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Abstract ; Nanoscale organic pores are the dominant pores in the marine organic-rich shales of the Wufeng Fomration and
the Longmaxi Formation’ s first Member in the Jiaoshiba Block, Sichuan Basin,which provide important reservoir space
for shale gas. In this study,a combination of field emission scanning electron microscopy ( FE-SEM ) , statistical analysis
based on Image] software and gas adsorption test,was conducted to investigate structural characteristics of organic pores,
such as pore shape, pore quantity, pore-size distribution. The surface pore rate of organic matter ( OM ) was calculated,
based on 20 sample rocks from the three sets of shales in the Wufeng Formation and the lower and upper Longmaxi For-
mation’ s first Member. FE-SEM images show that the pore sizes are within a range of 2 =900 nm,and significant varia-
tions exist for the nanoscale organic pore structures with the sizes of 10 —900 nm among the chosen shale samples. Most
of the organic pores in the Wufeng Formation shales are irregular polygons in shape,while elliptical and sub-rounded or-

ganic pores are observed in the Longmaxi’ s first Member. Organic pores with width of 10 —50 nm are most popular in the
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Wufeng Formation shale samples, followed by the upper part of the first Member of the Longmaxi Formation, while the
lower part of the first Member of the Longmaxi Formation mostly develop organic pores with the width of 50 —900 nm,
with the upper part of the Member ranked the second. Based on the statistic results over 61 400 organic pores with the
size ranging from 10 nm to 900 nm in the shale samples,we observe that the average surface pore rate of OM for a single
grain has a weak positive correlation with the total organic carbon( TOC) content ,but the average surface pore rate of OM
in the sample shales of the Wufeng Formation is relatively smaller than that in the Longmaxi Formation. The gas adsorp-
tion test and pore size measurement show that a good positive correlation between TOC content and nanometer pores with
pore-sizes of 0.3 —1.5 nm and 2 — 10 nm exists. Thus we may conclude that the structural differences of organic pores in
the sampled shales are derived from the TOC content variation and the special location of the Wufeng Formation, the
shales of which are located at the bottom of compressive decollement formations and had experienced layered decollement
reconstruction which in turn results in partial gas release under overpressure.

Key words: organic pore, structure difference, surface pore rate, shale gas, Wufeng Formation, Longmaxi Formation,

Jiaoshiba Block ,Sichun Basin
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Fig. 1 Tectonic location and characteristics of the Jiaoshiba Block,Sichuan Basin,and well locations of the shale core samples
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Table 1 TOC and helium porosity of shale samples from the Wufeng Formation and the Longmaxi Formation’ s
first Member , Jiaoshiba Block

o IR — B | 2326.5~2377.5 0.55~3.26 1.69/91 1.17 ~7.98 4.46/102
T EH —EBr N ER 2377.5~2409.5 1.97 ~5.51 3.36/70 2.78 ~6.39 4.78/71
Tl 2409.5~2415.5 4.01 ~5.89 4.48/12 4.05~7.08 5.10/7
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Table 2 FE —SEM secondary electron images and quantity of
organic pores in the selected shale samples from
the Wufeng Formation and the Longmaxi

Formation’ s first Member, Jiaoshiba Block
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Fig. 3 FE-SEM images of the shale organic pores from the Wufeng Formation and the Longmaxi

Formation’ s first Member, Jiaoshiba Block
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Fig. 4  Quantity of organic pores in a single OM grain from the sample shales of the Wufeng Formation and

the Longmaxi Formation’ s first Member , Jiaoshiba Block
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Fig. 5 Histogram of organic pore diameters of the sampled shales from the Wufeng Formation and the Longmaxi

Formation” s first Member, Jiaoshiba Block
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Table 3 Statistics of pore populations within three pore-size
ranges of the sampled organic shale pores and proportion of

organic pore area in the Jiaoshiba Block

i 10 ~50 nm 50 ~300 nm 300 ~900 nm
L/ % fLREI/ % LRGSR/ %

R H—BE B 86.15(20.96) 13.67(65.50) 0.18(16.54)
o HRERH—BFHES 79.46(11.19)  19.75(56.68) 0.78(32.13)
T 89.50(40.75) 10.48(57.05) 0.02(2.20)
SEHE 85.04(24.30) 14.63(58.74) 0.33(16.96)

T A5 5 BT %A LA A DL FLBR T AR A BILAL B
TR E S, %

AR GRS DR AL P B LR T LA A L ok
ZE(E6) . WK 6 FralFE i, v 24 HLR i £L
ARG AU SRR SR Y TE A S, A HLAR &
TR, T L A R 7 A BILIB T L AR X
WA /1 o

AUBTE LA A SR A B — B IR 22,
JE PR EBAT . O R 7 B FE - SEM QLA AR M Al
e A FFLAS/NVT 10 nm B HLALEL. HeinfLie
1£0.3 ~2 nm (A PLELBEEAS G A S, fLARTE 2 ~
5 nm B PLELBRLE AR MEEAF], FLAEAE S ~ 10 nm
WIEAF]; @l TG T B A B AR TE LU
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Table 4 Statistical results showing the range and average of OM surface pore rate for shale core samples in the Jiaoshiba Block

FE i N e o FAE B/ ASILBRE PRUBUREAT AL T AT HILJT T
5 REME) WE/m — T0C/% ) % L% FLFFL (/%
JYA -1 Jo—B R (9) 2 330.46 1.11 2.662 5 5.09 0.92 ~16.48 5.90
JYA -2 Jo—B FE(9) 2335.30 0.78 2.6529 5.41 1.45 ~4.51 2.56
JYB -1 Jo—Bf B (8) 2 288.06 1.43 2.660 0 3.60 5.94 ~22.61 11.68
JYA -3 Jo— Bt F#5(8) 2 340. 82 1.59 2.605 3 5.01 1.20 ~9.61 4.02
JYA -4 Jo—B R (8) 2 346.50 2.68 2.606 1 4.68 4.34 ~33.03 10.96
JYA -5 Jo—B F#B(8) 2352.89 2.53 2.579 2 6.56 5.57~28.18 13.06
YC -1 —Bt FER(8) 2 556.00 1.92 2.620 0 4.70 3.46 ~26.14 14.28
JYA -6 Jo—B L#R(7) 2359.98 1.52 2.607 0 3.58 3.75 ~5.86 4.89
JYA -7 o —B L#(7) 2 366.74 2.12 2.603 4 4.37 6.19 ~17.23 13.04
JYA -8 Jo—Bt EB(6) 2 376.05 1.83 2.606 4 3.97 7.15~19.57 12.37
JYA -9 Jo—BrREB(5) 2381.91 3.01 2.558 0 4.72 3.58 ~20.04 9.62
JYA -10 J—BEFER(5) 2385.42 3.59 2.5197 3.83 4.04 ~18.90 15.11
JYA -11 Je—B Rk (4) 2391.95 3.09 2.533 8 5.22 3.37~27.17 12.32
JYB-2 —BEFHB(3) 234917 4.98 2.540 0 4.90 8.34 ~37.25 24.77
JYA-12 Jo—BrREB(3) 2397.13 3.46 2.546 3 4.51 6.97 ~33.76 17.31
JYA -13 —BEFER(3) 2 402.55 2.94 2.605 1 3.54 3.78 ~20.96 13.54
YA - 14 Je—BFER(3) 2 405.87 4.59 2.520 0 4.38 5.39 ~29.46 19.98
JYA -15 FIEL(1) 2411.05 4.01 2.489 6 4.05 6.95~25.10 14.73
JYA -16 FHUELH (1) 2 413.53 4.70 2.500 0 4.70 5.27 ~30.11 18.82
JYC-2 FIELH (1) 2618.18 4.59 2.490 0 6.30 8.93 ~32.75 17.70
O o pmga—g b BIEHE N 2 ~230 nm, ARUGEHLTY - A HHIE4 e
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Fig. 6 Relationship between surface pore rate and TOC content
of the shale core samples in the Wufeng Formation and

the Longmaxi Formation Member 1, Jiaoshiba Block
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Fig. 7 Relationship between specific pore volume and average pore size based on shale gas adsorption tests of the Wufeng

Formation and the Longmaxi Formation’ s first Member of Well JY — A, Jiaoshiba Block
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Fig. 8 Relationship between TOC content and cumulative
specific pore volume based on CO, and N, adsorption tests of

shale samples from the Wufeng Formation and the Longmaxi

Formation’ s first Member of Well JY-A , Jiaoshiba Block
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