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Micropore structure characteristics of Wufeng—Longmaxi Formation black
shale along Qilongcun section in northwest Guizhou
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Abstract: Pore types and structures are of great significance for shale gas resources evaluation. In order to study the pore structure
features and evolution regularity of shale, the authors used field emission—scanning electron microscopy (FE—SEM) and nitrogen
adsorption method to study the pore characteristics and structures of black shale samples from the Late Ordovician—Lower Silurian

Wufeng—Longmaxi Formation of the marine shale gas reservoir in northwest Guizhou. The results show that the shale has various
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kinds of reservoir space, mainly comprising intragranular pores, intergranular pores, organic pores and microfractures. Low
temperature nitrogen adsorption experiment results show that the pores in the shale are mainly mesopores in size, and mainly include
ink bottle— like and parallel plate—like pores in structure. The authors investigated the main factors influencing the shale pore
development, organic carbon content, degree of thermal evolution and content of mineral composition and found that their actions
were not conducted singly but restricted each other in influencing the development of shale pores. Quartz content is correlated
positively with micro—and mesopores, but has no evident relationship with macropores. Clay content has no obvious relationship
with micro—and mesopores, but has negative relationship with macropores. The organic matter pore is at its peak of development,

has an important contribution to shale pores, and increases with the increase of maturity.
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Fig. 1 Geological map of Qilong section
a—Brief geological profile of Qilong section, after Yang Di et al., 2013 ;b—Sedimentary facies of the study area during late Ordovician— early
Silurian, after Guo Xusheng et al., 2014a
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Fig. 2 Lithological and geochemical parameters histogram of Wufeng—Longmaxi Formation in Qilong section
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Fig. 3 A part of hand specimen and its microphotograph of Wufeng—Longmaxi shale in Qilongcun section
Fig. a, b, ¢, h, i and j are part of hand specimens of Wufeng— Longmaxi Formation; Fig. d, e, f, k, 1, and m are corresponding

microscopic photographs of a, b, ¢, h, 1, j
a—QL—4 Black carbonaceous shale;b—QL—9 Black shale, graptolite is obvious in the specimen;c—QL—10 Silty shale;d—QL—4 Black carbonaceous
shale(plainlight) ;e—QL—9 Black shale (plainlight) ; f~QL—10 Silty shale(plainlight) ; h—QL—20 Calcareous shale;i—QL—22 Green and yellow
shale;j—QL—26 Silty shale;k—QL—20 Calcareous shale(plainlight) ;1-QL—22 Green and Yellow shale (plainlight) ;m—QL—26 Silty shale
(plainlight)
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Fig.5 Nitrogen adsorption stripping curve of shale in Qilongcun section
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Longmaxi Formation in Qilongcun section by nitrogen
adsorption method
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QL-23 9.7562 0.01270 8.0200
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Table 1 Mineral composition (%) of Wufeng—Longmaxi Formation in Qilongcun section
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Fig.6 A part of microphotograph of shale in Qilongcun section
a—QL—4, A lot of asphalt stripe in the black carbonaceous shale(Oil-Immersed reflection polarization)b—QL—10 Less residual asphalt stripe in the
silty shale (Oil-immersed reflection polarization) ;c—QL—26 Asphalt stripe invisible in the silty shale(Oil—immersed reflection polarization)
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http://geochina.cgs.gov.cn H1E LT, 2018, 45(2)



H45% 2

mer

=

5 BV AL B e A T T — T R A R TUA FLBRES A RAAE

283

0.025r

T 0.02}
My

3

L0.015¢

0.01} 4

WAL/

0.005¢

0

40 60
AR R/ %

0 20

0.0014
_0.0012 *
80

”\E 0.001
2 0.0008
s

% 0.0006
5 0.0004 o
=

= 0.0002

80

0 . A A
0 10 20 30

LT R/ %

40

0.025¢ 0.0035[
2 * ~  0.003F
% 0.02} P .
= 2 0.0025f o
So.0154 > < ooml LIRS *
o o, P
ool € o005}
~ ~
= = 0.001F
K 0.005¢ N 0.0005+
0 1 L 1 ; 0 M " 1 ;
0 20 40 60 80 0 20 40 60 80
AEE /% AL E/%
(&) AEREESAENLR
0.025r 0.0035
* L 2
- 0003}
= 002} s
5 o5 00025F
S 0015} * 2 goml
> * &
£ oo} & . & 0.0015
~ ~
= = o001}
o C00f ¥ p.0005}
0 1 1 1 J 0 1 1 1 J
0 10 20 30 40 0 10 20 30 40

FEvmEaEs/ %
O FLELTPWEELLENXR

P 10 B fe A T g SR SUA 6 W5 i S iU LA R R

BT E R/ %

Fig. 10 Correlation between mineral composition and pore volume of Wufeng—Longmaxi Formation in Qilongcun section
(a)Relationship between quartz content and pore volume, (b) Relationship between clay mineral content and pore volume

TLBRE/% ()BT FLIR R B IR e 5 e, A LR

1 10 100 i T LR N TR LR R E

0 ‘ ' P B T EL AR L RIZ000 . DL A ) i

0 | I TR AL S A1 A 2 B S AL AL

B R EADCC R T 5 2L 7 R A

5 1O AN 5 2 A A B AL LR A R

2 o1s) ARG T ., T 5 AL 2 7 B ARG

o Z AT LR FLBRIE A e 14 27 B, 3 T 00 LB
5 20l FUAT T SR, LR

25 | References
— LR
51 L TNy Cander H. 2012. Sweet Spots in Shale Gas and Liquids Plays:

P11 TUASLBUE BER R AL B A R R (R T4,
2011 &80
Fig.11 Variation of shale porosity with thermal evolution
degree (modified from Wang Feiyu et al., 2011)

FUALAAR, 2 A R PR 2], AEALBRESHY
EPASRIORCIRFL BRI AT BCIR AL B A 3=, e S A T
BOIRFLBA A AT BERE A T 50U i RIR B 078
JEIRIEL , S /KORURF LB AT A LBTAL .

Prediction of Fluid Composition and Reservoir Pressure[R].

Chen Qiao, Tan Yanhu, Wang Lisha, Wang Shen,Liao Kaigui, Liu Hong,
Yao Guanghua,Wang Qijun,yangbo. 2013. Reservoir physical
characteristics of shale gas in Longmaxi Formation in southeastern
Chongqing [J]. Science & Technology Review, 31(36): 15— 19 (in
Chinese with English abstract).

Guo Xusheng, Hu Dongfeng, Li Yuping, Liu Ruobing, Wanggqingbo.
2014a. Geological features and reservoiring mode of shale gas
reservoirs in Longmaxi Formation of the Jiaoshiba area [J]. Acta
Geologica Sinica, 88(6): 1811—1821.

Guo Xusheng, Hu Dogsheng, Wen Zhidong, Liu Ruobing. 2014b.

http://geochina.cgs.gov.cn H1E LT, 2018, 45(2)



284 h &

b, J 20184F

Major factors controlling the accumulation and high productivity in
marine shale gas in the Lower Paleozoic of Sichuan Basin and its
periphery: A case study of the Wufeng— Longmaxi Formation of
Jiaoshiba area[J]. Geology in China,41(3):893— 901 (in Chinese
with English abstract).

Han Shuangbiao, Zhang Jinchuan, Xing Yawen, He Wei,Xie Chen,
Jiang Shengling, Zhang Peng. 2013. Shale gas accumulation
conditions and resource potential of the Lower Silurian Longmaxi
Formation in southeast Chongqing [J]. Journal of China Coal
Society, 38(4): 168—173(in Chinese with English abstract).

Ji Wenming, Song Yan, Jiang Zhenxue, Wang Pengfei, Liu Qingxin,
Gao Fenglin, Yang Xiao. 2016. Micro— nano pore structure
characteristics and its control facters of shale in Longmaxi
formation Southern Sichuan Basin [J]. Acta Petrolei Sinica, 37(2):
182— 194.

Ko Lucy T, Robert G. Loucks, Zhang Tongwei, Stephen C. Ruppel,
Shao Deyong. 2016. Pore and pore network evolution of Upper
Cretaceous Boquillas (Eagle Ford— equivalent) mudrocks: Results
from gold tube pyrolysis experiments [J].AAPG Bulletin, 100(11):
1693—1722.

Luo Chao, Liu Shugen, Sun Wei, Yong Ziquan, Yang Di, Wang Shiyu,
Ye Yuehao, Deng Bin. 2014. Basic characteristics of shale gas in
the lower Cambrian nititang formation in the upper Yangtze regin:
Taking Nangao section in Danzhai as an example[J]. Nature Gas
Geoscience, 25(3):453— 470 (in Chinese with English abstract).

Liu Zufa, Xiao Xianming, Fu Jiamo, Liu Dehan, Shen Jiagui. 1999.
Marine vitrinite rellectance as a maturity indicator of Lower
Palaeozoic hydrocarbon source rocks [J]. Geochemica, 28(6): 580—
588 (in Chinese with English abstract).

Nie Haikuan, Zhang Jinchuan. 2011. Types and characteristics of shale
gas reservoir: A case study of Lower Paleozoic in and around
Sichuan Basin [J].Petroleum Geology & Experiment, 33 (3): 219—
225 (in Chinese with English abstract).

Robert G. Loucks, Robert M. Reed, Stephen C. Ruppel, Daniel M.
Jarvie. 2009. Morphology, genesis, and distribution of nanometer—
scale pores in Siliceous mudstones of the Mississippian Barnett
shale [J]. Journal of Sedimentary Research, 79(12): 848—861.

Stephen Brunauer, Denning L S, Denning W E, Edward Teller. 1940.
On a theory of the van der Waals adsorption of gases [J]. Journal of
the American Chemical Society , 67(2): 1723—1732 .

Sun Mengdi, Yu Bingsong, Hu Qinhong, Chen Song, Xia Wei, Ye
Ruochen. 2016. Nanoscale pore characteristics of the Lower
Cambrian Niutitang Formation Shale: A case study from Well Yuke
#1 in the Southeast of Chongqing, China[J]. International Journal
of Coal Geology, 154—155.

Wang Feiyu, He zhiyong, Meng Xiaohui, Bao Linyan, Zhang Hui.
2011. Occurrence of Shale Gas and Prediction of Original Gas In—
place (OGIP) [J]. Nature Gas Geoscience, 22(1): 501— 510(in
Chinese with English abstract).

Wang Yuman, Dong Dazhong, Li Jianzhong, Wang Shejiao, Li Xinjig,
Wang Li, Cheng Keming, Huang Jinliang. 2012. Resrrvoir
characteristics of shale gas in Longmaxi Formation of the Lower
Silurian, southern Sichuan [J]. Acta Geologica Sinica, 33(4): 551—
561(in Chinese with English abstract).

Wei Xiangfeng, Liu Ruobing, Zhang Tingshan, Liang Xing. 2013.
Micro— pores structure characteristics and development control
factors of shale gas reservoir: A case of Longmaxi Formation in
XX area of southern Sichuan and northern Guizhou [J]. Natural
Gas Geoscience, 24(5): 1048— 1059(in Chinese with English
abstract).

Wei Zhihong, Wei Xiangeng. 2014. Comparison of gas— bearing
property between different pore types of shale: A case from the
Upper Ordovician Wufeng and Longmaxi Fms in the Jiaoshiba
area, Sichuan Basin [J]. Natural Gas Industry, 34(6): 37—41 (in
Chinese with English abstract).

Wu Jin, Liang Feng, Wei Chenji, Song Xiaohong. 2016.
Characteristics of micropore structure of Longmaxi Formation
shale gas reservoirs in northeast district of Chongqing, Chinal[J].
Journal of Chengdu University of Technology(Science and
Technology Edition), 43(3):308— 319 (in Chinese with English
abstract).

Wu Jingshu, Yu Bingsong, Zhang Jinchuan, Li Yuxi. 2013. Pore
characteristics and controlling facters in the organic—rich shale of
the Lower Silurian Longmaxi Formation revealed by samples from
a well in southeastrn Chonggqing [J]. Earth Science Frontiers, 20(3):
260— 269 (in Chinese with English abstract).

Xu Yong, Lii Chengfu, Chen Guojun, Zhong Aijia, Yang Wei, Xue
Lianhua. 2015. Fractal characteristics of shale pores of Longmaxi
Formation in southeast Sichuan Basin [J]. Lithologic Reservoirs,
27 (4): 32—-39(in Chinese with English abstract).

Yang Feng, Ning Zhengfu, Kong Detao, Liu Huiqing. 2013a. Pore
structure of shales from high pressure mercury injection and
nitrogen adsorption method [J]. Natural Gas Geoscience, 24(3):
450—455 (in Chinese with English abstract).

Yang Feng, Ning Zhengfu, Hu Changpeng, Wang Bo, Peng Kai, Liu
Huiqing. 2013b. Characterization of microscopic pore structures in
shale reservoirs [J]. Acta Petrolei Sinica, 34(2): 301— 311(in
Chinese with English abstract).

Yang Di, Liu Shugen, Shan Yuming, Sun Wei, Ran Bo, Luo Chao,
Wang Shiyu. 2013. Fracture characteristics of shale in Upper
Ordovician— Lower Silurian in Xishui area, southeast of Sichuan
basin, China[J]. Journal of Chengdu University of Technology
(Science and Technology Edition), 40(5): 543—553(in Chinese with
English abstract).

Yu Bingsong. 2013. Classification and characterization of gas shale
pore system [J]. Earth Science Fronmtiers, 20(4): 211— 220 (in
Chinese with English abstract).

Zhang Liehui, Guo Jingjing, Tang Hongming, Liu Jia, Li Qirong, He

http://geochina.cgs.gov.cn H1E LT, 2018, 45(2)



45 Hi2 M

BLALEE A BV AL R e AN F T 0 — g S R AL R U ALBRES AR AE 285

Jiyang. 2015. Pore structure characteristics of Longmaxi shale in
the southern Sichuan Basin[J].Nature Gas Industry, 20(3):22— 29.
(in Chinese with English abstract).

Zhang Peng, Zhang Jinchuan, Huang Yuqi, Lii Yannan, Deng Ende.
2015. Gas— Bearing Property and its main Controlling Facters for
Wufeng— Longmaxi Formation Marine shale in northwest
Guizhou[J]. Petroleum Geology and Oilfield Development in
Dagqing, 34(1):169— 174 (in Chinese with English abstract).

Zhang Zhenling, Wu Liyan, Shu Nianzu. 2006. Cause analysis of
abnormal 7max values on Rock— Eval pyroysis[J]. Petroleum
Exploration and Development, 33 (1): 72— 75(in Chinese with
English abstract).

Zhao Difei, Guo Yinghai, Bai Wanbei,Zhang Jingxia, Li Mi, Guo
Xiaoyu. 2016. The characteristics and influencing factors of
nanopores in shale gas reservoir of Wufeng and Longmaxi
formation in southeast Chongqing [J].Journal of Henan Polytechnic
University (Natural Science), 35(4): 497— 506(in Chinese with
English abstract).

Zhao Pei, Li Xianqing, Tian Xingwang, Su Guiping, Zhang Mingyang,
Guo Man, Dong Zeliang, Sun Mengmeng, Wang Feiyu. 2014.
Study on micropore structure characteristics of Longmaxi
Formation shale gas reservoirs in the southern Sichuan basin[J].
Nature Gas Geoscience, 25(6):947—956.

Zhao Xingyuan, He Dongbo. 2012. Clay Minerals and Shale Gas[J].
Xinjiang Petroluem Geology, 33(6):643— 648(in Chinese with
English abstract).

Zou Caineng, Dong Dazhong, Wang Shejiao, Li Jianzhong, Li Xinjing,
Wang Yuman, Li Denghua, Cheng Keming. 2010. Geological
characteristics, formation mechanism and resourse potential of
shale gas in China [J]. Petroleum Exploration and Development, 37
(5): 641-653(in Chinese with English abstract).

Bt e 32 225 STk

MRFr, 82 R, E WIS, E AR BT 5 0k skt 4, I g
. 2013. ¥ A e B AL TR S Z W PR (D] B 4, 31
(36): 15— 19.

SOIBAE, BIZRTE, SCIRZR, XIEK. 2014, DU %340 K JRI 2 F ol AR it
AHTUA U S RN E—— LU A X T — T iR
U], R T, 41(3):893-901.

HEXUR, dka 1, TRHESC, A, bk, 224234, SKAS. 2013, A T
ARG DR A USRS S IR T[], AR 24z, 38
(1): 168-173.

ZOSCHH, R, IR, BRAR, EIE K, XUPSHT, XUk, #%3. 2016. DY
1 a5 Hb AR T 3 VR L T B2 DK L B 5 4 R B 42 3 P
F1 A AR, 37(2):182— 194,

XA, 1 B, AR50, XUREIL | F 55 AR o (AR S R A
By A AR IR A BE AR R AT [T]. M ER AL 2%, 1999. 28(06):
580—588. THHFA. 2013. WU A S M= FLIR 4328 S RAE[I]. b2 i
%%, 20(4): 211- 220.

B, XIRAR, PhER, F, g E R B, sKE, T, B EE X8
T2.2014. 457 X IERG AR vUE A RHER T —LA
BN IS R LRI R B[], KRS HERFL, 25(3):453-470.

SO, T4 2011, TUA k)2 AR AE IR 98— LA U )1 | 7t
J LR oA R R I, A S g T, 33(3): 219-225.

TR, AR, O, AR, TRER. 2011, TUA SR AAE I G
B i (OGIP) N AT KSR HEREL2, 32(3): 501- 510.

TEE, EICL, UL, AR AR, ER B, B4, 2012,
JIRE N 3k B 400 SR A TA U )2 FR IR (0] A T 24 4T, 33(4):
551- 561.

BRI, X2 K B AE 1, 3204 2013, T S E WO FLBRZS R B
% H Tl R —— LI —E5 b XX i X g T 3R 2 A B[] R AR
SHERRRE, 24(5): 1048— 1059.

ARLL, BRI, 2014, TUSRRIZERIALBRAY &k 22 —— LA 1 48
Hb AR A U X AL — R R AR BIT]. RIRR Tk, 34(6): 37-41.

B, BRI, 3500, BURTE, RBRLT. 2016, M 25 b X g IR A vl
it 2 O FLBR A5 FRAAE [J]. BUAR I TR CHAR BRI, 43(3):
308 319.

R, TR, Sk 1], ZEE . 2013, AR T 1 R g e
R A U ALBRARAE S L 4 R [I]. H 2= 1T %, 20(3):260—
269.

B, B, BREG, MMEZ, B, AL, 2015 )1 AR Mk SR 4l
TUAFLBRAEARET]. A MK, 27(4): 32— 39.

i, XURIAR, SER 54, PhER, 30k, B8, 1. 2013, Uil G Hh AR
BB K ML X | B Gi— T 3 B G e 0T Ak A B RRAE O],
FRHLT 2224 (FTIRFIERRD, 40(5): 543— 553.

W0, T IEAR , FLAS A, X0 ERIR. 15 R ik AW B oA T
FLBRSS A [T]. IR S BRFL 2, 2013,24(3): 450-455.

T, T IEAR, SIEEE, Tk, U0, XM, 2013b. TUARHZHOAL
BREEFFEAE ] A T H7,34(2):301-311.

MG, s g, e, e AR, BHUM, XPEE 2015, BUEAL g
— i Ey B AR AR DU S A B T s R (0] R P A i b B S T
7%, 34(1):169—174.

TRFUNE, 50, FRAL, X, 22 1R, i, 2015, D914t v
ARG IR ATFLBRES ARIE[T]. AR Tk, 25(3): 22— 29.

TRIRES, GFS7 7, AFAHH.2 006. KRJE A FAME ST S 4L Tmax 55 19 )5
H[I]. AR 55 %, 33(1): 72— 75.

X AR, SRR, 7 A, TR, 450K, SRS, 2016.01 AR M FLUAEAL
— I R GUA AR AL B R E 5 5 0 R 2R [J]. T g B
TR, 35(4): 497 506.

BRI, 2B DC, THGHE, J3FEF, SREITIA, 5892, #PE, IhlT i, £7¢
F. 2014 I P HB X IR EHRLH DUA U2 LIRSS FRFAE [)]. R AR
HBERBIAE, 25(6):947— 956.

ARSI, (] AR 1. 2012, Zh 074 5 DUEI]. B i 5, 33(6):
643—648.

AR RE, MR, TALEL 2R, AR, TR, 284, B
2010. T E TSI LI HbJ5URRAE B9 IR 7 [J]. A R
5IF %, 37(6): 641— 653.

http://geochina.cgs.gov.cn H1EHLT, 2018, 45(2)



