
This is a repository copy of Evolution of rimmed carbonate platform architecture controlled 
by sea-level change: Insights from the Lower-Middle Cambrian of the Northern Tarim 
Basin, China.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/223386/

Version: Accepted Version

Article:

He, Q., Shi, K., Ma, Y. et al. (7 more authors) (2025) Evolution of rimmed carbonate 
platform architecture controlled by sea-level change: Insights from the Lower-Middle 
Cambrian of the Northern Tarim Basin, China. Marine and Petroleum Geology, 171. 
107215. ISSN 0264-8172 

https://doi.org/10.1016/j.marpetgeo.2024.107215

This is an author produced version of an article published in Marine and Petroleum 
Geology, made available under the terms of the Creative Commons Attribution License 
(CC-BY), which permits unrestricted use, distribution and reproduction in any medium, 
provided the original work is properly cited.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 



Evolution of rimmed carbonate platform architecture controlled 1 

by sea-level change: insights from the Lower-Middle Cambrian of 2 

the Northern Tarim Basin, China 3 

Qing He1, Kaibo Shi1*, Yongsheng Ma1, Bo Liu1*, Jun Han2, Jun Li1, Xiangyu Bai1, Chun Wu1, 4 

Adam D. McArthur3 and Nigel P. Mountney3 5 

 6 

1School of Earth and Space Sciences, Peking University, Beijing, 100871, China 7 

2Northwest Oilfield Company, Sinopec, Urumqi, 830111, China 8 

3Institute of Applied Geosciences, University of Leeds, Leeds, LS2 9JT, UK 9 

Abstract 10 

The sedimentary architecture of carbonate platforms is determined by distinct paleobiological, 11 

tectonics, climatic, oceanic and environmental conditions. During the Cambrian period, a rimmed 12 

carbonate platform system developed over an area of ~28 ×104 km2 in the Tarim Basin. However, 13 

the evolution mechanism and its predominant controlling factors remain poorly understood. The 14 

investigation utilized integrated analysis of cores, thin sections, 3-D seismic, well logging and 15 

geochemical data to explain the sequence stratigraphic framework, depositional architecture and 16 

main controlling factors. Sixteen distinct microfacies (MF1–MF16) are identified based on thin-17 

section analysis of the five lithofacies, which could be further grouped into fourteen microfacies 18 

associations (MA1-MA14). These fourteen microfacies associations respectively represent fourteen 19 

facies belts of the five facies of the shelf, outer ramp, middle ramp, platform margin and restricted 20 

platform. Microfacies and seismic characteristics have provided the basis for establishing a 21 

sequence-stratigraphic framework. Two regionally extensive second-order sequences (CS1-CS2) 22 

are developed in the Lower-Middle Cambrian succession; CS1 incorporates five third-order 23 

sequences (Sq1-Sq5); CS2 incorporates three third-order sequences (Sq6-Sq8). The lateral 24 

migration and vertical arrangement of depositional facies resulted in a unique depositional 25 

architecture. The overall carbonate platform architecture is interpreted from 3D seismic data, 26 

integrated with the depositional facies interpretations to document the evolution of the depositional 27 

setting over time from a broad shelf (Sq1-Sq2), to a distally steepening ramp (Sq3-Sq4), to a weekly 28 

rimmed platform (Sq5), and finally to a strongly rimmed platform (Sq6-Sq8). Relative sea-level 29 

(RSL) curves were reconstructed through an integrated analysis of Fischer plots from three wells. 30 

The determined RSL curve matches closely with reconstructed paleo-water depths indicated by the 31 

distribution of microfacies types. The inferred paleo-water depths changes comprise two long-term 32 

shallow–deep–shallow trends, upon which eight intermediate-term cycles are superimposed. 33 

Microfacies also have been applied to explain the evolution of the platform in response to RSL 34 

change and other environmental factors. A major transgression occurred in the lower parts of CS1. 35 



Results demonstrate that RSL and paleo-water depth changes in the Lower-Middle Cambrian are 36 

consistent with known global sea-level changes indicated by geochemical elements. The 37 

architectural and sequence-stratigraphic evolution of the progradational rimmed carbonate platform 38 

was controlled principally by eustasy. This study is important due to the limited information on 39 

Cambrian rimmed platforms. 40 

 41 
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1. Introduction 44 

Carbonate platforms develop and grow principally in response to changes in biology, carbonate 45 

productivity, tectonics, climate, allochthonous sediment input, and eustasy (Heldt et al., 2010; 46 

Phelps et al., 2014; Pomar et al., 2015; Pomar et al., 2004; Scott et al., 1993; Yu et al., 2011). The 47 

margins of many rimmed carbonate platforms are sites of reef-shoal accumulation, and such stratal 48 

bodies form important reservoir units that host various resources of economic significance (Castro 49 

et al., 2008; Gao and Fan, 2015; Graziano, 2000; Santantonio et al., 2013; Zhu et al., 2015; Wang 50 

et al., 2024; Wang et al., 2025). The highly diverse carbonate factories and changes in 51 

accommodation space driven by sea-level rise and regional tectonics add significant complexity to 52 

seismic interpretation, sedimentological analysis, and hydrocarbon exploration (Markello et al., 53 

2008; Wright and Burgess, 2005). Different types of carbonate factories have distinct carbonate 54 

sediment production rates, depth distributions, and grain sizes, which significantly impact the 55 

geometric morphology of carbonate platforms (Pomar and Hallock, 2008; Schlager, 2003). Sea-56 

level fluctuations play a crucial role in determining spatiotemporal evolutionary processes and 57 

facies distributions within carbonate platforms (Wagner et al., 2004). However, in specific tectonic 58 

settings, such as where carbonate platforms develop rotational fault-blocks, the changes in 59 

accommodation space generated by tectonics can override the eustatic effect (Bosence et al., 1998). 60 

After Ordovician, the rimmed carbonate platform margins were characterized by reefs built by 61 

corals and certain species of clams, which serve as barriers that drastically reduce wave energy (Xu 62 

et al., 2023). Prior to the Ordovician, the general absence of macroscopic reef-building organisms 63 

and the abundance of micro-organisms acted to limit the scale and extent of many platform-margin 64 

systems (Wood et al., 2019; Zhuravlev and Wood, 2018). Globally, few distinct rimmed carbonate 65 

platforms developed during the Ediacaran-Cambrian period. During the Cambrian, large-scale reef-66 

shoals that apparently migrated continuously and rapidly under the influence of wave and tidal 67 

currents accumulated on carbonate platform margins in the Tarim Basin (Huang et al., 2020). The 68 

paleogeographic and spatiotemporal evolution of these Cambrian platform margins has been the 69 

focus of several studies in recent years. Importantly, the scheme for the stratigraphic subdivision in 70 

the platform margin remains uncertain due to the chaotic nature of the seismic reflections in this 71 

region. Gao and Fan (2015) and Huang et al. (2020) identified depositional evolutionary processes 72 



within two sedimentary settings: ramp and rimmed platform. These authors delineated the zone of 73 

platform-margin development via interpretation of seismic reflection profiles. Zhang et al. (2021) 74 

identified the stages of evolution of the reef-shoal on the Cambrian platform margin and 75 

reconstructed the paleogeomorphology within the marginal zone. However, the main factors 76 

controlling the evolution of the Cambrian carbonate platforms of the Tarim Basin, and the drivers 77 

of the proliferation and widespread accumulation of platform-margin reef-shoals, remain unclear. 78 

In this study, we utilise a subsurface dataset of 3D seismic, wireline well logs, core, 79 

petrographic and geochemical data to investigate the evolution process and main controlling factor 80 

of the Cambrian carbonate platforms of the Tarim Basin. The Lower-Middle Cambrian sequence 81 

stratigraphic framework and the evolutionary trends of the rimmed carbonate platform are 82 

established by detailed analysis of microfacies and their associations. An integrated analysis of 83 

Fischer plots obtained by continuous wavelet transformation, carbon and oxygen isotopes, and 84 

microfacies allows for the reconstruction and comparison of paleo-water depth and sea-level 85 

changes. Importantly, this study discusses the influences of paleocurrent directions, tectonic activity, 86 

global sea-level changes, and changes in other environmental controlling factors on the Cambrian 87 

rimmed platform evolution in the Tarim Basin. Results provide valuable insights into the processes 88 

acting upon and controlling Ediacaran-Cambrian rimmed carbonate platform development more 89 

generally. 90 

2. Geological setting 91 

The Tarim Basin is a sedimentary basin (56×104 km2) located in northwest China (Fig. 1a). It 92 

is bordered by the Kunlun-Altyn Mountains of the Tethys system to the south, and by the Tianshan 93 

Mountain of the Paleo-Asian system to the north (Fig. 1b; Lin et al., 2011). In the Neoproterozoic, 94 

the Tarim Basin was affected by extension due to the break-up of the Rodinia Supercontinent (Huang 95 

et al., 2005). During the Ediacaran-Cambrian transition period, the “Snowball Earth” event, 96 

characterized by extreme glaciation, impacted the climate and sedimentary processes in the Tarim 97 

Basin (Shang et al., 2020). During the Cambrian, "Cambrian explosion" occurred, known as a rapid 98 

diversification of life forms. This biological event had a significant impact on the marine 99 

environments, as the proliferation of life influenced the types of sediments being deposited (Servais 100 

et al., 2023). The Tarim Basin was located in a low-latitude zone near the equator that suggests a 101 

hot and arid climate for the region (He et al., 2016). The depositional paleogeomorphology of the 102 

basin was controlled by late Ediacaran tectonic activity (Ge et al., 2014; Li et al., 2013; Shi et al., 103 

2018), and featured three uplifts: the Lunnan-Yaha Uplift, Keping-Wensu Uplift and southwestern 104 

Uplift; these were separated by two depressions developed between them (Zhu et al., 2019). The 105 

Early Cambrian syn-sedimentary structures in northern Tarim Basin mainly include syn-106 

sedimentary faults (Gao et al., 2022; Guan et al., 2019; Yang et al., 2017). Hereafter, in response to 107 

gradual tectonic subsidence, the paleogeographic framework slowly changed, whereby a paleo-high 108 

developed in the west and a paleo-low developed in the east of the Tarim Basin (Fig. 2; Wei et al., 109 



2021). During the Phanerozoic, multiple episodes of tectonic activity and deformation associated 110 

with the Caledonian, Hercynian, Indosinian, and Himalayan orogenies transformed the Tarim Basin 111 

into a superposed complex basin with a Mesozoic–Cenozoic foreland cover overlying the earlier 112 

Paleozoic intracratonic basin fill (Jia, 1999). This study focuses on the Tabei Uplift in the northern 113 

Tarim Basin (Fig. 1b), which is situated at the periphery of the Lunnan-Yaha Uplift. 114 

The Cambrian succession is characterized by several distinct carbonate sedimentary systems. 115 

Together, these record evidence of a transition from a shallow-water marine to a deeper basinal 116 

setting (Fig. 2 andFig. 3). Taking the Lunnan-Gucheng platform margin zone as the line of 117 

demarcation (Cao et al., 2018; Ni et al., 2015; Yan et al., 2018), strata of Cambrian are divided into 118 

three major packages, each located in a distinct sub-region; each representing a different 119 

paleoenvironment in the Tarim Basin (Jiang et al., 2021b). The platform interior and the platform 120 

margin are located in the western part of the Tarim Basin, whereas the basinal region is located in 121 

the eastern Tarim Basin (Fig. 1b; Feng et al., 2006). The platform margin is the transitional region 122 

between the shallow-water platform and the deeper-water basin. 123 

The Lower Cambrian succession comprises the Yuertusi, Xiaoerbulake and Wusonggeer 124 

Formations. The Yuertusi Formation is composed of organic-rich argillite (Chen et al., 2015a; Chen 125 

et al., 2015b). The Xiaoerbulake Formation is composed of micitic dolomite, microbial dolomite 126 

and dolo-grainstone in the western platform zone (Jiang et al., 2021b), whereas it is composed of 127 

micitic limestone and dolomitic limestone in the eastern platform zone, and contains argillite in the 128 

basin zone (Hu et al., 2019). The Wusonggeer Formation is composed of argillaceous dolomite, 129 

gypsum dolomite and evaporite in the western platform zone, whereas it is composed of microbial 130 

dolomite and dolo-grainstone in the eastern platform zone, and contains argillite and carbonaceous 131 

mudstone in the basin zone (Bai et al., 2019). The Middle Cambrian succession comprises the 132 

Shayilike and Awatage Formations, which are composed of deposits dolo-grainstone and microbial 133 

dolomite in the eastern platform zone, and of argillite in the basin zone (Gao and Fan, 2015). 134 

However, in the western platform zone, the Shayilike Formation is composed of micritic limestone, 135 

whereas Awatage Formation is dominantly composed of argillaceous dolomite and evaporate 136 

(Zhang et al., 2023). 137 

3. Data and methods 138 

The present study is based on data from five wells Y1, Y2, Y3, Y4 and Y5 penetrating or 139 

drilling the Lower-Middle Cambrian succession with thickness of 1123.5 m, 1034.5 m, 856 m 140 

1087.5 m and 884 m, respectively, and 3-D seismic dataset in the Tabei Uplift of the Tarim Basin. 141 

The well-logging data studied include natural gamma ray logs. Detailed observations and 142 

descriptions were made from 2749 thin sections of drill cutting from five wells (Y1, Y2, Y3, Y4 and 143 

Y5) and 40 thin sections of 222 cores with a cumulative length of 59.49 m from three wells (Y1, Y4 144 

and Y5). The thin sections of cuttings were sampled at one-meter (wells Y1 and Y4) and five-meter 145 

(wells Y2, Y3 and Y5) intervals. 146 



The study of microfacies was based primarily on the analysis of cores and thin sections (Fig. 4 147 

and Fig. 5). The classification of microfacies was dependent on the identification of depositional 148 

and diagenetic fabric, grain type, biological allochem type, and matrix type in the thin sections 149 

(sensu Flügel, 2010). Based on Dunham's (1962) carbonate classification system, the abundance of 150 

argillaceous components, gypsum content and diverse types of grains and fossils were determined 151 

visually using a polarizing microscope. The proportions of individual microfacies types in the 152 

microfacies associations were depicted on stacked bar charts (Fig. 6 and Fig. 7). From this, four 153 

measures of relative abundance were defined: abundant (>50%), frequent (25–50%), less common 154 

(10–25%), and rare (<10%). By combining data studied herein with the research results of Wilson 155 

(1975) and Flügel (2010) on microfacies and microfacies associations, the characteristics of the 156 

depositional facies were analyzed and established. 157 

The stratal stacking patterns of microfacies units and their associations thereof were 158 

determined and checked via calibration of well data and 3-D seismic profiles. These data were used 159 

to identify sequence boundaries and to establish a sequence-stratigraphic framework. Sequence 160 

stratigraphic interpretations were made to constrain the stacking patterns of depositional 161 

architectural units (Catuneanu et al., 2009). Fischer plots constructed from the 5 studied wells were 162 

drawn based on a recognition of high-frequency cycles via analysis of continuous wavelet transform 163 

of the gamma-ray logging data (cf. Yu et al., 2022). For the analysis of carbon and oxygen isotopes, 164 

the cutting samples were reacted with anhydrous phosphoric acid and the purified CO2 was tested 165 

by a Thermo MAT-253 mass spectrometer at Beijing Research Institute of Uranium Geology. 166 

Microfacies, microfacies associations, Fischer plots, and carbon and oxygen isotopes were 167 

interpreted to reconstruct a history of paleo-water depth and relative sea-level changes (Geyman et 168 

al., 2021; Naderi-Khujin et al., 2020; Zadeh and Shafeii, 2021). 169 

4. Results 170 

4.1. Microfacies characteristics and environment interpretation 171 

Based on observations and comprehensive analysis of thin sections, five lithofacies types 172 

(argillite, argillaceous carbonate, carbonate, gypsum carbonate and evaporite) can be divided into 173 

sixteen microfacies (MF1-MF16; Fig. 4 and Fig. 5), including argillite (MF1), argillaceous 174 

carbonate (MF2 and MF9), carbonate (MF3-MF8 and MF10-MF14), gypsum carbonate (MF15) 175 

and evaporite (MF16). Different microfacies were deposited under different hydrodynamic 176 

conditions and depositional environments. A summary of the identifying characteristics of each of 177 

these microfacies and their occurrence in microfacies associations is presented in Table 1. 178 

4.2. Microfacies associations characteristics and depositional facies 179 

To characterize the local depositional environments in more detail, the characteristics of 180 

combinations of microfacies that occur in vertical successions as microfacies associations have been 181 



studied. Based on their relative abundance and order of vertical stacking, microfacies were assigned 182 

to 14 distinct microfacies associations (MA1-MA14), each of which is interpreted to record different 183 

depositional facies in the study area (Fig. 6 and Fig. 7). Vertical facies successions are commonly 184 

arranged into repeating meter-scale cycles; the internal facies composition and arrangement of these 185 

cycles is described in the sections that follow. 186 

4.2.1. Shelf Facies Association (MA1-MA2) 187 

4.2.1.1 MA1- Deep shelf 188 

Composition: MA1 is characterized by the abundant presence of MF1 (A), the frequent 189 

presence of MF2 (F), the less common presence of MF3 (C), and the rare presence of MF4 (R; Fig. 190 

6a). MF1 is rich in black organic asphalt, containing siliceous spicules (Fig. 4a). The mud in MF2 191 

exhibits a zonal distribution (Fig. 4b). The meter-scale cycles formed by MA1 generally contain 192 

MF1 in their lower part, and MF2 in their upper part (Fig. 6b). MA1 is developed in the lower 193 

Yuertusi Formation, with a total thickness of ~25-35 m (Fig. 8). Vertically, MA1 commonly grades 194 

upward into MA2. 195 

Interpretation: MA1 records deposition in a very low- to low-energy setting. The large amount 196 

of organic asphalt in the argillite indicates that these deposits accumulated in a reducing depositional 197 

environment (Jiang et al., 2021a; Zhou et al., 2015). Sponge spicules indicate 100-200m deep-water 198 

conditions (Beauchamp and Grasby, 2012; Wang et al., 2021). In addition, MA1 is widely 199 

distributed and changes rapidly longitudinally, likely indicating that it formed in response to rapid 200 

marine transgression (Lin et al., 2008). Collectively, these features suggest that MA1 was deposited 201 

in a deep shelf environment. 202 

4.2.1.2 MA2- Shallow shelf 203 

Composition: MA2 is characterized by MF3 (A), MF6 (F), MF2 (R) and MF4 (R). Calcite and 204 

dolomite in MF6 are distributed in patches (Fig. 4h). Eighty per cent of the MF3 is present in the 205 

lower part of the meter-scale cycles formed by MA2 (Fig. 4c), and MF6 is developed in the upper 206 

part (Fig. 6c). MA2 occurs commonly in the Tabei Uplift, and is developed in the upper Yuertusi 207 

Formation, with a total thickness of ~15-35 m (Fig. 9). 208 

Interpretation: The dominance of MF3 and MF6 in MA2 indicates accumulation in a low-209 

energy depositional environment. The presence of MF6 reveals that the water depth was shallow 210 

(Montanez and Read, 1992; Noorian et al., 2022). In addition, the meter-scale cycles of MA2 overlie 211 

the deposits of MA1. Based on the superposition of microfacies associations, MA2 was deposited 212 

in a shallow-marine shelf environment. 213 

4.2.2. Ramp Facies Association (MA3-MA7) 214 

4.2.2.1 MA3- Outer ramp 215 

Composition: MA3 is characterized by MF3 (A), MF4 (C), MF6 (C) and MF2 (R). In addition, 216 

vertically, MA3 normally overlays MA2. The bottom parts of the meter-scale cycles formed by 217 

MA3 are dominated by MF3, whereas the top is characterized by the development of MF4 (Fig. 6d). 218 



MA3 occurs mainly in well Y4, and is developed in the lower Xiaoerbulake Formation with a total 219 

thickness of ~50 m (Fig. 10). 220 

Interpretation: the dominant occurrence of MF3 in MA3 indicates a low-energy depositional 221 

environment (Osleger, 1991). Less common MF4 and rare MF6 indicate a relatively deep 222 

environment. The small thickness of MA3 in the east and its restricted distribution in the study area 223 

indicate that the depositional environment was relatively deep and the sediment supply was low 224 

(Pomar et al., 2005). Collectively, these features suggest that MA3 was deposited in an outer ramp 225 

setting. 226 

4.2.2.2 MA4-Outer middle ramp 227 

Composition: MA4 is characterized by MF4 (A), MF6 (F), MF3 (C) and MF5a (R). Part of 228 

MF6 was formed after the dolomitization of MF4, and most of MF3 has been subject to 229 

recrystallization with very fine calcite. Vertically, MA4 overlays MA3. The meter-scale cycles 230 

formed by MA4 generally contain MF3 at the bottom and MF4 (Fig. 5e) in the lower part of the 231 

cycle. The upper part of the cycle is characterized by MF6. MA4 is developed to the west of MA3 232 

and occurs mainly in wells Y1, Y2 and Y3 with a total thickness of ~150-370 m (Fig. 8 and Fig. 9). 233 

Interpretation: MF4 indicates a low- to moderate-energy depositional environment (Tucker, 234 

1990). The proportion of MF4 and MF6 is more than 75% of the total in MA4, which is greater than 235 

their proportions in MA3 (20%; Fig. 6a). This indicates that MA4 was deposited in shallower water 236 

than MA3 and the sediments were more occasionally susceptible to current influence (Bosence et 237 

al., 2000). MA4 was likely deposited in the outer part of the middle ramp. 238 

4.2.2.3 MA5- Inner middle ramp 239 

Composition: MA5 is characterized by MF6 (A), MF7 (F), MF4 (C), MF3 (R) and MF5 (R). 240 

Calcite in MF7 is dispersed within dolomite (Fig. 4i). Vertically, MA5 overlays MA4. The bottom 241 

of the meter-scale cycles formed by MA5 is dominated by MF4. The lower part contains MF6, 242 

whereas the upper part contains a large set of MF7 (Fig. 6f). MA5 occurs mainly in well Y1, and is 243 

developed in the middle-upper Xiaoerbulake Formation (Fig. 8). 244 

Interpretation: the dominance of MF6 and MF7 suggests that MA5 is developed in a low-245 

energy depositional environment. The occurrence of MF7 indicates MA5 accumulated in a 246 

shallower-water setting than MA4. The observed features and relationships suggest that MA5 was 247 

deposited in the inner part of the middle ramp. 248 

4.2.2.4 MA6- Lagoon of middle ramp 249 

Composition: MA6 is characterized by MF6 (A), MF9b (F), MF4 (F), MF7 (C), MF5 (C), and 250 

MF3 (R). Thin layers of MF5b (3-5 cm thick) are distributed in MA6. The bottommost parts of the 251 

meter-scale cycles formed by MA6 are dominated by MF6. The lower part contains MF4 and MF5 252 

(Fig. 4e and Fig. 4f), whereas the upper part contains a large set of MF7 and MF9 (Fig. 6g). MA6 253 

occurs mainly in well Y1 and is developed in the upper part of the Xiaoerbulake Formation with a 254 

total thickness of ~120 m. Laterally, MA6 is developed to the west of MA7 (Fig. 8). 255 

Interpretation: The occurrence of 70% of MF6 and MF9b in the MA6 indicates that the 256 

environment was low- to moderate energy and restricted, likely in a proximal middle ramp setting. 257 



MF5b is developed in the strata with thin layers, revealing the intermittent occurrence of storms 258 

(Scholle and Ulmer-Scholle, 2003). MF5b indicates a shallow-water, high-energy environment 259 

(Flügel, 2010). The variety of microfacies present in this environment was likely due to a variable 260 

water energy regime. Collectively, these features suggest that MA6 was deposited in a lagoon of a 261 

middle ramp environment. 262 

4.2.2.5 MA7- Shoal of middle ramp 263 

Composition: MA7 is characterized by MF5 (A), MF13 (F), MF7 (C) and MF6 (C). MF5 is 264 

composed of ooid and sand-sized intraclasts with partial dolomitization (Fig. 4g). MF13 preserves 265 

a residual phantom of its original structure (Fig. 5f). Vertically, MA7 overlies MA5. In the lower 266 

part of the meter-scale cycles formed by MA7, MF5a and MF5c are developed. MF13 is commonly 267 

observed in the upper part (Fig. 6h), which is mainly present in well Y2 and is developed to the east 268 

of MA6; typical thickness ~100 m (Fig. 9). 269 

Interpretation: MF13 and MF5, with sparite cement, are interpreted to be typical sediments in 270 

shallow-water, medium-to-high-energy environments (Elrick and Read, 1991). Previous studies 271 

suggested that sea-floor topography (i.e., local relief) and sea level jointly act to control the location 272 

of high-energy shoals, whereby small changes in seabed topography might lead to conditions 273 

favorable for the development of shoals (Burchette and Wright, 1992). MA4 is considered to be a 274 

shoal deposit of the middle ramp environment. 275 

4.2.3. Semi-restricted to restricted platform Facies Association (MA8-MA12) 276 

4.2.3.1 MA8- Muddy dolomite flat 277 

Composition: MA8 is characterized by MF9 (A), MF8a (F), MF10 (C) and MF15 (R). The mud 278 

is mostly distributed in a lamellar form in MF8a (Fig. 4j). Vertically, MA5 overlays MA4. The 279 

meter-scale cycles formed by MA8 generally contain MF9 and MF8a in the lower part (Fig. 7b). 280 

MA8 occurs mainly in well Y1 and is developed in Wusonggeer and Awatage formations with a 281 

total thickness of ~40-60 m (Fig. 8). 282 

Interpretation: MA8 is dominated by MF8a and MF9 and was deposited in a shallow-water 283 

and low-energy depositional environment (Lai et al., 2021; Longhitano et al., 2012). The laminated 284 

mud is interpreted as a tidal flat deposit in a restricted environment (Daidu et al., 2013). These 285 

features suggest that MA8 was deposited in the muddy dolomite flat area of a restricted platform. 286 

4.2.3.2 MA9- Dolomite flat 287 

Composition: MA9 is characterized by MF8b (A), MF8a (F), MF10 (F) and MF8c (C). MF9a 288 

developed argillaceous laminae (Fig. 4k). Microcrystalline dolomite has semi-planar-s and planar-s 289 

crystal structure characteristics (Fig. 4l). Ten per cent of MF8c is developed in MA9 (Fig. 5a). Thirty 290 

per cent of MF8a is present in the lower part of the meter-scale cycles formed by MA9, and MF8b 291 

is developed in the upper part (Fig. 7c). MA9 occurs mainly in the Shayilike Formation (wells Y1 292 

and Y2; Fig. 8 and Fig. 9) and in the upper Awatage Formation (wells Y3, Y4 and Y5) with a thick 293 

thickness of ~40-80 m (Fig. 10). 294 



Interpretation: MA9 is mainly composed of MF8a and MF8b, indicating that it was deposited 295 

in a low-energy and restricted environment (Hsu and Siegenth. C, 1969; Huang et al., 2009). The 296 

absence of mud and grains is suggestive of an open-water setting. Therefore, MA9 is considered as 297 

a dolomite flat deposit of semi-restricted platform environment. 298 

4.2.3.3 MA10- Gypsum-dolomite flat 299 

Composition: MA10 is characterized by MF15 (A), MF9 (F), MF8b (C), MF11 (R) and MF16 300 

(R; Fig. 5l). The anhydrite nodules/agglomerates inside MF15 are isolated, or are connected laterally 301 

in the chicken-wire shape and filled in the water shrinkage joints produced by mud cracking (Fig. 302 

5k). Vertically, MA10 overlays MA9. The bottom of the meter-scale cycles formed by MA10 is 303 

dominated by MF9, whereas the top is characterized by the development of MF15 (Fig. 7d). MA10 304 

occurs mainly in wells Y1 and Y2; it is developed in Wusonggeer and Awatage formations (Fig. 8 305 

and Fig. 9). 306 

Interpretation: MA10 is dominated by MF15 and MF9 deposited in a low-energy depositional 307 

environment. MF15 indicates a restricted evaporate tidal flat with high salinity (Zhong et al., 2022). 308 

The alternating occurrence of MF15 and MF9 reveals that the succession was influenced by daily 309 

changes of water level in the tidal flats (Diedrich, 2002; Herrmann et al., 2018; Yoshida et al., 2004). 310 

Collectively, these features suggest that MA10 was deposited in the gypsum-dolomite flat of a 311 

restricted platform. 312 

4.2.3.4 MA11- Inner shoal 313 

Composition: MA11 is characterized by MF13 (A), MF12b (F), MF8a (F), MF8b (F) and MF10 314 

(R). MF12b has relatively poor sorting (Fig. 5e). The lower part of the meter-scale cycles formed 315 

by MA11 is dominated by MF8a and MF8b, whereas the upper part contains a large set of MF13 316 

intercalated with MF12b (Fig. 7e). MA11 occurs in Shayilike Formation (well Y2; Fig. 9) and upper 317 

Awatage Formation (wells Y4 and Y5; Fig. 10). 318 

Interpretation: The dominant composition and intercalation of MF13, MF12b and MF8 in 319 

MA11 indicates rapid energy changes in a marine environment (Liu et al., 2020). MF12b reveals 320 

a high-energy environment without sufficient elutriation by water (Gao et al., 2015; He et al., 2017). 321 

The interior of MA8 and MA10 indicate a relatively open and moderate-energy environment. 322 

Based on the superposition of microfacies associations, MA7 was deposited in the inner shoal of 323 

semi-restricted platform. 324 

4.2.3.5 MA12- Inner mound 325 

Composition: MA12 is characterized by MF14a (A), M8b (F), MF10 (C) and MF13 (C). The 326 

meter-scale cycles formed by MA12 generally contain M8b in the lower part of the cycle. The 327 

upper part is characterized by MF14a (Fig. 7f). MA12 occurs mainly in wells Y4 and Y5 in the 328 

upper Awatage Formation (Fig. 10). 329 

Interpretation: The dominant composition of MF14a and MF8b in MA12 indicates deposition 330 

in a shallow-water, moderate- to high-energy depositional environment, similar to MA11. MA12 331 

occurs close to MA11 and the development of both MA12 and MA11 was likely controlled by 332 

locally elevated paleo-relief (Ren et al., 2023; Tan et al., 2022). MA12 is considered to represent 333 



inner mound deposits of a semi-restricted platform. 334 

4.2.4. Platform margin Facies Association (MA13-MA14) 335 

4.2.4.1 MA13- Margin mound-shoal complex 336 

Composition: MA13 is characterized by MF14a (A; Fig. 5g), MF14b (A; Fig. 5h), MF12 (F), 337 

MF13 (F), MF10 (C), MF11 (C; Fig. 5c) and MF14c (C; Fig. 5i). MF14b is present at the bottom of 338 

the meter-scale cycles formed by MA13. MF14a and MF13 can be observed in the lower part and 339 

MF14c and MF12 are observed in the upper part (Fig. 7g). MA13 occurs mainly in well Y2, Y3, Y4 340 

and Y5 in the eastern platform in the Wusonggeer Formation and Middle Cambrian (Fig. 9 and Fig. 341 

10). 342 

Interpretation: MA13 is mainly developed in the platform margin; MF12, MF13, and MF14 343 

collectively indicate a shallow-water and moderate-to-high energy depositional environment. The 344 

interactive development characteristics of MF12 and MF14 reveals changes in water energy from 345 

moderate to high (James and Vonderborch, 1991; Rosenau et al., 2012). The large proportion of 346 

clasts of microbial origin indicates that MA13 is a mound-shoal complex deposit located on the 347 

platform margin. 348 

4.2.4.2 MA14- Margin shoal 349 

Composition: MA14 is characterized by MF12a (A; Fig. 5e), MF12b (F), MF13 (F; Fig. 5f) 350 

and MF10 (C; Fig. 5b). MF12a is internally characterized by concentric growth structures (Fig. 5d). 351 

Vertically, MA14 overlays MA13, and in places alternates development with MA13. In the lower 352 

part of the meter-scale cycles formed by MA7, MF10 and MF13 is developed, whereas MF12a and 353 

MF12b tend to be present in the upper part (Fig. 7h). MA14 occurs mainly in wells Y2, Y3, Y4 and 354 

Y5 in the eastern part of the platform and is accompanied by MA13 (Fig. 9 and Fig. 10). 355 

Interpretation: The presence of intergranular sprite cement in MF12 indicates that it was 356 

formed in a high-energy marine depositional environment (Elrick and Read, 1991). The high degree 357 

of particle sorting and rounding of grains in MF12 indicates formation after sufficient elutriation 358 

(Xi et al., 2017). The increase in dolo-grainstone content in MA14 indicates a depositional 359 

environment that was shallower than MA13. Therefore, MA14 is considered as a platform margin 360 

shoal deposit. 361 

4.3. Sequence stratigraphy 362 

The sequence stratigraphic framework for the Lower-Middle Cambrian succession in the study 363 

area has been established via integrated analyses of microfacies, stacking patterns of stratal 364 

packages composed of the various microfacies associations, and regional tracing of key reflections 365 

on the seismic data sets. The Lower-Middle Cambrian succession can be divided into two scales (cf. 366 

Catuneanu, 2019; Embry, 1993) of stratigraphic units: 2nd-order sequences within which 3rd-order 367 

sequences occur superimposed. In carbonate depositional systems, lowstand and falling stage 368 

systems tracts are poorly developed. Herein, an upward-deepening transgressive systems tract (TST) 369 



and upward-shallowing regressive systems tract (RST) terminology has been used to subdivide the 370 

3rd-order sequences. Subaerial unconformities and maximum flooding surfaces (MFS) are identified; 371 

these are used to define sequence boundaries and systems tract boundaries, respectively (Catuneanu, 372 

2019; Catuneanu et al., 2006; Embry, 1993). Moreover, upward variations in stratal stacking patterns 373 

may also record transitions between systems tracts (Chen et al., 2001; Cloyd et al., 1990; Gil et al., 374 

2006; Goldhammer et al., 1990; Osleger and Read, 1991). 375 

In this study, the Lower-Middle Cambrian succession is divided into two 2nd-order sequences (CS1 and CS2; Fig. 376 

14 and  377 

Fig. 15), both of which incorporate regional transgressive and regressive cycles. Sequences 378 

CS1 and CS2 are delineated by three 2nd-order megasequence boundaries (Msb): Msb1 (bottom of 379 

Lower Cambrian succession); Msb2 (top of Lower Cambrian succession); and Msb3 (top of Middle 380 

Cambrian succession). 381 

Msb1 is represented by a large-scale regional unconformity in outcrops in the north-western 382 

Tarim Basin; this surface is associated with a distinctive karst breccia at the top of the Ediacaran 383 

(Gao et al., 2022; Zhao et al., 2011). In Well Y2, the interpreted depositional environment changes 384 

from tidal flat of an inner ramp below the surface (Chen et al., 2023), to deep shelf facies above the 385 

surface, with the microfacies changing from dolomite to argillite, respectively (Fig. 9). Karstic 386 

weathering and related evidence of exposure is not observed in cuttings or thin sections at the level 387 

of this boundary. However, the boundary is represented by a distinctive high-amplitude, continuous 388 

reflection in seismic profiles caused by the transition of lithotype from dolostone to argillite (Fig. 389 

12 and Fig. 13). 390 

Msb2 is an unconformity generated by subaerial exposure in the north-western part of the 391 

Tarim Basin; collapse breccia is present atop the boundary (Ye et al., 2014). This boundary records 392 

a marked and abrupt change in microfacies, and thereby interpreted depositional environments 393 

below and above. In Well Y1, the depositional environment changed from an evaporate tidal flat 394 

below, to a dolomite flat environment above (Fig. 8), with microfacies changing from gypsum 395 

dolomite to microcrystalline dolomite, respectively. The boundary can be traced basin-wide in 396 

seismic profiles, with moderate-amplitude reflections caused by the transition of lithotype from 397 

gypsum dolomite to crystalline dolomite (Fig. 13a-b). 398 

Msb3 records a major transgressive surface developed in response to regional sea-level rise. In 399 

Well Y1, the inferred depositional environment changed from evaporate tidal flat below, to a marine 400 

restricted platform environment above (Liu et al., 2016), with microfacies changing from gypsum 401 

dolomite and argillaceous dolomite to finely crystalline dolomite, respectively (Fig. 8). In the 402 

seismic cross-sections, this boundary is represented by a high-amplitude, continuous reflection (Fig. 403 

13a-b). 404 

Within the major 2nd-order sequences, eight superimposed 3rd-order sequences (Sq1-Sq8) are 405 

recognized. Within these, six 3rd-order sequence boundaries (Sb1, Sb2, Sb3, Sb4, Sb5 and Sb6) are 406 

identified in the study area. The 3rd-order sequence boundaries record changes in depositional 407 

environments below and above as a result of sea-level fall and subsequent rise. The 2nd-order 408 



sequence CS1 incorporates five nested 3rd -order sequences (Sq1, Sq2, Sq3, Sq4 and Sq5; Fig. 8-409 

Fig. 10). The 2nd-order sequence CS2 incorporates three nested 3rd-order sequences (Sq6, Sq7 and 410 

Sq8; Fig. 8-Fig. 10). 411 

4.4. Seismic facies and stratigraphic units 412 

4.4.1. Seismic facies interpretation 413 

In the 3D seismic volume of the carbonate platform in the Tarim Basin, eight seismic facies 414 

types (SMF1-SMF8) are identified based on different seismic reflection characteristics (internal 415 

reflection structure, continuity, amplitude and frequency) and external structure (Fig. 11). 416 

4.4.2. Seismic stratigraphic units and depositional architecture 417 

The Lower-Middle Cambrian strata are very thick (1000-1200 m) in the Tabei Uplift of the Tarim Basin. The 418 

evolution and distribution of depositional facies zones and their vertical and lateral variability (Yu et al., 2022; Zhang 419 

et al., 2015) remain unclear. Through the analysis of seismic reflection character, in combination with well-log data, 420 

cuttings and thin-section data from across the study area from the Tabei Uplift to the Manjiaer Depression, six 421 

stratigraphic units are identified in the studied Cambrian succession (Fig. 12 and Fig. 13). The spatiotemporal 422 

development of depositional facies under the isochronous framework in the Lower-Middle Cambrian has been 423 

mapped (Fig. 14 and  424 

Fig. 15). Eight sequence boundaries, including three megasequence boundaries associated with 425 

the two 2nd-order sequences are identified in seismic profiles of the Lower-Middle Cambrian (Fig. 426 

13a). Six carbonate progradational sediment bodies can be identified in the seismic profiles. 427 

Progradational bodies Pb1 and Pb2 are developed in Sq4 and Sq5, respectively. Progradational body 428 

Pb3 is developed in the TST of Sq6. Progradational bodies Pb4, Pb5 and Pb6 are developed in the 429 

HSTs of Sq6, Sq7 and Sq8, respectively. Progradational bodies Pb3-Pb6 of the Middle Cambrian 430 

are more aggradational and more progradational than Pb1-Pb2 of the Lower Cambrian. 431 

Seismic Line 1 passes through wells Y1, Y2, and Y4 in the Tabei area, and extends northeast 432 

from the Tabei Uplift to the northern part of the Manjiaer depression (Fig. 1b). The two-way travel 433 

time (TWTT) of the Cambrian sedimentary succession near the Aman Slope in the west is from 434 

about 4.35s to about 5.05s, which is similar to the TWTT of 3.85s to 4.45s for that in the eastern 435 

Tabei Uplift. However, the TWTT of the Xiaoerbulake Formation decreases sharply to the east of 436 

Well Y3. The TWTT of the Middle Cambrian succession increases significantly to the east of Well 437 

Y3 and decreases sharply into the Manjiaer depression (Fig. 12). 438 

Seismic Line 2 passes through wells Y1 and Y5, and extends eastward from the Tabei Uplift 439 

to the northern part of the Manjiaer depression (Fig. 1b). The thickness of Xiaoerbulake Formation 440 

decreases sharply from a maximum in well Y1 (TWTT from 4.82s to 5.05s) eastwards (Fig. 13a). 441 

4.4.2.1 Second-order sequence CS1 442 

Seismic stratigraphic units: The total thickness of the 2nd-order sequence CS1 in the west of 443 

the Tabei Uplift is greater than that in the east (Fig. 13). The 2nd-order sequence CS1 can be divided 444 



into four parts, corresponding to 3rd-order sequence- Sq1, Sq2, Sq3, Sq4 and Sq5. The lower part of 445 

CS1 (Sq1-Sq2) contains parallel, high-amplitude, continuous seismic reflections (SMF3) and is 446 

crossed by several wells. The middle two parts (Sq3 and Sq4) change from subparallel-parallel, 447 

moderate- to high-amplitude, moderately to highly continuous reflections (SMF1 and SMF2) in the 448 

west, to parallel, high-amplitude, continuous seismic reflections (SMF1) in the east. It crossed by 449 

wells Y1 and Y4, respectively. The upper part (Sq5) is characterized by subparallel, moderate 450 

amplitude, and moderate-high continuous reflections (SMF4 and SMF5) in the west. It is crossed 451 

by wells Y1 and Y2. The central and eastern parts are composed of mounded, chaotic, low 452 

continuous reflection and subparallel-moderate continuous reflections (SMF7), which transform 453 

eastward to parallel, high-amplitude, continuous seismic reflections (SMF8) (Fig. 13b). 454 

Depositional architecture: In Sq1-Sq2, there was little variation in the lateral distribution of 455 

depositional facies. Vertically, Sq1 resulted in the accumulation of deep shelf facies (MA1) and is 456 

mainly composed of MF1 and MF2. The following Sq2 resulted in the accumulation of shallow 457 

shelf facies (MA2) and consisted mainly of MF3 and MF6. In Sq3, wells Y1, Y2 and Y3 in the west 458 

were located in the outer part of the middle ramp (MA4), consisting of MF4 and MF6. Horizontally, 459 

well Y4 in the east was located in the outer ramp (MA3), containing MF3. In Sq4, the depositional 460 

environment of the succession representing TST4 observed in each well was similar to that of TST3 461 

in Sq3, while calcite content in Sq4 is reduced. The depositional environment in RST4 induced a 462 

vertical change from an outer middle ramp (MA4) setting to an inner middle ramp (MA5) and 463 

lagoon (MA6) setting. The MA5-MA6 is mainly composed of MF6-MF7. Well Y2 recorded shoal 464 

deposits (MA7) of a middle ramp setting, consisting of MF5 and MF13. In Sq5, the preserved 465 

thickness is greater in the east than in the west. In TST5, well Y2 was represented by mound-shoal 466 

complex (MA13) facies, containing MF14a and MF11 above the uppermost deposits of earlier RST4. 467 

In RST5, wells Y1 and Y2 recorded gypsum dolomite flat (MA9) and dolomite flat (MA8) deposits 468 

composed of MF8, MF9 and Mf15. Laterally, wells Y3 and Y4 began to develop platform margin 469 

shoal (MA14) deposits, consisting of MF10 and MF13. Generally, Sq5 preserved accumulations of 470 

two stages of platform-margin mound-shoal complexes (MA13) and one stage of platform margin 471 

shoal (MA14) deposit (Fig. 13c and Fig. 14). 472 

4.4.2.2 Second-order sequence CS2 473 

Seismic stratigraphic units: The thickness of CS2 increases sharply from well Y1 to well Y5 474 

(Fig. 13a). Multiple progradational bodies, each with internal chaotic reflections, are identified in 475 

the platform margin (SMF6, SMF7) and crossed by wells Y4 and Y5. Subparallel, moderate 476 

amplitude, moderate-high continuous seismic reflections (seismic facies SMF4) are observed in the 477 

western platform. In addition, the deposits developed inside the platform margin shoals are 478 

characterized by subparallel-parallel, high amplitude, moderate-high continuous seismic reflection 479 

(SMF5; Fig. 13b). 480 

Depositional architecture: In TST6 of Sq6, the depositional environment recorded in wells Y1 481 

and Y2 changed from the gypsum dolomite flat (MA10) to dolomite flats (MA9), consisting of MF8 482 

at the bottom and MF13 at the top. Laterally, wells Y3 and Y4 recorded development of a platform 483 



margin shoal (MA14). While well Y3 consisted of high-ennergy MF12 . well Y4 developed low- 484 

tomoderate-energy MF13 (Fig. 10). In RST6, the depositional environment recorded in wells Y1 485 

and Y2 was gypsum-dolomite flat (MA10) composed of MF9 and MF15, whereas well Y3 changed 486 

to dolomite flat (MA11). Wells Y4 and Y5 recorded a mound-shoal complex (MA13) and platform 487 

margin shoal (MA14), consisting of MF14a, MF14b, MF12b and MF10, MF12a respectively. In 488 

TST7 of Sq7, wells Y1 and Y2 recorded gypsum-dolomite flat (MA10) and muddy dolomite flat 489 

(MA8), containing MF15 and MF9 respectively. Laterally, wells Y3 and Y4 recorded dolomite flat 490 

(MA9), and well Y5 recorded a transformation from a platform margin shoal (MA14) into a mound-491 

shoal complex (MA13) composed of MF14a. In RST7, wells Y1 and Y2 recorded gypsum dolomite 492 

flat (MA10), consisting of MF9 and MF15. Laterally, wells Y3 and Y4 recorded dolomite flat (MA9) 493 

and intra-platform shoal (MA11), containing MF8 and MF13 respectively. Well Y5 recorded 494 

platform margin shoal (MA14) and mound-shoal complex (MA13). In TST8 of Sq8, the 495 

depositional environments recorded by successions in wells Y1, Y2 and Y3 remained similar. Well 496 

Y4 changed from an inner shoal (MA11) to an inner mound (MA12) composed of MF14a. Laterally, 497 

well Y5 recorded a change from a platform margin mound-shoal complex (MA14) to a dolomite 498 

flat (MA9) composed of MF8. In RST8, wells Y4 and Y5 recorded intercalated dolomite flat (MA9), 499 

inner shoal (MA11) and inner mound (MA12) deposits. Compared with Sq7, content of MF8 in Sq8 500 

is increased. Generally, the platform margin zone developed four stages of mound-shoal complexes 501 

(MA13) and five stages of shoals (MA14) deposits (Fig. 13c and  502 

Fig. 15). 503 

4.5. Fischer plots and isotopes 504 

4.5.1 Fischer plots 505 

The Fischer plot was first proposed for the study of sea-level changes in cyclically arranged 506 

tidal-flat carbonate deposits (Fig. 16a). It was applied to explain the vertical stacking patterns of 507 

carbonate deposits and changes in accommodation with relative sea-level (Fischer, 1964). Previous 508 

studies have modified the original plotting method (Fig. 16b). However, the technique is not 509 

applicable in all conditions (Sadler et al., 1993). It is, however, suitable in cases where a shallow-510 

water depositional environment has accumulated in response to accommodation generated via a 511 

steady rate of subsidence. Thick cycles generally record a long-term increase in accommodation 512 

space, whereby rapid relative sea-level rise was ongoing and uninterrupted. In contrast, thin cycles 513 

generally record a long-term decrease in accommodation, potentially caused by slow relative sea-514 

level rise (cf. Goldhammer et al., 1990; Goldhammer et al., 1993). Therefore, the results of the 515 

Fischer-plot analysis can indicate change rate in relative sea-level. 516 

The deposit cycles correlate with the scale factor of the Morlet wavelet function during the 517 

continuous wavelet transform, which can be used to analyze frequency characteristics of signals 518 

(Meyers et al., 1993). Generally, the recorded GR signals without uranium have a good response 519 

relationship to the identified microfacies (Fig. 8-Fig. 10). After performing continuous Morlet 520 

wavelet transform analysis on GR logging data, the wavelet coefficient curve which has notable 521 

cyclic properties can be obtained (Hu et al., 2018; Prokoph and Agterberg, 2000). Long-term surface 522 



exposure may result in missing records of high-frequency sea-level fluctuations in coastal areas 523 

(Goldhammer et al., 1990). However, through the observation of thin sections in the study area, no 524 

obvious candidate long-term exposure surfaces (Colombié and Strasser, 2005; Osleger and Read, 525 

1991; Overstreet et al., 2003) were found in the interior of CS1 and CS2. By tracking specific points 526 

in the wavelet coefficient curves, the short-term periodic deposit cycles can be obtained. Based on 527 

the identified short-term high-frequency cycles, Fischer plots relating to data recovered from five 528 

wells are constructed (Fig. 8-Fig. 10 and 15; Guo et al., 2018a; Guo et al., 2018b; Wang et al., 2022; 529 

Yu et al., 2022). 530 

The preserved depositional thickness of Sq1-Sq2 varies from 39 to 79.5 meters and the high-531 

frequency cycles therein are on average only 0.5 meters thick (Fig. 8-Fig. 10). As such, these cycles 532 

are too thin to enable construction of a meaningful Fischer plot and to conduct continuous wavelet 533 

transform analysis. Therefore, analysis has been confined to the short-period, high-frequency cycles 534 

of Sq3-Sq5 in the Lower Cambrian (thickness max = 10.0 m; mean = 9.7 m; Min = 5.8 m), and to 535 

Sq6-Sq8 in the Middle Cambrian (thickness max = 14.2 m; mean = 9.5 m; min = 6.5 m). These 536 

high-frequency cycles correspond to the meter-scale cycles commonly about 10 m thick. Overall, 537 

well Y1 has the largest number of high-frequency cycles, well Y5 well has the least number of 538 

cycles, and well Y4 has the highest average thickness of cycles in Sq3-Sq8 (Table 2). Fischer plots 539 

have been constructed for these intervals, and six cycles can be identified on the cumulative 540 

deviation of average thickness in Sq3-Sq8 (Fig. 8-Fig. 10 and Fig. 16).  541 

4.5.2 Carbon and oxygen isotopes 542 

Previous studies have shown that the carbon isotope composition of marine carbonate rocks 543 

has a strong correlation with the production and burial of organic carbon (Stephens and Sumner, 544 

2003). The generation and rapid burial of a large amount of organic carbon during major the 545 

episodes of global transgression period led to a decrease in 12C and a relative increase in 13C in 546 

seawater, resulting in a positive drift of δ13C in marine carbonate rocks (Tissot, 1979). In contrast, 547 

the exposure of the continental shelf during episodes of major global regression will lead to the 548 

oxidation of a large amount of organic carbon, which will lead to cause an increase in 12C and a 549 

relative decrease in 13C in seawater, resulting in a relative decrease in δ13C in marine carbonate rocks 550 

(Tissot, 1979). There is a negative correlation between δ13C in carbonate rocks and global sea-level 551 

changes (Shembilu and Azmy, 2021), e.g. global sea level rise would be accompanied by a positive 552 

drift in δ13C. The C and O isotopes are analyzed in the wells Y1, Y2 and Y4, and eight cycles can 553 

be identified based on the C isotopes changes (Fig. 8-10). 554 

In well Y1, the depth of Sq1-Sq2 ranges from 8781.5-8744 m, and δ13C remained at a low 555 

value (Fig. 8). At the depth of 8744-8702 m, δ13C began to drift positively from -1.9‰ to -0.2‰ 556 

(Fig. 8). In Sq3-Sq4, the thickness of most high-frequency cycles in the rising limb of the Fischer 557 

curve is greater than the average cycle thickness, and the corresponding δ13C was drift to more 558 

positive values about 1.2‰ (Fig. 8). In the descending limb of the Fischer curve, the thin high-559 



frequency cycles reflect a long-term decrease in accommodation space, and δ13C began to drift 560 

negatively from 0.7‰ to -0.4‰ in the uppermost part of Sq4 (Fig. 8). In Sq5, from base to top, δ13C 561 

first drifts negatively, and then drifted positively from -0.8‰ to 0.7‰. In Sq6-Sq8, the rising limb 562 

of the Fischer curve corresponds to a positive drift of δ13C, whereas the descending limb of the 563 

Fischer curve corresponds to a negative drifting of δ13C (Fig. 8). 564 

In well Y2, the variation of δ13C is similar to well Y1 in the Sq1-Sq2. In Sq3-Sq4, the rising 565 

limb of the Fischer curve is associated with the sudden positive drift of δ13C from -1.2‰ to 0.84‰ 566 

(Fig. 9). The upper part of the descending limb of the Fischer curve in the Sq4 sequence corresponds 567 

to a gradual negative drift from 0.46‰ to -0.75‰ and small-amplitude fluctuations of δ13C (Fig. 9). 568 

In Sq5-Sq6, a large negative drift of δ13C changed from 1.29‰ to -0.06‰ is evident (Fig. 9). In 569 

Sq7-Sq8, the characteristics of the Fischer curve is similar to those observed in Y1 well, with both 570 

positive and negative drift in carbon isotope values (Fig. 9). 571 

In well Y4, δ13C remained at a low value about -2.5‰ in Sq1-Sq2. In Sq3-Sq4, the thickness 572 

of Sq3-Sq4 is thin, and the rising limb of the Fischer curve corresponds to a gradual positive drift 573 

of δ13C from -1.1‰ to 0.6‰, whereas the descending limb of the Fischer curve is associated with a 574 

significant negative drift of δ13C from 0.6‰ to -0.3‰ (Fig. 10). In the rising limb of the Fischer 575 

curve in Sq5, δ13C experienced fluctuations but an overall positive drift from -0.4‰ to 0.8‰, while 576 

the descending limb of the Fischer curve is associated with a gradual negative drift from 0.8‰ to -577 

0.1‰ (Fig. 10). In Sq6-Sq8, the rising and descending limb of the Fischer curve corresponds to a 578 

gradual positive and negative drift of δ13C respectively, while the rising and descending limb of the 579 

Fischer curve in Sq8 is associated with a sudden positive drift of δ13C from 0.7‰ to 2‰ (Fig. 10). 580 

5. Discussion 581 

5.1. Sea-level changes 582 

The paleo-water depth and RSL changes indicated by the microfacies and Fischer plot can be 583 

divided into eight cycles of sea-level rise and fall, consistent with global sea-level changes 584 

represented by the carbon isotopes (Fig. 8-10). For each of the eight cycles, reconstructed paleo-585 

water depth changed from shallow, to deep, and back to shallow. The eight moderate-term sea-level 586 

cycles correspond to the 3rd-order sequences (Sq1-Sq8) and to the sequence units identified in the 587 

seismic sections (Fig. 13). The eight cycles of sea-level rise and fall can be divided into two overall 588 

long-term sea-level cycles that correspond to the 2nd-order sequences (CS1-CS2). The rising limbs 589 

of Fischer curves and the positive carbon isotope drifts correspond to the transgressive system tracts 590 

of the 3rd-order sequences. The descending limbs of Fischer curves and negative drifts correspond 591 

to the regressive system tracts. 592 

During the CS1, the overall sea-level was high, and the RSL rose rapidly at first with the MFS 593 

present in Sq1 (Fig. 8-10). As RSL rapidly rose to the MFS, the microfacies were mostly dominated 594 

by MF1 and MF2 in Sq1-Sq2, indicating a deep-water environment. Then the RSL occurred a slow 595 



rise and regression in Sq3-Sq4, the paleo-water depth began to fall continuously, resulting in the 596 

disappearance of MF1 and the increase of MF5, MF7 and MF8 content. The depositional 597 

environment transformed from deep shelf to shallow ramp. Along with the RSL experienced 598 

regression in Sq5, the paleo-water depth reached the lowest, resulting in the appearance of MF13-599 

MF15. The depositional environment is transformed into restricted platform and platform margin. 600 

During the CS2, the overall sea-level rose slowly; the MFS is present in Sq5 (Fig. 8-10). As RSL 601 

experienced a rapid and low-amplitude rose in Sq6, the paleo-water depth was deeper than Sq5, 602 

resulting in the short-term disappearance of MF15 and large-scale development of MF8, MF12 and 603 

MF13. The depositional environment became semi-restricted. Then the RSL occurred regression, 604 

the paleo-water depth began high-amplitude fall, resulting in the increase of MF15 content in the 605 

west and MF12-MF14 in the east. The restricted platform expanded broadly, and platform edge 606 

migrated eastward greatly. Overall, the RSL and paleo-water depth changes plays an important role 607 

in basin filling and sedimentary evolution. 608 

5.2. Main factors controlling the evolution of carbonate platform 609 

During the Cambrian, the Tarim Basin experienced an arid climate (Zhang et al., 2023). The 610 

basin was situated at a paleolatitude of between 30° north and south of the equator (Bai et al., 2017; 611 

Hoffman and Li, 2009). The water was warm and clear (cf. Schlager, 2003). These factors enabled 612 

the development of a major tropical shallow-water carbonate factory (Schlager, 2003). The 613 

interpreted paleo-wind direction changed from south-west to south-southwest in the Cambrian (Hu 614 

et al., 2023). The windward side had relatively high energy and developed microbial rocks (Berg 615 

and Pace, 2017; Michel et al., 2018), which were conducive to the formation of the rimmed platform. 616 

The high-angle of slope caused the carbonate deposits to accumulate in response to transport by 617 

waves, and enabled the formation of large-scale platform-margin mounds and shoals. Macro-reef 618 

building biological populations did not develop in the Cambrian, and microorganisms dominated 619 

by cyanobacteria played a leading role in the deposition and formation of carbonate rocks at the 620 

platform margin (Flügel, 2010; Pratt, 2009; Song et al., 2012). Moreover, water depth, 621 

hydrodynamic conditions and sediment types determined by RSL (relative sea-level) changes, 622 

controlled the morphology, internal structure and growth of the platform (Pomar, 2001). When water 623 

depth is below 60 m, microorganisms will probably multiply and are enabled to maintain high 624 

productivity (cf. Pomar and Haq, 2016), especially in the shallow and high-energy platform margin. 625 

Paleo-water depth changes are controlled by regional tectonics, deposition rate and global sea-626 

level changes (Vail, 1991). Deposition rate is relatively constant over the time of 3rd-order sequence 627 

and can be considered as a constant (Zhao, 2015). The biostratigraphy indicates that the Lower-628 

Middle Cambrian was deposited in the Terreneuvian, Series 2 and Miaolingian (Chen et al., 2020). 629 

Comparison of the reconstructed paleo-water depth changes reported in this study with the global 630 

sea level curve (Haq and Schutter, 2008) and carbon isotopes curve, reveals that both contain six 631 

notable cycles of sea-level rise and fall – Sq3-Sq8 of this study (Fig. 17). This indicates that paleo-632 

water depth changes reported here were consistent with models of global sea-level change. As such, 633 

global sea-level change was considered to be the main factor that controlled the structure and 634 

sedimentary evolution of the carbonate platform across this subsiding or passive margin that was 635 

subject to a relatively constant rate of basin subsidence (Bosence, 2005).  636 



Overall, the development of the carbonate ramp in the Early Cambrian is attributed to the 637 

increase in carbonate production in the deep aphotic zone caused by the sea level decline (Huang et 638 

al., 2022). Whereas, the distal steepening feature in the eastern ramp is caused by the appearance of 639 

progradational bodies and the difference in subsidence rate between the Manjiaer Depression and 640 

the study area (Li et al., 2012). High-frequency sea level fluctuations will cause deposit to disperse 641 

and accumulated under deep water flat ramp, preventing forming high angle differential 642 

paleogeography (Williams et al., 2011). In the late Early Cambrian, as the sea level fall, the 643 

accommodation space decreased and the progradational bodies developed in the ramp setting. The 644 

progradational bodies continued to prograde from west to east and the difference in subsidence rate 645 

increased, resulting in a gradual increase in the angle of the ramp break. Due to the sea-level 646 

declined to the lowest value and its fluctuation range was small, making carbonate easy to deposit 647 

in situ (Williams et al., 2011). Affected by seawater waves and monsoons from the southwest to the 648 

west, the accumulation of moderate- to high-energy deposit increased the thickness and angle of the 649 

break, eventually forming a poorly rimmed carbonate platform.  650 

In the Middle Cambrian, with the low-amplitude sea-level rise, the poorly rimmed carbonate 651 

platform margin has a greater production rate and continues to thicken to catch up with sea-level 652 

changes, causing a large amount of granular and microbial carbonate deposit. As deposits continued 653 

to accumulate, the paleogeography of the platform margin became higher, the slope angle became 654 

larger and the poorly rimmed carbonate platform transformed into a strongly rimmed carbonate 655 

platform. In addition, the obstruction of the platform margin and arid paleoclimate made the 656 

environment of intra-platform more restricted and the salinity of paleo-water increase. Since the 657 

high-salinity water environment is not conducive to the growth of microorganisms, microorganisms 658 

will accumulate at the platform margin near the open sea. Therefore, the platform margin has a 659 

higher carbonate production, making it more rimmed. As the accommodation space decrease caused 660 

by the continuous decline of sea-level, the platform margin prograde towards the basin, eventually 661 

forming a large-scale carbonate platform margin zone. 662 

5.3. Platform development and evolution pattern 663 

Since carbonate microfacies and platform types show great differences in time and space, 664 

establishing controls on depositional evolution is important (Gu et al., 2009; Pomar and Hallock, 665 

2008). Previous studies have suggested that platform margin reef deposits could be observed, and 666 

weekly rimmed carbonate platforms developed in the late Early Cambrian in the Northern Tarim 667 

Basin (Gao and Fan, 2015; Pomar, 2001; Tucker, 1990; Wei et al., 2021). 668 

The characteristics of depositional facies and sea-level changes indicate changes from 669 

relatively deep to shallow paleo-water, humid to arid climate, and open to restricted environmental 670 

settings. Based on the spatial and temporal distribution of depositional facies, the Lower-Middle 671 

Cambrian successions of Northern Tarim Basin are divided into four depositional types: broad shelf 672 

(Sq1-Sq2), distal steepening ramp (Sq3-Sq4), weekly rimmed platform (Sq5), and strongly rimmed 673 

platform (Sq6-Sq8). This study identifies platform types similar to those identified previously 674 

(Burchette and Wright, 1992; Tucker, 1990; Wilson, 1975) and builds upon these to explain the 675 

occurrence of depositional patterns (Fig. 18). The position of the identified depositional 676 

environments within the overall platform settings can be evaluated by analyzing the microfacies 677 



associations, paleo depositional profiles, and vertical and horizontal facies distribution (Noorian et 678 

al., 2021). 679 

In the Lower Cambrian (Sq1-Sq5), the Tarim Basin was in a stable extensional tectonic 680 

background in the Early Caledonian (Liu et al., 2022). During Sq1-Sq2 period, along with 681 

substantial and rapid relative sea-level rise, broad deep shelf deposit developed, accompanied by 682 

syn-sedimentary faults and related siliceous hydrothermal activities (Fig. 18a). During Sq3-Sq4, 683 

regression occurred in RST3 (3) of Sq3 (3), with an increase in carbonate production in the deep 684 

aphotic zone and depositional pattern changing to the distal steepening ramp (Fig. 18b; Williamas 685 

et al., 2011; Huang et al., 2022). The distal steepening was caused by different subsidence rate 686 

between the Manjiaer Depression and this study area (Li et al., 2012). RSL fluctuations caused 687 

sediments to disperse and are difficult to form under regional high paleogeography, such as in deep 688 

ramps (Williams et al., 2011). During Sq5 period, regression reached maximum extent in CS1 and 689 

the accumulation of moderate- to high-energy mound and shoal deposits developed along the slope 690 

(Gao and Fan, 2015; He et al., 2017), forming a weekly rimmed carbonate platform. Semi-restricted 691 

platform developed due to the blocking effect of margin mounds and shoal deposits (Fig. 18c). 692 

In the Middle Cambrian (Sq6-Sq8), the Tarim Basin was dominated by strongly rimmed 693 

platform deposits. During TST5 of Sq6, a short-term period of rapid sea-level rise ensued; in 694 

response, the depositional environment in the western platform changed into the restricted-open 695 

platform. Due to the high carbonate production, deposits continued to thicken to catch up with 696 

relative sea-level changes in the platform margin (Huang et al., 2022), and a strongly rimmed 697 

carbonate platform developed (Fig. 19a). During RST5 to RST7, a long-term period of slow relative 698 

sea-level rise ensured and accommodation gradually decreased in response to ongoing 699 

sedimentation, the platform margin continued to prograde towards the basin, forming the large-scale 700 

platform margin zone. Due to the barrier of platform margin and the arid paleo-climate, salinity of 701 

paleo-water increased in the western platform which evolved into a restricted platform (Fig. 19b). 702 

6. Conclusions 703 

Based on the depositional facies, the sequence architecture and relative sea-level changes using 704 

well and core data for petrographic observations, geochemical data analyses, Fischer curves 705 

construction and integration with 3D seismic interpretation of the Lower-Middle Cambrian in the 706 

Tabei Uplift of the Tarim Basin, the following conclusions can be drawn. 707 

1. From analysis of sixteen microfacies (MF1–MF16) and fourteen microfacies associations 708 

(MA1-MA14), fourteen depositional facies are recognized in the Lower-Middle Cambrian in the 709 

Northern Tarim Basin: deep and shallow shelf, outer ramp, inner middle ramp, outer middle ramp, 710 

lagoon and shoal of middle ramp, muddy dolomite flat, gypsum dolomite flat of restricted platform, 711 

dolomite flat, inner shoal and inner mound of open platform, and mound-shoal complex and shoal 712 

of platform margin. The carbonate depositional environment evolved from a shelf (Sq1-Sq2), to a 713 

distal steepening ramp (Sq3-Sq4), to a weekly rimmed platform (Sq5), and finally to a strongly 714 



rimmed platform (Sq6-Sq8). A shelf, ramp and rimmed platform carbonate depositional pattern has 715 

been established and six stages of progradational rimmed platform margin deposits composed by 716 

mound-shoal complexes and shoals have been characterized. 717 

2. The Lower-Middle Cambrian in the study area can be classified into two 2nd-order 718 

stratigraphic sequences (CS1 and CS2) within which eight 3rd-order sequences are superimposed. 719 

Within most of the 3rd-order sequences, transgressive and regressive system tracts are identified. 720 

Paleo-water depth and relative sea-level changes were reconstructed using microfacies 721 

characteristics and Fischer plots based on the continuous wavelet transform of gamma-ray wireline 722 

logging data, respectively. Paleo-water depth inferred from the microfacies are highly consistent 723 

with the global sea-level change indicated by the carbon isotopes. Reconstructed Paleo-water depth 724 

changes can be divided into eight episodes of rise and fall corresponding to the eight 3rd-order 725 

sequences, Sq1-Sq8. A long-term, major maximum flooding surface occurs at the end of the 726 

transgressive system tract of Sq1. 727 

3. The existence of favorable prevailing paleocurrents (including paleowinds) and the 728 

development of a slope break zone enabled the development of the carbonate platform in the 729 

northern Tarim Basin during the Cambrian. Evolution of the depositional system was primarily 730 

controlled by tectonics and global sea-level changes. The comparison of paleo-water depth with the 731 

global sea-level change curve demonstrates that the ongoing rate of tectonic subsidence in the study 732 

area during the deposition of the Lower-Middle Cambrian was relatively constant; global sea-level 733 

change was the main factor controlling rimmed platform architecture. 734 

4. To date, Ediacrian-Cambrian rimmed carbonate platforms have been poorly documented. 735 

Hence, this study provides valuable information regarding the composition and architecture of a 736 

Cambrian rimmed carbonate platform. As well as documenting the nature of this platform, this study 737 

may act as an analogue to help inform the characteristics of other, less well preserved Ediacrian-738 

Cambrian rimmed carbonate platforms. 739 
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 1100 

Fig. 1. Study area is shown. (a) Location of the Tarim Basin in China. (b) Map of the major tectonic 1101 

units and the Middle Cambrian paleogeography of Tarim Basin. Modified from Lin et al. (2011) and 1102 

Wei et al. (2021). The location of the study area is indicated. Note the locations of the studied wells: 1103 

1- Y1, 2- Y2, 3- Y3, 4- Y4, 5- Y5. 1104 

 1105 

Fig. 2. Seismic profile of Line 1 (shown in Fig. 1b). The division of sequence stratigraphic elements 1106 

of the rimmed carbonate platform margin and the distribution of facies is not clear from seismic 1107 

data before the study. T90, the bottom of the Lower Cambrian; T81, the top of the Middle Cambrian; 1108 

T80, the top of the Upper Cambrian. 1109 

 1110 

Fig. 3. Schematic illustration of the regional Cambrian lithostratigraphic successions and correlation 1111 

between the platform interior zone, the platform margin zone and the basin zone of the Tarim Basin. 1112 

Modified from (Jiang et al., 2021a; Jiang et al., 2021b; Zhao et al., 2011). 1113 

 1114 

Table 1 Description of microfacies types and microfacies associations of the Middle and Lower 1115 

Cambrian in the Tabei Uplift of Tarim Basin. Abbreviations: A, abundant; F, frequent; C, less 1116 

common; R, rare; N/A, none or absent 1117 

 1118 

Fig. 4. Photomicrographs of characteristic features of microfacies MF1-MF9b under PPL: (a) PPL 1119 

photomicrographs of Argillite (MF1) in well Y2, ∈1y, 8647m; (b) PPL photomicrographs of 1120 

Argillaceous limestone (MF2) in well Y1, ∈1y, 8746m; (c) PPL photomicrographs of Micitic 1121 

limestone (MF3) in well Y4, ∈1y, 8315m; (d) PPL photomicrographs of Peloid packstone (MF4) 1122 

in well Y1, ∈1x, 8687m; (e) PPL photomicrographs of Intraclast grainstone (MF5a) in well Y1, 1123 

∈1x, 8340m; (f) PPL photomicrographs of Rudstone (MF5b) in well Y1, ∈1x, 8261m; (g) PPL 1124 

photomicrographs of Ooid grainstone (MF5c) in well Y2, ∈1x, 8230m; (h) PPL photomicrographs 1125 

of Dolomitic limestone (MF6) in well Y1, ∈1x, 8242.68m; (i) PPL photomicrographs of Calcareous 1126 

dolomite (MF7) in well Y1, ∈1x, 8431m; (j) PPL photomicrographs of Argillaceous dolomite (MF8) 1127 

in well Y1, ∈1w, 8130m; (k) Micitic dolomite (MF9a) in well Y4, 2a, 7664m; (l) PPL 1128 

photomicrographs of Finely crystalline dolomite (MF9b) in well Y4, 2s, 7827m. 1129 

 1130 

Fig. 5. Photomicrographs of characteristic features of microfacies MF9c-MF16 under PPL: (a) PPL 1131 

photomicrographs of Medium-coarse crystalline dolomite (MF9c) in well Y4, 1w, 8094m; (b) PPL 1132 

photomicrographs of Peloid dolo-packstone (MF10) in well Y5, ∈2a, 8312m; (c) PPL 1133 

photomicrographs of Intraclast dolo wackstone (MF11) in well Y4, 1w, 8039m; (d) PPL 1134 

photomicrographs of Ooid dolo-grainstone (MF12a) in well Y4, 2s, 7738m; (e) PPL 1135 



photomicrographs of Intraclast dolo-grainstone (MF12b) in well Y5, 2a, 8227m; (f) PPL 1136 

photomicrographs of Residual intraclast dolomite (MF13) in well Y4, 2a,  7418m; (g) PPL 1137 

photomicrographs of Thrombolite dolomite (MF14a) in well Y5, 2a, 7772m; (h) PPL 1138 

photomicrographs of Strombolite dolomite (MF14b) in well Y4, 2a, 7659m; (i) PPL 1139 

photomicrographs of Foam spongy dolomite (MF14c) in well Y4, 2a, 7578m; (j) PPL 1140 

photomicrographs of Oncoid dolomite (MF14d) in well Y4, 2a, 7640m; (k) PPL 1141 

photomicrographs of Gypsum dolomite (MF15) in well Y1, 2a, 7966m; (l) PPL photomicrographs 1142 

of Anhydrite (MF16) in well Y1, 2a, 7942m. 1143 

 1144 

Fig. 6. Seven microfacies associations (MA1-MA7) inferred to have developed in shelf and ramp 1145 

settings. (a) Variant distribution and relative abundance of microfacies types in different microfacies 1146 

associations are indicated. Facies transition trends and depositional environments are shown; (b-h) 1147 

Main meter-scale depositional cycles developed in different microfacies associations: b- Deep shelf 1148 

(widespread in the Yuertusi Formation), c- Shallow shelf (widespread in the Yuertusi Formation), 1149 

d- Outer ramp (present in well Y4 in the Lower Cambrian), e- Outer middle ramp (widespread in 1150 

the Xiaoerbulake Formation), f- Inner middle ramp (present in well Y1 in the Xiaoerbulake 1151 

Formation), g- Lagoon of middle ramp (present in well Y1 in the Xiaoerbulake Formation), h- Shoal 1152 

of middle ramp (present in well Y2 in the Xiaoerbulake Formation). 1153 

 1154 

Fig. 7. The seven microfacies associations (MA8-MA14) inferred to have developed in carbonate 1155 

platform setting. (a) Variant distribution and relative abundance of microfacies types in different 1156 

microfacies associations are indicated, facies transition trends and depositional environments are 1157 

shown; (b-h) Main meter-scale depositional cycles developed in different microfacies associations: 1158 

b- Muddy dolomite flat (present in well Y1 in the Wusongeer Formation and Middle Cambrian), c- 1159 

dolomite flat (present in well Y3, Y4 and Y5 in the Wusongeer Formation and Middle Cambrian, d- 1160 

gypsum dolomite flat (present in well Y1 and Y2 in the Wusongeer and Awatage formations), e- 1161 

Shoal inner platform (present in well Y4 and Y5 in the Formation), f- Mound inner platform (present 1162 

in well Y4 and Y5 in the Formation), g- Margin mound-shoal complex (present in well Y2, Y3,Y4 1163 

and Y5 in the Wusongeer Formation and Middle Cambrian), h- Margin shoal (present in well Y3,Y4 1164 

and Y5 in the Wusongeer Formation and Middle Cambrian). 1165 

 1166 

Fig. 8. Schematic summary of microfacies, depositional environments, sequence stratigraphic 1167 

framework, Fischer plot, geochemical signatures and relative sea-level change of Lower and Middle 1168 

Cambrian in well Y1. The sampling interval of the cuttings is 2 m. The relative sea-level change 1169 

curve is reconstructed based on microfacies, geochemical characteristics and Fischer plot. RST1, 1170 

regressive systems tract of Sq1; MFS, maximum flooding surface; TST1, transgressive systems tract. 1171 

 1172 

Fig. 9. Schematic summary of microfacies, depositional environments, sequence stratigraphic 1173 

framework, Fischer plot, geochemical signatures and relative sea-level change of Lower and Middle 1174 



Cambrian in well Y2. The sampling interval of the cuttings is 5 m. The relative sea-level change 1175 

curve is reconstructed based on microfacies, geochemical characteristics and Fischer plot. RST1, 1176 

regressive systems tract of Sq1; MFS, maximum flooding surface; TST1, transgressive systems tract. 1177 

 1178 

Fig. 10. Schematic summary of microfacies, depositional environments, sequence stratigraphic 1179 

framework, Fischer plot, geochemical signatures and relative sea-level change of Lower and Middle 1180 

Cambrian in well Y4. The sampling interval of the cuttings is 2 m. The relative sea-level change 1181 

curve is reconstructed based on microfacies, geochemical characteristics and Fischer plot. RST1, 1182 

regressive systems tract of Sq1; MFS, maximum flooding surface; TST1, transgressive systems tract. 1183 

 1184 

Fig. 11. Seismic facies identified in the present study, and associated interpretations of the 1185 

depositional environment in the Cambrian succession. 1186 

 1187 

Fig. 12. Interpreted seismic profile of line 2 (see location on Fig. 1b), revealing the pattern of 1188 

Ediacaran rift inside and outside the platform, as well as its control on Cambrian sedimentation. 1189 

 1190 

Fig. 13. Un-interpreted (a), and interpreted (b, c) seismic profiles of Line 3 in the study area (see 1191 

location on Fig. 1b), showing the geomorphic pattern of the Cambrian platform margin in Lower 1192 

and Middle Cambrian. 1193 

 1194 

Fig. 14. Correlation of depositional facies within the sequence stratigraphic framework of Lower 1195 

Cambrian in the Tabei Uplift, Tarim Basin, exhibiting the spatiotemporal facies variations within 1196 

third-order depositional sequences. 1197 

 1198 

Fig. 15. Correlation of depositional facies within the sequence stratigraphic framework of Middle 1199 

Cambrian in the Tabei Uplift, Tarim Basin, exhibiting the spatiotemporal facies variations within 1200 

third-order depositional sequences. 1201 

 1202 

Fig. 16. Principle and example of Fischer plot. (a) Initial Fischer plot (modified from Fischer (1964)). 1203 

Vertical axis is the accommodation space, and abscissa axis is the time. (b) Improved Fischer plot. 1204 

The vertical axis is the cumulative deviation of average thickness, which means accumulation of D-1205 

value between each cycle’s thickness and the average cycle thickness, abscissa axis is the number 1206 

of cycles (Sadler et al., 1993). (c) Interpretation of Fischer plot in Middle Cambrian, well Y5. 1207 

Fischer plot indicates periodic increases and decreases. 1208 

 1209 

Table 2 Statistics of high-frequency cycles cycle data of different wells in the Tabei Uplift area in 1210 

the Lower-Middle Cambrian. 1211 

 1212 

Fig. 17. Correlation of paleo-water depth changes in the Tabei Uplift in the Lower-Middle Cambrian 1213 



with the global sea-level curve constructed by (Haq and Schutter, 2008). 1214 

 1215 

Fig. 18. Depositional evolution pattern of microfacies of the Lower Cambrian platform in the Tabei 1216 

Uplift, Tarim Basin. (a) broad shelf depositional pattern during Sq1-Sq2 period; (b) Distal 1217 

steepening ramp depositional pattern during Sq3-Sq4 period; (c) Distal steepening ramp 1218 

transforming to weakly rimmed platform depositional pattern during Sq5 period. Sq1–Sq5, third-1219 

order depositional sequence 1–5. RST, regressive systems tract; TST, transgressive systems tract. 1220 

 1221 

Fig. 19. Depositional evolution pattern and the of the Middle Cambrian platform in the Tabei Uplift, 1222 

Tarim Basin. (a) Rimmed Platform depositional pattern during Sq6 (TST6) period; (b) Strongly 1223 

rimmed platform depositional pattern during Sq6 (RST6)-Sq8 period. Sq6–Sq8, third-order 1224 

depositional sequence 6–8. RST, regressive systems tract; TST, transgressive systems tract. 1225 

 1226 

1227 

  1228 

Fig. 1. Study area is shown. (a) Location of the Tarim Basin in China. (b) Map of the major tectonic 1229 

units and the Middle Cambrian paleogeography of Tarim Basin. Modified from Lin et al. (2011) 1230 

and Wei et al. (2021). The location of the study area is indicated. Note the locations of the studied 1231 

wells: 1- Y1, 2- Y2, 3- Y3, 4- Y4, 5- Y5.  1232 

  1233 



  1234 

Fig. 2. Seismic profile of Line 1 (shown in Fig. 1b). The division of sequence stratigraphic elements 1235 

of the rimmed carbonate platform margin and the distribution of facies is not clear from seismic 1236 

data before the study. T9
0, the bottom of the Lower Cambrian; T8

1, the top of the Middle Cambrian; 1237 

T8
0, the top of the Upper Cambrian.  1238 

  1239 

Fig. 3. Schematic illustration of the regional Cambrian lithostratigraphic successions and correlation 1240 

between the platform interior zone, the platform margin zone and the basin zone of the Tarim Basin. 1241 

Modified from (Jiang et al., 2021a; Jiang et al., 2021b; Zhao et al., 2011).  1242 



1243 

  1244 

Fig. 4. Photomicrographs of characteristic features of microfacies MF1-MF9b under PPL: (a) PPL 1245 

photomicrographs of Argillite (MF1) in well Y2, ∈1y, 8647m; (b) PPL photomicrographs of 1246 

Argillaceous limestone (MF2) in well Y1, ∈1y, 8746m; (c) PPL photomicrographs of Micitic 1247 

limestone (MF3) in well Y4, ∈1y, 8315m; (d) PPL photomicrographs of Peloid packstone (MF4) 1248 

in well Y1, ∈1x, 8687m; (e) PPL photomicrographs of Intraclast grainstone (MF5a) in well Y1, 1249 

∈1x, 8340m; (f) PPL photomicrographs of Rudstone (MF5b) in well Y1, ∈1x, 8261m; (g) PPL 1250 

photomicrographs of Ooid grainstone (MF5c) in well Y2, ∈1x, 8230m; (h) PPL photomicrographs 1251 

of Dolomitic limestone (MF6) in well Y1, ∈ 1x, 8242.68m; (i) PPL photomicrographs of 1252 

Calcareous dolomite (MF7) in well Y1, ∈1x, 8431m; (j) PPL photomicrographs of Argillaceous 1253 

dolomite (MF8) in well Y1, ∈1w, 8130m; (k) Micitic dolomite (MF9a) in well Y4, ∈2a, 7664m; 1254 

(l) PPL photomicrographs of Finely crystalline dolomite (MF9b) in well Y4, ∈2s, 7827m.  1255 



1256 

  1257 

Fig. 5. Photomicrographs of characteristic features of microfacies MF9c-MF16 under PPL: (a) PPL 1258 

photomicrographs of Medium-coarse crystalline dolomite (MF9c) in well Y4, ∈1w, 8094m; (b) PPL 1259 

photomicrographs of Peloid dolo-packstone (MF10) in well Y5, ∈ 2a, 8312m; (c) PPL 1260 

photomicrographs of Intraclast dolo wackstone (MF11) in well Y4, ∈1w, 8039m; (d) PPL 1261 

photomicrographs of Ooid dolo-grainstone (MF12a) in well Y4, ∈2s, 7738m; (e) PPL 1262 

photomicrographs of Intraclast dolo-grainstone (MF12b) in well Y5, ∈2a, 8227m; (f) PPL 1263 

photomicrographs of Residual intraclast dolomite (MF13) in well Y4, ∈2a,  7418m; (g) PPL 1264 

photomicrographs of Thrombolite dolomite (MF14a) in well Y5, ∈2a, 7772m; (h) PPL 1265 

photomicrographs of Strombolite dolomite (MF14b) in well Y4, ∈2a, 7659m; (i) PPL 1266 

photomicrographs of Foam spongy dolomite (MF14c) in well Y4, ∈2a, 7578m; (j) PPL 1267 

photomicrographs of Oncoid dolomite (MF14d) in well Y4, ∈2a, 7640m; (k) PPL photomicrographs 1268 

of Gypsum dolomite (MF15) in well Y1, ∈2a, 7966m; (l) PPL photomicrographs of Anhydrite 1269 

(MF16) in well Y1, ∈2a, 7942m.  1270 

  1271 



  1272 

Fig. 6. Seven microfacies associations (MA1-MA7) inferred to have developed in shelf and ramp 1273 

settings. (a) Variant distribution and relative abundance of microfacies types in different microfacies 1274 

associations are indicated. Facies transition trends and depositional environments are shown; (b-h) 1275 

Main meter-scale depositional cycles developed in different microfacies associations: b- Deep shelf 1276 

(widespread in the Yuertusi Formation), c- Shallow shelf (widespread in the Yuertusi Formation), 1277 

d- Outer ramp (present in well Y4 in the Lower Cambrian), e- Outer middle ramp (widespread in 1278 

the Xiaoerbulake Formation), f- Inner middle ramp (present in well Y1 in the Xiaoerbulake 1279 

Formation), g- Lagoon of middle ramp (present in well Y1 in the Xiaoerbulake Formation), h- Shoal 1280 

of middle ramp (present in well Y2 in the Xiaoerbulake Formation).  1281 



1282 

  1283 

Fig. 7. The seven microfacies associations (MA8-MA14) inferred to have developed in carbonate 1284 

platform setting. (a) Variant distribution and relative abundance of microfacies types in different 1285 

microfacies associations are indicated, facies transition trends and depositional environments are 1286 

shown; (b-h) Main meter-scale depositional cycles developed in different microfacies associations: 1287 

b- Muddy dolomite flat (present in well Y1 in the Wusongeer Formation and Middle Cambrian), c- 1288 

dolomite flat (present in well Y3, Y4 and Y5 in the Wusongeer Formation and Middle Cambrian, 1289 

d- gypsum dolomite flat (present in well Y1 and Y2 in the Wusongeer and Awatage formations), e- 1290 

Shoal inner platform (present in well Y4 and Y5 in the Formation), f- Mound inner platform (present 1291 

in well Y4 and Y5 in the Formation), g- Margin mound-shoal complex (present in well Y2, Y3,Y4 1292 

and Y5 in the Wusongeer Formation and Middle Cambrian), h- Margin shoal (present in well Y3,Y4 1293 

and Y5 in the Wusongeer Formation and Middle Cambrian).  1294 



1295 

  1296 

Fig. 8. Schematic summary of microfacies, depositional environments, sequence stratigraphic 1297 

framework, Fischer plot, geochemical signatures and relative sea-level change of Lower and Middle 1298 

Cambrian in well Y1. The sampling interval of the cuttings is 2 m. The relative sea-level change 1299 

curve is reconstructed based on microfacies, geochemical characteristics and Fischer plot. RST1, 1300 

regressive systems tract of Sq1; MFS, maximum flooding surface; TST1, transgressive systems 1301 

tract.  1302 



1303 

  1304 

Fig. 9. Schematic summary of microfacies, depositional environments, sequence stratigraphic 1305 

framework, Fischer plot, geochemical signatures and relative sea-level change of Lower and Middle 1306 

Cambrian in well Y2. The sampling interval of the cuttings is 5 m. The relative sea-level change 1307 

curve is reconstructed based on microfacies, geochemical characteristics and Fischer plot. RST1, 1308 

regressive systems tract of Sq1; MFS, maximum flooding surface; TST1, transgressive systems 1309 

tract.  1310 



1311 

  1312 

Fig. 10. Schematic summary of microfacies, depositional environments, sequence stratigraphic 1313 

framework, Fischer plot, geochemical signatures and relative sea-level change of Lower and Middle 1314 

Cambrian in well Y4. The sampling interval of the cuttings is 2 m. The relative sea-level change 1315 

curve is reconstructed based on microfacies, geochemical characteristics and Fischer plot. RST1, 1316 

regressive systems tract of Sq1; MFS, maximum flooding surface; TST1, transgressive systems 1317 

tract.  1318 



1319 

  1320 

Fig. 11. Seismic facies identified in the present study, and associated interpretations of the 1321 

depositional environment in the Cambrian succession.  1322 

  1323 

1324 

  1325 

Fig. 12. Interpreted seismic profile of line 2 (see location on Fig. 1b), revealing the pattern of 1326 

Ediacaran rift inside and outside the platform, as well as its control on Cambrian sedimentation.  1327 



  1328 

Fig. 13. Un-interpreted (a), and interpreted (b, c) seismic profiles of Line 3 in the study area (see 1329 

location on Fig. 1b), showing the geomorphic pattern of the Cambrian platform margin in Lower 1330 

and Middle Cambrian.  1331 



  1332 

  1333 

Fig. 14. Correlation of depositional facies within the sequence stratigraphic framework of Lower 1334 

Cambrian in the Tabei Uplift, Tarim Basin, exhibiting the spatiotemporal facies variations within 1335 

third-order depositional sequences.  1336 

  1337 

Fig. 15. Correlation of depositional facies within the sequence stratigraphic framework of Middle 1338 

Cambrian in the Tabei Uplift, Tarim Basin, exhibiting the spatiotemporal facies variations within 1339 

third-order depositional sequences.  1340 

  1341 



  1342 

  1343 

Fig. 16. Principle and example of Fischer plot. (a) Initial Fischer plot (modified from Fischer 1344 

(1964)). Vertical axis is the accommodation space, and abscissa axis is the time. (b) Improved 1345 

Fischer plot. The vertical axis is the cumulative deviation of average thickness, which means 1346 

accumulation of D-value between each cycle’s thickness and the average cycle thickness, abscissa 1347 

axis is the number of cycles (Sadler et al., 1993). (c) Interpretation of Fischer plot in Middle 1348 

Cambrian, well Y5. Fischer plot indicates periodic increases and decreases.  1349 



  1350 

Fig. 17. Correlation of paleo-water depth changes in the Tabei Uplift in the 1351 

Lower-Middle Cambrian with the global sea-level curve constructed by (Haq and 1352 

Schutter, 2008).  1353 



  1354 

Fig. 18. Depositional evolution pattern of microfacies of the Lower Cambrian platform in the Tabei 1355 

Uplift, Tarim Basin. (a) broad shelf depositional pattern during Sq1-Sq2 period; (b) Distal 1356 

steepening ramp depositional pattern during Sq3-Sq4 period; (c) Distal steepening ramp 1357 

transforming to weakly rimmed platform depositional pattern during Sq5 period. Sq1–Sq5, third-1358 

order depositional sequence 1–5. RST, regressive systems tract; TST, transgressive systems tract.  1359 



1360 

  1361 

Fig. 19. Depositional evolution pattern and the of the Middle Cambrian platform in the Tabei Uplift, 1362 

Tarim Basin. (a) Rimmed Platform depositional pattern during Sq6 (TST6) period; (b) Strongly 1363 

rimmed platform depositional pattern during Sq6 (RST6)-Sq8 period. Sq6–Sq8, third-order 1364 

depositional sequence 6–8. RST, regressive systems tract; TST, transgressive systems tract.  1365 
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Table 1.  1370 

Microfacies 
code 

Microfacies 
name 

Description 

Composition 1-
Non-bioclasts; 2-
Bioclasts 

Depositional 
Environment 

Energy 

Relative 
abundance in 

different 
microfacies 
associations 

MF1 Argillite 

Black color; high organic 

matter content; contain much 

siliceous spicule; widely 

presents 

in the study area at the bottom 

of the Cambrian 

1-micrite (R) 

2-spicule (A) 
Low energy MA1 (A) 

MF2 
Argillaceous 

limestone 

Dark grey color; fine 

laminated texture; composite 

with some argillaceous 

material; locally contorted or 

slump folded (soft sediment 

deformation structure); rare 

spicule can be observed; 

widespreads laterally in the 

study area and overlay by 

MF1 

1- micrite (A) 

2-spicule (R) 
Low energy 

MA1 (F); MA2 (R); 

MA3 (R) 

MF3 
Micritic 

limestone 

Light grey to gray color; 

calcite in 

composition; exhibited by fine 

lamination with 

alternation of mud rich lamina 

and widespreads in the 

Yuertusi and Xiaoerbulake 

Formation in the study area 

1- micrite (A) 

2-peloid (R) 
Low energy 

MA1 (C); MA2 

(A); MA3 (A); 

MA4 (C); MA5 

(R); MA6 (R); 

MA7 (R) 

MF4 
Peloid 

pack/wackstone 

Grey to dark grey color; 

moderately sorted; peloids are 

very fine–fine (50–100 μm); 

partial calcite; peloid with a 

content of 20%-50%; matrix 

or grain-supported; partial 

calcite recrystallization; 

widespreads in the 

Xiaoerbulake Formation in the 

study area 

1-peloid (A);  

micrite (F) 

2-trilobite (C) 

Moderate-low 

energy 

MA1 (R); MA2 

(R); MA3 (C); 

MA4 (A); MA5 

(C); MA6 (F); MA7 

(R) 

MF5a 
Intraclast 

grainstone 

Grey color; intraclasts are 

fine–middle (100-500μm) and 

can be divided into 

conglomerate, sand and silt 

size; poorly-moderately 

sorted; grains are primarily 

intraclasts a content of 50%-

70%; partial calcite 

recrystallization; grain-

supported; only presents on 

the top of the Xiaoerbulake 

Formation in well Y1 and Y2 

1-intralcast (A);  

peloid (C) 

2-trilobite (R) 

High energy 

MA4 (R); MA5 

(R); MA6 (F); MA7 

(F) 

MF5b Rudstone Light grey to grey color; 1-pebble (A);  High energy MA5 (R); MA6 (F); 



poorly sorted; grains are 

primarily 

pebbleconglomerate-sized 

intraclasts; coarse (1-2.5mm) 

grain-supported; intergranular 

pore spaces cemented by 

calcite; only presents on the 

top of the Xiaoerbulake 

Formation in well Y1 

peloid (R) 

2- trilobite (R) 

MA7 (R) 

MF5c 
Ooid 

grainstone 

Grey color; moderately well 

sorted; ooids are fine-middle 

(200-400μm) and can be 

divided into conglomerate and  

sand size; contains concentric 

layer structure; grain-

supported and the intergrain is 

cemented by sparry calcite 

with fine bright crystalline; 

only presents on the top of the 

Xiaoerbulake Formation in 

well Y2  

1-ooid (A) 

2- trilobite (N/A) 
High energy MA6 (C); MA7 (A) 

MF6 
Dolomitic 

limestone 

Gray color; partial calcite 

recrystallization; dolomite 

scattered distribution; calcite 

with a content of 15%-25%; 

weak lamination; vugs filled 

with sparry calcite with fine 

bright crystalline; widespreads 

in the Xiaoerbulake Formation 

in the study area 

1-micrite (A);  

peloid (R) 

2-Bioclasts (N/A) 

Low energy 

MA2 (F); MA3 

(C);MA4 (F); MA5 

(A); MA6 (A); 

MA7 (C) 

MF7 
Calcareous 

dolomite 

Dark grey color; calcite 

undergo dolomitization into 

very finely crystalline 

structure; calcite with a 

content of 25%-50%; vugs 

filled with sparry calcite with 

fine bright crystalline; 

widespreads in the 

Xiaoerbulake Formation in 

wells Y1, Y2 and Y3 

1-very finely 

crystalline (A);  

peloid (R) 

2-Non 

Low energy 

MA2 (R); MA4 

(R); MA5 (F); MA6 

(C); MA7 (C) 

MF8a 

Micritic-very 

finely 

crystalline 

dolomite 

Dark grey; micritic-very fine 

crystalline structure; rare 

laminar development with rich 

muddy; mainly presents in the 

Wusonggeer and Awatage 

formations in wells Y1 and Y2 

1-micrite-very finely 

crystalline (A);  

argillaceous (R) 

2- Bioclasts (N/A) 

Low energy 

MA6 (F); MA7 (R); 

MA8 (F); MA9 (C); 

MA10 (C) 

MF8b 

Finely 

crystalline 

dolomite 

Grey color; fine crystal 

structure and the crystals are 

100-250μm and without any 

relict texture; show semi-

planar to nonplanar texture; 

widespreads in the 

Wusonggeer Formation and 

1- finely crystalline 

(A) 

2- Bioclasts (N/A) 

Moderate-low 

energy 

MA6 (R); MA8 

(R); MA9 (A); 

MA10 (C); MA11 

(F); MA12 (F); 

MA13 (R); MA14 

(R) 



the Middle Cambrian 

succession in the study area 

MF8c 

Middle-

coarsely 

crystalline 

dolomite 

Light gray color; middle-

coarse crystal structure, 

crystals are 250-1000 μm, 

show planar to semi-planar 

texture; original component 

and structure are no 

longer recognisable 

without any relict 

texture; only presents in the 

Awatage Formation in wells 

Y4 and Y5 

1-middle-coarsely 

crystalline (A) 

2-Non 

Moderate 

energy 

MA9 (F) MA11 

(C); MA12 (C) 

MF9 
Argillaceous 

dolomite 

Dark gray to black color; 

contains argillaceous 

laminated stripes; slump 

folded (soft sediment 

deformation structure); only 

presents in the Shayilike and 

Awatage formations in wells 

Y1 and Y2 and overlay by 

MF9a 

1-micrite (A);  

argillaceous (F) 

2- Bioclasts (N/A) 

Low energy 
MA8 (A); MA9 

(R); MA10 (F) 

MF10 
Peloid dolo-

pack/wackstone 

Gery color; moderately-

sorted, peloids are very fine–

fine (50–100 μm); peloid with 

a content of 20%-50%; matrix 

or grain-supported; mainly 

presents in the Wusonggeer 

Formation and Middle 

Cambrian succession in wells 

Y3, Y4 and Y5 

1-peloid (A);  

micrite (F) 

2- Bioclasts (R) 

Moderate-low 

energy 

MA8 (C); MA9 (F); 

MA10 (R); MA11 

(F); MA12 (C); 

MA13 (C); MA14 

(C) 

MF11 

Intraclastic 

dolo-

pack/wackstone 

Gery color; the dominant 

grains are 

silt-sized (50-200μm) 

intraclast with a content of 20-

40%; The components are 

minor filaments of bacteria 

and algae; poorly sorted; 

matrix or grain-supported; 

mainly presents in the Middle 

Cambrian succession in wells 

Y3, Y4 and Y5 

1-intraclast (A);  

peloid (C) 

2-Bioclasts (R) 

Moderate 

energy 

MA9 (R); MA10 

(R); MA11 (R); 

MA12 (R); MA13 

(C); MA14 (R) 

MF12a 
Ooid dolo-

grainstone 

Light grey; ooids are fine-

middle (200-500μm) and can 

be divided into conglomerate 

and sand size; moderately to 

well sorted, contains 

concentric layer structure; 

grain-supported and the 

intergrain is cemented by fine 

crystalline sparry dolomite; 

mainly presents in the Middle 

Cambrian succession in wells 

1-ooid (A);  

intraclast (C) 

2- Bioclasts (N/A) 

High energy 

MA11 (R); MA12 

(R); MA13 (C); 

MA14 (C) 



Y4 and Y5 

MF12b 
Intraclast dolo-

grainstone 

Light grey to grey color; 

intraclasts are fine–middle 

(200-500μm) and can be 

divided into conglomerate and 

sand and silt size; poorly to 

moderately sorted; grain-

supported and the intergrain is 

cemented by fine crystalline 

sparry dolomite; mainly 

presents in the Wusonggeer 

and the Middle Cambrian 

succession in wells Y3, Y4 

and Y5 

1- intraclast (A);  

peloid (C) 

2- Bioclasts (R) 

High energy 

MA11 (C); MA12 

(R); MA13 (C); 

MA14 (A) 

MF13 

Residual 

intraclast 

dolomite 

Light grey color; intraclast is 

replaced by fine to medium 

crystalline dolomite with 

obvious graining lines; the 

crystalline dolomite is 

characterized by cloudy at the 

cente and bright around the 

edges; fine-middle crystal 

structure; mainly presents in 

the Wusonggeer and the 

Middle Cambrian succession 

in wells Y2, Y3, Y4 and Y5 

1-finely-middle 

crystalline (A);  

intraclast (R) 

2- Bioclasts (R) 

Moderate-low 

energy 

MA11 (A); MA12 

(C); MA13 (F); 

MA14 (C) 

MF14a 
Thrombolite 

dolomite 

Dark grey to grey color; 

poorly sorted; clotted 

structure; microbial 

frameworks are cemented by 

very fine crystalline sparry 

dolomite; mainly presents in 

the Wusonggeer and the 

Middle Cambrian succession 

in wells Y2, Y3, Y4 and Y5 

1-micrite (F) 

2-thrombolite (A) 

Moderate-low 

energy 

MA11 (R); MA12 

(F); MA13 (A); 

MA14 (R) 

MF14b 
Strombolite 

dolomite 

Dark grey to grey color; 

laminated structure; 

interactive development of 

light and dark laminae; 

develops hummocky or 

flower‐shaped lamina; 

mainly presents in the Middle 

Cambrian succession in wells 

Y3, Y4 and Y5 

1-micrite (F) 

2-strombolite (A) 

Moderate-low 

energy 

MA9 (R); MA11 

(R); MA12 (C); 

MA13 (F); 

MF14c 
Foam spongy 

dolomite 

Dark grey to grey color; Foam 

spongy structure; sizes of the 

spongy frameworks are 

different and are cemented 

with sparry dolomite; mainly 

presents in the Awatage 

Formation in wells Y4 and Y5 

1-micrite (F) 

2-spongy (A) 
High energy 

MA11 (R); MA12 

(R); MA13 (C); 

MF14d 
Oncoidal 

dolomite 

Grey color; oncoids are fine-

middle in size (200-500μm); 

1-micrite (F);  

ooid (R) 
High energy 

MA11 (R); MA12 

(R); MA13 (R); 



microbial bonding structure 

inside oncoids; poorly to 

moderately sorted; grain-

supported with fine crystalline 

sparry dolomite; mainly 

presents in the Awatage 

Formation in wells Y4 and Y5 

2-oncoid (A) MA14 (R) 

MF15 
Gypsum 

dolomite 

Light grey and grey color; 

filled with the shape of 

chicken wire and sausage; 

dolomite is dominated by 

micritic crystalline with little 

content of very fine crystalline 

dolomite; mainly presents in 

the Wusonggeer and Awatage 

formations in wells Y1 and Y2 

1-micrite (A);  

gypsum (C) 

2-Bioclasts (N/A) 

Low energy 

MA8 (R); MA9 

(R); MA10 (A); 

MA11 (R); 

MF16 Anhydrite 

Brownish grey to brown 

color; single crystal structure 

with cluster distribution 

characteristics; only presents 

in the Awatage formations in 

wells Y1 and Y2 

1-crystalline gypsum 

(A) 

2-Bioclasts (N/A) 

Low energy MA10 (R) 
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Table 2. 1397 

Well Stratigraphy 
Total 

thickness 

Cycle 

number 

Average cycle 

thickness 

Max cycle 

thickness 

Min cycle 

thickness 

Microfacies 

associations 

Y1 

Sq3-Sq5 670m 69 9.7m 14.6m 6.7m 

MA4, MA5, 

MA6, MA8, 

MA10 

Sq6-Sq8 378m 47 8.9m 11.3m 7.0m 

MA8, MA9, 

MA10 

Y3 

Sq3-Sq5 473m 49 9.7m 12.9m 5.8m 

MA4, MA9, 

MA13, MA14 

Sq6-Sq8 442m 47 9.4m 13.0m 6.7m 

MA9, MA14 

Y2 

Sq3-Sq5 630m 67 9.5m 13.9m 6.2m 

MA4, MA7, 

MA9, MA10, 

MA13 

Sq6-Sq8 345.5m 36 9.8m 13.6m 7.5m MA10, MA11 

Y4 

Sq3-Sq5 379m 38 10.0m 12.8m 7.2m 

MA3, MA4, 

MA9, MA14 

Sq6-Sq8 663m 66 9.9m 13.2m 6.5m 

MA9, MA11, 

MA12, MA13, 

MA14 

Y5 Sq6-Sq8 884m 90 9.8m 14.2m 7.4m 

MA9, MA11, 

MA12, MA13, 

MA14 
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