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23 Abstract 

24 The sedimentary cover of the East European Craton (EEC) is unique because of its low 

25 degree of diagenetic alteration that allows preservation of the original “source to sink” 

26 relationships. The present study provides U-Pb and Hf zircon data for the entire Proterozoic 

27 sedimentary section of the EEC based on samples from five boreholes in Belarus within the 

28 Volyn-Orsha Basin, one of the most important sedimentary basins of the craton. Twenty-one 

29 samples of mudstones and sandstones were selected for detrital zircon U-Pb geochronology, 

30 supplemented by the Hf isotope analyses of zircons from 6 samples representing different U-
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31 Pb age spectra and bulk rock XRD mineralogy of all mudstone samples collected from the 

32 studied boreholes. Five clastic successions in the Volyn-Orsha Basin are characterized by 

33 different sources of detrital material: (1) The Mesoproterozoic Pinsk Suite with a narrow 

34 population of c. 2.0 Ga zircons, (2) The Orsha Suite with a broad 1.3–3.2 Ga zircon age 

35 distribution, (3) Glacial sediments of the Vilchitsy Series with an age spectra similar to the 

36 Orsha Suite, except for a c. 1.0 and 1.2 Ga cluster, (4) The Volyn and Valdai Series, 

37 including lowermost Cambrian, with a narrow trimodal population of 0.5, 1.5, and 1.8 Ga 

38 zircons, and (5) lower Cambrian (?) sediments with a diffused zircon age spectrum, including 

39 a 500–700 Ma cluster. Maximum depositional ages were constrained for the Vilchitsy Series 

40 at 977 ±6 Ma and for the Volyn Series at 579–545 ±4 Ma. Combined Hf zircon data indicate 

41 four episodes of new continental crust generation at 3.3, 2.8, 2.1–2.3 and 1.8 Ga, suggestive 

42 of source terrains within the crust of the present-day EEC. These sources experienced 

43 subsequent reworking of crust at c. 1.8 Ga and 550–600 Ma. Only a lower Cambrian sample 

44 lacks any trend or clustering within the Hf data probably due to mixing of zircons from exotic 

45 and local sources. Paleogeographic models, explaining these provenance signals, in terms of 

46 intracratonic erosion and sediment transport until to the beginning of Cambrian are presented.

47

48 Key-words: Baltica, Ediacaran, Hf isotopes, maximum depositional ages, Rodinia, zircon 

49 geochronology

50

51 1. Introduction

52 The East European Craton (EEC) is the coherent mass of the Precambrian continental crust 

53 that occupies the north-eastern half of the present-day European continent (Fig. 1). The EEC 

54 was assembled at c. 1.8–1.7 Ga through multiple terrane collisions and it has never been 

55 dismembered since then (Bogdanova et al., 1996, 2008). The sedimentary cover of the major 
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56 part of the EEC is unique because of its low degree of diagenetic alteration (Goryl et al., 

57 2018; Liivamägi et al., 2018; Pehr et al., 2018) that assures preservation of the original 

58 sediment characteristics, indicative of the paleoenvironment and life on the planet at this 

59 fundamental evolutionary event. Having been deposited on a stable craton, the Precambrian 

60 sediments of the EEC keep record of the “source to sink” relationships from the time 

61 preceding the Ediacaran fragmentation of the Rodinia supercontinent. 

62

63 The Proterozoic sedimentary cover of the EEC has been extensively drilled and studied since 

64 the 1950’s when detailed lithological descriptions, petrographic observations and 

65 lithostratigraphic subdivisions of the sedimentary sequence were established (review in 

66 Makhnach et al., 2001). More recently the Neoproterozoic flood basalt ages were constrained 

67 by zircon U-Pb dating (Shumlyanskyy et al., 2016 and references therein). The youngest, 

68 post-eruptive sediments are widespread on the craton (Russia, Baltic States, Belarus, Ukraine, 

69 Moldova and Poland; Rozanov and Łydka, 1987), whereas older sediments are preserved 

70 only locally, mostly in Belarus and Russia. Their ages remain unconstrained by 

71 biostratigraphy due to the absence of fossils. U-Pb geochronological constraints are also 

72 lacking in Belarus.

73

74 In this contribution, a provenance study for the entire Proterozoic sedimentary column of the 

75 EEC was undertaken, using samples from five boreholes in Belarus, selected to represent the 

76 main sedimentary basin on the craton (Figs. 1, 2). The U-Pb geochronology of detrital zircon 

77 was supplemented by Hf isotope analysis of representative zircon groups and the bulk rock 

78 XRD mineralogy of the host rocks. Such a combined analytical approach is aimed at 

79 constraining changes in provenance and sources of sediments, particularly at the time of 

80 Rodinia break-up and the birth of Baltica, during the Ediacaran/Cambrian transition (e.g., 
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81 Torsvik et al., 1992, 1996). In addition to the provenance information, the U-Pb zircon data is 

82 used to constrain maximum depositional ages, which offers a potentially more accurate age 

83 determination compared to the previously used general lithostratigraphy and acritarch-based 

84 biostratigraphy (Makhnach et al., 2001). 

85

86 2. Geological background

87 2.1. Crystalline basement

88 The main lithotectonic units of the crystalline basement of Belarus are composed of medium- 

89 to high-grade metamorphic rocks of Paleoproterozoic age (Bogdanova et al., 2001; Claesson 

90 et al., 2001; Shumlyanskyy, 2014). They run NE–SW, parallel to the c. 1.8 Ga old tectonic 

91 suture between Sarmatia and Fennoscandia (Elming et al., 1998; Bogdanova et al., 2008; 

92 Lubnina et al., 2009) (Fig. 1a). The crystalline basement of Belarus on both sides of the 

93 suture was already deeply eroded and peneplained by the end of Paleoproterozoic. However, 

94 subsequent differentiated subsidence produced the Volyn-Orsha Aulacogen and Prypyat 

95 Trough, prominent cratonic basins reaching several kilometres in depth (e.g., Bogdanova et 

96 al., 2008). 

97

98 2.2. Volcano-sedimentary cover

99 The volcano-sedimentary cover in Belarus (Fig. 1a) includes a large variety of 

100 lithostratigraphic units ranging in age from Mesoproterozoic to recent and are variable in the 

101 extent and thickness – from a few dozens of meters on the domal uplifts up to several 

102 kilometres in the cratonic basins, aulacogens, and troughs (Makhnach et al., 2001). The 

103 lithostratigraphic subdivision of the pre-Ordovician rocks used in this study (Figs. 2, 3) and 

104 their description below was compiled from data published by Chumakov and Semikhatov 
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105 (1981), Rundqvist and Mitrofanov (1993), Makhnach et al. (2005) and Pacześna (2010), 

106 including their stratigraphic age assignments (Fig. 3).

107

108 2.2.1. Belarus Series

109 The oldest rocks studied belong to the Belarus Series that fills the Volyn-Orsha Aulacogen 

110 (Fig. 1) and is subdivided into the Rogachev, Pinsk, Orsha and Lapichi Suites (Fig. 3). The 

111 weighted average 207Pb/206Pb age of the youngest group of detrital zircons found in the 

112 Polissya Series (Ukrainian equivalent of the Belarus Series) defines a maximum depositional 

113 age of 1228 ± 15 Ma (Shumlyanskyy et al., 2015). This age is older than previously obtained 

114 mica and feldspar K-Ar ages of 700–815 Ma and K-Ar whole-rock ages of 880–980 Ma 

115 (Makhnach et al., 1976; Chebanenko et al., 1990) as well as whole-rock K-Ar age of 1055 

116 Ma by Nechaev (1974). 

117

118 The Pinsk Suite in the study area (Fig. 3) rests unconformably on Paleoproterozoic crystalline 

119 basement and reaches 460 m in thickness. It is mainly composed of fine-grained 

120 sandstones/coarse-grained siltstones with interbeds of oligomictic to mesomictic medium-

121 grained sandstones (quartz arenites are minor component), argillaceous siltstones and clays. 

122 Rocks are weakly to moderately cemented by either clay minerals or rarely by dolomite. The 

123 sediments are generally variegated, reddish with abundant reduction greyish spots, bands, and 

124 interlayers. The sedimentary sequence is characterized by the rhythmic appearance of fining 

125 upward sequences, each starting with an erosional surface.

126

127 The Orsha Suite with a well-developed basal horizon reaches 620 m in thickness and overlies 

128 the eroded surface of the Pinsk Suite or, in peripheral areas of the Volyn-Orsha linear 

129 depocenter, rests directly on the Paleoproterozoic crystalline basement. The Orsha Suite is 



6

130 composed of predominantly red-coloured, loose, quartz arenites of well-rounded and well-

131 sorted framework with finely dispersed kaolinite. In the top part of the unit, quartz-cemented 

132 sediments occur. Siltstones and argillites are rare. The sediments are usually horizontally or 

133 cross-bedded. The Orsha Suite does not contain any organic remnants or trace fossils and its 

134 monotonous composition makes correlations difficult. 

135

136 The Lapichi Suite is absent from the studied wells (Fig. 2), but elsewhere it reaches 82 m in 

137 thickness (Fig. 3) and occurs only locally in central Belarus. This unit is represented mainly 

138 by mesomictic to oligomictic sandstones, siltstones, clays, dolomites, syngenetic dolomitic 

139 breccias, rarely conglomerates. The rocks are red and variably coloured. The dolomites form 

140 0.4 to 3 m thick beds of chemical and organic (microphytolitic and stromatolitic) origin 

141 (Makhnach et al., 2001).

142

143 2.2.2. Vilchitsy Series

144 The Vilchitsy Series sediments are present mainly within the Volyn-Orsha Aulacogen, 

145 although small outliers are also known from the adjacent areas (Ukrainian Brody Suite). The 

146 Vilchitsy Series is up to 728 m thick terrigenous succession composed of tillites (unsorted 

147 massive argillites-siltstones-sandstones with dispersed fine sand to pebble-sized clasts), 

148 sandstones, fine-bedded argillites-siltstones and clays. Sandstones and sands are mainly 

149 poorly sorted, oligomictic, often cross-bedded, whereas siltstones and clays are horizontally 

150 laminated (varved clays) and contain numerous larger clasts.

151

152 In the southern part of the Orsha Basin the Vilchitsy Series is subdivided into two terrigenous 

153 suites (Fig. 3): (i) lower – the Blon Suite, interpreted as moraine sediments comprising local 

154 material, dominated by Orsha quartz arenite erratics, with a very small proportion of exotic 
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155 rocks, and (ii) the regionally more extensive Glusk Suite containing 3–4 tillite beds with a 

156 thickness of 26–64 m each, alternated with the horizons of sandstones, siltstones, and clays. 

157 The Vilchitsy Series is classified as Vendian, but its precise age is unknown (Chumakov, 

158 2015). According to Chumakov (2010), the first (Blon) and second (Glusk) glacial levels of 

159 the Vilchitsy Series/Lapland Horizon probably correspond to the global Marinoan and 

160 Gaskiers glacial event, respectively.

161

162 2.2.3. Ediacaran Volyn Series

163 The Volyn Series sediments cover most of Belarus, also extending into western Ukraine 

164 (upper Drevlyane Horizon), eastern Poland (Sławatycze Series) and Lithuania (Merkys 

165 Formation). In the south-western Belarus, the thickness of the Volyn Series reaches 300–440 

166 m, but it does not exceed 100 m in other parts of the country. In Belarus, the Volyn Series is 

167 subdivided into three suites (Fig. 3). 

168

169 The lower, Gorbashi Suite, 6 to 30 m thick, occurs in north-western Ukraine and south-

170 western Belarus. This unit of predominantly red colour is composed of unevenly-grained and 

171 coarse-grained sandstones with interlayers of pebble-sized conglomerates and rarely 

172 siltstones. Dating of detrital zircons isolated from conglomerate matrix revealed the presence 

173 of a single population of 1422 ± 19 Ma igneous zircons (Shumlyanskyy et al., 2015).

174

175 The Rataychitsy Suite and its local equivalents (Lukomsk and Kletsk; Fig. 3) occur as a 

176 sequence of volcanic and volcano-sedimentary rocks termed “Volyn flood basalt province” 

177 (VFBP; Kuzmenkova et al., 2011; Shumlyanskyy, 2012; Shumlyanskyy et al., 2016). These 

178 rocks are widely distributed in Belarus with a maximum thickness of 340 m in the Brest 

179 Basin, and decreasing to 100 m elsewhere proportionally to the distance from the area of 
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180 volcanic activity. While volcanic rocks (basalts and tuffs with locally occurring felsic 

181 volcanic rocks) prevail in the Brest Basin, pyroclastic rocks occur in the surrounding NE 

182 areas, passing into terrigenous sediments with an admixture of ash in distal areas. According 

183 to Shumlyanskyy et al. (2016), volcanic rocks of the VFBP were emplaced at 573 ± 14 Ma 

184 (lower basalts) and 571 ± 13 Ma (rhyolitic dacite), while Compston et al. (1995) dated tuff 

185 from SE Poland at 551±4 Ma. 

186

187 The Rataychitsy Suite is overlaid by the Girsk Suite (Brest Basin) or Lyozno Suite (Orsha 

188 Basin) and Vidibor Suite (Pripyat Trough, Eastern part of the Polissya Saddle). The Girsk 

189 Suite is composed of red-coloured uneven-grained arkoses and polymictic sandstones with 

190 numerous interlayers of pebble-sized conglomerates, and argillaceous siltstones. The rocks 

191 contain abundant volcanomictic and pyroclastic material. The coarse-grained sediments are 

192 cemented by clay minerals, often with admixture of iron oxides and hydroxides or ferrous 

193 dolomite. The Lyozno Suite is composed of grey-coloured finer sediments (clays, 

194 argillaceous siltstones) with interlayers and lenses of arkosic sandstones in the lower part of 

195 the succession. 

196

197 2.2.4. Ediacaran Valdai Series

198 The Valday Series transgressively overlays the older sedimentary rocks and crystalline 

199 basement. In NE Belarus it occurs as extensive cover, whereas in SW Belarus it is limited to 

200 isolated areas. The Valdai Series is composed of terrigenous deposits that occur as four large 

201 sedimentary cycles: the Nizov, Selsk, and Tshernitse Suites, collectively defined as the 

202 Redkino Horizon, and the youngest Kotlin Suite (Fig. 3).

203
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204 The Redkino Horizon is up to 168 m thick. The lower part of each sedimentary cycle starts 

205 with unevenly-grained sandstones and conglomerates, passing upwards into arkosic medium-

206 fine-grained sandstones with argillaceous and dolomitic cement of interstitial and basal types. 

207 To the top, they grade to heteroliths (interbedded sandstones and siltstones), and then into 

208 thin-layered micaceous and argillaceous siltstones and argillites. The Nizov Suite is enriched 

209 in volcanic material, probably derived from the underlying Volyn Series. The Selsk Suite 

210 contains a horizon of brown argillites. The upper part of this suite also contains a horizon of 

211 grey argillaceous siltstones enriched in organic matter. The Tshernitse Suite is enriched in 

212 thin laminae of heavy minerals. The transition to overlying Kotlin Suite is gradual and the 

213 subdivision is based on biostratigraphy.

214

215 The Kotlin Suite is characterised by highly variable thickness from a maximum of 220 m in 

216 the Orsha Basin to 50–140 m elsewhere. In the Orsha Basin, the Kotlin Suite shows clear 

217 tripartition being dominated by sand, argillaceous siltstones and clay in the lower, middle and 

218 upper part, respectively. In the western part of Belarus, the domination of coarse-grained 

219 terrigenous deposits with argillaceous siltstone interbeds is explained by the facial variability 

220 in the marginal parts of the basin and/or deep erosion that left only the lower, coarse-grained 

221 basal part of the suite with the total present thickness of 10–100 m.

222

223 2.2.5. Cambrian sediments

224 The thickness of lower and middle Cambrian sediments varies from more than 520 m in the 

225 southwest part of Belarus to 160 m (only lower Cambrian) in the northwest part. Cambrian 

226 rocks comprise clays, siltstones, and sandstones relatively poor in organic remains. The 

227 amount of fine-grained sediments (clays) gradually increases upward in the section and 

228 westwards, in the direction of deeper parts of the Cambrian sedimentary basin. Cambrian 
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229 sediments overlie the Ediacaran rocks with an unconformity that is consistent with 

230 biostratigraphic data. 

231

232 3. Sample selection and analytical methods

233 Quantitative XRD analyses of bulk rocks is an independent source of information to 

234 characterise provenance. Such analyses were performed on all mudstone samples collected 

235 from the boreholes. The XRD patterns of random samples, wet-ground with ZnO internal 

236 standard to assure high reproducibility of intensities (Środoń et al., 2001), were recorded in 

237 5–65 °2Θ range with 0.02 °2Θ step on Xtra diffractometer, equipped with Cu tube and solid-

238 state detector. After mineral identification, quantitative mineral analysis was performed using 

239 in-house Q-Min software (M. Szczerba, unpublished).

240

241 Twenty-one samples of mudstones and sandstones from five boreholes in Belarus were 

242 selected for zircon geochronology (Fig. 2; Table 1). Analytical strategy included selecting c. 

243 40 most euhedral grains with sharp edges (named group A) and c. 100 grains representing 

244 random detrital population for provenance analysis (named group B). Maximum depositional 

245 ages were calculated using from 2 to 5 youngest zircons following Dickinson and Gehrels 

246 (2009). These are presented as concordia ages calculated from the youngest zircons with 

247 <2.0% discordance. The Pb/U and Pb isotopic ratios in zircons were measured using a 

248 Thermo Scientific Element 2 sector field ICP-MS coupled to a 193 nm ArF excimer laser 

249 (Teledyne Cetac Analyte Excite laser) at the Institute of Geology of the Czech Academy of 

250 Sciences, Prague, Czech Republic. Analytical details are presented in Supplementary Data 

251 (SD1 and SD2).

252
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253 Hf isotopes were measured in zircons from 6 selected samples representing different U-Pb 

254 age spectra in order to shed more light on their provenance. The analyses were performed at 

255 the University of Bristol (Bristol Isotope Group) using a ThermoFinnigan Neptune plus 

256 multicollector inductively-coupled plasma mass spectrometer (MC-ICP-MS) coupled with a 

257 Photon-Machine Analyte G2 Excimer laser (193 nm wavelength). The new crust evolution 

258 curve of Dhuime et al. (2011) and chondritic values from Bouvier et al. (2008) were used for 

259 model age and initial εHf calculations. See Supplementary Data (SD1 and SD3) for more 

260 details.

261

262 4. Results

263 4.1. Mineral composition

264 The largest difference in mineral composition was observed between pre-Volyn, Volyn and 

265 post-Volyn Series rocks. The pre-Volyn rocks contain >60% quartz, while the fraction of 

266 quartz in the sum of primary minerals exceeds 70% and plagioclase is lacking (Table S1; Fig. 

267 4). Orthoclase and microcline, if present, occur in similar proportions (ratio of 0.7–1.4) and 

268 micas are minor components. The Orsha Suite differs from the rest of the pre-Volyn Series by 

269 extremely mature composition, exclusively quartz, kaolinite and hematite.

270

271 The Volyn Series is characterized by a quartz content <25% (38–48% of primary minerals), 

272 very high orthoclase/microcline ratio (3–10), high hematite and dioctahedral 2:1 clays, the 

273 presence of specific basaltic minerals (calcic plagioclase, occasionally pyroxene, zeolites, 

274 saponite, chlorite or mixed layer chlorite-smectite), trioctahedral mica, and the lack of 

275 muscovite. The lower part of the Volyn Series in the Vilchitsy borehole, some Volyn samples 

276 in the Pinsk borehole and the central part of the Volyn Series in the Kobryn borehole lack 

277 microcline, trioctahedral mica and kaolinite, which identifies pure, unweathered volcanic 
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278 material (tuffs in the Vilchitsy and Pinsk boreholes, tuffs and basalts in the Kobryn borehole). 

279 Tuffs differ from basalts by the much higher quartz and K-feldspar content and lack of 

280 pyroxene. Non-stoichiometric dolomite is characteristic of the Volyn Series.

281

282 Above the Volyn Series the mineral composition is different (Fig. 4): the low quartz content 

283 is slowly increasing, the high orthoclase/microcline ratio is preserved (except of the Kobryn 

284 borehole), hematite and the specific basaltic minerals are decreasing abruptly, while 2M1 

285 mica and the sum of authigenic minerals are increasing. Na-plagioclase, trioctahedral mica 

286 and kaolinite reach the maximum values in Redkino and they are decreasing in the younger 

287 rocks, while the dioctahedral 2:1 clays increase from the Redkino minimum. Among 

288 authigenic minerals, berthierine and apatite exceed 3% from the Volyn Series to Cambrian, 

289 while siderite and dolomite are only present in the Kotlin Suite and in the Cambrian rocks. 

290

291 4.2. LA-ICP-MS U-Pb zircon geochronology 

292 The majority of zircon crystals of the group A in each sample have oscillatory zoning with 

293 some crystals containing euhedral inherited cores (Fig. 5). Homogeneous and patchy zoned 

294 crystals are less common. Zircons of the group B are predominantly oscillatory zoned with 

295 minor crystals having patchy or complex zoning. The Th/U ratio in the majority of the 

296 analysed zircon grains is well above 0.1 (mostly between c. 0.1–4.3) indicating that zircons 

297 probably crystallized in magmatic rocks (Hoskin and Black, 2000; Kelly and Harley, 2005; 

298 Rubatto, 2017). Because of the large amount of data, the following section presents U-Pb 

299 results for both A and B groups together. Inclusion of the euhedral population does not affect 

300 data presentation, i.e. there is no significant shift towards younger ages, except for a few 

301 samples (see discussion below). U-Pb data are filtered to remove analyses that are >10% 
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302 discordant. A full set of analytical results is provided in Table S2. Additional details 

303 concerning U-Pb results for groups A and B are presented in Supplementary Data (SD4). 

304

305 4.2.1. Pre-Volyn rocks 

306 The zircons from the Vilch-2 and Vilch-4 samples representing the Pinsk Suite (Figs. 2, 3) 

307 are dominated by Paleoproterozoic c. 2.00 Ga zircons (minor populations at 1.70–1.80 Ga 

308 and 2.10–2.15 Ga for Vilch-2; 1.75–1.84 Ga and 2.10 Ga for Vilch-4; Fig. 6), and contain 

309 several Archean grains (up to c. 2.90 Ga). Both samples are characterised, in contrast to all 

310 other analysed samples, by the limited proportion of euhedral grains. Concerning the latter 

311 along with uncertain geological significance of a few younger ages (c. 588 Ma, 980 Ma and 

312 617 Ma, 954 Ma), a maximum depositional age for the Pinsk Suite is not calculated. 

313

314 In contrast to the Pinsk Suite, samples from the Orsha Suite and Vilchitsy Series bear record 

315 of multiple events. Zircons from the Vilch-5B (Orsha Suite) yielded U-Pb ages nearly 

316 continuously distributed between 1.29 and 3.19 Ma with local maxima at 1.80 Ga, 1.90 Ga, 

317 2.10 Ga and a dominant peak at 2.00 Ga (Fig. 6). The tillite samples Vilch-6A and Vilch-7A 

318 (Vilchitsy Series) contain zircons with U-Pb ages nearly continuously ranging from c. 941 

319 Ma to 2.15 Ga with dominant age peaks at 2.00 Ga for the Vilch-6A, and 945 Ma to 2.20 Ga 

320 for the Vilch-7A. In all samples from the Orsha Suite and Vilchitsy Series a few Archean 

321 ages up to c. 3.20 Ga were identified. The maximum depositional ages of 977±6 Ma (n = 2, 

322 MSWD = 1.12) and 1056 ± 4 Ma (n = 4; MSWD = 1.9) have been constrained for samples 

323 Vilch-6A and Vilch-7A, respectively. 

324

325 4.2.2. Volyn rocks 
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326 The Volyn Series rocks are represented by three samples of the Rataychitsy Suite (lower part 

327 of the Volyn Series) and four samples of the Girsk/Lyozno Suites (upper part of the Volyn 

328 Series; Fig. 2). The zircons from the lower part (samples Pinsk-45A, Pinsk-46A) show nearly 

329 identical U-Pb age pattern with a dominant peak at c. 1.50 Ga with two smaller peaks at c. 

330 590 Ma and 1.80 Ga, whereas in the Kob-10 sample the youngest c. 580 Ma peak dominates 

331 over 1.50 and 1.80 Ga (Fig. 6). The maximum depositional ages for both the Pinsk-45A and 

332 46A samples are constrained to 579 ± 4 Ma (n = 4, MSWD = 0.18; and n = 3, MSWD = 2.2, 

333 respectively). For the Kob-10 sample, the PDP plot is shifted towards youngest ages due to c. 

334 580 Ma dominance in group A zircons (for more details see Supplementary Data SD4). A 

335 maximum depositional age of 569 ± 4 Ma (n = 4, MSWD = 0.72) is 10 Ma younger staying 

336 slightly out of the error range (Fig. 6).

337

338 The samples from the upper part of the Volyn Series included brown, soft tuffite Kob-27A, 

339 arkose/wacke Kob-32A, tuffite Kob-34A and arkose Kob-34B. Zircons from these samples 

340 demonstrate a dominant U-Pb age peak at c. 1.50 Ga, along with smaller peaks at 1.80 Ga 

341 and 550–570 Ma (except of sample Kob-34B with c. 1.50 Ga and 0.60 Ga peaks roughly of 

342 the same size). Maximum depositional ages demonstrate decreasing trend up the profile, from 

343 560 ± 5 Ma (Kob-27A; n = 3, MSWD = 2.3), and 567 ± 4 Ma (Kob-32A; n = 3, MSWD = 

344 0.102) to ages 545 ± 4 Ma (Kob-34A; n = 3, MSWD = 3.7) and 550 ± 4 Ma (Kob-34B; n = 5, 

345 MSWD = 0.045) staying within the error range (Fig. 6).

346

347 4.2.3. Valdai Series rocks 

348 The Valdai Series rocks are represented by 4 samples from the Redkino Horizon (Nizov, 

349 Selsk and Tshernitse Suites) and 3 samples from the Kotlin Suite (Fig. 2). The zircon ages 
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350 mainly range between c. 1.50 and 1.90 Ga, but without a younger group at c. 550–570 Ma 

351 that is present in the older Volyn Series rocks.

352

353 Zircons from the Nizov Suite (sample Bog-33A) yielded a dominant age peak at c. 1.50–1.70 

354 Ga with two maxima at c. 1.58 and 1.64 Ga. Another large peak is identified at c. 1.83 Ga, 

355 with an additional minor age group at c. 1.91 Ga. Two zircons have older ages of 2.32 and 

356 2.84 Ga. The age pattern of the Selsk Suite (sample Lep-12A) exhibits a dominant age peak 

357 at c. 1.84 Ga and smaller peaks at 1.47 and 1.59 Ga and contains only one zircon grain of 

358 older age at 2.37 Ga. The zircons from the Tshernitse Suite show an age pattern with a 

359 dominant peak at c. 1.50 Ga (minor age clusters at c. 1.62 and 1.83 Ga) in sample Bog-43A 

360 and c. 1.84 Ga (smaller peaks at 1.47 and 1.59 Ga; similarly to the age pattern recognised in 

361 the Selsk Suite) in sample Lep-20B. Both samples from the Tshernitse Suite contain grains of 

362 the older age, i.e. 2.18 Ga in Bog-43A and 2.05–2.32 Ga in Lep-20B. 

363

364 The samples from the Kotlin Suite (Lep-28A, Bog-51A and Kob-40A) show a similar age 

365 pattern to those from the Redkino Horizon with a dominant age peak at c. 1.50–1.54 Ga and 

366 smaller peaks at c. 1.80–1.84 Ga. Additionally, the Bog-51A sample reflects also a small 

367 peak at c. 1.62 Ga. The older zircon single ages are between 1.96 and 2.75 Ga (Lep-28A and 

368 Bog-51A) or c. 3.28 Ga (Kob-40A).

369

370 4.2.4. Palaeozoic rocks 

371 The lower Cambrian glauconite-bearing quartz arenite (sample Kob-54) contains most 

372 homogeneous age record in this study with a single peak at c. 1.49 Ga. Only five analyses 

373 yielded ages staying out of the main cluster, from c. 1.60 to 1.94 Ga. In contrast, the second 

374 lower Cambrian sample (Kob-57), a coarse-grained sandstone, contains a nearly continuous 
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375 spectrum of ages ranging from c. 542 to 3.41 Ga with dominant peaks at c. 550 and 620 Ma, 

376 and smaller older peaks at c. 2.04, 2.10, 2.66 and 2.71 Ga. Two zircons yielded a maximum 

377 depositional age of 543±4 Ma (MSWD = 0.91) staying within the error range of the 

378 Precambrian–Cambrian boundary.

379

380 4.3. Hf isotopes

381 Zircons from tillite Vilch-6A (Vilchitsy Series) analysed for Hf isotopes have U/Pb or Pb/Pb 

382 dates ranging between 683–3185 Ma and they display a wide range of initial εHf values from -

383 10.6 to 6.1 (Table 2; Fig. 7a). According to their pattern on the measured date versus εHf plot, 

384 all zircons in this sample can be tentatively attributed to three groups (Fig. 7a). The first 

385 (oldest) group includes zircons with ages between 3.19 and 2.50 Ga, and εHf from 2.5 to -6.5 

386 (n = 6). These zircons plot along c. 3.3 Ga crust evolution line with 176Lu/177Hf = 0.019; 

387 however, due to limited data points, they may also plot along a large number of evolution 

388 lines with different slopes corresponding to different 176Lu/177Hf ratios, and any scenario 

389 from felsic to mafic (0.009 and 0.022, respectively; Gardiner et al., 2018) crustal evolution is 

390 possible. The second, poorer defined group comprises zircons with ages ranging from 2.17 to 

391 1.42 Ga, and εHf from 5.2 to -10.2 (n = 14). The youngest group is well-defined and 

392 comprises zircons ranging in age from 1.53 to 0.68 Ga and εHf from 6.1 to -2.8 (n = 8), most 

393 of them being juvenile. These zircons plot along a line of slope 176Lu/177Hf c. 0.016, which 

394 corresponds nearly to the average continental crust. The “new crust” model age (Dhuime et 

395 al., 2011) for this group is c. 1.8 Ga, which probably corresponds to a discrete crust-forming 

396 event. 

397

398 Zircons from tuffite Pinsk-46A (Rataychitsy Suite) range in age from c. 1860 to 575 Ma, and 

399 initial εHf from +4 to -13.9 (Table 2; Fig. 7b). These zircons belong to three age groups: the 
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400 oldest group (age 1.75–1.87 Ga, εHf from 3.4 to -1.5; n = 9), the intermediate group (age c. 

401 1.50 Ga, εHf from -2.8 to -5.5; n = 13), and the youngest group (age 590–575 Ma, εHf from -

402 10.2 to -13.9; n = 4). All these zircons, irrespective of their age, plot along an evolution line 

403 with 176Lu/177Hf of c. 0.015 indicating average continental crust source, and with the new 

404 crust model age of c. 2.3 Ga. 

405

406 Zircons from the arkose Kob-34B sample (Girsk Suite) were selected from three separate age 

407 groups: the oldest group (c. 1.75–1.85 Ga) comprises predominantly chondritic to slightly 

408 juvenile zircon with εHf varying from 4.4 to -1.4 (n = 9), the intermediate group of zircons 

409 (1.46–1.57 Ga) have εHf ranging from -1.6 to -4.1 (n = 12), and the youngest group have a 

410 narrow age interval (548–571 Ma with one date 708 Ma) and wide range of εHf values – from 

411 -0.6 to -18.4 (n = 9; Fig. 7c; Table 2). Interestingly, the oldest and intermediate groups in the 

412 Rataychitsy and Girsk Suites coincide in age and εHf se. The data from the Kob-34B sample 

413 also plot along an evolution line of slope 176Lu/177Hf 0.013, which intercepts the new crust 

414 evolution line at c. 2.2 Ga.

415

416 Zircons from quartz arenite/subarkose sample Bog-33A (Nizov Suite) form a coherent group 

417 that ranges in age from 1.93 to 1.49 Ga and initial εHf from 5.8 to -4.3 (n = 24; Table 2; Fig. 

418 7d). This group plots along a regression line of slope 176Lu/177Hf = 0.010. A low 176Lu/177Hf 

419 ratio (i.e., 0.010) reflects evolution of felsic source reservoir with a mantle extraction age of 

420 c. 2.1 Ga. The c. 2.1 Ga crust-forming event is similar to the c. 2.1–2.3 Ga event observed in 

421 other Neoproterozoic sediments. Furthermore, three isolated zircons from this sample have 

422 either older ages or lower εHf values (2.84 Ga and 4.1; 2.32 Ga and 0.4; 1.54 Ga and -9.2, 

423 respectively). 

424
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425 Two age groups occur in the arkose Lep-12A sample (Selsk Suite). The older group (1.72–

426 1.89 Ga) ranges in εHf from +2.3 to -1.6 (n = 10), and the younger group (1.42–1.67 Ga) 

427 ranges in εHf from +5.3 to -5.4 (n = 13; Table 2; Fig. 7e). The large majority of the data plot 

428 along an evolution line of slope 176Lu/177Hf = 0.013 indicating intermediate to felsic source 

429 and intercepting the new crust evolution line at c. 2.2 Ga, similar to the crust extraction age 

430 seen for the Volyn Series sediments. 

431

432 Zircons from the lower Cambrian quartz arenite Kob-57 sample are extremely variable in 

433 terms of both their age (ranging from 3.41 Ga to 546 Ma) and Hf isotope composition (εHf 

434 ranging from 5.1 to -20.0) (Table 2; Fig. 7f). Similarly, to sample Vilch-6A, such data 

435 scattering prevents distinguishing principal crust formation events with confidence. 

436

437 5. Discussion

438 5.1. Pre-Rodinia provenance signal

439 The lower part of the sedimentary succession of the EEC consisting of the Pinsk and Orsha 

440 Suites, although not precisely dated, was deposited in a time interval of c. 1.32–1.0 Ga (Fig. 

441 3). These sediments represent the time post-dating break-up of the Columbia/Nuna 

442 supercontinent (e.g., Rogers and Santosh, 2002; Zhao et al., 2002, 2004; Evans and Mitchell, 

443 2011). According to most of currently accepted plate tectonic reconstructions the present-day 

444 EEC, a precursor of early Palaeozoic Baltica, was at that time attached to the Greenland 

445 margin of Laurentia, while both continents drifted together at low latitudes (Buchan et al., 

446 2000; Ernst et al., 2000; Condie, 2002; Zhao et al., 2004; Pisarevsky et al., 2014). 

447

448 Such reconstruction is consistent with our mineralogical data. The ratio of kaolinite to illite-

449 smectite (originally a smectitic product of weathering; cf. Liivamägi et al., 2018) is proposed 
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450 here as a proxy for weathering intensity in the source areas (clay index; Table S1; Fig. 4). 

451 This value is not dependent on the percentage of primary minerals, used as a proxy for the 

452 grain size, thus it was not affected significantly by hydraulic sorting (cf. Środoń et al., 2014, 

453 their fig. 16). The ratio of quartz to all pre-weathering minerals can be considered as an 

454 alternative proxy for weathering intensity (primary minerals index; Table S1; Fig. 4). These 

455 indices offer some clues concerning the provenance of the Orsha Suite, where both 

456 weathering indices agree, indicating very intense kaolinitic-type weathering in a source area, 

457 implying warm and humid conditions.

458

459 The Pinsk Suite, with a current exposure of 150,000 km2 (Makhnach et al., 2001), reveals 

460 nearly unimodal U-Pb age spectra in two samples analysed (c. 2.0 Ga; Fig. 6). Similar detrital 

461 age spectra have been reported from the Paleoproterozoic Ovruch Series in the Ukrainian 

462 Shield (dated as 1.76 Ga using zircons in the underlying rhyolites; Shumlyanskyy et al., 

463 2017). However, the Ovruch Series can hardly be considered a source area for the Pinsk Suite 

464 sediments because of its rather minor extent (1000 km2) and much higher maturity of mineral 

465 composition (pyrophyllite-grade; Sinyakovskaya et al., 2005). Therefore, the Osnitsk-

466 Mikashevychi Igneous Belt (northern Ukraine – southern Belarus), dated at c. 2.0 Ga 

467 (Shumlyanskyy et al., 2016 and references therein), is a plausible candidate for a source area, 

468 even though it might have been partly buried beneath younger sediments at the time of the 

469 Pinsk Suite deposition. Since the Proterozoic basins located on the Ukrainian Shield contain 

470 formations with similar 2.0–2.1 Ga zircon age patterns (Shumlyanskyy et al., 2015) a 

471 common, voluminous and widespread source terrain is suggested. Such a narrow detrital age 

472 spectrum in a sedimentary cover of a craton remains a rare phenomenon that can be best 

473 explained by erosion of an extensive volcanogenic cover and relatively short detritus 

474 transport that prevents mixing of zircons from various sources. Therefore, a continental arc 
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475 producing sediments with a relatively narrow age range can be an alternative solution to the 

476 Osnitsk-Mikashevychi Igneous Belt.

477

478 The Orsha Suite quartz arenite yielded a polymodal 1.3–3.2 Ga zircon age distribution, 

479 indicating a complex provenance for the Orsha Suite (Fig. 6). The detritus distributary 

480 systems and long-lasting weathering possibly lead to mixing and recycling of the material 

481 from numerous, potentially distant sources. Clearly, the catchment area changed in 

482 comparison to the Pinsk Suite.

483

484 5.2. Provenance of Rodinia-related sediments

485 Only the Vilchitsy Series, traditionally ascribed to Cryogenian (720–635 Ma; Fig. 3), can be 

486 correlated with the time, when the Rodinia supercontinent existed (1.0–0.63 Ma; e.g., Weil et 

487 al., 1998; Meert and Torsvik, 2003; Pisarevsky et al., 2003; Torsvik 2003; Li et al., 2008). 

488 The Rodinia reconstructions place the EEC (future Baltica) at high latitudes of the southern 

489 hemisphere until 900 Ma (Pisarevsky et al., 2003; Li et al., 2008). From 750 Ma onwards, the 

490 EEC occupied position at moderate latitudes until the break-up of Rodinia (630 Ma; e.g., Li 

491 et al., 2008). 

492

493 The composition of primary (pre-weathering) minerals, detectable by XRD, can be used as a 

494 provenance indicator for the EEC sediments in Belarus. The Vilchitsy Series rocks are 

495 characterized by similar proportions of orthoclase to microcline and biotite to muscovite, like 

496 the Pinsk Suite (Fig. 4). These ratios, the high ratio of quartz to all pre-weathering minerals, 

497 along with low ratio of kaolinite to illite-smectite imply glacial erosion of the underlying 

498 sedimentary rocks, practically without chemical weathering. 

499
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500 The nearly continuous zircon age spectra (1.0–3.2 Ga; Fig. 6) from glacial sediments of the 

501 Vilchitsy Series are similar to those from the Orsha Suite, except for a c. 1.0–1.3 Ga cluster 

502 and more dominant 2.0 Ga peak in one of the Vilchitsy Series samples. These spectra indicate 

503 that the main source area were the underlying Pinsk and Orsha Suites, supplemented by a 

504 younger Grenvillian-age component. Such an interpretation is consistent with the mineral 

505 composition of the bulk rock, intermediate between the Pinsk and Orsha Suites and without 

506 measurable input of non-weathered material (Table S1). Since the maximum deposition age 

507 of the Vilchitsy Series is constrained by the zircon age spectra to c. 1.0 Ga (Fig. 6), and the 

508 oldest overlying basalts are dated at c. 570 Ma, the Vilchitsy tillites (Fig. 3) may represent 

509 any of the Cryogenian glaciations as well as the Ediacaran Gaskiers glaciation. The centre of 

510 glaciation must have been located SW from the glacial sediments of the Vilchitsy Series, as 

511 indicated by the lateral facies trends in the Volyn-Orsha Basin: the glacial sediments thin out 

512 towards the NE along the axis of the basin (Kheraskova et al., 2003). The glacial series was 

513 deposited on the continent covered by kaolinitic redbeds: products of intense weathering in 

514 hot and humid climate, in situ or redeposited (Orsha Suite). Therefore, the glacial character of 

515 the Vilchitsy Series implies a major climate change compared to the time of deposition of the 

516 Orsha Suite or, alternatively, a localised elevation of part of the craton. The former option is 

517 possible due to a large time gap between deposition of the Orsha Suite (c. 1.3–1.0 Ga) and the 

518 Vilchitsy Series. The latter interpretation is also reasonable since the addition of 1.0 Ga 

519 zircons may suggest some post-Grenvillian (post-Sveconorwegian) elevated topography. C. 1 

520 Ga dates obtained by Shumlyanskyy et al. (2015) for the Ukrainian Polissya Series indicate 

521 delivery of the detritus from a comparable source terrain.

522

523 The Lu-Hf data show that the best-defined group of detrital zircons (Fig. 7a) with ages from 

524 1.53 to 0.68 Ga and εHf from 6.1 to -2.8 (n = 8) correspond to the average continental crust 
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525 with a model age of 1.8 Ga. This age represents a main crust-forming event in Fennoscandia 

526 implying a local character of the source terrain. The admixture of zircons dated at 1.0 Ga is 

527 notable, but these grains are characterized by only slightly positive εHf values (0 to +2). 

528 Therefore, they do not match a clearly positive εHf signature (+5 to +7) of magmatic zircon 

529 cores from the Grenvillian Oaxaquia Terrane (Weber et al., 2010).

530

531 5.3. Sedimentary record of Baltica

532 The sediments sampled that were laid down after the break-up of Rodinia are included into 

533 the Volyn and Valdai Series of the Ediacaran age (635–542 Ma) as well as the lower 

534 Cambrian succession (542–530 Ma; Fig. 3). They were deposited during a time interval, 

535 when Baltica was located at the equator (Popov et al., 2002; Li et al., 2008) or resided at 

536 moderate southern latitudes (Torsvik and Rehnström, 2001).

537

538 Since the Lu-Hf data for all the zircons from the Volyn and Valdai Series correspond to 

539 intermediate to felsic source with model ages of 2.1–2.3 Ga they suggest that the main 

540 catchment area was located within Sarmatia (present-day Ukraine, SW part of the EEC). 

541 Furthermore, the Mesoproterozoic zircons (c. 1.5 Ga) from the Volyn and Valdai Series 

542 reveal εHf values in the range of +5.8 to -5.5 that are comparable to those in the granites and 

543 gneisses from the Danish island of Bornholm (Johansson et al., 2016) and rapakivi granites of 

544 SW Fennoscandia (Heinonen et al., 2010, 2014). Abundant zircons of similar age (c. 1.5 Ga) 

545 were documented in sedimentary rocks of the Ukrainian Shield and interpreted as detritus 

546 supplied from the Fennoscandian Shield (Shumlanskyy et al., 2015).

547

548 In the volcanoclastic sediments of the Volyn Series orthoclase dominates over microcline and 

549 they contain abundant biotite along with primary basalt minerals (Ca-plagioclase, pyroxene) 
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550 and their hydrothermal alteration products (trioctahedral clays and zeolites). This change 

551 reveals detritus derivation from sources comprising basalts and biotite-bearing rocks. Starting 

552 from the Redkino Horizon of the Valdai Series, the basaltic source is gradually diminished, 

553 whereas a biotite-rich source continues to supply material. Finally, contribution from a new 

554 source rich in muscovite continuously increases until early Cambrian (the youngest unit 

555 studied). 

556

557 The Volyn Series mineral composition shows characteristics opposite to the Orsha Suite: both 

558 indices have the lowest values; clay index because of the lack of kaolinite (no weathering) 

559 and the primary mineral index because of low quartz content. Both mineral composition 

560 indices are the lowest in the area close to the centres of magmatic activity, where pure basalts 

561 or volcanoclastics occur. They increase in samples, where the admixture of non-volcanic 

562 material is the highest. The very low clay indices for the Volyn Series rocks with terrigenous 

563 addition indicate that they are approximate time equivalents to the basalts and tuffs, as they 

564 formed before the development of intense kaolinitic weathering of the top layer of basalts 

565 (Liivamägi et al., 2018).

566

567 The Redkino Horizon of the Valdai Series differs from the underlying Volyn Series by an 

568 abrupt increase of the clay index and a very small increase of the primary mineral index. 

569 Such relationships suggest that the Redkino Horizon contains a significant admixture of 

570 already weathered volcanic material. Indeed, in the Volyn region the Redkino Horizon 

571 sediments are deposited on kaolinitic palaeosols developed on basalts (Liivamägi et al., 

572 2018). Above the Redkino Horizon, these indices evolve in reciprocal direction across the 

573 Ediacaran/Cambrian boundary: clay index decreases, accompanied by decrease of hematite, 

574 while primary mineral index increases. Such regularity seems to indicate a gradual decrease 
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575 of the contribution from the strongly weathered volcanic source (high in kaolinite and low in 

576 quartz). 

577

578 The zircon U-Pb record (Fig. 6), in samples from the Volyn and Valdai Series deposited in 

579 the intraplate basin during c. 40 Ma of continuous sedimentation, shows a common discrete 

580 distribution of ages with prominent clusters of c. 1.8, and 1.5 Ga and 579–545 Ma. The latter 

581 cluster, occurring in the sediments of the Volyn and lower Valdai Series, is derived from the 

582 Volyn flood basalts (Fig. 8). Also, the disappearance of Ca-plagioclases (Table S1) indicates 

583 that the contribution of trap basalts to the volcano-sedimentary succession was terminated in 

584 the lower Valdai Series. The maximum deposition ages obtained for seven Volyn Series 

585 samples (Fig. 6; 579–545 Ma) document the sediment age decrease upward the profile and 

586 constrain the age of Volyn flood basalt province (Fig. 8), in general agreement with the 

587 previous age estimates of 573 ± 14 Ma for basalts, 571 ± 13 Ma for rhyolitic dacite 

588 (Shumlyanskyy et al., 2016), and 551 ± 4 Ma for a tuff (Compston et al., 1995).

589

590 The detrital age distribution in the Volyn and Valdai Series is markedly different from the 

591 underlying Vilchitsy Series (Fig. 6), probably reflecting a major reorganization of the 

592 sediment supply routes related to the break-up of Rodinia (Fig. 8). The bulk mineralogy 

593 change (Table S1) documents the same phenomenon. A potential source terrain can be found 

594 within the Precambrian basement of Baltica, where numerous igneous bodies with 1.5 or 1.8 

595 Ga ages exist (e.g., Bogdanova et al., 2008, 2015; Shumlyanskyy et al., 2015; Krzemińska et 

596 al., 2017 and references therein). Narrow age spectra measured in the Ediacaran sediments 

597 (Fig. 6) suggest a short delivery route from a catchment area preventing mixing between 

598 detritus supplied by various crustal components. The sediment transport direction for the 
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599 Volyn and Valdai Series was from the SW (Fig. 8), as evidenced by basin geometry 

600 (Rozanov and Lydka, 1987) and sedimentary facies distribution (Pacześna, 2010). 

601

602 5.4. Ediacaran to Cambrian transition 

603 At the end of the Ediacaran no abrupt change in bulk rock mineralogy can be detected by 

604 XRD: the mineral composition is gradually evolving, and only a decrease of the basaltic 

605 source can be deduced. Also, the bimodal distribution of zircon ages in the Kobryn profile 

606 continues into the rocks (sample Kob-54) that are interpreted as Cambrian based on trace 

607 fossils (Elena Golubkova, pers. comm.). 

608

609 Sample Kob-57, taken 15 m above, presents a completely different age spectrum, including a 

610 broad 500–700 Ma Neoproterozoic cluster (Fig. 6). Similar major provenance shifts from the 

611 bimodal (1.5 and 1.8 Ga) to polymodal distribution with a Neoproterozoic cluster were 

612 reported from Estonia (Isozaki et al., 2014), the Russian part of the Baltic Monoclise 

613 (Kuznetsov et al., 2011; Ivleva et al., 2016) and Scandinavia (lower Cambrian in Lorentzen et 

614 al., 2017 vs. middle-upper Cambrian in Slàma and Pedersen, 2015; Sláma, 2016). Similarly, 

615 the middle Cambrian sediments of the Okuniew IG-1 borehole (Podlasie Depression Poland, 

616 SW part of the EEC; Valverde-Vaquero et al., 2000) and of the Syczyn OU1 borehole 

617 (Lublin Basin; Porębski et al., 2019) contain a Neoproterozoic zircon cluster. 

618

619 The complex age spectrum of sample Kob-57 with a dominant Neoproterozoic cluster seems 

620 to herald the advance of a Neoproterozoic orogen at the margin of Baltica. There are at least 

621 two possible orogenic sources of the Neoproterozoic zircons. The first is the Timanide belt 

622 along the northern edge of Baltica (cf. Kuznetsov et al., 2011; Isozaki et al., 2014; Sláma and 

623 Pedersen, 2015; Ivleva et al., 2016; Sláma, 2016). The second possible source terrain is 
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624 located around the SW corner of the present-day EEC and it is related to a peri-Gondwanan 

625 Neoproterozoic terrane (Scythia) docked to the Baltica margin (Fig. 9) and giving rise to the 

626 pre-Scythides orogen (Kheraskova et al., 2015). The latter option appears the most plausible 

627 in the light of subsidence analysis published by Poprawa et al. (2018). Their study shows that 

628 the majority of the SW Baltica margin remained relatively stable in the latest Ediacaran and 

629 early Cambrian, whereas the Baltica’s southern section, adjacent to the Scynthian Platform, 

630 noted rapid subsidence in the latest Ediacaran. The subsidence curves show shapes indicative 

631 of a flexural basin, suggesting the Baltica continental margin being overridden by a 

632 collisional orogen. 

633

634 5.5. Crustal evolution constrained by Hf isotopes

635 Combined Hf zircon data from investigated samples suggest at least four episodes of new 

636 continental crust generation at c. 1.8, 2.1–2.3, 2.8 and 3.3 Ga (Fig. 10). The intermediate 

637 character of the source reservoirs with average composition of the continental crust 

638 dominates, although more felsic components are tentatively identified as well. Considerable 

639 mixing of the crustal reservoirs occurred at c. 1.8 Ga and 550–600 Ma. The data from Belarus 

640 are similar to recent age-Hf isotope data from the Ukrainian, SW part of the EEC that 

641 constrained four main crustal growth events at 1.5, 2.0–2.2, 3.15–3.20 and 3.75 Ga and a 

642 minor 2.4–2.5 Ga event (Shumlyanskyy et al., 2015). The main difference is the timing of the 

643 youngest crust-forming event, i.e., 1.8 Ga in Belarus versus 1.5 Ga in Ukraine. 

644

645 A characteristic feature of samples analysed is their reasonable similarity to each other with a 

646 main crust-forming event defined at 2.1–2.3 Ga and an evolution line corresponding to a 

647 176Lu/177Hf ratio of 0.010–0.016 (Figs. 7, 10). The latter points to crustal reservoirs of 

648 intermediate composition, i.e. average composition of continental crust with some felsic 
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649 components. An exception makes more shallow apparent crustal evolution line in sample 

650 Vilch-6A with a 176Lu/177Hf ratio of 0.019 (Fig. 7a), suggesting of an intermediate to mafic 

651 crustal reservoir, representing a discrete crust-forming events at c. 3.3 Ga. However, this 

652 should be taken with caution due to limited data. This collectively suggests a relatively 

653 uniform source terrain throughout the Neoproterozoic that were located within the crust of 

654 the present-day EEC. These sources experienced subsequent reworking of crust at c. 1.8 Ga 

655 and 550–600 Ma. A stark contrast from the common characteristics is sample Kob-57 

656 collected from rocks representing the uppermost Ediacaran or lower Cambrian. The lack of 

657 any trends or clustering within the data (Fig. 7f) may suggest insufficient number of 

658 measurements but also sedimentary mixing of zircons derived from exotic source terrains. 

659 The latter explanation appears plausible considering a possible derivation of Neoproterozoic 

660 zircons from the basement of the peri-Gondwanan Scythian Platform that was docked to the 

661 SW corner of Baltica in the latest Ediacaran (see above; Kheraskova et al., 2015).

662

663 6. Conclusions

664

665 The provenance record from the Meso- and Neoproterozoic sediments covering the 

666 Belarusian sector of the EEC reveals fairly uniform sources of sediments located on 

667 Paleoproterozoic crust typical of the EEC. An additional source was provided by 

668 Neoproterozoic intraplate volcanic rocks (Volyn volcanic province). Analysed samples show 

669 reasonable similarity to each other with a main crust-forming event defined at 2.1–2.3 Ga and 

670 an evolution line corresponding to crustal reservoirs of average composition of continental 

671 crust with some felsic components. An important change of detritus provenance is noted only 

672 at the transition from the Ediacaran to Cambrian or in the early Cambrian. This is shown by 
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673 significant input of late Neoproterozoic zircons derived from an orogenic source. The latter 

674 was probably related to docking of an exotic terrane to the SW corner of Baltica.

675
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916 Figure captions 

917 Fig. 1. (a) The main structural elements of pre-Ediacaran Baltica (modified from Johansson 

918 et al., 2009; Bogdanova et al., 2015). (b) Present day maximum extent of the Ediacaran 

919 sediments (Kotlin) on investigated part of Baltica, the extent of underlying Volyn 

920 sediments and volcanics (in worm’s eye map manner; modified from Rozanov and 

921 Łydka, 1987; Nosova et al., 2008; Kuzmenkova et al., 2010, 2016), and Rapakivi 

922 granites (after Isozaki et al. 2014; Bogdanova et al., 2015; Krzemińska et al. 2015), and 

923 of the boreholes sampled in this study. The borehole geographic coordinates: Vil'chytsy 

924 – 53°47'N, 30°21'E; Bogushevsk – 54°50'N, 30°12'E; Lepel – 54°53'N, 28°42'E; 

925 Kobryn – 52°13'N, 24°23'E; Pinsk – 52°07'N, 26°10'E.

926 Fig. 2. Correlation of the drilled sections with marked depths of studied samples. Maximum 

927 depositional ages estimated in this study are given when applicable. 

928 Fig. 3. Composite stratigraphic chart for the western part of Belarus. Compiled from 

929 Chumakov and Semikhatov (1981), Rundqvist and Mitrofanov (1993), Makhnach et al. 

930 (2005) and Pacześna (2010).

931 Fig. 4. Quantitative mineral composition of the subsequent rock series, averaged for all 

932 investigated profiles: (a) quartz and weathering indices: kaolinite/dioctahedral 2:1 clay 

933 (left) and quartz/sum primary minerals (right); (b) other primary minerals, including 

934 sum of basaltic minerals (Ca-plagioclase, pyroxene, aluminoceladonite, saponite, 

935 chlorite, chlorite-smectite, analcime, and clinoptilolite); (c) weathering (anatase, 

936 hematite, kaolinite, and dioctahedral 2:1 clay) and authigenic (goethite, pyrite, 

937 aopatite,siderite, dolomites, berthierine, gypsum, jarosite, barite) minerals.

938 Fig. 5. Representative cathodoluminescence (CL) images of the analysed zircons including 

939 spot number, U-Pb age with ±2σ error (Ma) and εHf with ±2σ error (in italic).
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940 Fig. 6. Probability density plots presenting U-Pb age data yielded by zircons from Belarus, 

941 combined for A and B groups of zircons (see text for explanation).

942 Fig. 7. εHf vs. time plots presenting results for each sample investigated. 206Pb/238U age for 

943 data <1000 Ma and 207Pb/206Pb age for data >1000 Ma. New crust evolution line 

944 according to Dhuime et al. (2011).

945 Fig. 8. Paleogeographic reconstruction of the Baltica paleocontinent during eruptions of the 

946 Volynian traps at c. 570 Ma. Detritus derivation from the SW margin of Baltica and 

947 Volynian trap basalts.

948 Fig. 9. Paleogeographic reconstruction of the Baltica paleocontinent during deposition of 

949 lower and middle Cambrian (Terreneuvian, c. 532 Ma) partly based on Šliaupa et al. 

950 (2006). Sourcing from an orogen/magmatic arc (Scythian orogen) approaching the SW 

951 Baltica edge.

952 Fig. 10. εHf vs. time plot summarizing results for all samples. 206Pb/238U age for data <1000 

953 Ma and 207Pb/206Pb age for data >1000 Ma. New crust evolution line according to 

954 Dhuime et al. (2011).

955

956 Table captions: 

957 Table 1. Samples used for isotopic measurements of zircons.

958 Table 2. U-Pb ages and Hf isotope composition in investigated zircons.

959

960 Supplementary Data (online only)

961 Supplementary Data 1 (SD1). Detailed description of analytical methods.

962 Supplementary Data 2 (SD2). U-Pb zircon standards data.

963 Supplementary Data 3 (SD3). Hf zircon standards data.

964 Supplementary Data 4 (SD4). Summary of LA-ICP-MS U-Pb age data.
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965 Table S1. Average quantitative XRD mineral composition of mudstones from different 

966 stratigraphic units in five studied Belarussian wells. Weathering indices used in the text 

967 are presented in the two columns on the right.

968 Table S2. Results of the U-Pb analyses of zircons.























Table 1. Samples used for isotopic measurements of zircons.

Abbreviation Borehole 
name

Depth [m] Lithology Stratigraphic interval

Kob-57 Kobryn-1 249.5 coarse-grained 
sandstone

lower Cambrian

Kob-54 Kobryn-1 364.0 glauconite-bearing 
quartz arenite

lower Cambrian

Kob-40A Kobryn-1 414.0 subarkose Kotlin Suite
Kob-34A Kobryn-1 517.0 tuff Girsk Suite
Kob-34B Kobryn-1 517.0 arkose Girsk Suite
Kob-32A Kobryn-1 540.0 arkose/wacke Girsk Suite
Kob-27A Kobryn-1 598.0 soft brown tuff Girsk Suite / 

Rataychitsy Suite
Kob-10 Kobryn-1 747.0 volcanogenic 

sandstone
Rataychitsy Suite

Pinsk-46A Pinsk 661.0 tuffite Rataychitsy Suite
Pinsk-45A Pinsk 668.5 sandy tuffite Rataychitsy Suite
Vilch-7A Vilchitsy 566.0 tillite Glusk Suite
Vilch-6A Vilchitsy 576.0 tillite Glusk Suite
Vilch-5B Vilchitsy 728.0 quartz arenite Orsha Suite
Vilch-4 Vilchitsy 1258.0 sandstone Pinsk Suite
Vilch-2 Vilchitsy 1280.0 sandstone Pinsk Suite
Lep-28A Lepel 370.5 arkosic sandstone Kotlin Suite
Lep-20B Lepel 418.2 subarkose Tshernitse Suite
Lep-12A Lepel 467.0 arkose Selsk Suite
Bog-51A Bogushevsk 519.5 arkose Kotlin Suite
Bog-43A Bogushevsk 608.0 arkose/wacke Tshernitse Suite
Bog-33A Bogushevsk 685.3 quartz 

arenite/subarkose
Nizov Suite



Supplementary Data SD1. Detailed description of analytical methods.

U-Pb measurements

The sample selection was primarily based on the presence of zircons that may 

constrain timing of volcanic activity coeval with sedimentation, in addition to the detrital 

zircons, present in all separated zircon populations and dated for provenance. All selected 

samples contained euhedral zircons, including needle-shaped acicular crystals typical for 

rapidly crystallized, porphyritic, sub-volcanic intrusions or high-level granites (cf. Corfu et 

al., 2003), that potentially may constrain maximum depositional ages of Riphean and 

Ediacaran sediments. Analytical strategy included selecting c. 40 most euhedral grains with 

sharp edges (named group A), whenever possible, and c. 100 grains representing random 

detrital population for provenance analysis (named group B), particularly in terms of 

geotectonic setting of the potential source terrains.

Zircons were separated by routine methods including crushing and sieving, followed 

by electromagnetic and heavy liquids separations. Zircons were mounted on adhesive tape and 

carbon-coated for imaging of the morphology by using Scanning Electron Microscopy at the 

Institute of Petrology and Structural Geology, Charles University in Prague. Then zircons 

were mounted in epoxy resin and polished for CL imaging prior to U-Pb measurements.

A Thermo Scientific Element 2 sector field ICP-MS coupled to a 193 nm ArF excimer 

laser (Teledyne Cetac Analyte Excite laser) at the Institute of Geology of the Czech Academy 

of Sciences, Prague, Czech Republic, was used to measure the Pb/U and Pb isotopic ratios in 

zircons. The laser was fired at a repetition rate of 5 Hz and fluence of 3.17–3.66 J/cm2 with 

20–25-micron spot size, depending on the zircon grain size. He carrier gas was flushed 

through the two-volume ablation cell at a flow rate of 0.7 L/min and mixed with 0.66 L/min 

Ar and 0.004 L/min N prior to introduction into the ICP. The in-house glass signal 

homogenizer (design of Tunheng and Hirata, 2004) was used for mixing all the gases and 

aerosol resulting in smooth, spike-free signal. The signal was tuned for maximum sensitivity 

of Pb and U, Th/U ratio close to unity and low oxide level, commonly below 0.2 %. Typical 

acquisitions consisted of 15 second of blank measurement followed by measurement of U, Th 

and Pb signals from the ablated zircon for another 35 seconds. The total of 420 mass scans 

data were acquired in time resolved – peak jumping – pulse counting / analogue mode with 1 

point measured per peak for masses 204Pb + Hg, 206Pb, 207Pb, 208Pb, 232Th, 235U, and 238U. Due 



to a non-linear transition between the counting and analogue acquisition modes of the ICP 

instrument, the raw data were pre-processed using a purpose-made Excel macro. As a result, 

the intensities of 238U were left unchanged if measured in a counting mode and recalculated 

from 235U intensities if the 238U was acquired in analogue mode. Data reduction was then 

carried out off-line using the Iolite data reduction package version 3.4 with VizualAge utility 

(Petrus and Kamber, 2012). Full details of the data reduction methodology can be found in 

Paton et al. (2010). The data reduction included correction for gas blank, laser-induced 

elemental fractionation of Pb and U and instrument mass bias. For the data presented here, 

blank intensities and instrumental bias were interpolated using an automatic spline function 

while down-hole inter-element fractionation was corrected using an exponential function. No 

common Pb correction was applied to the data due to the high Hg contamination of the 

commercially available He carrier gas, which precludes accurate correction of the interfering 
204Hg on the very small signal of 204Pb (common lead). 

Residual elemental fractionation and instrumental mass bias were corrected by 

normalization to the natural zircon reference material Plešovice (Sláma et al., 2008). The 

excess variance (Paton et al., 2010) of Plešovice zircon was calculated in Isoplot and 

quadratically added to the measurement uncertainties of all unknowns including validation 

zircon reference materials GJ-1 {nr. 63} (Jackson et al., 2004) and 91500 (Wiedenbeck et al., 

1995). These two were periodically analysed during the measurement for quality control. The 

values obtained from analyses performed over many days (discordant GJ-1: mean concordia 

age of 600 ± 3 Ma (2σ), mean 207Pb/206Pb age of 608 ± 2 Ma (2σ); near-concordant 91500: 

mean concordia age of 1065 ± 5 Ma (2σ); see the STD data and plots in the electronic 

supplementary material) correspond perfectly and are less than 1% accurate within the 

published reference values (GJ-1: 206Pb/238U age of 600.5 ± 0.4 Ma, Schaltegger et al., 2015 

and 207Pb/206Pb age of 608.53 ± 0.4 Ma, Jackson et al., 2004 respectively; 91500: 207Pb/206Pb 

age of 1065.4 ± 0.3 Ma, Wiedenbeck et al., 1995). The zircon U–Pb ages are presented as 

concordia (pooled) age and probability density plots generated with the ISOPLOT program v. 

4.16 (Ludwig, 2008).

Maximum depositional ages were calculated using from 2 to 5 youngest zircons 

following Dickinson and Gehrels (2009). These are presented as concordia ages calculated 

from the youngest zircons with <2.0 % discordance.

Lu-Hf measurements



The Lu-Hf analyses were performed at the University of Bristol (Bristol Isotope 

Group) using a ThermoFinnigan Neptune plus multicollector inductively-coupled plasma 

mass spectrometer (MC-ICP-MS) coupled with a Photon-Machine Analyte G2 Excimer laser 

(193 nm wavelength). Ablation was performed using 50 µm and 40 µm spot sizes, a laser 

frequency of 4 Hz, and the energy density of the laser beam was c. 5.5 J/cm2. A typical 

analysis was 90 seconds, including a 30 seconds background measurement and a 60 seconds 

ablation period. Correction for the interferences and mass bias followed the Bristol routine 

procedure (Hawkesworth and Kemp, 2006; Kemp et al., 2009). The correction for the isobaric 

interference of Yb and Lu on 176Hf was made following a method detailed in Fisher et al. 

(2011). For Yb, the interference-free 171Yb was corrected for mass bias effects using an 

exponential law and 173Yb/171Yb = 1.132685 (Chu et al., 2002). The mass bias-corrected 
171Yb was monitored during the run and the magnitude of the 176Yb interference on 176Hf was 

calculated using 176Yb/171Yb = 0.901864 (Chu et al., 2002). For Lu, the interference-free 175Lu 

was corrected for mass bias effects assuming βLu = βYb and using an exponential law. The 

mass bias-corrected 176Lu was monitored during the run and the magnitude of the 176Lu 

interference on 176Hf was calculated using 176Lu/175Lu = 0.02655 (Vervoort et al., 2004). 

Interference-corrected 176Hf/177Hf were corrected for mass bias using an exponential law and 
179Hf/177Hf = 0.7325 (Patchett et al., 1981). To facilitate data comparison between labs, a final 

correction was applied to 176Hf/177Hf ratios to account for the ca. 80 ppm difference between 

the JMC-475 solution value measured in Bristol (0.282137±6) and the accepted value of 

0.282160 for this standard (Blichert-Toft et al., 1997). 176Hf/177Hf initial values were 

calculated using the 176Lu decay constant of Söderlund et al. (2004) and the U-Pb 

crystallisation ages of the zircons. Uncertainties over crystallisation ages were taken into 

account for the calculation of initial Hf isotope ratios. The accuracy and long-term 

reproducibility of the measurements were gauged by analyzing three zircon reference 

standards: Plešovice (176Hf/177Hf = 0.28247823, n = 21), Mud Tank (176Hf/177Hf = 

0.28250619, n = 21) and TEMORA 2 (176Hf/177Hf = 0.28268322, n = 8). All errors are 

given at 2 s.d. level. 176Hf/177Hf initial values were calculated using the 176Lu decay constant 

of Söderlund et al. (2004). New crust evolution curve of Dhuime et al. (2011), and chondritic 

values from Bouvier et al. (2008) were used for model age calculations.
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Supplementary Data SD4. Summary of LA-ICP-MS U-Pb age data.

1. Sandstone Vilch-2 (Vilchitsy borehole, depth 1280 m); Belarus Series, Pinsk Suite

Detrital zircon age spectrum (probability density plot) 
(n = 103) for the Vilch-2 sample.

U-Pb isotopic data obtained from the detrital zircon 
population from the Vilch-2 sample.

2. Sandstone Vilch-4 (Vilchitsy borehole, depth 1258 m); Belarus Series, Pinsk Suite

Detrital zircon age spectrum (n = 106) for the Vilch-4 
sample.

U-Pb isotopic data obtained from the detrital zircon 
population from the Vilch-4 sample.
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3. Quartz arenite Vilch-5B (Vilchitsy borehole, depth 728 m); Belarus Series, Orsha Suite

Detrital zircon age spectrum (n = 24) for the group A 
zircons from the Vilch-5B sample.

Detrital zircon age spectrum (n = 104) for the group B 
zircons from the Vilch-5B sample

U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Vilch-5B sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Vilch-5B sample.

4. Tillite Vilch-6A (Vilchitsy borehole, depth 576.0 m); Vilchitsy Series, Glusk Suite

Detrital zircon age spectrum (n = 41) for the group A 
zircons from the Vilch-6A sample.

Detrital zircon age spectrum (n = 96) for the group B 
zircons from the Vilch-6A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Vilch-6A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Vilch-6A sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Vilch-6A sample.

5. Tillite Vilch-7A (Vilchitsy borehole, depth 566.0 m); Vilchitsy Series, Glusk Suite

Detrital zircon age spectrum (n = 39) for the group A 
zircons from the Vilch-7A sample. 

Detrital zircon age spectrum (n = 96) for the group B 
zircons from the Vilch-7A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Vilch-7A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Vilch-7A sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Vilch-7A sample.

6. Sandy tuffite Pinsk-45A (Pinsk borehole, depth 668.5 m); Volyn Series, Rataychitsy Suite

Detrital zircon age spectrum (n = 12) for the group A 
zircons from the Pinsk-45A sample.

Detrital zircon age spectrum (n = 117) for the group B 
zircons from the Pinsk-45A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Pinsk-45A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Pinsk-45A sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Pinsk-45A sample.

7. Tuffite Pinsk-46A (Pinsk borehole, depth 661 m); Volyn Series, Rataychitsy Suite

Detrital zircon age spectrum (n = 27) for the group A 
zircons from the Pinsk-46A sample.

Detrital zircon age spectrum (n = 111) for the group B 
zircons from the Pinsk-46A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Pinsk-46A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Pinsk-46A sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Pinsk-46A.

8. Volcanogenic sandstone Kob-10 (Kobryn borehole, depth 747 m); Volyn Series, Rataychitsy 
Suite

Detrital zircon age spectrum (n = 37) for the group A 
zircons from the Kob-10 sample.

Detrital zircon age spectrum (n = 99) for the group B 
zircons from the Kob-10 sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Kob-10 sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Kob-10 sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Kob-10 sample.

9. Soft brown tuff Kob-27A (Kobryn borehole, depth 598 m); Volyn Series, Girsk Suite / 
Rataychitsy Suite

Detrital zircon age spectrum (n = 40) for the group A 
zircons from the Kob-27A sample.

Detrital zircon age spectrum (n = 99) for the group B 
zircons from the Kob-27A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Kob-27A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Kob-27A sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Kob-27A sample.

10. Arkose/wacke Kob-32A (Kobryn borehole, depth 540 m); Volyn Series, Girsk Suite

Detrital zircon age spectrum (n = 36) for the group A 
zircons from the Kob-32A sample.

Detrital zircon age spectrum (n = 99) for the group B 
zircons from the Kob-32A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Kob-32A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Kob-32A sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Kob-32A sample.

11. Tuff Kob-34A (Kobryn borehole, depth 517 m); Volyn Series, Girsk Suite

Detrital zircon age spectrum (n = 39) for the group A 
zircons from the Kob-34A sample.

Detrital zircon age spectrum (n = 97) for the group B 
zircons from the Kob-34A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Kob-34A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Kob-34A sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Kob-34A sample.

12. Arkose Kob-34B (Kobryn borehole, depth 517 m); Volyn Series, Girsk Suite 

Detrital zircon age spectrum (n = 41) for the group A 
zircons from the Kob-34B sample.

Detrital zircon age spectrum (n = 86) for the group B 
zircons from the Kob-34B sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Kob-34B sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Kob-34B sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Kob-34B sample.

13. Quartz arenite/subarkose Bog-33A (Bogushevsk borehole, depth 685.3 m); Valdai Series, 
Nizov Suite.

Detrital zircon age spectrum (n = 42) for the group A 
zircons from the Bog-33A sample.

Detrital zircon age spectrum (n = 93) for the group B 
zircons from the Bog-33A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Bog-33A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Bog-33A sample.

14. Arkose Lep-12A (Lepel borehole, depth 467 m); Valdai Series, Selsk Suite.

Detrital zircon age spectrum (n = 31) for the group A 
zircons from the Lep-12A sample.

Detrital zircon age spectrum (n = 105) for the group B 
zircons from the Lep-12A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Lep-12A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Lep-12A sample.
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15. Arkose/wacke Bog-43A (Bogushevsk borehole, depth 608 m); Valdai Series, Tshernitse 
Suite.

Detrital zircon age spectrum (n = 39) for the group A 
zircons from the Bog-43A sample.

Detrital zircon age spectrum (n = 96) for the group B 
zircons from the Bog-43A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Bog-43A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Bog-43A sample.

16. Subarkose Lep-20B (Lepel borehole, depth 418.2 m); Valdai Series, Tshernitse Suite.

Detrital zircon age spectrum (n = 37) for the group A 
zircons from the Lep-20B sample.

Detrital zircon age spectrum (n = 74) for the group B 
zircons from the Lep-20B sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Lep-20B sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Lep-20B sample.

17. Arkosic sandstone Lep-28A (Lepel borehole, depth 370.5 m); Valdai Series, Kotlin Suite.

Detrital zircon age spectrum (n = 33) for the group A 
zircons from the Lep-28A sample.

Detrital zircon age spectrum (n = 96) for the group B 
zircons from the Lep-28A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Lep-28A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Lep-28A sample.
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18. Arkose Bog-51A (Bogushevsk borehole, depth 519.5 m); Valdai Series, Kotlin Suite.

Detrital zircon age spectrum (n = 10) for the group A 
zircons from the Bog-51A sample.

Detrital zircon age spectrum (n = 80) for the group B 
zircons from the Bog-51A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Bog-51A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Bog-51A sample.

19. Subarkose Kob-40A (Kobryn borehole, depth 414 m); Valdai Series, Kotlin Suite.

Detrital zircon age spectrum (n = 40) for the group A 
zircons from the Kob-40A sample.

Detrital zircon age spectrum (n = 84) for the group B 
zircons from the Kob-40A sample.
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U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Kob-40A sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Kob-40A sample.

20. Glauconite-bearing quartz arenite Kob-54 (Kobryn borehole, depth 364 m), Early 
Cambrian

Detrital zircon age spectrum (n = 27) for the group A 
zircons from the Kob-54 sample.

Detrital zircon age spectrum (n = 111) for the group B 
zircons from the Kob-54 sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Kob-54 sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Kob-54 sample.
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21. Coarse-grained sandstone Kob-57 (Kobryn borehole, depth 249.5 m), Early Cambrian

Detrital zircon age spectrum (n = 37) for the group A 
zircons from the Kob-57 sample.

Detrital zircon age spectrum (n = 92) for the group B 
zircons from the Kob-57 sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group A in the Kob-57 sample.

U-Pb isotopic data obtained from the detrital zircon 
population of the group B in the Kob-57 sample.

U-Pb isotopic data obtained from the youngest detrital zircons, 
constraining maximum depositional age for the Kob-57 sample.




