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Abstract: The Member 4 of Xujiahe Formation in Jianyang area is a key target for increasing the reserves and production of continental
tight gas in Sichuan Basin. However, the substantial heterogeneity in gas-bearing properties and the undefined dominant mechanisms
governing fluid mobility severely restrict the efficient exploration and development of tight gas. Based on multi-scale characterization
techniques combined with an integrated framework combining Pearson correlation analysis, grey correlation, and random forest algo-
rithm, this study systematically investigates the distribution patterns of movable fluids in micro-nano pores and quantitatively identi-
fies their sensitive factors. The results show as follows. (1) According to pore types and fractal characteristics, the pore system can
be classified into micropores (pore size ranging from 0 to 0. 01 pm), small pores (pore size ranging from 0. 01 to 0. 10 pum) , meso-
pores (pore size ranging from 0. 10 to 1. 00 um) » and macropores (pore size greater than 1. 00 pum). Among them, small pores (with
an average proportion of 37. 12%) and mesopores (with an average proportion of 25 82%) constitute the main reservoir spaces in the

tight sandstone, dominated by intercrystalline pores and intragranular dissolved pores in clay minerals. (2) Movable fluids are prima-
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rily hosted in small pores (with an average proportion of 19, 12%) and mesopores (with an average proportion of 18 13%), while
bound fluids are predominantly distributed in small pores (with an average proportion of 18 00%). (3) Pore structure parameters,
including the proportion of small pores, median radius of saturated pores, and fractal dimension of mesopores, are the core sensitive
factors controlling fluid mobility, significantly influencing its magnitude. Illite-smectite mixed layers and carbonate minerals indirect-
ly affect fluid mobility by controlling and modifying pore structure in reservoirs. Pore structure dominates fluid mobility, while min-
eral components exert indirect influences. The research results are expected to provide a new theoretical paradigm for the evaluation
of fluid mobility and the prediction of high-quality reservoirs in tight sandstone reservoirs.
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Fig.1 Tectonic location and Upper Triassic sedimentary characteristics of Jianyang area in Sichuan Basin
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Table 1 Physical properties and mineral compositions of the tight sandstone reservoir in the Member 4 of Xujiahe Formation in Jianyang area

/ / Irq Irz I /
% mD ) /

Y13-2745 41 5 86 0.282 0. 069 1L 107 70 22 17. 76 1L 79 8 81 1 42 1 22 1 89 4. 18 1 52
Y14-2752. 43 5. 70 0. 070 0.035 0. 577 64. 52 20. 12 0 14. 02 1. 34 1. 26 1. 69 9. 21 1. 86
Y15-2761. 61 6. 18 0.215 0059 0 891 74. 30 15. 20 2. 05 7. 37 1. 08 0 1L 05 5. 06 1. 26
Y16-2772. 47 3 14 0. 080 0. 050 1. 540 58 45 17. 30 16. 64 6. 60 1L 01 1. 09 0 4. 49 1. 02
Y17-3372. 51 5 87 0.160 0052 0. 832 71. 90 18. 07 0 10. 04 0 0 2. 95 5. 25 1. 84
Y19-3379. 32 6. 08 0.116 0. 043 0. 671 63. 75 20. 78 0 13. 76 1L 71 2. 82 329 5. 15 2. 50
Y2-3358 30 2. 12 0. 003 0.011 0. 514  50.12 19. 62 2. 58 25.73 1. 96 6. 19 6. 79 8 95 3. 80
Y21-3380. 80 6. 34 0. 062 0. 031 0. 459 68 33 17. 58 141 11 14 1 54 141 1L 11 6. 70 1. 92
Y22-3399. 48 5 14 0. 027 0023 0. 419 62. 24 20. 89 0 15. 60 1 27 1. 36 1. 82 10. 37 2. 05
Y26-3141. 47 3. 09 0.012 0.020 0 618 54 49 18. 96 17. 5 8 03 1. 02 1 21 0 5. 68 1 14
Y3-3409. 05 2. 60 0.192 0. 085 3. 187 58 31 15 43 2. 67 21. 88 1L 70 4, 21 5. 04 10. 46 217
Y4-3425. 30 2. 76 1. 988 0. 267 9. 397 64. 85 15 14 4. 39 15. 61 0 4. 45 3. 69 7. 47 0
Y6-3330. 73 4. 96 1. 295 0. 160 3. 075 52. 50 21. 91 1. 48 22.59 1. 51 2. 89 6. 49 10. 22 2.99
Y79-2721. 53 4 27 0. 660 0. 123 2. 768 68 64 21. 04 0 9. 31 1. 01 0 2. 09 5. 61 1. 61
Y80-2720. 46 4. 54 0. 810 0. 133 2. 789 60. 11 22. 69 0 17. 20 0. 00 0 492 10. 36 1. 92
Y81-2763. 00 5 82 0.317 0073 1. 186 58 42 20. 62 1 23 18 57 1 16 0 5. 12 12. 12 1 33
Y82-2763. 50 6. 01 3210 0. 229 3. 589

Y83-3391. 73 6. 10 0. 609 0. 099 1. 525 81. 25 14. 74 0 4. 02 0 0 4. 02 0 0
Y84-3137. 66 5. 85 0. 057 0. 031 0. 500 71 51 14. 62 0 12. 74 1L 13 2. 80 3. 59 5 34 1. 01
Y85-2753. 95 2 41 0. 070 0. 053 2 165 55. 16 21. 51 17. 28 6. 05 0 0 0 4. 60 1. 45
Y86-3382. 16 1. 54 0. 002 0. 011 0. 735 43. 49 18 11 30. 79 7. 60 0 3. 38 1. 92 0 230
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Fig.3 Reservoir spaces of the tight sandstone reservoir in the Member 4 of Xujiahe Formation in Jianyang area
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Fig.4 Nuclear magnetic resonance T, spectrum characteristics of the tight sandstone reservoir in the Member 4

of Xujiahe Formation in Jianyang area
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Table 2  Pore structure parameters of the tight sandstone reservoir in the Member 4 of Xujiahe Formation based on nuclear magnetic experiments

Sm/ Sb/ Reutoft/
% % pm Rialf/pm  Rigeo/pm  Rpeak/pm K¢ Sks Cs  Rumpait/pm Rumgeo/pm  Rumpeak /pm Rianit/pm  Rbgeo/pm Ripeak / pm
Y13-2745. 41 47.57 52 43 0. 081 0. 081 0. 094 0.069 3.0l 084 110 0. 436 0. 242 0. 610 0. 041 0. 040 0. 049
Y14-2752. 43 63, 90 36. 10 0. 030 0. 069 0. 086 0. 030 262 0.87 1 22 0. 263 0. 185 0. 222 0. 025 0. 022 0. 030
Y15-2761 61 74,03 25 97 0. 021 0. 114 0. 115 0. 081 231 0.8 114 0. 263 0. 242 0. 081 0. 015 0. 014 0. 021
Y16-2772 47 75 02 24,98 0. 011 0. 035 0. 042 0.030 249 079 115 0. 058 0. 054 0. 069 0. 015 0. 018 0. 018
Y17-3372. 51 63. 96 36. 04 0. 015 0. 057 0. 070 0. 026 282 0.78 101 0. 074 0. 097 0. 026 0. 034 0. 039 0. 034
Y19-3379. 32 8299 17. 01 0. 008 0. 056 0. 090 0. 024 335 0.91 122 0. 066 0. 103 0. 017 0. 056 0. 045 0. 092
Y2-3358 30 81 92 18 08 0. 005 0. 020 0. 028 0.015 824 0.8 113 0. 024 0. 031 0. 015 0. 015 0. 016 0. 015
Y21-3380. 80 73. 69 26,31 0. 011 0. 041 0. 053 0. 025 346 0.85 108 0. 081 0. 077 0. 134 0. 018 0. 018 0. 021
Y22-3399. 48 80. 80 19.20 0. 011 0. 078 0. 107 0. 029 292 0.90 1 23 0. 129 0. 150 0. 024 0. 029 0. 026 0. 040
Y26-3141. 47 68 44 31. 56 0. 021 0. 058 0. 069 0.041 321 0.80 0. 94 0. 134 0. 103 0. 134 0. 030 0. 029 0. 035
Y3-3409. 05 8L 09 18 91 0. 005 0. 024 0. 033 0. 017 L. 81 0.83 L 07 0. 029 0. 038 0. 024 0. 015 0. 019 0. 012
Y4-3425. 30 64. 41 35 59 0. 040 0. 109 0. 156 0. 047 332 0.90 120 0. 251 0. 235 0. 015 0. 078 0. 075 0. 066
Y6-3330. 73 69. 57 30,43 0. 020 0. 078 0. 124 0.024 327 093 135 0. 152 0. 200 0. 020 0. 040 0. 042 0. 040
Y79-2721. 53 56,98 43,02 0. 201 0. 303 0. 251 0. 690 1L.55 077 111 1L 041 0. 731 1 195 0. 058 0. 060 0. 067
Y80-2720. 46 60. 32 39. 68 0. 051 0. 101 0. 093 0. 230 .77 0.78 105 0. 303 0. 168 0. 399 0. 039 0. 039 0. 044
Y81-2763. 00 44. 95 55 05 0. 074 0. 057 0. 070 0.026 282 078 101 0. 020 0. 036 0. 009 0. 126 0. 137 0. 057
Y82-2763. 50 35 68 6432 0. 690 0. 347 0. 275 0. 791 1L.75 0.78 117 1 572 0. 813 2.721 0. 153 0. 150 0. 153
Y83-3391. 73 48 20 51. 80 0. 057 0. 057 0. 070 0. 026 2.82 0.78 101 0. 015 0. 022 0. 012 0. 214 0. 202 0. 214
Y84-3137. 66 61. 44 38 56 0. 047 0. 109 0. 156 0.047 332 0.90 120 0. 350 0. 348 1. 574 0. 040 0. 043 0. 034
Y85-2753. 95 76,44 2356 0. 013 0. 058 0. 063 0. 096 1. 63 0.76 0 82 0. 114 0. 101 0. 188 0. 013 0. 013 0. 011
Y86-3382. 16 60. 97 39. 03 0. 007 0. 015 0. 021 0. 012 1. 60 0.69 0. 16 0. 012 0. 015 0. 015 0. 057 0. 063 1. 045
5

Fig.5 Capillary pressure curves and pore size distribution characteristics of the Member 4 of Xujiahe Formation in Jianyang area
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Fig.6 Analysis of pore size conversion from nuclear magnetic resonance T, spectra
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Fig.9 Distribution characteristics of saturated, movable and irreducible fluids in different scaled pores
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Fig. 11 Relationship between reservoir physical properties and pore development characteristics,as well as fluid mobility parameters

12

Fig. 12 Relationship between different pore proportions and fluid mobility parameters
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Fig. 13 Correlation between pore structure parameters and fluid mobility parameters
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Fig.16 Feature importance assessment quantified by Random Forest algorithm
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