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Abstract: Secondary dissolved pores in feldspar account for a major part of the micro-nano pore-throat system in tight
sandstone reservoirs. To further clarify the characteristics of these pores and their contribution to improved physical
properties of tight sandstone reservoirs, this paper takes the third sub-member of the sixth member of Yanchang
Formation (Chang-6’) in the Huaqing area, Ordos Basin as the research object. The energy-dispersive spectrometry is
used to obtain the distribution and composition characteristics of sodium and potassium of all kinds of feldspar in the
member and field emission environmental scanning electron microscope images of feldspar samples are processed
binarily to extract parameters with Image J software. Two kinds of feldspar, wavy perthite and mottled perthite, with
typical dissolution characteristics are imaged and analyzed to establish a method for evaluating the contribution of the
dissolved pores to reservoir space based on dissolution intensity parameters and the impact of feldspar dissolution on pore
development. Parameters for characterizing feldspar development, dissolution rate, porosity contribution are
determined. The results show that the dissolved micropores in alkali feldspar in the study area are mostly in banded and

honeycombed morphology as a result of weak dissolution. The porosity contribution rate is between 2.06 % and

Yr#s B3 :2021-12-02; 1817 H#5 :2022-03-10,
FE—EEE N IDGE (1995—) , 5 W AF5E A <% . E-mail: 3130000936@zju. edu. cn.
BIREE A RN (1979—) , 55 18 JRI , (5 B 5T Bk Rl 500 H . E-mail: dongfangwy@upe. edu. cn,



F3M

PMGIE, 45 . PR AT P RAL R T3 R AE S HO EOs b s i 2 W PR A s 1 659

35.20 % , with an average of 13.99 %. Moreover, the proportion of pore area formed by dissolution is negatively

correlated with the potassium ion enrichment area size in alkali feldspar.

Key words: alkali feldspar, dissolved pore, reservoir physical property, tight sandstone reservoir, Yanchang Formation,

Ordos Basin
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Fig. 2 Images of casting thin sections showing the pore structure of Chang-6 tight sandstone reservoir, Huaqing area, Ordos Basin

(with plane polarized light and blue casting)
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Fig.3 SEM-EDS element-mineral discrimination of Chang-6’

tight sandstone, Huaqing area, Ordos Basin
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Fig. 4 EDS (energy-dispersive spectrometry) result of Chang-6’ tight sandstone reservoir, Huaqing area, Ordos Basin
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Table 1 EDS statistics of alkali feldspar in Chang-6° tight sandstone reservoir, Huaqing area, Ordos Basin

sy Witsis 5k LR ,
K Na Ca Al Si C (0]
1 B A 5.13 0.77 0 6.43 19. 44 2.70 65.53
2 AT 4.82 1.04 0 6.24 19. 89 4.29 63.72
3 KA 5.22 0.70 0 6. 06 19. 44 2.79 65.79
4 B A 7.01 0 0 5.51 18. 40 2.64 66. 44
5 AT 5.14 0.75 0 6.21 19.33 3.84 64.73
6 AT 4.76 0 0 6.17 17.32 11.29 60. 46
SRS FHE 5.35 0.54 0 6. 10 18.97 4.59 64.45
A 0 5.96 0 5.85 19. 48 2.38 66.33
AT 0 6.28 0.58 6.48 17.85 3.05 65.76
9 A 0 5.73 0 6. 00 18.76 3.63 65. 88
10 A 0 6.17 0.65 6.82 18. 66 3. 14 64. 56
11 A 0 5.65 0 5. 60 16.98 12.63 59. 14
12 A 0 6.27 0 6. 00 18.63 6.06 63. 04
A 0 6.01 0.62 6.13 18.39 5.15 64.12
1 B A 4.99 0 0 6.27 20. 42 3.60 64.72
2 AT 5.14 0.71 0 5.90 19. 00 4.68 64. 57
3 AT 5.49 0.26 0 6.17 19. 40 3.32 65.36
4 KA 5.41 0.26 0 6.23 19. 04 3.45 65. 61
5 B A 5.68 0. 67 0 5.86 18.76 2.86 66. 17
6 AT 5.29 0.38 0 6.57 19.76 3.85 64. 15
B ALK 1 FHE 5.33 0.38 0 6. 17 19. 40 3.63 65. 10
A 0 5.95 0.82 7. 06 18.21 2.37 65.59
AT 0 6. 56 0 6.18 18.80 4.19 64.27
9 AT 0 6.23 0.54 6.32 18.72 3.16 65.03
10 KA 0 6.27 0 6.11 18.99 2.51 66. 12
11 A 0 5.30 0 4.80 14.99 17.74 57.17
12 A 0 6. 65 0 6.26 19. 49 2.51 65.09
FHE 0 6.16 0.68 6.12 18.20 5.41 63. 88

Mgt (K 8) R MUK A I EFHBEHCRIERSK M AT S LR/, AT 18. 54 % ~ 48. 28 %, 13
A h B IRT5 %, LAV A ERBEHOIR 4 34, 88 % BEHUIR I &80k A A AL e R,
SR A 25 %o HPBREHORIEFZSK A TR A AT 54.76 % ~ 72. 19 %, T3 64. 40 %, KA
TR (5 LR, AT 51. 72 % ~ 81. 46 %, 14 65. 12 %, AT 27. 81 % ~ 45. 24 %, 14 35. 60 %.
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Fig. 5 FE-SEM images showing the development characteristics of wavy perthite from the Chang-6 tight sandstone reservoir,

Huaqing area, Ordos Basin
a,b. Y284 H  HIYE 2 188. 08 m; c—h. Y284 H, HI%E 2 191. 30 m; i—1. Y295 H , BEYE 2 176. 71 m; m—p. Y414 H: B 1 978. 70 m;
q—s. YA24 JF 3VR 1 982. 45 m; t—v. GJ141JF ¥ 2 220. 35 m; w,x. GJ143 JF, #¥% 2 204. 70 m
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Fig. 6 The proportions of orthoclase and albite in wavy perthite from typical samples in Chang-6’ tight sandstone reservoir,

Huaging area, Ordos Basin (sample numbers “1-24" corresponding to “a—x" in Fig. 5 respectively)
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Fig. 7 FE-SEM images showing the development characteristics of mottled perthite from the Chang-6’ tight sandstone reservoir,

Huaqing area, Ordos Basin
a—e. Y284 1 HEE 2 188. 08 m; f—h. Y295 I, ¥R 2176. 71 m; i—1. Y414 JF P 1 978. 7 m; m,n. Y284 Jf , IR 2 191. 30 m; o,p. Y416 JF, HIIE
2 143.5m; q. Y295, #1IK 2 176. 71 m; r. Y424 H #1982, 45 m; s, t. GJ141 H #2223, 43 m; u,v. GJ143 H:, #2204, 70 m; w,x. GJ141 H,
HEPR 2 205. 54 m

WA |k
100

80 [
60 [

40 H

A KA S EE/%

1 23 45 6 7 8 910 111213 14 151617 18 19 20 21 22 23 24

Fdh s

8 SRR 22 e DR DX 6° S B B0 0 o A S22 M R it BEBROIR 2 SR A P B ORI B 1A o L CRE Al 4 5 1—247
G3%E R 7 R a—x”
Fig. 8 The proportions of orthoclase and albite in mottled perthite from typical samples in Chang-6’ tight sandstone reservoir,

Huagqing area, Ordos Basin (sample numbers “1—24" corresponding to “a—x" in Fig. 7 respectively)
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Fig. 9 FE-SEM images showing dissolved micro-nano pores in feldspar from the Chang-6’ tight sandstone reservoir,

Huaqing area, Ordos Basin
a. Y284 3, MR 2 188. 08 m, SR M ALER s b. Y295 3, MK 2 176. 71 m, SRV TRFLIR s . Y284 3, MR 2 191. 30 m, S5 IR A LB 5
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3CaAl,Si,04 + 4H" + 2K*

= 2KALSi,0,(OH), + 3Ca’" (6)
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Table 2 Secondary dissolution porosity of feldspar in the tight sandstone reservoir based on theoretical calculation

[24-25]

UE/ES] K i R S v =X RBCRT JET PR 2 em®  SINRNE YA em®  BESIE LI %
. I : 1 mol B AT —1/2 mol 1504 F1+2 mol 71 5 -14.05 109. 1 12.88
s JAIH : 1 mol #H A7 —1/3 mol HFI A7 +2 mol £ 5 -16. 80 109. 1 15. 40
. I : 1 mol F AT —1/2 mol 1504 1 +2 mol 7 3¢ -5.15 100. 2 5.14
ks JEI 1 mol K 71—>1/3 mol (PRI A5+2 mol 77 3 ~7.93 100. 2 7.91
bk g B : 1 mol #5447 —1 mol U8 £1 -1.40 100. 7 1.39
JE i : 1 mol #5447 —2/3 mol GHAI £1 -6.97 100. 7 6.92

B8 W R R R AR K A 109, 1 em®/mol, #1147 100. 2 em®/mol, 54 47 100. 7 em*/mol, A7 £ 22. 7 em®/mol, = 15 £ 99. 3 em®*/mol, fJF F] £1

140. 6 cm*/mol ,
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Table 3 Dissolved porosity contribution and dissolution

intensity of feldspar in Chang-6° tight sandstone reservoir,

Huagqing area, Ordos Basin

Feah WALE%  paLps EALTTRE%
WS omich ke %

SIRAL iR
WA s DTERR%  HE

2 0.70 0.33 10.90  6.43 3.03 9.45 ¥R
4 0.60 0.28 5.95  10.14 4.78 14.92 ik
7 1.16 0.55 8.84 13.16 6.20 19.37  rPiEmm
11 022 0.10 1538 1.40  0.66 2.06 ¥R
13 0.36 0.17 1403 2.53 1.19 3.73 %R
14 0.79 0.37 7.82  10.15 4.78  14.93  H5iEhH
16 0.84 0.40 8.00 10.51 4.95 15.46  JiFph
17 0.48 0.23 7.49  6.47  3.05 9.52  F5¥h
18 1.63 0.77 6.83 23.93 11.28 3520  SRIFM
19 0.61 0.29 10.40 591 2.78 8.69  HiAh
23 0.27 0.13 8.58 3.18  1.50 4.68  HHVEHH
25 0.95 0.45 10.70 8.86 4.18  13.04  FiiFmh
26 1.31  0.62 8.08 16.18 7.63 23.81  rhyEih
27 1.53  0.72  10.74 14.28 6.73  21.01  HiFph
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Fig. 10 Theoretically calculated dissolution porosity contribution of orthoclase and albite from Chang-6> tight sandstone reservoir,

Huaqing area, Ordos Basin
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