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Abstract: In order to study the pore characteristics of shale gas reservoirs on the eastern margin of Ordos Basin, the authors selected

the shale in Ye—1,Ye—4 and DT803 wells for experiments including scanning electron microscope, nitrogen sorption— desorption

experiments and related geochemical experiments. Meanwhile, the transitional facies shale pore types, characteristics and

influencing factors of gas reservoir were analyzed. The results show that inter—granular pore and organic pores are most developed

Wi BHEE:2015-11-25; BB HH#H : 2016-02—24
HEDH : HE A SRR AT H (41272176) B2
TEF R ABIRAR, T, 1991 44 AR R R R SR ML & b s E—mail: 505271801@qq.com

http://geochina.cgs.gov.cn H1E LT, 2016, 43(6)



2060 i [

b J 20164F

in the shale, the pore morphology of the shale is mainly in the narrow parallel—plate, the pore size distribution range is 1—60nm, and

the main pore size distribution is between 1—6nm and 40—60nm. The mesopores make a major contribution to pores specific surface

area and pore volume, the contribution of the micro—pores to the surface area cannot be ignored; the values of organic carbon and

clay minerals are the main controlling factors of the pore development, and the influence of brittle minerals on the development of

pores is not obvious.
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Fig.1 The location and tectonic units of the eastern margin of Ordos Basin and comprehensive columnar section of marine—

continental transitional formation
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Table 2 Characteristics of pore types of shale gas reservoirs in transitional facies
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Fig. 3 Occurrence status and characteristics of organic pores and micro—crack of the shale
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Fig. 6 Percentage distribution of total pore volume and BET surface area of the shale sample

http://geochina.cgs.gov.cn H1[EHLFT, 2016, 43(6)



2066 i [ Hh 5z 20164F
2y o 0.025
4 § *
10 4 R2=1.7652 0.02 4 R2=0.5282
) CH
E 84 g
= k 34 * = 0015 A
= z
= 2
K o * =
E < 1w 0.01 4
g 49 E
5 | 0.005
0 x : r 7 T T 0 r
0 1 2 3 4 5 6 0 1 2 3 4 5 6 7
TOCE B/% TOCE &/%
00167 0009 7 4
0.014 1 0.008 - *
@ 007 4
"‘E 0.012 1 - 0.007 R2=10.3853
2 r
E 0.01 4 & 0.006
£ < 0.005 1
£ 0.008 - 3
F 2 0.004 4
0.006
§ * 0.003 -
000 0.002 -
0.002 A 0.001 4
0 . 0 T
0 1 2 3 4 5 6 0 1 2 3 4 5 6 7

TOCE &%

TOCEE/%

K7 5UA AL S TOC F iR
Fig. 7 Relationship between shale pore and TOC content

PEGISLRY R B/, 5 A LA LAY
LB AR T e 1 8l 027 BAR O 0.38 nm, 5T
A H/INT 0.38 nm BRI BUAFLBR RGERSUA R,
X — R LB AR BTN

4 fLBUA T RN R

41 AHUREE

Ve T A MUKk & 2 M i R A AR R
BESH WEAVAL LT WREREERIE R, 8@
B 70U, TOC % 25 504 BET R i BURLEFL
B A BB AT AR g 1) IEAH DG, TOC 75 bl , T
FLARFURN L R E AR R, 2RI T A ML & 2
TAALBRAE B EERNEREZ —, K 7—c.d i it
BHALAIN AL 7S TOC & i AR A TE AR e,
R TOC 5 A FLAR U 2 I —E A R
EHAH S M (R=0.38) B i 55 T TOC & & 5/ LAl
TFLIAR R G 56 2R (R=0.6) , 1X & B TOC & 3 i i
FL AL U LB R B o

SR Sl BG4 R B i — o R B, L
JEE B KA R AR, 25 R AT P LR &
TR . A HLBFLBR A & 2200 R 24, FLBR

FMHLRE , N EBIE S ZFE  SFP &5 B T 1t
AR, A, EE RS N R 5H
U & B3 R M R FLBR A 4% (8] 3—a,b,1),
7B BB B i = 1 D i, P oK B B ARG, 2
DEINIVER T IE R SR 4B Fifs T 584E . L,
A BB B 08, T AR N LS kR, T AL
IRFU R .
4.2 HHLEBHE Ro

AR Y FE BT IR i 14 B 4 P i — 55
BB BE, A BIAE Sk B B B, Y 1.6%
FHEE TR AR DU R RAR . SRR 8 v LR
i, Ro 514 BET He R i BURLEFLBRIAR A fE—
FRRF DG Bt 2 A AL A A I, 3k 0 A T
(14 b 2R T R R A LA FRUER 1 R, 22 BH B 3 ik 5 1)
U FLBREA B o Ro SHLFLAIAFL & E A e IEAH
KRR, 5 RAURBAT B2 A e X 156R L ik
PR LRI LA T o AT AKT Ro 5 FLBRSZE
R R 0T T KRERABIBFSE, Ro X LB &% & 1Y
SO 2, — AR TR MR, A
F Y Ro HFLBRZE M S HUN LA EAN AR XS 30 8.3,
HJE R AT RE S, FIRE 10 /ME 5l A R 728 Ak 1 Fl

http://geochina.cgs.gov.cn H1E LT, 2016, 43(6)



435 ol TRICMRAT - SR 2 3 G M AR Ut AR D U 2 LR IR B TR 2R 2067

12 5 0.025

a . b *
*
1o 002
N&B R2=0.4025 0
£ 84 E
=3 = 0015
B e
K S =
RS b
E " o001
2 B
2. 0.005
0 T T T T T T J 0
1 1.2 1.4 1.6 18 2 22 24 1 12 14 1.6 1.8 2 22 24
Rol% Rol%
0.016 0.009 1
oo { € it 0.008 1 4 L 4
=002 | R2=0.3568 2 0.007 4
s 0,006 - .
= 001 4 . g
3 & 0.005
£ 0.008 =
b = 0.004 1 .
T, 0.006 1 X
] 0.003 4 * o
# 0,004 1 9 ¢
- 0.002 * o
0.002 0.001 1 -
0 ) 0 : . : .
1 12 14 16 1.8 2 22 2.4 1 12 14 16 18 2 22 24
Ro/% Ro/%
L N Y
K18 BUEFLER S Ro KA
Fig. 8 Relationship between shale pore and Ro
12 4 0.025 1
& b R2=0.6703
L 2 =0.
. . 0.02
c @
Es ¢ . E
2 . PR 4 * = 0.015 1
E "©
K y ‘0 ¢ §
& 3 0.0l 1
A 49 E
54 0.005 1
0 T T T T T x x ) 0 T T T T T T T )
35 40 45 50 55 60 65 70 75 3 40 45 S0 55 60 6 70 75
LT s 8% LTS 8%
0.016 0.009
! c & r-osmM oo { ¢
0.014 ) :
- 0.007
20012 s
g £ 0.006
< 001 8
g & 0.005
2 0.008 < o004
+ 0.006 0,003
2
¥ 0.004 0.002
0.002 0.001
4 . ! . i . i . : 0 r T r T r T r ]
a5 40 45 5 5 & 6 10 15 33 40 45 50 55 60 6 70 75

HETHER% LTSRS

K9 A LB S8 L) & SR

Fig. 9 Relationship between shale pore and clay mineral content

http://geochina.cgs.gov.cn H1E LT, 2016, 43(6)



2068 i [ Hh 5t 20164F

12 1 0.025 1

a . b

10 1 002
$ &
£ 8 * * g
2 * ¢ ¢ * & oo1s
56 . <
:E » 5 oot
A4 &

- 0.005 1

15 20 25 30 35 40 45 50 15 20 25 30 35 40 45 50
BRER/% ARER%

K10 SUASLB S A0S oG R

Fig. 10 Relationship between shale pore and quartz content

/N(1.24%~2.15% ) , /DI A B BRI 3ot I B B
(AR, DRLHCTE — 2 S Bl N AR 81 T it
43 TYEE

SREL 9 v 1, B ) i 5 0 R TR
FHOCHEANIA ., SALBR AR BAF M IE A DG E R .
ARG R AR, B BRI H R A R
)26 04 )2 S ALIBRES AN ], FL Eb 36 T AL A
FEAR K1 22 501, 58 i A B A 1 fL L 2 18 B R 800
em’/g, FHFIA 30 em’/g IR AT 15 em?/g"”, SLER A
i RE SR S R SRR s e A, PRl
PRty e R AR A B . B 0 P FLAR T
RERMIERAETHRERZE R 2R, EF
L BRIl FL ik ] FLAR A TR AL A LB AL
BRALAR R, R 0 % 2 LA B K
9~ i1 9—d o s e th 25+ % ik 5 R LR R Y
FHOCE B F AL A LR, AR Bt Aok a] &
BYUORGLALBR, B — A LA & 5 (A 4R %G +
W4t 25 FEIE T A o/ NFLBR , 1% ZE FLMR , D3R 43
AL L, A I R N SR B KRR+
WPk L, FLAR S 0K B KGR, i ffL 32 2EUR
HF A HLUBFLER

AR TUA B AR L i e, Mt
WP T DU AL & B AN B, Sl ] 10 n] %0
A 5L R AU A SFLERELE
UIViEP S i e s e o N R 7/ | DR R T S )
H132.6% , KA1 FIBRERER 250 ) S AR, DR e i okt
FLR R 4 R B D s A g B R AR
b 20 em’/g, XL R A DTk L A BLAREEIS
AR TR, A5 URL AT A B — A A XTI

PERE AL, 345 T B PTRSERE ST , A R T 5Ua PR
FLANREE R PR AT (H LB 20 300 nm AN AL
B, HLBE T IR R ROREE 2R T TR DL R £
Y A AR LA AL LA R .

5 4t i

()3 o 45 4 P B W B 5 IR 22 0T AR kg o 1ot
VAR DA FLBR A 53 SR ] L Rz LN & (] L 55 G
BUFL , LA KA MLB LA 4 | o 8 AH 005 DAk £+
TPk LA A MU LB N K E -

(2RI U oA S 36 R PR S /R 2 T AR ittt
BEMITUAFLBRES SR 2 B S 248, IFFORFLB A
F A FERAE A AR LRI AL, 5 & & 88K
AL — B A B S ASL . At fli it AR DU
FURSM VLN 1~60 nm, FFLAR AT 1~6 nm Al
40~60 nm. S FLXTFLARFBRIAL b2 AR DT ik dne K,
LA 3. 72% LR & i ook 1 14.21% 009 L

L S LR TR TR AN 25 2200

(3) FRIR 22 0 AR 2 Mg i Ao Y6 A Ui DA R HILJSR
SR AL R B Y AL, TOC 7 i s, iU 3R
AT FRURIFLAAR FRB 22 385 K, FLrbont L b 2 AR A T ik
TN B3 5 7 — VS BN, Ro il &7, DA b
T FRURILE LA RGER K 5 26 8 438 1 5 i 722 F LR
FLA) A i s o DU FLARRR, ke = B s VR T, e
PET P & X LB A B RS2 AN

S 3L #k(Referrnces):

[1] Wang Y, Zhu Y, Chen S, et al. Characteristics of the nanoscale pore

structure in northwestern Hunan shale gas reservoirs using field

http://geochina.cgs.gov.cn H1E LT, 2016, 43(6)



435 ol TRICMRAT - SR 2 3 G M AR Ut AR D U 2 LR IR B TR 2R 2069

emission scanning electron microscopy, high— pressure mercury
intrusion, and gas adsorption[J]. Energy & Fuels, 2014, 28(2): 945—
955.

[2] Huang J, Zou C, Dong D, et al. Geochemical and reservoir
characteristics of the Upper Triassic continental shale in the
Sichuan Basin, China[J]. Energy Exploration & Exploitation, 2015,
33(3): 375-395.

AL, SKAE L, 7, 45 IR Y5 X 8 4 UM I — g BHE

HIUE AR ZHUBRAELD]. Th E L, 2016, 43(1): 275-287.
Wu Kunyu, Zhang Tingshan, Yang Yang, et al. Geological
characteristics of Wufeng —Longmaxi shale — gas reservoir in the
Huangjinba gas field, Zhaotong National Shale Gas Demonstration
Area[J]. Geology in China, 2016, 43(1): 275—287(in Chinese with
English abstract).

[4] BEVK, TR, X, 45 BVEIE e ERR A R TORFLBR S5 48 K it

SHHIED]. A2, 2015, 36(2): 138-149.
Xue Bing, Zhang Jinchuan, Tang Xuan, et al. Characteristics of
microscopic pore and gas accumulation shale in Longmaxi
Formation, northwest Guizhou[J]. Acta Petrolei Sinica, 2015, 36
(2): 138—149(in Chinese with English abstract).

[5] a5 FH, 32 5 IR, T4k, 268 0 v 34 s — a8 FR g e EEAH DU

HJTESEAE[T]. B LT, 2015, 42(1): 288—299.
Gu Zhixiang, Peng Yongmin, He Youbinet al. Geological
conditions of Permian sea—land transitional facies shale gas in the
Xiangzhong depression[J]. Geology in China, 2015, 42(1): 288—
299(in Chinese with English abstract).

[6] X, ik, T 300, 4. SRR WA b A< i 3L vty 2 g Bl
B TUA R SEE S S PR Hh2ERTZ, 2016, 23(2): 147-157.
Tang Xuan, Zhang Jinchuan, Ding Wenlong, et al. The reservoir
property of the Upper Paleozoic marine— continental transitional
shale and its gas— bearing capacity in the Southeastern Ordos
Basin. Earth Science Frontiers, 2016, 23 (2): 147—157(in Chinese
with English abstract).

(7] 4R, BRI T, WM S EESR : IR R I SFLIM]. dbae . R
th i, 1979.

Yan Jimin, Zhang Qiyuan. Adsorption and Condensation:the
Surface and Pore of Solid[M].Beijing:Science Press,1979 (in
Chinese with English abstract).

[8] Brunauer S, Emmett P H, Teller E. Adsorption of gases in
multimolecular layers[J]. Journal of the American Chemical
Society, 1938, 60(2): 309-319.

[91 Rouquerol J, Avnir D, Fairbridge C W, et al. Recommendations
for the characterization of porous solids (Technical Report) [J].
Pure and Applied Chemistry, 1994, 66(8): 1739—1758.

[10] # g, 7 TEAR, TR AR, 55, 5T U B9 50 (1) TR FLBR 25 1

FAE[T]. RIS T, 2013, 33(4): 135—-140.

Yang Feng, Ning Zhengfu, Zhang Shidong, et al. Characterization
of pores structures in shales through nitrogen adsorption
experiment[J].Natural Gsa Industry, 2013, 33(4): 135— 140(in
Chinese with English abstract).

[11] Pan L, Xiao X, Tian H, et al. A preliminary study on the

characterization and controlling factors of porosity and pore
structure of the Permian shales in Lower Yangtze region, Eastern
China[J]. International Journal of Coal Geology, 2015, 146: 68—
78.

X2, P, DL, SF SR R DUATOIALBR S 5
DRSS U eI RN PR e g
2015, 39(1): 33—42.

Liu Shengxin, Zhong Jianhua, Ma Yinsheng, et al. Study of
microscopic pore structure and adsorption isothermal of
carboniferous shale, Eastern Qaidam Basin[J]. Journal of China
University of Petroleum, 2015, 39(1): 33— 42(in Chinese with
English abstract).

[13] BXIH 4, SRS, A A 55, A5, I TR IR 0 B S 36 1) B fi 2

FLBRAEARET]. AR AR 252 42,2014, (6):100-108,11-12.
Zhao Difei, Guo Yinghai, Xie Delu, et al. Fractal characteristics
of shale reservoir pores based on nitrogen adsorption[J]. Journal
of Northeast Petroleum University, 2014, (6):100— 108, 11—12(in
Chinese with English abstract).

[14] Ross D J K, Bustin R M. Characterizing the shale gas resource

potential of Devonian—Mississippian strata in the Western Canada
sedimentary basin: Application of an integrated formation
evaluation[J]. AAPG Bulletin, 2008, 92(1): 87—125.

[15] &, XURAR, PhEh, 45, 98P —if Z< o X TR s GE 2F B 4100

I LB RAED ], RALATMIR 22441, 2014, 38(2): 8-17.
Luo Chao, Liu Shugen, Sun Wei, et al. Pore structure
characterization of black shale in the lower Cambrian Niutitang
formation in western Hubei and eastern Chonggqing area[J].
Journal of Northeast Petroleum University, 2014, 02: 8—17,79,5-6
(in Chinese with English abstract).

[16] Loehr S C, Baruch E T, Hall P A, et al. Is organic pore

development in gas shales influenced by the primary porosity and
structure of thermally immature organic matter?[J].Organic
Geochemistry,2015,87:119—132.

(17] 7 FW, B, BT, 4. W WLAR 1 Myl B AL B

TEA UG B PE D). £330, 2012, 33(2): 249-256.

Ji Liming, Qiu Junli, Xia Yanqing, et al. Micro— pore
characteristics and methane adsorption properties of commom
clay minerals by electron microscope scanning[J].Acta Petrolei
Sinica, 2012, 33(2): 249—-256(in Chinese with English abstract).

http://geochina.cgs.gov.cn H1E LT, 2016, 43(6)



