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Effect of multi-stage oil charging on pressure solution of middle-deep clastic
reservoirs: a case study of glutenite reservoirs in the lower submember
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Abstract: To make clear the inhibition mechanism and action mode of multi-stage oil charging on the pressure solution of middle-deep
clastic reservoirs, the effect of multi-stage oil charging on the pressure solution of glutenite reservoirs in the lower submember of
Member 3 of Shahejie Formation in the northern zone of Chezhen sag was explored based on the observation and identification of fluo-
rescent rock thin section, reconstruction of burial history, temperature measurements of fluid inclusionss and laser Raman spectros-
copy test. The glutenite reservoirs in the lower submember of Member 3 of Shahejie Formation in the north zone of Chezhen sag have
a buried depth of 2800 m to 4 500 m, strong compaction and pressure solution, as well as developed under-compaction. The lithic
grains of quartz, feldspar and carbonate rocks have suffered pressure solution. The glutenite reservoirs in the lower submember of

Member 3 of Shahejie Formation have experienced two stages of oil charging. The first stage of oil charging occurred at 35. 8 Ma to
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24. 6 Ma, the crude oil emits yellow fluorescence, and the contemporaneous brine inclusions have a homogenization temperature of 90 °C to
120 °C ; the second stage of oil charging started at 11. 2 Ma, the crude oil emits blue fluorescence, and the contemporaneous brine in-
clusions have a homogenization temperature of 110 °C to 130 °C. The oil film formed by oil charging on the particle surface can pre-
vent the particle surface from contacting the pore water, so that the pressure dissolved substances are insoluble and can not be migra-
ted by pore water, thus stopping pressure solution. At the contact zone of the particle where the water film is developed, the pres-
sure dissolved substances can be migrated by diffusion through the loosely bonded water film on particle surface, so that the pressure
solution can be sustained. The inhibition of oil charging on pressure solution is closely related to oil fullness. Two models of influ-
ence of oil charging on pressure solution in the lower submember of Member 3 of Shahejie Formation in the north zone of Chezhen sag
were established as below: (1) The first stage of oil charging in the northern zone of Chexi area had low fullness, with thin and dis-
continuous oil film on the particle surface, and weak inhibition on pressure solution. (2) The second stage of oil charging had low
reservoir porosity, and the blue fluorescent oil film was less developed in this stage, thus leading to the weak inhibition on pressure
solution; the first stage of oil charging in the northern zone of Dawangbei area had high oil fullness, and yellow fluorescent oil film
was generally formed on the particle surface. During the second stage of blue fluorescent oil charging, a blue fluorescent oil film was
further formed on the particle surface, which had a more significant inhibition on pressure solution. The reservoirs containing some
oil wetting carbonate rock particles are more likely to develop oil film after oil charging, which can improve the anti-pressure solubili-
ty of the reservoirs; the earlier oil charging and the higher oil fullness are more conducive to the formation of oil film and the develop-
ment of high quality reservoirs in middle-deep layers.

Key words: oil charging; glutenite reservoir; oil film on particle surface; pressure solution; Chezhen sag
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2

Fig.2 Mineral composition of sandstone in the lower submember of Member 3 of Shahejie Formation in north Chezhen sag
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Fig.3 Pressure dissolution of glutenite in the lower submember of Member 3 of Shahejie Formation in north Chezhen sag
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Table 1 Pressures-solution-reduced porosity of pebbled sandstone,sandstone reservoir in the lower submember of
Member 3 of Shahejie Formationin in north Chezhen sag
/m /0 0 /m /0 /0,
/% /% /% /%
25 3574 0. 45 2. 61 663 4266 0. 60 333
57 3790 0. 61 3. 38 71 3679 0. 53 3. 00
57 3811 0. 79 4. 20 71 3629 0. 48 2.76
57 3811 0. 55 309 20 2728 0. 45 2. 61
57 4053 0. 60 3. 33 20 2728 0. 70 379
57 3046 0. 51 2. 90 20 2511 0. 15 1. 03
57 3652 0. 39 2. 31 20 2511 0. 41 241
58 3146 0. 52 2. 95 20 2544 0. 80 4. 25
58 3501 1 35 6. 61 201 2536 0. 24 1. 53
58 3255 1. 23 6. 11 207 2800 0. 30 1. 85
58 3744 0. 32 1. 96 36 2782 0. 33 2. 01
660 4140 1. 03 5. 26 72 3027 0. 23 1 48
660 4192 0. 94 4. 87 15 3199 0. 19 1. 26
3 . 58 . 660 722 14
b
31
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Fig.5 Oil and water inclusion assemblage of glutenite in the lower submember of Member 3 of Shahejie Formation in north Chezhen sag
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Fig. 6 Laser Raman spectrum of glutenite inclusions in the lower submember of Member 3 of Shahejie Formation in north Chezhen sag



491

3.2

[26]

[ 5(o)—

2

5(0)]

46

2),

[

109
72

5Ca)—

5(DH 7,

Table 2 Temperature of gas-liquid two-phase saline inclusions in glutenite of lower submember of Member 3

of Shahejie Formation in north Chezhen sag

/m

//‘um //OC
722 4069. 80 4, 483 111 4
722 4069. 80 10. 078 112. 1 1
722 4069. 80 5. 487 119. 4
722 4071 00 5. 999 107. 2
722 4071 00 4, 486 109. 5
722 4071 00 5. 616 114. 6
722 4071 00 6. 254 129. 1 2
722 4071 00 6. 708 136. 7
722 4071 00 7. 175 138 4
722 4071 00 7. 001 137. 6
58 3259. 20 7. 270 98 1
58 3259. 20 5. 990 99. 2 3
58 3259. 20 4. 802 106. 3
58 3501 45 2. 507 84, 7
58 3501 45 3221 87. 6 1
58 3501 45 3. 405 90. 6
58 3501 45 2. 216 90. 8
58 3501 45 4. 379 98 6
58 3501 45 4. 291 109. 6 5
58 3501 45 3. 422 113. 5
57 3045, 85 2. 486 95. 6
57 3045, 85 2. 090 113. 8 6
57 3045. 85 2. 478 90. 8
57 3045. 85 3.965 116. 4 7
57 3050. 45 3. 674 102. 8 8
57 3050. 45 4. 025 142. 3 9
57 3046. 55 2. 896 94. 1 10
57 3046. 55 4. 206 923
57 3288 30 4. 292 79. 8 11
57 3288 30 5. 079 123. 6 12
57 3045, 85 2. 896 1337 13
57 3045. 85 3. 149 113. 6 14
57 3045. 85 4. 492 86. 2 15
57 3045. 85 2. 592 130. 1 16
660 4243, 30 4. 253 86. 7
660 4243, 30 4. 111 87.5
660 4243, 30 2. 636 103. 7 17
660 4243, 30 3. 684 113. 8
660 4243, 30 4. 640 113 4
660 4243 30 4. 209 105. 7
660 4243. 30 3,235 110. 9
660 4243, 30 3. 120 112. 1
660 4243, 30 3. 083 112. 3 18
660 4243, 30 5. 558 117. 8
660 4243, 30 4. 542 121. 3
660 4243, 30 3. 352 124. 2
660 4243, 30 4. 459 114. 6
660 4243, 30 4. 042 119. 7 19
660 4243 30 4. 589 121. 6
660 4301 20 9. 674 115. 9
660 4301 20 6. 112 116. 0 20
660 4301 20 4. 210 118 2
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Table 2 Temperature of gas-liquid two-phase saline inclusions in glutenite of lower submember of Member 3

of Shahejie Formation in north Chezhen sag

(

)

/m
//le ,/OC

660 4301 20 5. 109 98 4 21
660 4301 20 2. 842 116. 4

660 4301 20 2. 899 103 8

660 4301 20 2. 668 108 4 22
660 430L 20 3. 060 110. 2

660 4301 20 2. 696 118 3 23
660 4191 85 5. 360 99. 8 24
660 4191. 85 4. 879 104. 2 25
660 4191. 85 5. 047 116. 2 26
660 4191. 85 3,375 114. 6 27
660 4191 85 2. 452 120. 8 g;
660 4191 85 4. 315 98 5

660 4191 85 2. 988 106. 2 29
660 4191 85 5. 792 112. 1 29
660 4191. 85 2. 720 101. 6 30
660 4191. 85 2. 879 105. 7

660 4191. 85 3. 574 109. 9 30
660 4191. 85 2. 648 1133 31
660 4243, 30 4. 296 111 7

660 4243, 30 3. 453 121. 4 31
660 4301. 20 3. 381 102. 7 32
722 3966. 00 5. 660 114. 5 33
722 3966. 00 4. 547 108 4 34
722 3966. 00 3. 978 113. 7 35
722 4069. 80 3. 536 102. 1 36
722 4069 80 4. 220 106. 8

722 4069. 80 3492 116. 2 i
722 4069. 80 3. 215 116. 6 ;?
722 4069. 80 3723 112. 8

722 4069 80 5. 032 89. 5

722 4069 80 3. 879 96. 5

722 4069 80 3. 882 96. 4 37
722 4069 80 3. 483 94. 3 38
722 4071 00 3. 717 111 4

722 4071 00 10. 876 91. 2 39
722 4071 00 4. 444 117. 8

722 4071 00 4, 014 121. 0

722 4071 00 2. 896 127. 4 39
722 4071 00 5 506 128 3 40
722 4071 00 6. 263 132. 4

722 3883 15 6. 254 121. 4

722 3883 15 7. 175 125. 6 40
722 3883 15 3. 176 133. 9 41
722 3883 15 3. 241 135. 9 41
722 3883 15 3334 129. 8 12
58 3259. 20 4. 430 111 2

58 3501 45 2. 729 97. 6 43
58 350L 45 4. 697 114. 8

58 3501 45 2. 641 115. 9 43
58 3501 45 7. 595 116. 5 44
58 3501 45 4779 106. 2

660 4301 20 5 494 124. 2 45
660 4301 20 2. 545 118 3 45
660 4301 20 3701 129. 7 4;),
660 4301 20 8 041 111 9

660 4301 20 6. 249 118 2

660 4301 20 4. 361 117. 9 16
660 4301 20 6. 386 118 2

660 4301 20 2. 285 119. 4
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Fig. 11 Oil film distribution on the surface of carbonate cement of glutenite clastic particles in the lower submember

of Member 3 of Shahejie Formation in north Chezhen sag
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