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Abstract: Samples from the lower Paleozoic marine shales and Mesozoic continental shale in the middle and upper Yangtze re-
gion were taken to investigate the structural characteristics and the thermal evolution of nanoporosity in shales using argon-ion
milling technology, field emission scanning electron microscopy (FE-SEM) and low-pressure N, adsorption experiments. The
results indicate that there are four major pore types in the shales, including organic nanopores, interparticle pore, intraparticle
pores as well as microfractures. TOC and R are the key factors controlling the development of nanoporosity volumes. For high
thermal evolution shales, the order of the development extent of organic nanopores in different types of kerogen is type I>type Il
>type . Quartz and clay minerals have indirect effects on the development and distributions of nanoporosity by controlling
changes in TOC. Pore-size distributions and relative proportions of micropores, mesopores, and macropores are affected by
thermal maturity evolution. During the high-over mature stage of shale, micropores and mesopores associated with organic mat-

ter have continuously increased with the raising thermal maturity. Under the condition of extremely high thermal maturity, the
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macroporous in the shales are transformed into mesopores and micropores, and the organic nanopores decrease, causing nano-

pore volume to be displayed a decreasing trend after the first

increase with increasing thermal maturity. Thermal cracking gas

and methanation of kerogen and soluble bitumen in shales can be the main reasons for organic nanoporosity formation.

Keywords : shale; nanoporosity; pore type; thermal evolution
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Fig.1 Structural sketch map of the middle and upper Yangtze region and sampling locations of wells
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Table 1 Maceral features of shales
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Table 2 TOC, R,, mineral composition and results from low-pressure N, adsorption technique in shales
W A T A — - = N 3 -1
vo i mE A me e T GTINTGETART MY B mel )
e % mo% % g g g e % /% (mPegl) MIB BEL PR KA
JY HF1 569.05 0.54 1.36 44 5 5 0 0 46 12.28 0.0158 0.0028 0.0108 0.0022
¥ EI_ZT;'{ JY HF2 587.00 0.54 1.34 38 3 18 0 2 39 6.67 0.0126 0.0013 0.0085 0.0028
HF-1 ;ZF\}:’:T JY HF3 609.04 3.39 1.29 38 4 0 0 2 56 5.26  0.0098 0.0011 0.0064 0.0023
Jii B JY HF4 622.63 2.10 1.25 37 4 2 0 2 55 7.78 0.0121 0.0017 0.0076 0.0028
JY HF5 638.34 1.64 1.45 36 4 0 0 2 58 8.50 0.0099 0.0016 0.0061 0.0022
HY1 1906.82 0.25 2.00 41 9 0 0 2 48 10.19 0.0078 0.0028 0.0041 0.0011
HY2 1917.35 0.21 2.02 41 6 0 0 2 51 11.18 0.0085 0.003 0.0043 0.0012
HY3 1926.17 0.13 1.95 42 6 0 0 2 50 10.46  0.0077 0.0029 0.0039 0.0009
HY4 1935.51 0.23 1.93 40 5 0 0 2 53 11.65 0.0082 0.0032 0.0042 0.0008
HYS5 1944.53 0.09 1.96 38 5 0 0 2 55 11.32  0.0086 0.0030 0.0045 0.0011
HY6 1955.00 0.14 2.05 41 6 0 0 2 51 11.32  0.0081 0.0031 0.0040 0.0010
2 HY7 1963.34 0.16 2.06 40 5 0 0 2 53 10.75 0.0077 0.0030 0.0038 0.0009
=) HYS 1968.96 0.16 1.92 42 6 2 0 2 48 9.67 0.0085 0.0026 0.0040 0.0019
% HY9 1977.70 0.19 2.59 40 5 2 0 2 51 9.88 0.0073 0.0027 0.0035 0.0011
il HY10 1982.51 0.22 2.40 39 5 2 0 2 52 10.65 0.0074 0.0030 0.0035 0.0009
HY-1 HY11 1988.26 0.39 2.56 38 5 0 0 2 55 10.58 0.0072 0.0031 0.0036 0.0005
HY12 2151.30 1.54 3.79 42 6 2 0 4 46 20.17 0.0152 0.0052 0.0087 0.0013
HY13 2152.10 3.40 4.00 46 6 2 0 4 42 20.20 0.0153 0.0052 0.0086 0.0015
HY14 2154.57 2.28 2.66 45 13 6 0 2 34 16.10 0.0134 0.0041 0.0073 0.0020
HY15 2156.00 2.22 2.80 41 11 2 0 4 42 20.45 0.0171 0.0052 0.0103 0.0016
HY16 2157.80 1.69 3.00 53 15 5 0 2 25 12.45 0.0111 0.003 0.0066 0.0015
HY17 2160.65 2.86 2.73 58 13 2 0 4 23 15.79 0.0138 0.004 0.0076 0.0021
i HY18 2163.23 4.46 2.75 59 4 0 0 2 35 26.43 0.0212 0.0066 0.0126 0.0020
3 HY19 2163.93 3.79 4.00 61 6 0 0 2 31 26.29 0.0202 0.0066 0.0125 0.001 1
4 HY20 2164.98 4.85 3.90 55 6 0 0 2 37 29.54 0.0215 0.0077 0.0123 0.0015
HY21 2166.28 3.16 3.00 48 5 5 0 2 40 34.54 0.0249 0.0089 0.0147 0.0013
JY1 2330.46 1.11 — 25 9 0 0 3 63 — — — — —
o 233530 078 — 28 7 0 0 2 6 N —
(:Lj JY3 2376.05 1.83 2.20 31 14 5 3 2 45 — — — — —
JY-1 il JY4 2381.91 3.01 — 37 9 4 3 3 44 — — — — —
JY5 2385.42 3.59 2.54 42 8 4 4 3 39 — — — — —
fﬁgﬂﬂlé JY6 2411.05 4.01 — 66 4 2 4 7 17 — — — — —
FD1 1016.30 14.10 4.10 44 5 4 0 5 42 44.32  0.0257 0.0127 0.0120 0.0010
FD-1 j{;z; FD2 1016.35 13.60 4.20 44 4 13 0 4 35 42.49 0.0252 0.0121 0.0120 0.0011
FD3 1016.73 9.60 4.20 46 3 18 0 3 30 27.24 0.0171 0.0075 0.0087 0.0009
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Fig.3 Secondary electron imaging maps from organic matter pores in shales
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Fig.4 Secondary electron imaging maps from interparticle pores and intraparticle pores of shales
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