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Characteristics of shale oil reservoir and exploration prospects in the third
sub-member of the seventh member of the Triassic Yanchang Formation in
Fuxian area, Ordos Basin

Sun Jianbo'?, Shi Bin'?, Guo Chao'?, Gao Chao'?, Bai Fenfei'?, Liu Gang'”, Yin Jintao"?, Xu Jie"?

( 1 Research Institute of Shaanxi Yanchang Petroleum (Group) Co., Ltd.; 2 Shaanxi Key Laboratory of Continental Shale Gas
Accumulation and Exploitation )

Abstract: During the deposition period of the third sub-member of the seventh member of the Triassic Yanchang Formation (Chang 7,
sub-member), Fuxian area was located in the depo-center of the eastern lake basin, showing abundant shale oil resources and good exploration
prospects. However, few studies have been conducted on shale oil reservoir characteristics, and there is a lack of the study on reservoir space characteristics
and oil-bearing property, which restrict shale oil exploration and deployment practice. By using core observation, whole rock mineral XRD analysis,
chloroform extraction, NMR, organic carbon abundance and porosity test data, the petrological and mineralogical characteristics, reservoir space,
pore structure and oil and gas bearing property are analyzed in Fuxian area, which indicates that three rock categories are observed in Chang 7,
sub-member, such as shale, silty-fine sandstone and tuff. Based on the development degree of lamina, the shale category is subdivided into four rock
types. The main mineral composition of shale section includes quartz, feldspar, carbonate and clay minerals, as well as a small amount of pyrite. The
reservoir is dominated by four types of pores, i.e., intergranular pore, intragranular pore, organic pore and microfracture. The meso-macropores are
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relatively developed in silty-fine sandstone, and the NMR T, spectrum is characterized by multi-peak and left-biased single-peak types. The

micropores are relatively developed in black shale, with relatively few macropores, and the NMR 7, spectrum is mainly multi-peak and right-

biased single-peak types. The silty-fine sandstone with good oil-bearing property and high oil saturation index is the optimal shale oil reservoir

in Chang 7, sub-member, followed by the laminated shale. The comprehensive study indicates that both silty-fine sandstone and shale targets

have certain exploration potential, which are potential fields for increasing reserves and production in the future.

Key words: Ordos Basin, Fuxian area, Chang 7, sub-member, shale oil, reservoir space characteristics, oil-bearing property
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(a) KINFLF A TERSE, YY1 I,

WA, 50%10;

50x 105 (e) mHEHEMAE T FIHEM LG . H OISR,

W ATOLRSE, C106 H,

FZEIX 20 4 D3 H 2.0 & MR &5 R B oR,

T &SR (REEMELR) FEA0.2~2.4m°/t 2

], P94 1.30m°/t, ARk 2.6m°/t, BRAFAY S
A FITF U E R LR s (B 12)

5.2 A MR AT

R B R Tl LAk A B Rksh2& A
WMEA R RIRTE SR M. A TR TUS Al
BRI RAL — R R A E fr 4 (OSI) kit 17
(OSI=S, x 100/TOC) ., N IME —HHE OSI A
100mg /g 1 24 W] {7t 2 P T T i B A HE 4w, A A 1%
B AT AR U AT A3 A Bk T =7,

1530m, HBELZUZIRTE, 50x 105 (b) MILFMEHGIBRSE, YY16 I,
(c) RLMEFLAP 3 A TEMASKE, YY4 9, 1298m, MEPE, 50x10; (d) ffLH L EISERASIE, YYS I, 1396m, T,
YY22 9,
1117.54m, WE@LJZIRIESE, 50% 10

1420m, 2@

1349m, BU#, 50x20; (f) ZAE AN K AL P IR A7 Y

30 )
1434 F g

20—

FE A B

0 I w L R
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8

fiEdr & Lk /(m? -t
B2 caofra B ETE

Fig.12 Gas content histogram by core desorption test




88 O A B

BFFEIX K 75 30 B AN [] 2 20 5 A A T B 4
B AFEA R, BT A PR AN B R 5 A
77.85mg/g; SURARVETUA W e Fn B 4CE 5 4
93.55mg/g;s Fr—b A TR EFR B 5
F¥A 131mg /g (B 13)

FIR T AR EAEANLR., SRR
B, AT BEM AL B fE B iR AT AE e T
S AT &R ah R AT IR LG, By — AR S TR R R B
HEL BRI S, AT 51%~T72.6%; Hik S Bk
Vel &, HonlZhil bb gl 4y F 39.2%~56.7%, F3
5 46.9%; B AT AR A DL FIAE AR, ST
24.2%~51.9%, F-1#52439.6% (& 14) , MEEFAT I,
Br— AR A T Rl PR bRiE, SRR T
PRl IR,

100 +
90

80

[ B Y%

B EIE e gRREEE e RETE

2023 4 2528 %
140
120
B
;, 100+
&
N
@ 80
ey
B
K604
gz
2
& 404
2
=
20
0 T T
REIUE QEREE B Wi
EeReE

B 13 RN[EE A B R BT S9 (EX) H E
Fig.13 Comparison of average oil saturation index of
different rock types

a5
B 14 BRI 75 BRI R AUA 4 AT sl He sl geit

Fig.14 Statistics of movable oil ratio of different rock types in the third sub—member of the seventh member of

the Triassic Yanchang Formation

Xt 3 FlE PR T RO R AL B S5, LB EE W
AR, o, ROTUSVEMATILEUE P94 1.96%,
PEEALBR T34 4.26% s SRR T BRI AT AL
BP9 3. 7%, Btilfa fLBA P 4.84%; Hr—
HRD DB AT LB T34 7.27%,  DEi)E LB
¥37 8.38%, Bt PSRN, AR ATUAF TR
AL, UL, BERTEARA LU A RSE , X
FTUARAF T AL AL A, X P LB EE IR S5 b e Tk
HIJEAE AR BE T ALEE nl 20, A HLB A LR LA R A,
AHLBALALED, Stia APLRILECR S, RWA
HURILBERTE R e, IR AT LA R A, WP 2

AV A, LA 5 v L A I A 0 DA 5
. WRPR AT, AH LR /N LB Hh O B SR
BRI BN, X585 FLBRX T ok i 6
BAl, HVUA R RAEIRBIER. WA BRER T,
TERAEAILEBRES A AT 51, TUA R A m] Zhith 2 80 A
T,>1ms 7SI, X R AL — &3 K F 20nm,
B, 20nm W] GEE UM 2 A LB LR TRR,
A, ARl A A R] 2 R R B A AR 22 5
1 = R R Es 1IN A LED G K 3 ] ) Fom =W 42
b LR s, SRR VU A ik, B TUA AR
BIL (K 15) .



%43 PRI SPURZIM M E B =& RIERAK 7, WBTUAM i BRHE SRR 89
100 100 1 100
(a) Br—anbs (D) SURRPETUE (c) BETH
80 80 : 801 !
o - | - |
;E, 60 1 ;E 60 | ! ;E 60 - i
& & I £ |
T 404 = 401 i = 40 |
& i | & |
20 20 : 20+ !
| |
0 il 120 ‘ ‘ 0 [y 120 ‘ ‘ 0 120 ‘ ‘
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
fL##/nm fL1&/nm L7 /nm

B 15 RIFZEAA A AT Sy i fLAR S Ak 1

Fig.15 Distribution characteristics of pore size with movable oil occurrence of different rock types

6 EhR AT 5

TUAMF IR 45 R R, FEBX K7, L
Be A M IR w020 06 A R & ATk
1.3x10%, Bhseik & A F s A 2 R oA —
E MR ), ARG i B T A T

6.1 M—HRbE 2

WA 75 LB AR RHTE TS, (HE RS —
HWWERE, WhEESMERNERK, SMHEHA
DA R TUE A T, &R m—annb 5k 2 doar B
(WpHbLL/NT 20%) , JRiie Sk SRR I R,
WF 98 2 DLk Ay — A0 5 3 R T B — ik /T 2m,
i —fif — PR SE KA B X 28 N S by — 20D 5 R R
F S 46 & T TR AN B P YR B 50% LA L, B —E)
BB 0o X BRI TGS i R A il B s Tml £ 2 0A

By — A0 PR GOR AR L. B A L Al FLA i [A] 4L
5, ALBUEEh 6.8%, BiER 0 0.03mD, LMk
SR REXT R 2, P AL Oh Sum, B AR A
60nm, HAT “/NLAAME” BYHRFE, Uk LB £
HA gz,

21X, B RTECT I BRRMAI AR T, HK
PRI B3R358, UESEIb R IR nT AR B0 &, W
h'E B TCaiER St T 2%, SRa B
N7, R SRAT . FLBRUE . SRR R A& A,
TER 7 BB B WE S A AFI B, R 185k,
XEEX fe T2 TRV X (& 16) . HATI%
TG IR A AR T DO — AR S il R
O T ReS TR NN S I s S B AN T o X
BERERBGEH A, KRTTEETT . MEZKOR
FEH AR RIS, %I BTIRCRE A 1Y i L e L SE Ry
SE7

0 1 23 4km
[

NG WIS A
[5] [@]
WERE Bk
i/ KR

B16 B EIRK 7, B —AIb A A A X 1 ]

Fig.16 Favorable exploration zone of silty—fine sandstone in the third sub—member of the seventh member of

the Triassic Yanchang Formation in Fuxian area



90 O ol B R

2023 4F 528 4

6.2 RTTEZ

MR IX R 75 e B e TUA 2R TUA st IR E e, 1%
RIGUAEME R TOC . [REER. BRHs & & (S)
w RIUEH R T —E 8RB, BARKAHE)
B H . ERTILEEAR, BTEHAY YY1 H, FY2
HOGRE AR S, W02 A R AR SR PR AE TXHIE T
BTN R, REIZ R B AE — SO
TUATMBEIR, (A TR A7 7 2, 7 d Ak
LEERGFEA ARG Z R, HARKIE T
[TEERA, HEEARIUEENER T ZA
ik, TN Tl U, 0 b B SOE VL R A R
R S E R N a ol - WA N i R Wl e - X VTP T Y o =1
W KR TSR, AR5 TR I T
T — RN, RV iUa i TR
RO ARAE, BSLIE TS R R BOE TE2 T
— BRI BT s R B R I,
o IR AL AR A B SR I 2 IR A AT
KA RHEAR . EAFFMIRY], Rt
FE AT DL A R R fLBR N ZeAE , Ho il , i
4, JRAOLEEALEE AR S D E R B, RIZE AR ST
SRR AT R A B = LB AN 48 . AnfrT A28
REEX, PLRIZ R BT 2R ERRYRLRERI L
7 HE R PR DR ] R4S

7T 5518

(1) EEMXK T ERTEELAFTFROTS,
@ik, BOQERIUE. BOZURRIES . H—H
W, B 6 Fla kM, AEEatER A A i
B ALERER K. Wt SRR E R EROR .

(2) K 75 M B A il R b 32 Sk FORL A AL
FrNIL. A HLRIL R aesE 4 Fhfig S22 280, ToHl
LR EE— A HLIR—A LA B RS0 AL B
W12 T4 oA DU SR PN s R 1Y) T S0 58 T AR A B
2R, r—dRb et . KILAH, RATTaH Lk
", KA,

(3) & E XA 7; M B G il il B B AR 2 <
Peaf, ARIFVE AR B —E W E . H—
D a 2 B AR AN AR s, AT ShhbL e, Afk
DL, T2 TR o A B S i 5 An (e RG T
HEE U, R ERIRRT R 75 0 RFFBS; e
TUA R HARMARZRVE TUE MR TR “Bl 2™ PRAT.
Je U R AR A SGE T2 T IR A e S AR

&k

(1] Bk, FFHE. FEETUSMIFLIUR R I ERm U], hohael,
2013,18(3):33—40.
Luo Chengxian, Zhou Weihui. Shale oil development in US
and implications[J]. Sino—Global Energy, 2013,18(3):33—40.

[2] R, {IC, mATE, 2. EETUSMIHN PRSI Lt e
Fogan U AR e, 2017,36(2):60-68.
Wang Tiankai, He Wenyuan, Yuan Yuyang, et al. Latest
development in US cost effective development of shale oil under
background of low oil prices[J]. Oil Forum, 2017,36(2):60—68.

(3] i, sKIGSe, b, & . b EIRAR DUE S SRARRAE D). M
%, 2016,23(2):55-62.
Nie Haikuan, Zhang Peixian, Bian Ruikang, et al. Oil
accumulation characteristics of China continental shale[J]. Earth
Science Frontiers, 2016,23(2):55—62.

4] Z%ka, &%, W, % . HAHTCE R S5 U s AL
FTE IR [J]. Arlisda b i, 2020,42(4):489—505.
Li Maowen, Jin Zhijun, Dong Mingzhe, et al. Advances
in the basic study of lacustrine shale evolution and shale
oil accumulation[J].
2020,42(4):489—-505.

(5] S, Kangl, B0, . b s 2 AR TR SR S
5l 2 B U], A E AR, 2022,27(5):62-72.

Wu Songtao, Zhu Rukai, Luo Zhong, et al. Laminar structure

Petroleum Geology & Experiment,

of typical continental shales and reservoir quality evaluation

in central-western basins in China[J]. China Petroleum
Exploration, 2022,27(5):62—72.

(6] EmuA, FkHE, i, %. TUab IR TR — B ARTIR

5RH: DSBREE @ =8 RIERKAK 7 BOAB 1. hEA IR,
2022,27(1):151—-163.
Wang Ruijie, Wang Yongkang, Ma Fujian, et al. Research
and application of key technologies of geology and engineering
integration for shale oil development: a case study of Chang 7
member of the Triassic Yanchang Formation, Ordos Basin[J].
China Petroleum Exploration, 2022,27(1):151—163.

(7] A, EF, £iH, %, KIHHBE TR —RIERIE RS

FER SN U] b EA G, 2022,27(1):12-25.
Li Songquan, Wu Zhiyu,Wang Juan, et al. Development and
application of geology and engineering integrated intelligent
decision—making system of Changqing Oilfield[J]. China
Petroleum Exploration, 2022,27(1):12—25.

(8] friidh, 5RO A, JEMZR, % . KO TUEHCE R R R AR
KIS D). AilFH g, 2022,41(3):10-17.

Shi Daohan,
Development and application of shale oil horizontal well volume

Zhang Kuangsheng, Tang Meirong, et al.

fracturing technology in Changqing Oilfield[J]. Petroleum
Science and Technology Forum, 2022,41(3):10—17.

O] s, fHate, /s, % . DO FH SR As R DRI K e s B
A1 FhsER, 2020,41(7):777-795.
Fu Suotang, Fu Jinhua, Niu Xiaobing, et al/. Accumulation
conditions and key exploration and development technologies in
Qingcheng Oilfield[J]. Acta Petrolei Sinica, 2020,41(7):777—795.

[10] RXYEIE, JESLZ:, WhFEWI, 5% . AR DA B DA IR I & BeH R
Gk DABHBE R0 IR R BA Ll R AL A B U], b 57
%, 2022,49(3):616—626.
Zhao Xianzheng, Zhou Lihong, Pu Xiugang, et al. Theories,
technologies and practices of lacustrine shale oil exploration and
development: a case study of Paleogene Kongdian Formation



%4 PhELESE . SPRZ A E BHX =& RIERA K 7, WETUS T BRI SRR 91
in Cangdong Sag, Bohai Bay Basin, China[J]. Petroleum Technology, 2022,42(6):1122—1132.

Exploration and Development, 2022,49(3):616—626.

[11] fa[SCiN, Sé)ade, HE, 55 . AL Zithdy 0 T R AL BRI I

IR RIF R Rk U], fiha4R ,2022,43(1):1-14.

He Wenyuan, Meng Qi’an, Feng Zihui, et al. In—situ
accumulation theory and exploration & development practice
of Gulong shale oil in Songliao Basin[J]. Acta Petrolei Sinica,

2022,43(1):1-14.

[12] Mt Bs, Moprim, 2550k, 45 . MRS /R A REE R I B 0A s as

TR ARG E U], A EahiheE, 2022,27(1):99-110.

Xie Jianyong, Cui Xinjiang, Li Wenbo, et al. Exploration
and practice of benefit development of shale oil in Jimsar Sag,
Junggar Basin[J]. China Petroleum Exploration, 2022,27(1):

99-110.

[13] EJ7Hy, ERZE, B, % . KRKMHS ST RER S K REK

i [T, E AR, 2021,26(1):55-73.

Wang Guangyun, Wang Fenglan, Zhao Bo, et al. Exploration

and development situation and development strategy of Daqing

Oilfield Company[J]. China Petroleum Exploration, 2021,26(1):

55-73.

[14] HiE, B2, Bift, % . SR ELX =8 REKHAK

7 BEE A LB GUS A ARHE [T]. Hh%AiZ%, 2016,23(2):108—117.

Er Chuang, Luo Anxiang, Zhao Jingzhou, et al. Lithofacies

features of organic—rich shale of the Triassic Yanchang

Formation in Huachi area, Ordos Basin[J]. Earth Science

Frontiers, 2016,23(2):108—117.

[15] fh4fe, AFHT, BEIE, 5 . SRS AT KA AAHR B

AE R AL T S ], DUARSA4R, 2013,31(5):928-938.

Fu Jinhua, Deng Xiugin, Chu Meijuan, et al. Features of

deepwater lithofacies, Yanchang Formation in Ordos Basin and

its petroleum significance[J].
31(5):928—-938.
[16] iR, EFH, ML, % . SRS EHIC KA TSR K & HRAE

e = [J]. A5 R8I, 2018,39(3):522—-530.

Shi Liang, Wang Xiangzeng, Fan Bojiang, et al. Characteris—

Acta Sedimentologica Sinica, 2013,

tics of sandy lamination and its hydrocarbon accumulation,

Yanchang Formation, Ordos Basin[J]. Oil & Gas Geology,
2018,39(3):522—-530.

(171 B D P, Z=ghE, ke, % . ERmXIERAK 7 BRARVE AL
B2 2 e FCUR BIHRFAERIE ST [J]. AR B, 2023,10(1):32—43.
Zhao Weiwei, Li Fukang, Shan Chang’ an, et al. Pore types
and adsorption characteristics of continental mud shale in
Chang 7 member of Yanchang Formation of Yan’an area[J].
Unconventional Oil & Gas, 2023,10(1):32—43.

(18] X H 52 . GUE M BEAFARFAE B AR A BR VS b TS Rl o0t Je (1. AR
WM, 2021,8(2):8—12.
Liu Yueliang. Fundamental research on the storage characteristics
and phase behavior of shale oil and gas[J]. Unconventional Oil &
Gas, 2021,8(2):8—12.

[19] Z8%, sk, B, % . FRSMAERA R 7 BUUE i =
FHAE e BT Aomi 2k (01, AEFHLM, 2021,8(2):33-42.
Li Jinfeng, Zhang Fengbo, Yang Lianru, et al. The reservoir
characteristics and new breakthrough in exploration and
development of various types of shale oil in Chang 7 member
of Yanchang Formation in Xiasiwan Oilfield[J]. Unconventional
Oil & Gas, 2021,8(2):33—42.

[20] Ak, FhEERE, ZHSER . & S X IR KR TUE L RHE S5l O
[T Ve R R R AR, 2022,42(6):1122—1132.
Lin Jin, Sun Jianbo, Luo Tengyue. Geochemistry characteristics
and petroleum geological significance of Zhangjiatan shale in
Fuxian areal[J]. Journal of Xi’an University of Science and

[21] phadetl, FhEfe, BAVRE, 4% . SRR LW B X E KK 7 i
FH U T 1 AR AE R 3 4898 o PR (0], wh [0 i 88 ¢, 2018, 23(6)
PO SVt
Sun Jianbo, Sun Binghua, Zhao Qianping, et al. Geological
characteristics and exploration potential of Chang 7 lacustrine
shale oil in Yanchang Formation, Fuxian area, Ordos Basin[J].
China Petroleum Exploration, 2018,23(6):29—37.

[22] @i, XBFH, RS, . SURZEEMPE AKX K 7 BUUE R

AES TR T T]. ik, 2013,20(2):140—146.
Gao Gang, Liu Xianyang, Wang Yinhui, et al. Characteristics
and resource potential of the oil shale of Chang 7 layer in
Longdong area, Ordos Basin[J]. Earth Science Frontiers, 2013,
20(2):140—146.

(23] B, ZbhE, XURFH. SPRZETAIECRM, TUS IRHIE R 5 IR
T3 [01. Az, 2013,34(1):1-11.

Yang Hua, Li Shixiang, Liu Xianyang. Characteristics and
resource prospects of tight oil and shale oil in Ordos Basin[J].
Acta Petrolei Sinica, 2013,34(1):1-11.

[24] PhEETE, i, BEEE, % . ERHX &R LVEA 1 BETUE <k
ERFE B R s B A (0. rh b, 2022,27(3):110—-120.
Sun Jianbo, Hao Shiyan, Zhao Qianping, et al. Reservoir
characteristics and key technologies for shale gas exploration
and development of the first member of the Permian Shanxi
Formation in Yan’an arealJ].
2022,27(3):110—120.

[25] 85K, T/ARLL, BWEA, % . SR WI AR KAl 7 B TE
B YLLK B FRAE R E 3 U], A0 5 R AT, 2020,41(2):
367-379.

Cai Zhenjia, Lei Yuhong, Luo Xiaorong, et al. Characteristics

China Petroleum Exploration,

and controlling factors of organic pores in the 7™ member of
Yanchang Formation shale in the southeastern Ordos Basin[J].
Oil & Gas Geology, 2020,41(2):367—379.

[26] FhBEGE, “FLLRI, BptE, . SRR 2T 7, W BEIR TUE Y UL

AR IR S 5 A HUHER (L AAEAE [T]. RERTHbEREF, 2022,33(8):
1304—1318.
Sun Zhaotong, Xin Honggang, Lv Chengfu, et al. Occurrence
states and organic geochemical characteristics of shale—type
shale oil from Chang 7; sub—member in the Ordos Basin[J].
Natural Gas Geoscience, 2022,33(8):1304—1318.

[27] BT, SkuiEE, FHEE, % . SR E T A EILIRE iy

PERRAE: AT SMEREAR U0 A0 D], SRR (GhEREARR)
2018,48(4):1018—1029.
Zhao Qianping, Zhang Lixia, Yin Jintao, et al. Pore structure
and physical characteristics of shale reservoir interbedded
with silty layers: an example from Zhangjiatan lacustrine
shale[J]. Journal of Jilin University(Earth Science Edition),
2018,48(4):1018—1029.

[28] Jarvie D M.Shale resource systems for oil and gas: part 2—shale—
oil resource systems [C] //Breyer A. Shale reservoirs—Giant
resources for 21 century. AAPG Memoir 97, 2012:89—119.

[29] Hu T, Pang X Q, Jiang S, et al. Oil content evaluation of
lacustrine organic—rich shale with strong heterogeneity: a case
study of the Middle Permian Lucaogou Formation in Jimusaer
Sag, Junggar Basin, NW China[J]. Fuel, 2018,221(2):196—205.

[30] A%y, WiEz, Bte. TUAMM TR AR 6 5 s s [T].
ARSI % , 2018,45(4):537-545.

Zhao Wenzhi, Hu Suyun,
strategic role of in—situ conversion processing of shale oil

Hou Lianhua. Connotation and

underground in the onshore China[J]. Petroleum Exploration
and Development, 2018,45(4).537—545.



