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Abstract: For mixed shales occurring in the Jiyang Depression, Bohai Bay Basin, the controlling mechanisms of their
diagenetic evolution over pore development remain poorly understood, and their diagenetic differentiation and

corresponding pore response mechanisms have yet to be revealed. In this study, we investigate the mixed shales in the
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Minfeng Sub-sag, Jiyang Depression. Using multiple experimental methods, including petrographic and mineralogical
analysis, scanning electron microscopy (SEM) , nuclear magnetic resonance (NMR) , and low-temperature nitrogen
adsorption, we investigate the diagenetic and reservoir-formation processes of carbonate, felsic, and clay minerals. The
results indicate that primary pores in the mixed shales include intergranular pores of quartz, intercrystalline pores of
calcites and dolomites, and clay interlayer pores. Four evolutionary stages for the formation of high-quality reservoirs are
proposed: framework building, authigenic mineral-supported pore preservation, dissolution-induced porosity
enhancement, and overpressure-preserved porosity. Specifically, during the early diagenetic stages A,—A,, the weak
dissolution and recrystallization of micritic calcites contribute to the formation of millimeter-scale lamellar frameworks,
providing a structural basis for pore preservation. Subsequently, from the early diagenetic stage A, to the middle
diagenetic stage A;, K’ released from the dissolution of K-feldspars facilitates the transformation of mixed illite-
montmorillonite into illite, leading to the release of Si0O, and the precipitation of authigenic quartz. Consequently, rigid
frameworks supported by authigenic quartz are formed locally. During the middle diagenetic stages A,—A,, calcites and
feldspars are dissolved by organic acids, contributing to increased pore sizes and improved reservoir properties.
Afterward, during the middle diagenetic stages B,—B,, overpressured fluids sustain pores and induce microfractures,
thereby connecting isolated pore throats. These four progressive stages, namely rigid framework building, pore support
and enhancement, dissolution-induced porosity enhancement, and overpressure-preserved porosity, completely reveal
the mechanisms behind the diagenetic evolution of reservoirs, pore development, and reservoir property enhancement for
shales in the study area.
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Fig. 1 Tectonic units and shale lithofacies distribution characteristics of Minfeng Subsag in Jiyang Depression, Bohai Bay Basin
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Fig.2  Microphotographs (thin section, plane-polarized light) of sedimentary structure characteristics of shale in the upper E,s*“ Member
of Wells MFY 1HF in Minfeng sag, Jiyang Depression, Bohai Bay Basin
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Table 1 Mineral compositions of shales in the 3rd bed of the Chunshang interval of the upper sub-member of the Sha 4 Member
in wells MFY1HF and MFY1-1HF, Minfeng Sub-sag, Jiyang Depression, Bohai Bay Basin
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Fig. 3 Core photo (a) and ternary diagram of lithofacies (b) for lamellar carbonate mixed shales (burial depth 3 784 ~ 3 800 m) in well

MFY1HF, Minfeng Sub-sag, Jiyang Depression, Bohai Bay Basin
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Fig. 4 Bar chart showing the proportions of various lithofacies of shales in the 3rd bed of the Chunshang interval of the upper sub-member of
the Sha 4 Member in well MFY1HF, Minfeng Sub-sag, Jiyang Depression, Bohai Bay Basin
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Fig. 5 Microphotographs (thin section) of reticular fracture development in E,s*“ Member of Well MFY 1-1HF in Minfeng sag, Jiyang
Depression, Bohai Bay Basin
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Fig. 6 SEM images of overpressure fluid induced microfractures in E,s*® Member of Well MFY 1-1HF in Minfeng sag, Jiyang Depression,
Bohai Bay Basin (burial depth: 3 643. 80 m)

a. BRIRERPUIR A VUA M, K B WOK GOl I i R 245 , 3 T30l s b—d. BRIRER TR G VU, W4 SR HUIR sl s IR, S P9 ST AR 00 75 il , 4
THIAS DL A T IR R

GUERIN R TR B S TR TR A TUA (K 8e.d). RA B TR 2. 3R K T 3 000 m B, FLE% 0 0k
55 W A5 P SR el 5 55 43 TR0 T B R AL

4 RA TUA A TE AR E WA E . MR BRI KR RIS -
B4 3 KR AL AR 5 S P B 1 RO VT

FES2AE B S0 WA DT A 0 R A B o HAE G AL ALt TRRIREL T KSR A
AR TR PP — R BRI B RV I TUE AL R e s BT, A% KT A T 2 B R I A



818

A 5K AR R R

F41 %

7 i B B B B R R MFY 1 THF IR & 5
Fig. 7 SEM images of primary pore types in mixed shales in well MFY 1-1HF, Minfeng Sub-sag, Jiyang Depression, Bohai Bay Basin
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Fig. 9 SEM images showing calcite recrystallization in shales in well MFY 1HF, Minfeng Sub-sag, Jiyang Depression, Bohai Bay Basin
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