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Calcareous dinoûagellate blooms during the Late Cretaceous
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The Late Cretaceous was a unique period in the history of the Earth characterized by
elevated sea levels, reduced land area, and signiûcantly high concentrations of
atmospheric CO2 resulting in increased temperatures across the globe - a 8Greenhouse
world9. During this period, calcareous dinoûagellate cysts (c-dinocysts) ûourished and
became a ubiquitous constituent of calcifying plankton around the world. An acme in
calcareous dinocysts during the Albian to the Turonian coincided with the highest recorded
sea water surface temperatures and was possibly linked to certain special conditions that
favored calciûcation and a highly oligotrophic system of the European shelf. This study
examines the potential applicability of c-dinocysts as a proxy for paleoenvironmental
conditions based on their assemblage changes plotted against foraminiferal occurrences
and microfacies analysis. The material were extracted from the upper Turonian chalk from
the Dubivtsi region of western Ukraine. An inverse correlation was observed between
species richness and the number of c-dinocyst specimens. Nutrient availability gradients
apparently strongly determined changes in the calcareous dinocyst distribution. These
trophic changes were likely caused by the interplay of global eustatic sea-level ûuctuations
and Subhercynian tectonic activity leading to various nutrient inputs from the nearby land.
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12 ABSTRACT

13 The Late Cretaceous was a unique period in the history of the Earth 

14 characterized by elevated sea levels, reduced land area, and significantly high 

15 concentrations of atmospheric CO2 resulting in increased temperatures across the 

16 globe - a �Greenhouse world�. During this period, calcareous dinoflagellate cysts (c-

17 dinocysts) flourished and became a ubiquitous constituent of calcifying plankton around 

18 the world. An acme in calcareous dinocysts during the Albian to the Turonian coincided 

19 with the highest recorded sea water surface temperatures and was possibly linked to 

20 certain special conditions that favored calcification and a highly oligotrophic system of 

21 the European shelf.

22 This study examines the potential applicability of c-dinocysts as a proxy for 

23 paleoenvironmental conditions based on their assemblage changes plotted against 

24 foraminiferal occurrences and microfacies analysis. The material were extracted from 

25 the upper Turonian chalk from the Dubivtsi region of western Ukraine. An inverse 

26 correlation was observed between species richness and the number of c-dinocyst 

27 specimens. Nutrient availability gradients apparently strongly determined changes in the 

28 calcareous dinocyst distribution. These trophic changes were likely caused by the 
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29 interplay of global eustatic sea-level fluctuations and Subhercynian tectonic activity 

30 leading to various nutrient inputs from the nearby land. 

31 Subjects Paleontology, Paleoecology, Paleobiology, Taxonomy 

32 Keywords upper Turonian, Late Cretaceous, calcareous dinocysts, pithonellids, 

33 nutrient crisis, sea-level fluctuations, Central European Basin. 

34 INTRODUCTION

35 Calcareous dinoflagellate cysts, also known as calcareous dinocysts (c-

36 dinocysts), are minute calcite structures measuring between 10 and 180 µm; they are 

37 produced by peridinoid dinoflagellates belonging to the family Thoracosphaeraceae, 

38 which is classified under the Order Peridiniales, Class Dinophyceae (Elbrächter et al., 

39 2008). Dinoflagellates that produce calcareous cysts are photosynthetic planktonic 

40 organisms (Tangen et al., 1982; Montresor 1994). Modern c-dinocysts, which are 

41 primarily dominated by Thoracosphaera heimii, have been present in many regions 

42 around the world (Dale, 1992; Montresor et al., 1998; Höll et al., 1992; Vink et al., 

43 2000). Approximately 30 extant species and about 260 fossil species (morphotypes) 

44 (Nowak, 1963; Reháková, 2000; Fensome and Williams, 2004; Ciurej and B�k, 2021) 

45 are known so far. 

46 The earliest fossil record of c-dinocysts is known from the Upper Triassic 

47 (Janofske, 1992). They are widely used as a marker in biostratigraphy, paleoclimate, 

48 and paleoenvironmental reconstructions (Keupp, 1991; Zügel, 1994; Dias-Brito, 2000; 

49 Wendler et al., 2002; Wendler et al., 2013; Omaña et al., 2014; Wiese et al., 2015; 

50 Ciurej et al., 2017). In the Late Cretaceous, c-dinocysts were prevalent throughout the 

51 world (Keupp 1991; Willems 1994), with Pithonella often dominating the assemblages 

52 (Dias-Brito, 2000; Wendler et al., 2002). Pithonellids have been detected in many 

53 regions of the world, from both the northern and southern hemispheres, including 

54 Western Europe (Wendler et al., 2002; Wiese et al., 2015), Central Europe (Nowak, 

55 1963; Reháková, 2000; Ciurej at al., 2017), Tadzhikistan (Andryuschenko and 

56 Dolitskaya, 1975), the South Atlantic Ocean (Dias-Brito, 2000), or Middle America 

57 (Omaña et al., 2014). The widespread acme of pithonellids during the Albian�Turonian 

58 coincides with the maximum water surface temperature and the mid-Cretaceous 
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59 transgression leading to expansion of relatively shallow and warm epicontinental seas 

60 (Hallam, 1992; Miller et al., 2005; Gale et al., 2008). One of the reasons for the 

61 pithonellid bloom during this period may be attributed to certain favorable conditions of 

62 seawater that promoted calcification including high calcium ion concentration and low 

63 Mg/Ca ratio (Stanley et al., 2005) together with high concentration of DIC (dissolved 

64 inorganic carbon) (Kelly, 2003) which is a limiting compound for CaCO3 precipitation in 

65 sea-water today (Erez, 2003). The Pithonella acme might be also related to the 

66 widespread oligotrophic conditions in the early Late Cretaceous shelf seas (e.g., Wiese 

67 et al., 2015). Pithonellids are interpreted to be opportunistic organisms that can thrive, 

68 evolve, and bloom in oligotrophic-mesotrophic environments and were also able to 

69 adapt to eutrophic environments (Dias-Brito, 2000). Recent dinoflagellates can 

70 overcome temporary nutrient deficiency by producing resting cysts (e.g., Vink et al., 

71 2000). The abundant but low-diversity c-dinocyst assemblages were documented from 

72 surface sediments of oligotrophic areas of the Atlantic Ocean (Höll et al., 1999; Vink et 

73 al., 2000; Zonnevald et al., 2000).

74 The upper Turonian pure white chalk of the Ukrainian part of the European 

75 epicontinental sea (southeastern part of the Central European Basin), exhibits abundant 

76 c-dinocysts (Bojczuk and Woloszina, 1971; Rozumeyko, 1978; Pasternak, 1984; 

77 Olszewska et al., 2012; Dubicka and Peryt, 2012). In some intervals, c-dinocysts are the 

78 main constituents of the chalk deposits. In addition, the strong dominance of one 

79 species, P. ovalis, indicates single-species blooms. Therefore, during the relatively long 

80 period of the late Turonian, the surface waters of this basin were largely inhabited by 

81 these organisms. However, c-dinocysts have not been studied in detail in the working 

82 area. The published data refer only to general information that mostly mentions their 

83 presence. In this study, we present a detailed qualitative and quantitative analysis of the 

84 c-dinocysts of the upper Turonian chalk of the Dubivtsi section plotted against 

85 microfacies studies and already published foraminiferal assemblage data (Dubicka and 

86 Peryt, 2012). These data promote our understanding of the environmental factors that 

87 caused c-dinocysts to bloom in the Late Cretaceous. 

88 GEOLOGICAL SETTING 
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89 The Dubivtsi section is exposed in a quarry located 1 km east of Dubivtsi, near 

90 Halych (Fig. 1A). The section contains four lithological units from the bottom to the top 

91 (Dubicka and Peryt, 2012): 1) white chalk (25 m thick, strongly lithified, with CaCO3 

92 content ranging from 97.8 to 99.9 %); 2) hardground; 3) inoceramid limestones (4,4 m 

93 thick); and 4) marls (1,5 m thick). The total thickness of the studied section is 31 m. The 

94 c-dinocysts were studied from the white chalk. 

95 The upper Turonian age of the white chalk of the Dubivtsi section is documented 

96 by planktonic foraminifera that indicate the uppermost part of the Helvetoglobotruncana 

97 helvetica and Marginotruncana coronata local foraminiferal zones (Walaszczyk and 

98 Peryt, 1998; Peryt et al. 2022); the Marginotruncana coronata Zone of the Central 

99 European Basin (Walaszczyk and Peryt, 1998; Peryt et al., 2022) correlates to the 

100 Inoceramus costellatus (I. perplexus, see Wiese et al., 2020) and Mytiloides scupini 

101 inoceramid zones. In addition, the co-occurrence of Marginotruncana coronata, 

102 Marginotruncana marginata, Marginotruncana pseudolinneiana, Dicarinella imbricata 

103 and representatives of Falsotruncana indicates the upper Turonian (Huber et al., 2017; 

104 Haynes et al., 2016) M. schneegansi standard planktonic foraminiferal zone (Gradstein 

105 et al., 2012). The last occurrence of H. helvetica in the Boreal Province (Walaszczyk 

106 and Peryt, 1998) seems to be slightly higher than in the Tethyan and Austral realms 

107 (Huber and Petrizzzo, 2014). The late Turonian age of the Dubivtsi chalk (below the 

108 hardground) is additionally supported by the benthic foraminiferal assemblage: 

109 Gavelinella ammonoides (Reuss), Gavelinella vesca (Bykova), Cibicides polyrraphes 

110 (Reuss), Globorotalites multiseptus (Brotzen) (see Walaszczyk et al., 2022; Stró}yk et 

111 al., 2018). The prominent positive excursion of the 13C curve recorded in the middle of 

112 the Dubivtsi section (Dubicka and Peryt, 2012) is probably equivalent to the widespread 

113 upper Turonian positive Hitch Wood Event recorded in western and southern Europe 

114 (Gale, 1996; Jarvis et al., 2006). 

115 Geologically, this region is situated in the southwestern margin of the East 

116 European Platform within the Lviv-Stryi Syncline (Pasternak et al., 1968; Pasternak et 

117 al., 1987; [widrowska et al., 2008), which is the southernmost part of a larger tectonic 

118 unit called the Border Synclinorium. The Border Synclinorium extends to the 

119 northeastern margin of the Mid-Polish Anticlinorium (Po}aryski et al., 1979). The 
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120 Turonian deposits of the Dubivtsi section belong to the lithological unit here referred to 

121 as the Dubivtsi Formation and originally named the �Dubivtsi Suite� (Ivannikov et al., 

122 1987; Gavrilishin et al., 1991; Pasternak, 1959), which extends over a large area from 

123 Volhynia to Podolia in western Ukraine and overlies the Cenomanian limestones. This 

124 formation ranges in thickness from 54 to 158 meters and is divided into two distinct 

125 intervals. The lower interval, which is of Turonian age, comprises white and gray 

126 limestones that are rich in Pithonella, as identified by Rozumeyko (1978). It also 

127 contains flint concretions that appear 15�20 meters above the base of the formation and 

128 become more abundant toward the top of the section (Gavrilishin et al., 1991; 

129 Vashchenko et al., 2007). The upper interval, which is of Coniacian age, consists of 

130 limestones, argillaceous limestones and marls that often contain fragments of 

131 inoceramids (Gavrilishin et al., 1991).

132 The Upper Cretaceous strata of the Dubivtsi section were deposited in the 

133 southeastern part of the Cretaceous Central European Basin, c.a. 100 km south of the 

134 Carpathian Basin (Ziegler 1990, and Fig. 1C). During the late Turonian, the Dubivtsi 

135 area was submerged under an epicontinental sea (Fig. 1C) with variable water depth 

136 from c.a. 50 m up to slightly above 100 m (Dubicka and Peryt, 2012) interpreted based 

137 on planktonic foraminiferal morphogroups (see Bé, 1977; Hart and Bailey, 1979; Leckie, 

138 1987). During most of the late Turonian, Dubivtsi was far away from the emergent 

139 areas; the nearest land (uplifted Ukrainian Shield) was at least 300 km to the east (Fig. 

140 1C). An uplift of the �Krukienic Island� Pasternak (1959) located around 50 km southwest 

141 of the Dubivtsi began possibly during the later part of the late Turonian (Pasternak, 

142 1987; Dubicka et al., 2014) (Fig. 1C). A previous study of the benthic foraminiferal 

143 assemblages (Dubicka and Peryt, 2012) showed that sedimentation of the Dubivtsi 

144 chalk occurred under oligotrophic conditions, as reflected by the low species richness 

145 and extremely low abundance of planktonic and benthic foraminifera and a flood of 

146 pithonellids. 

147 MATERIAL AND METHODS

148 Sixteen samples of white chalk from the Dubivtsi section were analyzed for c-

149 dinocysts (Fig. 2). These samples were the same as those used for the previously 
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150 studied foraminifera (Dubicka and Peryt, 2012). Sixteen rock thin sections of 

151 dimensions 3×5 cm were prepared for assessing c-dinocyst abundance and diversity as 

152 well as microfacies analyses. To estimate the total c-dinocyst content, the thin sections 

153 were arbitrarily divided into three laminae within the lower, middle, and upper parts. 

154 Each lamina was 0.47 mm thick and 19.6 mm wide. The method used to quantify the c-

155 dinocysts involved counting the number of species present in each lamina, which had 

156 an area of 27 mm2 for each sample. The counts for each species were then summed to 

157 obtain the total content of c-dinocysts in each sample. The same thin sections were 

158 used for microfacies analysis. Observations were made using a Nikon Eclipse LV100N 

159 POL polarizing optical microscope with a digital camera and NIS-Elements BR software 

160 for capturing photographs of thin sections (Department of Geology and Paleontology, 

161 Pedagogical University of Krakow).

162 Rock samples for c-dinocyst studies were disintegrated using the liquid nitrogen 

163 method (Remin et al., 2011). The residues obtained were cleaned in an ultrasonic bath 

164 and sieved into three fractions: <20 µm, 20�75 µm, and >75 µm. C-dinocyst specimens 

165 were handpicked from 20�75 µm fraction using a standard optical binocular microscope. 

166 Observations were performed using scanning electron microscopy (SEM; HITACHI 3-

167 4700) at the Laboratory of Field Scanning Emission Microscopy and Microanalysis at 

168 the Institute of Geological Sciences of Jagiellonian University, Krakow, Poland. 

169 For the taxonomic identification of c-dinocysts, morphological characteristics 

170 such as shape, size, aperture, and wall ultrastructure have been observed (Nowak, 

171 1963; Nowak, 1974; Bolli, 1974; Keupp, 1987; Reháková, 2000; Wendler et al., 2002; 

172 Wendler et al., 2013; Omaña et al., 2014). Four types of cyst wall ultrastructures, based 

173 on the crystal orientation within the wall, have been described: pithonellid, radial, 

174 oblique, and tangential (Keupp, 1987; Kohring, 1993; Young et al., 1997). The 

175 foraminiferal data set of Dubicka and Peryt (2012) was plotted against the section of the 

176 c-dinocyst occurrences. 

177 The material used in this study is housed at the Pedagogical University of 

178 Krakow, Institute of Biology and Earth Sciences, Poland (collection no. UPKG/1/2022). 

179 RESULTS
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180 Microfacies 

181 Five microfacies (Fig. 3 and 2L) were distinguished within the Dubivtsi white 
182 chalk:

183 Planktonic and benthic foraminiferal wackestone. This microfacies occurred in 

184 the lowest part of the Dubivtsi section (sample 1). It contained benthic and planktonic 

185 foraminifera (Fig. 3A) and rare bioclasts. No c-dinocysts were observed. The 

186 groundmass was mostly a micritic matrix, locally slightly recrystallized. 

187 Benthic foraminiferal wackestone-packstone (Figs. 3D and E). This microfacies 

188 occurred in samples 2 and 13. Grain components were represented by benthic and 

189 planktonic foraminifera (where the benthics dominate, reaching up to 80% of the 

190 foraminiferal assemblages), common bioclasts, and pellets (Fig. 3D). Only a few 

191 calcareous dinocysts represented by pithonellids were found. The components were 

192 embedded in micritic matrix, locally slightly recrystallized. Locally, some roughly parallel 

193 streaks composed of chaotically, and tightly packed bioclasts were observed in sample 

194 2 (Fig.3E).

195 Pithonellid-rich wackestone-packstone (Figs. 3B and C). This microfacies 

196 occurred in samples 3�10. Pithonellid floods, which can exceed 80% of grain 

197 components, were observed (Fig. 3B). Calcareous dinocysts were represented by two 

198 species only: Pithonella ovalis and P. sphaerica. Small numbers of benthic and 

199 planktonic foraminifera were also observed. Benthic foraminifera dominated and locally 

200 exceeded 80% of the foraminiferal assemblages. Bioclasts were locally common. 

201 Pellets and pseudopellets were common and very common locally (Fig. 3C). The 

202 groundmass was a dark gray micritic matrix that locally can be slightly recrystallized.  

203 Calcareous dinocyst, foraminiferal wackestone-packstone (Figs. 3F and G). This 

204 microfacies occurred in the middle and upper parts of the section (samples from 17 to 

205 25). It contained various c-dinocysts (Fig. 3F), represented by eight species 

206 (Assemblage no. 2; see chapter below). Benthic and planktonic foraminifera were also 

207 observed. Pellets and bioclasts were locally common (Fig. 3G). The components were 

208 embedded in slightly recrystallized micrite matrix. Streaks composed of chaotically and 

209 tightly packed, more or less fragmented skeletons were locally visible.
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210 Calcareous dinocyst, foraminiferal wackestone (Fig. 3H). This microfacies 

211 occurred in the uppermost part of the section in samples 29�32. It contained a 

212 moderate number of c-dinocysts represented by four species (Assemblage no. 3; see 

213 chapter below). Benthic and planktonic foraminifera were also observed. Bioclasts were 

214 less prevalent. Pellets and pseudopellets were common locally. Some orientations of 

215 the components, visible as streaks composed of chaotically, tightly packed organic 

216 skeletons, were locally observed. These components were embedded mainly in the 

217 micritic matrix. 

218 Vertical distribution of calcareous dinocysts

219 Calcareous dinocysts were present in fifteen of the sixteen samples 

220 (Supplementary 1, Fig. 4�7). Only one sample (no. 1) did not contain c-dinocysts (Fig. 

221 2B-H). The preservation of the c-dinocysts observed in the thin sections was generally 

222 good, even when the matrix was recrystallized. Locally, the specimens were poorly 

223 preserved therefore detailed identification was not possible. These specimens were 

224 included as problematic taxa in the statistical analysis (Supplementary 1). 

225 Only eight species belonging to three genera (Pithonella, Bonetocardiella, and 

226 Stomiosphaerina) were identified. Pithonella accounted for 93�100%, dominating all 

227 assemblages. The assemblages were predominantly represented by Pithonella ovalis 

228 (Kaufmann in Heer 1865) Lorenz 1902; Pithonella sphaerica (Kaufmann in Heer 1865) 

229 Zügel 1994 was less common; and Pithonella lamellata Keupp in Keupp & Kienel 1994 

230 and P. cardiiformis Zügel 1994 were rare. Bonetocardiella represented by 

231 Bonetocardiella conoidea Bonnet 1956 appeared in smaller numbers. The genus 

232 Stomiosphaerina represented by Stomiosphaerina biedai Nowak 1974 and 

233 Stomiosphaerina bakae Ciurej 2023, recently created from the material of the Dubivtsi 

234 section (see Ciurej, under review), also occurred in small numbers. Small amounts of 

235 unidentified specimens, namely Species A, were also detected. These species are 

236 illustrated in Figs. 4�7. 

237 Species diversity and the number of specimens that varied among individual 

238 samples were calculated. The three c-dinocyst assemblages were distinguished based 

239 on the vertical profile distribution (Table 1). These are as follows:
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240 Assemblage no. 1 observed within samples 2 � 13 (Fig. 2H), contained a 

241 strongly depleted assemblage, represented by only two species, P. ovalis and P. 

242 sphaerica. P. ovalis prevailed in all samples. Three sub-assemblages were 

243 distinguished based on the number of specimens. Sub-assemblage 1A, observed in 

244 sample 2, was characterized by a negligible number of 37 specimens of pithonellids, 

245 including 27 of P. ovalis and 8 of P. sphaerica. Sub-assemblage 1B, occurred in 

246 samples 3 � 10, was characterized by a flood abundance of pithonellids; the pithonellids 

247 varied from 1480 to 2656 specimens, including 1045 to 2041 specimens of P. ovalis and 

248 375 to 599 specimens of P. sphaerica. P. sphaerica showed a decreasing trend in 

249 younger samples. Sub-assemblage 1C, observed in sample 13, was marked by a 

250 significant decrease in c-dinocysts: the number of pithonellids dropped to 174 

251 specimens, with 123 specimens of P. ovalis and 46 specimens of P. sphaerica. 

252 Assemblage no. 2 was characterized by an increase in c-dinocyst diversity but a 

253 decrease in their numbers. Eight species, namely P. ovalis, P. sphaerica, P. lamellata, 

254 P. cardiiformis, B. conoidea, S. bakae, S. biedai, and Species A, were recognized. This 

255 assemblage occurred in samples 17�25 (Fig. 2H). A very high number of c-dinocysts, at 

256 1568 specimens, was observed in sample 17, followed by a marked decrease to 652 

257 specimens in sample 20, and a gradual decrease to 484 specimens in sample 25. The 

258 most abundant species within Assemblage no. 2 was P. ovalis (ranging from 1118 to 

259 296 specimens), and P. sphaerica was less abundant (from 337 to 134 specimens). 

260 Other species included from 35 to 3 specimens. 

261 Assemblage no. 3 was characterized by a half-decrease in c-dinocyst diversity 

262 compared with Assemblage no. 2. Four species observed herein were represented by 

263 P. ovalis, P. sphaerica, B. conoidea, and Species A, all known from previous 

264 assemblages. The number of specimens ranged from 454 to 403. The dominant 

265 species, P. ovalis, ranged from 411 to 329. The second species, P. sphaerica, ranged 

266 from 54 to 31 specimens and showed a clear downward trend toward the younger 

267 sediments. Other species included from 12 to 6 specimens. This assemblage occurred 

268 in the highest part of the section (samples 29�32) (Fig. 2H).

269 Paleoecological intervals

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
comprises

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
is

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
s

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
and is

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
s

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
is

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
s

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
is

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
is

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
is

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
is

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
s

Reviewer 1
Inserted Text
a

Reviewer 1
Cross-Out



270 Based on the assemblages of c-dinocysts and planktonic and benthic 

271 foraminifera, together with microfacies analysis four paleoecological intervals were 

272 distinguished (Fig. 2O) as follows: 

273 Interval 1 is characterized by the absence of calcareous dinocysts (sample 1). 

274 Planktonic and benthic foraminifera were relatively diverse and abundant. Planktonic 

275 foraminifera in samples from this interval represented almost 50% of the assemblage 

276 and were composed of deep- and shallow-dwelling taxa belonging to the following 

277 genera: Helvetoglobotruncana Marginotruncana, Dicarinella, Whiteinella, 

278 Falsotruncana, Globigerinelloides Heterohelix, and Hedbergella. Benthic foraminifera 

279 were dominated by Gavelinella, Gyroidinoides, Lenticulina, Globorotalites, Marssonella, 

280 Arenobulimina, and Valvulineria. This interval corresponds to the microfacies described 

281 as planktonic and benthic foraminiferal wackestone (Fig. 2L). 

282 Interval 2 correlates to c-dinocysts Assemblage no. 1 (samples 2�13) including 

283 sub-assemblage of very low species diversity, composed of only two species, and a 

284 very high number of c-dinocysts (samples 3�10) and sub-assemblage with a much 

285 lower number of specimens (samples 2 and 13). Planktonic foraminiferal assemblage in 

286 samples from this interval differs from that of Interval 1 by a drastic decline in the 

287 number of planktonic foraminifera and disappearance of deep-dwelling forms 

288 (Helvetoglobotruncana Marginotruncana, Dicarinella, and Falsotruncana). Benthic 

289 foraminiferal assemblages differed from those of Interval 1, primarily due to the 

290 disappearance of representatives of the genus Valvulineria. The benthic foraminifera of 

291 the upper part of Interval 2 had very low diversity and were composed of only five 

292 genera: Gavelinella, Gyroidinoides, Lenticulina, Globorotalites, and Arenobulimina. 

293 Interval 2 correlates with two different microfacies: pithonellid-rich wackestone-

294 packstone (samples 3�10) (Fig. 2L) and wackestone-packstone microfacies (samples 2 

295 and 13) (Fig. 2L).

296 Interval 3 is characterized by c-dinocysts Assemblage no. 2 (samples 17�25) 

297 that is moderately diverse (eight species) with an intermediate number of c-dinocyst 

298 specimens. Planktonic foraminiferal assemblages in samples from this interval were 

299 similar to those of Interval 2, whereas benthic foraminiferal assemblages differed mainly 
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300 in the occurrence of deep-infaunal Praebulimina. This interval corresponds to the c-

301 dinocyst and foraminiferal wackestone-packstone microfacies (Fig. 2L).  

302 Interval 4 correlates to c-dinocysts Assemblage no. 3 (samples 29�32) 

303 characterized by low diversity (four species) and a moderate number of c-dinocysts. 

304 Planktonic foraminiferal assemblages in samples from this interval differed from that of 

305 Intervals 1 and 2 by the re-appearance of deep-dwelling forms (Marginotruncana and 

306 Dicarinella), while benthic foraminiferal assemblages differed by the disappearance of 

307 Praebulimina and the occurrence of Eponides. This interval is correlated with the c-

308 dinocyst and foraminiferal wackestone microfacies (Fig. 2L). 

309 DISCUSSION 

310 Calcareous dinocyst distribution in relation to the water depth 

311 In the Dubivtsi section, two species of the genus Pitonella (P. ovalis and P. 

312 sphaerica) are the main components of the assemblages, with evident dominance of 

313 Pithonella ovalis. The P. sphaerica to P. ovalis ratio (Ps/Po ratio) was introduced by 

314 Keupp (1991), Zügel (1994), and Wendler et al. (2002) to assess the water depth of the 

315 basin and distance from the shoreline. According to these authors, a high Ps/Po ratio 

316 ~10 characterizes shelf assemblages with costal influence. A low Ps/Po ratio ~3 

317 suggests that the assemblages originated from the outer shelf/distal environment. 

318 Throughout the entire Dubivtsi section, the Ps/Po ratio was very low, ranging from 0.42 

319 to 0.08. This ratio may demonstrate that the Dubivtsi chalk was deposited in the outer 

320 shelf environment. However, the question arises as to how to interpret the inner and 

321 outer shelves of the Cretaceous. A continental shelf is part of a continent that is 

322 submerged under seawater. Following this definition, the entire Cretaceous 

323 epicontinental sea should be interpreted as a shelf. Therefore, a direct link between the 

324 present and the 'non-actualistic' Cretaceous marine depositional environment is difficult 

325 to establish. So we accept, that low Ps/Po ratio in case of the studied Dubivtsi section 

326 indicates instead a far distance from an emerged area. The Dubivtsi chalk was 

327 deposited in rather shallow epicontinental sea that was influenced by sea-level 

328 fluctuations. Based on planktonic foraminiferal water depth indices (see Bé and Hamlin, 

329 1967, Bé, 1977; Hart and Bailey, 1979; Caron and Homewood, 1983; Leckie, 1987), it 
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330 can be concluded that the water depth during deposition of Intervals 2 and 3 was ca. 

331 50�100 meters while during intervals 1 and 4 greater than 100 meters (Dubicka and 

332 Peryt, 2012). The sea level drop during Interval 2 is believed to be related to global 

333 eustatic regression during the Hyphantoceras Event (see Wiese and Kröger, 1998; 

334 Wiese et al., 2004). 

335 The sea level curve interpreted from foraminiferal data correlates with recent 

336 studies of c-dinocyst assemblages and also with the microfacies analysis (see Fig. 2H-

337 M). A significant sea level drop marked in the lowest part of the section (between 

338 samples 1 and 2) correlates with the appearance of c-dinocysts in the chalk deposits, 

339 though still with negligible numbers of specimens and with very low species diversity 

340 (Sub-assemblage no. 1A). The low sea level occurred during Interval 2, which 

341 corresponds to a flood abundance but very low diversity Sub-assemblage no. 1B. The 

342 transgressive episode likely started within Interval 3, which correlates with an increase 

343 in c-dinocyst diversity (eight species) but a decrease in their numbers (Assemblage no. 

344 2). A significant sea level rise observed in the uppermost part of the section (Interval 4), 

345 corresponds to low abundance and diversity c-dinocyst Assemblage no. 3. The 

346 microfacies analysis from Interval 4 also suggests a transgressive event, as bioclasts 

347 are less common. 

348 Nutrient availability and evolution of the basin

349 The study of the Ukrainian chalk revealed a relatively shallow water setting c.a. 

350 between 50 and 100 m depth during Intervals 2 and 3 (Fig. 2O) which were, however, 

351 enhanced by a small amount of terrigenous influx from the land area. The minimal 

352 terrigenous influx into the basin is indicated by nearly pure calcareous facies, with little 

353 or no detrital content, such as quartz or clay minerals (Dubicka et al., 2014). The 

354 Dubivtsi chalk has an exceptionally high CaCO3 content, ranging from 97.8% to 99.9%. 

355 Additionally, the chalk displays diamagnetic properties that are characterized by a very 

356 low negative value of magnetic susceptibility  with a mean value of  × 10  m3 

357 kg  (Dubicka et al., 2014). Individual samples exhibited slightly increased values up to 

358 0.8 × 10  m3 kg  (sample 15). This phenomenon is likely due to the basin�s 

359 paleogeographic position and its relatively large distance from the shoreline (Fig. 1C). 
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360 During sedimentation of Intervals 1�3 the nearest land area might be associated with 

361 the Ukraine Shield (Pasternak et al., 1968; Gavrilishin et al., 1991, and Fig. 1C), which 

362 could have been situated at a distance of 200�300 km away. 

363 The c-dinocyst assemblage in the studied Dubivtsi section was characterized by 

364 low species richness dominated by Pithonella, with some shifts from two species 

365 occurring in the lower part (Assemblage no. 1) to eight taxa in the middle part 

366 (Assemblage no. 2) and four species in the highest part (Assemblage no. 3).  A similar 

367 very low-diverse c-dinocyst assemblage, represented by only seven species and 

368 dominated by Pithonella was also observed in the upper Turonian of the German Basin 

369 (Wiese et al., 2015). Such a low species richness was interpreted as a �nutrient crisis 

370 caused by the drowning of source areas of nutrient input during the early Late 

371 Cretaceous sea-level highstand� (Wiese et al., 2015, p.1). Furthermore, Gale et al. 

372 (2000) linked a high abundance of c-dinocysts in southern England with a reduction in 

373 water productivity during the Cenomanian�Turonian boundary interval (see also 

374 Dubicka et al., 2021). A spread of calcareous nannoplankton/planktonic foraminifera/c-

375 dinocyst-rich sediments of the Cenomanian and Turonian has been previously 

376 recognized (Hay, 2008; Pearce et al., 2009; Linnert et al., 2010) from England to the 

377 Russian Platform. In general, it is interpreted that during the Turonian the highly 

378 oligotrophic system of the European shelf sea was established (Haq, 2014; Gale et al., 

379 2000; Pearce et al., 2009; Linnert et al., 2010). 

380 Thus, considering the above, the highly abundant but low-diversity c-dinocyst 

381 Assemblage no. 1 (Interval 2), apparently resulted from reduced surface water 

382 productivity and an oligotrophic environment, which is additionally supported by data 

383 from foraminiferal assemblages (Fig. 2J, K, M). Oligotrophic conditions of Interval 2, 

384 coinciding with sea-level, that correlates with the Hypanthoceras Event (the period with 

385 lower relative sea level recognized in western Europe; Wiese et al., 2004), may appear 

386 surprising. Usually, regression is related to less oligotrophic conditions as the sea 

387 retreat exposes land areas, affecting winnowing increase and a higher input of nutrients 

388 from the land to the sea. However, the large distance between Dubivtsi and land areas 

389 (Fig. 1C) likely limited the supply of nutrients from hinterland sources even during sea-

390 level fall. On the other hand, shelf upwelling (Merino, 1997; Zaytsev et al., 2003; Jing et 
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391 al., 2009) from the nearby Carpathian Basin (today the Carpathian Orogen is located 

392 ca. 50 km to the south), that likely injected nutrients during sea-level highstand, might 

393 have been halted during the discussed sea-level lowstand. 

394 The Assemblage no. 2 characteristic for Interval 3 is likely related to more 

395 mesotrophic conditions within the photic zone, which could have favored an increase in 

396 the species richness into eight species (six new species of c-dinocysts and P. ovalis 

397 and P. sphaerica). The higher trophic level is also supported by the significant increase 

398 in the deep-infaunal benthic foraminifera Praebulimina (Fig. 2K). During Interval 3, the 

399 studied area was still under a relatively low sea level, however, likely during progressive 

400 deepening that might have affected more nutrient input from the Carpathian Basin. In 

401 addition, some nutrient supply might have had runoff from the adjacent land in the Stryi 

402 region, named �Krukienic Island� (Pasternak, 1959), located some 40�50 km from 

403 Dubivtsi. The island became uplifted during the Subhercynian tectonic phase that 

404 commenced in the late Turonian and caused extensive basin inversions in Central 

405 Europe (see Walaszczyk, 1992; Vejbæk and Andersen, 2002; Voigt et al., 2021). The 

406 uplift of this area close to the European continental margin might be supported by the 

407 increase in mass magnetic susceptibility and the decrease in CaCO3 content (Dubicka 

408 et al., 2014).

409 A slight decrease in nutrients under mesotrophic/oligotrophic conditions (Interval 

410 4) could have influenced the c-dinocyst Assemblage no. 3 (Fig. 2H). This is interpreted 

411 by a half-drop in c-dinocyst species richness in relation to Interval 3 (Fig. 2O) and the 

412 disappearance of the infaunal foraminifera Praebulimina (Figs. 2F, K). The renewed 

413 drop of the trophic conditions could have been related to the sinking of the emerging 

414 areas during transgression as shown by the reappearance of deep-dwelling planktonic 

415 foraminifera. This theory was confirmed by the shift in the negative direction of the mass 

416 magnetic susceptibility of the samples from this interval (Dubicka et al., 2014). 

417 In summary, the data from this study show that nutrient availability gradients, which are 

418 a function of water depth and distance from the shore, strongly determined changes in 

419 the calcareous dinocyst assemblages. 

420 ACKNOWLEDGMENTS 

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

Reviewer 1
Sticky Note
where is this on your maps?

Reviewer 1
Inserted Text
into surface waters 

Reviewer 1
Inserted Text
s

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
subsequent

Reviewer 1
Inserted Text
s

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
of

Reviewer 1
Inserted Text
which is 

Reviewer 1
Inserted Text
u


Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
to

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
plus

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
may

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
had greater impact on 

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
to the west

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
s

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
may have been supplied by 

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
was

Reviewer 1
Cross-Out

Reviewer 1
Sticky Note
what is the evidence for the timing of the uplift of the island?

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
may

Reviewer 1
Sticky Note
half-drop?  strange wording.  do you mean 50% reduction?

Reviewer 1
Sticky Note
this implies tectonism - do you mean inundation rather than sinking?

Reviewer 1
Sticky Note
You make no mention of changing ocean circulation and climate both of which show major changes in European basins during the study interval.



421 The authors are grateful to Danuta Peryt (Warsaw University, Warsaw, Poland) and 

422 Andriy V. Poberezhskyy for providing samples for this research and helpful remarks. We 

423 thank Daniela Reháková for comments on some of the systematics. Special thanks go 

424 to Michael Kaminski for improving the English text.

425 ADDITIONAL INFORMATION AND DECLARATIONS

426 Funding

427 The study was funded to Agnieszka Ciurej by the Faculty of Exact and Natural 

428 Sciences, Pedagogical University of Krakow, Poland, Statutory Funds, Project no. 

429 WPBU/2022/04/00194 and to ZD by the National Science Centre, Poland, grant no. 

430 2017/27/B/ST10/00687. 

431 Author contributions

432 AC examined and determined the calcareous dinocysts and performed the microfacies 

433 analysis. ZD provided the samples for this study. Both authors discussed the results. 

434 AC wrote the first version of the manuscript. Both authors edited the final version of the 

435 manuscript. 

436 Competing Interests

437 The authors declare there are no competing interests.

438 REFERENCES

439 Andryuschenko AI, Dolitskaya I.V. 1975. Distribution of Late Cretaceous 

440 Calcisphaerulidae (problematica) in sediments from the northern mountainous 

441 Tadzhikistan. Byulletin� Moskovskogo Obshchestva Ispytateliy Prirody ot�del 

442 Geologii 5:105�117. [In Russian].

443 Bé AWH. 1977. An ecological, zoogeographic and taxonomic re view of recent 

444 planktonic foraminifera. In: A.T.S. Ramsay, (ed.): Ocean Micropaleontology 1:1�

445 100.

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed



446 Bé AWH, Hamlin WH. 1967. Ecology of recent planktonic foraminifera. Part III. 

447 Distribution in the North Atlantic during the summer of 1962. Micropaleontology 

448 13:87�106.

449 Bojczuk GW, Woloszina AM. 1971. Opitonelidah iz werhnemelowyh otlozenij 

450  Paleont. Sb. 8:7�11. 

451 Bolli HM. 1974. Jurassic and Cretaceous Calcisphaerulidae from DSDP Leg 27, 

452 Eastern Indian Ocean, in Veevers, J.J., Heirtzler, J.R. et al. (eds.): Initial Reports 

453 of the Deep Sea Drilling Project: Washington, U.S. Government Printing Office, 

454 27:843�907.

455 Caron M, Homewood P. 1983. Evolution of the early planktic foraminifera. Mar. 

456 Micropaleont. 7:453�462.

457 Ciurej A. Stomiosphaerina bakae sp. nov., a new calcareous dinocyst of the Upper 

458 Cretaceous of the Central European Basin. PLOS ONE (under review).

459 Ciurej A, B�k M. 2021. Cadosinopsis rehakovii sp. nov., a new calcareous dinocyst 

460 from the Jurassic-Cretaceous transitional interval of the Western Tethys. PLOS 

461 ONE 16(5): e0249690.https://doi.org/10.1371/journal.pone.0249690.

462 Ciurej A, B�k K, B�k M. 2017. Late Albian calcareous dinocysts and calcitarchs 

463 record linked to environmental changes during the final phase of OAE 1d � a 

464 case study from the Tatra Mountains, Central Western Carpathians, Geological 

465 Quarterly 61(4):95�103.

466 Dale B. 1992. Thoracosphaerids: pelagic fluxes. In Dinoflagellate contribution to the 

467 deep sea (ed. Honjo, S.), Ocean Biocoenosis Series 5:33�43 (Woods Hole 

468 Oceanographic Institution, Woods Hole).

469 Dias-Brito D. 2000. Global stratigraphy, palaeobiogeography and palaeoecology of 

470 Albian-Maastrichtian pithonellid calcispheres: Impact on Tethys configuration. 

471 Cretac Res. 21:315�349. 

472 Dubicka Z, Peryt D. 2012. Foraminifers and stable isotope record of the Dubivtsi 

473 chalk (upper Turonian, western Ukraine): palaeoenvironmental implications: 

474 Geological Quarterly 56:199�214.

475 Dubicka Z, Peryt D, Szuszkiewicz M. 2014. Foraminiferal evidence for 

476 paleogeographic and paleoenvironmental changes across the Coniacian-

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

https://www.researchgate.net/publication/319629877_Late_Albian_calcareous_dinocysts_and_calcitarchs_record_linked_to_environmental_changes_during_the_final_phase_of_OAE_1d_-_a_case_study_from_the_Tatra_Mountains_Central_Western_Carpathians?_sg=TsjyYBTTIjweI7uB-UL49m-vB9p6UgbiqG4XlhfpAc0yw1vsU8Zz_cwS21FIXN2t45StinZmNfgN9vWy8r2d5WVATst26TCNvJLcGwEY.P7eX2r7n_aQupHnY8kK5qPVSHic9jMiG-BnVJ0C-HEvzNkhqQhYxrGscBbmpcn2TfvdH96t8-auuLBGo3rUWUA
https://www.researchgate.net/publication/319629877_Late_Albian_calcareous_dinocysts_and_calcitarchs_record_linked_to_environmental_changes_during_the_final_phase_of_OAE_1d_-_a_case_study_from_the_Tatra_Mountains_Central_Western_Carpathians?_sg=TsjyYBTTIjweI7uB-UL49m-vB9p6UgbiqG4XlhfpAc0yw1vsU8Zz_cwS21FIXN2t45StinZmNfgN9vWy8r2d5WVATst26TCNvJLcGwEY.P7eX2r7n_aQupHnY8kK5qPVSHic9jMiG-BnVJ0C-HEvzNkhqQhYxrGscBbmpcn2TfvdH96t8-auuLBGo3rUWUA
https://www.researchgate.net/publication/319629877_Late_Albian_calcareous_dinocysts_and_calcitarchs_record_linked_to_environmental_changes_during_the_final_phase_of_OAE_1d_-_a_case_study_from_the_Tatra_Mountains_Central_Western_Carpathians?_sg=TsjyYBTTIjweI7uB-UL49m-vB9p6UgbiqG4XlhfpAc0yw1vsU8Zz_cwS21FIXN2t45StinZmNfgN9vWy8r2d5WVATst26TCNvJLcGwEY.P7eX2r7n_aQupHnY8kK5qPVSHic9jMiG-BnVJ0C-HEvzNkhqQhYxrGscBbmpcn2TfvdH96t8-auuLBGo3rUWUA


477 Santonian boundary in western Ukraine. Palaeogeography Palaeoclimatology 

478 Palaeoecology 40:43�56. DOI: 10.1016/j.palaeo.2014.03.002.

479 Dubicka Z, Bojanowski M, Peryt D, Barski M. 2021. Biotic and Isotopic Vestiges of 

480 Oligotrophy on Continental Shelves During Oceanic Anoxic Event 2. Global 

481 Biogeochemical Cycles 35: article id. e2020GB006831, Doi: 

482 10.1029/2020GB006831.

483 Elbrachter M, Gottschling M, Hildebrand-Habel T, Keupp H, Kohring R, Lewis J. 

484 et al. 2008. Establishing an agenda for calcareous dinoflagellate research 

485 (Thoracosphaeraceae, Dinophyceae) including a nomenclatural synopsis of 

486 generic names. Taxon. 57:1289�1303.

487 Erez J. 2003. The source of ions for biomineralization in foraminifera and their 

488 implications for paleoceanographic proxies. Rev. Mineral. Geochem. 54:15�149. 

489 DOI:10.2113/0540115.

490 Fensome RA, Williams GL. 2004. The Lentin and Williams index of fossil 

491 dinoflagellates. College Park: American Association of Stratigraphic 

492 Palynologists. 

493 Gale AS. 1996. Turonian correlation and sequence stratigraphy of the Chalk in 

494 southern England. In: Sequence Stratigraphy in British Geology (eds S. P. 

495 Hesselbo and D. N. Parkinson), Geological Society of London, Special 

496 Publication no. 103:177�95.

497 Gale AS, Voigt S, Sageman BB, Kennedy WJ. 2008. Eustatic sea-level record for 

498 the Cenomanian (Late Cretaceous)-Extension to the Western Interior Basin, 

499 USA. Geology 36:859-862.

500 Gale AS, Smith AB, Monks NEA, Young JA, Howard DA, Wray DS, Huggett JM. 

501 2000. Marine biodiversity through the Late Cenomanian/ Early Turonian: 

502 paleoceanographic controls and sequence stratigraphy biases. Journal of the 

503 Geological Society 157:745-757.

504 Gavrilishin VI, Pasternak SI, Rozumeyko SV. 1991. Stratigraficheskiye podra 

505 zdeleniya me lovykh otlozhemiy p latformennoy chasti zapada Ukrainy. Akad. 

506 Nauk USSR, Inst. Geo. i Geokhimii Goryuchikh Iskopayemykh, Preprint; p. 1�91, 

507 Lviv.

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

Reviewer 1
Sticky Note
I cannot locate this paper - was it published?  If not, remove it from the references and replace it with something that is accessible.



508 Gradstein FM, Ogg JG, Schmitz M, Ogg G. eds. 2012. The geologic time scale 

509 2012. Amsterdam, Elsevier.

510 Gräfe KU, Wendler J. 2003. Foraminifers and calcareous dinoflagellate cysts as 

511 proxies for deciphering sequence stratigraphy, sea-level change, and 

512 paleoceanography of Cenomanian�Turonian hemipelagic sediments in western 

513 Europe. In: H.C. Olson, R.M. Leckie (eds.): Micropaleontologic Proxies for Sea-

514 Level Change and Stratigraphic Discontinuities. SEPM, special publication, 

515 75:229�262, SEPM, Tulsa.

516 Hart MB, Bailey HW. 1979. The distribution of planktonic Foraminiferida in the mid-

517 Cretaceous of NW Europe. IUGS, Series A, 6:527�542.

518 Hallam A. 1992. Phanerozoic sea level changes: New York, Columbia University 

519 Press, 266 pp.

520 Haynes SJ, MacLeod KG, Huber BT, Warny S, Kaufman AJ, Pancost R.D, 

521 Álvaro Jiménez Berrocoso AJ, Petrizzo MR, Watkins DK, Zhelezinskaia I. 

522 2017. Southeastern Tanzania depositional environments, marine and terrestrial 

523 links, and exceptional microfossil preservation in the warm Turonian. GSA 

524 Bulletin 129 (5-6):515�533. doi: https://doi.org/10.1130/B31432.1.

525 Hay WW. 2008. Evolving ideas about the Cretaceous climate and ocean circulation. 

526 Cretaceous Research 29:725�753. 

527 Haq BU. 2014. Cretaceous eustasy revisited. Global and Planetary Change, 113:44�

528 58.

529 Höll C, Karwath B, Rühlemann C, Zonneveld KAF, Willems H. 1999. 

530 Palaeoenvironmental information gained from calcareous dinoflagellates: the late 

531 Quaternary eastern and western tropical Atlantic Ocean in comparison. 

532 Palaeogeography, Palaeoclimatology, Palaeoecology 146:147�164. 

533 Huber BT, Petrizzo MR, Watkins DK, Haynes SJ, MacLeod KG. 2017. Correlation 

534 of Turonian continental margin and deep-sea sequences in the subtropical Indian 

535 Ocean sediments by integrated planktonic foraminiferal and calcareous 

536 nannofossil biostratigraphy. Newsletters on Stratigraphy 50(2):141�185.

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

https://doi.org/10.1130/B31432.1


537 Huber B. Petrizzo MR. 2014. Evolution and taxonomic study of the Cretaceous 

538 planktic foraminiferal genus Helvetoglobotruncana Reiss, 1957. Journal of 

539 Planktonic Foraminifera 44:40�57. 

540 Ivannikov AV, Lipnik IF, Plotnikova I, Blank MY, Gavrilishin VI, Pasternak SI. 

541 1987. Novyye mestnyye stratigraficheskiye po draz deleniya ve rkhnego me la 

542 platformennoy Ukrainy. Akad. Nauk USSR, Inst. Geo. Nauk, Preprint; p.1�87, 

543 Kiev.

544 Janofske D. 1992. Kalkiges Nannoplankton, insbesondere kalkige Dinoflagellaten-

545 Zysten der alpinen Ober-Trias: Taxonomie, Biostratigraphie und Bedeutung für 

546 die Phylogenie der Peridiniales. Berliner geowissenschaftliche Abhandlungen. E, 

547 4:1�53.

548 Jarvis I, Gale AS, Jenkyns HC, Pearce MA. 2006. Secular variation in Late 

549 Cretaceous car bon isotopes: a new 13C carbonate reference curve for the 

550 Cenomanian�Campanian (99.6�70.6 Ma). Geological Magazine 143:561�608.

551 Jing Z, Qi Y, Zu-lin Hua Z, Zhang H. 2009. Numerical study on the summer 

552 upwelling system in the northern continental shelf of the South China Sea. 

553 Continental Shelf Research 29:467-478

554 Kelly SP. 2003. Biogeochemical cycles. In: P. Skelton (ed.), The Cretaceous World, 

555 Cambridge University Press, 185�208. 

556 Keupp H. 1987. Die kalkigen Dinoflagellatenzysten des Mittelalb bis Untercenoman 

557 von Escalles/Boulonnais (N-Frankreich). Facies 16:37�88. 

558 Keupp H. 1991. Fossil calcareous dinoflagellate cysts. In: Riding, R. (Ed.), 

559 Calcareous Algae and Stromatolites. Springer, Berlin, pp. 267�286. 

560 Kohring R. 1993. Kalkdinoglagellaten aus dem Mittel-und Obereozän von Jütland 

561 (Dänemark) un dem Pariser Becken (Frankreich) im Vergleich mit anderen 

562 Tertiär�Vorkommen. Berliner Geowissenschaftliche Abhandlungen 6:1�164. 

563 Kohring R, Gottschling M, Keupp H. 2005. Character traits and palecological 

564 significance of calcareous dinoflagellates�an overview. Paläont. Z. 79:79�91. 

565 Leckie RM. 1987. Paleoecology of mid-Cretaceous planktonic foraminifera: a 

566 comparison of open ocean and epicontinental sea assemblages. 

567 Micropaleontology 33:164�176.

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed



568 Linnert C, Mutterlose J, Erbacher J. 2010. Calcareous nannofossils of the 

569 Cenomanian/Turonian boundary interval from the Boreal Realm (Wunstorf, 

570 northwest Germany). Marine Micropaleontology 74:38�58. 

571 Merino M. 1997. Upwelling on the Yucatan Shelf: hydrographic evidence. Journal of 

572 Marine Systems 13:101�121.

573 Miller KG, Wright JD, Browning JV. 2005. Visions of ice sheets in a greenhouse 

574 world. Mar. Geol. 217:215�231.

575 Montresor M, Montesarchio E, Marino D, Zingone A. 1994. Calcareous 

576 dinoflagellate cysts in marine sediments of the Gulf of Naples (Meditenanean 

577 Sea). Rev Palaeobot Palynol. 84:45�56.

578 Montresor M, Zingone A, Sarno D. 1998. Dinoflagellate cyst production at a coastal 

579 Mediterranean site. J. Plankton Res. 20:2291�2312.

580 Nowak W. 1963. Pithonella ovalis (Kaufmann) dans les Carpates de Flysch 

581 occidentales (in Polish with French summary). Ann. Soc. Geol. Pologne. 33:229�

582 238.

583 Nowak W. 1974. Stomiosphaerina nov. gen. (incertae seclis) of the Upper 

584 Cretaceous in the Polish Flysch Carpathians. Ann. Soc. Geol. Pologne 44:51�63. 

585 Olszewska B, Matyszkiewicz J, Król K, Krajewski M. 2012. Correlation of the 

586 Upper Jurassic-Cretaceous epicontinental sediments in southern Poland and 

587 south western Ukraine based on thin sections, Biuletyn PaEstwowego Instytutu 

588 Geologicznego 453:29�80.

589 Omaña L, Torre JR, Doncel RR, Alencáster G, Caballero IL. 2014. A pithonellid 

590 bloom in the Cenomanian-Turonian boundary interval from Cerritos in the 

591 western Valles�San Luis Potosí platform, Mexico: paleoenvironmental 

592 significcance. Revista Mexicana de Ciencias Geológicas 31:28�44.

593 Pasternak SI. 1959. Biostratygrafiya kreydovykh vikladiv Volyno-Podils'koi plyty. 

594 Vyd. Akad. Nauk Ukrainian RSR, Kiev [in Russian]. 

595 Pasternak SI. 1984. Pithonelidy  Turona. (Pithonellidae of 

596 Volyno-Podolye`s Turon. Paleotologicheskt Sbornik 21: 96�98 [in Russian]. 

597 Pasternak SI, Gavrylyshyn VI, Ginda VA, Kotsyubinsky SP, Senkovskyi YM. 

598 1968. Stratygrafia i fauna kredowych vidkladiv zachodu Ukrainy. Naukova 

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

https://www.sciencedirect.com/journal/journal-of-marine-systems
https://www.sciencedirect.com/journal/journal-of-marine-systems
Reviewer 1
Sticky Note
Turonian?



599 Dumka, Kiev, 1�272.

600 Pasternak SI, Sen'kovskyi YM, Gavrylyshyn VI. 1987. Volyno-Podillia u 

601 kreydovomu periodi. Naukova Duruka, Kiev. 

602 Pearce MA, Jarvis I, Tocher BA. 2009. The Cenomanian-Turonian boundary event, 

603 OAE2 and palaeoenvironmental change in epicontinental seas: new insights from 

604 the dinocyst and geochemical records. Palaeogeography, Palaeoclimatology, 

605 Palaeoecology 280:207�234. 

606 Peryt D, Dubicka Z, Wierny W. 2022. Planktonic Foraminiferal Biostratigraphy of the 

607 Upper Cretaceous of the Central European Basin. Geosciences, 12:22. 

608 https://doi.org/10.3390/ geosciences12010022

609 Po}aryski W, Brochwicz-Lewinski W, Brodowicz Z, Jaskowiak-Schoeneich M, 

610 Milewicz J, Sawicki L, Uberna T. 1979. Geological map of Poland and adjoining 

611 countries, without Cenozoic formations (without Quaternary in the Carpathians). 

612 Wyd. Geol. Warszawa.

613 Reháková D. 2000. Evolution and distribution of the Late Jurassic and Early 

614 Cretaceous calcareous dinofagellates recorded in the Western Carpathians 

615 pelagic carbonate facies. Miner. Slovaca 32:79�88. 

616 Remin Z, Dubicka Z, Kozlowska A. Kuchta B. 2011. Foram extraction and rock 

617 disintegration using liquid nitrogen [LN2] - a report. Grzybowski Found. Spec. 

618 Publ., 17:122�123. 

619 Rozumeyko SV. 1978. Foraminifery verkhnemelovykh otlozheniy yugo-zapada 

620 vostochno-yevropeyskoy platformy. Naukova Duruka, Kiev.

621 Scotese CR. 2014. Atlas of Late Cretaceous Maps, PALEOMAP Atlas for ArcGIS, 

622 volume 2, The Cretaceous, Maps 16 � 22, Mollweide Projection, PALEOMAP 

623 Project, Evanston, IL.

624 Stanley MS, Ries JB, Hardie LA. 2005. Seawater chemistry, coccolithophore 

625 population growth, and the origin of Cretaceous chalk. Geology 33:593�596. 

626 Stró}yk K, Barski M, Dubicka Z, Walaszczyk I. 2018. Integrated biostratygraphy of 

627 the Turonian-Coniancian boundary interval in the Folwark quarry (Opole Trough, 

628 SW Poland). Folia 52, Special Volume, Abstract Book 19th Czech-Slovak-Polish 

629 Palaeontological Conference & MIKRO 2018 workshop, p. 82. 

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
f

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
b



630 [widrowska J, Hakenberg M, Poluhtovi
 B, Seghedi A, Vi�nâkov I. 2008. 

631 Evolution of the Mesozoic basin on the southwestern edge of the East European 

632 Craton (Poland, Ukraine, Moldova, Romania). Stud. Geol. Pol. 130:3�130.

633 Tangen K, Brand LE, Blackwelder PL, Guillard RRL. 1982. Thoracosphaera heimii 

634 (Lohmann) Kamptner is a dinophyte: Observations on its morphology and life 

635 cycle. Mar Micropaleontol. 7(3):193�212. 

636 Vejbæk OV, Andersen C. 2002. Post mid-Cretaceous inversion in the Danish 

637 Central Graben � regionally synchronous tectonic events? Bull. Geol. Soc. Den. 

638 49:139�144.

639 Vashchenko VO, Turchynova SM, Turchynov II, Polikll GG. 2007. Derzhavna 

640 geologichna karta Ukrainy, masshtab 1:200 000, Karpats'ka seria. Arkush M-35-

641 XXV (Ivano-Frankivs'k). Poyasniuvalna zapiska, Kyiv.

642 Vink A, Zonneveld KAF, Willems H. 2000. Distribution of calcareous dinoflagellate 

643 cysts in surface sediments of the western subtropical Atlantic Ocean, and their 

644 potential use in palaeoceanography. Marine Micropaleontology 38:149�180.

645 Voigt T, Kley J, Voigt S. 2021. Dawn and dusk of Late Cretaceous basin inversion 

646 in central Europe. Solid Earth 12(6):443�471. https://doi.org/10.5194/se-12-1443-

647 2021.

648 Walaszczyk I. 1992. Turonian through Santonian deposits of the Central Polish 

649 Uplands; their facies development, inoceramid paleontology and stratigraphy. 

650 Acta Geologica Polonica 42(1-2):1�12.

651 Walaszczyk I, Peryt D. 1998. Inoceramid�foraminiferal biostratigraphy of the 

652 Turonian through Santonian deposits of the Middle Vistula Section, Central 

653 Poland: Zentralblatt für Geologie und Paläontologie, Teil I, 1996, no. 11/12: 

654 1501�1513.

655 Walaszczyk I, 
ech S, Crampton JS, Dubicka Z. et al. 2022. The Global Boundary 

656 Stratotype Section and Point (GSSP) for the base of the Coniacian Stage 

657 (Salzgitter-Salder, Germany) and its auxiliary sections   

658 central Poland;  Czech Republic; and El Rosario, NE Mexico). Episodes 

659 2, 45(2) :181�220.

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

https://doi.org/10.5194/se-12-1443-2021
https://doi.org/10.5194/se-12-1443-2021


660 Wendler JE, Gräfe KU, Willems H. 2002. Paleoecology of calcareous dinoflagellate 

661 cysts in the mid-Cenomanian Boreal Realm: implications for the reconstruction of 

662 paleoceanography of the NW European shelf sea. Cretaceous Research 23:213�

663 229.

664 Wendler JE, Wendler I, Huber BT. 2013. Revision and Evaluation of the Systematic 

665 Affinity of the Calcitarch Genus Pithonella Based on Exquisitely Preserved 

666 Turonian Material from Tanzania. Journal of Paleontology 87(6):1077�1106.

667 Wiese F, Kröger B. 1998. Evidence for a shallowing event in the Upper Turonian 

668 (Cretaceous) Mytiloides scupini Zone of northern Germany. Acta Geologica 

669 Polonica 48:265-284.

670 Wiese F, 
ech S, Ekrt B, Koaeák M, Mazuch M, Voigt S. 2004. The Upper 

671 Turonian of the Bohemian Cretaceous Basin (Czech Republic) exemplified by the 

672 Úpohlavy working quarry: integrated stratigraphy and palaeoceanography of a 

673 gateway to the Tethys. Cretaceous Research 25:329�352.

674 Wiese F, Zobel K, Keupp H. 2015. Calcareous dinoflagellate cysts and the Turonian 

675 nutrient crisis � data from the upper Turonian of the Lower Saxony Ba sin (north 

676 ern Germany). Cretaceous Research 56:673�688.

677 Wiese F, 
ech S, Walaszczyk I. Ko�ták M. 2020. An upper Turonian (Upper 

678 Cretaceous) inoceramid zonation and a round-the-world trip with Mytiloides 

679 incertus (Jimbo, 1894). Z. Dt. Ges. Geowiss 171:211�226.

680 Willems H. 1994. New calcareous dinoflagellates from the Upper Cretaceous white 

681 chalk of northern Germany. Rev. Palaeobot. Palynol. 84:57�72. 

682 Young JR, Bergen JA, Bown PR, Burnett JA, Fiorentino A, Jordan RW, Kleije A, 

683 van Niel BE, Romein AJT, von Salis K. 1997. Guidelines for coccolith and 

684 calcareous nannofossil terminology: Palaeontology 40:875�912.

685 Zaytsev O, Cervantes-Duarte R, Montante O. et al. 2003. Coastal Upwelling 

686 Activity on the Pacific Shelf of the Baja California Peninsula. Journal of 

687 Oceanography 59:489�502.

688 Ziegler PA. 1990. Geological Atlas of Western and Central Europe. Shell 

689 Internationale Petroleum Maatschappij B. V, Hague, 239 pp.

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
Mytiloides

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
incertus



690 Zonneveld AF, Brune A, Willems H. 2000. Spatial distribution of calcareous 

691 dinoflagellate cysts in surface sediments of the Atlantic Ocean between 13"N and 

692 36"s. Review of Palaeobotany and Palynology 11:197�223.

693 Zonneveld KAF, Meier KJS, Esper O, Siggelkow D, Wendler I, Willems H. 2005. 

694 The (palaeo) environmental significance of modern calcareous dinoflagellate 

695 cysts: a review. Paläontologische Zeitschrift. 79(1):61�77. 

696 Zügel P. 1994. Verbreitung kalkiger Dinoflagellaten-Zysten im Cenoman/Turon von 

697 Westfrankreich und Norddeutschland. Courier Forschungsinstitut Senckenberg 

698 176:1�159.

699

700 Figure 1 Location of the Dubivtsi section. (A) Paleogeographical map during 

701 Turonian time (~ 91.1 Ma), (modified after Pasternak, 1959; Ziegler, 1990; Scotese, 

702 2014), and (B) sketch map with location of the studied Dubivtsi section. 

703 Figure 2 Microfossil assemblage changes within the upper Turonian chalk of the 

704 Dubivtsi section. (A) ·13Ccarb curve for Dubivtsi chalk. (B)-(D) Percentage content of c-

705 dinocysts (calculated in thin sections). (E) Total number of c-dinocysts (calculated in 

706 thin sections). (F) Sample c-dinocysts species diversity (calculated in thin section view). 

707 (G) P. sphaerica/P. ovalis ratio. (H) Calcareous dinocysts assemblages based on 

708 changes of diversity and total number. (I) P/B ratio. (J) Distribution of particular 

709 morphotypes of planktonic foraminifera. (K) Abundance fluctuation of species and group 

710 of species of benthic foraminifera in foraminiferal assemblages. (L) Microfacies 

711 distinguished within section. (M) Water depth fluctuations in western Ukraine based on 

712 planktonic foraminifera. (N) Trophic conditions fluctuations. (O) Paleoecological 

713 intervals. A, I, J, K, M after Dubicka and Peryt, 2012). Local planktonic foraminiferal 

714 zonation after Walaszczyk and Peryt (1998). 

715 Figure 3 Microfacies of the white chalk of the Dubivtsi section observed in 

716 transmitted light microscope. (A) Planktonic and benthic foraminiferal wackstone 

717 showing foraminifera dispersed within slightly recrystallized micritic matrix (sample 1). 

718 (B), (C) Pithonellid-rich wackstone-packstone with large amount of pithonellids (oval 

719 and spherical cross sections) marked by blue arrows, rare foraminifera (yellow arrow), 
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720 bioclasts (green arrows), and pellets and pseudopellets (red circles), (samples: B - 4, C 

721 - 8). (D), (E) Benthic foraminiferal wackstone-packstone with foraminifera (yellow arrow) 

722 and pellets (red arrows) dispersed within recrystallized micrite matrix, and streak-like 

723 structures composed of chaotically, tightly packed organic skeletons, including 

724 foraminifera; streak and ground mass boundary marked by orange arrow (samples: D - 

725 13, E - 2). (F), (G) Calcareous dinocysts, foraminiferal wackstone-packstone, showing 

726 c-dinocysts (oval and spherical cross-sections) marked by blue arrows, and foraminifera 

727 (yellow arrows) and common bioclasts (green arrows), (samples: F � 20, G - 17). (H) 

728 Calcareous dinocysts, foraminiferal wackstone with c-dinocysts (blue arrows) and 

729 foraminifera (yellow arrows), dispersed within recrystallized micrite matrix (sample 32). 

730 Figure 4 Transmitted light microscopy images of calcareous dinocysts from the 

731 Dubivtsi section. (A) � (C) Bonetocardiella conoidea Bonnet 1956 showing the 

732 pithonellid wall (yellow arrows) and aperture (blue arrows), (sample 17). (D), (E) 

733 Pithonella lamellata Keup in Keupp and Kienel 1994 showing wall with the double layer 

734 (blue arrows), and extinction cross (red arrows), (sample 17). (F) � (K) Pithonella ovalis 

735 (Kaufmann in Heer 1865) Lorenz 1902, (F, G, I - sample 4; H � sample 7, J, K � sample 

736 17) showing the thick wall with double layer (yellow arrows), and the pithonellid wall 

737 type (green arrows), the aperture (blue arrows) and extinction cross (red arrows): (F) � 

738 (H) longitudinal sections; (I) � (K) axial sections. All images were taken from thin 

739 sections under plain-polarized light, except E2 and J2 which are under crossed polars 

740 light.

741 Figure 5 Transmitted light microscopy images of calcareous dinocysts from the 

742 Dubivtsi section. (A) � (E) Pithonella sphaerica (Kaufmann in Heer 1865) Zügel 1994; 

743 showing the thick wall with double layer (yellow arrows), and the aperture (blue arrows) 

744 and extinction cross (red arrows), (samples: A � 3, B � 4, C � E � 7). (F) � (H) Pithonella 

745 cardiiformis Zügel 1994, with aperture (blue arrow), (sample 17). All images were taken 

746 from thin sections under plain-polarized light, except E2 that was under crossed polars 

747 light.

748 Figure 6 Transmitted light microscopy images of calcareous dinocysts from the 

749 Dubivtsi section. (A), (B) Stomiosphaerina biedai Nowak 1974, (samples: A � 20; B � 
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750 22). (C), (D) Stomiosphaerina bakae Ciurej 2023, (sample 17). (E), (F) Species A 

751 (samples: E � 17, F � 32). Thin sections, plain-polarized light, except B2, C2, E2 � 

752 crossed polars light.

753 Figure 7 SEM images of calcareous dinocyst from the Dubivtsi section. (A) � (C) 

754 Pithonella ovalis (Kaufmann in Heer 1865) Lorenz 1902: (A) Longitudinal view of P. 

755 ovalis showing outer wall with diagenetic calcite crystals overgrowths (sample 2). (B) 

756 Longitudinal view of P. ovalis showing outer wall texture (sample 3). (B1) Magnified 

757 view of the same specimens (sample 3). (C) Longitudinal view of P. ovalis of outer wall 

758 with blocky calcite structures (sample 6). (C1) Magnified view of the same specimens 

759 showing details of aperture (sample 6). (D) � (H) Pithonella sphaerica (Kaufmann in 

760 Heer 1865) Zügel 1994 in various stage of preservation: (D) Outer wall with blocky, 

761 secondary calcite structure (sample 3). (E) Specimen with partially removed thin outer 

762 wall (sample 4). (E1) Close-up of the same specimens with details of inner wall (sample 

763 4). (F), (G) Variously diagenetically altered outer wall where the blocky, recrystallized 

764 calcite structure is visible (F - sample 3, G - sample 6). (H, H1) outer wall with blocky, 

765 recrystallized calcite structure (sample 7). 
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Figure 1
Location of the Dubivtsi section

(A) Paleogeographical map during Turonian time (~ 91.1 Ma), (modiûed after Pasternak,
1959; Ziegler, 1990; Scotese, 2014), and (B) sketch map with location of the studied Dubivtsi
section.

PeerJ reviewing PDF | (2023:06:87805:0:1:NEW 29 Jun 2023)

Manuscript to be reviewed

Reviewer 1
Inserted Text
a

Reviewer 1
Inserted Text
of Europe 

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
.

Reviewer 1
Cross-Out

Reviewer 1
Inserted Text
S

Reviewer 1
Sticky Note
see above for comments on figure captions



Figure 2
Microfossil assemblage changes within the upper Turonian chalk of the Dubivtsi section.

A) ·13Ccarb curve for Dubivtsi chalk. (B)-(D) Percentage content of c-dinocysts (calculated in

thin sections). (E) Total number of c-dinocysts (calculated in thin sections). (F) Sample c-
dinocysts species diversity (calculated in thin section view). (G) P. sphaerica/P. ovalis ratio.
(H) Calcareous dinocysts assemblages based on changes of diversity and total number. (I)
P/B ratio. (J) Distribution of particular morphotypes of planktonic foraminifera. (K) Abundance
ûuctuation of species and group of species of benthic foraminifera in foraminiferal
assemblages. (L) Microfacies distinguished within section. (M) Water depth ûuctuations in
western Ukraine based on planktonic foraminifera. (N) Trophic conditions ûuctuations. (O)
Paleoecological intervals. A, I, J, K, M after Dubicka and Peryt, 2012). Local planktonic
foraminiferal zonation after Walaszczyk and Peryt (1998).
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1 Supplementary 1

2 Table 1. Distribution of calcareous dinocysts in the Dubivtsi section.
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Figure 3
Microfacies of the white chalk of the Dubivtsi section observed in transmitted light
microscope.

(A) Planktonic and benthic foraminiferal wackstone showing foraminifera dispersed within
slightly recrystallized micritic matrix (sample 1). (B), (C) Pithonellid-rich wackstone-
packstone with large amount of pithonellids (oval and spherical cross sections) marked by
blue arrows, rare foraminifera (yellow arrow), bioclasts (green arrows), and pellets and
pseudopellets (red circles), (samples: B - 4, C - 8). (D), (E) Benthic foraminiferal wackstone-
packstone with foraminifera (yellow arrow) and pellets (red arrows) dispersed within
recrystallized micrite matrix, and streak-like structures composed of chaotically, tightly
packed organic skeletons, including foraminifera; streak and ground mass boundary marked
by orange arrow (samples: D - 13, E - 2). (F), (G) Calcareous dinocysts, foraminiferal
wackstone-packstone, showing c-dinocysts (oval and spherical cross-sections) marked by
blue arrows, and foraminifera (yellow arrows) and common bioclasts (green arrows),
(samples: F 3 20, G - 17). (H) Calcareous dinocysts, foraminiferal wackstone with c-dinocysts
(blue arrows) and foraminifera (yellow arrows), dispersed within recrystallized micrite matrix
(sample 32).
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Figure 4
Transmitted light microscopy images of calcareous dinocysts from the Dubivtsi section.

(A) 3 (C) Bonetocardiella conoidea Bonnet 1956 showing the pithonellid wall (yellow arrows)
and aperture (blue arrows), (sample 17). (D), (E) Pithonella lamellata Keup in Keupp and
Kienel 1994 showing wall with the double layer (blue arrows), and extinction cross (red
arrows), (sample 17). (F) 3 (K) Pithonella ovalis (Kaufmann in Heer 1865) Lorenz 1902, (F, G, I
- sample 4; H 3 sample 7, J, K 3 sample 17) showing the thick wall with double layer (yellow
arrows), and the pithonellid wall type (green arrows), the aperture (blue arrows) and
extinction cross (red arrows): (F) 3 (H) longitudinal sections; (I) 3 (K) axial sections. All images
were taken from thin sections under plain-polarized light, except E2 and J2 which are under
crossed polars light.
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Figure 5
Transmitted light microscopy images of calcareous dinocysts from the Dubivtsi section.

(A) 3 (E) Pithonella sphaerica (Kaufmann in Heer 1865) Zügel 1994; showing the thick wall
with double layer (yellow arrows), and the aperture (blue arrows) and extinction cross (red
arrows), (samples: A 3 3, B 3 4, C 3 E 3 7). (F) 3 (H) Pithonella cardiiformis Zügel 1994, with
aperture (blue arrow), (sample 17). All images were taken from thin sections under plain-
polarized light, except E2 that was under crossed polars light.
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Figure 6
Transmitted light microscopy images of calcareous dinocysts from the Dubivtsi section.

(A), (B) Stomiosphaerina biedai Nowak 1974, (samples: A 3 20; B 3 22). (C), (D)
Stomiosphaerina bakae Ciurej 2023, (sample 17). (E), (F) Species A (samples: E 3 17, F 3 32).
Thin sections, plain-polarized light, except B2, C2, E2 3 crossed polars light.
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Figure 7
SEM images of c-dinocyst from the Dubivtsi section.

(A) 3 (C) Pithonella ovalis (Kaufmann in Heer 1865) Lorenz 1902: (A) Longitudinal view of P.

ovalis showing outer wall with diagenetic calcite crystals overgrowths (sample 2). (B)

Longitudinal view of P. ovalis showing outer wall texture (sample 3). (B1) Magniûed view of
the same specimens (sample 3). (C) Longitudinal view of P. ovalis of outer wall with blocky
calcite structures (sample 6). (C1) Magniûed view of the same specimens showing details of
aperture (sample 6). (D) 3 (H) Pithonella sphaerica (Kaufmann in Heer 1865) Zügel 1994 in
various stage of preservation: (D) Outer wall with blocky, secondary calcite structure (sample
3). (E) Specimen with partially removed thin outer wall (sample 4). (E1) Close-up of the same
specimens with details of inner wall (sample 4). (F), (G) Variously diagenetically altered
outer wall where the blocky, recrystallized calcite structure is visible (F - sample 3, G -
sample 6). (H, H1) outer wall with blocky, recrystallized calcite structure (sample 7).
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