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Organic-walled dinoflagellate cyst records from sogpective Turonian —

Coniacian (Upper Cretaceous) GSSP, Stupia Nadbazé oland

Kate Oldé&, lan Jarvi& *, Martin Pearc®? Ireneusz Walaszcz§jkBruce Tochér

#Kingston University London, Department of Geography and Geology, Kingston upon
Thames KT1 2EE, UK
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“Faculty of Geology, University of Warsaw, Al. Ciwirki i Wigury 93, PL-02-089 Warszawa,
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Yatoil, 2103 CityWest Blvd Ste 800, Houston TX 77042-2834, USA
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ABSTRACT

A river section at Stupia Nadbrz®a, central Poland, has been proposed as a camdidat
Turonian — Coniacian (Cretaceous) GSSP, in combmatith the Salzgitter-Salder quarry
section of Lower Saxony, Germany. Results of &degolution (25 cm) palynological study
of the boundary interval in the Stupia Nadlizz section are presented. Terrestrial
palynomorphs are rare; marine organic-walled dag#llate cysts dominate the palynological
assemblage. The dinoflagellate cyst assemblageahlasv species richness (5 — 11 per
sample; total of 18 species recorded) and dive(Shannon index! = 0.8 — 1.4), dominated

by four taxa: Circulodinium distinctum subsp. distinctum; Oligosphaeridium complex;
Soiniferites ramosus subsp. ramosus, Surculosphaeridium longifurcatum. Declining

proportions of O. complex and S. ramosus subsp.ramosus characterise the uppermost
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Turonian, with an increased dominance Sflongifurcatum in the lower Coniacian. The
Turonian — Coniacian boundary interval includesaame ofC. distinctum subsp.distinctum

in the upperMytiloides scupini Zone, a dinoflagellate cyst abundance maximumhm t
Cremnoceramus walterdorfensis walterdorfensis Zone, and the highest occurrence of
Senoniasphaera turonica in the basal Coniacian loweCremnoceramus deformis erectus
Zone. Most previously reported Turonian — Coniadimundary dinoflagellate cyst marker
species are absent; a shallow-water oligotrophicoatinental depositional setting, remote
from terrestrial influence, likely limited speciadiversity and excluded many taxa of

biostratigraphic value.

* corresponding authoEmail address: i.jarvis@kingston.ac.uk (I. Jarvis).

1. Introduction

The Stupia Nadbrzma river cliff section, central Poland, combinedhathe Salzgitter-
Salder quarry of Lower Saxony, Germany, has beapgsed as a composite Global
Boundary Stratotype Section and Point (GSSP) ferbihse of the Coniacian Stage at 89.75
Ma (Walaszczyk and Wood, 1998; Walaszczyk et 81,02 Ogg et al., 2012).

During the Late Cretaceous, Stupia Nadbreewas located in a pelagic carbonate
setting on the eastern margin of the Central Elaompicontinental basins system (Voigt et
al., 2008; Fig. 1). The section forms part of tipanded Upper Cretaceous succession of the
Middle Wista (Vistula) River, and is exposed in testern Wista river cliff in the village of
Stupia Nadbrzena (50.9501°N, 21.8078°E), situated 150 km SSE afsatv. The exposure
exists in a poor state, requiring excavation bestugly (Walaszczyk et al., 2010), but yields
well-preserved inoceramid bivalve assemblages. apEoximately 10 m section consists of

opoka (siliceous marl) facies with varying proponts of chert (Fig. 2).
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The Stupia Nadbrzma section spans the upper Turonian upperigstoides scupini
Zone to the lower Coniacian lowegstemnoceramus deformis erectus Zone, and provides an
expanded and more complete Turonian — Coniaciandsoy record than the better-exposed
Salzgitter-Salder section (Wood et al., 2004; Wadagk et al., 2010), which was proposed as
the base Coniacian GSSP by the Coniacian Workingurof the Subcommission on
Cretaceous Stratigraphy (Kauffman et al., 1996 ptoposed base of the Coniacian is taken
at the lowest occurrence of the inoceramid biv&vemnoceramus deformis erectus (Meek,
1877) [=C. rotundatus (sensu Troger, 1967non Fiege, 1930)]. This lies above the lowest
occurrence of the ammonit&orresteria (Harleites) petrocoriensis (Coquand, 1859),
traditionally used as a Coniacian marker in thetstype area of the Aquitaine Basin
(Kennedy and Walaszczyk, 2004; Fig. 3). Inoceramicbrds indicate condensation and a
minor hiatus at the stage boundary in the strgtigeally more extensive section at
Salzgitter-Salder (Wood et al., 2004; Walaszczykalet 2010); this hiatus provides the
rationale for using the two sections as a comp@388P.

The lithostratigraphy, macrofossil, foraminiferatdanannofossil biostratigraphy and
carbon stable-isotope chemostratigraphy of Stupgldzéna and Salzgitter-Salder have
been described by Walaszczyk and Peryt (1998), #Wetyk and Wood (1998), Kennedy and
Walaszczyk (2004), Wood et al. (2004), Lees (2008) Walaszczyk et al. (2010). In terms
of carbon stable isotopes, the Turonian — Coniabamdary lies at an inflection point from
long-term falling to risingy**C values (Voigt and Hilbrecht, 1997; Wiese, 1998yis et al.,
2006). Most of the succession at Stupia Nadbraerepresents the upper part of the broad
8'C minimum that occurs globally at the Turonian -ni@cian boundary (Wendler, 2013;
Jarvis et al., 2015), the Navigation Carbon IsotBpent (CIE; Fig. 2) of Jarvis et al. (2006).
However, carbon and oxygen stable-isotope values fElupia Nadbrzana show high-

amplitude variation with lithology (Figs. 2, 3),dicating that the section has likely been
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affected by diagenesis (cf. Walaszczyk et al., 20C@rbon stable-isotope values are around
1 %o lower than those found at an equivalent levelSalzgitter-Salder (Fig. 2), offering

further evidence of a diagenetic overprint.

2. Materialsand Methods

Twenty-one samples from the Stupia Nadbree section that had been collected for
stable-isotope analysis (Walaszczyk et al., 201€reveelected for palynological preparation.
Splits (20 g) of chipped samples were processedqt@ntitative palynological analysis.
Palynomorphs >1mm were concentrated by a commercial processing aognpPLS Ltd,
Holyhead, UK) using the HCI-HF method of Lignum @2), modified from Lignum et al.
(2008, ‘Company B’ methodology). Oxidation of treargples was unnecessary due to the low
concentration of amorphous organic matter presiihtsamples were spiked with tablets
containing the modern spoigycopodium to allow statistically valid quantitative analysis
(dinoflagellate cysts per gram, dpg).

Palynomorph identification and counting was undentausing a Leitz Laborlux S light
microscope with a 40x objective. Three hundredanig walled dinoflagellate cysts
(dinocysts) were identified per sample. Brokerpaitial specimens were added to the count
only if there was more than half of the specimeespnt. Unidentifiable specimens were
recorded as ‘indeterminate’, and were not includethe count of 300, but were included
when calculating total palynomorphs per gram. dwihg this count, the remainder of the
slide was scanned to identify any additional spearhich were marked as ‘present’, but in
abundances too low to be recorded among the 3@ pidgsence of any other palynomorphs
such as pollen grains, spores, acritarchs and farmal test linings was also noted.

All materials used in this study are held by theo@rément of Geography and Geology,

Kingston University London (London, UK).
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3. Resultsand discussion

Dinoflagellate cysts recovered from Stupia Nadbnze are well preserved, but the
assemblage exhibits a low species richness (18espeecorded), with between 5 and 11
species identified in each sample (Fig. 3; ApperiB). Dinoflagellate cysts are numerous
(up to ~1500 dinoflagellate cysts per gram of sedithFig. 3) and at least 300 specimens
were identified in all samples. Species diversgylow with Shannon (Shannon-Wiener)
index values oH = 0.8 — 1.4 (Fig. 3). Approximately 90 % of thesasblage throughout the
section is made up of four specie€irculodinium distinctum subsp. distinctum,
Oligosphaeridium complex, Spiniferites ramosus subsp.ramosus and Surculosphaeridium
longifurcatum (Figs. 4, 5.4 — 5.7). Approaching the stage boond@. complex and S
ramosus subsp.ramosus decline in relative abundance, whi& longifurcatum increases,
showing a particular peak around thatersdorfensisinoceramidEvent.

Dinoflagellate cyst abundance does not displayresistent long-term trend but peaks
immediately above thealtersdorfensis Event, in the mid=. w. waltersdorfensis Zone (Fig.
3). Diversity shows a progressive smooth declimeugh the section, but with a pronounced
trough in the uppermost Turonian coincident with #bundance maximum. Other diversity
and dominance indices (not plotted; see Appendigl@ely follow the Shannon index trend.
Domination of the assemblage Bylongifurcatum accounts for low Shannon index diversity
values over this interval (Figs. 3, 4). A sharporemry of diversity occurs at the stage
boundary, followed by continuing falling values abo

Terrestrial palynomorphs occur sporadically in labwundance through the section,
generally with < 10 bisaccate pollen grains pengfa 1 % of the palynomorphs counted),
with the exception of the lowest sample, in whighlffsaccate pollen grains per gram were

recorded. Pollen grains occur consistently onlthanlowest metre of the section (Fig. 3).
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3.1. Dinoflagellate cyst biostratigraphy

Surculosphaeridium longifurcatum, which was used by Williams (1977) to define an
acme zone representing the Turonian, is a frequemtponent of the Stupia Nadbira
Turonian — Coniacian boundary assemblage (Fig5.6), HoweverS. longifurcatum is a
long-ranging species, from upper Barremian (Pré$890) to Campanian (Williams and
Bujak, 1985; Kirsch, 1991; Williams et al., 1993dpPce, 2000). At Stupia Nadbize, it is
most abundant (40 — 68 % of the assemblage) highehe section, in the uppermost
Turonian — basal Coniacian. A comparable trendldeen observed in the Bch-1 core near
Prague, Czech Republic (Olde et al., 2015a, b).re Hgirculosphaeridium longifurcatum
occurs throughout the uppermost Cenomanian — |@wiacian, but it is only common in
the uppermost Cenomanian — basal middle Turonidntlaen again in the uppermost upper
TuronianM. scupini Zone to lower Coniacian, including a peak arodrelNavigation CIE.

Circulodinium distinctum subsp distinctum constitutes ~40% of the dinoflagellate cysts
assemblage throughout the Stupia Nadbraesection (Figs. 4, 5.8). Turonian acme<of
distinctum subsp.distinctum have been found to have biostratigraphic signiioeain other
European sections (FitzPatrick, 1995; Pearce, 2B@@yce et al., 2003; Olde et al., 2015a)
but, to our knowledge, an acme at the Turonian ri&wan boundary has not been recorded
elsewhere.

Senoniasphaera turonica, a characteristic Turonian species (Pearce e@ll), was
identified in 4 samples from the Stupia Nadhrze section (Figs. 4, 5.2). Its highest
occurrence (HO) is at 5.5 m in the lower Coniadlamrectus Zone, below therectus Event.
The highest occurrence of this species has beeardedt near the Turonian — Coniacian
boundary elsewhere, extending into the basal C@maa the English Chalk (Pearce, 2000;
Pearce et al., 2003, 2011). In the Czech Repuldic Bwell, the HO of this species occurs in

the midS neptuni Zone (upper Turonian), below the Hitch Wood ClEd®et al., 2015a).
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The HO of Oligosphaeridium poculum occurs in the lower Coniacian at Stupia
Nadbrzena (Fig. 4). The HO of this species was considdgcedbe lower Turonian by
Williams et al. (2004). However, in NW Europe,egional reoccurrence datum level for the
species occurs in lower to middle Turonian (Pea2€80; Pearce et al., 2009, Olde et al.,
2015a), and it is recorded sporadically above taisging into the Coniacian in the Trunch
borehole of eastern England (Pearce, 2000) andeiBichary Bch-1 borehole of the Czech
Republic (Olde et al., 2015a). Our records fronp&tiNadbrzena support an extended range
for this taxon.

The main Turonian — Coniacian boundary dinoflagelleyst events observed in the
Czech Republic and elsewhere (Olde et al.,, 201%ak ot been recorded at Stupia
Nadbrzena; for example, the lowest occurrences Surculosphaeridium belowii and
Cribroperidium wilsonii, and the lowest common occurrence Oligosphaeridium
pulcherimum, are unrepresented due to an absence of the inéeiesp Additionally, other
key boundary datum levels, such as the highest aomoctcurrence ofCauveridinium
membraniphorum immediately below the Navigation CIE in the uppesiTuronian, and the
HO Kiokansium unituberculatum immediately above the Navigation CIE in the lower
Coniacian (Olde et al., 2015a) are unrepresentthaps due to the very limited stratigraphic

range of the Polish section, which is largely coed to the Navigation CIE interval (Fig. 2).

3.2. Palaeoenvironmental interpretation

The dinoflagellate cyst assemblages at Stupia Nadha are characterised by low
abundances, low species richness and diversity,aandbsence of peridinioid taxa, which
typify environments with elevated nutrient levela¢obsen and Anderson, 1986; cf. Olde et
al., 2015b). The dinoflagellate cyst tax@ndistinctum subspdistinctum is placed within the

Areoligeraceae, a family that is usually consideieettave inner-neritic and reduced salinity
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environmental affinities (e.g. Batten, 1982; Harletral., 1990; Wilpshaar and Leereveld,
1994; Leereveld, 1995; Pearce, 2000%urculosphaeridium longifurcatum has also been
previously attributed an inner-neritic affinity @ee, 2000; Pearce et al., 2003).

Foraminiferal assemblages at Stupia Nadbraeshow a dominance of benthic species
(~80 %) in the upper Turonian (Fig. 3), with a ghone sample) increase in planktonic taxa
at the Turonian — Coniacian boundary (~45 %), abekieh planktonic forms become even
rarer, making up less than 10 % of foraminiferacmens in the Coniacian (Walaszczyk and
Peryt, 1998; Walaszczyk et al., 2010). This comdratrongly with the Salzgitter-Salder
succession, where planktonic taxa constitute >56f%me foraminiferal assemblage in the
uppermost Turonian, increasing through fle scupini Zone to ~90 % across the stage
boundary and throughout the lower Coniac@nerectus Zone (Walaszczyk et al., 2010).
Low planktonic/benthic ratios at Stupia Nadbma support an inner-neritic setting for the
area at that time.

The Stupia Nadbrzma section is poorly exposed and weathered, offetime
possibility that the observed palynological andcastous microfossil assemblages are not
solely a product of the depositional environmenit, imay have been modified by diagenesis
and/or weathering. Different dinoflagellate cysésies respond differently to oxidation, with
some being very sensitive and others being vengteed (Zonneveld et al., 1997). Modern
dinoflagellate cysts most vulnerable to degradatwe often produced by heterotrophic
peridinioid species (Zonneveld et al., 1997, 2008)e absence of peridinioid cysts could
therefore be an artefact of preservation: mostwe®a forms identified are large and robust.
However, Zonneveld et al.’s (1997, 2008) studiesussed on Cenozoic peridinioid cysts
within the Congruentidiaceae family; there is dititvidence to suggest that this selective

preservation applies equally to Late Cretaceousdiparids. On balance, the lack of
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peridinioid specimens in the Stupia Nadlirzz section is considered to most likely reflect the
depositional environment.

The combination of low dinoflagellate cyst specreshness and diversity, and an
absence of peridinioid forms suggest stressed patagronmental conditions. The lack of
peridinioids, in particular, indicates an oligothip depositional environment. The prevalence
of C. distinctum subsp.distinctum and benthic foraminifera suggests a relativelyllsha
water ‘inner-shelf’ setting for Stupia Nadbézea during the late Turonian. However, the lack
of terrestrial palynomorphs is not typical of sué@m environment. The most likely
interpretation therefore is of a shoal setting withn extensive shallow epicontinental sea.
Rising sea levels accompanying the Turonian ewgsthtghstand limited siliciclastic
sedimentation in Poland to the margins of FennasieafKrassowska, 1997; Walaszczyk in
Voigt et al., 2008), in the vicinity of Gdak (Fig. 1). Stupia Nadbrzea, situated more than
300 km to the SE, was sufficiently far from anydarass to account for the lack of terrestrial
palynomorphs.

The influx of S longifurcatum over theC. waltersdorfensis Event is coincident with a
minor negative5'*C excursion that may be indicative of a short-tea-level fall at this
level. This suggests that the relative abundancg& bdngifurcatum is negatively correlated
with local sea level (i.e., it becomes more abuhdiaming times of lowered sea levellhe
subsequent ~0.5 %o positi¥e2C excursion is coupled with@ longifurcatum minimum, and
peaks in foraminifera planktonic/benthic ratio atdoflagellate cyst diversity (Fig. 3). These
features likely reflect a short-term transgressioimcident with the base Coniacian, as noted

also in the Czech Republic (diiy, et al. 2014; Jarvis et al., 2015; Olde et2415b).



216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

Olde et al. / Cretaceous Research ** (2016) ** - **

4. Conclusions

Palynological investigations of the prospective druan — Coniacian GSSP at Stupia
Nadbrzena reveal an assemblage dominated by well-presemgathic walled dinoflagellate
cysts, though abundance, species richness andsitfvere low. Due to the paucity of
palynomorph species, few datum levels are of katigiiaphic utility. These include the
highest occurrence ofenoniasphaera turonica in the lowest ConiaciarfCremnocermaus
deformis erectus Zone and, potentially, a dinoflagellate cyst alammk maximum in the
uppermost Turonia@remnocer maus walterdorfensis walterdorfensis Zone.

Palynological results suggest a relatively shalleater pelagic environment for the
Stupia Nadbrzena Turonian — Coniacian boundary sediments, thaliggenetic overprinting
or weathering evidenced by stable-isotope resuliy also have affected the assemblages.
Oligotrophic conditions in a distal epicontinenssa, remote from terrestrial influence, are
indicated by the low dinoflagellate cyst diversign absence of peridinioid species, and a

paucity of terrestrial palynomorphs.
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Appendix A. Specieslist

List of dinoflagellate cyst species identified frofaronian — Coniacian boundary interval in
the Stupia Nadbrzma section. Numbers refer to order of speciesedott Fig. 4. Selected
species are illustrated in Fig. 5. Numerical date Bsted in Appendix B. Taxonomic
references are given in Fensome et al. (2008) aadcP et al. (2011).

10. Cassiculosphaeridia reticulata Davey, 1969

1. Circulodinium distinctum subsp.distinctum (Deflandre and Cookson, 1955) Jansonius,
1986

15. Exochosphaeridium phragmites Davey et al., 1966

8. Florentinia buspina (Davey and Verdier, 1976) Duxbury, 1980

17.Florentinia cooksoniae (Singh, 1971) Duxbury, 1980; emend. Duxbury, 1980

5. Florentinia mantellii (Davey and Williams, 1966) Davey and Verdier, 1973

6. Florentinia spp.

16. Hystrichosphaeridium bowerbankii Davey and Williams, 1966

11. Hystrichosphaeridium recurvatum (White, 1842) Lejeune-Carpentier, 1940

7. Odontochitina operculata (Wetzel, 1933) Deflandre and Cookson, 1955

2. Oligosphaeridium complex (White, 1842) Davey and Williams, 1966

13. Oligosphaeridium poculum Jain, 1977

12. Pervosphaeridium spp.

18. Senoniasphaera turonica (Prossl, 1990 ex Prossl, 1992) Pearce et al., 2011

3. Spiniferites ramosus subspramosus (Ehrenberg, 1838) Mantell, 1854

4. Surculosphaeridium? longifurcatum (Firtion, 1952) Davey et al., 1966

9. Tanyosphaeridium spp.

14. Xenascus ceratioides (Deflandre, 1937) Lentin and Williams, 1973

11
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Appendix B. Numerical palynological data from the Turonian -n@gian boundary interval

at Stupia Nadbrzana.
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Figure Captions
Fig. 1. Location of the Stupia Nadbrzea and Salzgitter-Salder candidate GSSP sectiahs an

Turonian palaeogeography of central Europe. Mappaiech from Voigt et al. (2008).

Fig. 2. Stratigraphy, key inoceramid bivalve ranges, masl events, unsmoothed carbon
stable-isotope profiles, and correlation of the ohimn — Coniacian boundary interval
between the Salzgitter-Salder (Germany) and Stiaidbrzena (Poland) section€ww =

Cremoceramus walterdorfensis walterdorfensis. LO = lowest occurrence. Compiled from

Walaszczyk et al. (2010).

Fig. 3. Carbon and oxygen stable-isotope profiles, fordema planktonic / benthic (P/B)
ratio, and organic walled dinoflagellate cyst abamzk, species richness and diversity
through the Turonian — Coniacian boundary interaglStupia Nadbrzana. Cream band
indicates extent of the Navigation Carbon Isotoperi (CIE) of Jarvis et al. (2006); blue
bands are inoceramid bivalve events. The recopteition of the ammonit&orresteria
(Harleites) petrocoriensis is indicated (arrow). Numbered circles indicatsipons of stable-
isotope samples; filled circles are samples thaeveelditionally processed for palynology.
Coloured dots and thin joining lines show data gajuhicker coloured lines are three-point
moving averages (except for lower resolution forafara data). LO = lowest occurrence.
Lithology and biostratigraphy after Walaszczyk awdod (1998), Kennedy and Walaszczyk

(2004) and Walaszczyk et al. (2010).

Fig. 4. Range chart of dinoflagellate cyst species iditifin the Stupia Nadbrzea
Turonian — Coniacian boundary section. Dinoflagelleyst relative abundances are given as
a percentage of specimens of each species in aesaNute the different abundance scales
used for the four dominant taxa (blue shaded m@wfilleft) and other species (right).

Potentially significant dinoflagellate cyst biogtggaphic datum levels are indicated. Cream
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band indicates extend of the Navigation CIE; blaads are inoceramid bivalve events. LO =
lowest occurrence; HO = highest occurrence. Litgpland inoceramid biostratigraphy after

Walaszczyk et al. (2010). Selected species argtiiited in Fig. 5.

Fig. 5. Selected dinoflagellate cyst species identifieanfthe Turonian — Coniacian boundary
interval at Stupia Nadbrzea. 1,Tanyosphaeridium sp., sample 2, 0.25 m. Senoniasphaera
turonica, sample 16, 3.75 m. Florentinia mantellii sample 1, 0 m. 4Qligosphaeridium
complex, sample 4, 0.75 m. Jurculosphaeridium longifurcatum, sample 14, 3.25 m. 6,
Soiniferites ramosus subsp.ramosus, sample 17, 4.0 m. TCirculodinium distinctum subsp.
distinctum, sample 16, 3.75 m. 8assiculosphaeridia reticulata, sample 4, 0.75 m. 9,
Oligosphaeridium poculum, sample 20, 4.75 m. 18grvosphaeridium sp., sample 12, 2.75 m.

11, Odontochitina operculata, sample 1, 0 m. 20m scale-bar is used for all photos.
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Organic-walled dinoflagellate cysts have been recovered from the Turonian -
Coniacian candidate GSSP

All samples yielded abundant well-preserved specimens enabling quantitative
analysis

Assemblages have low species richness and diversity, and are dominated by four
taxa; they include few biostratigraphic marker species

Terrestrial palynomorphs are poorly represented

Deposition occurred in a relatively shallow water pelagic environment in the
Eastern European epicontinental sea



