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Carboniferous-Permian transgression/regression mechanisms in the Eastern

Ordos Basin and their sea-level spatiotemporal variability: Insights from source-to-sink systems

Introduction

An intracratonic basins is characterized by the preponderance of thermal subsidence over tectonic subsidence, making for largely stable long-term subsidence rates. Sedimentary sequences in this type of basin generally preserve a complete sedimentary record that allows deciphering the large-scale paleoenvironmental evolution [START_REF] Sloss | Sequences in the cratonic interior of North America[END_REF][START_REF] Mclaughlin | High-resolution sequence stratigraphy of a mixed carbonate-siliciclastic, cratonic ramp (Upper Ordovician; Kentucky-Ohio, USA): insights into the relative influence of eustasy and tectonics through analysis of facies gradients[END_REF][START_REF] Zhu | A sequence stratigraphic model for reservoir sandbody distribution in the Lower Permian Shanxi Formation in the Ordos Basin, northern China[END_REF][START_REF] Hoffmann | Sequence stratigraphy of Jurassic strata in the lower Surat Basin succession, Queensland[END_REF]. When affected by marine incursions, these basins provide a good record of water-depth fluctuations and associated transgression/regression mechanisms [START_REF] Nikishin | Late Precambrian to Triassic history of the East European Craton: dynamics of sedimentary basin evolution[END_REF][START_REF] Martins-Neto | Tectono-sedimentary evolution of sedimentary basins from Late Paleoproterozoic to Late Neoproterozoic in the Sao Francisco craton and Araçuaı fold belt, eastern Brazil[END_REF][START_REF] Alkmim | Proterozoic first-order sedimentary sequences of the São Francisco craton, eastern Brazil[END_REF][START_REF] Bumby | Meso-Archaean and Palaeo-Proterozoic sedimentary sequence stratigraphy of the Kaapvaal Craton[END_REF]. As a typical intracratonic basin in the western part of the North China Block, the Ordos Basin [START_REF] Wang | Late Palaeozoic tectonic evolution of the southern North China Craton: Constraints from detrital zircon dating and Hf-O isotopic compositions of the Benxi Formation, Sanmenxia area, North J o u r n a l P r e -p r o o f China Craton[END_REF][START_REF] Yin | Developmental characteristics and distribution law of fractures in a tight sandstone reservoir in a low-amplitude tectonic zone, eastern Ordos Basin, China[END_REF][START_REF] Shi | Characteristics of natural fractures in the upper Paleozoic coal-bearing strata in the southern Qinshui Basin, China: Implications for coalbed methane (CBM) development[END_REF]) contains a complete Carboniferous-Permian sedimentary record of transgression/regression cycles closely related in time to a transition from a glacial period to an interglacial one [START_REF] Tabor | Palaeoclimate across the Late Pennsylvanian-Early Permian tropical palaeolatitudes: A review of climate indicators, their distribution, and relation to palaeophysiographic climate factors[END_REF][START_REF] Koch | The Pennsylvanian-Permian transition in the low-latitude carbonate record and the onset of major Gondwanan glaciation[END_REF]Xu et al., 2020).

Previous studies have pointed out that with the end of the Late Paleozoic Ice Age (LPIA) during the late Permian, the increase in rainfall resulted in additional sediment supply worldwide, leading to a marine regression process in shallow-marine basins [START_REF] Golonka | Pangean (late Carboniferous-Middle Jurassic) paleoenvironment and lithofacies[END_REF][START_REF] Tabor | Palaeoclimate across the Late Pennsylvanian-Early Permian tropical palaeolatitudes: A review of climate indicators, their distribution, and relation to palaeophysiographic climate factors[END_REF][START_REF] Koch | The Pennsylvanian-Permian transition in the low-latitude carbonate record and the onset of major Gondwanan glaciation[END_REF]. However, [START_REF] Stollhofen | Tuffs, tectonism and glacially related sea-level changes, Carboniferous-Permian, southern Namibia[END_REF] pointed out that the transgression/regression process shows a spatiotemporal variability within the large study area. Using stable isotope analysis (δ 13 C and δ 15 N) in the eastern margin area (EMA) of the Ordos Basin, Xu et al. (2020) further highlighted the complexity of the transgression/regression events. Meanwhile, [START_REF] Zhu | A sequence stratigraphic model for reservoir sandbody distribution in the Lower Permian Shanxi Formation in the Ordos Basin, northern China[END_REF] and [START_REF] Zhang | Sedimentology and sequence stratigraphy of the Shanxi Formation (Lower Permian) in the northwestern Ordos Basin, China: an alternative sequence model for fluvial strata[END_REF] suggested that during the Carboniferous-Permian, the water depth in the EMA continuously declined due to uplift of the J o u r n a l P r e -p r o o f basin margins (FIG. 1). Finally, Jiang and Wang (2012) demonstrated that the main direction of the transgression/regression phases changed constantly through time, adding complexity to the water-depth fluctuation pattern.

Several authors have suggested that tectonic movements linked to continental accretions along the margins of the North China Craton had been the main driving mechanism of water depth changes in the basin [START_REF] Qin | The thickness of seismogenic layer under the areas surrounding the Ordos block, Northern China[END_REF][START_REF] Yang | Tectonic and stratigraphic controls of hydrocarbon systems in the Ordos basin: A multicycle cratonic basin in central China[END_REF]. However, by focusing their models on the effects of tectonics, these studies neglected the influence of changes in climate and sediment supply rates, which are also factors of water-depth fluctuation, particularly in shallow, marginal basins [START_REF] Haq | Chronology of fluctuating sea levels since the Triassic[END_REF]Haq and Schutter, 2008a;[START_REF] Labaune | Variability of the transgressive stacking pattern under environmental changes control: Example from the Post-Glacial deposits of the Gulf of Lions inner-shelf, Mediterranean, France[END_REF][START_REF] De Falco | Sorted bedforms over transgressive deposits along the continental shelf of western Sardinia (Mediterranean Sea)[END_REF]Fu et al., 2019). Indeed, existing studies have shown that on the eastern margin of the Ordos Basin, the direction of the main sediment supply changed during the Carboniferous-Permian period, implying changes in regional topography and erosion pattern [START_REF] Kröner | Zircon geochronology and metamorphic evolution of mafic dykes in the Hengshan Complex of northern China: Evidence for late Palaeoproterozoic extension and subsequent high-pressure metamorphism in the North China Craton[END_REF][START_REF] Darby | Detrital zircon reference for the North China block[END_REF][START_REF] Milne | Identifying the causes of sea-level change[END_REF][START_REF] Zhu | Crustal evolution of the North Qinling terrain of the Qinling Orogen, China: Evidence from detrital zircon U-Pb ages and Hf isotopic composition[END_REF]. Regarding intracratonic basins, [START_REF] Klein | Probable sequential arrangement of depositional systems on cratons[END_REF] suggested that an arid climate can potentially change the ratio between clastic and carbonate deposits and indirectly affect water depth.

In this study, we point out the water-depth variations and derive local and regional transgression/regression cycles for the Pennsylvanian-to-early-Permian period. We then integrate detrital zircon U-Pb analysis, heavy mineral assemblages (HMA), and trace elements indexes to determine major changes in sediment sources, climate, transport conditions, and depositional environments. We then quantitatively compare the sediment composition and supply rates to water-depth fluctuations and propose three major source-to-sink (S2S) patterns for the late Paleozoic eastern Ordos Basin: low-transgression rate and limited sediment supply (LT-LS), J o u r n a l P r e -p r o o f low-transgression rate and massive sediment supply (LT-MS), and high-transgression rate and massive sediment supply (HT-MS). Finally, the response to these various patterns in terms of water-depth variations is described to document the transgression/regression cycles during the final stage of the LPIA.

2.Geological Setting

The Mesozoic-to-Cenozoic geologic history of Central China has been strongly influenced by continental accretion events along the southern margin of the Eurasian continent. These geodynamic events drove the formation and sometimes the reactivation of mountain ranges such as the Lvliang and Helen-Liupan Mountains east and west of the Ordos Basin, the Yinshan Mountain to the north and the Qinling Mountain to the south (FIG. 1). The Ordos Basin itself is formed by several depressions such as the East margin, Hetao, Weihe, and Yichuan depressions while major faults control the basin boundaries. The evolution of the Ordos Basin can be divided into five main stages: it initiated as a Cambrian-Early Ordovician continental rim basin, evolving towards an intracratonic basin in a Middle Ordovician-Middle Triassic generally compressive geodynamic setting; during the Late Triassic-Early Cretaceous the basin was affected by thermal subsidence before being inverted and eroded during the late Cretaceous to Neogene compressive event (only some Cenozoic loess are preserved in the south part the basin [START_REF] Yuan | Meso-Cenozoic tectonothermal evolution of Ordos basin, central China: Insights from newly acquired vitrinite reflectance data and a revision of existing paleothermal indicator data[END_REF]).

The sedimentary sequence preserved in the EMA ranges from 7 km to 10 km in thickness [START_REF] Yang | Tectonic and stratigraphic controls of hydrocarbon systems in the Ordos basin: A multicycle cratonic basin in central China[END_REF]. During the Ordovician to Mississipian period, tectonic activity induced uplift of the eastern margin of the Ordos Basin (present-day reference frame) leading to a regional parallel unconformity between the basement and the Pennsylvanian deposits [START_REF] Yang | Tectonic and stratigraphic controls of hydrocarbon systems in the Ordos basin: A multicycle cratonic basin in central China[END_REF].

J o u r n a l P r e -p r o o f

The Pennsylvanian to Permian series are divided into the following formations: Penci (C 2 b), Taiyuan (C 2 t), Shanxi (P 1 s itself divided into the upper and lower P 1 s members), Lower Shihotse (P 2 sh), Upper Shihotse (P 3 sh), and Shiqianfeng (P 3 s) (FIG. 2).

During the deposition of the Penci Formation (Fm.), the sedimentary record displays a sharp regression phase generally associated to the uplift of the central part of the Ordos region. The facies association evolves from a shallow marine setting to a coastal swamp environment. Based on core sample interpretation, [START_REF] Zhang | Sedimentology and sequence stratigraphy of the Shanxi Formation (Lower Permian) in the northwestern Ordos Basin, China: an alternative sequence model for fluvial strata[END_REF] and [START_REF] J O U R N A L P R E -P R O O F Jiang | The discovery and significance of a sedimentary hiatus within the Carboniferous Taiyuan Formation, northeastern Ordos Basin, China[END_REF] indicated that alluvial fan or braided delta depositional environments dominated in the northern part of the study area. [START_REF] Stanley | Depressed rates of origination and extinction during the J o u r n a l P r e -p r o o f late Paleozoic ice age: A new state for the global marine ecosystem[END_REF] stated that in the late Pennsylvanian period, the arid climate and the correlatively reduced amount of sediment injected into the basin resulted in the development of thick limestone and coal seams in the Taiyuan Fm. However, the sea level showed a gentle transgression, and a carbonate platform dominated during this period.

In the early Permian, the convergence between the South China and North China plates largely modified the paleomorphology and paleoecology of the Ordos region. Furthermore, the increasing sediment supply from multiple directions led to a gentle regression from the Asselian to the Kungerian stages (Shanxi Fm.). The combined studies of [START_REF] Zhang | Sedimentology and sequence stratigraphy of the Shanxi Formation (Lower Permian) in the northwestern Ordos Basin, China: an alternative sequence model for fluvial strata[END_REF], [START_REF] Zhu | A sequence stratigraphic model for reservoir sandbody distribution in the Lower Permian Shanxi Formation in the Ordos Basin, northern China[END_REF][START_REF] Xin | Sedimentology and Sequence Stratigraphy of Marine to Lacustrine Deltaic Deposits in a Craton Basin and Their Controlling Factors: Shan 2 Member-He 8 Member (Guadalupian-Lopingian, Permian), Southeast Ordos Basin, North China[END_REF] pointed out that deltaic environments dominated in the EMA, with large marshes separating the distributary channels. With the decrease in sea level, the meandering channels in the delta plains were replaced by braided river environments marked by sand bars and crevasse splays.

3.Data and methodology

Research data

J o u r n a l P r e -p r o o f

The EMA of the Ordos Basin has been explored by 3700 km of 2D seismic and 1000 km 2 of 3D high-resolution seismic data. Furthermore, we get access to 15 wells drilled in the EMA. The positions of the cross-well seismic sections used in this study are shown in FIG. 1a. Electric welllog data, including gamma ray (GR), were acquired and processed by Schlumberger®. We get the core samples from wells DJ12, Y253, DJ43, G10, G6, and DJ19 (FIG. 3 LA-ICP-MS U-Pb analysis of detrital zircons from four core samples (DJ53 1942.23 m, H5 1968.1 m, DJ51 2264.85 m, and G2 2048.1 m) was completed by the Chinese Academy of Geological Sciences® (Appendix TABLES 1-4). Laser ablation was conducted using a NWR193UC 193 nm deep ultraviolet laser ablation sampling system (Elemental Scientific Lasers, USA). Mass spectrometry was calculated using an Agilent 7900 inductively coupled plasma mass spectrometer (Agilent, USA). One hundred twenty detrital zircons from each sample were analyzed with a spot size of 30 µm. Every five analyses were followed by one analysis of standard zircon 91500 and GJ. Common lead correction was conducted using ComPbCorr#3_15G. The U-Pb age calculations and Concordia diagram were completed using IsoplotR® software provided by University College London, UK (http://pietervermeesch.es.ucl.ac.uk/shiny/IsoplotR/). Only zircon ages concordant within 90%-110% were J o u r n a l P r e -p r o o f considered in the subsequent discussion.

δ 18 O and δ 13 C data were analyzed from whole-sediment mudstone, limestone, or coal samples from cores Y787, DJ53, DJ43, H4, and G4 (some carbonate poor layers did not provide reliable data and results were not reported). The C and O-isotope analyses results are normalized to the Pee Dee Belemnite (PDB) standards with a precision of ±0.1‰ for δ 13 C and ±0.2‰ for δ 18 O.

Methodology

1) Sedimentology and stratigraphy analysis from drill cores and seismic data Facies association were established from core samples according to the sedimentary structure (FIG. 3) and the grain-size distribution (FIG. 4). Geophysical log data were then used to constrain the depositional environment setting, such as the bell or cylinder shape of the GR curve (indicating a decreasing flow rate), or a sharp decrease of the DEN curve (or sonic/neutron porosity curve) indicating the occurrence of coal. Finally, associating well and 2D seismic data we reconstructed the stratigraphic and depositional environment pattern of the EMA of the Ordos Basin through time. The 2D seismic profiles were studied and interpreted following the methodology previously established by [START_REF] Pu | 3-D seismic identification and characterization of ancient channel morphology[END_REF], [START_REF] J O U R N A L P R E -P R O O F Xu | Deeplacustrine sandy debrites and turbidites in the lower Triassic Yanchang Formation, southeast Ordos Basin, central China: Facies distribution and reservoir quality[END_REF][START_REF] Anees | Channel identification using 3D seismic J o u r n a l P r e -p r o o f attributes and well logging in lower Shihezi Formation of Hangjinqi area, northern Ordos Basin, China[END_REF] in the Ordos Basin. Three types of seismic facies were used as guidelines: the concave, convex, and plate shapes. Following that approach, a seismic package with a concave boundary was generally interpreted as an eroding channel. Associating the log data to the seismic image, it was possible to distinguish between deposited tidal channels, braided channel belts and depositional meandering channel belts. Convex-shaped seismic facies were generally interpreted as depositional tidal barriers. The plate-shaped seismic facies, characterized by a high amplitude J o u r n a l P r e -p r o o f seismic reflection, generally indicate the development of carbonated tidal platforms.

2) Identification of sediment provenance area and calculation of supply rates.

By combining the results of previous studies constraining the provenance area of the EMA during the late Paleozoic [START_REF] Darby | Detrital zircon reference for the North China block[END_REF][START_REF] Kröner | Zircon geochronology and metamorphic evolution of mafic dykes in the Hengshan Complex of northern China: Evidence for late Palaeoproterozoic extension and subsequent high-pressure metamorphism in the North China Craton[END_REF][START_REF] Zhu | Crustal evolution of the North Qinling terrain of the Qinling Orogen, China: Evidence from detrital zircon U-Pb ages and Hf isotopic composition[END_REF][START_REF] Song | Grenville-age orogenesis in the Qaidam-Qilian block: The link between South China and Tarim[END_REF][START_REF] Xie | U-Pb detrital zircon geochronology and its implications: The early Late Triassic Yanchang Formation, south Ordos Basin, China[END_REF][START_REF] Sun | Constraints on U-Pb Dating of Detrial Zircon of the Maximum Depositional Age for Upper Paleozoic Coal-Bearing Strata in Xishan, Taiyuan and Its Stratigraphic Significance[END_REF], we established a mean zircon U-Pb age distribution for the EMA. Using both the age data for the basement rocks, the zircon-tourmalinerutile (ZTR) index (provides indications on the distance of sediment transportation), grains size, sediments Rare Earth Elements patterns and informations on the tectonic background [START_REF] Darby | Detrital zircon reference for the North China block[END_REF][START_REF] Xie | U-Pb detrital zircon geochronology and its implications: The early Late Triassic Yanchang Formation, south Ordos Basin, China[END_REF], we evaluated the evolution of the main provenance area during the interval from Pennsylvanian to the early Permian. The sediment supply rates through time were calculated using the provenance data obtained from the method described above and a series of selected 2D seismic profiles. The thickness of the main sediment layers (A parameter hereafter) corresponding to the Bashkirian to Sakmarian stages was obtained from seismic data. As shale deposits have a much higher compaction coefficient then sandstone layers we divided the strata using the sand content (over 80%) observed within the corresponding reference wells [START_REF] Yang | Sulige field in the Ordos Basin: Geological setting, field discovery and tight gas reservoirs[END_REF]Zhang et al., 2009;[START_REF] Zou | area of the eastern margin of the Ordos Basin transfer from the Qaidam-Qilian orogenic belt to multiprovenance areas during the Pennsylvanian the late Carboniferousearly Permian[END_REF]. Pre-compaction thicknesses were then calculated using compaction coefficients of 0.0004 m -1 for mudstone and 0.00025 m -1 for sandstone (Zhang et al., 2009). Finally, the stratigraphic and geochronology data obtained in reference wells were used as time constrains (T) to derive sedimentation rates (v sediment = A/T).

3) Regional paleo-sea level reconstruction via multi-index integration

As sea level fluctuates all the time, the lateral facies variations observed in the sedimentary J o u r n a l P r e -p r o o f record may lead to some illusion and contradiction in the reconstructed regional paleo-sea level.

In this study we computed the relative sea level of the Ordos Basin EMA based on the δ 18 O and δ 13 C data from the high organic matters mudstone and comparing to the similar curve obtained by [START_REF] Xin | Sedimentology and Sequence Stratigraphy of Marine to Lacustrine Deltaic Deposits in a Craton Basin and Their Controlling Factors: Shan 2 Member-He 8 Member (Guadalupian-Lopingian, Permian), Southeast Ordos Basin, North China[END_REF]. Our interpretation takes tinto account the fact that the warming climate during the Carboniferous-Permian transgression accounted for an increase of 0.008-0.01‰m -1 of the δ 18 O( V-PDB ) value [START_REF] Adkins | The salinity, temperature, and delta18O of the glacial deep ocean[END_REF][START_REF] Elderfield | Evolution of Ocean Temperature and Ice Volume Through the Mid-Pleistocene Climate Transition[END_REF].

A second independent model was derived from paleontological data. Paripters spp.-Linopteris spp.-Conchophyllum plant association are characteristic of the Bashkirian-Kasimovian stage.

During the Gzhelian-Asselian stage, the representative paleontological assemblage is composed of Neurpteris pseudovata and Lepidodendron posthumii. Then, with the warming climate, Emplectopteridium alatum-Cathaysiopteris whitei-Emplectopteris triangularis occurred during the Sakmarian-Kungurian stage [START_REF] Hilton | The relationship between Euramerican and Cathaysian tropical floras in the Late Palaeozoic: Palaeobiogeographical and palaeogeographical implications[END_REF]. Some species ( Zygopteris and Ankyropteris corrugated) accumulation, including their macro-remains and pollen, reflected an onshore setting [START_REF] Phillips | Evolutionary and ecological perspectives of Late Paleozoic ferns Part I. Zygopteridales[END_REF][START_REF] Phillips | Evolutionary and ecological perspectives of late Paleozoic ferns Part II. The genus Ankyropteris and the Tedeleaceae[END_REF]. Hence, we calculated the ratio of fern species biomass and the plant fossil identified(w biomass ) in G3, H4, DJ43, DJ53, and Y787 and obtain their responding relative sea level. Furthermore, according to the morphology of all the identified species in the core samples of the EMA [START_REF] Hilton | The relationship between Euramerican and Cathaysian tropical floras in the Late Palaeozoic: Palaeobiogeographical and palaeogeographical implications[END_REF][START_REF] Pfefferkorn | Early Permian coal-forming floras preserved as compressions from the Wuda District (Inner Mongolia, China)[END_REF], broadleaf ferns were prominent during the late Paleozoic although their preservation in the fossil record was affected by post-deposition sediment reworking processes [START_REF] Bacon | Can atmospheric composition influence plant fossil preservation potential via changes in leaf mass per area? A new hypothesis based on simulated palaeoatmosphere experiments[END_REF].

Previous studies have pointed out that at the high stand of the sea level, the amount of leaf fossil in the core samples (w leaf ) is larger than the root or steam fossil due to the hydrodynamic process of tide or wave [START_REF] Pratt | Evidence of non-vascular land plants from the Early Silurian (Llandoverian) of Virginia, USA[END_REF][START_REF] Gastaldo | The relationship between bedform and log orientation in a Paleogene fluvial channel, Weißelster Basin, Germany: implications for the use of coarse woody debris for paleocurrent analysis[END_REF][START_REF] Gee | The genesis of mass carpological deposits (bedload carpodeposits) in the Tertiary of the Lower Rhine Basin, Germany[END_REF]. Thus, according to the ratio J o u r n a l P r e -p r o o f between the leaf fossil and the root/ steam fossil (w leaf ), we can infer the relative sea level.

Clay mineral assemblages provide another evidence for the late Paleozoic relative regional sea-level proxy. The Panthalassic ocean margin was located east of the EMA and south of the Paleo-Tethys (http://www.scotese.com/). The clay mineral assemblages of the Panthalassic ocean [START_REF] Kemp | Multiproxy geochemical analysis of a Panthalassic margin record of the early Toarcian oceanic anoxic event (Toyora area, Japan)[END_REF] and Paleo-Tethys [START_REF] Cheng | Permian carbon isotope and clay mineral records from the Xikou section, Zhen'an, Shaanxi Province, central China: Climatological implications for the easternmost Paleo-Tethys[END_REF] display a high value of illite. By contrast, the clay mineral assemblage of the potential source area is mainly chlorite and kaolinite [START_REF] Zhang | The composition of shales from the Ordos basin, China: effects of source weathering and diagenesis[END_REF]. Thus, the deposition of the marine original sediment will lead to a gentle increase of the illite content in the sediment. That is to say, the illite shows a much weaker positive relationship to the transgression process. According to the method mentioned in Fu et al. (2019a and b), we calculated the w clay =w(chlorite + kaolinite)/w((illite), and variations in this parameter are inversely correlated to the variations in sea-level.

The trace element ratios including ΣLREE/ΣHREE, Sr/Br, Ce/La, Rb/Zr, CaO/(MgO×Al 2 O 3 ), and V/(V + Ni) were also obtained from core samples in wells G3, H4, DJ43, DJ53, and Y787 .

Values of V/(V + Ni) > 0.54, Sr/Br > 0.5, and Ce/La > 1.5 are interpreted as characteristic of a shallow-marine environment, the other values indicating a continental setting [START_REF] Rimmer | Geochemical paleoredox indicators in Devonian-Mississippian black J o u r n a l P r e -p r o o f shales, Central Appalachian Basin (USA)[END_REF].

Referring to the above critical condition, we obtained the relative regional sea-level fluctuation in accordance with the trace element in.

Transgression/regression rate calculation: based on the transgression/regression directions established above, we used 2D seismic data to identify the successive transgression events and calculate their distance of propagation (S). As indicated by the sediment thermal evolution history diagram previously obtained on these series (see [START_REF] Yu | Thermal Evolution History of the Upper Paleozoic in Yanchang Exploratory Area, Ordos Basin[END_REF][START_REF] Ren | Tectonic thermal history and its significance on the formation of oil and gas accumulation and mineral deposit in Ordos Basin[END_REF], the subsidence rates varied through time but remained spatially coherent (no large variations J o u r n a l P r e -p r o o f throughout the study area at a given time). Subsidence was nearly null during the Pennsylvanian interval, while it reached 30 m/Ma during the early Permian. Accordingly, the subsidence rate was used as an input parameter in the transgression/regression rate calculationA following the equation: S= (D compaction +D subsidence )/ cos(α), D compaction is the decompacted thickness of mudstone in the strata; D subsidence is the accommodation of regional subsidence; α represents the slope angle calculated from the interpretation of the seismic profile.

Finally, by eliminating the subsidence impact factors, we calculated the transgression/regression distance (S) using (v sea ) as v sea = S/T , in which T is time.

Lithofacies identification and association classification

During the transgression/regression process in the Carboniferous-Permian, the grain size and lithology exhibited a dramatic change from conglomerate to mudstone. The series are also containing well-identified layers of coal, limestone, quartz sandstone, and feldspar sandstone. In this study, we defined 6 lithofacies associations using lithofacies previously established by [START_REF] Zhu | A sequence stratigraphic model for reservoir sandbody distribution in the Lower Permian Shanxi Formation in the Ordos Basin, northern China[END_REF], [START_REF] Yang | Lithofacies and origin of the Late Triassic muddy gravity-flow deposits in the Ordos Basin, central China[END_REF][START_REF] Xin | Sedimentology and Sequence Stratigraphy of Marine to Lacustrine Deltaic Deposits in a Craton Basin and Their Controlling Factors: Shan 2 Member-He 8 Member (Guadalupian-Lopingian, Permian), Southeast Ordos Basin, North China[END_REF] in Ordos basin: massive mudstone (M); bioturbated sandstone (Sb); muddy strip composite sandstone (Scm); slumped sandstone (Sd); cross-bedding composite sandstone (Scc); cross-bedding sandstone (Sc); massive sandstone (Sm); planar cross-bedded sandstone (Sp); massive gravel (Gm); planar cross-bedded gravel (Gp) (FIG. 3 andTABLE.1).

Identification of depositional environments from seismic and well data.

We selected two seismic profiles in an EW direction and calibrated them using wells G6 and J o u r n a l P r e -p r o o f DJ12 as references. Based on this calibration, we defined depositional environments and created a stratigraphic column.

Pennsylvanian depositional environments

As shown from core samples in well G6, the lithofacies association evolved upward from LFA.5 to LFA.4, LFA.4, LFA.5, and finally LFA.6. Based on lithofacies interpretation in FIG. 3 up to a tidal-dominated shallow-water setting (a to e). Additionally, fusulinid fossil typical of shallow marine environments were observed at a depth of 2,431 m in well G6, [START_REF] Liu | Late Pennsylvanian to Wuchiapingian palynostratigraphy of the Baode section in the Ordos Basin[END_REF].

The morphology of the GR curve also indicated the depositional environments in upward layers as having been transient. In the early Pennsylvanian interval, the well-logging GR curve of sandstone mainly showed a bell (2455m in G6 FIG. 4) or cylinder shape (2450 m in G6 FIG. 6), indicating a rising sea level and an increase in flow dynamics. For the late Pennsylvanian interval, the combination of the GR curve and the corresponding density curve (or sonic/neutron porosity curve) highlight the occurrence of coal layers interbedded in limestone, characterizing a decreasing sea level and a weakening flow rate. The Pennsylvanian period is thus marked by a transgression phase followed by regression. However, regionally, the sea level showed a marked spatiotemporal variability discussed below. 

Development of depositional environments during the early Permian period

The core samples in well DJ12 show a vertical evolution of lithofacies associations from LFA.6-LFA.2-LFA.1 (Table 1). The high-rate flow deposits of LFA.2 developed during the Asselian to Sakmarian interval. Deposition of LFA.1 including large mud clasts and lamellar cross-bedding indicate a slowing flow rate upward. As the cumulative grain-size curve in FIG. 5 shows, two curve-pattern segments indicate a decreasing amount of suspended sediments and a flow-pattern evolution toward a one-directional traction flow. On the corresponding well-logs, the GR curve developed as a cylinder at the bottom and as a bell shape upward. This again indicate that the Asselian to Sakmarian interval can be divided into two cycles corresponding to a gentle transgression process.

FIG 5 displays a series of concave and convex seismic facies according to the seismic boundaries. Referring to the study of [START_REF] Zhu | A sequence stratigraphic model for reservoir sandbody distribution in the Lower Permian Shanxi Formation in the Ordos Basin, northern China[END_REF] and [START_REF] Xin | Sedimentology and Sequence Stratigraphy of Marine to Lacustrine Deltaic Deposits in a Craton Basin and Their Controlling Factors: Shan 2 Member-He 8 Member (Guadalupian-Lopingian, Permian), Southeast Ordos Basin, North China[END_REF], we infer that braided channels (delta) initially developed, before being replaced upward by meandering channels. The seismic packages ascribed to the Asselian period show low amplitude and high continuity patterns. According to [START_REF] Xin | Sedimentology and Sequence Stratigraphy of Marine to Lacustrine Deltaic Deposits in a Craton Basin and Their Controlling Factors: Shan 2 Member-He 8 Member (Guadalupian-Lopingian, Permian), Southeast Ordos Basin, North China[END_REF], the lateral migration events indicate that sandy sedimentary facies (such as braided delta) developed in the Asselian period, while upward toward the Sakmarian interval, we suggest that high amplitude and low continuity events represent a muddy depositional environment.

Results

J o u r n a l P r e -p r o o f In Asselian samples DJ53 and H5, zircon crystals are colorless, mostly elliptical (Fig. 6) and can be divided into three types according to their external morphology and internal structure. The first type is rounded/sub-rounded with a length/width ratio of 1:1.5 and shows a well-preserved magmatic oscillatory zoning. The second type has a length/width ratio of 1:3 and is angular/subangular shaped. The internal structure of zircons from this second group is either homogeneous or has patchy zoning. This kind of zircon constitutes 20% of each sample, and their age ranges from 1800 Ma to 1900 Ma (see crystals date at 1827 ± 20 Ma (DJ53) or 1803 ± 22 Ma (H5) on FIG. 6). The third type of zircon is sub-rounded in shape and has a dark magmatic oscillatory J o u r n a l P r e -p r o o f zoning implying a metamorphic source, especially for samples over 2000 Ma. A total of 180 crystals were analyzed for those two samples, and 168 of these, with a >90% concordance were considered adequate (age data in Appendix Tables 1 and2). The individual age are grouped into four classes: 310-375 Ma, 410-490 Ma, 1650-2300 Ma, and 2300-2500 Ma (FIG. 7).

Samples DJ51 and G2 were collected from the Sakmarian series. As shown in the CL image of FIG. 6, zircon crystals of DJ51 and G2 are mostly angular/subangular with a length/width ratio of less than 2:1 and show a dark oscillatory zoning and bright overgrown homogeneous rim. The Th/U ratio ranging from 0.03 to 0.7 indicates intermediate rock sources. The U-Pb Concordia plots in FIG. 5 shows that the concordance of all the grains (85 gains in DJ51 and 94 grains in G2) is over 90%. The U-Pb age spectrum of DJ51 and G2 reveals two groups at 275 to 450 Ma (peak value of 375 Ma) and 1750-2000 Ma.

Heavy mineral assemblages

Six types of heavy minerals (rutile, zircon, tourmaline, titanite, apatite and pyrite) were quantified from core samples and classified in five types using the Heavy Minerals Associations (HMA) of [START_REF] Morton | Identifying provenance-specific features of detrital heavy mineral assemblages in sandstones[END_REF] and the statistical approach of [START_REF] Andrew | A new approach to provenance studies: electron microprobe analysis of detrital garnets from Middle Jurassic sandstones of the northern North Sea[END_REF] : rutiledominated (HMA-I), pyrite-dominated (HMA-II), titanite-dominated(HMA-III), tourmalinedominated, (HMA-IV), and zircon-dominated (HMA-V) (FIG. 10). In order to allow comparison, the HMA of potential source areas around the Ordos Basin, which includes the Qaidam-Qilian orogenic belt (QQOB) in the west, Yishan Orogenic belt (YOB) in the north, and Qinling orogenic belt(QOB) in the south, and their dominated HMA types are obtained from bibliography are listed in TABLE.2.

The early Pennsylvanian deposits are characterized by HMA-II and HMA-III associations.
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Similar associations, dominated by HMA-II are observed in the early Pennsylvanian deposits of the QQOB, YOB suggesting common sediment sources [START_REF] Chen | Provenance analysis of sandstone of the Upper Carboniferous to Middle Permian in Ordos basin[END_REF][START_REF] Du | Geochemistry Characteristics of Middle-Lower Jurassic Clastic Rocks in the Northern Margin of Qaidan Basin and Their Geological Significance[END_REF]. The pyrite content in wells Y521, H4, Y787, and Y653 is over 60%, which suggest that some sediment may be transported from the QQOB. Besides that, we compared the HMA in DJ43, DJ53, and that in the YOB [START_REF] Ruppen | Restoring the Silurian to Carboniferous northern active continental margin of the Mongol-Okhotsk Ocean in Mongolia: Hangay-Hentey accretionary wedge and seamount collision[END_REF][START_REF] Li | Timing of the initiation of the Jurassic Yanshan movement on the North China Craton: Evidence from sedimentary cycles, heavy minerals, geochemistry, and zircon U-Pb geochronology[END_REF]; both show HMA-III. Based on the increase in that new source area we speculate that some sediment migrated far south from the northern Ordos margin.

After the deposition of the late Pennsylvanian series, the pyrite content in well Y787 decreased sharply, whereas the proportion of tourmaline considerably increased. This result suggests that more sediment from the QQOB were either routed towards another basin or deposited in a proximal area and not transported into the Ordos sink area. The well in the northern EMA underwent an increase in zircon and rutile content, suggesting that a substantial amount of sediment came from the YOB.

During the Asselian interval, the most represented heavy minerals are rutile, zircon, tourmaline, titanite, apatite, and pyrite. The above can be further classified into three types of associations: HMA-III,HMA-IV, and HMA-V. The average ZTR index in this interval shows an increase from 35% to 73%, indicating that the sediment was deposited in an increasingly distal area, and detrital material from different provenance areas was mixed.

In the Sakmarian stage, the northern EMA showed an increase in titanite content in wells H4, Y521, Y787, Y653, G3, and Y432, and the average grain size of heavy minerals increased from 0.01-0.15 mm to 0.02-0.03 mm. The average ZTR index shows a decreasing trend, from 52% to 31% that, together with the above parameters suggest a more proximal source, possibly in the J o u r n a l P r e -p r o o f QOB affected by uplift at that period [START_REF] Zhu | Crustal evolution of the North Qinling terrain of the Qinling Orogen, China: Evidence from detrital zircon U-Pb ages and Hf isotopic composition[END_REF][START_REF] Dong | Mesozoic intracontinental orogeny in the Qinling Mountains, central China[END_REF].

Trace element and REE patterns

(1) Trace element and REE patterns

The chemical stability of La, Ce, Nd, Y, Th, Zr, Hf, Nb, Ti, and Sc during sediment migration and the preservation in marine depositional environments of their concentration distribution acquired in continental systems allow tracking source areas. In this study, we used the Hf-La/Th, La-Sc-Co/Th, and ΣREE-La/Yb indexes to identify the mineral composition of the source rock and their corresponding tectonic setting (FIG. 11). As shown by the Hf content ranging from 5.05 ×10 -6 to 8.33×10 -6 and the La/Th ratio from 3.2 to 5.0., the lithology of the source rocks of the Bashkirian to Sakmarian deposits is mainly felsic (FIG. 11a). This is further attested by the Co/Th and La/Sc ratio of 0.47-1.93 and 2.73 -8.40 respectively (FIG. 11b). The ΣREE ranges from 187.17 ×10 -6 to 751.75 ×10 -6 and the La/Yb ratio from 1.06 to 2.80 (FIG 11c). Finally, the La-Th-Sc, Th-Co-Zr/10 and Th-Sc-Zr/10 plots in FIGS. 11d-e suggest that the tectonic setting of the source area was intermediate between an active continental margin and island arc environment.

(2) Vertical evolution of the REE and trace element patterns in relation with sea-level fluctuation The ΣREE content of all analyzed samples ranges in (187.17-751.75) ×10 -6, and its average value is 299.83×10 -6 , which is slightly higher than that in North American Shale Composite (NASC (173.1×10 -6 )). ΣLREE ranges from 174.34×10 -6 to 669.06×10 -6 , and ΣHREE from (12.84×10 -6 to 82.69x10 -6 . ΣLREE/ΣHREE is 8.09-16.44, and the average value is 11.44, which is higher than that of NASC (7.50). The value of (La/Sm) N has a positive correlation with the fractionating degree of the LREE, whereas (Gd/Yb) N can reflect that of HREE. As McLennan et al.
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(1990) pointed out, an enrichment in LREE indicates a subaqueous setting; otherwise, HREE showed an aquatic setting. From the Bashkirian to the Gzhelian, we interpret the increase in ΣLREE/ΣHREE as indicative of a transgression phase. Similarly, the decrease in ΣLREE/ΣHREE during the Asselian to the Sakmarian is interpreted as marine regression.

As mentioned above, the trace elements ratio can also serve as an index of sea level variations (Qiu et al., 2015). During the early Pennsylvanian, the w(Sr)/w(Ba) of samples G3, DJ43, and DJ53 is over 0.5, and the w(Ge)/w(La) and w(Rb)/w(Zr) are over 1.5 and 0.75, respectively, which indicated a marine setting in the responding area. The w(Ge)/w(La) and w(Rb)/w(Zr) of samples H4 and Y787 in the western EMA is less than 1.5 and 0.75, which represent a continental setting. Thus, we speculate that the main transgression prograded westward.

During the Asselian stage, the (Sr)/w(Ba), w(Ce)/w(La), and w(Rb)/w(Zr) of Y787 showed a declining trend, whereas the w(V) / (w(Ni) + w(V)) and w(CaO)/w(MgO×Al 2 O 3 ) indices increased to over 0.25 and 0.75. These results indicate that the sea level rose sharply during the Asselian stage; this conclusion is the similar to that of [START_REF] Xin | Sedimentology and Sequence Stratigraphy of Marine to Lacustrine Deltaic Deposits in a Craton Basin and Their Controlling Factors: Shan 2 Member-He 8 Member (Guadalupian-Lopingian, Permian), Southeast Ordos Basin, North China[END_REF]. During the Sakmarian, w(Sr)/w(Ba) in G3 decreased sharply to 0.2, indicating a regression process in the southern EMA. Combining the trace element ratio and the study of [START_REF] Zhu | A sequence stratigraphic model for reservoir sandbody distribution in the Lower Permian Shanxi Formation in the Ordos Basin, northern China[END_REF], we infer that the main regression was ESE directed.

δ 18 O and δ 13 C data

The δ 18 O and δ 13 C data obtained on whole-rock samples show the fluctuation trend of the sea level caused by climate or the sediment rate change (FIG. 14). During the Pennsylvanian, δ 13 C V- PDB ranged from -8‰ to -25‰, and δ 18 O V-PDB ranged from -5‰ to -15‰. The value shows a J o u r n a l P r e -p r o o f negative excursion and a decreasing trend, indicating an warming climate and more rainfall. This result is consistent with the study of [START_REF] Montanez | CO2-forced climate and vegetation instability during Late Paleozoic deglaciation[END_REF] and [START_REF] Haq | A chronology of Paleozoic sea-level changes[END_REF]. During the Asselian-Sakmarian, δ 13 C V-PDB ‰(-4.35‰--1.36‰) and δ 18 O V-PDB ‰(-9.42--11.35) showed a positive excursion, which speculate the sea level rising during this interval.

Paleontological assemblage

During the Pennsylvanian, the value of w leaf (the amount of preserved leaf in macro-plant remnants) showed a rising trend from 0.47 to 0.52 including species such as Cathaysiodendron nanpiaoense, Conchophyllum richthofenii, Alloiopteris sp., and Lepidodendron cf. szeianumis. In the early Pennsylvanian series, leaf remnants are generally fragmented and mixed with stems fragments (FIG. 15, samples G10 and DJ28). In the late Pennsylvanian, the w leaf increased to 0.52, suggesting a rising sea level; whereas the large proportion of complete leaf remnants (FIG.

15 G7 and H5) suggests a weakening hydrodynamic setting.

During the early Permian, the amount of plant fossils sharply increased, and the w biomass of ferns such as Lycopsids, Emplectopteris, and Emplectopteridium, showed a sudden decrease during the transition from Kasimovian to Asselian. The root and stem fossils were predominant during the Asselian interval (FIG. 15 G1), and the ratio of the broad leaf remnants(w leaf ) decreased to 0.30. Up to the Sakmarian interval, the stem fragments keep predominant, whereas the w leaf declined to 22%.

Clay minerals distribution

As indicated above, continental sediment generally show a high chlorite and/or kaolinite content while marine sediment may show a high illite content. Furthermore, [START_REF] Raucsik | Climato-environmental controls on clay mineralogy of the Hettangian-Bajocian successions of the Mecsek Mountains, Hungary: An evidence for extreme continental weathering during the early Toarcian oceanic anoxic event[END_REF] and [START_REF] Chamley | Tectonic and environmental control of the clay mineral sedimentation in the late Cenozoic orogen of Taiwan[END_REF] showed that differential settling of clay minerals during 2005), [START_REF] Darby | Detrital zircon reference for the North China block[END_REF], [START_REF] J O U R N A L P R E -P R O O F Li | Incremental growth and origin of the Cretaceous Renjiayingzi pluton, southern Inner Mongolia, China: Evidence from structure, geochemistry and geochronology[END_REF], and [START_REF] Sun | Constraints on U-Pb Dating of Detrial Zircon of the Maximum Depositional Age for Upper Paleozoic Coal-Bearing Strata in Xishan, Taiyuan and Its Stratigraphic Significance[END_REF] we obtained the main characteristics of potential provenance areas in the Qinling orogenic belt (south), the Qaidam-Qilian orogenic belt (west) and the Yinshan orogenic belt (north)(FIG. 8). Furthermore, [START_REF] Xie | U-Pb detrital zircon geochronology and its implications: The early Late Triassic Yanchang Formation, south Ordos Basin, China[END_REF] pointed out that late Paleozoic uplift in the north China block may also be a potential source area for the Ordos basin. The age spectrum of JC-A and JC-B (early Pennsylvanian) show a major zircon U-Pb age population at 762-974 Ma, similar to the one observedin the Qaidam-Qilian orogenic belt (FIG. 8). As for the peak point at 1750 Ma, we speculate that some sediment came from the Yinshan orogenic belt.

According to FIG. 11 d andf, the trace elements pattern of the early Pennsylvanian samples suggest a source mainly composed of continental island arc and active continental margin lithologies, again suggesting a source in the Qaidam-Qilian and Yinshan orogenic belts (Darby and Gehrels,2006); [START_REF] Golonka | Pangean (late Carboniferous-Middle Jurassic) paleoenvironment and lithofacies[END_REF]. Finally, both HMA (samples DJ43 and DJ53) and ZTR indexes indicate a distal deposition process compatible with a source in the Qilian Shan and Yinshan (FIG. 10).

Provenance area during the early Permian

The zircon U-Pb age population of 310-375 Ma recorded in the age spectrum of samples H5, DJ53, DJ51, and G2,is largely comparable to the one shown in samples from the Qinling orogenic J o u r n a l P r e -p r o o f belts [START_REF] Sun | Constraints on U-Pb Dating of Detrial Zircon of the Maximum Depositional Age for Upper Paleozoic Coal-Bearing Strata in Xishan, Taiyuan and Its Stratigraphic Significance[END_REF][START_REF] Xin | Sedimentology and Sequence Stratigraphy of Marine to Lacustrine Deltaic Deposits in a Craton Basin and Their Controlling Factors: Shan 2 Member-He 8 Member (Guadalupian-Lopingian, Permian), Southeast Ordos Basin, North China[END_REF]. Furthermore, [START_REF] Zhu | Crustal evolution of the North Qinling terrain of the Qinling Orogen, China: Evidence from detrital zircon U-Pb ages and Hf isotopic composition[END_REF][START_REF] Dong | Mesozoic intracontinental orogeny in the Qinling Mountains, central China[END_REF] indicated a source from the Qinling orogenic belt in the early Permian southern EMA deposits.

Trace elements and REE patterns further indicate that the material was largely derived from Paleozoic sedimentary rock or igneous rock (as Sample E shown in FIG. 12) [START_REF] Shi | Geochemical characteristics and geological significance of the Upper Paleozoic mudstones from Linxing area in Ordos Basin[END_REF].

Thus, we speculate that some of the early Permian sediment originated from the Qinling region.

The Asselian record of wells H5 and DJ53 show two other zircon U-Pb age peaks at 1650-2300 and 2300-2500 Ma. Based on the analogy with the age spectrum obtained by [START_REF] Darby | Detrital zircon reference for the North China block[END_REF]we infer that some of the material also derived from the Yinshan orogenic belt. The increase observed in the ZTR index support that hypothesis of a more distal source.

In the Sakmarian stage, these two zircon U-Pb age peaks are absent from the age spectrum (FIG. 8), especially for the wells in the southern EMA (G2). Based on the HMA index (FIG. 10), we speculate that the provenance area of the sediment in the northern EDM is mainly the northern Ordos margin through long-distance transport. As to the southern EMA, the decreasing ZTR index indicates a switch from distal provenance to a more proximal source. Moreover, the detrital zircon U-Pb age spectrum and trace elements distribution (FIG 8 and 11) reflects material issued from the Yinshan and Qinling orogenic belt.

Sediment supply rate calculation

We selected two profiles to calculate the sediment deposition rate in the EMA. FIGS. 17 and 18 show the EMA in the N-S and E-S direction, respectively. We divided the profile into four layers: Penzi Formation (Ct-Cb), Taiyuan Formation (Cb-P2s), Upper Shanxi Formation (P2s-Pt10), and Lower Shanxi Formation (Pt10-Ps1).

Pennsylvanian sedimentation rates
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As shown in the well calibration (FIG. 1), the Moscovian-Kasimovian stage in the early Pennsylvanian is represented by the Penzi Formation, while the Taiyuan Formation formed during the Gzhelian stage.

Then, we evaluated the strata thickness (A) on the basis of the seismic profile in FIGS. 17 and 18. During the Moscovian-Kasimovian stage (315.2~303Ma), the sediment from the eastern EMA was deposited , and its transport path showed a east direction as that in FIG. 18. The statistical mean thickness of the strata (A) in a series of the E-W direction profiles range from 70 m to 90 m. Thus, the average sedimentation rate at this stage is 8 m/Ma, whereas the minimum sedimentation rate is 5 m/Ma. During the Gzhelian stage, the decrease in the strata thickness to 10-20 m corresponds to a declining trend of the sedimentation rate (2~4m/Ma) interval. The low sedimentation rate in the Gzhelian (Jiang and Wang, 2012;[START_REF] Xu | Geologic and hydrological controls on coal reservoir water production in marine coal-bearing strata: A case study of the Carboniferous Taiyuan Formation in the Liulin area, eastern Ordos Basin, China[END_REF] is directly related to the formation of the carbonate platform in the EMA, as the clastic input largely decreased.

Early Permian sedimentation rates

The Asselian stage is represented by the Lower Shanxi Formation, and the Sakmarian by the Upper Shanxi Formation .

We selected a seismic profile in the 2D block, consistent with the sediment migration direction.

According to the above study, sediment was mainly transported from the northern EMA during the Asselian stage (FIG. 17). During the Sakmarian, sediment was transported from two directions: the southern EMA was filled by proximal material from QOB(Qiling Orogenic belt), whereas the northern block was filled sediment from a distal area(YOB: Yinshan Orogenic belt). Thus, as the static data in Table 3, we evaluate the sedimentation rate in the southern EMA and calculated the sedimentation rate in the northern block on the basis of Table .3.
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As shown in FIG. 18, the average strata thickness (A) of the Lower Shanxi Formation (Asselian298~295Ma) is 80-100 m, and the calculated sedimentation rate is 20-25 m/Ma. In the Upper Shanxi Formation (Sakmarian), more sediment were provided and the sedimentation rate reached 30 m/Ma in the southern block and 20~25 m/Ma in the north E.M.D. .

Transgression/regression rate calculation

Transgression/regression rate during the Pennsylvanian As shown in FIGS.16a and 16b, the main transgression/regression direction during the

Pennsylvanian is E-W in the northern block, whereas that in the southern block is N-NW.

According to the profiles with a similar direction of transgression/regression as that of the northern block, the seismic packages (TP9-TP10) in FIG. 18 are characterized by high continuity and low onlap . These characteristics indicate limited erosion during the sea level rising process. Wang. (2012) and [START_REF] Xu | Geologic and hydrological controls on coal reservoir water production in marine coal-bearing strata: A case study of the Carboniferous Taiyuan Formation in the Liulin area, eastern Ordos Basin, China[END_REF] suggested that the transgression process in the Pennsylvanian was mainly controlled by accommodation changes. The average transgression rate during the Pennsylvanian was 15 km/Ma (T.P.1~4 and 8~10 TABLE 3). As to the southern block, the seismic packages showed an onlap from TP1 to TP3, indicating that the regional subsidence provided enough accommodation space for the sediment. Considering the distance from TP1 to TP3, the transgression rate on the southern block during the Pennsylvanian period was 7.6 km/Ma. Trace elements, δ 18 O and δ 13 C, and paleontological assemblages show a sharp regression event during the late Pennsylvanian (Kasimovian) (FIGS. 13, 14, and 15). However, the resolution of the seismic profile makes it impossible to calculate the regression rate during that period. 16d), sea level variations occurred in a spatially variable pattern caused by the uplifting process in the southern orogenic belt. More proximal sedimentation lead to a sharp regression in the southern EMA. According to the seismic packages RP4, RP5, and RP6 (FIG . 17), we obtained a regression rate of 50 km/Ma. In the northern block, the calculated average regression rate ranges from 15 km/Ma to 20 km/Ma according to the seismic packages RP9 and RP10 (TABLE 3).

Jiang and

Mechanism of transgression or regression in intracratonic basin

After calculating the sedimentation rates and the transgression/regression rates, we reconstructed the S2S system during the Carboniferous-Permian (FIG. 19) in accordance with the BQART model of [START_REF] Syvitski | Geology, Geography, and Humans Battle for Dominance over the Delivery of Fluvial Sediment to the Coastal Ocean[END_REF]. (FIG. 20) and classified it into three types: lowtransgression rate and less-sediment supply S2S pattern (LT-LS) during the Pennsylvanian period, high-transgression rate and massive sediment supply S2S pattern (HT-MS), and lowtransgression rate and massive sediment supply S2S pattern (LT-MS) during the Asselian to Sakmarian stage. Below, we infer the mechanism of Carboniferous-Permian transgression in accordance with the quantitative parameters of the S2S system.

S2S distribution pattern between the interglacial and glacial epochs

During the early Pennsylvanian (Bashkirian-Kasimovian), the EMA mainly developed tidal deposits. We distinguished the N-S directed tidal barriers, which developed on the former basement [START_REF] Shen | Sedimentary control on the formation of a multi-superimposed gas system in the development of key layers in the sequence framework[END_REF], separating the EMA from the western part of the Ordos Basin (both J o u r n a l P r e -p r o o f sub-basins were evolving independently). In addition, the provenance study shows that the sediment came from a distal area in the western margin (FIG. 19c). Combining the above depositional setting, meandering channels in the western block and tidal channels in the eastern EMA (FIG. 19a). With the decrease in sedimentation rate and the increasing transgression area, the carbonate platform developed during the late Pennsylvanian period (Gzhelian) along the western EMA; the lithofacies also support this conclusion. Thus, we infer that the shallow-marine areas in the early stage. At the same period, the western sub-basin is characterized by floodplain and channel deposits [START_REF] Zhang | Sedimentology and sequence stratigraphy of the Shanxi Formation (Lower Permian) in the northwestern Ordos Basin, China: an alternative sequence model for fluvial strata[END_REF]) associated a low-transgression rate and less-sediment supply (LT-LS S2S pattern) (FIG. 20a). Then, refer to the study of [START_REF] Michael | The Functioning of Sediment Routing Systems Using a Mass Balance Approach: Example from the Eocene of the Southern Pyrenees[END_REF]Hampson et al., 2014), this pattern of S2S system further shows mass sediment attested by fine-grained deposits infills.

During the Asselian stage, the depositional setting constrained from seismic data shows a series of erosion channels (FIG. 4 and5). At the same time regression continues in the western Ordos Basin, leading to shelf and floodplain depositional environments. [START_REF] Ritts | Ordos Basin Gas Reservoir Outcrop Analogs: Permian Braided Fluvial Sandstone of the Zhuozi Shan and Helan Shan, China[END_REF][START_REF] Zhang | Sedimentology and sequence stratigraphy of the Shanxi Formation (Lower Permian) in the northwestern Ordos Basin, China: an alternative sequence model for fluvial strata[END_REF] pointed out that the facies association include braided-and meandering/anastomosed-channels (FIG. 19). The sedimentation and transgression/regression rates calculated above reveal that the high-transgression rate and mass sediment supply (HT-MS) (FIG. 20b) pattern was predominant during this interval. During the Sakmarian stage, the sediment input from the Yinshan orogenic belt declined slightly providing less coarse-grained material. We distinguished facies associations LFA.1 and LFA.3 during this interval and interpret it as a meandering channel. The S2S system that developed in the northern EMA had an HT-MS pattern. By contrast, the southern block developed various S2S systems. From the facies J o u r n a l P r e -p r o o f association (FIG. 4), we conclude that delta fan or coarse-grained delta depositional environments dominated during this interval. Thus, we infer that the Asselian-Sakmarian stage with massive sediment input corresponds to the interglacial period. The S2S system in the southern block shows a typical low-transgression rate and massive sediment supply (LT-MS) S2S pattern (FIG. 21c). In the southern block, coarse-grained submarine fans or delta fans developed in proximal areas. In the northern EMA, sedimentation occurred with more distal than the southern one..

Mechanism of transgression from the perspective of the S2S system

Based on the depositional environments (FIG. 19) and reconstruction of the topography of the basin derived from seismic data (FIG. 17 and18), we propose the following S2S pattern model.

1)LT-LS S2S pattern (Pennsylvanian)

The topographic reconstruction of the Pennsylvanian basin indicates low continental slopes.

The stratigraphy indicates a limited carbonate platform and shallow waters characterized by tidalinfluenced deposits. Then, we calculated the parameters (TABLE 3) of the LT-LS S2S pattern during the Pennsylvanian and built the response equations as follows:

V = aA + bS + cα•e H + m, (FIG. 20d)
where V is the volume of the S2S system, which can be obtained from the seismic data; A is the distance between the provenance area and the sink area; S represents the sedimentation rate; α shows the dip angle of the slope; and H is the relative sea level. a, b, and c in the equation are obtained in accordance with the fitting of the data in TABLE 3.

As stated above, the volume of the S2S system during the Pennsylvanian is limited, and most sediment accumulated on the slope (FIG. 20a). The bubble chart shows that α is inversely J o u r n a l P r e -p r o o f

proportional to the relative sea level (H). We infer that the key factor controlling the relative sea (H) level is the variations in slope dip (α). [START_REF] Lan | Impact of sequence stratigraphy, depositional facies and diagenesis on reservoir quality: A case study on the Pennsylvanian Taiyuan sandstones, northeastern Ordos Basin, China[END_REF] also pointed out that the spatial variability transgression direction is caused by topographic variations. On this basis, as the general slope (shown as the morphology map in FIG. 16), we can explain the fast transgression in the northern EMA and the slow transgression rate in the southern block.

2)HT/LT-MS S2S pattern

The facies association pattern in FIG. 19 shows a spatially varible evolution in the south and north block of the EMA during the Asselian-Sakmarian. As to the northern part, the stratigraphy indicates braided channels or meandering/anastomosed rivers. The southern part was dominated by fan deltas or alluvial fans. Then, we statistically calculated the S2S parameters in the Asselian-Sakmarian (TABLE 3) and obtained the following fitting equation:

V = aα•A•H + be S +m.
(Fig. 20e)

In the HT-MS system, the volume of the S2S system is affected by the sedimentary supply (S)

and the relative sea level (H). For the Sakmarian interval, we assumed that V is a determined value. The relative sea level (H) is inversely proportional to the sedimentary supply (S).

Furthermore, [START_REF] Zhu | A sequence stratigraphic model for reservoir sandbody distribution in the Lower Permian Shanxi Formation in the Ordos Basin, northern China[END_REF] pointed the subsidence rate keep stable during this interval. Thus, we speculate that in the HT-MS system the sedimentation rate is the key factor driving the sea level.

As to the LT-MS system in the southern block, we statistically calculated the S2S parameters affect sea-level fluctuation as generally inferred in sequence stratigraphy studies [START_REF] Zhu | A sequence stratigraphic model for reservoir sandbody distribution in the Lower Permian Shanxi Formation in the Ordos Basin, northern China[END_REF]. Due to the uplift caused by the formation of the Qinling orogenic belt, the slow transgression rate, and the fast regression rate during the Sakmarian were mainly controlled by the substantial amount of sediment accumulated and the increase in dip angle. 3. In the LT-LS pattern, the transgression/regression process was dominated by the dip angle of the morphology due to lower sediment supply during the glacial period (Pennsylvanian). In this pattern, the intensive reworking flow determined the region where coarse-grained sediments J o u r n a l P r e -p r o o f developed. As the S2S pattern transitions to the HT-MS or the LT-MS pattern, we speculate that the migration of the sediment distance is a key factor that influences the transgression/regression process. et al. (2008). From bottom to top: Penci Formation, Taiyuan Formation, Shanxi Formation, and Shihhotse Formation.

Conclusion

Figure Captions

FIG. 2

The stratigraphy developed in Y787, DJ53, DJ43, H4, and G3. From left to right of each well is the Grammy curve, lithology. With the zircon age data shown in DJ53 and the related reference J o u r n a l P r e -p r o o f 

FIG. 3

Lithofacies templates. Seven kinds of lithofacies associations are provided on the right side.

From left to right: slow-rate one-directional traction flow deposited; high-rate one-directional tractional flow, slow-rate bidirectional traction flow, mass flow deposited, static water deposited and carbonated plate deposited.

FIG. 4

From left to right shows the seismic profile, well log of G6 and their responding cumulative grain-size curve. We interpreted the lithofacies according to the core sample calibration. The sandstone can be identified by the low GR value, while the limestone is characterized by the low DEN value. Furthermore, integrated the well log and the seismic reflection, we interpreted the facies association in the Pennsylvanian, including the tidal channel and the barriers.

FIG. 5

From left to right shows the seismic profile, well log of DJ12 and their responding cumulative grain-size curve. The cross-bedding in LFA.1 and LFA.2 indicated a tractional flow developed.

Calibrated these on the seismic data, we recognized a series of the erosion channel developed.

FIG. 6

Representative zircon CL images. The small white circles represent the sites of U-Pb age analyses, and the measured ages are shown in Ma. 

FIG. 8

Zircon U-Pb age spectra of the Paleocene sediment in JC-A, JC-B, H5, DJ53, DJ51, and G2.

Potential source area: Qinling orogenic belt, Qaidam-Qilian orogenic belt, Yinshan orogenic belt, West North China Block [START_REF] Xie | U-Pb detrital zircon geochronology and its implications: The early Late Triassic Yanchang Formation, south Ordos Basin, China[END_REF][START_REF] Kröner | Zircon geochronology and metamorphic evolution of mafic dykes in the Hengshan Complex of northern China: Evidence for late Palaeoproterozoic extension and subsequent high-pressure metamorphism in the North China Craton[END_REF][START_REF] Darby | Detrital zircon reference for the North China block[END_REF][START_REF] Zhu | Crustal evolution of the North Qinling terrain of the Qinling Orogen, China: Evidence from detrital zircon U-Pb ages and Hf isotopic composition[END_REF].

FIG. 9

As [START_REF] Hoskin | Metamorphic zircon formation by solid-state recrystallization of protolith igneous zircon[END_REF] and [START_REF] Teipel | U-Pb SHRIMP and Nd isotopic data from the western Bohemian Massif (Bayerischer Wald, Germany): implications for upper Vendian and lower Ordovician magmatism[END_REF] pointed out the according to the ratio of Th/U value, we can infer the sediment are mainly provided by the igneous sources (Th/U over 0.5), or the metamorphic sources (Th/U less than 0.1). And the Th/U value between the 0.2 and 0.5 indicate a mixture of the igneous and metamorphic source. Intersection diagrams for the Th/U ratio and age distribution. From left to right: samples of the Bashirian-Gzhelian, Asselian, and Samarian stages.

FIG. 10

HMA of Y521, H4, Y787, Y653, G3, Y432, DJ43, and DJ53. We classified the HMA into five types: rutile-prominent (rutile>60%), pyrite-prominent (pyrite>60%), titanite-prominent (titanite>50%), tourmaline-prominent (tourmaline>30%), and zircon-prominent (zircon>30%)

EMA=East Margin area of Ordos Basin 

FIG. 13

Trace element vertical distribution in G3, H4, DJ43, DJ53, and Y787.

FIG. 14

δ 18 O and δ 13 C data vertical distribution in Y787, DJ53, DJ 43, H4, and G3.

FIG. 15

Column from left to right show the w leaf index, w biomass index, micropaleontological assemblage [START_REF] Pfefferkorn | Early Permian coal-forming floras preserved as compressions from the Wuda District (Inner Mongolia, China)[END_REF], and the plant fossils in the core samples. Referring to the statistical data of paleontological assemblage, we found that the sea level of the EMA increased during the Pennsylvanian and declined sharply during the Asselian-Sakmarian.

FIG. 16

We built the paleomorphology on the basis of 2D seismic data and the relative sea level as the 

FIG. 17

The seismic profile in the N-S direction and the location is shown in FIG. 1. We distinguished a series of tidal channel with the swing channels as the concave of the seismic event. As to the late Pennsylvanian (Gzhelian), the limestone developed and showed a continuous and high amplitude reflection. Referring to [START_REF] Zecchin | Sequence J o u r n a l P r e -p r o o f stratigraphy based on high-resolution seismic profiles in the late Pleistocene and Holocene deposits of the Venice area[END_REF], we distinguished a series of forest seismic packages and numbered them as TP1 to RP6.

FIG. 18

The seismic profile in the W-E direction and the location is shown in FIG. 1. We distinguished a series of forest seismic packages and numbered them as TP8 to RP10. 

FIG. 20

J o u r n a l P r e -p r o o f S2S parameters (a to c) marked in the sections, including the bed evaluation height, the sediment supply and the relative sea level. Then, we fit these parameters (in TABLE 3) and obtained the balloon chart (d to f). The diameter represents the volume of the S2S system, and we can speculate the mechanism for the transgression/regression process in accordance with the fitting equation.

Table Caption

Table 1 Facies association descriptions.

Table 2

Heavy mineral assemblage in the potential source.

Table 3

Parameters of the S2S system. Statistical data were based on seismic data. We obtained the dip angle with the slope dip along the slope. [START_REF] Blum | Fluvial responses to climate and sea-level change: a review and look forward[END_REF])

LFA. 

  ). Heavy and clay mineral content and their scanning electron microscope (SEM) photographs as well as whole rock trace elements analysis from wells H4, Y787, G3, DJ43, DJ53, Y521, Y653, and Y432 were processed by the Geological Laboratory of the Research Institute of C.M.B. company (China National Petroleum Corporation CNPC®). The paleontological identifications, including pollen and plant assemblages from wells G3, H4, DJ43, DJ53, and Y787, were completed by the Langfang Branch of Petrochina Exploration and Development Research Institute (CNPC®).

  , the early Pennsylvanian period was characterized by an initial bidirectional slow-rate traction flow deposit, evolving upward toward a coarse-grained flow . Finally, facies LFA.5 and LFA.6 indicate a weak hydrodynamic intensity during the late Pennsylvanian period. The cumulative grain-size curve in FIG. 4 also shows this last depositional environment evolution from a mass flow (g and f)

  Well G6 was used to calibrate the facies pattern on the seismic line shown on FIG. 4. The reflectors showing concave interfaces indicated erosion in tidal channel belts, while convex J o u r n a l P r e -p r o o f interfaces are interpreted as sediment accumulation in tidal barriers. The tidal-dominated deposit (including the barrier and the tidal channel deposit) thus mainly developed during the early Pennsylvanian period.

6. 1

 1 Detrital zircon U-Pb data Detrital zircons U-Pb age data are used to constrain the potential source area of sediments deposited in the Ordos basin during the Pennsylvanian to the early Permian. Four samples were selected in the early Permian series from various wells: DJ53 (1942.23 m Asselian), H5 (1968.1 m Asselian), DJ51 (2264.85 m Sakmarian), and G2 (2048.1 m Sakmarian) and representative zircon CL images are shown on FIG.6. For the Pennsylvanian interval we refer to data from Sun et al. (2014) (samples JC-A and JC-B). Representative zircon CL images are shown in FIG. 6, Concordia plots in FIG.7 and individual age spectrums in FIG.8. Samples JC-A and JC-B from the Bashkirian-Gzhelian stage are taken from Sun et al. (2014). Among the 94 detrital zircons in JC-A and 95 detrital zircons in JC-B, 83 (JC-A) and 94 (JC-B) have been considered adequate for dating (FIG. 7). Cathodoluminescence (CL) images show oscillatory zoning and Th/U ratios are generally over 0.1, indicating intermediate source rock types such as granitoids and metamorphic rocks (FIG.9 a). The obtained detrital zircon U-Pb ages can be divided into three groups: 273-307 Ma, 762-974 Ma, and 1168-2543 Ma.

  J o u r n a l P r e -p r o o f sedimentation processes could explain the illite and smectite enrichment in marine settings away from the major river deltas and estuaries Triangle diagrams showing the proportion of each type of clay (chlorite and kaolinite are plotted on the same location) are thus use to infer the continental, shallow-marine or deep-marine depositional environment through time (FIG.16). Northeastern part of the EMA: Wells DJ16 and DJ43 (FIG. 16) are characterized by a high chlorite content (>50%) in the Pennsylvanian, which shows an increasing in illite content characterizing the late Pennsylvanian (Kasimovian), which rise from 20% to 45%. whereas, chlorite and kaolinite are still predominant (w clay (the ratio of w(chlorite + kaolinite)/w((illite))values are still over 1.0), indicate that the sediments from a continental setting is dominated in this interval. During the Asselian stage, the illite content of wells DJ16 and DJ43 decreased to 35%, further supporting the occurrence of a slight regression phase and an increasing input of continent-derived detrital material. Southeastern part of the EMA: In wells DJ53 and DJ30 illite dominated (their content high up to 50%) during the Pennsylvanian to Sakmarian. All the above data indicate that the sediment deposited in the southern EMA may be below the sea level. Southwestern part of the EMA: The Pennsylvanian section in well G3 shows a high chlorite content (>50%), and a w clay index over 1.5, indicating that the southwestern part of the EMA is below the sea level up to the late Pennsylvanian. With the illite content decreasing dramatically (from 35% to 25%), we infer that a regression progress occurred in the southwestern block during the early Permian. Northwestern part of the EMA: In well H4, chlorite and kaolinite dominate the clay spectrum from the Pennsylvanian to the Sakmarian, indicating a terrestrial depositional setting. As to the J o u r n a l P r e -p r o o f Asselian-Sakmarian, the chlorite content in Y787 shows a decreasing trend (from 65% to 50%), indicating less sediment input from continental source regions. area during the Pennsylvanian Based on published U-Pb data from Yang et al. (

  FIGURE 16cshows an NW-W directed transgression during the Asselian stage. We selected

  during the Sakmarian and obtained V= aα•A•H .S + m. (Fig. 20f) The bubble chart in FIG. 20 f shows that the accumulated sediment and the dip angle can J o u r n a l P r e -p r o o f

1.

  During the Pennsylvanian, sediments mostly came from the Qaidam-Qilian orogenic belt and were deposited in a distal setting. Some distal sediments from the northern margin of the Ordos Basin were injected in the dispersal area. The sediment accumulation rate during this interval ranges from 5 m/Ma to 10 m/Ma. During the Asselian-Sakmarian interval, material was derived from multiple provenance areas. The sediment from the Qinling orogenic belt accumulated at a rate of 30 m/Ma, and that from the western and northern Ordos Basin accumulated at 10 and 30 m/Ma, respectively. The timing of sedimentation rate changes is synchronous with the interglacial-glacial process in the early Permian.2. During the early Pennsylvanian, transgression occurred towards the NEE, and the relative horizonal transgression rate reached as high as 15 km/Ma. We classified this kind of S2S pattern as LT-LS. During the Asselian stage, transgression occurred toward the NNW with a rate of 30 km/Ma. During the Sakmarian, the sea level rose again, and the direction of transgression in the EMA was NW. The transgression rate was up to 50 km/Ma. We also identified two different S2S patterns, that is, LT-MS in the south and HT-MS in the north.

FIG. 1

 1 FIG. 1

FIG. 7 J

 7 FIG. 7

FIG. 11 J

 11 FIG. 11

J

  o u r n a l P r e -p r o o f w clay index. From bottom to top: paleo-sea level developed from the early Pennsylvanian (a), the late Pennsylvanian (b), the Asselian (c), and the Sakmarian (d).

  FIG. 19

2

 2 Sb-Scm(Scc)-M Moderately sorted homogeneous sandstone. Regularly lamellar crossing bedding in the top. High-rate traction flow deposited (Braid channel environment) LFA.3 Sb-Scm-Scc-M Strong rhythmic alteration of darker or lighter layers composed of fine-grained slit stone. The double-clay cross-bedding in the upper part. Bidirectional slow-rate traction flow deposit(Tidal environment) LFA.4 Gp-Sd-Gm Gravel-supported conglomerate with regular imbedded layers. Upper to the top, matrix-supported conglomerate shows an imbricated orientation A static water setting (Swamp)(refer to Ichaso and Dalrymple (2009)) LFA.5 Sd-Scc-M Moderately sorted fine stone in the bottom. Deformation structure occurs in the laminae. Despite intense bioturbation, there is no single trace identified. r n a l P r e -p r o o f

al., 2014; Sun et al., 2013; Wang et al., 2003), we

  identified the deposited age of layers, including the Penzi Fm. Taiyuan Fm, Lower Shanxi Fm. and Upper Shanxi Fm. Litho.=Lithology,

	Chronolo.=Geochronology.

(Sun et 

  . ΣLREE/ΣHREE is 8.09-16.44/11.44; (d) and (c) are the REE distribution in the Asselian and Sakmarian, respectively. We obtained the value of ΣLREE/ΣHREE in the Asselian is 9.74-15.72/10.12, whereas its value in the Sakmarian is 8.01-11.62/9.12. These values indicate the regression process during the Asselian and Sakmarian.

  Moderately to well sorting thick sandstone. There are thick bad association trough crossing bedding. The thin layer of mudstone observed in the top.

	TABLE 1			
	Facies Association	Lithofacies	Main sedimentary features	Inferred depositional environment
	LFA.1	Sp-Sm-M		Slow-rate flow deposited (Meandering channel environment)
				(refer to

J o u r n a l P r e -p r o o f
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