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Details of geological and stratigraphic setting
The carbonate succession of the studied section was deposited in the Late Triassic to Early Jurassic intraplatform Csővár basin in the northwestern Neotethys (Haas et al., 2010). The Rhaetian, Hettangian, and lower Sinemurian parts of the Csővár Limestone Formation are exposed in two natural outcrops, in the Pokol-völgy quarry and in the Vár-hegy, where the strata gently dip to the northeast. Artificial trenches were excavated to connect the natural exposures of the Vár-hegy. The lower part of the formation representing the Upper Carnian–Lower Rhaetian was penetrated by the 1200 m deep Csv-1 borehole drilled in 1968 (Haas et al., 1997). Exposures in this area have been the subject of research since the mid-19th century when the carbonates of the Vár-hegy were first placed into the Lower Jurassic (Szabó, 1860). Fifty years later a Late Triassic (Carnian) age was proposed based on macrofossils and the succession was interpreted as of shallow marine origin (Vadász, 1910). This opinion was first challenged by micropaleontological analysis mostly on conodonts collected in the Pokol-völgy quarry that led to the assignment of the Csővár Limestone to the upper Norian–Rhaetian (Kozur and Mostler, 1973). This age range was extended to the Early Jurassic for the uppermost beds on the Vár-hegy (Kozur and Mock, 1991), later determined more precisely as Hettangian and Sinemurian using radiolarians (Kozur, 1993). Supplemented with studies of sporadic ammonite finds, the international significance of the Csővár, Vár-hegy section as a continuous marine sedimentary succession that spans the Triassic-Jurassic boundary was recognized (Pálfy and Dosztály, 2000).
1.1. Evolution and depositional environments of the Csővár basin
The evolution of the Csővár basin began in the early Carnian when the rifting of Neotethys started to lead to the disintegration of the extensive Dachstein platform and resulted in the formation of intraplatform basins, such as the Csővár Basin that was located at the external margin of the platform (Haas, 2012; Haas et al., 2010). The evolution of the basin and the depositional setting of the Csővár Limestone Formation were interpreted from the detailed sedimentological and lithofacies analysis of the limestone succession (Haas and Tardy-Filácz, 2004). The lower part of the formation spanning the Carnian, Norian, and lower Rhaetian was penetrated by the Csv-1 core. The drilled succession includes cherty dolomite, overlain by laminated, thin-bedded cherty limestone. In the lower part of the formation (upper Carnian and Norian) the basinal facies is predominant. Upsection, in the uppermost Norian to lower Rhaetian, gravity flow deposits become increasingly common, indicating a toe-of-slope depositional environment (and a platform progradation trend (Haas et al., 1997). 
The Rhaetian succession is well exposed in the Pokol-völgy quarry. In the lowermost Rhaetian layers a sharp facies change is observed. The high amount of sporomorphs marks a sea-level drop exposing large parts of the nearby platform. The lower Rhaetian layers consist of calciturbidites deposited in a slope–toe-of-slope environment. Upwards in the section, slump structures formed as a result of slope instability are common indicating sea-level rise. The long-term (second-order) deepening upward trend following the early Rhaetian low-stand continued in the Hettangian. Its evidence is best preserved in the nearby Vár-hegy section, which is the subject of this study. 
The Vár-hegy section exposes the upper part of the Csővár Limestone Formation which represents the upper Rhaetian–Hettangian (Pálfy and Dosztály, 2000) and extends up to the Early Sinemurian (Kozur, 1993). There is no significant difference between the lithology of the Upper Triassic and the lowermost Jurassic part of the formation. Nonetheless, gradual changes in microfacies have been observed suggesting relative sea-level rise and change in depositional environment from a slope, toe-of-slope to a basinal environment in a well-ventilated, open marine system (Haas and Tardy-Filácz, 2004). 
The upper Rhaetian part (0 to ~21m) of the section is characterized by grey, crinoidal, and intraclastic thin to medium-bedded limestone and laminated limestone, the latter becoming more dominant above 12 m. The first half meter (the lowermost bed) consists of wackestone microfacies indicating a basinal environment (above CCD). Up to 11 m the most dominant microfacies are fine-grained and medium-grained calciturbidite (Ft and Mt) interpreted as representing proximal turbidites, alternating with radiolarian wackestone (Rw). The beds between 11.2 and 12.2 m consist of lithoclastic-bioclastic grainstone/packstone (Lb). Between 12 and 21 m, the dominant microfacies is calcisiltite-calcilutite laminate (La) interpreted as representing distal turbidites, varying with thinner beds assigned to radiolarian wackestone microfacies (Rw). The meter-scale alteration of basinal and turbidite facies is assigned to third and fourth-order cyclicity. The cyclic pattern is more prominent in the lower, pre-TJB part of the section (Haas et al., 2010; Haas and Tardy-Filácz, 2004). A significant decrease is observed in the number of platform-derived bioclasts c. 10 m below the TJB. Beds 30 and 40 contain a significant amount of siliciclasts which is unusual in the other parts of the section. 
The interval between 19.3 and 21.2 m (beds 50–56) within the Triassic-Jurassic transition consists of brownish-grey laminated, thin-bedded and micritic limestone and thin-bedded marl with occasional bioclastic limestone beds (Pálfy et al., 2007) which are assigned to calcisiltite-calcilutite laminate (La) and radiolarian wackestone (Rw) microfacies. The amount of bioclasts drastically increases in Bed 52. The base of this bed is marked by the sudden appearance of lithoclasts. The deposition across the Rhaetian-Hettangian boundary was continuous. 
The upper part of the Vár-hegy section spanning the Hettangian is characterized by homogenous thin-bedded limestone. As a result of the continuing long-term and a new short-term transgression, microfacies indicating a basinal environment become more prevalent. Between 21.2–31.2 m radiolarian wackestone (Rw) alternates with calcisiltite-calcilutite laminate (La). The interval of 31.2–33.4 m is a unique part of the section marked by grapestone beds and oncoids redeposited from the nearby platform. Above these beds, around 34 m fine-grained calciturbidite microfacies (Ft) occurs. The top ~15 m of the measured section consists of calcisiltite-calcilutite laminite (La) alternating with radiolarian wackestone (Rw) microfacies, the latter dominating the uppermost beds deposited in a basin environment. 
The uppermost part of the Csővár Limestone Formation was deposited in the Sinemurian. Despite the Late Cretaceous-Early Paleogene folding and normal faulting of the area, the Vár-hegy section including the sampled interval shows a stratigraphically intact profile (Benkő and Fodor, 2002).
1.2. Biostratigraphy
The age of the section and the position of TJB was constrained by ammonoid, conodont, radiolarian, and foraminiferan biostratigraphy. Although the occurrence of ammonoids is sporadic in the section, their role as a correlation tool is particularly important since the base of the Jurassic is defined by the first occurrence of the Psiloceras spelae tirolicum (Hillebrandt et al., 2013). The lower 11 m of the Vár-hegy section yielded ammonoids of the genus Choristoceras and Cladiscites assigned to the late Rhaetian Marshi Zone. The last occurrence of a Triassic ammonoid is recorded at 11 m. The first in situ Jurassic psiloceratid ammonoid was found at 29.5 m however, an ex-situ ammonoid of Jurassic affinity occurs as low as 18.8 m (Pálfy et al., 2007; Pálfy et al., 2001). 
The first 10.4 m of the section yielded abundant conodont assemblage indicative of the Rhaetian Misikella ultima Zone (Karádi et al., 2019; Pálfy et al., 2001). One specimen of Misikella ultima was collected at 20.9 m marking the end of the Triassic based on conodont biostratigraphy (Pálfy et al., 2007). Nevertheless, one specimen of Neohindeodella detrei was recovered, from a Hettangian bed of the section (at 31.7 m) indicating that some conodont taxa survived into the earliest Hettangian (Du et al., 2020; Kozur, 1993; Pálfy et al., 2007; Pálfy et al., 2001). 
The Late Triassic radiolarian assemblages assigned to Globolaxtorum tozeri Zone occur up to 1.5 m. The lowermost Jurassic radiolarians were discovered at 26.5 m representing the Relanus hettangicus Zone (Kozur and Mock, 1991). The position of the boundary in the Csővár section was first constrained by radiolarian biostratigraphy (Pálfy et al., 2007; Pálfy et al., 2001). 
The first 12.5 m of the section has a rich foraminifera fauna, especially between 11 and 12 m. The assemblages above 10.4 m are impoverished and lack distinctive Triassic forms. The interval between 25.6–34.7 m is characterized by oligospecific assemblages. The species identified above 34.7 m indicates neritic to bathyal environment. The last occurrence of Triassic foraminifera is at 14.5 m, whereas the first occurrence of foraminifera (Involutina liassica) certainly representing the Jurassic is at 52 m (Pálfy et al., 2007). 
The evaluation of sporomorphs contributed to the identification of the TJB interval in the Csővár section and provided an additional, excellent global correlation tool (Götz et al., 2009). At 18.5 m (in Bed 47) the sudden increase of prasinophytes was observed indicating a marine algal bloom and corresponding with a spore spike related to terrestrial vegetation changes. The Hettangian assemblage suggests a slightly increasing terrestrial input throughout the Hettangian.
1.3. Chemostratigraphy
The Vár-hegy section was one of the first sections in the world where the TJB event was recognized in the carbon isotope record (Pálfy et al., 2001). A short-lived and prominent δ13Ccarb NCIE of 3.5‰ was detected near the TJB corresponding with a slightly delayed δ13Corg NCIE of 2‰. Another, smaller negative δ13Ccarb shift was observed in the lowermost, Rhaetian part of the section. The subsequent palynological analysis revealed a correlation between the NCIE and the peak abundance of spores and prasinophytes (Götz et al., 2009).
The Hydrogen Index (HI) of the samples proves their marine origin and the slight decrease of the values in the boundary interval may reflect increased continental influx. The TOC content remains below 0.1% and reaches its minimum in the TJB layers indicating a decline in planktonic production. The δ18O values range between -3.2 and -0.2‰ (Pálfy et al., 2007; Pálfy et al., 2001). 
Later, the Vár-hegy section was resampled with a spacing of 20 cm to carry out high-resolution geochemical measurements (Kovács et al., 2020). The new δ13Ccarb data (Fig. 1) shows the same pattern as the first one but reveals six distinct negative CIEs (NCIE-1-6, Fig. 1) allowing an even more precise correlation with other TJB sections. The largest negative peak of ~6‰ (NCIE-3) observed between 17–18.4 m was identified as the initial CIE. The NCIE-2 at ~11 m might represent the precursor CIE, albeit this correlation is debatable. The presence of the main CIE is not evident in the Vár-hegy section. 
The TOC content is generally low in the section (Kovács et al., 2020; Pálfy et al., 2001). Nearly 70% of the measurements were under the detection limit and the maximum value was 1.84% at 3 m. The δ18O data range between -14.12‰ and -0.34‰.
A major mercury anomaly was detected in the ETE horizon coinciding with the NCIE-3 (initial CIE) and it is interpreted as the onset of the extrusive CAMP volcanism (Kovács et al., 2020). The Hg concentrations reach their maximum at 18.8 m (668 ppb) and 19.4 m (972 ppb). In the Hettangian layers of the Vár-hegy, less prominent Hg peaks were observed which are connected to further CAMP pulses. 
1.4. Clay- and micromineralogy
The clay content of 12 samples from limestone and marl layers was analyzed using X-ray powder diffraction (Pálfy et al., 2007). The main clay mineral phases are quartz, kaolinite, illite-muscovite illite-smectite. No volcanic component is detected and only one clay-rich bed is identified in the section (Bed 31 at 12.2 m). The micromineral content of 39 samples was also analyzed. Despite the small proportion of allogenic grains in the samples, the potential source rock types were reliably identified. The hinterland is assumed to have exposed mainly metamorphic rocks (meso-metamorphic rocks of sedimentary origin and contact metamorphic rocks) and magmatic rocks (Pálfy et al., 2007). 
1.5. Cyclostratigraphy
Sequence stratigraphic analyses of the Csővár section pointed to the presence of meter and decimeter-scale cyclicity in the Csővár section (Haas et al., 2010; Haas and Tardy-Filácz, 2004). The hand-held XRF analysis of 11 elements and C and O stable isotope measurements of 243 samples collected at even, 20 cm spacing provided the input data for cyclostratigraphy (Vallner et al., 2022). The Milankovitch cyclicity was successfully demonstrated in the section, where the 405-kyr long-eccentricity cycles, 124-kyr short eccentricity cycles, 34-kyr obliquity cycles, and 21- and 17-kyr precession cycles were detected. The results allowed the determination of the length of the initial NCIE in Csővár which is suggested to be 40–80 kyr. Based on the Milankovitch cycles and the previously published bio- and chemostratigraphic data the Triassic-Jurassic boundary most probably lies between 21.8–22.2 m. The Rhaetian part of the Vár-hegy section represents ~1.3 Myr whereas the Hettangian part represents ~1.7 Myr. The deposition time is 2.9–3 Myr for the entire section (Vallner et al., 2022). The astrochronological age model of the section is crucial for the geochemical modeling and interpretation of results and the assessment of the temporal evolution of Earth system processes.
Details of geochemical methods
1.1. Elemental analyses
The elemental concentrations were measured on Agilent 8800 Triple Quad ICP-MS. Prior to the analysis 10 mg powder of each sample was dissolved in cc. HNO3. Subsequently, the samples were filtered and ultrapure water was added until the volume of 10 ml was reached.
2.2. δ238U analyses
For uranium isotope analysis about 1 g of fresh rock powder from each sample was measured. From seven rock samples, 2-6 parallel 1 g samples and five “blind” samples were prepared, to investigate unknown effects during preparation which may potentially alter the U concentration and to check reproducibility during δ238U measurements. 
To dissolve the carbonate phase, the rock powder was digested in HCl using a 50 ml trace-metal-clean centrifuge tube (Zhang et al., 2018). About 5 ml of 2% double-distilled HCl was added every 10 minutes for an hour, 6 times in total (Table S1). As a next step, 1 ml of the same acid (2% twice distilled HCl) was added every 45 minutes, 5 times in total. The solution was allowed to sit overnight at room temperature in the clean laboratory (C-1000), under a Class-1000 fume hood. Subsequently, the undissolved residue and the supernatant were separated using a cellulose acetate membrane syringe filter with a 0.45 μm pore size. The solutions containing the carbonate fractions were filtered into PFA sample digestion vials.
Following digestion, samples were spiked, to correct for instrumental mass bias, maximize δ238U measurement precision and reproducibility, and decrease the matrix effect. 2000-fold diluted IRMM 3636a spike (Richter et al. 2008) was added to each sample to obtain a 235U:233U sample to spike ratio of 1:3. The appropriate amount of spike to be added was determined based on previously measured 238U concentrations. The 235U concentrations were calculated assuming a 238U/235U ratio of 137.8493 in each sample. 
Spiked samples were evaporated to dryness and then re-dissolved twice in 1 ml concentrated (approx. 67 w%) HNO3. After each re-dissolution step, the samples were repeatedly evaporated to dryness. Finally, the dried spike-sample mixtures were dissolved in 1.5 ml 3M HNO3 (Zhang et al., 2018). The spiking methodology was adapted from publications of various laboratories that previously reported δ238U measurements (Brennecka et al., 2011; Clarkson et al., 2018; Romaniello et al., 2013; Weyer et al., 2008; Zhang et al., 2018).
As uranium is present only in low concentrations in limestone (0.2–1 ppm in limestone samples from Csővár), this element should be concentrated to precisely measure its isotopic ratio. Uranium is isolated and purified via column chemistry using the UTEVA ion exchange resin (Brennecka et al., 2011; Romaniello et al., 2013; Stirling et al., 2007; Weyer et al., 2008; Zhang et al., 2018). The applied UTEVA separation protocol is based on the description of Weyer (2008). Columns containing the UTEVA resin were pre-cleaned in order to remove contamination and ensure a proper chemical environment. First, the resin was rinsed twice with ultrapure water, then five times with 0.05% HCl. Subsequently, it was conditioned with 3 column volume (4 ml) of 3M HNO3 to convert it to the nitric form before sample loading. After the cleaning process samples were loaded on the columns. Removal of matrix elements was achieved by rinsing the samples with 3 ml 3M HNO3 five times. Conversion to the chloride form was carried out by 10M HCl treatment (3x column volume 10M HCl). Thorium was removed from the column by adding 5 x 3 ml 5M HCl + 0.05M citric acid. Citric acid was rinsed with 3x column volume 5M HCl. Finally, the uranium was collected with 5 x 3 ml 0.05M HCl. The uranium enriched samples were treated with 2 ´ 1 ml cc. HNO3 to remove the organic matter which potentially contaminated from the resin. The samples were evaporated to pinhead-sized drops and dissolved in 2 ml 3% HNO3 for analysis. The preparation steps are summarized in Table S1.
δ238U measurements were performed using a Thermo Scientific™ NEPTUNE Plus™ MC-ICP-MS at the Isotope Climatology and Environmental Research Center at Institute for Nuclear Research (ATOMKI) in Debrecen. The isotopic composition is given using the following delta notation: 

Results were calibrated using the international standard synthetic reference material CRM 112-A. The standard did not go through column chemistry but it was spiked with IRMM3636a in the same way as the samples. The standards were measured alternately with the samples and the isotopic value of each sample was normalized by the average of the two bracketing standards. The CRM 112-A–IRMM3636a solution was analyzed 36 times in a row before the sample measurements and yielded a mean 238U/235U value of 137.76821 ± 0.018. This is in agreement with the adjusted isotopic ratio of CRM 112-A (137.844 ± 0.024) reported by Condon et al. (2010) and Richter et al. (2010). The 238U/235U value of each sample and standard is an average of 200 values since the ICP-MS measured one sample through 10 cycles and 20 measurements per cycle were carried out. The standard yielded 30-45 V of 238U signal on a 1011 Ohm amplifier. Analytical errors of measurements range from 0.021‰ to 0.122‰ (±1σ) which is consistent with the analytical errors of previously published uranium isotope data. To monitor data quality, selected samples were re-analyzed both within and between sessions. Some of the samples chosen for replicate analysis were those which yielded very negative δ238U values indicating a negative anomaly.
To assess external reproducibility, we performed a suite of analyses of modern ocean water with previously published δ238U values (Table S3, Andersen et al. 2017). 0.4 l of seawater was diluted with HNO3, and the 8M solution was spiked by adding IRMM 3636a. The spiked solution was then processed in five sample batches. Each sample was purified via column chemistry in the same manner as the Csővár limestone samples. The final uranium fractions were further spiked to obtain a 235U:233U sample to spike ratio of 1:3, similar to those of our in-house standard (a mixture of a CRM-112A solution and IRMM-3636a double spike solution). Each seawater-spike solution was analyzed four times and were measured alternately with in-house standards. The modern seawater standard gave a δ238U of −0.409 ± 0.029‰ (1 SD, Table S3) which is in agreement with the previously published −0.39 ± 0.01‰ (2 SD, Andersen et al. 2017).
Details of geochemical modeling
1.2. Uranium cycle box modeling
To complement the qualitative interpretation of geochemical data we attempted to quantitatively evaluate the redox changes of the ocean during the Triassic-Jurassic transition, employing a dynamic marine U cycle forward box model outlined by Lau et al. (2016). 
In the Rhaetian world ocean, the redox conditions before the environmental perturbations are thought to be approximately similar to those of the modern ocean, i.e., a steady-state, relatively oxygenated system. Therefore, the majority of the input parameters of the model which define the initial, steady-state conditions, are derived from estimates for the modern ocean. Other parameters, including the uranium burial rates for anoxic and non-anoxic (oxic and suboxic) sinks (kanox and kother), the flux of uranium into non-anoxic sinks (Jother ), and the δ238Uriv are calculated for the Late Triassic system using the uranium isotopic mass balance equations explained below (Dahl et al., 2014; Lau et al., 2016). Under steady-state conditions, the riverine uranium influx (Jriv) equals the output fluxes into anoxic and non-anoxic (i.e. oxic and suboxic) uranium sinks, (Janox, Jother) hence the following equation can be applied to obtain Jother:
	
The anoxic and non-anoxic sink burial rates (kanox and kother) can be calculated as a function of sink fluxes and the anoxic extent using the following equations:
	
,	 
and relying on the assumption that the extent of anoxic seafloor (fanox) in the Late Triassic ocean was similar to that of the modern ocean (fanox=0.21%) before the environmental perturbations. The burial rates of the sinks are considered constant. The 	initial δ238U of the seawater (δ238Uinitial) is controlled by the U influx rates (Jriv), the riverine isotopic compositions (δ238Uriver), the U fluxes into the anoxic and non-anoxic sinks (Janox, Jother) and the fractionation factors (anox, other), and it can be expressed as 
	
The Rhaetian riverine uranium isotopic composition can be obtained by rearranging the previous equations:
(5) 
After determining the model input parameters using steady-state equations, a dynamic forward model has been used to quantify the extent of seafloor covered by anoxic sediments. The changes of δ238Usw can be determined by the following equation (Lau et al., 2016): 
(6) 
which is the basic equation of the uranium box model applied in this study and represents a modification of Eq. 4 for dynamic systems.
To achieve a fit between the measured and the modelled curve further assumptions were needed concerning the changes in riverine input and isotopic composition. The available evidence is sparse about the exact values of Jriv and δ238Uriv during the Triassic-Jurassic transition. It is highly unlikely that the weathering rates remained constant despite the CAMP volcanism-related degassing and the temperature rise associated with the greenhouse gas emission. The Os and Sr isotope study of Cohen and Coe (2007) provides some insight into the weathering processes during the Triassic-Jurassic transition. The positive 187Os/188Os and negative 87Sr/86Sr anomalies, the latter overlapping with a negative CIE (probably the initial CIE), indicate a sudden intensification of the continental weathering at the end of the Rhaetian. It is reasonable to assume that the emplacement of CAMP basalts onto large areas of Pangean continental landmass possibly had an impact on riverine uranium isotope ratios. Modern basalts have a uranium isotopic composition between -0.25 and -0.4‰ (Tissot and Dauphas, 2015), lower than the calculated δ238Uriv (-0.10‰) for the Rhaetian oceans and the suggested δ238Uriv of -0.15‰ for the Late Permian. Consequently, the large amount of basalt may result in a decrease in the riverine isotopic ratios, although this remains speculative and poorly constrained. The riverine input is calculated to be -0.10‰ at the beginning of the perturbation when only intrusive CAMP activity is assumed (Davies et al., 2017; Heimdal et al., 2020), followed by a decrease to -0.23‰, caused by the onset of the CAMP extrusive phase and the weathering of the outpoured basalt. This value is still higher than the observed modern δ238Uriv of -0.29‰ (Tissot and Dauphas, 2015). The 2-fold increase in weathering 350 kyr after the onset of the perturbation is assumed to be the consequence of the extrusive CAMP phase. 
1.3. C-P-U modeling
The C-P-U model is applied to quantify the short-term changes of the coupled carbon, phosphorus and uranium geochemical cycles. The forcing parameters include degassing (D), uplift driving erosion (E), and weatherability (W). The main perturbing effect is volcanic CO2 emission. The elevated emission rates lead to increased silicate weathering (Fw) which can be determined by the following equation:
(
where f(CO2) is the atmospheric CO2 concentration given in PAL, and f(T) is the kinetic effect of temperature on mineral dissolution. The terrestrial organic carbon burial is also dependent on the atmospheric CO2 level, and can be expressed as:
(8) 
where ktorg is the present-day flux (4.5x1012 mol C·y−1, COPSE). The marine organic carbon burial (Fmorg) can be obtained by the following equation: 

where kmorg is the present-day flux (4.5x1012 mol C·y−1, COPSE), and P/P0 is the change in the ocean P concentration. Here, the C cycle couples with the P cycle. 
The ocean P cycle is influenced by the balance of P weathering (FPw), P burial associated with organic matter (FOrgP), P burial absorbed to iron oxides (FFeP), and P burial associated with carbonate minerals (FeCaP). The P weathering (FPw) is connected to silicate weathering (Fw). The P cycling can be described by the following two equations: 


The organic P burial is dependent on the fraction of seafloor anoxia (fanoxic), which influences the marine U cycling. The organic P burial is expressed as:

where CPanoxic and CPoxic are organic C/P burial ratios under anoxic and oxic bottom waters, respectively. The fraction of seafloor anoxia is determined by the following equation 

where O2/O20 is the normalized oxygen supply, and ku*(P/P0) is the normalized oxygen demand. The changes in fanoxic influence U concentration and the uranium isotope composition of the seawater. 
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Fig. S1. Elemental concentration data of the Csővár section. 
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Fig. S2. (A) Cross-plots of the δ238U-δ18O, (B) δ238U-Mn/Sr, (C) δ238U-Sr/Ca and δ238U-Mn/Ca (D) values.
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Fig. S3. Application of diagenetic correction factor for the δ238U curve of the Csővár section. The dashed line represents δ238UCARB (measured data) and the solid line is the δ238USW if we assume an offset of +0.27‰ between the carbonate and the seawater. 
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Fig. S4. The uranium isotope data of Csővár overlain with the U cycle box model results of Jost et al. (2017). The legend is the same as in Jost et al. (2017). The black dots represent the diagenetically corrected δ238UCARB and the blue and purple lines represent the modeled δ238USW. 
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Fig. S5. Sensitivity analysis of the modelled uranium isotope curve for the changes of Δanox. The solid purple lines represent the best fit model curve (Fig. 5, Table S2), and the dashed purple lines are the results of sensitivity analyses. The black dots represent the diagenetically corrected δ238UCARB and purple lines represent the modeled δ238USW.  


Table S1. Summary of preparation steps for uranium isotope analysis.
	Digestion of rock powder
	2 % distilled HCl
	6x5 ml, every 10 mins

	
	
	5x1 ml, every 45 mins

	Separation of supernatant and residue using syringe filter

	Evaporation to pinhead sized drops

	Sample spiking (IRMM 3636a, 235U:233U sample to spike ratio of 1:3)

	Evaporation to dryness

	Adding acid
	69% HNO3
	1 ml

	Evaporation to dryness

	Adding acid
	69% HNO3
	1 ml

	Evaporation to dryness

	Dissolving the sample
	3M HNO3
	1.5 ml

	Precleaning of UTEVA columns
	0.05% HCl
	5x column volume

	
	3 M HNO3
	3x column volume

	UTEVA column chemistry, uranium purification 
	3M HNO3
	5x3 ml

	
	10M HCl
	3x column volume

	
	5M HCl + 0.05M citric acid
	5x3 ml

	
	5M HCl
	3x column volume

	
	0.05M HCl
	5x3 ml

	Evaporation to pinhead sized drops

	Digestion
	69% HNO3
	2x1 ml

	Dissolution 
	3% HNO3
	2 ml




Table S2. Results of the U cycle box model.
	Duration of the perturbation
	fanox
	fanox/ fanox0
	Weathering increase
	δ238Uriv

	75 kyr
	8%
	40x
	4x
	-0.1

	100 kyr
	8%
	40x
	Pre-anomaly
	-0.235

	350 kyr
	11%
	55x
	2x
	-0.235

	125 kyr
	8%
	40x
	Pre-anomaly
	-0.235




Table S3. U isotope, elemental concentration, elemental ratios, oxygen isotope, Hg, and REE data of the samples analyzed from the Csővár section and U isotope analytical data of the seawater standard. (Presented in a separate MS Excel file)
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