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Abstract
Cambrian is a critical period in Earth's history due to the rapid diversification of early animals, accompanied by significant changes in oceanic conditions. Marine sediments, particularly carbonates, have provided valuable insights into these changes. In search of new archives of Cambrian paleo-seawater chemistry, we conducted an integrated Cambrian C and Sr isotope stratigraphic study from the carbonates of the Xingdi section, Kruqtagh region, eastern Tarim Basin. Based on paleontological data in the Kruqtagh region, the C isotope record is comparable to the Cambrian global seawater C isotope variation. A sharp δ13C increase at the boundary between the Xidasan and Mohuosan formations probably corresponds to the recovery of the Redlichiid–Olenellid Extinction C isotope Excursion, while a negative C isotope excursion in the lower part of the Mohuosan Formation and a positive C isotope excursion at the boundary between the Mohuosan and Tuersaketagh Formations are likely equivalent to DrumIan Carbon isotope Excursion and Steptoean Positive Carbon Isotope Excursion. This C isotope stratigraphic and bio-stratigraphic correlation provides a feasible stratigraphic framework for the Cambrian strata in the eastern Tarim Basin. However, the Sr isotope curve decoupled from the global seawater Sr isotope variations during the Cambrian Series 2-3 until the Furongian. Sr isotope records in the Tarim Basin suggest a time-space variability in the paleoenvironmental dynamics of the Tarim Basin, highlighting the significant impact of paleogeography on local seawater Sr isotopic signal. It also indicates that the eastern Tarim was not well connected with the open ocean until Furongian.
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1. Introduction
[bookmark: OLE_LINK1]The Cambrian witnessed the remarkable radiation of complex multicellular life (Maloof et al., 2010; Valentine et al., 1999), accompanied by significant perturbations in the global carbon cycle, climate and weathering, and ocean chemistry (Shields-Zhou and Zhu, 2013). The Cambrian marine carbonate successions are widely outcropped in the Tarim Basin, NW China. Still, they have received limited attention for paleo-environmental reconstruction compared with other Cambrian successions in the rest of the world (Zhu et al., 2019). Studies on the carbon-strontium (C-Sr) isotope stratigraphy from the late Ediacaran to the late Cambrian in the north-western Tarim Basin have shown that it was connected to the open ocean (Chen et al., 2020; Guo et al., 2017; Zhang et al., 2020). Compared with the north-western basin, which is dominated by dolostones (Guo et al., 2017; Zhang et al., 2020), the eastern Tarim developed abundant limestones in the Cambrian and may have been deposited in a deeper depositional environment (Yun, 1988). The lesser degree of dolomitization and deeper setting indicate that it might be a strong candidate for preserving seawater signatures of the Cambrian global events.
The C and Sr isotopes of marine carbonate rocks could retain the primary compositions of the contemporaneous seawater and provide constraints on chemo-stratigraphic correlation (Ebneth et al., 2001; Montañez et al., 2000; Zhu et al., 2019, 2006). Paleo-seawater C isotope variations are generally along with biological events and climate changes (Shields-Zhou and Zhu, 2013). In addition, knowledge of its C and Sr isotopes will help us explore possible reasons (e.g., suppressed weathering inputs) for the corresponding biological event.
Paleo-seawater 87Sr/86Sr ratios represent the balance between continental weathering-derived Sr input (high 87Sr/86Sr ratios), hydrothermal and seafloor weathering Sr input (low 87Sr/86Sr ratios) (Palmer and Edmond, 1989). It is used not only for chemical stratigraphy but also to investigate the spatial and temporal variations of the local seawater chemistry (Montañez et al., 2018) by comparing the local seawater 87Sr/86Sr with global values.
This study presents C-Sr isotope and element data for the Cambrian carbonates at the Xingdi section in the Kruqtagh region, eastern Tarim Basin, NW China. The main objective of this study is to document the variations of seawater C and Sr isotope compositions recorded in the Cambrian carbonates, the eastern Tarim Basin, providing age constraints using C-Sr isotope stratigraphy and correlating the isotopic signals with the global Cambrian record. In addition, the paleo-seawater Sr isotope evolution may also help to investigate the spatial and temporal variations of the eastern Tarim palaeogeography and its impact on local seawater chemistry.

2. Geological Setting
The Tarim Basin was presumably located in a low to middle latitude position between Australia and South China during the late Ediacaran to the late Cambrian. The Xingdi section in the Kruqtagh region (GPS location: N 41° 18′ 07″, E 87° 45′ 06″) is located 150 km SE of Korla city, eastern Tarim Basin (Figure 1). The eastern Tarim was suggested as a deeper deposition setting during the Cambrian (Yun, 1988), but with some microcontinents surrounding the eastern Tarim Basin. For example, a microcontinent named Tiemenguan has been suggested to exist from the Ediacaran to the late mid-Cambrian (Huang et al., 2011; Wang et al., 2011). The studied section comprises more than 500 m of sedimentary rocks subdivided in ascending stratigraphic order into the Cambrian Xisabrak, Xidasan, Mohuosan, and Tuersaketagh formations (Figure 2).
The Xisabrak Formation can be divided into two parts. Its lower part consists of phosphorus-bearing siliceous rock and basalt with the occurrence of Small Shelly Fossils (SSFs) in basal phosphatic siliceous rocks. The SSFs include spherical fossils and the brachiopod fossil Gen. et Sp. Indet. B (Zhu, 2006). The formation age of the basalt was preliminarily estimated at a uranium-lead age of 541 ± 6 Ma (Ren et al., 2020). The upper part of this formation is predominated by black shales interbedded with siliceous rocks. The conformably overlying Xidasan Formation consists of thin-layered micritic limestone, which hosts three trilobite assemblages (in ascending stratigraphic order: Metaredlichioides-Chengkouia zone, Tianshanacephalus zone, Anthricocephalus-Changaspis zone) and abundant vermicular fossils (Liu et al., 2011; Yang et al., 2006; Zhang, 1990; Zhu and Lin, 1983). The vermicular fossil Sabelldiites cambriensis Yanichevsky was also found in our fieldwork, as shown in Figure 2. In addition, archaeocyathids fossils (mainly Coscinocyathids), which are supposed to survive in shallow shelf environments, were found along with the Metaredlichioides-Chengkouia trilobite zone (Zhang, 1983).
The Mohuosan Formation is mainly composed of medium-thick layered limestone with a few calcareous shales in its middle part (Figure 2). Fossils of trilobites considered to survive in the late mid-Cambrian were identified in this formation, such as Ptychagnosius punctuosus at the lower part of the Mohuosan Formation, Paradamesops and Lejopyge Sinensis at the middle part of this formation, and Glyptagnostus stolidotus at its top (Liu et al., 2011; Zhang, 1990). The overlying Tuersaketagh Formation comprises thick-layer limestones with striped limestones in the basal part (Figure 2) and contains abundant fossils, which can be divided into six zones. In ascending stratigraphic order, they are Glyptagnostus reticulatus zone, Prochuangia-Corynexochus Plumula zone, Agnostotes tianshanicus zone, Lotagnostus punctasus zone, and Lotagnostus hedini zone (Liu et al., 2011; Zhang, 1990). 

3. Method
Hand specimens free from visible alteration, such as weathering crusts and calcite veins, were collected in the field and then crushed into small pieces (~0.5 cm diameter). The best-preserved pieces (i.e., showing no tiny veins) were picked out and grounded into 200-400 meshes of powder in agate mills for further C isotope analyses and chemical digestion. All chemical experiments, element content, and C-O-Sr isotopic composition analysis were conducted at the State Key Laboratory for Mineral Deposits Research at Nanjing University, China.
For the C isotope analysis, 0.5 mg of sample powders were baked overnight (at 70 °C for ~12 hours) and reacted with 100 % orthophosphoric acid at 70 °C for 2 hours to extract CO2 for subsequent C and O isotope measurements. The C and O isotopic compositions were analysed using a Gas-isotope ratio mass spectrometer (IRMS) (IRMS type: Finnigan Delta Plus XP). Chinese carbonate standard materials (GBW04405 and GBW04406) were analysed along with our samples to calibrate the obtained isotope signals. The C and O isotopic composition are expressed relative to the international reference V-PDB (Vienna Pee Dee Belemnite) with the δ notation. The analytic precisions of this method (2SD) are better than ± 0.15 ‰ for δ13C and ± 0.15 ‰ for δ18O, respectively.
For element content analysis, 3 ml of 1 mol/L acetic acid was used to digest carbonates. Then, the supernatant was transferred in 3 % nitric acid, and added 10 ppb rhodium as an internal standard element for instrument drift correction. The details of this procedure were given by Zhang et al. (2020). Mn, Sr, Sc, and Ti concentrations were determined using a Thermo Finnigan Element XR type HR-ICP-MS, while Ca, Mg, Fe, and Al concentrations were determined using a Sky-ray type ICP-OES. Along with the ICP-OES analyses and the ICP-MS analyses, a Chinese limestone reference material (GBW07120 or GSR-13) was repeated once per 10 analyses. Its repeated analysis yielded < 10% accuracy and < 5% precision for all the element concentrations reported in this study.
A sequential leaching method with weak nitric acid was applied to target the most ‘seawater-like’ portion of the carbonate sample (Tostevin et al., 2016), where contributions from non-carbonate minerals and organic matter were minimised. ~50 mg of the sample powder was pre-leached using 5 ml of 2 ‰ nitric acids, and the leachates were discarded to avoid the contribution of secondary carbonates. The residues in the previous step were further leached with 10 ml of 2 ‰ nitric acids to target the most ‘seawater-like’ carbonate portion. The most ‘seawater-like’ carbonate portion (i.e., the supernatant in the previous step) was dried at 100 °C and re-dissolved in 3 % nitric acid for subsequent Sr column purification. With >70 % carbonate purity calculated from high Ca, and Mg concentrations of our samples, the proportion of the samples dissolved is in the range of ~20 to 50 %. The Sr-spec resin was used for Sr purification, and the detailed column method was given by Lei et al. (2019). 87Sr/86Sr was measured on an MC-ICP-MS (Neptune Plus). The NIST SRM 987 standard was analysed along with the samples and yielded a mean 87Sr/86Sr value of 0.710274 ± 20 (2SD, n = 35). The Sr isotope ratios and their corresponding standard error of the mean are listed in Table 1. 87Sr/86Sr mentioned in the text has been normalized to the recommended NIST SRM987 standard value of 0.710248.

4. Results
4.1 C isotope features in the Cambrian
The carbonate C isotope composition variation is plotted in Figure 3 and tabulated in Table S1. Overall, the δ13C values vary between -4 ‰ and 2 ‰ except for -12.9 ‰ in the Xisabrak dolostone. Stratigraphically upwards, a LOWESS-smoothed curve of C isotope generally shows an increasing trend in the Xidasan and the lower part of the Mohuosan Formation, followed by an overall decrease in the rest of the Cambrian strata with a positive excursion in the lower Tuersaketagh Formation.
Except for the very lowest δ13C value in the Xisabrak Formation, other data points in this formation show values around -3.8 ‰. Stratigraphically upwards, the δ13C values increase from ~ -4 ‰ to ~ -1 ‰ in the lower part of the Xidasan Formation and then drop back to ~ -2.5 ‰, forming the first δ13C positive excursion in our dataset. Above the first positive excursion, the δ13C values increase sharply from ~ -2.5 ‰ to ~ 2 ‰ at the boundary between the Xidasan and Mohuosan Formations.
The Mohuosan Formation shows high δ13C values between ~ -1 ‰ to ~ 2 ‰ with a few mild fluctuations. The first fluctuation, which is at the bottom of the Mohuosan Formation, varies from ~ 2 ‰ to ~ -0.5 ‰ and follows a gentle and prolonged positive excursion (~ -0.5 ‰ to ~ 2 ‰) in most of the rest of the Mohuosan Formation. The δ13C values decrease by 0.5 ‰ at the utmost of the Mohuosan Formation. And then, the δ13C values vary from ~ -1 ‰ to ~ 2 ‰, consisting of the positive excursion at the bottom of the Tuersaketagh Formation. Subsequently, the rest of the Tuersaketagh Formation sustains a constant δ13C value at ~ -1.0 ‰ with an outlier at ~ -3.5 ‰ at the middle of this formation.
4.2 Sr isotope features in the Cambrian
87Sr/86Sr values of the Cambrian carbonates in the Kruqtagh region generally exhibit a decreasing trend through most of the Cambrian strata (Figure 3). In the Xisabrak Formation, a low 87Sr/86Sr value at ~0.7086 accompanies the most negative δ13C value of -12.9 ‰, while the other 87Sr/86Sr values in this formation are > 0.7092. 87Sr/86Sr values in the Xidasan Formation show a prominent fluctuation ranging from ~0.7093 to a higher value at ~0.7098, following a relatively stable platform at ~0.7093 at the top of the Xidasan Formation. The 87Sr/86Sr value at ~0.7093 sustains in the lower part of the Mohuosan Formation. Subsequently, it decreases in two phases. It falls to a short-stratigraphical-span platform at ~0.7092 in the rest of the Mohuosan Formation and further decreases to ~0.7090 at the bottom of the Tuersaketagh Formation. The Tuersaketagh Formation exhibits a stable 87Sr/86Sr value at ~0.7090 with one data outlier of ~0.7094. It is noteworthy that this data outlier also has abnormal C isotopic compositions and elemental contents (i.e., low δ13C, higher Mg/Ca, low carbonate percentages, and slightly high Mn/Sr).
4.3 O isotope and element content features in the Cambrian
All samples in the Cambrian units have δ18O values ranging from -9.5 ‰ to -7 ‰ except some samples in the lower part of the Xidasan Formation and the utmost part of the Mohuosan Formation, which show higher δ18O values. Another feature of the δ18O curve is that the δ18O value is stable at ~ -9 ‰ below the Tuersaketagh Formation and then increases to ~ -8 ‰ at the boundary between the Mohuosan and the Tuersaketagh Formations with a few abnormally high values (up to -6.2 ‰) at the top of the Mohuosan Formation.
The carbonate percentages calculated from the leachates’ calcium and magnesium concentrations and Mg/Ca ratios are shown here to identify lithology and dolomitization degree. Most carbonate percentages and Mg/Ca ratios are above 90% and less than 0.1, respectively. In the Xidasan Formation, the carbonate percentage fluctuates between ~40 % to 100 %, while the Mg/Ca ratios fluctuate from ~0.02 to 0.5. In the middle of the Mohuosan Formation, the carbonate percentage drops to 60% and recovers to > 90 % in a short stratigraphic distance. However, the Mg/Ca ratios keep relatively stable until the top of the Mohuosan Formation, where a decrease to > 80 % carbonate percentage also occurs. At the boundary between the Mohuosan and Tuersaketagh Formations, the carbonate percentage increases sharply to > 90%. In the Tuersaketagh Formation, the carbonate content and Mg/Ca ratios keep stable except for a few samples in the middle part of this formation with lower carbonate percentages and higher Mg/Ca ratios. These exceptional samples tend to have abnormally high 87Sr/86Sr and low δ13C values (Figure 3).
Most Mn/Sr ratios are < 0.5, except for the samples in the lower Xidasan Formation and the Xisabrak sample with very negative δ13C values, which have higher Mn/Sr ratios up to 2. Although most of the samples have low Mn/Sr ratios (<0.5), a slight decrease can be found between the Mohuosan and the Tuersaketagh Formation, and two outliers with relatively high values can be found in the lower Mohuosan Formation and the middle Tuersaketagh Formation.
Most of the Al concentrations in the carbonate leachates are lower than 0.35 %, and they generally show two distinct concentration platforms, one with a lower Al concentration (~0.05 %) for the Tuersaketagh Formation and another with a relatively higher Al concentration (~0.1 %) for the stratigraphic units below this formation. The decreasing trend between these two platforms generally accompanies the decreasing trend of 87Sr/86Sr. Also, higher Al concentrations have been found in the lower Xidasan Formation and middle Mohuosan Formation, where most samples have lower carbonate percentages and higher 87Sr/86Sr ratios.
Generally, Sc, Ti, and Fe concentrations show a similar trend with Al, where relatively higher concentrations (~0.90 ppm Sc; ~0.23 ppm Ti; ~861 ppm Fe) for the stratigraphic units below the Tuersaketagh Formation and lower concentrations (~0.90 ppm Sc; ~0.11 ppm Ti; ~334 ppm Fe) for the Tuersaketagh Formation (Table S1).

5. Discussion
5.1 The influence of diagenetic alteration
Any possible diagenetic alteration signals superimposed on primary seawater C-Sr isotope compositions must be examined in detail, and altered samples must be screened out to ensure the C-Sr isotope data for C-Sr stratigraphy are least altered. Generally, carbonates that experienced severe diagenetic alteration yield elevated Mn/Sr and 87Sr/86Sr ratios, low δ18O values, and possibly low δ13C values (e.g., Derry et al. (1994); Kaufman et al. (1993)). Thus, cross-plots of Mn/Sr ratios, δ18O values, and δ13C values (or 87Sr/86Sr ratios) help evaluate the influence of diagenetic alteration. In addition, Mn/Sr < 0.5 and δ18O > -10‰ are useful cut-offs for distinguishing the impact of diagenetic alteration and pre-screening (Brasier et al., 1994; Derry et al., 1994).
In this study, nearly all samples show isotopically heavier δ18O values (δ18O > -10 ‰) and lower Mn/Sr ratio (< 0.5) (Figure 3, Figure 4A and 4B). Moreover, the Cambrian samples show no apparent correlations in the cross-plots of δ13C versus δ18O (Figure 4A) and δ13C versus Mn/Sr (Figure 4B), suggesting that these Cambrian carbonates likely preserved the primary seawater C isotope composition.
Although most Cambrian samples show no apparent correlations in the cross-plots of δ13C versus δ18O or Mn/Sr (Figure 4), carbonates of the Mohuosan Formation show weak correlations between 87Sr/86Sr ratios and δ13C values (Figure 5A), and δ18O values (Figure 5B). These correlations are weak (0.2 < R2 < 0.4) but indicate that the obtained Sr isotope compositions in the Mohuosan Formation have been partly imprinted by meteoric fluids, which generally comprise more radiogenic Sr (i.e., high 87Sr/86Sr), low δ18O values, and low δ13C values (e.g., Xu and Han, 2009). However, in general, no apparent correlations (i.e., R2 < 0.2) in the cross-plots of 87Sr/86Sr versus δ13C and δ18O (Figure 5A and 5B) were found in the rest of the Cambrian samples. Along with high δ18O values (> -10‰) and low Mn/Sr ratios (<0.5) in most Cambrian samples (Figure 5A and 5B), we think the obtained Sr isotope compositions in most Cambrian samples likely preserved the primary seawater Sr isotope composition but with small contributions from meteoric precipitation for the Mohuosan Formation samples.
Moreover, the effect of dolomitization on the 87Sr/86Sr was also evaluated using cross plots of 87Sr/86Sr-Mg/Ca and 87Sr/86Sr versus carbonate percentages (CaCO3 + MgCO3 (%) calculated from Ca and Mg concentrations) (Figure 5D and 5E). No apparent correlations indicate that 87Sr/86Sr ratios may not be influenced by dolomitization. In addition, samples with high Mg/Ca ratios (> 0.2) tend to have higher δ18O values than those with low Mg/Ca ratios (0 – 0.2) (Figure 3, Figure 5B and 5D), which indicates that the high-Mg samples (Mg/Ca > 0.2) were not significantly affected by meteoric or high-temperature alteration as the O isotopic differences are likely to be the result of isotope exchanges.
We also evaluate the influence of possible silicate leaching with our digestion method on the obtained 87Sr/86Sr ratios, 87Sr/86Sr versus Al contents (%) is plotted in Figure 5F. The Al contents in most carbonate leachates are < 0.35%, which suggests no obvious contamination from silicates (e.g., Ling et al., 2013). Along with the low Al contents, the absence of apparent correlations between 87Sr/86Sr and Al concentrations indicates our digestion method avoids substantial silicate mineral leaching as these contain much higher Al contents and more radiogenic Sr (i.e., high 87Sr/86Sr) than carbonate minerals.
To conclude, we consider that most samples record primary Tarim seawater C and Sr isotope compositions, except that the carbonates of the Mohuosan Formation may suffer meteoric alteration to a lesser extent.
5.2 C isotope stratigraphic and bio-stratigraphic correlation
Before comparing the carbonate C isotope evolution curve from the eastern Tarim Basin with the Cambrian global seawater standard δ13C variations (Zhu et al., 2006), it is noteworthy that our obtained C isotope variation curve can be correlated to the existing datasets from other sections (or borehole) in the eastern Tarim Basin. For example, similar increasing δ13C trends in the Xidasan and Mohuosan Formations have been reported at the Tadong-2 well and the Yaerdang Mountain section (Liu et al., 2017). In addition, Chen et al. (2020) reported a positive δ13C isotope excursion at the base of the Tuersaketagh Formation in the Tadong-2 well, like our positive δ13C excursion in the Xingdi section concerning the magnitude of this excursion (~ 3 - 4‰).
In this study, we compared the carbonate C isotope evolution curve from the Kruqtagh region, eastern Tarim Basin (Figure 6), with the Cambrian global seawater standard δ13C variations proposed by Zhu et al. (2006) and a C isotope record from the Keping region, northwestern Tarim Basin (Zhang et al., 2020). In addition, abundant palaeontological evidence reported in the eastern Tarim Basin (Liu et al., 2011; Yang et al., 2006; Zhang, 1990; Zhu and Lin, 1983) was also compared with the fossil discovery in other time-equivalent paleo-continents (Choi and Chough, 2005; Geyer and Corbacho, 2015; Peng, 2009; Weidner et al., 2004).
The appearance of SSFs, widely distributed during the Terreneuvian Series, can be used for robust bio-stratigraphic correlation. SSFs, including spherical fossils and brachiopod fossils Gen. et Sp. Indet. B occurred in the lower part of the Xisabrak Formation (Zhu, 2006), suggesting that the Xisabrak Formation can be correlated to the Terreneuvian. This correlation is generally consistent with the uranium-lead age of 541 ± 6 Ma for the basalt in the lower part of the Xisabrak Formation (Ren et al., 2020).
The Terreneuvian Series (the oldest series of the Cambrian geological system) is characterized by more than three carbonate δ13C excursions (Figure 6), e.g., BACE (BAsal Cambrian C isotope Excursion), ZHUCE (ZHUjiaqing C isotope Excursion), and SHICE (SHIyantou C isotope Excursion). Only one extreme negative δ13C value (-12.9‰) is recorded in the Xisabrak Formation, not matching the amounts and magnitudes of the C isotope excursions during the Terreneuvian epoch. The limited distribution of carbonates and the basalt appearance in the Xisabrak Formation may explain the loss of carbonate C isotope excursions. The extremely negative carbonate δ13C value seems like an outlier in our dataset, but there is a possibility that the 13C-depleted black shales may contribute to this abnormal value, through an isotope exchange with carbonates under the facilitation of heat energy brought by the basalt (Liu et al., 2016).
The end of the Terreneuvian Series is defined as the first appearance of trilobites in the stratigraphic record, which marks the start of the Cambrian Series 2. Due to the appearance of trilobite Metaredlichioides-Chengkouia at the bottom of the Xidasan Formation, it may be assigned to be stratigraphically higher than the base of the Cambrian Series 2. The trilobite Metaredlichioides also developed in the middle part of the Xiaoerbrak formation in the north-western Tarim Basin (Cai et al., 2009; Zhang et al., 2020), the base of which has been considered stratigraphically higher than the base of Cambrian Stage 3 (i.e., the first Stage in the Cambrian Series 2) (Zhang et al., 2020). The trilobite Tianshanacephalus that might survive through the Cambrian Stage 3 to Stage 4 was reported in the middle part of the Xidasan Formation, indicating that the Xidasan Formation may contain the most apparent positive C isotope excursion (i.e., MICE: MIngxinsi C isotope Excursion) in the Cambrian Series 2. However, there is only an obvious C isotope excursion with a relatively small magnitude (~0.5 ‰) in the Xidasan Formation. Due to the relatively slow deposition rate of the Xidasan Formation in the Xingdi section, as indicated by the lithology of thin-layered micritic limestone, and the relatively low sampling resolution in this study, it is possible that the entire C isotope excursions during this period may not have been recorded. Based on the trilobite zones in the Xidasan Formation, we tentatively speculate that the small positive excursion in the middle of the Xidasan Formation (Figure 6) is identical to MICE but require further verification by higher resolution C isotope studies.
The ROECE (Redlichiid–Olenellid Extinction C isotope Excursion; Zhu et al. (2006)), the most negative δ13C excursion throughout the Cambrian Series 2 to Furongian (e.g., Fan et al. (2011)), marks the boundary between the Cambrian Stage 4 (Series 2) and Wuliuan Stage (Series 3) (Guo et al., 2010; Montañez et al., 2000; Zhu et al., 2006). Therefore, we suggest that the sharp δ13C increase at the boundary between the Xidasan and Mohuosan Formations is equivalent to the rising limb of the ROECE. This correlation is consistent with the appearances of Anthricocephalus-Changaspis in the upper part of the Xidasan Formation and Ptychagnosius punctuosus in the Mohuosan Formation (Liu et al., 2011; Zhang, 1990; Figure 2), which were broadly found in Stage 4 (Peng et al., 2006; Xiao et al., 1994) and in the Wuliuan Stage (Geyer and Corbacho, 2015; Peng et al., 2006; Weidner et al., 2004) from other time-equivalent paleo-continents, respectively.
According to Peng et al. (2006), Ptychagnosius punctuosus likely survived through the Wuliuan and early Drumian stage, suggesting that the lower part of the Mohuosan Formation might be assigned to be the lower part of the Cambrian Series 3. Based on this, the negative C isotope excursion in the lower part of the Mohuosan Formation is equivalent to DICE (DrumIan Carbon isotope Excursion; Zhu et al. (2006)). The rest of the carbonate C isotope curve in the Mohuosan Formation shares a similar trend with the global seawater standard δ13C variation in the Drumian and Guzhuangian stages (Figure 6), further supporting this correlation.
The beginning of SPICE (Steptoean Positive Carbon Isotope Excursion) coincides with the base of the Furongian Series and Paibian Stage (Saltzman et al., 1998; Zhu et al., 2006), which is characterized by the shift of fossil appearances from Glyptagnostus stolidotus to Glyptagnostus reticulatus (Choi and Chough, 2005; Peng et al., 2006). Consequently, the fossil appearance shift and the positive C isotope excursion at the boundary between the Mohuosan and Tuersaketagh Formations marks the base of the Cambrian Paibian Stage in the eastern Tarim Basin. This correlation is consistent with the C-isotope stratigraphic correlation by Chen et al. (2020) and the emergence of fossils of other late-Cambrian trilobites (e.g., Agnostotes tianshanicus, Lotagnostus punctasus, and Lotagnostus hedini) in the Tuersaketagh Formation. However, the magnitude of the positive C isotope excursion at the bottom of the Tuersaketagh Formation is only ~3 ‰, which is smaller than the magnitude of the SPICE recorded elsewhere (~ 4-6 ‰) (D. Li et al., 2018). Along with the drastic shifts in carbonate δ13C, carbonate percentage, and lithology between the Mohuosan and Tuersaketagh Formation (Figure 3), it may suggest that there was a depositional hiatus at the bottom of the Tuersaketagh Formation.
Based on bio-stratigraphic evidence in the eastern Tarim Basin, the C isotope evolution curve is comparable with the Cambrian global seawater standard δ13C variations. The C isotope and bio-stratigraphic correlation results are shown below:
a. Due to the appearance of trilobite Metaredlichioides-Chengkouia at its bottom, the Xidasan Formation may be assigned to be stratigraphically higher than the base of the Cambrian Series 2.
b. The sharp δ13C increase at the boundary between the Xidasan and Mohuosan Formations, coupled with the appearances of Anthricocephalus-Changaspis in the upper part of the Xidasan Formation and Ptychagnosius punctuosus in the Mohuosan Formation, can be regarded as the boundary between the Cambrian Stage 4 and Cambrian Wuliuan Stage in the eastern Tarim Basin.
c. The negative C isotope excursion in the lower part of the Mohuosan Formation was likely equivalent to DICE.
d. The fossil appearance shift (from Glyptagnostus stolidotus to Glyptagnostus reticulatus) and the positive C isotope excursion at the boundary between the Mohuosan and Tuersaketagh Formations marks the base of the Cambrian Paibian Stage in the eastern Tarim Basin.
5.3 Sr isotope stratigraphic correlation and its implications for connections with the global ocean
Based on the carbonate C isotope and bio-stratigraphic correlation, a carbonate-based seawater 87Sr/86Sr curve for the eastern Tarim Basin (red dashed line in Figure 7) is constructed using LOWESS-smoothed data. In addition, according to Huang et al. (2011); S. Li et al. (2018); Wang et al. (2011), there were many microcontinents around the eastern Tarim Basin in the Cambrian (Figure 1), their layout may hinder the water exchange between the eastern Tarim Basin and the open ocean. The poor connection may also explain why the C isotope curve from the east Tarim does not perfectly match the global standard seawater C isotope curve. Accordingly, in this chapter, we try to interpret the seawater Sr isotope curve obtained in the eastern Tarim Basin in the context of connections with the global ocean.
In this study, our inferred 87Sr/86Sr ratios from the Kruqtagh region show a low value at ~0.7086 in the Xisabrak Formation. This value is not only consistent with 87Sr/86Sr ratios of barite concretions in the Early Cambrian Yurtus Formation (0.7083-0.7090; (Zhou et al., 2015)), north-western Tarim Basin but also consistent with the early Cambrian global seawater 87Sr/86Sr ratio (0.7084-0.7086; (Li et al., 2013)). Furthermore, the sample exhibits a rare earth element (REE) distribution pattern similar to that of seawater, characterized by a negative cerium anomaly and a relative depletion of light REE (unpublished data). It indicates that the eastern Tarim Basin was well connected with the open ocean in the Early Cambrian. This deduction is further supported by deep-water deposition (e.g., black shales) in the Kruqtagh region during the Early Cambrian (Cui et al., 2006). Therefore, based on the assumption that the Tiemenguan microcontinent existed in the Early-Middle Cambrian (Huang et al., 2011), we speculate that the Tiemenguan microcontinent was probably underwater and didn’t hinder the connections between the eastern Tarim and the global ocean in the Early Cambrian.
During the Cambrian Series 2, carbonates deposited in the Kruqtagh region show high values of 87Sr/86Sr, Mg/Ca, Mn/Sr ratios, and Al, Sc, Ti, and Fe concentrations (Figure 3 and Table S1). These high 87Sr/86Sr ratios are higher than the global seawater 87Sr/86Sr values (0.7086-0.7090) in the Cambrian Series (Ebneth et al., 2001). As discussed in chapter 5.1, we have excluded the influence of possible silicate leaching with our digestion method on the obtained 87Sr/86Sr ratios. Therefore, these high 87Sr/86Sr ratios may suggest that the eastern Tarim was poorly connected with the global seawater and the weathering input to the east Tarim was probably enhanced (as indicated by high 87Sr/86Sr and Al, Sc, Ti, Fe contents) during the Cambrian Series 2. We think the Tiemenguan microcontinent might emerge out of water during large-scale regression (Cui et al., 2006), not only hindering the connection of the eastern Tarim Basin with the open ocean but also contributing more radiogenic Sr signals and more dissolved Al concentrations to the eastern Tarim Basin seawater (Figure 7B). This may also explain the absence of C isotope excursions and the low amplitude of C isotope variations (chapter 5.2) in the Xidasan Formation due to limited exchange with the open ocean.
The relatively high 87Sr/86Sr ratios (almost stable at ~0.7093) in the lower Mohuosan Formation likely preserved the primary Tarim seawater Sr isotope composition, although meteoric fluids might alter it to a limited extent. The high 87Sr/86Sr ratios are not comparable with global seawater 87Sr/86Sr of <0.7092, and the flat, stable trend of the 87Sr/86Sr ratios in the lower Mohuosan Formation is different from the increasing trend of global seawater 87Sr/86Sr during the Cambrian Series 3 (Montañez et al., 2000). It likely suggests that the limited connection of the eastern Tarim Basin with the open ocean was sustained in the early Cambrian Series 3 (Figure 7B).
During the late Cambrian Series 3, the 87Sr/86Sr ratios firstly decrease to ~0.7092 in the rest of the Mohuosan Formation and then decrease to ~0.7090 at the uppermost of the Mohuosan Formation (Figure 7A). As Huang et al. (2011) proposed, the Tiemenguan microcontinent probably existed until the late Cambrian. Based on this assumption, we think the two-step decreasing trends likely represent the demise of the Tiemenguan microcontinents (as well as possible decreases in the area/elevation of other microcontinents) and the dilution of high 87Sr/86Sr seawater in the eastern Tarim Basin by the open ocean (Figure 7C). Along with the demise of the Tiemenguan microcontinent and the possible weaken obstruction of the other microcontinents, the weathering inputs with high 87Sr/86Sr ratios decreased and the limited water exchange was gradually relieved, resulting in the recovery of the connection of the eastern Tarim with the global ocean and the mixed 87Sr/86Sr signals by the eastern Tarim seawater with the global seawater (Figure 7C). Given that the eastern Tarim seawater 87Sr/86Sr ratios gradually approached the global seawater 87Sr/86Sr (~0.7091; (Ebneth et al., 2001)) during the late Cambrian Series 3 and were consistent with the open ocean value during the Furongian (Figure 7A), we propose that the eastern Tarim was well connected with the global ocean during the Furongian.
Furtherly, our study indicates that the spatial and temporal variability in the environmental dynamics of the eastern Tarim Basin led to the decoupling of the seawater Sr isotopic record from those of the open ocean during the Cambrian Series 2-3, showing a significant impact of palaeogeography on local seawater chemistry. In the eastern Tarim case, the palaeogeographical distribution of microcontinents hinders water exchange with the open ocean and contributes more weathering products of surrounding landmasses into seawater.

6. Conclusion
This study established a Cambrian bio- and C-isotope stratigraphic framework for the eastern Tarim Basin, which may also contribute to the global seawater C isotope evolution curve and provide a local reference for future C isotope stratigraphic correlations in other Cambrian strata. However, the obtained Sr isotope curve differs from the global ocean, implying a significant temporal variability of the palaeography in the eastern Tarim Basin. The decoupling of the east Tarim seawater 87Sr/86Sr ratios with the open ocean value suggests the eastern Tarim was not well connected with the open ocean until Furongian and shows a significant impact of palaeogeography on local seawater chemistry.
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Figure 1. Lithofacies palaeogeography of the early-middle Cambrian in the Tarim Basin (modified from Feng et al. (2007); Huang et al. (2011); Wang et al. (2011)). It is noteworthy that the Tiemenguan microcontinent exists in the reconstructed lithofacies palaeogeography by Huang et al. (2011); Wang et al. (2011) but is omitted in Feng et al. (2007).
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Figure 2. Comprehensive stratigraphic log of sections from the Kruqtagh region. Paleontological data are derived from Liu et al. (2011); Yang et al. (2006); Zhang (1990); Zhu and Lin (1983).
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Figure 3. C, O, and Sr isotopic compositions, Mg/Ca and Mn/Sr ratios, and Al concentrations obtained in carbonate leachates from the Cambrian Xidasan Formation to Tuersaketagh Formation in the Kruqtagh region. 87Sr/86Srn represents Sr isotope ratios normalized to the NIST SRM987 standard 87Sr/86Sr value of 0.710248.
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Figure 4. C, O isotopic compositions and Mn/Sr ratios for Cambrian samples in the Xingdi section, Kruqtagh region.
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Figure 5. Sr isotopic composition versus δ13C, δ18O, Mn/Sr, Mg/Ca, carbonate content (%, = CaCO3 + MgCO3), and Al concentrations for Cambrian carbonate leachates in the Xingdi section, Kruqtagh region. The yellow layers represent Mn/Sr > 0.5 and Al > 0.35 %, respectively.
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Figure 6. Comparison of (A) δ13C signatures recorded in the Cambrian carbonate leachates in the Kruqtagh region, eastern Tarim Basin, (B) global Cambrian standard seawater δ13C variations (Zhu et al., 2006), and (C) the δ13C values recorded in the Keping region, northwestern Tarim Basin (Zhang et al., 2020). Paleontological data are derived from Liu et al. (2011); Yang et al. (2006); Zhang (1990); Zhu and Lin (1983). The inlet figure shows the δ13C variation in the Xidasan Formation in 3-fold height magnification for better visibility.
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Figure 7. (A) 87Sr/86Srn signatures recorded in the Cambrian carbonate leachates in the Kruqtagh region, eastern Tarim Basin, (B) paleogeographic distribution in the Early-Middle Cambrian (Wang et al., 2011), and (C) paleogeographic distribution in the Late Cambrian (Wang et al., 2011).
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