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The genesis of cherts, rocks with >90 wt. % SiO2, is suggested to be linked with dissolved seawater silica and its elevated precipitation in the Phanerozoic due to massive biological activity in the Earth's oceans compared to the Precambrian where hydrothermal fluids played a more dominant role. Because cherts may record a history of global seawater Si cycle, their Si isotope systematics may serve as a proxy for their origin and depositional environment. In this study, Si isotope compositions, combined with Ge/Si ratios, were determined for a suite of shallow-water, deep-water and stromatolitic cherts from the Blovice accretionary complex (Bohemian Massif, Czech Republic), representative of deep marine and subduction settings, to establish the nature of cherts and processes of their formation, identify the sources of Si and Ge, and discuss the possible effect of the Neoproterozoic-Cambrian transition. The predominantly heavy  30 Si >+0.23‰ values, associated with low Ge/Si, in deep-water cherts suggest their precipitation from seawater-derived low-temperature fluids at the seawatersediment interface with subordinate admixture of terrigenous material. Moreover, the tight relationship between  30 Si and organic matter contents in these deep-water cherts is indicative of either equilibrium precipitation of isotopically lighter Si as the organic content of the medium increases or global decrease of  30 Si values of seawater during the Meso-Neoproterozoic related to coupled Si and C cycles. On the other hand, a  30 Si variation of ~2.5‰ (-0.94‰ to +1.60‰) in shallow-water cherts argues for precipitation from seawater interacting with hydrothermal fluids of variable temperature. Organic matter, Fe-(oxy)hydroxides and clays represent important sinks for Ge (and Si in case of organic matter) and thus play a determining role in global marine Si-Ge cycling. This, together with the presence of abundant cherts at the Neoproterozoic-Cambrian transition, appears to be associated with redox-controlled Fe cycle which itself is related to microbial reduction and the increasing presence of organic matter towards the Phanerozoic.

Introduction

Cherts are quartz-dominated sedimentary or hydrothermally-formed rocks characterized by their silica-rich nature (SiO2 > 90 wt. %) deposited in a wide range of settings on the oceanic floor since the Archean (e.g., [START_REF] Grenne | Paleozoic and Mesozoic silica-rich seawater: Evidence from hematitic chert (jasper) deposits[END_REF][START_REF] Hesse | Silica diagenesis: origin of inorganic and replacement cherts[END_REF][START_REF] Perry | Formation and Geochemistry of Precambrian Cherts[END_REF][START_REF] Shen | Hydrothermal origin of syndepositional chert bands and nodules in the Mesoproterozoic Wumishan Formation: Implications for the evolution of Mesoproterozoic cratonic basin, North China[END_REF]. It has been suggested that the genesis of cherts is closely tied with the assumed age of their formation (Precambrian vs. Phanerozoic) and varying contents of dissolved seawater silica, which is related to the extent of hydrothermal flux and the widespread occurrence of siliceous sponges and radiolarians in the Earth's oceans since the Cambrian (e.g., [START_REF] Kidder | Secular distribution of biogenic silica through the phanerozoic: Comparison of silica-replaced fossils and bedded cherts at the series level[END_REF][START_REF] Siever | The silica cycle in the Precambrian[END_REF]. Therefore, while the formation of biogenic cherts was rather limited in the Precambrian eon, they became widespread members of seafloor sedimentary successions since the beginning of the Phanerozoic as a consequence of the enhanced biological activity, forming the so-called siliceous ooze [START_REF] Mulder | Progress in deep-sea sedimentology[END_REF].

Consequently, cherts have been targeted by a number of studies which reported their major/trace element as well as isotope systematics to explain their petrogenesis and which have shown that several processes (e.g., hydrothermal deposition, biogenic activity, diagenetic overprint etc.) have been involved in their formation (e.g., [START_REF] Guo | Trace element chemostratigraphy of two Ediacaran-Cambrian successions in South China: Implications for organosedimentary metal enrichment and silicification in the Early Cambrian[END_REF][START_REF] Kato | Origin and global tectonic significance of Early Archean cherts from the Marble Bar greenstone belt, Pilbara Craton, Western Australia[END_REF][START_REF] Perry | Formation and Geochemistry of Precambrian Cherts[END_REF]Zhang et al., 2020 and references therein).

Silicon (Si) stable isotope systematics serve as a particularly powerful tracer of Si sources and cycling as well as extent of biological activity because Si represents the major constituent of cherts. As cherts record a history of seawater Si cycle (e.g., [START_REF] André | Silicon isotopes in ∼3.8 Ga West Greenland rocks as clues to the Eoarchaean supracrustal Si cycle[END_REF][START_REF] Poitrasson | Silicon isotope geochemistry[END_REF], their Si isotope composition (generally expressed as  30 Si) can potentially serve as a proxy for the origin and depositional environment. In this respect, positive  30 Si are interpreted to reflect direct precipitation from seawater while  30 Si values close to ~0‰ and negative  30 Si values have been ascribed to silicification of terrigenous precursors and hydrothermal precipitation, respectively (e.g., [START_REF] Van Den Boorn | Dual role of seawater and hydrothermal fluids in Early Archean chert formation: Evidence from silicon isotopes[END_REF][START_REF] Zhang | Oceanic chemistry recorded by cherts during the early Cambrian Explosion, South China[END_REF].

Furthermore, some studies advocated that Si isotope compositions of cherts can be used to track down paleo-ocean temperatures [START_REF] Ding | The δ 30 Si peak value discovered in middle Proterozoic chert and its implication for environmental variations in the ancient ocean[END_REF][START_REF] Robert | A palaeotemperature curve for the Precambrian oceans based on silicon isotopes in cherts[END_REF] and the extent of biological activity (e.g., [START_REF] Marin-Carbonne | Micrometer-scale chemical and isotopic criteria (O and Si) on the origin and history of Precambrian cherts: Implications for paleo-temperature reconstructions[END_REF][START_REF] Tatzel | Late Neoproterozoic seawater oxygenation by siliceous sponges[END_REF].

However, it needs to be considered that  30 Si values in sedimentary materials can be significantly modified during later diagenesis (e.g., [START_REF] Geilert | Effect of diagenetic phase transformation on the silicon isotope composition of opaline sinter deposits of Geysir, Iceland[END_REF][START_REF] Marin-Carbonne | Micrometer-scale chemical and isotopic criteria (O and Si) on the origin and history of Precambrian cherts: Implications for paleo-temperature reconstructions[END_REF][START_REF] Tatzel | The silicon isotope record of early silica diagenesis[END_REF]. Thus, a special attention must be paid to estimate the degree of chert preservation and relative contributions of various Si sources (e.g., terrestrial, biogenic, hydrothermal; [START_REF] Poitrasson | Silicon isotope geochemistry[END_REF]. This can be evaluated, for example, by determining Ge/Si ratios to explore the effects imposed on Ge/Si by principal chert components (e.g., quartz, clay, carbonate, sulfide; [START_REF] Dong | Germanium/silicon of the Ediacaran-Cambrian Laobao cherts: Implications for the bedded chert formation and paleoenvironment interpretations[END_REF] and hydrothermal fluids [START_REF] Escoube | Coupled Ge/Si and Ge isotope ratios as geochemical tracers of seafloor hydrothermal systems: Case studies at Loihi Seamount and East Pacific Rise 9°50[END_REF][START_REF] Wheat | Germanium in mid-ocean ridge flank hydrothermal fluids[END_REF]. Furthermore, Ge/Si ratios can be used to identify a possible input of biogenic Si to cherts as it has been demonstrated that Ge/Si systematics were not modified during the chert diagenesis [START_REF] Tribovillard | The Ge/Si ratio as a tool to recognize biogenic silica in chert[END_REF].

In this study, we investigated Si isotope compositions and Ge/Si ratios in a suite of cherts from the late Neoproterozoic-early Cambrian Blovice accretionary complex (Teplá-Barrandian Unit, Bohemian Massif, Czech Republic) previously well-characterized in terms of their major/trace and Sr-C-O isotope compositions [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF][START_REF] Hajná | A giant late Precambrian chert-bearing olistostrome discovered in the Bohemian Massif: a record of Oceanic Plate Stratigraphy (OPS) disrupted by mass-wasting along an outer trench slope[END_REF]. The collected data are used to (i) establish the nature of cherts and processes of their formation, (ii) identify the sources of Si and Ge, and (iii) discuss the possible effect of the Neoproterozoic-Cambrian transition on the combined Si isotope and Si-Ge elemental systematics of the cherts.

Geological settings

The Teplá-Barrandian Unit (TBU) occupies the west-central part of the Bohemian Massif, one of the largest exposures of the Variscan belt in Europe (e.g., [START_REF] Franke | The Variscan orogen in Central Europe: Construction and collapse[END_REF][START_REF] Kroner | Two plates -Many subduction zones: The Variscan orogeny reconsidered[END_REF][START_REF] Martínez Catalán | The Mid-Variscan Allochthon: Keys from correlation, partial retrodeformation and plate-tectonic reconstruction to unlock the geometry of a non-cylindrical belt[END_REF]Schulmann et al., 2009 and references therein).

The TBU itself was consolidated during the late Neoproterozoic and the early Cambrian along a northern active margin of Gondwana forming a part of the so-called Avalonian-Cadomian belt that includes a collage of accretionary complexes, volcanic arcs and back-arc basins (e.g., [START_REF] Garfunkel | The relations between Gondwana and the adjacent peripheral Cadomian domain-constrains on the origin, history, and paleogeography of the peripheral domain[END_REF][START_REF] Linnemann | The Cadomian Orogen: Neoproterozoic to Early Cambrian crustal growth and orogenic zoning along the periphery of the West African Craton-Constraints from U-Pb zircon ages and Hf isotopes (Schwarzburg Antiform, Germany)[END_REF][START_REF] Nance | Evolution of the Rheic Ocean[END_REF]. It consists of three wellexposed Cadomian sections (Fig. 1) that include, from W to E, ~540-520 Ma metaophiolite [START_REF] Collett | Reconstruction of the mid-Devonian HP-HT metamorphic event in the Bohemian Massif (European Variscan belt)[END_REF][START_REF] Timmermann | The problem of dating high-pressure metamorphism: a U-Pb isotope and geochemical Study on eclogites and related rocks of the Mariánské Lázně Complex, Czech Republic[END_REF], >600-527 Ma Blovice accretionary complex [START_REF] Hajná | New constraints from detrital zircon ages on prolonged, multiphase transition from the Cadomian accretionary orogen to a passive margin of Gondwana[END_REF][START_REF] Žák | Detrital zircon geochronology and processes in accretionary wedges[END_REF] and ~608-563 Ma volcanic arc (Davle volcanic complex) overlain by ~580-560 Ma silicified black shales (Lečice Member; [START_REF] Ackerman | Arc-related black shales as sedimentary archives of sea-level fluctuations and plate tectonics during the late Neoproterozoic: An example from the Bohemian Massif[END_REF] and intra-arc/back-arc basins [START_REF] Drost | Provenance of Neoproterozoic and early Paleozoic siliciclastic rocks of the Teplá-Barrandian unit (Bohemian Massif): Evidence from U-Pb detrital zircon ages[END_REF][START_REF] Hajná | New constraints from detrital zircon ages on prolonged, multiphase transition from the Cadomian accretionary orogen to a passive margin of Gondwana[END_REF][START_REF] Sláma | Transition from island-arc to passive setting on the continental margin of Gondwana: U-Pb zircon dating of Neoproterozoic metaconglomerates from the SE margin of the Teplá-Barrandian Unit, Bohemian Massif[END_REF].

The Ediacaran to early Cambrian Blovice accretionary complex that represents the largest section of the TBU is composed of three belts of basalt-bearing subduction mélanges (Belts 1-3; Fig. 1) alternating with three arc-derived and deep-marine siliciclastic belts (Belts I-III; Fig. 1). The Belts 1-3 consist of predominant graywacke and shale with subordinate black shale (e.g., [START_REF] Pašava | Elemental and isotopic compositions of trench-slope black shales, Bohemian Massif, with implications for oceanic and atmospheric oxygenation in early Cambrian[END_REF], chert (Belt 1 and 2; [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] and limestone [START_REF] Ackerman | Carbon, oxygen, and strontium isotopic fingerprint in Neoproterozoic to early Cambrian limestones in an active margin setting: A record of local environment or global changes?[END_REF], and abundant basaltic blocks of MORB and OIB composition [START_REF] Ackerman | Architecture and composition of ocean floor subducted beneath northern Gondwana during Neoproterozoic to Cambrian: A palinspastic reconstruction based on Ocean Plate Stratigraphy (OPS)[END_REF][START_REF] Pin | Sm-Nd isotope and trace element study of Late Proterozoic metabasalts ("spilites") from the Central Barrandian domain (Bohemian Massif, Czech Republic)[END_REF]. In contrast, the Belt II-III section almost devoid of basaltic rocks is represented by rather uniform sedimentary successions dominated by graywacke-shale, sometimes accompanied by black shales (Belt II; e.g., [START_REF] Pašava | Normal versus metal-rich black shales in the Barrandian Neoproterozoic of the Tepla-Barrandian Unit: A summary with new data[END_REF]; the graywacke-chert Belt I was interpreted as an olistostrome formed at the outer trench slope of the subducted slab [START_REF] Hajná | A giant late Precambrian chert-bearing olistostrome discovered in the Bohemian Massif: a record of Oceanic Plate Stratigraphy (OPS) disrupted by mass-wasting along an outer trench slope[END_REF]. Recent studies [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF][START_REF] Ackerman | Carbon, oxygen, and strontium isotopic fingerprint in Neoproterozoic to early Cambrian limestones in an active margin setting: A record of local environment or global changes?[END_REF] argued that Blovice accretionary complex is an Ocean Plate Stratigraphy mélange (e.g., [START_REF] Wakita | OPS mélange: A new term for mélanges of convergent margins of the world[END_REF], where material derived from a lower oceanic plate (basalt, chert, limestone) was mixed with the predominantly arc-derived siliciclastic detritus derived from the upper plate (Fig. 1).

Cherts are a characteristic member of the Blovice accretionary complex siliciclastic successions that are present in Belts I, 1 and 2 while they are completely absent in more external Belts II-III and the mélange Belt 3 (Fig. 1). Recently, [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] estimated the chert deposition in the Blovice accretionary complex between ~591 and 547 Ma and identified two major types based on their field relationship, petrography and elemental as well as isotope compositions: (1) deep-water cherts that are particularly abundant in Belt I and partly also in Belt 2 being formed on an outer trench slope of a subducted oceanic slab, and

(2) shallow-water cherts deposited in lagoons on seamount slopes, sometimes formed through the replacement of former carbonate and/or evaporite precursors (found in Belt 1). Based on the field relationships (e.g., formation on restricted places on an ocean plate characterized by focused SiO2 precipitation), internal zonation of larger chert bodies (e.g., different composition of proximal parts of cherts bodies) and overall composition (e.g., high contents of some metals, low Ce/Ce* and  18 O values, low 87 Sr/ 86 Sr of shallow-water cherts), both types of cherts were considered to form by low-temperature (< 100 °C) hydrothermal precipitation of silica-rich gels. Overall, low Al2O3 and TiO2 and petrography indicate none or only minor addition of terrigenous material while major sources of silica for these cherts were considered to had been derived from Precambrian silica-rich seawater and hydrothermal alteration of oceanic crust. The deep-water cherts were deposited over a range of redox conditions whereas a predominantly oxygenated environment was postulated for shallowwater cherts based on their REE systematics [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF].

Samples, petrography and analytical methods

Altogether, 31 chert samples from three interior belts (Belt 1, I and 2) within Blovice accretionary complex were analyzed for their Ge-Si elemental systematics and Si isotope compositions. The samples were previously characterized in terms of petrography and major/trace element compositions along with Sr-O-C isotope systematics summarized in [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF].

All types of cherts from this study form variably-shaped bodies dispersed in the mélange forming either irregular blocks (up to several tens meters large) or elongated lenses with a present-day length of several kilometres (Fig. 1) and thickness ranging 5-50 meters. The distance of individual bodies currently observed in the field is variable, irrespective of chert type, and ranging from only several meters up to 10 kilometres (see detailed field setting in [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF]. In general, the contacts with surrounding siliciclastic successions or basaltic rocks (deep-water/stromatolitic cherts) are sharp and cherts are not intercalated with other rock types.

The deep-water cherts are predominantly massive with colour ranging from black to reddish (Fig. 2a) and fine-grained (< 10 µm) texture characterized by the overwhelming presence of recrystallized quartz grains, variable amounts of dispersed organic matter and, locally, small proportions of clay mineral phases, pyrite and rare presence of crandallite-group minerals. Organic matter, limonite and clay minerals are concentrated to stylolites, which mostly are either parallel or oblique/perpendicular to bedding planes and commonly form boundaries between dark and light chert parts (Fig. 2b). The subordinate bedded deep-water cherts show parallel lamination that consists of fine-grained light/dark layers composed of equigranular microcrystalline quartz grains (< 5 µm) that alternate with minor layers consisting of fine-grained quartz accompanied by siliciclastic material (10-20 µm grain size).

In comparison, the shallow-water cherts are characterized by predominantly massive/brecciated and/or laminated textures (Fig. 2c). Most of the massive/brecciated samples exhibit fine-grained textures composed of < 10 µm quartz grains/organic matter and a variable proportion of organic matter-rich dark clasts up to ~5 cm in diameter that are embedded in the light-coloured quartz matrix (Fig. 2d).

The stromatolitic cherts representing a variety of shallow-water cherts are characterized by alternation of < 1 mm to mm-scale light and dark laminas (Fig. 2e). Organic molecules identified in the laminated organic-rich stromatolitic cherts indicate that they were derived from the algal chlorophyll [START_REF] Pouba | Stromatolite-like cherts in the Barrandian Upper Proterozoic: A review[END_REF]. The shape of some chert clasts likely represents pseudomorphs after either long, prismatic (e.g., gypsum) or rhombohedral phase (e.g., dolomite; Fig. 2f).

While   systematics indicate significant re-equilibration with pore-water at ambient temperatures, the combined ' 17 O-  variations (where ' 17 O represents the 17 O deviation from the mass-dependent correlation between  17 O and  18 O values; [START_REF] Pack | The oxygen isotope composition of San Carlos olivine on the VSMOW2-SLAP2 scale[END_REF] recorded in central and peripheral parts of deep-water chert bodies hint at a partial temperature control (see [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] for more details).

For this study, representative samples of deep-water and shallow-water cherts were selected to cover the entire compositional range. Furthermore, four samples of stromatolitic cherts were also included. Concentrations of selected major and trace element contents as well as    and ' 17 O values for the studied samples presented by [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] are listed in Supplementary Table 1.

Silicon isotope analyses were performed at the joint laboratory of the Institute of Geology of the Czech Academy of Sciences (IG CAS; chemistry) and Czech Geological Survey (MC-ICP-MS) using the analytical and instrumental methods that closely followed that of [START_REF] Zambardi | Precise Determination of Silicon Isotopes in Silicate Rock Reference Materials by MC-ICP-MS[END_REF]. In brief, up to 5 mg of material (depending on the total SiO2 contents) was weighed into an Ag crucible along with ~200 mg NaOH pellet, capped and placed into a furnace at ~720 °C for 10 minutes. After complete fusion and cooling down to room temperature, the crucibles were placed into 30 ml Teflon beakers containing 20 ml deionized water (18.2 M.cm; Merck Millipore, USA) and left overnight. Afterwards, Si was completely transferred into the solution using multiple steps detailed in [START_REF] Zambardi | Precise Determination of Silicon Isotopes in Silicate Rock Reference Materials by MC-ICP-MS[END_REF] and the resulting solutions were kept in HDPE bottles. An appropriate amount of the stock solution was loaded onto the columns and Si was extracted from the matrix by ion exchange chromatography using the Biorad AG50-X12 resin (mesh 200-400) following the elution scheme of [START_REF] Georg | New sample preparation techniques for the determination of Si isotopic compositions using MC-ICPMS[END_REF]. Silicon isotope compositions were acquired using a Neptune MC-ICP-MS (Thermo Fisher Scientific, Bremen, Germany), housed at the Czech Geological Survey. Samples were aspirated in 0.05M HCl using ~100 µl.min -1

Teflon nebulizer, combined with a double-pass cyclonic quartz spray chamber. The instrumental mass bias was corrected through the addition of Mg solution using the approach given in [START_REF] Zambardi | Precise Determination of Silicon Isotopes in Silicate Rock Reference Materials by MC-ICP-MS[END_REF]. Masses 28 (L3), 29 (C) and 30 (H3) for Si, and 24 (L2) and 25 (H3) for Mg were collected using the corresponding Faraday cups and dynamic mode for individual Si and Mg isotope ratio determinations was employed. Medium (M/ΔM ~ 5000-6000, peak-edge definition) or high (M/ΔM ~ 8500) mass resolution was applied for isotope determination. The stable isotope composition of Si in this study is reported as  29 Si and  30 Si in per mil units relative to the NBS-28 Si reference material prepared in the same way as unknown samples. The measurement of each sample consisted of 3 to 6 replicates from which average  29 Si and  30 Si values given in Table 1 were calculated with the corresponding uncertainty expressed as 2SE values [START_REF] Platzner | Modern isotope ratio mass spectrometry[END_REF]. The accuracy of the entire analytical protocol was monitored by the full replicate analyses of selected reference materials (BHVO-2, AGV-2, GS-N, JCh-1; Table 1) whose results were in agreement, within uncertainties, with those reported previously [START_REF] Savage | The silicon isotope composition of the upper continental crust[END_REF][START_REF] Zambardi | Precise Determination of Silicon Isotopes in Silicate Rock Reference Materials by MC-ICP-MS[END_REF]. Total procedural blank for the entire analytical and instrumental protocol was ~35 ng Si (n = 6) which was assumed to be negligible in the course of this study considering high Si contents in the samples.

Germanium concentrations in cherts were determined in-situ on polished thin sections using a 193-nm excimer laser system (Analyte Excite, Teledyne Cetac, Omaha, USA) coupled to an Element 2 magnetic sector ICPMS (Thermo Fisher Scientific, Bremen, Germany), housed at the IG CAS. Samples were ablated in spots of 100 µm diameter using laser that was fired at the repetition rate of 20 Hz and the fluence of 4.2 J.cm -2 . The isotope 72 Ge was acquired in medium mass resolution while 28 Si was used as the internal monitor using the concentration obtained from electron microprobe analysis. The external calibration was performed using NIST SRM 612 glass wafer which was analyzed before and after each set of 10 unknowns. The time-resolved signal data consisting of 15 s background and 30 s ablation were processed using the Glitter software [START_REF] Van Achterbergh | Data reduction software for LA-ICP-MS[END_REF]. The Ge/Si ratios (µmol/mol) were calculated using the obtained Ge and Si contents following the subtraction of major impurities from Si (e.g., Al, Fe; occasionally up to 2.5 wt. %, with the majority of analyses <0.5 wt. %), and assuming Si content of quartz based on its stoichiometry. The error on Ge/Si ratios (2SD) given in Table 1 includes the propagated uncertainty raised from the variable Ge-Si contents of the individual quartz grains as well the internal precision of the analyses.

Results

Ge/Si systematics

The Ge/Si ratios of deep-water cherts, shallow-water cherts and stromatolitic cherts yield broadly overlapping values of 0.33-1.01, 0.34-0.74 and 0.27-0.41 µmol/mol, respectively (Table 1; Fig. 3a). A significant scatter of Ge/Si values in individual chert samples is expressed by 20 to 50 % within-sample variation, mostly related to heterogeneous Ge contents among individual quartz grains while the impurities (Fe, Al) have a negligible effect because the Ge/Si values are reported on 10 -6 scale (µmol/mol). The Ge/Si values in deepwater cherts higher than the median value (>0.38) are related to either to the distance of samples from individual hydrothermal vents (cf. proximal sample 20CH12A and distal sample 17CB42 from the Babí Skála locality with Ge/Si of 1.01 and 0.42 µmol/mol, respectively) or enhanced terrigenous flux (e.g., sample 17CB49 with Ge/Si of 0.90 µmol/mol). In contrast, some of the higher Ge/Si values in shallow-water cherts appear to be related to the elevated Fe2O3 contents (Fig. 4c). The stromatolitic cherts exhibit remarkably homogeneous Ge/Si ratios between 0.27 and 0.41 µmol/mol but we note that only four samples from this group were analyzed.

Silicon isotope compositions

The cherts from this study follow a mass-dependent silicon isotope fractionation (MDF), with a  30 Si- 29 Si slope of ~0.512 (Supplementary Fig. 1) that is similar to a theoretical value of 0.5092 defined for kinetic MDF [START_REF] Zambardi | Precise Determination of Silicon Isotopes in Silicate Rock Reference Materials by MC-ICP-MS[END_REF]. Two samples 20CH12A (deep-water chert) and 17CB37 (stromatolitic chert) plot slightly above the MDF line but still overlapping within analytical uncertainty, which may indicate yet unspecified minor analytical/instrumental ambiguity.

The suite displays a  30 Si range from -0.94  0.05‰ to +1.60  0.08‰ (Fig. 3b), generally similar to that reported for Ediacaran-Cambrian cherts from the Yangtze and Cathaysia Blocks, South China [START_REF] Wen | The formation conditions of the early Ediacaran cherts, South China[END_REF][START_REF] Zhang | Oceanic chemistry recorded by cherts during the early Cambrian Explosion, South China[END_REF][START_REF] Wang | Formation conditions of Ediacaran-Cambrian cherts in South China: Implications for marine redox conditions and paleoecology[END_REF] and well above the estimate for upper continental crust for most samples (-0.25  0.16‰; [START_REF] Savage | The silicon isotope composition of the upper continental crust[END_REF]. There is no apparent relationship with the extent of terrigenous input expressed by Al2O3 contents (Fig. 5a). The  30 Si values for the deep-water cherts span a narrow range between +0.56‰ and +0.90 ‰ (mean  30 Si of +0.73 ± 0.11‰; 1 SD) with the exception of sample 19CH6 and particularly 17CB49 (Table 1, Fig. 3b), having lower  30 Si values of +0.47‰ and +0.23‰, respectively. The marginally lower value in the former sample can be related to its highly deformed and thermally annealed quartzite texture whereas the latter brecciated sample contains a higher proportion of silicified black shale fragments [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF]. Conversely, the shallow-water chert samples exhibit variable Si isotope compositions with the  30 Si values ranging from -0.94‰ to +1.60‰, covering the entire range of  30 Si values observed in this study (mean  30 Si of 0.51 ± 0.71‰; 1 SD). With the exception of sample 20CH24 with  30 Si of -0.01  0.03‰, stromatolitic chert samples yield a largely indistinguishable Si isotope signature (mean  30 Si of +0.57  0.02‰; Fig. 3b) despite they were sampled at different locations (Fig. 1).

Discussion

Constraints on the origin of cherts from coupled Si-Ge systematics

As noted by [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF], the studied cherts form through the hydrothermal precipitation in distinct environments: (1) under deep-water conditions on an outer trench swell of the subducted oceanic slab at ~540-570 Ma, and (2) in shallow-water lagoons on seamount slopes at >560 Ma. Our newly collected data provide further constraints on the petrogenesis and depositional conditions of these cherts that are discussed below.

Deep-water cherts

Compared to the  30 Si range found in cherts worldwide (from ~ -3.5 to +5‰; [START_REF] Poitrasson | Silicon isotope geochemistry[END_REF], the deep-water cherts reported here show rather homogeneous and positive  30 Si signatures (0.56-0.90‰), notably if two samples with siliciclastic admixture (17CB49) and metamorphic overprint (19CH6) are omitted (Fig. 3b). Considering the predominantly low Al2O3 contents (<1 wt. % in most cases) that are not correlated with  30 Si values (Fig. 5a), paralleled by low TiO2 values (Supplementary Table 1), low Ge/Si ratios (Fig. 3a and4) and REE distributions [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] similar to some ocean-margin seawater [START_REF] Nozaki | The rare earth elements and yttrium in the coastal/offshore mixing zone of Tokyo Bat waters and the Kuroshio[END_REF], such  30 Si values might argue for direct precipitation of cherts from seawater (e.g., [START_REF] Van Den Boorn | Silicon isotope and trace element constraints on the origin of ∼3.5 Ga cherts: Implications for Early Archaean marine environments[END_REF][START_REF] Zhang | Oceanic chemistry recorded by cherts during the early Cambrian Explosion, South China[END_REF] with only minor admixtures of arc-derived terrigenous material delivered via turbidity currents and slumps. Yet, several lines of evidence such as their formation on restricted surfaces on the ocean plate), internal zonation of larger chert bodies in terms of colour, texture, low  18 O and Y/Ho (Fig. 5b,d), and Ce/Ce* values down to ~0.65 [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF]) (Supplementary Table 1) as well as sometimes high metal contents (e.g., Ni, Zn) indicate that deep-water cherts are lowtemperature hydrothermal precipitates [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF]. To explain this apparent contradiction, the depositional mechanism of deep-water chert will be further explored using a combination of  30 Si and Ge/Si systematics.

Ge/Si ratios have proven to be useful indicators for the sources as well as cycling of Si and Ge and, therefore, they also provide constraints on the observed  30 Si systematics (e.g., [START_REF] Delvigne | Desilication in Archean weathering processes traced by silicon isotopes and Ge/Si ratios[END_REF]Deng et al., 2022a;[START_REF] Tatzel | Late Neoproterozoic seawater oxygenation by siliceous sponges[END_REF][START_REF] Wen | The formation conditions of the early Ediacaran cherts, South China[END_REF]. With the exception of samples 17CB49 and 20CH12A, the other deep-water cherts exhibit lower Ge/Si values (0.33-0.65 µmol/mol; Fig. 2a) than that reported for modern seawater (0.72 µmol/mol; [START_REF] Froelich | Geochemistry of inorganic germanium in natural waters[END_REF]. In principle, two major processes can produce Ge/Si values lower than that of seawater: (1) diagenetic effects associated with opal dissolution leading to the more pronounced removal of Ge compared to Si into pore water, or preferential Ge uptake by overlying reducing sediments, whereby both processes would lower the Ge/Si ratio in chert residues [START_REF] King | Early diagenesis of germanium in sediments of the Antarctic South Atlantic: In search of the missing Ge sink[END_REF][START_REF] Tribovillard | Transfer of germanium to marine sediments: Insights from its accumulation in radiolarites and authigenic capture under reducing conditions. Some examples through geological ages[END_REF]; (2) preferential adsorption of Ge onto clay minerals and/or Fe-(oxy)hydroxides resulting in low Ge/Si of pore water (e.g., [START_REF] Dong | Germanium/silicon of the Ediacaran-Cambrian Laobao cherts: Implications for the bedded chert formation and paleoenvironment interpretations[END_REF][START_REF] Wen | The formation conditions of the early Ediacaran cherts, South China[END_REF] that eventually precipitate cherts after expulsion from the sediment.

The importance of diagenetic processes for the studied cherts was already highlighted by their coupled `1 7 O- 18 O systematics (Supplementary Table 1) plotting below the seawaterquartz equilibrium line (Fig. 9d of [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] suggesting significant reequilibration with circulating low- 18 O-`1 7 O pore water during opal-quartz transformation in a subseafloor environment [START_REF] Ibarra | Triple oxygen isotope systematics of diagenetic recrystallization of diatom opal-A to opal-CT to microquartz in deep sea sediments[END_REF]. Therefore, since Ge is preferentially released over Si into pore water during opal dissolution (e.g., [START_REF] King | Early diagenesis of germanium in sediments of the Antarctic South Atlantic: In search of the missing Ge sink[END_REF], this process can be at least partially responsible for the low Ge/Si ratios. Additionally, whereas reducing sediments (e.g., black shales) represent a rather rare lithology in the studied deep-water chert sequences, the observed low Ge/Si values, paralleled by somewhat heterogeneous Ge/Si among different quartz grains within individual samples, can also be attributed to variable Ge removal into pore water. In this scenario, pore water is characterized by a decreasing concentration of dissolved oxygen (e.g., [START_REF] Loubere | Generation of the benthic foraminiferal assemblage: Theory and preliminary data[END_REF] at variably reducing conditions as evidenced by variable TOC contents and the presence of framboidal pyrite relicts within deep-water cherts [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF].

However, because the Ge/Si values of 0.33-0.65 µmol/mol are also reported for the Ediacaran-Cambrian cherts from China [START_REF] Li | Formation of the massive bedded chert and coupled Silicon and Iron cycles during the Ediacaran-Cambrian transition[END_REF][START_REF] Yu | Geochemistry of basal Cambrian black shales and cherts from the Northern Tarim Basin, Northwest China: Implications for depositional setting and tectonic history[END_REF] and Oman [START_REF] Ramseyer | Primary silica precipitate at the Precambrian/Cambrian boundary in the South Oman Salt Basin, Sultanate of Oman[END_REF], it is equally possible that low Ge/Si ratios in cherts from this study may also represent the global ocean Ge/Si signature in the Ediacaran-Cambrian caused by enhanced continental weathering (e.g., [START_REF] Li | Formation of the massive bedded chert and coupled Silicon and Iron cycles during the Ediacaran-Cambrian transition[END_REF]. This may also be supported by only a subordinate negative correlation between  18 O and  30 Si (Fig. 5d) and no correlation between `1 7 O and  30 Si (Fig. 6), indicating that such an interaction either has a rather minor impact on Si isotope composition or circulating pore waters have  30 Si composition similar to silica precipitates (e.g., [START_REF] Ehlert | Stable silicon isotope signatures of marine pore waters -Biogenic opal dissolution versus authigenic clay mineral formation[END_REF]. It also corroborates the previous assumption of [START_REF] Tatzel | The silicon isotope record of early silica diagenesis[END_REF] that opal-quartz transformation would have insignificant effect on primary  30 Si composition of seawater-derived Precambrian cherts because of the much higher Si contents in seawater compared to diagenetic fluid. Therefore, we conclude that Si isotopic composition of deep-water cherts appears to predominantly record primary conditions of ambient seawater. Some deep-water cherts exhibit higher Ge/Si than the median value of 0.41 mol/mol whereas two of them (17CB49, 20CH12A) yield distinctively higher Ge/Si ratios compared to modern seawater (Table 1, Fig. 3). Because there is no apparent relationship between Ge/Si ratios versus Al2O3, K2O or Fe2O3 contents (Fig. 4a,b,c), the elevated Ge/Si ratios cannot be explained by preferential Ge adsorption onto clay phases or Fe-(oxy)hydroxides (cf. [START_REF] Wen | The formation conditions of the early Ediacaran cherts, South China[END_REF]. On the other hand, when one sample (20CH12A) is omitted, a broad correlation exists between total organic carbon (TOC) contents and Ge/Si (Fig. 4d) that argue either for authigenic capture of Ge by organic matter (e.g., [START_REF] Tribovillard | Transfer of germanium to marine sediments: Insights from its accumulation in radiolarites and authigenic capture under reducing conditions. Some examples through geological ages[END_REF] or Ge release during possible degradation of organic matter.

The rather homogeneous (with a range of <1‰) and positive  30 Si values can be best explained by precipitation of a large fraction of silica from the fluid. Silicon isotope fractionation related to progressive Si precipitation from the fluid as modelled by a Rayleigh effect would likely lead to a larger range of isotopic compositions (van den [START_REF] Van Den Boorn | Silicon isotope and trace element constraints on the origin of ∼3.5 Ga cherts: Implications for Early Archaean marine environments[END_REF]Geilert et al., 2014a;[START_REF] Poitrasson | Silicon isotope geochemistry[END_REF]. Furthermore, and besides such kinetic effects, the possible mixing of different Si pools (e.g., seawater and hydrothermal) should produce even more variable  30 Si values, with excursion to negative  30 Si values (e.g., [START_REF] Van Den Boorn | Dual role of seawater and hydrothermal fluids in Early Archean chert formation: Evidence from silicon isotopes[END_REF]2010). Considering the fact that silica precipitates are isotopically lighter than the coexisting fluid (e.g., [START_REF] Pollington | Experimental calibration of silicon and oxygen isotope fractionations between quartz and water at 250°C by in situ microanalysis of experimental products and application to zoned low δ 30 Si quartz overgrowths[END_REF], and using the Si fractionation model curves for dissolved and precipitated silica (van den [START_REF] Van Den Boorn | Silicon isotope and trace element constraints on the origin of ∼3.5 Ga cherts: Implications for Early Archaean marine environments[END_REF] with parameters proposed by [START_REF] Fan | Hydrothermal activity during Ediacaran-Cambrian transition: Silicon isotopic evidence[END_REF], our best  30 Si estimate for ambient seawater is in the range between ~1.8 and 3.0‰ with a model predicting more than 80 % precipitation of the original dissolved Si. This calculation is made assuming such a model can be applied to the ancient ocean, which remains debated [START_REF] Johnson | Iron geochemistry: An isotopic perspective[END_REF].

The depositional mechanism and observed  30 Si signatures of the deep-water cherts can be best explained as follows. Large-scale fractures at the outer swell of a subducted oceanic slab allow seawater infiltration with heavy  30 Si signature (~1.8-3.0‰) into the sedimentary successions predominantly represented by very fine-grained terrigenous particles delivered in form of a suspension by marine currents from the nearby volcanic arc (Fig. 7). Overall compaction of the sedimentary pile and the presence of a hot underlying basaltic crust promoted mild heating of circulating seawater characterized by very high Si contents close to amorphous silica saturation (e.g., [START_REF] Siever | The silica cycle in the Precambrian[END_REF]) that variably interacted with sediments and corresponding pore waters. It finally migrated upward and precipitated chert in the form of opal from hydrothermal vents at the seawater-sediment interface due to cooling of the hydrothermal fluid. A broad correlation between TOC contents and Ge/Si ratios (Fig. 4d) suggests that variable accumulation of organic matter [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] is essential for the enhanced Ge adsorption onto the organic matter and associated Si isotope fractionation (cf. Geilert et al., 2014b). Subsequent burial associated with a continuous delivery of terrigenous material to the trench led to opal → quartz transformation and attendant pore water interaction, as evidenced by variable  18 O and `1 7 O values (Fig. 5d and6). On the other hand, the limited Si isotope variability versus variable Y/Ho and Eu/Eu* values (Fig. 4b,c) cannot be explained by simple mixing with surrounding siliciclastic terrigenous material having Y/Ho ratios of ~25-30 and Eu/Eu* close to ~1 (e.g., [START_REF] Ackerman | Arc-related black shales as sedimentary archives of sea-level fluctuations and plate tectonics during the late Neoproterozoic: An example from the Bohemian Massif[END_REF][START_REF] Drost | Nd-Sr-Pb isotopic signatures of Neoproterozoic-Early Paleozoic siliciclastic rocks in response to changing geotectonic regimes: A case study from the Bohemian area (Bohemian Massif, Czech Republic)[END_REF]. Therefore, low Eu/Eu* values of deep-water cherts can be related to various processes such as low temperature and variable redox [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF], pH conditions of the parental hydrothermal fluid (e.g., [START_REF] Sverjensky | Europium redox equilibria in aqueous solution[END_REF][START_REF] Wang | Rare earth elements in hydrothermal fluids from Kueishantao, off northeastern Taiwan: Indicators of shallowwater, sub-seafloor hydrothermal processes[END_REF] or REE-Y fractionation related to scavenging by particulate matter or iron oxides (e.g., [START_REF] Bau | Scavenging of dissolved yttrium and rare earths by precipitating iron oxyhydroxide: Experimental evidence for Ce oxidation, Y-Ho fractionation, and lanthanide tetrad effect[END_REF]Smrzka et al., 2019 and references therein). While the seawater-pore water interaction may have some impact on Ge/Si ratios, positive and homogeneous  30 Si values, combined with low Ge/Si ratios in deep-water cherts (Fig. 2), along with low Eu/Eu* values (Fig. 5c) collectively argue for low temperatures of water. While the exact temperature of the deepwater cherts cannot be calculated due to the non-equilibrium behaviour of triple oxygen systematics [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] [START_REF] Bau | Comparing yttrium and rare earths in hydrothermal fluids from the Mid-Atlantic Ridge: Implications for Y and REE behaviour during near-vent mixing and for the Y/Ho ratio of proterozoic seawater[END_REF].

Additionally, we note that it was demonstrated that > 20 °C fluids have very high Ge/Si ratios (>15) due to progressive interaction with basaltic crust at deeper levels [START_REF] Wheat | Germanium in mid-ocean ridge flank hydrothermal fluids[END_REF].

Shallow-water cherts

The Ge/Si ratios of the shallow-water cherts overlap with those found in deep-water cherts with most values being lower than that of modern seawater at 0.72 µmol/mol (Fig. 3a). The broadly positive relationship between Ge/Si and Fe2O3 (Fig. 4c) together with the presence of common clay minerals and Fe-hydroxides [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] argue for mixing between low-Ge/Si quartz and an Fe-hydroxide component with high Ge/Si ratios. On the other hand, the relationship between Al2O3 or K2O contents, used as a proxy for clay admixture (Shen et al., 2011), and Ge/Si is not apparent. This is either due to largely variable Ge/Siclay (Fig. 4a) and/or because of highly variable composition of clay minerals and the presence of Alphosphates [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF].

Compared to deep-water cherts, the Si isotope composition of shallow-water cherts is more variable with  30 Si values spanning from negative (down to -0.94‰) to positive (up to +1.60‰) values (Fig. 3b), similar to the Archean so-called "S-cherts" (van den [START_REF] Van Den Boorn | Silicon isotope and trace element constraints on the origin of ∼3.5 Ga cherts: Implications for Early Archaean marine environments[END_REF]. Because of generally low Al2O3, TiO2 and FeOt contents (Fig. 5a; Supplementary Table 1), Si isotope fractionation related to the adsorption onto the Fe-Al particles (e.g., gibbsite, ferrihydrite, goethite) can be ruled out (cf. [START_REF] Delstanche | Silicon isotopic fractionation during adsorption of aqueous monosilicic acid onto iron oxide[END_REF][START_REF] Oelze | Si stable isotope fractionation during adsorption and the competition between kinetic and equilibrium isotope fractionation: Implications for weathering systems[END_REF]. We also rule out the effect of seawater oxygenation since most shallow-water cherts are characterized by low organic matter contents and the absence of sponges or other microfossils (cf. [START_REF] Tatzel | Late Neoproterozoic seawater oxygenation by siliceous sponges[END_REF]Zhang et al., 2021;[START_REF] Ye | Silicon isotopes reveal a decline in oceanic dissolved silicon driven by biosilicification: A prerequisite for the Cambrian Explosion? Earth Planet[END_REF]. As the shallow-water cherts formation is closely connected with volcanic activity on seamount slopes, their composition cannot be related to evolving global seawater silicon cycle, itself related to variable extent of continental weathering [START_REF] Trower | Precambrian Si isotope mass balance, weathering, and the significance of the authigenic clay silica sink[END_REF]. Furthermore, possible Si isotope fractionation related to the replacement of silica-devoid or low-silica precursors (e.g., carbonate and/or evaporite; [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF][START_REF] Ackerman | Carbon, oxygen, and strontium isotopic fingerprint in Neoproterozoic to early Cambrian limestones in an active margin setting: A record of local environment or global changes?[END_REF] is also unlikely to explain this broad  30 Si range in shallow-water cherts. Finally, precipitation of quartz due to enhanced fluid-rock interaction at variable temperatures (<100 to >200 °C) generates only positive  30 Si values [START_REF] Kleine | Silicon and oxygen isotopes unravel quartz formation processes in the Icelandic crust[END_REF].

On the other hand, possible Si isotopic fractionation during the transformation from opal to microquartz during burial has been debated (e.g., [START_REF] Demarest | Fractionation of silicon isotopes during biogenic silica dissolution[END_REF][START_REF] Wetzel | What controls silicon isotope fractionation during dissolution of diatom opal? Geochim[END_REF][START_REF] Marin-Carbonne | The silicon and oxygen isotope compositions of Precambrian cherts: A record of oceanic paleo-temperatures?[END_REF][START_REF] Geilert | Effect of diagenetic phase transformation on the silicon isotope composition of opaline sinter deposits of Geysir, Iceland[END_REF]. While we cannot completely exclude that this process had some impact on Si isotopic systematics, we note that opal dissolution is not connected with significant Si isotope fractionation [START_REF] Wetzel | What controls silicon isotope fractionation during dissolution of diatom opal? Geochim[END_REF] and no significant  30 Si variation is being observed in deep-water cherts (Fig. 3b) which underwent significant pore-water re-equilibration during opal-quartz transformation (see above). On top of that, the shallow-water cherts exhibit only subtle variation in `1 7 O values (Fig. 6) in spite of large  30 Si variations suggesting that processes affecting Si isotopic compositions had no impact on oxygen isotopic fractionation.

Therefore, the large variation in  30 Si values (a total range of ~2.5‰; Table 1) observed for shallow-water cherts requires the involvement of hydrothermal fluids, in agreement with previous assumptions based on coupled Sr-O isotope compositions, pronounced Ce/Ce* depletions and low Y/Ho values, combined with high contents of some metals (e.g.,V, Cr; Supplementary Table 1) bound to Mg-Cr illite and phosphates [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF]. Two major processes should be considered in this respect: (1) kinetic fractionation of Si isotopes during hydrothermal precipitation related to, for example, different precipitation rates and composition/temperature of the fluid (e.g., Geilert et al., 2014a;Kleine et al., 2018), or (2) mixing between two Si reservoirs with different  30 Si signature such as ambient seawater with positive  30 Si (+~1.8 and 3.0 ‰; see above) and a hydrothermal fluid (e.g., -0.3‰; De La [START_REF] De La Rocha | A first look at the distribution of the stable isotopes of silicon in natural waters[END_REF]. Yet, since this hydrothermal fluid is intimately related to basalt alteration [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF], its composition with respect to  30 Si might be very complex. On one hand, [START_REF] André | The origin of early continental crust: New clues from coupling Ge/Si ratios with silicon isotopes[END_REF] documented that oceanic basalts subjected to low-temperature hydrothermal alteration and silicification exhibit largely variable (-0.14 to +0.27‰), but overall heavier  30 Si signatures than their unaltered counterparts (~ -0.4 to -0.2‰; [START_REF] Poitrasson | Silicon isotope geochemistry[END_REF]. On the other hand, precipitated authigenic clays related to reverse weathering cycle [START_REF] Isson | Reverse weathering as a long-term stabilizer of marine pH and planetary climate[END_REF]) might be characterized by largely negative  30 Si signatures in comparison to that of the parental fluid [START_REF] Ehlert | Stable silicon isotope signatures of marine pore waters -Biogenic opal dissolution versus authigenic clay mineral formation[END_REF]. Therefore, in our case, the hydrothermal fluid can have a wide range of  30 Si values depending on the extent of hydrothermal alteration and associated authigenic clay formation, but largely variable  30 Si values of shallow-water cherts suggest that Si isotope fractionation resulted from the cooling, not boiling, of a hydrothermal fluid, in agreement with generally low Ge/Si indicating a rather low temperature of the fluid. At the same time, the apparent positive, albeit scattered correlation between  18 O and  30 Si values (Fig. 5d) suggests a partial temperature control of the Si isotope fractionation process through the binary mixing of hot hydrothermal fluids with cold seawater.

Considering that the studied shallow-water cherts represent isolated bodies formed on the seamount slopes at different temperature gradients related to the hydrothermal alteration of associated basalts, the most likely explanation for their observed  30 Si signatures would be precipitation from seawater interacted with variably temperate hydrothermal fluids related to the alteration of seamount basaltic rocks. In this concept, cherts with lower  30 Si values record a stronger hydrothermal signal whereas those with high  30 Si compositions are predominantly seawater-derived (Fig. 7).

However, at least two lines of evidence might indicate that kinetic fractionation effects also play an important role in the observed  30 Si signatures. First, some samples (19CH8B, 20CH21) yield  30 Si values even lower than that reported for average marine hydrothermal fluid (-0.3 ± 0.1‰;[START_REF] De La Rocha | A first look at the distribution of the stable isotopes of silicon in natural waters[END_REF] whereas their Ge/Si values are much lower (cf. [START_REF] Froelich | Geochemistry of inorganic germanium in natural waters[END_REF][START_REF] Wheat | Germanium in mid-ocean ridge flank hydrothermal fluids[END_REF] indicating that they can represent the possible effect of Rayleigh kinetic fractionation. Second, significant variations in  30 Si values exist among the cherts from a single locality (e.g.,  30 Si variation of 0.44 ‰ for the locality Nad Maráskem, Table 1). These observations can be related to the changes in the temperature gradient and/or tempo of chert precipitation (e.g., Geilert et al., 2014a), or non-equilibrium conditions during silica precipitation (e.g., [START_REF] Roerdink | Experimental constraints on kinetic and equilibrium silicon isotope fractionation during the formation of non-biogenic chert deposits[END_REF].

Stromatolitic cherts

The stromatolitic cherts resemble the elemental and radiogenic-stable isotope (Sr-C-O) systematics of shallow-water cherts, suggesting a plausible mutual link between these varieties of cherts [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF]. Their  30 Si values from ~0 to +0.57 ‰ and Ge/Si ratios in a narrow range of 0.3-0.4 µmol/mol (Table 1, Fig. 3) can be best explained by silicification of (perhaps) evaporitic or carbonate precursors (e.g., [START_REF] Eroglu | Geochemical stratigraphy, sedimentology, and Mo isotope systematics of the ca. 2.58-2.50Ga-old Transvaal Supergroup carbonate platform, South Africa[END_REF][START_REF] Pouba | Stromatolite-like cherts in the Barrandian Upper Proterozoic: A review[END_REF] in agreement with observed pseudomorphs after these minerals in the studied cherts (Fig. 2f). If true, the obtained data highlights a variable  30 Si signature as a result of different proportions of seawater and a hydrothermal fluid as well complex composition of the precursor (e.g., variable admixture of terrigenous and organic matter; Fig. 4 and5). This can also be suggested on the basis variable trace element indices, such as Eu/Eu*, displaying a range of values from 0.7 to 1.2 (Fig. 5c; Supplementary Table 1). It was noted above, however, that three of the four stromatolitic cherts analysed share identical  30 Si of ~0.57‰

(Table 1 and Fig. 3b) suggesting collective formation from the fluids with similar  30 Si signatures. The distinctively different  30 Si value of -0.01‰ in sample 20CH24, however, is similar to silicified volcanic rocks elsewhere (van den [START_REF] Van Den Boorn | Dual role of seawater and hydrothermal fluids in Early Archean chert formation: Evidence from silicon isotopes[END_REF][START_REF] Zhang | Oceanic chemistry recorded by cherts during the early Cambrian Explosion, South China[END_REF]. This sample also differs from the other samples in this group by its HREE-depleted character, among the highest  18 O value from the entire suite,  30 Si-Y/Ho relationship similar to the upper continental crust (Fig. 5b) and a common presence of fine-grained clay mixtures. These characteristics suggest that Si isotope signal might record that of primary (silicate detritus?) precursor. Future analyses of more extensive sample set should allow to determine if there is a constant biological signature.

Implications for silicon-germanium cycling and seawater composition during the

Ediacaran-Cambrian transition

The Earth`s ocean represents an important reservoir of dissolved Si whose concentration remained high and rather constant (60-90 ppm SiO2) during the Archean, but have decreased since ~1.0 Ga to the present value of less than 10 ppm SiO2 [START_REF] Conley | Biosilicification drives a decline of dissolved si in the oceans through geologic time[END_REF][START_REF] Krissansen-Totton | A coupled carbon-silicon cycle model over Earth history: Reverse weathering as a possible explanation of a warm mid-Proterozoic climate[END_REF]. In general, the most important Si as well as Ge oceanic sources are riverine and hydrothermal inputs (~82 and 92 %, respectively) although we note that groundwaters may contain high abundances of Ge (e.g., Dobrzynski et al., 2018) and their communication with surface waters and discharge to coastal seawater could thus locally increase Ge contents and Ge/Si ratios. The marine sinks of Si are represented by silica inorganic and biogenic precipitates [START_REF] King | Early diagenesis of germanium in sediments of the Antarctic South Atlantic: In search of the missing Ge sink[END_REF][START_REF] Tréguer | Reviews and syntheses: The biogeochemical cycle of silicon in the modern ocean[END_REF]. Since the Cambrian, this large decrease in silica content in seawater has been attributed to the massive appearance of silica-sequestering organisms (sponges, diatoms, radiolarians; Poitrasson, 2017 and references therein;[START_REF] Siever | The silica cycle in the Precambrian[END_REF]. On the other hand, the causes for this phenomenon connected with decreasing  30 Si values of marine cherts, documented also in the Neoproterozoic successions, are still debated (e.g., [START_REF] Gao | Silicification and Si cycling in a silica-rich ocean during the Ediacaran-Cambrian transition[END_REF][START_REF] Tatzel | Late Neoproterozoic seawater oxygenation by siliceous sponges[END_REF]. Our new data for the late Neoproterozoic-early Cambrian cherts can thus provide new insights into this problematic.

It is apparent that Si-Ge systematics of shallow-water cherts are largely scattered due to several superimposed processes outlined above and probably intimately related to shallowwater hydrothermal activity on seamount slopes. Therefore, they provide rather limited inferences on Si-Ge cycling and seawater composition at the time of their formation.

Nevertheless, as their Ge/Si ratios are, to some extent, correlated with Fe2O3 and partly also with K2O contents (Fig. 4b,c), our study confirms previous suggestions that Fe(oxy)hydroxides and clays represent an important Ge sink [START_REF] Ernst | Fractionation of germanium and silicon during scavenging from seawater by marine Fe(oxy)hydroxides: Evidence from hydrogenetic ferromanganese crusts and nodules[END_REF][START_REF] King | Early diagenesis of germanium in sediments of the Antarctic South Atlantic: In search of the missing Ge sink[END_REF][START_REF] Xing | Tracing the evolution of dissolved organic carbon (DOC) pool in the Ediacaran ocean by Germanium/silica (Ge/Si) ratios of diagenetic chert nodules from the Doushantuo Formation, South China[END_REF]; it also emphasises that the formation of these phases can be closely linked to hydrothermal alteration of the associated basalts and their formation can have a large impact on the Si-Ge systematics of ambient seawater.

In contrast, the deep-water cherts were originated by seawater-derived low-temperature hydrothermal precipitation and may, therefore, provide some novel perspectives on the Si and Ge cycling as well as contemporaneous seawater composition. It has been postulated in several studies (e.g., [START_REF] Ding | The δ 30 Si peak value discovered in middle Proterozoic chert and its implication for environmental variations in the ancient ocean[END_REF][START_REF] Gao | Silicification and Si cycling in a silica-rich ocean during the Ediacaran-Cambrian transition[END_REF] that the presence of organic matter related to microbial processes in Precambrian oceans enhanced the Si sink through the efficient and rapid silica adsorption onto organic matter such as microbial mats or cyanobacteria (e.g., [START_REF] Gao | Silicification and Si cycling in a silica-rich ocean during the Ediacaran-Cambrian transition[END_REF][START_REF] Newman | Insights into cyanobacterial fossilization in Ediacaran siliciclastic environments[END_REF]. Recently, [START_REF] Li | Formation of the massive bedded chert and coupled Silicon and Iron cycles during the Ediacaran-Cambrian transition[END_REF] argued that marine Si-Ge cycles can be connected with a redox-controlled Fe cycle through the coupled co-precipitation of Fe-(oxy)hydroxide and silicic acid (see also Zheng et al., 2016). In this model, reduced Fe serves as a shuttle for seawater silica delivery into sediments resulting in amorphous silica precipitation whereas re-oxidized Fe is released back to seawater and can be used for another cycle. Thus, multiple recycling of Fe 2+ /Fe 3+ between the sediment and seawater that is fuelled by the presence of organic matter results in the continuous transfer of silica from seawater to underlying sediments. Indeed, several observations indicate that both the organic matter and Fe play an important role for deep-water chert precipitation. First, deep-water cherts contain variable amounts of organic matter (TOC) and Fe2O3 contents (Fig. 4c,d) that are well-correlated (if two samples with high siliciclastic admixture -17CB49 or metamorphic overprint -19CH6 are omitted) while widespread microbial reduction is evidenced by the presence of framboidal Fe-(oxy)-hydroxides replacing former pyrite [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF]. Second, the deep-water cherts typically form large, sometimes bedded bodies that can be connected to fast Fe redox cycle inducing rapid and widespread silica precipitation. Third, widespread appearance of the deep-water cherts can be related to their highly variable redox conditions during deposition [START_REF] Ackerman | The significance of cherts as markers of Ocean Plate Stratigraphy and paleoenvironmental conditions: New insights from the Neoproterozoic-Cambrian Blovice accretionary wedge, Bohemian Massif[END_REF] and therefore, rapid Fe redox cycle.

To conclude, our study corroborates the findings of [START_REF] Li | Formation of the massive bedded chert and coupled Silicon and Iron cycles during the Ediacaran-Cambrian transition[END_REF] that in the absence of silica-sequestering organisms in Precambrian oceans, Si but also Ge (note a positive correlation between TOC and Ge/Si observed in deep-water cherts; Fig. 4d) cycles can be intimately connected with iron and carbon cycles. Therefore, some earlier forms of life (microbial mats of cyanobacteria) already had an impact on the marine Si cycle throughout the Precambrian eon serving as an important sink for Si and Ge [START_REF] Maliva | Secular change in the Precambrian silica cycle: Insights from chert petrology[END_REF]Shang et al., 2018 and references therein). The observed negative correlation between  30 Si and TOC values (Fig. 5e) appears to indicate that silica adsorption onto accumulated organic matter that fall through the water column (Fig. 7) is connected with significant Si isotope fractionation, a phenomenon already documented in small river tributaries rich in dissolved organic carbon [START_REF] Cardinal | Contrasting silicon isotope signatures in rivers from the congo basin and the specific behaviour of organicrich waters[END_REF]. Like [START_REF] Ye | Silicon isotopes reveal a decline in oceanic dissolved silicon driven by biosilicification: A prerequisite for the Cambrian Explosion? Earth Planet[END_REF], we consider it unlikely to be due to a kinetic effect related to a lower reactivity of Si adsorbed on organic matter. Experiments show that these kinetic effects are relatively fast compared to the timescale of chert deposition, and therefore likely to be erased by subsequent equilibration. However, and in contrast to [START_REF] Ye | Silicon isotopes reveal a decline in oceanic dissolved silicon driven by biosilicification: A prerequisite for the Cambrian Explosion? Earth Planet[END_REF] who did not observe a correlation between  30 Si and TOC concentrations, we conclude that our finding for deep-water cherts (Fig. 5d) rather argues for the effect of preferential equilibrium precipitation of isotopically lighter Si as the organic content of the medium increases. An alternative, more global interpretation would be that the observed  30 Si and TOC correlation is related to the decrease of  30 Si values of seawater during the Meso-Neoproterozoic (Gao et al., 2020 and references therein) due to coupled silica and carbon cycles related to a secular increase of the 30 Si-depleted authigenic clay sink during most of the Precambrian [START_REF] Trower | Precambrian Si isotope mass balance, weathering, and the significance of the authigenic clay silica sink[END_REF].

Conclusions

(1)

Homogeneous heavy  30 Si and low Ge/Si signatures of deep-water cherts are indicative of their precipitation from seawater-derived low-temperature hydrothermal fluids at the seawater-sediment interface with only minor admixture of terrigenous material.
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  and low Ge/Si-Eu/Eu* values (this study), the collected data indicate generally low (< 50 °C) temperatures. This is because rapid precipitation of hotter solutions would cause significant variations in  30 Si values (up to ~2‰; van den Boorn et al., 2007) and produce notably high Eu/Eu* anomaly (>10;

  2) Largely variable  30 Si values spanning from negative to largely positive values observed in shallow-water cherts that are correlated with  18 O signatures argue for the precipitation from ambient seawater interacted with variably temperate hydrothermal fluids related to the alteration of basaltic crust.Zhang, Y., Feng, Q., Nakamura, Y., Suzuki, N., 2021. Microfossils from the Liuchapo Formation: Possible oldest radiolarians from deep-water chert and phylogenetic analysis.
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Table 1

 1 Silicon isotope and Ge/Si data for the studied Neoproterozoic-Cambrian cherts from the Blovice accretionary complex, Bohemian Massif

	Sample	Locality	Position	Rock type	d 30 Si (‰)	2SE	d 29 Si (‰)	2SE	n	Ge/Si (µmol/mol )	2SD
	17CB21/1	Hudlická skála	Belt I	deep-water chert	0.72	0.08	0.37	0.03	3	0.33	0.09
	17CB10/1	Pelechovka	Belt I	deep-water chert	0.76	0.02	0.38	0.05	3	0.33	0.09
	17CB10/2	Pelechovka	Belt I	deep-water chert	0.74	0.08	0.34	0.07	3	0.35	0.10
	17CB42	Babí Skála I	Belt I	deep-water chert	0.66	0.04	0.34	0.04	3	0.42	0.15
	20CH11	Babí skála II	Belt I	deep-water chert	0.85	0.08	0.43	0.08	3	0.55	0.13
	20CH12A	Babí skála III	Belt I	deep-water chert	0.61	0.04	0.37	0.04	3	1.01	0.29
	17CB45	Mařtálka	Belt I	deep-water chert	0.57	0.08	0.28	0.07	4	0.34	0.10
	20CH10	Kojetice	Belt I	deep-water chert	0.56	0.04	0.28	0.03	6	0.58	0.16
	20CH16A	Vysoký vrch	Belt I	deep-water chert	0.88	0.11	0.46	0.03	6	0.33	0.10
	20CH16B	Vysoký vrch	Belt I	deep-water chert	0.80	0.02	0.40	0.02	3	0.35	0.10
	20CH16C	Vysoký vrch	Belt I	deep-water chert	0.78	0.11	0.39	0.02	3	n.a.	
	19CH6	Tetětice	Belt I	deep-water chert	0.47	0.07	0.23	0.03	4	n.a.	
	19CH1	Chynín	Belt 1	shallow-water chert	-0.17	0.07	-0.09	0.03	3	n.a.	
	19CH8B	Trokavecká skála	Belt 1	shallow-water chert	-0.35	0.06	-0.19	0.04	3	0.45	0.20
	17CB32C	Kokšín	Belt 1	stromatolitic chert	0.56	0.04	0.29	0.04	6	0.30	0.07
	17CB36	Kokšín	Belt 1	shallow-water chert	1.48	0.08	0.79	0.07	3	0.74	0.19
	20CH30B	Kokšín	Belt 1	shallow-water chert	1.60	0.08	0.81	0.05	3	0.36	0.07
	20CH18A	Pičín	Belt 1	shallow-water chert	0.16	0.01	0.07	0.02	3	0.70	0.22
	20CH20A	Jahodová Hora I	Belt 1	stromatolitic chert	0.57	0.06	0.28	0.04	3	0.41	0.21
	20CH20B	Jahodová Hora II	Belt 1	shallow-water chert	0.91	0.04	0.48	0.02	3	0.46	0.18
	20CH20C	Jahodová Hora II	Belt 1	shallow-water chert	0.84	0.04	0.45	0.04	6	0.50	0.09
	20CH24	Příkosice	Belt 1	stromatolitic chert	-0.01	0.03	-0.01	0.02	3	0.29	0.11
	17CB37	Nad Maráskem	Belt 1	stromatolitic chert	0.59	0.09	0.35	0.07	3	0.27	0.06
	19CH4A	Nad Maráskem	Belt 1	shallow-water chert	0.52	0.07	0.28	0.08	3	0.34	0.14
	19CH4B	Nad Maráskem	Belt 1	shallow-water chert	0.77	0.06	0.37	0.03	3	n.a.	
	19CH4C	Nad Maráskem	Belt 1	shallow-water chert	0.96	0.05	0.47	0.02	3	n.a.	
	20CH21	Hracholusky	Belt 2	shallow-water chert	-0.94	0.05	-0.48	0.04	6	0.41	0.12
	20CH22	Radyně	Belt 2	deep-water chert	0.90	0.08	0.44	0.03	3	0.38	0.10
	17CB49	Rozvědčík	Belt 2	deep-water chert	0.23	0.04	0.12	0.06	3	0.90	0.26
	20CH26	Dolany	Belt 2	deep-water chert	0.72	0.01	0.36	0.10	3	0.65	0.16
	19CH7A	Loupensko	Belt 2	shallow-water chert	0.40	0.11	0.20	0.07	3	0.54	0.09
	Reference materials									
	BHVO-2			basalt	-0.25	0.08	-0.12	0.04	22		
	AGV-2			andesite	-0.17	0.02	-0.09	0.02	14		
	GS-N			granite	-0.17	0.06	-0.09	0.04	5		
	JCh-1			chert	0.27	0.02	0.14	0.02	13		
	n = number of analyses									

Table 1

 1 Click here to access/download;Table ( Editable version);Table_1_Si_iso_Cherts_TBU_r1.xlsx
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(3) Organic matter, Fe-(oxy)-hydroxides and clays represent important sinks for Ge while the former is also important for Si scavenging from seawater and, altogether, these phases play a very important role for marine Si-Ge cycling.

(4) Marine Si-Ge cycle and the presence of abundant cherts at the Neoproterozoic-Cambrian transition are largely associated with redox-controlled Fe cycle related to microbial reduction and the increasing presence of organic matter.

(5)

The observed negative correlation between  30 Si and organic matter contents in deepwater cherts indicate significant Si isotope fractionation related to either the accumulation of organic matter at seawater bottom or coupled silica-carbon cycles in the Precambrian oceans
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