m’
i 12.51x10? m?
700~900
<< i 10%t 60~65 x107?m*!%
200108t
e 32 “REHR” HWEREX
Y (¥ 3 Y 1959
cc 3 cc 3 [37] 60 cc 3
»s 3 e
R, 0.9%~
3.5% TOC 2% R, 0.5%~
0.9% TOC 6% (38-39]
3% << i
50%
2x10° t - km™
1x108 ¢t 2.0x10% t “ ”
40%
10 MPa 3500 m
®
@ “
<< i 33 “EEHR” NARIKSAIR
3“ 9

31 “RAEMS” HEIRER

25% 2 080x10% t
1051x10%¢
1.5 456x10"% m? 256x < i



182 Vol. 46 No.1

= =g

TR TUA RS
AHX AHX AHEX

Eleo HEMEEE “REHK ZEAFXSH

7 ®
gg o gﬁ FTH AL « y o«
i 5T THeH| M INECTE . W — AL ,
P W | ERLKOE I AL TR
*ﬁmﬂﬁﬁu%m%%m ﬂTﬁF @ 3

Bk HEK (CO.. Ny, 2554 ) JEZL A Tl
$¢m¢mmawm¥g¢ﬁrﬂ“kzm%"\
B |k bR E 2R & gy AR

e KRB N TR 7
4 LOURRIRE . RMERA — AL

ELR IR IR “ KT
RIE i SR RAS TP &S S

= = I -] ] [

MITH BEOIUE BRSO T RER TR 3
7 REMSTFREREBZRAREL

3500 m 3 500~4 500 m

800 m



2019 2 “c

183

Appalachian Permian Gulf Coast

Williston - “ i
Central Arabia West Siberian
Zagros RubAl Khali —
10 -
2030
15% 30% “
4
4 @®
5
@ cc
3 cc
cc E R @
2030
15% 30% @

SEH:
(1] , , .o -

[2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

1. , 2018, 45(4): 575-587.

Z0U Caineng, YANG Zhi, HE Dongbo, et al. Theory, technology and

prospect of natural gas[J]. Petroleum Exploration and Development,

2018, 45(4): 575-587.
‘ . [M]. #, ,

,2012.

YERGIN D. The quest: Energy, security, and the remaking of the

modern world[M]. NIU Yuben, YAN Zhimin, Trans. Beijing:

Petroleum Industry Press, 2012.

BP. Statistical review of world energy 2018[R]. London: BP

Distribution Services, 2018.

,2014.
ZOU Caineng, TAO Shizhen, HOU Lianhua, et al. Unconventional
petroleum geology[M]. Beijing: Geological Publishing House, 2014.

M].

[J1. ,2017, 44(1): 1-11.

JIA Chengzao. Breakthrough and significance of unconventional oil
and gas to classical petroleum geology theory[J]. Petroleum
Exploration and Development, 2017, 44(1): 1-11.

. [J].

, 2008, 28(12): 1-3.
ZHAI Guangming. Speculations on the exploration and development
of unconventional hydrocarbon resources[J]. Natural Gas Industry,
2008, 28(12): 1-3.

s s , . [71.
, 2018, 45(4): 1-10.

TONG Xiaoguang, ZHANG Guangya, WANG Zhaoming, et al.
Distribution and potential of global oil and gas resources[J].
Petroleum Exploration and Development, 2018, 45(4): 1-10.
[7]. ,2017, 44 (6): 837-848.
DALI Jinxing, NI Yunyan, HUANG Shipeng, et al. Genetic types of
gas hydrates in China[J]. Petroleum Exploration & Development,
2017, 44 (6): 887-898.

: 7 [J].

( ), 2017, 34(3): 221-228
YANG Zhi, ZOU Caineng, FU Jinhua, et al. Selection of pilot areas
for testing in-situ conversion/upgrading processing in lacustrine shale:
A case study of Yanchang-7 member in Ordos Basin[J]. Journal of
Shenzhen University Science and Engineering, 2017, 34(3): 221-228.

[J1. , 2018, 45(4): 537-545.

ZHAO Wenzhi, HU Suyun, HOU Lianhua. Connotation and strategic
role of in-situ conversion processing of shale oil underground in the
onsh onshore China[J]. Petroleum Exploration and Development,
2018, 45(4): 537-545.

USGS. World petroleum assessment[EB/OL]. (2013-01-01)[2013-03-
01]. http://pubs.usgs.gov/dds/dds-060.

IEA. International energy outlook 2017[EB/OL]. (2017-09-14)[2017-
12-20]. http://www.eia.gov/ieo.

EIA. International energy outlook 2011[EB/OL]. (2011-09-19)[2014-
07-03]. http://www.eia.gov/pressroom/presentations’howard 09192011.
pdf.

JARVIE D M. Shale resource systems for oil and gas: Part 2:
Shale-oil resource systems[C]//BREYER J A. Shale reservoirs: Giant
resources for the 21st century. Tulsa: AAPG, 2012: 89-119.

> >

(. , 2012, 39(3): 257-264.



184 - Vol. 46 No.1
DALI Jinxing, NI Yunyan, WU Xiaoqi. Tight gas in China and its [J]. , 2015, 42(5): 555-565.
significance in exploration and exploitation[J]. Petroleum YANG Zhi, HOU Lianhua, TAO Shizhen, et al. Formation condition
Exploration and Development, 2012, 39(3): 257-264. and “sweet spot” evaluation of tight oil and shale oil[J]. Petroleum
[16] HAO F, ZOU H Y, LU Y C. Mechanisms of shale gas storage: Exploration and Development, 2015, 42(5): 556-565.
Implications for shale gas exploration in China[J]. AAPG Bulletin, [30] 5 > s -
2013, 97(8): 1325-1346. [M]. : ,2013.

[17] HU Q H, ZHANG Y X, MENG X H, et al. Characterization of ZHAO Wenzhi, WANG Hongjun, CAO Hong, et al. Large scale
micro-nano pore networks in shale oil reservoirs of Paleogene accumulation theory and exploration & development technology of
Shahejie Formation in Dongying Sag of Bohai Bay Basin, East China[J]. natural gas resources with low and medium abundance in China[M].
Petroleum Exploration and Development, 2017, 44(5): 681-690. Beijing: Science Publishing House, 2013.

[18] LOUCKS R G, RUPPEL S C. Mississippian Barnett Shale: Lithofacies [31] , ; , [M].
and depositional setting of a deep-water shale-gas succession in the » 2010.

Fort Worth Basin, Texas[J]. AAPG Bulletin, 2007, 91(4): 579-601. SONG Yan, LIU Honglin, LIU Shaobo, et al. Coal-bed gas reservoir

[19] NELSON P H. Pore-throat sizes in sandstones, tight sandstones and geology[M]. Beijing: Science Publishing House, 2010.
shales[J]. AAPG Bulletin, 2009, 93(8): 329-340. (32] : ; .

[20] ZHANG T W, WANG X Z, ZHANG J F, et al. Geochemical evidence Ul - 2018, 45(3): 445-454.
for oil and gas expulsion in Triassic lacustrine organic-rich mudstone, LI Jian, MA Wei, WANG Yifeng, et al. Modeling of the whole
Ordos Basin, China[J]. Interpretation, 2017, 5(2): 41-61. hydrocarbon-generating process of sapropelic source rock[J].

21] ’ . o _ Petroleum Exploration and Development, 2018, 45(3): 445-454.

[J1. , 2016, 23(1): 1-10. (33] ’ ) -
.. . , 2003, 25(6): 758-764.
JIN Zhijun, HU Zongquan, GAO Bo, et al. Controlling factors on the .
. . . . QIN Jianzhong, LIU Baoquan. Study on the models of hydrocarbon
enrichment and high productivity of shale gas in the . . . . .
. . . i generation and expulsion from various source rocks in coal-bearing
Wufeng-Longmaxi Formations, southeastern Sichuan Basin[J]. Earth . .
. . environments[J]. Petroleum Geology & Experiment, 2003, 25(6): 758-764.
Science Frontiers, 2016, 23(1): 1-10. (34] ’ ’ o

(22] ’ ’ N [J]. ( ), 2018, 42(1): 32-39.
L1 » 2012, 39(2): 249-256. MA Zhongliang, ZHENG Lunju, YU Xiaolu, et al. Effective oil
LU Shuangfang, HUANG  Wenbiao, CHEN Fangwen, et al. expulsion threshold of argillaceous source rocks and geological
Classification and evaluation criteria of shale oil and gas resources: significance of shale oil[J]. Journal of China University of Petroleum,
Discussion and application[J]. Petroleum Exploration and 2018, 42(1): 32-39.

Development, 2012, 39(2): 249-256. [35] KO L T, LOUCKS R G, ZHANG T, et al. Pore and pore network

(23] ’ > > - evolution of Upper Cretaceous Boquillas (Eagle Ford-equivalent)

- 1 » 2017, 24(3): 13-16. mudstones: Results from gold tube pyrolysis experiments[J]. AAPG
QIU Nansheng, XU Wei, ZUO Yinhui, et al. Characteristics of Meso- Bulletin, 2016, 100(11): 1693-1722.
Cenozoic thermal regimes in typical estern and western sedimentary [36] MILLIKEN K L, RUDNICKI M, AWWILLER N D, et al. Organic
basins of China[J]. Earth Science Frontiers, 2017, 24(3): 13-16. matter-hosted pore system, Marcellus formation (Devonian),

[24] HAN Y, HORSFIELD B, WIRTH R, et al. Oil retention and porosity Pennsylvania[J]. AAPG Bulletin, 2013, 97(2): 177-200.
evolution in organic-rich shales[J]. AAPG Bulletin, 2017, 101(6): [37] .

807-827. (9. , 1982, 3(2): 9-13.

[25] HAN Y, MAHLSTEDT N, HORSFIELD B. The Barnett Shale: HU Chaoyuan. Source bed controls hydrocarbon habitat in continental
Compositional  fractionation associated with intraformational basins, east China[J]. Acta Petrolei Sinica, 1982, 3(2): 9-13.
petroleum migration, retention, and expulsion[J]. AAPG Bulletin, [38] L« ” 7. , 2005, 25(10):
2015, 99(12): 2173-2202. 1-3.

[26] s s , . [J]. HU Chaoyuan. Research on the appliance extent of “source control

, 2008, 28(6): 136-140. theory” by semi-quantitative statistics characteristics of oil and gas
ZHANG Jinchuan, XU Bo, NIE Haikuan, et al. Exploration potential migration distance[J]. Natural Gas Industry, 2005, 25(10): 1-3.
of shale gas resources in China[J]. Natural Gas Industry, 2008, 28(6): [39] s s s .
136-140. . ,2018, 45(4): 1-15.
[27] s s , . [J1. JIA Chengzao, ZOU Caineng, YANG Zhi, et al. Significant progress
,2012,39(1): 13-26. of continental petroleum geology theory in basins of Central and
ZOU Caineng, YANG Zhi, TAO Shizhen, et al. Nano-hydrocarbon Western China[J]. Petroleum Exploration and Development, 2018,
and the accumulation in coexisting source and reservoir[J]. 45(4): 1-15.
g, Petroleum Exploration and Development, 2012, 39(1): 13-26. B EEEN: E (1980-), B, WEELRA, WL, HEE

[29]

[J1. , 2013, 40(1): 14-26.
ZOU Caineng, YANG Zhi, CUI Jingwei, et al. Formation mechanism,
geological characteristics and development strategy of nonmarine
shale oil in China[J]. Petroleum Exploration and Development, 2013,

40(1): 14-26.

> > >

W LA RS ALAZIT, TRAFEFIREHA. BHEH AR

T

A AR BIRF AR TAE, ik AT BR K FRE 20 5,

B 7 b BRI A AR A T BTGB, B % 25 100083, E-mail:
yangzhi2009@petrochina.com.cn

Yrfs BHEA: 2018-08-13

&E BHEA: 2018-12-11

£ 52





