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RS TOC  Ro  AHLE & (%)
i (%) (%) KB @i kg R B kT Hib

1 3.576 1.21 11 20 15 6 44 8
2 4.337 1.96 11 24 12 3 49
3 2.045 1.16 1 25 24 13 31
4 6.435 2.29 1 20 12 3 56
5 5.892 1.21 It 21 17 3 43
6 5.198 1.26 11 20 22 6 45
7 2.740 1.38 It 51 0 4 37
8§ 2.697 3.27 I 5 8 44 43
9 0.784 1.10 I 30 10 20 40
10 3.199 1.11 It 24 14 51

—_
—_

5
2.541 1.18 It 24 30 2 38
3.496 1.08 I 30 12 3 53
6.531 1.16 11 26 25 0 45
0
5

—_ = =
= W

6.811 2.85 It 27 35 32
6.009 3.11 I 2325 41

—_
w

AN N AN DN NN RO O NN W W O

[ Y R S = R e S = e R S - R e R |

16 1.398 1.01 I 36 16 38 23
17 1.096 0.99 I 27 18 7 39
18 2.240 0.97 I 27 26 12 27

JMicroVision EUG Ak e M i 30 EHG or Hr
Bz — A T AR LAY R AL BEER AT, FAT
RS R GERAIEEhRE , AT T T ahE A s
AT 2 75 TR T2 LR B 2E 471, R B — R DX %)
P GEHF R ES AL, S TR R bR 5 e &
RAL AR MG G0 AW 5T B, A
IMicroVision [EE AT %) SEM G4 T 43 Hr it
TSR E TR, BRI A f AR G i T o0 H
PATRC A T2 1, BOE Ho B RS — RIS {0, 98
Je B I e 5 DK R L, R i 3 PO L B DT 15
B R AT A RSB LR n] LR F A []
PR TARIC, 1 T B2 AN [R) 8 B LB 3 T LA 4
FIAGFLIA B SR AR TR R (AR S

— 261 —



HOW
3 7
#30 http: // www. ykes. ac. en

Ml >
Y 2019 4

2 g5
2.1 PARER LB R B R AR SR

T rp LB B 2%, AN RIZERAL BT A B 2
925k R 037 e e L AR SOR AR ES T4
SRR LB A x 1000 2 x 40000 Z Rl ECT
X 18 AVKE AR AEAR 23 [ HEA T LEAR LGS AN IR , BF 5T T
filt 2 FLBR Y S R (] 1) o S5 2R AR W8 BUE
JZHRSLBR I A, JE 2545 57, 56T Loucks (2012) 11
Cao 55 (2015) 1y ¥ IT & fiff J= L B2 26 2L X 4y O
I MR R 28 LR K A R % L AT 4y
28, %153 3 TCHLAL B A HLIBFL B A i s =R 2K

g 2my
“\? ] , =
EHT=10kV WD=6.8mm Signal A=SE2 Mag=2.4KX [

SN AR e A e RS
EHT=10kV WD=9.7mm Signal A=SE2 Mag=300X [

TeHLFLBI 73 D S AR AL BRI FL B , o it A
FLBALEE - ity CRL) AL b CRE) T] FLA R T BSE, T4
FLBELAE - & CRL) NI FLFI A OFL) TR1FL . A LIS
FLBRRI 70 A LT PR FL CELA - i fL L AL
SRR AR i fL (5%) (3R 2) , Pl ae £ 200
Wit sE, Ok § B2 S A lert =571 Bosea
iEE DS
2.2 BALBUR HHFAES BONER

filE ] IMicroVision [&115 73 Hr DI BEH AR AN ] 2
TULBR AR AEHEA T SRAL I, e IS i [ B AR ok &
AEFLBRA/N A TR N LB 1 24 2 ) 4 ]

20pm

~S |

10pm
i~

EHT=10kV WD=8.4mm Signal A=HDBSD Mag=1KX [y

a—{1 SR N AL s b—Fh LA WPRL N AL s o— FoR P S2IR 2 AR )AL 5 d— 3 BRSO BR ™ S 1L 5 e— S DB 5 E— AR A I FL s s— B L s [ 14

AL sh— AL i— AL s LB s k— A LT i 4 s 1—TRag
Pl1 JEBUE LB LR R I A

Fig.1 Characteristics of pores in shale gas reservoir
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HIGHLIGHTS
(1) The characteristics of shale pore by using Ar —ion milling and Scanning Electron Microscopy were observated.
(2) The pores based on the morphology, development location and genesis were classified.

(3) Combined with JMicroVision, the distribution characteristics of pores parameters in shale were quantitatively

analyzed.

Pore characteristics images
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ABSTRACT

BACKGROUND: The pore characteristics of shale are one of the key parameters for evaluation of the shale
reservoir capacity. Scanning Electron Microscopy (SEM) has been widely used to describe the pore characteristics
of shale. However, the classification of micro — pore types in mud shale reservoirs in the literature was relatively
diverse, and the quantitative characterization of pore based on SEM was relatively lacking.

OBJECTIVES: To classify the pore types and quantitatively characterize these pores in shale.

METHODS ; 18 shale samples were selected as the research object in this study. Based on the form, position and
origin of pores observed by argon ion polishing and Scanning Electron Microscopy, the types of different pores in the
sample were classified. By using JMicroVision image analysis software, the pore characteristics including the
number of pore types, pore size, face rate, shape coefficient, probability entropy and other parameters were
quantitatively described.

RESULTS: The inter — crystal ( particle) pores and organic pores were the most developed, followed by intra —
crystal (particle) pores and crystal gap inter — crystal (particle) pores. The sizes of pore were mainly nanometer.
The probabilistic entropy of intra — crystal ( particle) pores and organic pores were mainly distributed between 0.5
and 0. 7, with a different shape coefficient distribution. The shape coefficients of organic pores were mainly
distributed between 0.6 and 0.7, and their shape were mainly oval or nearly circular. The shape coefficient of intra
— crystal (particle) pores and inter — crystal ( particle) pores were mainly between 0.3 and 0.7, which were
mainly affected by the original pore morphology, compaction and dissolution.

CONCLUSIONS: The combination of SEM and JMicroVision is an effective means to quantitatively study the
development characteristics of different types of micropores. This work has laid a foundation for the study of the

genesis and evolution of micropores.

KEY WORDS: division of pore; characterization of pore structure; Scanning Electron Microscopy; JMicroVision;

shale
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