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Multifractal characteristics of pores in tuff reservoirs in
Feng—second member of Permian in Junggar Basin
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(1.Faculty of Resources and Environment, Yangize University, Wuhan City, Hubei Province, 430100, China; 2.Faculty of Earth
Sciences, Guilin University of Technology, Guilin City, Guangxi Province, 541004, China)

Abstract: Tuff reservoirs, as a type of tight oil and gas reservoir, are significantly influenced by their micro and nano-pores in
terms of hydrocarbon storage. To understand the pore structure and heterogeneity characteristics of tuff reservoirs in the Perm-
ian Section 2 Feng in Hashan area, Junggar Basin, six tuff samples from Well Ha 11 in Hashan area were selected. These
samples underwent total organic carbon (7OC) content measurement, whole rock mineral composition analysis, and character-
ization of pore structure through CO, and N, adsorption experiments. Using multifractal theory, the pore heterogeneity and con-

nectivity were analyzed. The results show that the average TOC content of the tuff samples is 0.931%, and the mineral compo-
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nents are mainly feldspar, quartz, clay minerals, and dolomite. Micropores are mainly developed in the 0.33-0.38 , 0.50-0.68,
and 0.72-0.86 nm pore size ranges, while meso-macropores are mainly developed in the 2.94-16.09 nm range. The generalized
fractal dimension D, decreases with increasing g, and the singular fractal spectrum shows a convex asymmetric parabola. The
pores in tuff reservoirs have multifractal characteristics. Micropores (0-2 nm) have smaller width of the singular spectrum
(Aa) values and larger Hurst index (H) values, while meso-macropores (2-100 nm) have larger A values and smaller Hurst
index (H) values, indicating that micropores have better homogeneity and connectivity. The heterogeneity of meso-macropores
is affected by the pore volume. With the increase in pore volume, pore heterogeneity increases, and connectivity decreases.
TOC content and mineral composition have different effects on pore heterogeneity and connectivity. An increase in 7OC content
improves the connectivity of meso-macropores. An increase in plagioclase content increases the heterogeneity of meso-
macropores. An increase in clay mineral content increases the heterogeneity of micropores, while an increase in dolomite and

calcite content reduces the heterogeneity of meso-macropores.
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Fig.1 Geological overview and histogram of stratigraphy (Modified by reference [18])
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Tablel 7OC and mineral component content in Fengcheng
Formation of Well Ha 11

WA %

i ERK #K i As W% #tb
a A a7y

HI11-1 3930.00 0862 9.7 0 71.1 57 59 16 6.0

R
=}

i WHEE/m TOC/%

HI11-2 3930.50 0.533 10 25.1 50.7 38 35 08 6.1
HI11-3 3931.05 0902 11.7 89 595 35 120 O 44
HI11-4 3932.10 1460 5.6 323 46 0 63 13 85
HI11-5 393250 0.897 17.8 3.7 405 0 1.7 1.6 347

HI11-6 3933.50 0.935 13.7 0 6.0 293 455 0 5.5
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Table3 Generalized fractal dimension spectrum parameters of CO, adsorption

[AEa= D D D

D

DD, D,,-D H D,-D,  DyD

0 1 2 10- 10+ 10- 10+ 010+
H11-1 1.000 0.991 0.984 1.087 0.951 0.009 0.136 0.992 0.087 0.049
H11-2 1.000 0.994 0.988 1.032 0.947 0.006 0.085 0.994 0.032 0.053
H11-3 1.000 0.991 0.981 1.033 0.907 0.009 0.126 0.990 0.033 0.093
H11-4 1.000 0.984 0.969 1.131 0.898 0.016 0.232 0.985 0.131 0.102
H11-5 1.000 0.983 0.969 1.170 0.917 0.017 0.252 0.985 0.170 0.083
H11-6 1.000 0.995 0.990 1.027 0.947 0.005 0.080 0.995 0.027 0.053
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Table4 Multifractal singular spectrum parameters of CO,

adsorption
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Table5 Generalized fractal dimension spectrum parameters of N, adsorption
RS D, D, D, D, D,,. DD, D,,-D,. H D,,-D, Dy-D,,,
H11-1 1.000 0.797 0.576 1.333 0.347 0.203 0.986 0.788 0.333 0.653
HI11-2 1.000 0.779 0.536 1.305 0.317 0.221 0.988 0.768 0.305 0.683
HI11-3 1.000 0.802 0.591 1.287 0.362 0.198 0.924 0.796 0.287 0.638
H11-4 1.000 0.849 0.676 1.309 0.426 0.151 0.883 0.838 0.309 0.574
H11-5 1.000 0.763 0.537 1.339 0.324 0.237 1.015 0.769 0.339 0.676
HI11-6 1.000 0.836 0.638 1.193 0.392 0.164 0.801 0.819 0.193 0.608
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Table6 Multifractal singular spectrum
parameters of N, adsorption

v
gg @ o . A foo fun Af R,

H11-1 1.136 1.431 0.312 1.119 0 0.357 0.357 -0.529
H11-2 1.126 1.409 0.285 1.123 0 0.271 0.271 -0.558
H11-3 1.129 1.391 0.326 1.065 0 0.247 0.247 -0.541
H11-4 1.114 1.405 0.383 1.022 0 0.349 0.349 -0.440
H11-5 1.161 1.441 0.291 1.150 0 0.314 0314 -0.589
H11-6 1.107 1.265 0.353 00912 0 0.473 0473 -0.596
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Fig.6 Multifractal parameter comparison of sample pores
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Fig.9 TOC content and relationship between mineral composition and multifractal parameters
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