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Fig.1

Geographical location and structural unit division in Chepaizi area, Junggar Basin

(a) structural unit division (modified from reference [25]); (b) fault distribution (modified from exploration situation map of Shawan Formation in Chepaizi uplift): A.Pai 609-Pai
634-Pai 646; B.Pai 631; C.Pai 629; D.Pai 614; E.Pai 692; (c) comprehensive column diagram of Shawan Formation in Chepaizi uplift
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Formation, eastern side of Chepaizi uplift
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Fig.3 Macroscopic features of Shawan Formation reservoir drilling cores on eastern side of Chepaizi uplift

(a) oil-bearing sandstone segment separated by carbonate-strongly cemented sandstone segments, well Pai 692-Q1, 618.23-619.96 m; (b) oil-bearing indication in dissolution
pores, non-oil-bearing sandstone segments, well Pai 631-Q3, 312.64 m; (c) oil-bearing indication in high-angle structural fractures in non-oil-bearing sandstone segments, well

Pai 614-Q9, 445.9 m; (d) loose oil-bearing sand, well Pai 634-Q8, 194.74 m; (e, f) three stages of continuous development of carbonate cement, well Pai 692-Q3, 649.48 m
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Fig.4 Microscopic features of carbonate cements in Shawan Formation, eastern side of Chepaizi uplift
(a) pectinaceous-form calcite developed around particles, plane-polarized light (PPL), well Pai 609-Q21, 186.70 m; (b) pectinaceous-form calcite developed around particles,
cross - polarized light (XPL), well Pai 609 - Q21, 186.70 m; (c) siderite developed in idiomorphic - hemi - idiomorphic granular form around particles, PPL, well Pai 609 -
Q21, 186.45 m; (d) clastic particles of poikilitic calcite floating in the cement, PPL, well Pai 692-Q8, 612.07 m; (e) three-stage carbonate cements with different growth forms,
PPL, well Pai 692-Q3, 649.48 m; (f) three-stage carbonate cements with different growth forms, XPL, well Pai 692-Q3, 649.48 m
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Fig.5 Reservoir space types in Shawan Formation, eastern side of Chepaizi uplift

(a) residual primary pores, PPL, well Pai 631-Q3, 307.98 m; (b) dissolution pores in feldspar particles, XPL, well Pai 692-Q2, 634.18 m; (c) dissolution pores in particles
containing quartz, XPL, well Pai 692-Q8, 612.07 m; (d) mixed-origin pores, PPL, well Pai 692-Q7, 599.95 m; (e) dissolution pores in calcite cement, PPL, well Pai 631-Q3,

314.04 m; (f) structural microfracture, PPL, well Pai 692-Q3, 642.39 m
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Fig.6  Scatter plots of calcite cement content in Shawan Formation reservoir, eastern side of Chepaizi uplift

(a) calcite and fracture contents; (b) corroded microfracture, PPL, well Pai 629-Q1, 359.77 m; (c) structural microfracture, PPL, well Pai 631-Q3, 313.55 m
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Table 3 Diagenetic sequence of Shawan Formation reservoir, eastern side of Chepaizi uplift
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Fig.7 Microscopic asphaltic residue and pyrite in Shawan Formation, eastern side of Chepaizi uplift

(a) pyrite metasomatized clastic particles, PPL, well Pai 634-Q8, 194.74 m; (b) irregular pyrite around particles, and metasomatized partial clastic particles, PPL, well
Pai 634-Q8, 194.84 m; (c) pyrite metasomatized clastic particles, PPL, well Pai 692-Q2, 640.3 m; (d) asphaltic residue, PPL, well Pai 609-Q21, 186.45 m; (e) pyrite particles
in structural microfractures, PPL, well Pai 634-Q8, 194.84 m; (f) pyrite particles in dissolution pores of feldspar particles, PPL, well Pai 692-Q3, 642.39 m
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eastern side of Chepaizi uplift

(a) bright yellow calcite cement around particles in strips and metasomatized clastic particles, CL, well Pai 609-Q21, 186.70 m; (b) almost non-luminous calcite cement, CL,

well Pai 609-Q21, 189.91 m; (c) three stages of calcite cement (bright yellow, orange-yellow and almost non-luminous), CL, well Pai 609-Q21, 186.70 m; (d) locally developed

algal clastic particles, CL, well Pai 692-Q3, 642.39 m
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Fig.9 Scatter plots of calcite content and plane porosity in Shawan Formation reservoir, eastern side of Chepaizi uplift

(a) plane porosity; (b) calcite content; (c, d) pelletoidal algal clastic particles, PPL, well Pai 692-Q3, 642.39 m
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Fig.10  Multistage carbonate cement development model in Shawan Formation reservoir, eastern side of the Chepaizi uplift
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Genetic Analysis of Multi-stage Carbonate Cementation in Shallow
Burial and Its Geological Implications: Case study of the Neogene
Shawan Formation, eastern side of Chepaizi uplift, Junggar Basin

YUAN Jing"?,ZHANG YuXiang',ZHAO GuangHao', HOU XuBo’

1. School of Geosciences, China University of Petroleum, Qingdao, Shandong 266580, China
2. State Key Laboratory of Deep Oil and Gas, Qingdao, Shandong 266580, China
3. Exploration and Development Research Institute of Shengli Oilfield Branch of SINOPEC, Dongying, Shandong 257015, China

Abstract: [Objective ] The First member of the Neogene Shawan Formation located at the eastern side of the Che-
paizi uplift in the Junggar Basin displays significant carbonate cementation and strongly heterogeneous oil-bearing po-
tential. The reasons for the development of the carbonate cements in the study area were thoroughly analyzed, and its
effects on the physical properties and oil content of the reservoir are discussed.[ Methods ] The types, distribution,
formation stages and genesis of these shallow-depth carbonate cements were studied by core observation and cathode
luminescence (CL) and X-ray diffraction (XRD) examination of thin sections. [Results] At least three stages of
carbonate cementation were identified. The first stage is mainly dominated by shell-like calcite and granular siderite.
Polarized microscopy indicated that the edges of some mineral particles have been replaced, and at the later stage the
influence of acidic fluids has resulted in poor connectivity of the cement. The CL showed the calcite as bright yellow.
The carbonate cement formation was mainly influenced by paleoclimate and depositional water; in the study area
there is also evidence of the presence of algae. The second and third stages are dominated by poikilitic calcite , which
is most widely distributed in the second stage. Also, CL of the second stage shows the calcite cement as almost non-
luminous, and with a high Mg content. The calcite cement in the third stage is seen as orange-yellow color under CL.
Signs of corrosion at the boundary between the second and third stages are clearly seen under the polarizing micro-
scope. In both the second and third stages, the effect of hydrocarbon generation and expulsion from Middle and Lower
Jurassic source rocks in the Changji Depression is indicated. Organic acid fluid dissolved the early carbonate cements
and acid-soluble particles, providing the main material source for the development of subsequent carbonate cements.
It was found that the carbonate cement causes the poor physical properties of the Shawan Formation reservoir in the
early stage. Subsequent injection of acidic fluid in the later stages increased the porosity and permeability of the
reservoir to a limited extent. Continuous planar development formed thin interlayers of carbonate cement sealed by
capillary pressure, restricting hydrocarbon migration and trap types in the reservoir by blocking their migration path,
so that migration and accumulation of oil and gas only occurs along a few structural fractures. This has led to obvious
oil heterogeneity in the sandstone within the study area. Also, where high-carbonate cement occurs over large areas,
it overlies the sand body. Because it is mostly basement cementation, it may form a better cap layer, affecting the
accumulation of oil and gas. [ Conclusions] The types, distribution, formation and geological significance of the
multistage carbonate cements are defined, providing support for continued exploration and development as well as the
search for new exploration targets.

Key words: carbonate cementation; shallow burial; cause analysis; geological implications ; Neogene



