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Abstract Mobility is an important parameter of tight sandstone in the process of oil and gas development, prediction, and
evaluation. The complex diagenesis process and the lack of knowledge about the control mechanism of the evolution process on
mobility restrict the understanding of the hydrocarbon accumulation mechanism and "sweet spot "optimization of tight sandstone.
In this study, the tight sandstone of the Fuyu oil layer of the Quantou Formation in the northern Songliao Basin was taken as
the research object. Utilizing a combination of high-pressure mercury injection, nuclear magnetic resonance, scanning electron
microscopy, and thin section observation, the mechanism of diagenesis on the mobility of tight sandstone in the diagenetic
evolution process was explored. The results show that compaction mainly occurs in the early diagenesis stage. The pore types
are mainly primary pores and residual intergranular pores. Macropores and mesopores are mainly developed. Macropores
are the main occurrence space of movable fluid, and the saturation of movable fluid is high. In the middle diagenesis stage A,
compaction and dissolution mainly occur, and a certain degree of cementation occurs at the same time. The pore types are mainly
residual intergranular pores and dissolution pores. The pore structure is gradually complicated and the connectivity is reduced.
The proportion of mesopores gradually increases, and the saturation of movable fluid continues to decrease. In the B stage of the
middle diagenetic stage, cementation mainly occurred. The precipitation of many cements occupied the effective reservoir space
and throats such as residual intergranular pores and dissolution pores. The macropores almost disappeared, and the mesopores
became the main occurrence space of the fluid, and the mobility was poor. The control of diagenesis on reservoir pore structure in
different diagenesis stages determines the mobility of tight sandstone reservoirs. Finally, the mobility evolution model of the tight
sandstone reservoirs under the constraint of diagenetic evolution is established. The potential relationship between diagenetic
evolution, pore structure, and free fluid occurrence is clarified. All these can help a better understanding of the spatial distribution
law and mobility difference of sweet spots in the tight sandstone reservoirs, and also provide a conceptual basis for further

optimization of development means and technical schemes.
Keywords mobility; pore structure; diagenesis; tight sandstone; Fuyu oil layer; Songliao Basin
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Fig. 1 Division of tectonic units and comprehensive histogram of strata in northern Songliao Basin
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Table 1 Rock characteristics and diagenesis stages of 4 sandstone samples from Fuyu oil layer in northern Songliao Basin
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Fig.2 Typical pore types found in tight reservoirs of Fuyu oil layer in northern Songliao Basin
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Fig. 3 One-dimensional nuclear magnetic resonance spectra of samples from different diagenetic evolution stages of tight

reservoirs in Fuyu oil layer.
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Table 2 Movable fluid parameters of tight sandstone samples in different diagenesis stages
W5 BUABTBL T, #0118 /ms A SRR % KirEALBE /% A SRS %
#1 AR B Y] 5.50 64.93 15.00 9.07
#2 AR AL 3.00 53.01 13.02 7.58
#3 HSCE AT AL 3] 2.80 48.44 11.54 6.41
#4 AR B 0.85 35.96 6.87 1.59
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Table 3 Key parameters of high pressure mercury injection experiment of tight reservoirs in different diagenesis stages of Fuyu

oil layer in northern Songliao Basin

We  HE/m AR 0% K107 pm? Psy/MPa Fso/im PJ/MPa r/pm
#1 1078.54  RCATERI B 16.50 0.93 2.014 0.372 0.468 0.464
#2 1294.25  HRCEER A 13.69 0.26 5.698 0.135 1.364 0.179
#3 176522 WAETER A, B 10.72 0.05 18.603 0.041 2.745 0.068
#4 2446.00  FRCAETERH B 4.42 0.01 111.220 0.007 13.791 0.011
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Fig. 5 The mercury intrusion-demercuration curve(a) and pore throat radius distribution interval(b) of tight sandstone

samples in different diagenesis stages in northern Songliao Basin
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Table 4 T, spectrum conversion parameters of tight sandstone samples in different diagenesis stages

s AL c n R?

#1 HaEEH B 0.0396 0.9318 0.7985
#2 A TER A, 0.0525 0.9703 0.9731
#3 VR A, 1 0.0257 0.6651 0.9596
#4 HCEAE ] BT 0.0252 0.5435 0.9552
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Fig. 6 The pore size distribution obtained by high pressure mercury injection and nuclear magnetic resonance methods
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Table 4 Different pore throat contributions calculated by pore size distribution based on relaxation time conversion
e AL L ZAL
=
MF/%  MFS/% /% MFP/% MF/%  MFS/% /% MFP/% MF/%  MFS/% ¢/% MFP/%
#1 0 0 0 0 0.67 0.44 17.95 0.06 99.33 64.49 82.05 9.01
#2 0.01 0.01 0 0 0.19 0.1 18.27 0.01 99.79 529 81.73 7.56
#3 0 0 0 0 16.95 8.31 53.62 1.1 83.05 40.69 46.38 5.38
#4 0 0 0 0 85.2 30.64 93.12 1.35 14.8 5.32 6.88 0.24
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Fig.7 Inclusions and their homogenization temperatures in tight sandstones of Fuyu oil layer in northern Songliao Basin
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Fig. 9 Metasomatism and filling of authigenic minerals in tight sandstone reservoir of Fuyu oil layer in northern Songliao Basin
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Fig. 10 Diagenetic evolution sequence of tight reservoir in Fuyu oil layer in northern Songliao Basin
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movable fluid porosity in tight sandstone samples at different diagenesis stages
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Fig. 12 Fractal dimension curves of tight sandstone samples in different diagenesis stages
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Table 6 Statistical results of mesoporous and macropore fractal dimensions of tight sandstone samples at different diagenesis
stages
GiE EME el . A .
D, R D, R
#1 AT B I 0.5486 0.93 2.7923 0.85
#2 AR AL 0.5943 0.97 2.8321 0.92
#3 oA TR A, ] 0.6038 0.83 2.8651 0.93
#4 HSCE R B Y 1.1345 0.84 2.9728 0.98
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Fig. 14 Conceptual model of tight sandstone mobility evolution under the constraint of diagenetic evolution
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