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Abstract; Kart reservoir is important for the Middle Permian Maokou Formation in the northern part of Sichuan
Basin. Based on field outcrops and drilling core data, combining both macro and micro methods, the characteris-
tics of karst strata association of the Maokou Formation in this area was studied by the means of thin section
observation, scanning electron microscope, major and trace elements and experimental dissolution. The first
member of the Maokou Formation is dominated by marl and bioclastic micritic limestone, and the content of acid
insoluble matter is high. The second and third members of the Maokou Formation are dominated by micritic
bioclastic limestone and bright crystal bioclastic limestone, and the content of acid insoluble matter is low. The
results of dissolution experiments show that the mineral type and chemical composition of carbonate rock are the
main factors affecting the solubility of rock. The change characteristics of the dissolution rate of samples, solution
ion concentration and micro dissolution are as follows: bioclastic limestone>micrite limestone >dolomite >argilla-
ceous limestone. The karst strata association types of the Maokou Formation can be divided into 2 groups, 3 types
and 9 subtypes. The karstification conditions and rock dissolution degree of different karst formation types are
different, and the development scale of fracture cave karst reservoir is also different.
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Fig.1

Geographical location(a) and stratigraphic histogram(b) of northern Sichuan Basin
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Fig.2 Typical field and microscopic photos of Middle Permian Maokou Formation in northern Sichuan Basin
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Fig.3 Characteristics of rock composition in different strata of Middel Permian Maokou Formation in northern Sichuan Basin
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Table 1 Test results of major elements in rocks of different layers

of Middle Permian Maokou Formation in northern Sichuan Basin
$4 (;Kf/ 2 c;(c)/ Mi?/ Slb(;oz/ A]i;o)}/ TFeL;oO}/ J;;ﬁﬁ/ (;’Ké{/%m, o C?yg)/ Mi?/ SI(E/)DZ/ Alf;v)/ TFeL;o03/
YBS 7257.6 F=Er 5401 028 0.9 0.07 1.28 YB7 69916 F=BE 5359 035 1.05 0.74 0.4
YBS 7259.5 F=E 5519 032 012 0.07 0.14 YB7  6998.0 F=B 5519 0.19 0.15 0.15 0.07
YBS 72835 F=B 5561 024  0.03 0.02 0.01 PMOO1 16 FTB 5425 070 0.61 0.19 0.11
YBS 72853 F=B 5531 024  0.08 0.06 0.02 || PMOO1 17 FTE 410 851 4.75 0.42 0.16
YBS 72874 F=Bt 5567 025 001  <0.01 0.02 || PMOO1 21 B 5543 0.52 0.18 0.06 0.02
YBS 72893 F=B 5567 032 016 0.05 0.01 || PMOO1 23 FTE 5490 052 0.17 0.02 0.02
YB$ 7291.0 F=B 5531 027 0.03 0.03 0.02 || PMOO1 24 FTHE 5436 116 0.61 0.08 0.14
YB$ 7293.0 F=E 5555 027 0.1l 0.10 0.02 || PMOO1 27 FTE 5519 0.69 0.06 0.04 0.02
YBS 72950 F=Er 5543 027 0.2 0.03 0.01 || PMOO1 28 FTBE 5472 048 0.75 0.25 0.15
YB$ 72970 F=Ef 5519 022 016 0.07 0.03 || PMOO1 29 FTB 5200 037 2.67 0.65 0.36
YBS 72989 F=Et 5543 030 029 0.16 0.04 |[PMO00IG 8 FBE 5543 029 0.12 0.12 0.07
YBS$ 7301.0 F=Bt 5555 022 005 0.04 0.01 |[PM00IG 8 F B 5466 074 0.01 0.04 0.06
YBS 7303.0 F=Bt 5555 030 022  <0.01 0.02 || PMO002 16 FB 5555 041 0.13 0.05 0.02
YBS 73050 F=Bt 5579 024  0.02 0.03 0.01 || PMO002 17 FTEB 5430 070 0.50 0.16 0.06
YB$ 73070 F=Bf 5543 0.19 0.3 0.04 0.01 || PMO002 18 FTB 5519 044 0.30 0.12 0.04
YB8 73087 F=B 5590 0.19 0.0l 0.03 0.01 PM002 19 ¥ B 5460 0.54 0.15 0.04 0.03
YB§ 73108 F=BE 5579 034 0.06 0.07 0.02 || PM002 13 ¥ B 5069 3.06 1.20 0.36 0.11
YBS 73134 F=BE 56.14 029 0.2 0.04 0.01 || PMO002 14 FTE 5507 036 0.43 0.04 0.02
YB$ 73169 F=E 5579 030 0.0l 0.02 0.01 || PM003 15 FTB 5318 0.79 1.48 0.39 0.19
YBS 73186 F=Et 5555 033 0.03 0.03 0.02 || PM003 16 ¥ B 5377 0.95 0.68 0.05 0.04
YBS 73208 F=B 5555 030 0.00 0.04 0.01 PM003 19 FTE 5401 080 0.74 0.07 0.04
YBS 73228 F—=B 5567 032 0.00 0.03 0.02 || PM003 20  FTB 5425 102 0.21 0.04 0.13
YBS 73247 F=E 5596 034  0.00 0.02 0.01 PM003 22 B 5211 0.72 3.12 0.46 0.21
YBS 73270 F=Bf 5513 043  0.10 0.07 0.05 || PM003 22 FTB 4963 0.88 4.72 1.91 0.59
YB701 6720.8 HF=B 4690 0.68  3.07 1.00 5.40 || PMOOL 2 F—B 5413 0.99 0.73 0.25 0.14
YB701 6723.0 F=B 5579 020 0.03 0.02 0.23 || PMOO1 4 F—B 5377 081 1.22 0.23 0.06
YB701 67248 F=B 5579 031  0.00 0.03 0.01 || PMOO1 7 F—B 5436 071 1.18 0.07 0.03
YB701 67270 F=B 5638 0.8  0.02 0.02 0.01 PM001 8 F—B 5413 1.00 0.88 0.10 0.06
YB701 67303 =B 5579 0.17  0.01 0.04 0.01 PM001 9 F—B 5034 1.9 3.81 0.90 0.33
YB701 67339 =B 5590 020 0.03 0.04 0.02 || PMOOI 11 F—B 5380 0.95 1.47 0.27 0.13
YB701 67359 F=B 5590 020 0.0l 0.02 0.02 |[PMO00IG 2 F—B 5211 323 0.03 0.04 0.03
YB701 67370 =B 5590 020 0.02 0.04 0.02 |[PMO00IG 4 F—Br 53.65  1.36 0.18 0.09 0.05
YB701 67385 =B 5555 020 0.02 0.02 0.01 || PM002 2 F—Br 5330 1.32 1.82 0.23 0.08
YB701 6740.0 =Bt 5567 020 0.00 0.04 0.02 || PMO002 10 F—B 2902 416 3222 4.79 1.77
YB701 6782.6 F=BE 5590 020 0.0l 0.02 0.01 |PM0O02G 13 F—B 5436 0.84 0.64 0.04 0.03
YB701 6784.1 F=Bf 5555 018  0.13 0.05 0.13 ||[PM0O02G 17  F—Bf 5448 0.59 0.62 0.11 0.04
YB701 67853 =B 5590 0.18 0.0l 0.02 0.01 || PM003 2 F—B 50.10 1.80 4.00 0.34 0.11
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Fig.4 Thermal evolution and hydrocarbon generation history of well Puguang 2 in northern Sichuan Basin
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Table 2 Calculation results of sample dissolution rate and ( Ca**+Mg**) concentration increase
under different temperature and pressure conditions of carbonate rock samples
from Middle Permian Maokou Formation in northern Sichuan Basin

Wi E/ (107 g« em™ « h71)

(Ca® +Mg* ) WRJE A&/ (mg - L7!)

WwE, BN/ F—B B WG EE 20
< MPa i KA HzA

RFRPEA F—BL FB WiEZeH REITH
WK A RAKE  LERE HzE WFKH

PM002G-7 PM002G-22  PMO003-1 PM003-23 PM002G-7 PM002G-22 PMO003-1 PM003-23

35 5 16.67 18.74 18.06 14.73 30.04 31.10 35.35 26.08
50 10 24.99 33.37 22.53 16.53 41.32 52.24 35.63 24.73
65 15 30.34 59.55 25.33 17.58 50.20 96.99 41.24 29.74
80 20 31.53 31.87 29.57 25.45 52.52 50.52 45.70 39.50
95 25 36.42 35.62 36.77 17.34 62.99 57.94 55.76 31.18
110 30 33.52 35.90 35.89 21.95 55.34 55.98 55.59 37.60
J£71/MPa J£71/MPa
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Fig.5 Curves of sample corrosion rate(a) and (Ca*+Mg™) concentration increase(b)

with temperature and pressure of carbonate rock samples from northern Sichuan Basin
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Fig.6 Comparison of typical microscopic photos before and after experiment of carbonate rock samples from northern Sichuan Basin
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Table 3 Calculation results of sample dissolution rate and test results
of major elements of carbonate rock samples from northern Sichuan Basin

, o . R/ (104 g - em™ - h7!) FEHITTR/ %
4 BHR/ES BE/m = :
35C 50C 65C 80C 95°C 110C CaO MgO  SiO,
YB7 3,17/56 6 933.0 FOH 15.71 1598 17.07 15.27 14.27 17.38 50.84 2.34 1.29
YB7 4,7/17 6 990.0 FO4 18.68 18.81 21.03 24.30 19.89 21.28 55.58 0.26 0.12
YB7 4,6/17 6991.0 FO4 18.26 19.65 21.96 19.27 22.25 21.86 55.50 0.19 0.13
YB8 1,37/66 3159.5 REIFH 1527 1507 16.44 1353 14.87 1395 41.75 3.86 14.82
YB8 6,70/81 7255.0 T 1441 1495 14.21 1527 1560 12.30 31.09 0.41 16.56
YBS 11,12/77 7 284.0 T4 18.37 19.12 19.42 20.68 21.53 19.06 55.51 0.21 0.07
YB8 11,35/77 7 286.2 T4 20.18 19.82 19.64 2242 2379 18.43 55.74 0.23 0.05
YB8 14,58/90 7 312.0 T4 18.90 20.16 19.05 23.41 22.73 17.93 55.40 0.27 0.12
YB701 5,15/38 6 723.1 PO 19.07 22.07 19.72 23.45 2327 17.52 55.36 0.21 0.00
YB701 8,31/33 6 785.0 FOH 18.05 20.09 21.24 25.73 21.05 22.04 55.60 0.16 0.01
2p 2r g
= 20f ° = 20f
El ¥=0.195 2+7.527 4 ) % §D N §~ o V=023 4r+18.483
o8 R=06671 -7 p el R06896
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Fig.7 Correlation between sample dissolution rate and (CaO+MgO) (a)

and SiO,(b) contents of carbonate rock samples from northern Sichuan Basin
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Table 4 Classification of karst formation types in Middle Permian Maokou Formation in northern Sichuan Basin
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Fig.8 Comprehensive histogram of karst structure in Wangjiagou section,

Banzhu village, Shuanghui Town, Wangcang County, northern Sichuan Basin
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