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Discussion on the enrichment and mobility of continental shale oil
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Abstract ; China is rich in continental shale oil resources,but no substantial breakthrough has been made in their deve-
lopment over recent years. In view of the issue, various data including thin section observation, rock pyrolysis,low-temper-
ature nitrogen adsorption (LTNA ) ,shale oil adsorption experiment , high pressure mercury injection ( HPMI) experiment,
and nuclear magnetic resonance (NMR) are integrated to investigate the major factors controlling shale oil accumulation
and mobility in Biyang Depression. The results show that the TOC of shale interval enriched with oil is relatively higher,
and its inorganic macropores are well developed. The shale reservoir enriched with oil is usually characterized by higher
content of saturated hydrocarbon and lower content of asphaltene,so the shale oil has higher mobility. Clay minerals are
the main contributor to the specific surface area of shale and the main carrier for shale oil adsorption. Thus, the lower the
clay mineral content,the better the mobility of shale oil. The optimal depth for shale oil enrichment is 2 800 m in Biyang
Depression. When the burial depth exceeds 3 000 m,the shale oil has a higher APl degree and lower viscosity, thus fair
mobility. The depth of Wells HF1 and Anshenl is in the range from 2 400 m to 2 500 m,being shallower compared with
the optimal depth for shale oil production. In addition, the adsorption capacity of small molecular hydrocarbons is relative-
ly weaker under high temperature, so the deep intervals (over 3 000 m in depth) are the play fairway for petroleum
exploration in the area. The pressure coefficient of Biyang formations is relatively small, and the higher interval transit
time mainly indicates higher TOC.
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Fig. 1

The structural map(a) and composite stratigraphic column(b) of Biyang Depression
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The trend of movable shale oil content changing with mineral contents in the Hetaoyuan Formation,Biyang Depression
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Crude oil composition,viscosity and AP/ degree vs. depth in Biyang Depression

a. APl BEREEIEAE S b. S IR BETRBE ML (-3 o A & REBETREE ML ka3 s d. BBl s o & i BE TR B ) AR AL

it 5 R 5 A 388, D0 55 Yk T B R A, i B TV
3 000 mEAIRAY ST EA BFR A B, Tian %5058
5T B 1 W B SRR A 3G 0, b 2 3R R
BT, T T R B2 ek 2D, W B A AR 0N,
B 1 9820 5 [RBSF 00 Y 2H A3 AR 52 %% B 550RG B 348N
W B AR BE AR /N, Rl AR b, BARIER I N & =
O ST, W B BG5S R AR O (R AR
R ERE SR AR/, R, Bk i Bl & R
JE O HE I 00k ] Sl R AR
L S,/ TOC FAETUA ) Fim sk (B 7)), &3 s BH
U156 0T 5 ik S 5 A e AR TR R 2 800 m i i A/TOC
BRGNP RAETREE S 3 100 mo U151 AT 3l M5 4
FITREE N 3 000 m IR . BRIES A FRBIFSE A s B
[MTRE SR N 3% W) R A 7547 (3 000 m LATR) , 1 H §i b
U HFL I 220 1 HHIREE A 2 400 ~2 500 m, ib A3k 3]
DU PP B e R TR BE B, A1 32 A AL o s B A I
SR, S BT T L s A v, DT APT BE AR, W A
FHASR R EERCR, AT Sl 3 25 , AR T 00 A T g R o
BRI L 90 BH YT B B TR 2 (3 000 m DATR) 2% X ARk A
AR HFr

3.2.4 REHE

s A FFAE D Sl BT A AR I T B S0, 0t
A A R R TR ) RO B R VISR e
HAb 0 B A AR TS B0, 2 R ) R BB s
T R g, M g v 4 M 2 T R DU TR
EES TS A

LA B 57 e B P e 2 (R PR 1 S
W X TR IR E R B, IR AL BRI B R K
THUZEKE S, R JR AR RS2 TR R R
) A B SRR 2 B TR I, B AR T 75 i i it

AR AT P TR R T BRI ] R
22 b R S B

S HJZ ) Z2 R T e R T 0.90 ~
1101 30T BT I SR S — A AN DR 36 Jrl il 338
BR, U8 B v e A I 22 (A D R TOC 5 5 1Y T
IO, PR SRR FH P 52 sk 222 0 SH F00 90 i ) e B R AT
—E R R

1) AN BB W SR A A ML E B, AR RE )
BHFR A 2 B, B TOC 5 B 5UA MR B 6
I BER s TOHLRFLA K A LB Bk i 1) T
HREERE T R U R R E R R

2) DU R AR, TR R R R O
R, S AR, KRN, AT SRR A
TR U T B B TR AR R ) R
T ] SR

3) BEFE TR B T it i S A i, W R
PSS, WIS AR b . 2R ikl 3 000 m DITRSR
A BH TS 3ol v 8l P e g DX, 2 R A B 3 48
REVA R ARR . S0 8 s A7 A A T 5Ua ih i T
R, Haz F 7S I 22000 DU 0 T SR A — S XU o

2 % x #t

[1] Wright M C,Court R W, Kafantaris F C A, et al. A new rapid method
for shale oil and shale gas assessment[ J]. Fuel,2015,153.231 ~
239.

[2] Han Y,Horsfield B, Curry D J. Control of facies, maturation and pri-
mary migration on biomarkers in the Barnett Shale sequence in the
Marathon 1 Mesquite well, Texas[ J ]. Marine & Petroleum Geology,
2017,85.:106 - 116.



5 6 4]

[ A, 45

WA BH T DT

E e Y e S /3]

1245

[10]

[11]

Furmann A, Mastalerz M, Schimmelmann A, et al. Relationships be-
tween porosity ,organic matter,and mineral matter in mature organic-
rich marine mudstones of the Belle Fourche and Second White
Specks formations in Alberta,Canada[ J]. Marine & Petroleum Geol-
ogy,2014,54(6) .65 -81.
Rivera K T, Puckette J, Quan T M. Evaluation of redox versus thermal
maturity controls on § 15 N in organic rich shales: A case study of the
Woodford Shale, Anadarko Basin, Oklahoma, USA[ J]. Organic Geo-
chemistry,2015,83 —84.127 —139.
SRR, SRARE, 5 XU , 45 BUEH TR BOR J5 12 B H R Y
[J]. #2Fmi2%,2013,20(04) :221 —-228.
Song Guoqi,Zhang Linye, Lu Shuangfang, et al. Resource evaluation
method for shale oil and its application[ J]. Earth Science Frontiers,
2013,20(04) .221 -228.
PRI , TSR, 7 XU, 45 DA BT IE BV T G BE S
TE S A IE—— AL G 35 L D4 B0 ). 516 1 e
ERALAE3E 4 ,2015,34(01) 70 - 78 +2.
Xue Haitao, Tian Shansi, Lu Shuangfang, et al. Selection and verifica-
tion of key parameters in the quantitative evaluation of shale oil; A
case study at the Qingshankou Formation, northern Songliao Basin
[J]. Bulletin of Mineralogy, Petrology and Geochemistry, 2015,
34(01):70 -78 +2.
B, MBS, XU, 4. Je TUA A HLAR Y Btk WA b H A T
AR P 8 B ——DAAA L A R A L B A )]
A5 KRS T,2014,35(05) 704 - 711.
Huang Wenbiao, Deng Shouwei, Lu Shuangfang, et al. Shale organic
heterogeneity evaluation method and its application to shale oil re-
source evaluation: A case study from Qingshankou Formation, south-
ern Songliao Basin[ J]. Oil & Gas Geology,2014,35 (05) ;704 —
711.
ZESER, U, OB, A BUA R AR TR A KR AT LA
WABH T B S 1 [ ] 3t BB 2 (o [ 3t o K 2 244 ) , 2014,
39(07) .848 —857.
Li Jijun, Shi Yinglin, Zhang Xinwen, et al. Control factors of enrich-
ment and producibility of shale oil; A case study of Biyang Depression
[J]. Earth Science ( Journal of China University of Geosciences ),
2014,39(07) .848 - 857.
BRI, A}EEJI :‘f FAL
X B A [J].
fR) ,2015,39(04) .27 - 34.

F AL AR A Y T FLBRARAE
P R A 4 (AR

Li Jijun, Shi Yinglin, Huang Zhenkai, et al. Pore characteristics of
continental shale and its impact on storage of shale oil in northern
Songliao Basin[ J]. Journal of China University of Petroleum ( Edition
of Natural Science) ,2015,39(04) ;27 - 34.

FEIOT AR, R A SUA AT SR RPN R BRI AR
WEMIFEAL AR T R R [ 1], R BREL %, 2015,
26(04).771 -781.

Wang Wenguang,Zheng Min, Wang Min, et al. The discussion of the
evaluation method of shale oil movable resources amount and Palaeo-
gene Shahejie Formation application effect in the northern of Dongpu
depression[ J]. Natural Gas Geoscience,2015,26(04) ;771 -781.
FARAG. BliAH T il R B A 1 R A e E R —L
WPRMBE B[ T ] Wibih < H ,2015,22(05) :588 - 593.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Wang Youxian. Geologic conditions of continental shale oil accumula-

tion and main controlling factors of enrichment and high production

Taking Biyang Depression as an example[ J ]. Fault-block Oil & Gas

Field,2015,22(05) :588 —593.

B AR T3k, 26 308 BRI TMT A R 1T X s s R s e [ ]

£k S TR ,2012,26(3) 85 - 87.

Lv Mingjiu, Fu Daiguo, He Bin, et al. Exploration practice of shale oil

in deep sag area of Biyang depression [ J]. Petroleum Geology and

Engineering,2012,26(3) .85 —87.

PR AR I, R, 46 30 T 34 5 A 8 o 11 0 Y] 2 I B

EME BRI [T ] £l 5 R AR MR, 2016,37 (01)

8 - 14.

Lu Shuangfang, Chen Guohui, Wang Min, et al. Potential evaluation of

enriched shale oil resource of Member 4 of the Shahejie Formation in

the Damintun Sag, Liaohe Depression[ J]. Oil & Gas Geology,2016,

37(01) .8 - 14.

INETE R BRI, 46 WA GO AT A oK 22 B4k 47 e
(] K H G R L ——LARE MG A4 00 1 v B

L] A EEE R4, 2017 ,46 (04) 846 - 858.

Sun Shanyong, Liu Huimin, Cao Yingchang, et al. Milankovitch cycle

of lacustrine deepwater fine-grained sedimentary rocks and its signifi-

cance to shale oil; A case study of the upper Es4 member of well NY1

in Dongying sag[ J]. Journal of China University of Mining & Tech-

nology,2017 ,46 (04 ) .846 —858.

BN AR, 25 5, 45 SUE 26

2012,19(5) :322 -331.

Zhang Jinchuan, Lin Lamei,Li Yuxi, et al. Classification and evalua-

tion of shale oil[ J]. Earth Science Frontiers,2012,19 (5):322 -

331.

PR, BRI, BB, A SUSIMITA P i T GBI i Y

F# ], AR 2016 ,37(10) 11309 - 1322,

Lu Shuangfang, Xue Haitao, Wang Min, et al. Several key issues and

ST oz,

research trends in evaluation of shale oil[ J]. Acta Petrolei Sinica,
2016,37(10) :1309 - 1322.

Lo A T EEVE , R, A LA AR R R SR IR ) S
TEREL)]. i E TR ,2012,14(6) 222 - 30.

Ma Yongsheng, Feng Jianhui, Mou Zehui, et al. The potential and ex-
ploring progress of unconventional hydrocarbon resources in SIN-
OPEC[ J]. Engineering Sciences,2012,14(6) ;22 -30.

Soeder D J. The successful development of gas and oil resources from
shales in North America[ J]. Journal of Petroleum Science & Engi-
neering,2018 ,163.

Hackley P C, Cardott B J. Application of organic petrography in North
American shale petroleum systems: A review[ J ]. International Jour-
nal of Coal Geology,2016,163:8 —51.

Silva P N K D, Simons S J R, Stevens P, et al. A comparison of North
American shale plays with emerging non-marine shale plays in Aus-
tralia[ J]. Marine & Petroleum Geology,2015,67:16 —29.

Li T,Jiang Z,Li Z et al. Continental shale pore structure characteris-
tics and their controlling factors; A case study from the lower third
member of the Shahejie Formation,Zhanhua Sag, Eastern China[ J].
Journal of Natural Gas Science & Engineering,2017 ,45.

Li Z,Oyediran Ibrahim Adewuyi,Huang R, et al. Study on pore struc-



1246

5 KRR R

5540 &

[23]

[24]

[25]

[28]

[30]

[31]

ture characteristics of marine and continental shale in China[ J].
Journal of Natural Gas Science & Engineering,2016,33:143 —152.

Li J,Wang W,Cao Q,et al. Impact of hydrocarbon expulsion efficien-
cy of continental shale upon shale oil accumulations in eastern China
[J]. Marine & Petroleum Geology,2015,59(59) :467 —479.

F ZR R, G 55 T R A B T i RO B 2 1 B 2R
ML) A5 RN, 2001,22(2) 169 ~172.

Wang Min, Qing Weijun,Zhao Zhui, et al. Pool-forming condition and
accumulation regularity of oils and gases in Biyang Depression, Nanx-
iang Basin[ J]. Oil & Gas Geology,2001,22(2) ;169 —172.

Dong T,He S, Liu G,et al. Geochemistry and correlation of crude oils
from reservoirs and source rocks in southern Biyang Sag, Nanxiang
Basin, China[ J ]. Organic Geochemistry,2015,80:18 —34.

TR BB, RL A, S5 YR T A TN 004 BH VT o i /N TR e e
FARLT]. F5Fh<#,2016,23(3) <11 - 15.

Zhang Yonghua,Zhang Yue,Du Weir, et al. Application of chaos at-
tributes to predict the small-scale glutenite bodies in the steep-slope
zone of Biyang Depression[ J]. Special Oil & Gas Reservoirs, 2016,
23(3):11 -15.

RS AE . A B T U AR R IE i a8 R B e R 43 [T ] LT 2
T R2EF2AR (HEHR) ,2016,43(4) 507 - 512.

Zhu Jingxiu. Characteristics of fluid potential and classification of hy-
drocarbon migration and accumulation unit in Biyang depression , Chi-
na[J]. Journal of Chengdu University of Technology ( Social Sci-
ences) ,2016,43(4) :507 - 512.

HEIH T AR A S8 0% B 1M1 A% Bk el AL A U5 A AL AL R ik S
P RLAE [T ], Al SE B i T, 2013 ,35(02) :187 - 194.

Dong Tian,He Sheng, Lin Sheqing. Organic geochemical characteris-
tics and thermal evolution maturity history modeling of source rocks in
Eocene Hetaoyuan Formation of Biyang Sag,Nanxiang Basin[ J]. Pe-
troleum Geology and Experiment,2013,35(02) :187 - 194.

Jijun LI, Liu Z,Junqian L I, et al. Fractal characteristics of continen-
tal shale pores and its significance to the occurrence of shale oil in
china:a case study of biyang depression[ J]. Fractals-complex Geom-
etry Patterns & Scaling in Nature & Society,2018 ;1840008.

FER AT, 3T, 5 PR TUR BUR L T R R (LA
AEXTHELT]. il <58, 2014,26 (03) 167 - 73.

Wang Min, Shi Lei, Wang Wenguang, et al. Comparative study on ge-
ochemical characteristics of shale oil between China and U. S. A[J].

Lithologic Reservoirs,2014,26(03) .67 -73.

Jiang F, Pang X, Bai J, et al. Comprehensive assessment of source
rocks in the Bohai Sea area, eastern China[J]. AAPG Bulletin,
2016,100(6) :969 —1002.

PR, B, BT 3C, A5 U I AU IR A GO A R
[J]. AR 51 % ,2012,39(02) 1249 -256.

Lu Shuangfang, Huang Wenbiao, Chen Fangwen, et al. Classification

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

and evaluation criteria of shale oil and gas resources; Discussion and
application [ J]. Petroleum Exploration and Development, 2012,
39(02) ;249 -256.

TAE, B, AR OB, 5. SO FL B R R R R L e R F AL
P—— DU ZR A X 5T S0 [0 ] IR B R 2 4 (AR FL
257 ,2015,34(6) .9 - 15.

Wang Shuyan,Hu Run, Ren Dongchao, et al. Genetic types and de-

velopment mechanism of shale pores With the example of shale in
southeast Sichuan[ J]. Journal of Shandong University of Science and
Technology (Natural Science Edition) ,2015,34(6) .9 —15.

SRR, TR BRI, 55 BYPYAHh DX TR 2H DUS SUA)Z FLBRE
IR AR L[] M4k ,2016,23 (1) 1206 -217.

Shi Miao, Yu Bingsong, Xue Zhipeng, et al. Pore characteristics and
significance of the Longmaxi Formation shale gas reservoirs in north-
western Guizhou, China[J]. Earth Science Frontiers,2016,23 (1) :
206 -217

Li J,Lu S, Xie L,et al. Modeling of hydrocarbon adsorption on conti-
nental oil shale; A case study on n-alkane [ J]. Fuel, 2017, 206
603 -613.

Han H,Zhong N,Ma Y et al. Gas storage and controlling factors in
an over-mature marine shale: A case study of the Lower Cambrian Lu-
jiaping shale in the Dabashan arc-like thrust-fold belt, southwestern
China[ J]. Journal of Natural Gas Science & Engineering,2016,33;
839 -853.

Jarvie D M and Baker D R. Application of the Rock-Eval III oil show
analyzer to the study of gaseous hydrocarbons in an Oklahoma gas
well[ M]. 1984 ,187th ACS National Meeting, St. Louis, Missouri.
Baker D R. Organic Geochemistry of Cherokee Group on Southeaster
Kansas and Northeastern Oklahoma [ J ]. AAPG Bulletin, 1962,
46(9) :1621 —1642.

Tian S, Xue H, Lu S, et al. Molecular simulation of oil mixture ad-
sorption character in shale system [ J]. Journal of Nanoscience &
Nanotechnology,2017,17(9) :6198 - 6209.

R, 5, ™R Bl AR DA R L M)l ol
2015.

Chen Xiang, Wang Min, Yan Yongxin. Continental shale oil explora-
tion[ M ]. Petroleum Industry Press,2015.

REFR, R, 2B, A5 B B B e 28 iR 0l 7 o 110 5
MR ZET]. AlS R ARA M5 ,2015,36(03) 1463 —471.

Song Guoqi, Xu Xingyou, Li Zheng, et al. Factors controlling oil pro-
duction from Paleogene shale in Jiyang depression[ J]. Oil & Gas Ge-
ology. 2015,36(03) :463 —471.

TR LT BRI P S R [ M A ol
At ,2009.

Zhang Chengguang, Jiang Wangzhe , Pan Heping. Principle and appli-

cation of acoustic logging[ M ]. Petroleum Industry Press,2015.

(%h# KEHR)



