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Geological map of the northern margin of the Upper Yangtze Platform and comprehensive histogram of the upper Cambrian

Xixiangchi Formation ( Wang et al., 2022 )

(a) simplified geological map of the main tectonic units from the northern margin of the Upper Yangtze Platform; (b) Sinian-Cambrian stratigraphic map of the Upper Yangtze Plat-

form; (c) comprehensive histogram of the upper Cambrian Xixiangchi Formation in the northern margin of the Upper Yangtze Platform
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Fig.2 Field sedimentary characteristics of the upper Cambrian Xixiangchi Formation
in the Xiuqi section of Chengkou, northern Sichuan Basin
(a) the ancient weathering crust at the top of the Xixiangchi Formation, the ancient weathering crust is uneven, the development of karst caves, filled by mud; (b) dark
gray thin bedded argillaceous siltstone; (c) storm debris section, the debris is in the shape of long strip and oval, showing an inverted eight-shaped distribution, and a
large number of terrigenous debris particles are filled between the particles; (d) the hummocky cross-bedding has clear undulation, and the bottom erosion structure is

developed in the lower part; (e) laminated dolomite, bright layer and dark layer boundary with clear alternating deposition; (f) dry cracking shrinkage bamboo leaf-like

gravel, gravel shape is long strips, oval, imbricate distribution. exposed mud cracks, terrigenous debris, and muddy fillings are seen between the gravel
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Table 1 Microfacies classification of the upper Cambrian Xixiangchi Formation

in the Xiuqi section of Chengkou, Chongqing
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Fig.3  Microscopic sedimentary characteristics of the upper Cambrian Xixiangchi Formation

in the Xiuqi section of Chengkou, northern Sichuan Basin
(a) MF3 bright crystal calcarenite, with medium sand sorting, sub-circular and sub-angular shape, sand debris recrystallization phenomenon, bright crystal cementa-
tion, single polarization, plane polarized light (PPL); (b) MF5 dolomitic microcrystalline limestone and micritic calcite forms powder crystal dolomite into network dis-
tribution, PPL; (¢c) MF6 gravel dolomite, oval, torn, fractured gravel without directional arrangement is disorderly distribution; the gravel particles are divided into two
types based on the composition, one is composed of powder crystal dolomite (yellow dotted line), and the other is composed of mud crystal dolomite (red dotted line),
PPL; (d) MF7 brilliant crystalline sandy dolomite, medium sorting of sand-debris particles, sub-circular and sub-angular shape, bright crystal cementation, PPL;
(e) MF8 sandy gravel dolomite, gravel particles are oval, long strip, poor-medium sorting, grinding round is sub-circular, composed of micritic dolomite; the gravel
particles are filled with medium-coarse terrestrial quartz, PPL ; (f) MF10 sandy dolomite, quartz particles are mainly fine sand, sub-angular disorderly distributed
between powder crystal dolomite, PPL; (g) MF13 grain dolomite with dissolved pores and holes, the dissolution phenomenon is obvious, the development of more inter-
granular pores, cracks, asphalt semi-filled, a small amount of pores are not filled in blue, casting thin section, PPL; (h) MF13 grain dolomite with corrosion holes is

corroded and collapsed, and the gravel dolomite and fine-grained dolomite are disorderly stacked to form a suture structure, PPL
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Fig.4 Macroscopic view of typical shallowing-upward sequence from the upper Cambrian Xixiangchi Formation

in the Xiuqi section of Chengkou, northern Sichuan Basin

(a) subtidal cycle, the lower part of the cycle is medium-gray thin-bedded siltstone limestone, and the upper part is light-gray medium-bedded bright crystalline sandy lime-

stone; (b) subtidal cycle, the lower part of the cycle is medium gray thin layer of dolomitic microcrystalline limestone, and the upper part of the cycle is light gray medium

layered brilliant crystalline sandy dolomite; (c) subtidal-intertidal cycle, the bottom of the cycle is centimeter-level dark shale, the lower part is thin-layer powder crystal do-

lomite, the middle part is dark gray medium layered sandy gravel dolomite, and the upper part is lamellar dolomite; (d) subtidal-intertidal cycle, the lower part of the cycle

is centimeter-level dark mud shale, the middle part is medium-dark gray medium layered gravel dolomite, and the upper part is layered dolomite with sandy strip
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Fig.5 Macro-micro characteristics of subtidal cycle C1-2 of the upper Cambrian Xixiangchi Formation in the Xiuqi section,
Chengkou, northern Sichuan Basin

(a) macroscopically, the subtidal sedimentary cycle develops several upward shallowing sedimentary cycles; (b) the local amplification of the cycle shows that the lower

part of the cycle is thin-bedded medium-gray medium-bedded dolomitic microcrystalline limestone, and the upper part of the cycle is medium-bedded brilliant crystalline

sandy dolomite; (¢) YMQ-40-2B, Dolomitic microcrystalline limestone, micritic limestone have different dolomitization, and the grains are mainly mud and powder crys-

tals, PPL; (d) YMQ-41-2B, Brilliant crystalline sandy dolomite, sand particles are moderately sorted and rounded nearly sub-round, bright crystal cementation, PPL
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Fig.6  Macro-micro characteristics of subtidal-intertidal cycle C2-4 from the upper Cambrian Xixiangchi Formation
in the Xiuqi section, Chengkou, northern Sichuan Basin

(a) multiple subtidal-intertidal sedimentary cycles are developed, upper Cambrian Xixiangchi Formation, Xiuqi, Chengkou; (b) local illumination of sedimentary cycle,
the bottom of each cycle is centimeter-level dark mudstone, and the bottom scour structure is developed, the lower part of the cycle is sandy dolomite or fine-grained dolo-
mite, and the upper part of the cycle is sandy lamellar dolomite;(c) a single terrigenous clastic normal grain sequence cycle, the lower sandy layer is thick and dense, and
the upper sandy layer is thin and sparse. From bottom to top, the grain size and content of terrigenous clastic become finer; (d) the lower part of the concave-convex un-
even bottom scour surface contains a large amount of gravel and coarse-grained terrigenous debris, which is distributed in a positive order; (e) YMQ-62-1B, sandy dolo-
mite, located at the bottom of the cycle; Terrestrial quartz is poorly sorted to medium, and rounded in sub-angular to sub-rounded shape. In general, fine-medium particles
float in the powder crystal dolomite. Scattered distribution of sand particles and pyrite can be seen, PPL; (f) YMQ-62-3B, Lamellar dolomite is located at the top of the cy-
cle; it is composed of mudstone dolomite (black-gray) and sandy silty dolomite (light-colored section). Terrestrial quartz is distributed in positive grain order. The overall

grain size is finer than that at the bottom of the cycle, mainly silty sand, with sutures at the top and asphalt filling, PPL
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Chengkou, northern Sichuan Basin
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Fig.8 Comprehensive stratigraphic histogram of the sedimentary evolution of the upper Cambrian Xixiangchi Formation

in the Xiuqi section of Chengkou, northern Sichuan Basin
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Fig.9 Sedimentary model of the upper Cambrian Xixiangchi Formation in the Xiuqi section of Chengkou, northern Sichuan Basin

M. mudstone structure; W. wackstone structure; P. packstone structure; G. grainstone structure
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Recognition and Depositional Environment Interpretation of the
Shallowing-Upward Sequence: A case study from the Cambrian
Xixiangchi Formation in the northern margin of the Upper Yangtze
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Abstract: [Objective] Upward shallowing sequences are widely developed in shallow-water carbonate environ-
ments, and the identification of upward shallowing sequences in deep-water carbonate rocks has a unique advantage
in analyzing the evolutionary process of shallow-water carbonate sedimentary environments. Analyzing the high-
precision upward shallowing sequences of the late Cambrian Xixiangchi Formation in the Upper Yangtze region can
provide important references for understanding the late Cambrian global environmental changes.[ Methods ] Detailed
field sedimentological dissection and indoor microfacies analysis were conducted on the upper Cambrian Xixiangchi
Formation in Chengkou town along the northern margin of the Upper Yangtze. Carbonate rock decimeter- and meter-
scale upward shallowing sequences were identified, and their compositional characteristics and vertical superposition
relationships were analyzed to explore the sedimentary environment and its evolution in the late Cambrian of the
Upper Yangtze region.[ Results ] Based on detailed field observations and thin section identification, and referring to
the Fliigel sedimentary microfacies classification scheme, 14 microfacies types were identified in the Xixiangchi For-
mation at the Chengkou section, including subtidal sedimentary microfacies MFO-MF10; intertidal sedimentary
microfacies MF11-MF12; and supratidal sedimentary microfacies MF13. These microfacies include: MFO argilla-
ceous shale, MF1 micrite, MF2 bright crystal gravel limestone, MF3 bright crystal sand limestone, MF4 muddy
siltstone, MF5 dolomitic microcrystalline limestone, MF6 gravel dolomite, MF7 bright crystal sand dolomite, MF§
sandy gravel dolomite, MF9 sandy dolarenite, MF10 sandy dolomite, MF11 laminated dolomite, MF12 bamboo

leaf-like gravel dolomite, and MF13 grain dolomite with dissolution pores. Based on microfacies interpretation and
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vertical stacking relationships, C1-1 to C1-6 decimeter-scale upward shallowing subtidal, C2-1 to C2-6 decimeter-
scale upward shallowing subtidal to intertidal, and C3-1 to C3-2 decimeter-scale upward shallowing intertidal to
supratidal sedimentary sequences were identified. These decimeter-scale upward shallowing cycles constitute three
secondary transgressive-regressive sedimentary cycles, which from bottom to top, constitute the rapid transgression-
slow regression upward shallowing sedimentary cycle of the Xixiangchi Formation. Secondary cycle 1 was developed
by subtidal sedimentary microfacies, secondary cycle Il was developed by subtidal to intertidal sedimentary microfa-
cies, and secondary cycle IlI was developed by intertidal to supratidal sedimentary microfacies. From bottom to top,
the thickness of subtidal sedimentary microfacies in the lower part of each secondary cycle decreases successively,
whereas the thickness and exposure degree of intertidal to supratidal sedimentary microfacies in the upper part of
each secondary cycle gradually increase.[ Conclusions ] Based on the identification of upward shallowing sedimentary
sequences and the analysis of their compositional characteristics and vertical stacking relationships, the Xixiangchi
Formation in the late Cambrian was significantly influenced by high-frequency sea level changes, strongly controlled
by tides, waves, and storms. It experienced early rapid transgression and late slow regression, and underwent
multiple secondary transgressive-regressive cycles, forming a limited carbonate platform sedimentation model charac-
terized by mixed tidal flat subfacies, micritic lagoon subfacies, and intraplatform grain shoal subfacies. Furthermore,
the development of paleo-weathering crust at the top indicates significant regression and erosion events in the late
Cambrian in this region. By comparing with chronostratigraphic and evolutionary characteristics of platforms in the
Yangtze Platform, North China Platform, Tarim Platform, United States, and Australia, it further confirms the
global sea level fall events in the late Cambrian.

Key words: northern margin of Upper Yangtze Block; Xixiangchi Formation; microfacies of carbonate rocks;

shallowing-upward sequence; sedimentary environment interpretation



