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Abstract 
 
Global Warming Induced by Oceanic Anoxic Event 1a Had a Pronounced Impact on the 
Early Cretaceous Terrestrial Vegetation of Southern Sweden 
Marcos Amores 
 
The Mesozoic is punctuated by several rapid global warming events that are marked by the worldwide 
deposition of organic-rich marine sediments. These events, known as oceanic anoxic events (OAEs), 
are characterised by intervals where the worldwide carbon cycle suffers a disruption due to major 
palaeoceanographic and climatic shifts, leading to anoxic marine environments and the creation of black 
shales. For this study, the Oceanic Anoxic Event 1a (OAE 1a), which occurred during the Early 
Cretaceous Aptian age (~120 Ma) was analysed. It was likely triggered by the Greater Ontong Java 
underwater volcanic event and is associated with major changes in marine environments and 
ecosystems, including nekton and plankton turnover, and sea water composition changes. The impact of 
this event on terrestrial land-based ecosystems is, however, less well understood. Here I document well-
preserved and diverse spore-pollen assemblages spanning OAE 1a from southern Sweden by examining 
the Höllviken I core.  
    Before the OAE, palynofloras are dominated by conifers, suggestive of a relatively mild and dry 
coastal environment. At the onset of the OAE a fern spike occurs, where there is a shift to early 
successional stage vegetation. Gymnosperm diversity and abundance sharply decrease, and the 
palynofloral assemblages become dominated by ferns, indicating a shift to warm and wet conditions. 
Gymnosperms gradually recover thereafter, but the formerly abundant conifer pollen Classopollis does 
not recover and remains rare. Dinoflagellate cysts and microforaminiferal test linings increase in 
abundance after OAE 1a, suggesting a higher degree of marine influence.  
    These findings show that OAE 1a had a substantial impact on the composition and diversity of high-
latitude terrestrial vegetation and marine plankton communities. 
 
Keywords: palynology, spore-pollen, biostratigraphy, oceanic anoxic event 1a, high-latitude, Early 
Cretaceous 
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Popular Scientific Summary 
 
Global Warming Induced by Oceanic Anoxic Event 1a Had a Pronounced Impact on the 
Early Cretaceous Terrestrial Vegetation of Southern Sweden 
Marcos Amores 
 
Modern climate change is characterised by global warming, owing to the introduction of greenhouse 
gases into the atmosphere, such as carbon dioxide. The increase in temperature leads to shifts in 
environmental conditions, such as the melting of permafrost and glaciers, or the expansion of deserts in 
places with little rainfall. Plants are deeply affected by these environmental changes, and some risk 
becoming rare or even go extinct. Plants are at the base of food-chains, and disturbances in their diversity 
or abundance could cause severe ecological consequences to all other dependant organisms.  
    Periods of climate change have occurred in Earth’s past, and times of major global warming can 
sometimes be recorded in the form of thinly-layered laminated rocks called shales, which are black in 
colour due to being rich in organic carbon. These black shales were formed during a period where oceans 
stayed poorly oxygenated, perhaps due to an overabundance of organisms that made use of it, and the 
events that caused these black shales are given the designation of oceanic anoxic events (OAEs). One 
such event happened in the Early Cretaceous (~120 Ma) called Oceanic Anoxic Event 1a (OAE 1a), 
which lasted for around a million years and caused major changes in marine ecosystems, such as the 
extinction of several swimming lifeforms. Here I document its effects on land in southern Sweden by 
examining the Höllviken I core. 
    Before OAE 1a the vegetation was mostly composed of conifers and the environment was coastal, 
relatively mild temperature-wise, and dry. Once OAE 1a occurred, the vegetation changed to one that is 
fern dominated, and the environment to one that is warm and wet. Although conifers show some 
recovery towards the end of the analysed section, their assemblage is different from the one found before 
OAE 1a. A higher degree of marine influence is seen after OAE 1a due to the increase in relative 
abundance of marine plankton, such as microforaminifera and dinoflagellates. 
    These findings show that OAE 1a had profound influence on the standing ecosystem in southern 
Sweden, with severe changes to the composition and diversity of high-latitude terrestrial plants and 
marine communities. 
 
Keywords: palynology, spore-pollen, biostratigraphy, oceanic anoxic event 1a, high-latitude, Early 
Cretaceous 
 
Degree Project E1 in Earth Science, 1GV025, 30 credits 
Supervisors: Sam Slater and Ben Slater 
Department of Earth Sciences, Uppsala University, Villavägen 16, SE-752 36 Uppsala (www.geo.uu.se) 
 
ISSN 1650-6553, Examensarbete vid Institutionen för geovetenskaper, No. 548, 2022
 
The whole document is available at www.diva-portal.org 
  



Table of Contents 
 

1. Introduction ....................................................................................................................................... 1 

1.1. Hypothesis .................................................................................................................................... 1 

1.2. Aims ............................................................................................................................................. 1 

2. Background ........................................................................................................................................ 2 

2.1. Early Cretaceous of Sweden ......................................................................................................... 2 

2.2. Oceanic Anoxic Events ................................................................................................................ 4 

2.2.1. Early Aptian Oceanic Anoxic Event 1a (OAE 1a) ................................................................ 5 

2.3. Palynology .................................................................................................................................... 6 

2.3.1. Spores and pollen from land plants ....................................................................................... 6 

2.3.2. Acritarchs, dinoflagellate cysts, and microforaminiferal test linings .................................... 7 

2.4. Study site - Höllviken I, southwest Skåne (Scania), Sweden ....................................................... 8 

2.4.1. Geological setting and stratigraphy ....................................................................................... 8 

2.4.2. Previous work ...................................................................................................................... 11 

3. Materials and methods .................................................................................................................... 12 

3.1. Sample preparation ..................................................................................................................... 12 

3.2. Palynological analysis ................................................................................................................ 12 

3.2.1. Data collection ..................................................................................................................... 12 

3.2.2. Palynomorph identification and botanical affinity .............................................................. 13 

3.3. Data analysis .............................................................................................................................. 13 

4. Results .............................................................................................................................................. 14 

4.1. Palynostratigraphy ...................................................................................................................... 14 

4.2. Palaeovegetation ......................................................................................................................... 15 

4.3. Depositional environment .......................................................................................................... 17 

5. Discussion ......................................................................................................................................... 19 

5.1. Potential biases ........................................................................................................................... 19 

5.2. Regional palynofloral comparisons ............................................................................................ 19 

5.3. Terrestrial effects of OAE 1a ..................................................................................................... 20 

5.3.1. Two extinction episodes ...................................................................................................... 20 

5.3.2. Delayed terrestrial expression ............................................................................................. 20 

5.3.3. Vegetation and climate changes .......................................................................................... 21 

5.3.4. Depositional environment interpretation ............................................................................. 22 

5.3.5. Comparison with other localities ......................................................................................... 22 

5.4. Future work ................................................................................................................................ 23 

6. Conclusions ...................................................................................................................................... 24 

7. Acknowledgements .......................................................................................................................... 25 



8. References ........................................................................................................................................ 26 

9. Appendix A: Systematic palaeopalynology ................................................................................... 36 

9.1. Bryophyta ................................................................................................................................... 36 

9.2. Lycophyta ................................................................................................................................... 37 

9.3. Pteridophyta ............................................................................................................................... 39 

9.4. Gymnospermae ........................................................................................................................... 44 

9.4.1. Non-saccate ......................................................................................................................... 44 

9.4.2. Monosaccate ........................................................................................................................ 48 

9.4.3. Bisaccate .............................................................................................................................. 49 

9.5. Dinoflagellata ............................................................................................................................. 51 

10. Appendix B: Plates of identified palynomorphs ......................................................................... 54 

11. Appendix C: Table with abundance values................................................................................. 60 

 

 



1 
 

1. Introduction 

Records of previous climate change are preserved in sedimentary rocks. Information that could assist 

the scientific community in predicting the long-term consequences of current climate change can 

therefore be ascertained by studying the records locked in these sedimentary archives. 

    The Early Cretaceous epoch (~145–100.5 Ma) is punctuated, at times, by bouts of intense global 

warming, followed by global oceanic anoxia (Jenkyns, 2010). The Aptian stage (~121.4–113 Ma) is 

marked by one such event – named Oceanic Anoxic Event 1a (OAE 1a) – with a prominent indicator of 

its impact being the worldwide deposition of black shales rich in organic carbon. Although this event is 

well studied regarding the marine effects, few studies have examined the impacts on terrestrial 

ecosystems, and none at palaeolatitudes as high as those of southern Sweden during the Early 

Cretaceous. 

    Sweden has, in its southwest territory, rock formations that are dated to the Aptian (Bergström et al., 

1982), and this thesis attempts to elucidate the effects that OAE 1a had in terrestrial environments, using 

the fossil record of spores and pollen from land plants. 

1.1. Hypothesis 

OAE 1a had a substantial impact on the marine realm, as shown by changing deep water oceanic 

chemistry (Bauer et al., 2022), collapse of shallow-water benthic communities (Giraldo-Gómez et al., 

2022), and even on land, with increased contents of total organic carbon being found in lacustrine 

systems (Zhang et al., 2021).  

    The terrestrial impacts of OAE 1a are, however, poorly understood. Did vegetation change happen, 

and at what degree? The effects of modern global warming are known to be more pronounced at greater 

latitudes (Hughes, 2000), so would the impact of OAE 1a on the high-latitudinal palaeovegetation in 

southern Sweden be expressed to a greater extent as well? 

1.2. Aims 

The primary aim of this thesis is to investigate the degree of vegetation change, using palynology, 

throughout OAE 1a from a high-latitude locality. Secondarily, I aim to use this palynological data to 

improve depositional environmental interpretations and biostratigraphical dating of the examined 

sediments. 
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2. Background 

2.1. Early Cretaceous of Sweden 

The Early Cretaceous (~145–100.5 Ma) is an epoch in Earth’s geological history marked by the 

continued breakup of the Pangaea supercontinent (Fig. 1), and was characterised by an intensified rate 

of oceanic crustal spread and intermittent episodes of oceanic anoxia with worldwide expression 

(Föllmi, 2012). At this time, global climates were in a greenhouse state, polar regions were likely ice-

free, at least during summer months, and rifting and underwater volcanic activity led to fluctuating sea-

levels (Föllmi, 2012).  

Figure 1. Palaeogeographic map of Earth during the Aptian, Early Cretaceous (120 Ma). Mollweide projection, 
with the equator represented as a thin black line. Shallow marine environments are those where there is some 
degree of incident light (down to ~1000 m in depth). Sweden is located inside the trapezoid over Europe, the 
borders of which correspond with the map in Figure 2 (Adapted from Kocsis & Scotese, 2021). 

   Sweden was situated at latitudes of 45–60°N (Fig. 2). A comparatively mild latitudinal temperature 

gradient was present during the Early Cretaceous (Naafs & Pancost, 2016), and sea surface temperatures 

in nearby locations were around 25°C, but reached as high as 34 °C during humid periods of intense 

greenhouse conditions, such as those found in the early phase of the OAE 1a (~120 Ma) (Mutterlose et 

al., 2014). The Aptian was punctuated by transgressive-regressive episodes (Cors et al., 2015; Jenkyns, 

2018; Deconinck et al., 2021), with high-sea levels leading to the formation of epicontinental seas that 

submerged great portions of Europe (Fig. 2) (Kocsis & Scotese, 2021). 

[ Continental environments
Shallow marine environments
Deep marine environments

Pacific
Ocean

South TetnysAfrica
America Ocean
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Figure 2. Palaeogeographic map of Europe during the Aptian, Early Cretaceous (120 Ma). Orthographic 
projection. Location of study is represented by a star (★) (Adapted from Kocsis & Scotese, 2021). 

    The Early Cretaceous was also a time of developing biogeographical provincialism of palaeofloras 

(Traverse, 2007, pp. 369–373). Three major floral provinces are known based on associations of spores 

and pollen (Herngreen et al., 1996):  

i. Boreal – From 90°N to 30°S; encompassing Asia, Europe, and North America. 

ii. WASA (West African South American)  – From 20°N to 30°S; encompassing the northern half 

of Africa and South America. 

iii. Gondwana – From 30°S to 90°S; encompassing Antarctica, Australia, India, and the southern 

half of Africa and South America. 

    Sweden was part of the Boreal province, which comprised mainly conifer pollen (e.g., 

Perinopollenites, Cerebropollenites, Classopollis) and some pteridophyte spore taxa (e.g., 

Deltoidospora, Gleicheniidites) (Vajda, 2001). 
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2.2. Oceanic Anoxic Events 

The concept of oceanic anoxic events (OAEs) was introduced by Schlanger & Jenkyns (1976), after 

they correlated Cretaceous black shales from Europe to those found in the seafloor of the Pacific Ocean. 

Today, OAEs are recognised by the extensive geographical deposition of black shales and an associated 

negative excursion in stable carbon isotope (δ13C) values (Jenkyns, 2010). There are two stable isotopes 

of carbon: carbon 12 (12C), which makes up ~99% of all carbon on Earth, and carbon 13 (13C), which 

makes up ~1% (Criss, 1999). Organisms are therefore more likely to use 12C, so when there is a negative 

δ13C excursion it signifies that more 12C remains in the ocean-atmosphere system. This can indicate a 

period where organic matter was being buried at a higher rate, with 12C not being fixated as much as 

before by plants or other organisms capable of it, though it can also be due to volcanic or methanic 

sources inserting new carbon dioxide into the system instead (Socorro & Maurrasse, 2020). Four 

Mesozoic OAEs that have warranted significant attention due to their widespread occurrence are: 

i. Toarcian Oceanic Anoxic Event (T-OAE) – Jenkyns event, ~183 Ma, early Toarcian (Jenkyns, 

1988) 

ii. Oceanic Anoxic Event 1a (OAE 1a) – Selli event, ~120 Ma, early Aptian (Coccioni et al., 1987) 

iii. Oceanic Anoxic Event 1b (OAE 1b) – Paquier event, ~111 Ma, early Albian (Bréhéret, 1985) 

iv. Oceanic Anoxic Event 2 (OAE 2) – Bonarelli event, ~93 Ma, Cenomanian–Turonian (Schlanger 

et al., 1987) 

    Oceanic anoxic events often initiate during periods of intense global warming (Fig. 3), owing to the 

introduction of vast quantities of greenhouse gases into the atmosphere, namely carbon dioxide and 

methane (Jenkyns, 2010). OAEs are characterised by an accelerated hydrological cycle, where increased 

precipitation leads to the eutrophication of bodies of water by the accumulation of nutrients derived 

from the weathering of continental rocks (Fig. 3) (Jenkyns, 2010). The greater availability of nutrients 

prompts the growth in primary production, and in turn leads to an increase in the quantity of organic 

matter, as evidenced by enhanced levels of marine carbon burial (Jenkyns, 2010).  

    The dissolved oxygen concentrations in the water slowly decrease in virtue of the decay of high 

amounts of organic matter, likely sourced from phytoplankton blooms, and because the capacity for  

seawater to hold dissolved oxygen reduces as its temperature rises (Rounds et al., 2006). As these 

conditions persist, there is an increased chance that the waters become oxygen depleted, turning anoxic 

and leading to the deaths of many marine aerobic organisms (Jenkyns, 2010). The standing trophic 

chains collapse, and in their stead a redox environment would emerge, characterised by bacterial 

sulphate reduction and the precipitation of pyrite, followed by the sequestration of carbon dioxide from 

the organic-rich medium, and ultimately to the creation of black shales (Fig. 3) (Jenkyns, 2010). This is 

a form of long-term carbon storage, where carbon is removed from the ocean-atmosphere system by its 

burial in the sea floor, and not simply recycled as is the case of photosynthetic plants and other organisms 
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fixating carbon in the form of glucose and then transforming it (e.g., cellulose, fructose, or starch), which 

is then consumed by animals. 

    Thousands to hundreds of thousands of years later the sequestration of carbon dioxide may lead to a 

lowering in carbon dioxide levels and a period of cooling-down (Jenkyns, 2010). As water slowly 

resaturates in oxygen, complex trophic chains re-emerge which enable carbon export to the deep sea and 

into marine sediments. Eventually the carbon cycle normalises, marking the end of the OAE (Jenkyns, 

2010). 

Figure 3. Simplified illustration of the oceanographic changes in shallow marine environments during an OAE 
based on the information provided by Jenkyns (2010). 

 

2.2.1. Early Aptian Oceanic Anoxic Event 1a (OAE 1a) 

The early Aptian Oceanic Anoxic Event 1a (OAE 1a) occurred ~120 Ma ago and lasted for 1.11 ± 0.11 

Ma (Malinverno et al., 2010). Metal stable isotope data evidence that it was triggered by the Greater 

Ontong Java volcanic event (Tejada et al., 2009; Percival et al., 2021) and that during this period, carbon 

dioxide levels doubled and global sea surface temperatures increased on average by 2–4 °C (Naafs & 

Pancost, 2016). At palaeolatitudes close to the study site in southern Sweden the sea surface temperature 

increased by ~4–9 °C, reaching up to ~31–34 °C (Mutterlose et al., 2014).  

    OAE 1a has been related to turnover episodes of marine fauna and plankton communities (Najarro et 

al., 2011; Ando et al., 2022; Giraldo-Gómez et al., 2022), warming and cooling episodes (Jenkyns, 2018; 

Bodin et al., 2021; Huck & Heimhofer, 2021), widespread carbon emissions and organic carbon 

deposition (Adloff et al., 2020; Fu et al., 2020; Pietzsch et al., 2020; Socorro & Maurrasse, 2020; 

Deconinck et al., 2021; Zorina, 2022), and influence on seawater composition (Martínez-Rodríguez et 

al., 2021; Bauer et al., 2022).  
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    Few studies have been conducted on the impacts of OAE 1a in terrestrial environments (Hochuli et 

al., 1999; Heimhofer et al., 2003, 2004, 2006; Cors et al., 2015; Unida & Patruno, 2016), and none so 

far at palaeolatitudes above ~40° N. 

2.3. Palynology 

Palynology involves the study of organic-walled microfossils that are 5–500 μm in size (Traverse, 2007, 

pp. 1–2). Such fossils encompass a wide range of taxa (Traverse, 2007, pp. 4–12); here I investigate 

spores and pollen from terrestrial plants, dinoflagellate cysts, microforaminiferal test linings, and 

acritarchs. 

    The preservation of organic-walled microfossils, also known as palynomorphs, is principally due to 

being composed of resistant and chemically inert organic compounds, namely sporopollenin in plant 

spores and pollen, dinoflagellates, and acritarchs, and chitin in the case of microforaminifera (Traverse, 

2007, pp. 55–58).  

2.3.1. Spores and pollen from land plants 

Embryophytes are the clade of complex multicellular eukaryotes comprising all plants living in 

continental (terrestrial) environments (e.g., see Wellman & Strother, 2015). Embryophytes have a rich 

fossil record stretching back to the Silurian Period and comprising fossils of various macroscopic plant 

structures and anatomy, and also a substantial record of fossilised microscopic spores and pollen. In 

palynological preparations, fossil plant spores and pollen are usually found squashed or contorted, with 

variable levels of carbonisation, which gives them a colour that can fluctuate from pale yellow to orange 

to black under transmitted light (Traverse, 2007, p. 90). 

    Fossil spores and pollen are normally divided into four types by virtue of their underlying 

morphology, relating to the spores and pollen of bryophytes, pteridophytes, gymnosperms, and 

angiosperms (Traverse, 2007, pp. 77–84).  

    Bryophytes (including extant mosses, liverworts, and hornworts) are non-vascular plants whose life 

and reproductive cycles are dependant on wet/humid environments (Traverse, 2007, p. 77). Their spores 

are often trilete, having a Y-shaped scar that marks the contact point with the original tetrad of spores 

located inside the bryophyte’s sporangium, though some are monolete and have an I-shaped scar instead, 

and others (alete) have no discernible scar at all (Traverse, 2007, p. 80). Bryophyte spores are generally 

relatively small (around 25 μm in diameter) in comparison to the other three types of embryophytic 

spores and pollen.  

    Pteridophytes (including ferns, horsetails, and lycophytes) are all the vascular plants that produce 

spores, and do not produce true seeds (Traverse, 2007, p. 80). As in the case of bryophytes, the spores 

of most pteridophytes are isosporous – with male and female spores being alike – and often bearing a 

trilete mark (with some being monolete or alete) (Traverse, 2007, pp. 80–81). Furthermore, their 

reproductive cycle requires the presence of water, but not to the same extent as bryophytes (Traverse, 



7 
 

2007, pp. 80–81). In contrast to bryophytes, their morphologies and size vary greatly, with some extinct 

and extant forms producing arborescent tree-sized organisms during part of their life cycle. 

    Gymnosperms (including conifers, cycads, ginkgoes, and gnetales) are seed-producing plants. They 

are exclusively heterosporous – with distinctive male (microspore) and female (megaspore) spores – 

and their reproductive cycle has the additional step of retaining the fertilised embryo inside the female 

gametophyte (Traverse, 2007, pp. 81–82). This allows for the development of a sac – made from the 

remains of the female gametophyte that surrounds the embryo – leading to the generation of a seed 

(Traverse, 2007, p. 82). This feature grants the embryo food and protection and allows it to survive for 

greater lengths of time before sprouting or dying (Walters & Keil, 1996, pp. 121–125). Although the 

embryo sac (female, megagametophyte) can only be found in situ with the plant it produced, the pollen 

grain (male, microgametophyte) is motile, allowing it to be found dispersed over geographic areas and 

therefore observable in palynological preparations. As a fossil, pollen grains only retain their exine and 

are usually sulcate – sporting an elongated latitudinal aperture at the distal or proximal pole – with a 

varying number of air sacs (e.g., monosaccate, bisaccate) (Traverse, 2007, p. 82). 

    Angiosperms (magnoliids, monocots, eudicots) differ from gymnosperms in having their seeds 

enclosed by carpel walls –  the female reproductive part of a flower – which later develops into a fruit 

(Traverse, 2007, pp. 82–84). This novelty eventually permitted them to form a symbiotic relationship 

with animals, mostly insects which subsequently co-evolved with the angiosperms, leading angiosperms 

to become an ubiquitous flora in various parts of the world today, and one hundred times more diverse 

than extant gymnosperms (Traverse, 2007, pp. 82–84). In the fossil record, the first irrefutable 

angiosperms are dated to the Early Cretaceous (132 Ma) (Soltis et al., 2008) and are purported to have 

arrived at latitudes of around 45°N – the palaeolatitude of the studied section in southern Sweden – 

around the middle Albian (~108 Ma) (Hickey & Doyle, 1977, pp. 64–65). For this reason, and because 

the thesis has a focus on strata of around Aptian age (~120 Ma) the chance of finding angiosperm pollen 

is considerably low, and in the case that any are found, they are expected to be small (around 20 μm) 

and simple monosulcates, as in the case of Clavatipollenites Couper, with morphologies virtually 

identical to that of gymnosperms under transmitted light microscopy. Nevertheless, through the use of 

transmission electron microscopy, it is possible to distinguish these earliest forms apart by looking at 

their exine structure, with angiosperms having tectate/columellate exines and gymnosperms being either 

granular or alveolate (bryophytes and pteridophytes are atectate) (Traverse, 2007, pp. 353–355).  

2.3.2. Acritarchs, dinoflagellate cysts, and microforaminiferal test linings 

Often associated with terrestrial palynomorphs are a range of aquatic lifeforms, the remains of which 

are present in palynological preparations if the depositional environment at the time had any degree of 

marine influence (Traverse, 2007, p. 525).  

    Acritarchs encompass an informal polyphyletic group of vesicular organic-walled microfossils of 

uncertain origin (Servais et al., 2004). The term was coined by Evitt (1963) to replace the now defunct 
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term hystrichospheres (spiny sphere) after successfully reclassifying several types as dinoflagellates, 

and assigning whichever forms remained unclassified as acritarchs. Acritarch affinity is a complex 

subject matter. Most Proterozoic and Palaeozoic acritarchs are thought to be stem dinoflagellates 

(Servais et al., 2004) or the remains of other algal relatives (Vidal & Moczydłowska-Vidal, 1997; 

Wellman & Strother, 2015), with some believed to be cyanobacteria, fungi, and metazoan in origin 

(Retallack, 2015; Navidi-Izad et al., 2020). Acritarchs appear in palynological preparations in a myriad 

of shapes and sizes, however, for this study they were grouped into two overarching morphogroups: 

spiny (acantomorphs) and smooth (sphaeromorphs).  

    Unambiguous dinoflagellates appear in the fossil record during the Early Triassic and are 

characterised by the presence of two flagella, an opening called the archeopyle, and a horizontal 

cingulum that encircles the dinoflagellate (Evitt, 1985; Fensome et al., 1996; Traverse, 2007, p. 11). 

Although they are a diverse and abundant group today, in the fossil record only those that have an 

encysted, non-motile stage, are readily preserved (Evitt, 1985; Traverse, 2007, pp. 327–329). 

    Foraminifera are unicellular, eukaryotic organisms that produce a resistant test made of calcium 

carbonate or agglutinated material, from which ectoplasm emanates that serves the function of obtaining 

nourishment from the seabed, if benthic, or the water column, if planktic (Dowsett, 2007; Binczewska 

et al., 2014). While the tests are dissolved by palynological preparations, the chitinous inner linings of 

foraminifera are maintained. Due to their small size they are also called microforaminifera, and are 

difficult to ascertain taxonomically (Mathison & Chmura, 1995; Traverse, 2007, p. 12). 

2.4. Study site - Höllviken I, southwest Skåne (Scania), Sweden 

A series of drillings were carried out by the Sveriges geologiska undersökning (Swedish Geological 

Survey) between 1938 and 1950 in southwest Skåne (Scania) (Brotzen, 1945, 1950). The study site 

(55°25'26"N 12°57'11"E) corresponds to the first drilling made in Höllviken, which lasted until February 

1943 and reached a depth of 1415 m (Brotzen, 1945, p. 3). 

2.4.1. Geological setting and stratigraphy 

Southwest Scania has a rich geological and tectonic history (Fig. 4) (Bergström et al., 1982). The 

transition between the Jurassic and Cretaceous is hard to pin-point due to the presence of Wealden facies 

comprised of sand-clay intercalations that were deposited in continental environments (Bergström et al., 

1982, pp. 15–20). While the Lower Cretaceous measures ~200 m in thickness and is generally made up 

of sandstones (some glauconitic) and shales, the Upper Cretaceous is mostly calcareous, with some 

influx of clays and sandstones, and tectonic movements led to a succession of stata that is ~1100 m thick 

(Bergström et al., 1982, pp. 15–20).  
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Figure 4. Geological map of southern Sweden showing the Höllviken I borehole where material was collected. 
Bedrock types are represented in corresponding chronostratigraphical units. The red line traces the path where a 
seismic survey was done to investigate the underlying stratigraphy, seen in Figure 5. The original map this 
illustration is based on belongs to the Geological Survey of Sweden (www.sgu.se), which is freely available at a 
1:500 000 scale. 

 

2

LO

O
o
LO
LD

r\iro
LO

o
LO 5 kmLO

12°41'23" E

Chronostratigraphy
I | Quaternary

I | Cretaceous
| | Jurassic (Rhaetian to Tithonian)
| | Triassic
| | Silurian

I I Ordovician
| | Cambrian (Cambrian to Tremadocian)
| | Ediacaran (Ediacaran to Cambrian)
| | Mesoproterozoic

I I Palaeoproterozoic

14°26'4" E

Features
•Borehole
0 Settlement

Present coastline
\ Seismic survey



10 
 

Höllviken itself is situated over a half-graben, with Palaeocene–Eocene sedimentary rocks overlaying 

the ~1300 m thick succession of Cretaceous material (Fig. 5) (Bergström et al., 1982, p. 43; Lindström 

et al., 2017). 

 

Figure 5. Geological successions obtained through seismic data. The studied interval is marked as a white square 
(Adapted from Lindström et al., 2017). 

Between the depths of 1300–1251 m there is material of Barremian–Aptian–Albian age (Brotzen, 1945, 

pp. 6–11). The stratigraphy in this interval is as follows, from oldest to newest (Fig. 6):  

i. Below 1299.75 m: black shales with sandy inclusions, with no macrofossils nor calcareous 

microfossils present. 

ii. 1299.75–1299.65 m (0.10 m): the lower part has a thin 3 cm layer of sandstones containing 

phosphorescent balls, and hybodont scales and teeth belonging to Hybodus basanus Egerton 

and H. parvidens Woodward, which are overlayed by a thinner, 2 cm layer of black clayey slate, 

and finally by a 5 cm dark grey, very clayey sandstone layer with glauconitic grains. 

iii. 1299.65–1296.40 m (3.25 m): black clayey shales that are barren in macrofossils and contain 

some mudstone geodes with lead sheen. 

iv. 1296.40–1292.87 m (3.53 m): partially sandy black shales, and there is presence of foraminifera. 

v. 1292.87–1291.90 m (0.97 m): dark, almost black glauconitic rock that is slightly sandy and 

calcareous. 

vi. 1291.90–1285.45 m (6.45 m): clearly stratified black shales containing the ammonite species 

Prodeshayesites bodei (von Koenen) Casey and Deshayesites cf. deshayesi (Leymerie) 
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vii. 1285.45–1285.41 m (0.04 m): dark green clayey sandstones. The lower boundary with the black 

shales has evidence of bioturbation due to the presence of worm tubes that are filled with light-

coloured sand.  

viii. 1285.41–1285.25 m (0.26 m): light green sandstone with some clay. 

ix. 1285,25–1284.57 m (0.68 m): dark grey to green sandstones with clay lanes and worm pipes 

filled with clay. 

x. 1284.57–1270.00 m (14.57 m): clayey, glauconitic sandstone that is often slightly calcareous. 

xi. Above 1270.00 m: loose sandstone and sand, with low levels of glauconite. The core is 

incomplete in this section. 

Figure 6. Stratigraphic chart of Höllviken I at the depth interval where material was retrieved. 

 

2.4.2. Previous work 

The Höllviken I core was previously investigated by the following researchers: Forchheimer (1968), 

who made a report on the coccolithophores present between the depths of 1235–1213 m; Westin (1992), 

who wrote a doctoral thesis on the dinoflagellate cyst content between the depths of 1286–1002 m, and 

who interpreted the interval as Albian to Santonian in age; Larsson et al., (2000), who studied the 

foraminifera present at 1235–1192 m and attributed the age interval as Cenomanian to Coniacian. 

    Brotzen (1950) also examined the contents of a second core – Höllviken II – drilled 2.5 km south. 

Vajda (2001), in a palynological analysis, interpreted its 1319–1179 m interval as being Aalenian to 

Cenomanian in age. More recently, Lindström et al., (2017) investigated the spore-pollen assemblages 

between 1798–1373 m, and interpreted this interval as being Middle Triassic to lowermost Jurassic. 
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3. Materials and methods 
The illustrations (Figs. 1–6) and biostratigraphic chart (Fig. 8) were created with Inkscape version 1.1 

(Inkscape Project, 2022). 

3.1. Sample preparation  

From the Höllviken I core, 11 rock samples were collected (Fig. 8). Their depths range from 1299–1262 

metres, which assigns them an age interval of Upper Barremian to Albian (Brotzen, 1945, p. 6). From 

each sample ~10 g of rock was processed following a standard palynological protocol that employs acid 

maceration with hydrochloric and hydrofluoric acids (Vidal, 1988; Riding, 2021). The resulting residue 

was subsequently washed and sieved with a 10 µm mesh size sieve, spread throughout, and finally 

mounted with epoxy resin on glass slides (Fig. 7). All slides are stored at the Naturhistoriska riksmuseet 

in Stockholm, Sweden. 

 

Figure 7. The eleven prepared slides. 

 

3.2. Palynological analysis 

3.2.1. Data collection 

The slides were analysed using a Leica DM750 transmitted light microscope (Leica Microsystems, 

2022) at 400× magnification. A total of 14475 photographs were taken with a Xiaomi Poco F3 mounted 

on a Seben DKA5 smartphone adaptor. Multiple photographs were taken of the same palynomorphs at 

different focus levels. The camera settings were the following: 

i. WB (white balance) = auto 

ii. Focus = macro 

iii. S (shutter priority) = 1/200 

iv. ISO = 50 (lowest) 

v. Lens = wide (12 megapixels, 4000 × 3000 pixels) 
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    Images of discrete palynomorphs were cropped out of the best focused photographs with Paint.NET 

version 4.3.10 (Paint.NET, 2022), netting a total of 11579 images for palynological identification. In all 

images, a scale bar measuring 10 µm was added. Large palynomorphs whose morphology could not be 

captured in focus with a single photograph were focus stacked with CombineZP (Hadley, 2010). 

3.2.2. Palynomorph identification and botanical affinity 

Acritarch identification was conducted on the basis of the presence of processes (acantomorph), or lack 

thereof (sphaeromorph). Microforaminiferal test linings have distinguishing shapes that allows their 

identification, namely trochospiral, planispiral, uniserial, and biserial (Mathison & Chmura, 1995).  

    Identification of dinoflagellates and terrestrial spores and pollen was accomplished by first consulting 

figures/plates of literature containing Jurassic–Cretaceous palynomorphs (e.g., see Shevchuk et al., 

2018) and then verify the original description and illustration of the holotype for a given genus and/or 

species. The vast majority of discernible pollen, spores, and dinoflagellate cysts were identified at genus 

level, though some morphologies were so distinctive that the species could be determined. A full list is 

found in the systematic palaeopalynology section in Appendix A, and plates containing figures of 

identified palynomorph taxa found in this thesis are present in Appendix B. 

    Most Mesozoic spores and pollen can be assigned to broad plant groups based on morphological 

attributes (Traverse, 2007, p. 378). For example, the presence of pollen sacs makes it very likely that a 

palynomorph has an affinity to gymnosperms. Botanical affinities of spores and pollen are provided in 

the systematic palaeopalynology section (Appendix A). 

    If a certain terrestrial palynomorph could not be successfully assigned to a genus, it would instead be 

classified into a broader plant group (i.e., mosses, club-mosses, ferns, gymnosperms, or angiosperms). 

Palynomorphs that were found to be too poorly preserved were omitted from this identification. 

3.3. Data analysis 

The biostratigraphic chart (Fig. 8) is based on the information present in the table with abundance values 

(Appendix C). For semi-quantitative assessments (Figs. 9–11) a minimum of 200 terrestrial 

palynomorphs were counted per slide, where possible, as that is the minimum required to have 

statistically reliable abundance data (Traverse, 2007, pp. 665–667). Each prepared slide was observed 

in its entirety so as to ascertain the presence of rare palynotaxa for biostratigraphic purposes.  

    The relative abundance values of palynomorphs and their associated plant groups were determined 

by counting, and were plotted in a stratigraphic diagram as percentages with C2 version 1.7.7 (Juggins, 

2007). The depositional environment (Fig. 11) was determined by comparing the ratio between 

terrestrial and marine palynomorphs (Traverse, 2007, p. 525).  
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4. Results 

4.1. Palynostratigraphy 

A total of 56 spore-pollen taxa, which included moss spores (4 taxa), club-moss spores (6 taxa), fern 

spores (24 taxa), and gymnosperm pollen (22 taxa), and eight dinoflagellate taxa, were identified (Fig. 

8). Three different palynological assemblages were assigned: 

i. Assemblage A (1299–1294 m): Characterised by the dominance of gymnosperm pollen such as 

Classopollis and Pinuspollenites, in association with the presence of Parvisaccites radiatus and 

Quadraeculina anellaeformis, and an absence of the fern spore Gleicheniidites. 

ii. Assemblage B (1291–1285 m): Characterised by the dominance of fern spores such as 

Gleicheniidites, and Dictyophyllidites, the presence of Cicatricosisporites and 

Appendicisporites tricornitatus, as well as the absence of the gymnosperm pollen 

Perinopollenites elatoides. 

iii. Assemblage C (1282–1262 m): Characterised by the presence of the dinoflagellate Cauca 

parva. Lower boundary defined by the abundance declines of Classopollis and Pinuspollenites.  

        Concerning terrestrial palynomorphs, at the base of the studied interval a diverse assemblage of 

gymnosperm pollen was recorded. Common palynomorphs include Classopollis and Pinuspollenites, 

which remain abundant throughout Assemblage A. Parvisaccites radiatus and Quadraeculina 

anellaeformis were not recorded at 1291 m. Few fern spore taxa are present, such as Dictyophyllidites, 

which was not recorded at 1297 m before reappearing at 1291 m. 

    The lower boundary of Assemblage B at 1291 m is marked by a diversity increase of fern taxa, 

including Appendicisporites tricornitatus, Clavifera triplex, Cicatricosisporites venustus, 

Deltoidospora, Gleicheniidites apilobatus, and Gleicheniidites bulbosus. In Assemblage B the moss 

spore Cingutriletes was recorded at 1288 m, and in Assemblage C at 1282 m. The pteridophyte spore 

Deltoidospora toralis was not recorded above 1286 m. Cicatricosisporites records an abundance 

decrease above 1285 m. The moss spore genus Stereisporites was not recorded above Assemblage B. 

    Fern spore diversity remains in Assemblage C, and the gymnosperm pollen Abietineaepollenites and 

Alisporites become absent. The gymnosperm pollen Classopollis and Pinuspollenites is not recorded at 

the beginning of Assemblage C, with Classopollis remaining rare thereafter. 

    Dinoflagellate cysts appear in the core at 1288 m, inside the palynological Assemblage B. Common 

taxa include Hystrichosphaeropsis and Oligosphaeridium pulcherrimum. Cauca parva, a characteristic 

indicator for the late-Aptian to Albian (Marret et al., 2013, p. 113), appears near the end of Assemblage 

B, at 1285 m, and becomes a common taxon across Assemblage C. 

    Palynotaxa that are present throughout the studied interval include the club-moss genus Retitriletes, 

the pteridophyte Cyathidites, the gymnosperm Cycadopites, and the gymnosperm 
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Taxodiaceaepollenites hiatus. A tentative age range is presented by considering the lithologies found in 

the stratigraphical chart (Fig. 6) with the known ranges of certain palynofloras (Appendix A). 

Figure 8. Biostratigraphic chart showing the ranges of identified plant spores, pollen, and dinoflagellate cysts. 
Rare, common, and abundant values are attributed to the count of discrete palynomorphs. Three palynological 
assemblages were determined on the basis of specific palynotaxa assemblages. The red gradient corresponds to 
where the effects of OAE 1a were apparent on land. An additional extinction event, presumably the early Albian 
OAE 1b, is shown in green gradient. The interrogation mark on the right (?) represents an unconstrained interval 
that could be of Aptian or Albian age. 

4.2. Palaeovegetation  

Diverse gymnosperm pollen-dominated assemblages are replaced by one comprised majorly of ferns at 

1291 m depth (Fig. 9). Conifer pollen (i.e., Classopollis and Pinuspollenites), the most common type of 

terrestrial palynomorph, suffered a drastic reduction in abundance (Fig. 10). Classopollis is not recorded 

at 1291 m, recovering thereafter to a very small degree, and only surmounting 4.1–5.6% of the 

assemblage found in Assemblage B. The dominant type in Assemblage B are ferns, comprising 74.4% 

of the terrestrial palynomorphs at 1291 m (Fig 9).  
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Figure 9. Diagram showing the relative abundance (a) and absolute abundance (b) values of major plant groups. 
In Assemblage B gymnosperms are replaced by a fern dominated assemblage. In Assemblage C ferns remain 
dominant, though gymnosperms display a steady recovery.  

Six fern spore taxa comprise the majority (up to 64.4%) of Assemblage B (Fig. 10): Clavifera triplex, 

Cicatricosisporites, Cyathidites, Deltoidospora, Dictyophyllidites, and Gleicheniidites. The spore 

Cicatricosisporites ranges through Assemblage B and reaches its maximum abundance (10.1%) towards 

the end of Assemblage B. Classopollis is not recorded at 1282 m depth and does not recover beyond 

0.3% in the analysed layers above.  

While Pinuspollenites remains rare across Assemblage C (up to 2.2%), other bisaccate pollen increase 

in abundance, and end up making 37.4% of the assemblage at the end of the studied interval. Ferns 

remain the overwhelming flora, with Gleicheniidites continuing as a common taxon (15.5–35%), 

whereas Clavifera triplex, Cicatricosisporites, Cyathidites, and Deltoidospora become rare. Mosses and 

club-mosses are poorly represented across the analysed core (Fig. 9), with club-mosses (e.g., 

Retitriletes) displaying their highest abundance (10.8%) prior to OAE 1a, at 1297 m in Assemblage A 

(Fig. 10). 
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Figure 10. Pollen diagram showing the relative abundance (a) and absolute abundance (b) values of selected spores 
and pollen that record notable changes. Assemblage B is marked by a fern spike and gymnosperm pollen decrease 
in abundance, with special emphasis on Classopollis, a very common taxa in Assemblage A that becomes rare in 
Assemblage C. 

4.3. Depositional environment 

Throughout the studied section, the depositional environment was that of a shallow marine setting with 

substantial input from continental sources (Fig. 11). The composition of marine plankton shifts markedly 

through the section: Assemblage A is dominated by acantomorph and sphaeromorph acritarchs; in 

Assemblage B these groups decline in abundance and an increase in dinoflagellates and 

microforaminifera is recorded; in Assemblage C dinoflagellates and microforaminifera decline in 

abundance, and while acantomorphs show an increase, sphaeromorphs do not. 

    The highest degree of terrestrial influence is seen at 1294 m (87.8%), where it subsequently declines 

to 40.5% at 1288 m, and remains relatively high in Assemblage C (61.6–72.0%). Between 1297 m and 
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1294 m the abundances of marine palynomorphs decline from 53.1% to 12.2%. Their values rise to 

26.6% at 1291 m, inside Assemblage B, and reach a maximum of 59.5% at 1288 m. At 1286 m their 

abundance declines to 32.5%. Of significance is the reduction in abundance of sphaeromorph acritarchs 

during Assemblage B and most of Assemblage C (1285–1272 m), the appearance of microforaminifera, 

and the dominance of dinoflagellate cysts. Dinoflagellates reach a maximum relative abundance of 

40.2% at 1288 m. Discernible algae, namely Pterospermella, appear at 1288 m and remain infrequent 

(up to 3.9%) throughout Assemblage C. Acantomorph acritarchs are common along the entire studied 

section, though their relative abundance reduces between 1294–1285 m. 

 

Figure 11. Diagram demonstrating relative abundances (a) and absolute abundances (b) of terrestrial and marine 
palynomorphs, as well as selected groups of marine palynomorphs. 
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5. Discussion 

5.1. Potential biases 

On average around half of the counted palynomorphs were unidentifiable, whose genus or affinity could 

not be confidently ascertained. If only terrestrial spores and pollen are concerned, then it is important to 

mention that their counted number was lower than 200 at 1299, 1298, and 1297 m. Nevertheless, in all 

slides, a minimum of 200 counted palynomorphs was achieved (Appendix C), so statistically there 

should be no great variations in their relative abundance values if the samples were to be re-analysed 

more carefully. 

    The sporopollenin content of a palynomorph affects their level of preservation, and taxa might 

become underrepresented because of that, such as bryophytes (Traverse, 2007, p. 80). Wind plays an 

important factor in the dispersal of spores and pollen, an even more so in the case of bisaccate pollen, 

which is also buoyant in water, and they can be found far from continental environments, in deep marine 

sediments (Traverse, 2007, pp. 532–537). Different plants can also produce vastly different numbers of 

spores and pollen (Slater & Wellman, 2015). 

5.2. Regional palynofloral comparisons 

In order to determine the validity of the biostratigraphy in this thesis a number of different localities in 

southern Sweden are compared. Guy-Ohlson (1982) performed a palynological study in Kullemölla, 

north of Ystad (Fig. 4), where there is Aptian material at between the depths of 623–616 m. What is 

proposed here matches with their study. For example, Concavissimisporites variverrucatus was only 

found at 1286 m depth (Fig. 8), which I consider as being Aptian, and they assess it as being Bajocian 

to Aptian and Albian. Other age matching taxa include Coronatispora valdensis (Wealden to Aptian), 

Parvisaccites radiatus (Wealden to Aptian-Albian), and the genus Monosulcites (Aptian-Albian). 

    Erlström et al., (1991) analysed the petrography and stratigraphy at Eriksdal, southeast of Sjöbo (Fig. 

4), and in their study a chapter on biostratigraphy is present. The fossils with short temporal range are 

dated to the earliest Cretaceous (Berriasian, ~142 Ma) and none of them were found in this thesis, which 

I infer to mean that the taxa I documented should be more recent. Some of the charted terrestrial 

palynomorphs that are long-lasting, and which are also found in Höllviken I include: Cerebropollenites, 

Alisporites, Classopollis, Cyathidites, Cycadopites, Gleicheniidites senonicus, and Podocarpidites. Of 

special notice is the genus Alisporites that is not recorded at the start of the Albian in Eriksdal, a pattern 

which is also seen in Höllviken I at 1285 m depth. In contrast, Perinopollenites elatoides exists 

throughout the Aptian in Eriksdal, which is not the case in Höllviken. Additionally, Parvisaccites 

radiatus is not recorded before the Aptian in Höllviken I, yet it remains present throughout the Aptian 

and Albian in Eriksdal. 

    Westin (1992) examined the dinoflagellate content in Höllviken I down to a depth of 1286 m. They 

found Cauca parva, Kiokansium, and Oligosphaeridium, and assess an age of late Albian for 1286–
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1262 m, which closely matches to what I similarly found, except that I consider the range of 1286–1285 

m as being Aptian still. They also comment that the content of terrestrial palynomorphs constitutes 

around 50% of the palynoflora in this section, and in this study the value was between 61.6–72.0%.  

    Vajda (2001) in her study of Höllviken II also interpreted three distinct palynological assemblages 

and found almost the same type of taxa as those documented here. However, Vajda assigns their 

Assemblage B as Valangian to Hauterivian (139–129 Ma). I would expect a matching age assessment 

given the site is very close to Höllviken I, so an opportunity to re-examine the contents of Höllviken II 

would help in clarifying this issue. A theory to explain this discrepancy could be that a repetition of 

environmental conditions permitted the return of a very similar assemblage of ferns dominating over 

gymnosperms.  

5.3. Terrestrial effects of OAE 1a 

5.3.1. Two extinction episodes 

A shift of floral assemblages is seen at 1291 m depth in the analysed section, from one dominated by 

conifers to one made up predominantly of ferns (Fig. 9). Furthermore, the stratigraphy of this interval is 

one consisting of clearly stratified black shales (Fig. 6). Both these facts suggests that OAE 1a was 

already in effect at this stage. In addition to the floral and marine turnover noted during OAE 1a, I 

recorded a second substantial change in assemblage composition at 1282 m depth (Figs. 8–9). 

Gymnosperms, which were being recovered and increasing in abundance across Assemblage B, were 

once again impacted by an event that caused a second fern spike. Differently from OAE 1a, however, is 

that the biostratigraphy in this layer implies that it would be already Albian in age. Temporally it matches 

with the early Albian Oceanic Anoxic Event 1b (OAE 1b), though there is a distinct lack of black shales 

that would confirm it (Fig. 6). Their absence may indicate a sea floor which was less anoxic in 

comparison to what is recorded during OAE 1a, and even before, where black shales are also present 

across the Barremian, perhaps due to the Mid-Barremian Event (MBE) (Coccioni et al., 2003).  

5.3.2. Delayed terrestrial expression 

Below the first floral turnover at 1291 m depth a considerable decrease in marine palynomorphs takes 

place at 1294 m (Fig. 11). According to Cors et al., (2015) the terrestrial effects of OAE 1a were 

temporally lagged in relation to the actual interval when OAE 1a happened – determined isotopically – 

and they also mention that the cooling episode that followed OAE 1a included a time where organic 

carbon burial was taking place at enhanced levels. This lag might be explained by the trigger of OAE 

1a being an underwater volcanic event. Oceanic waters would absorb the released carbon dioxide from 

this event up to a certain point where they could no longer keep the carbon dioxide from transferring 

into the atmosphere, and consequently promoting global warming. This is what I observe in Höllviken 

I, that OAE 1a was already apparent at 1294 m in the marine realm, where a period of anoxia lead to a 

reduction in abundance of marine palynomorphs, essentially of sphaeromorph acritarchs. In a recent 



21 
 

study by Slater et al., (2019) the opposite is observed for the Early Jurassic Toarcian Oceanic Anoxic 

Event (T-OAE). Dinoflagellates, themselves photosynthetic, do increase both in abundance and 

diversity after the terrestrial floral turnover takes place at 1291 m (Fig. 11), and could be evidence of a 

period where the water was enriched in nutrients. The presence and eventual acme of microforaminifera 

at the end of Assemblage B might also symbolise a benthos that was organic rich, and thus more 

nutritious to benthic lifeforms. A smaller drop in abundance of marine palynomorphs occurs at 1286 m 

depth, before the second turnover of terrestrial floras at 1285 m. 

5.3.3. Vegetation and climate changes 

Knowing the plant affinity of spores and pollen can help shed light on the climatological conditions that 

were present. For example, the common Assemblage A pollen grain Classopollis (Fig. 10) belongs to 

Cheirolepidiaceae, a family of conifers that are thought to be coastal and, normally, adapted to dry, 

saline, and sometimes ecologically disturbed habitats (Tosolini et al., 2015). Indeed, the high degree of 

marine palynomorphs suggests a shallow marine (i.e., salt water) environment.  

    Ferns are generally adapted to more humid climates. Schizaeaceae (Cicatricosisporites) suggest 

cooler climates, and others, like Gleicheniaceae (Gleicheniidites) point to warmer ones (Deng, 2002). 

Cyathidites (likely Cyatheaceae) and Dictyophyllidites (Dicksoniaceae) are found in tropical – warm 

and humid – biomes (Dehbozorgi et al., 2013). Due to the pronounced expression of fern producing 

spores that are adapted to warm and humid conditions in the period after OAE 1a, I am led to believe 

the climate at this time was one of exacerbated global warming, and therefore one with an accelerated 

hydrological cycle. Across Assemblage B, Classopollis pollen grains show low abundance, suggesting 

that the environment was still rather humid throughout. By the end of Assemblage B (1285 m), ferns 

have decreased in relative abundance, with conifer-derived bisaccate pollen showing some recovery 

(Fig. 10), implying a cooling-down phase.  

    Assemblage C marks a return to very warm conditions, exemplified by the drop in bisaccate pollen 

and the dominance of the fern family Gleicheniaceae (Fig. 10). The previously common Schizaeaceae 

and Dicksoniaceae ferns suffer a considerable drop in relative abundance, with Schizaeaceae becoming 

rare throughout Assemblage C. This should indicate drier conditions, but if that is so then the xerophytic 

Classopollis would show some kind of recovery which is not the case. Again, a cooling-down period 

exists across Assemblage C, with conifer bisaccate pollen replacing fern spores as the most abundant 

type of terrestrial palynomorph by the end of the studied section (1262 m). This assertion is 

complemented by Vakhrameev (1991), who mentions that the late Albian had a decrease in temperature, 

and Marret et al., (2013, p. 113), who state that the dinoflagellate Cauca parva was sensitive to warm 

temperatures and was a temperate species. Interestingly, the bisaccate Pinuspollenites remains 

infrequent throughout, which I theorise is due to being outcompeted by other, more successful conifers. 
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5.3.4. Depositional environment interpretation  

The depositional environment might have also had variations in its depth and exacerbated the shift in 

the ratio of terrestrial and marine palynomorphs seen in Figure 11. It is well understood that the lithology 

of rocks can reveal if they were deposited in shallower or deeper conditions (Nichols, 2009, pp. 80–86), 

and it is also true that the type, and proportion, of marine palynomorphs can help ascertain that as well 

(Traverse, 2007, p. 525). For example, a sample comprised solely of pollen and spores denotes 

continental-type deposition (e.g., fluvial, lacustrine, possibly deltaic). In contrast, if only 

microforaminifera are found, then a deep water environment is considered instead. Photosynthetic 

organisms such as dinoflagellates, and most acritarchs, expose shallow water conditions, where light is 

present, and nutrients are available by continental runoff or by upwelling near shores. 

    The lessened marine influence at 1294 m depth could have been augmented by a lowering of the sea 

level, and hence why a greater relative abundance of terrestrial palynomorphs is found. Likewise, the 

return to a more marine dominated assemblage at 1288 m may possibly be due to a transgressive event 

that increased the volume of water, supporting more planktonic (dinoflagellates) and benthic 

(microforaminifera) lifeforms. Nevertheless, the presence of sandstone and the high proportion of 

terrestrial palynomorphs shows a depositional environment that was still relatively shallow and close to 

the coast. 

5.3.5. Comparison with other localities 

Although in southwest Sweden the impact of OAE 1a was considerable, where a major floral shift from 

gymnosperms to ferns transpired (Fig. 9) and the abundance of some pollen taxa (e.g., Classopollis) 

decreased (Fig. 10), in other localities, such as in southeast France, only minor fluctuations in vegetation 

were observed (Heimhofer et al., 2004). 

    In eastern Spain, the effect was more significant, with Classopollis dropping in relative abundance 

from ~85% to ~20% and were replaced by the non-saccate gymnosperm pollen Inaperturopollenites 

Pflug & Thomson (Cors et al., 2015). Classopollis does recover to previous levels in eastern Spain, 

which is not the case for Höllviken I, where it remains infrequent throughout the Aptian in southwest 

Sweden. 

    In central Italy, during OAE 1a the assemblage was dominated by Classopollis, whereas previously 

it was infrequent (Unida & Patruno, 2016). This differs completely to what happens at Höllviken I, 

where Classopollis becomes unrepresented (1291 m) before reappearing and continuing with low 

abundance (Fig. 10).  
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5.4. Future work 

Assessing the δ13C value of each sampled section would allow one to determine when OAE 1a started, 

and potentially when it ended, by watching for any major excursions in carbon values. It would also 

confirm if the putative OAE 1b in Höllviken I (Fig. 8) is indeed correct. A high-resolution palynological 

analysis of the strata between 1294–1291 m and 1285–1282 m depth would allow to better constrain the 

age interval and more accurately determine when the floral turnover commences. A re-examination of 

the Höllviken II core would clarify the discrepancy found in the age assessments between both cores. 

Finally, examining the studied spores and pollen under scanning electron microscopy would permit the 

successful identification of presently unidentified palynomorphs, potentially to the species level, and 

consequently leading to an improved biostratigraphy of this section. 
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6. Conclusions 
A well preserved spore-pollen assemblage made up of at least 56 distinct taxa is present in the analysed 

section in southwest Sweden. Through a biostratigraphical analysis three distinct palynological 

assemblages were identified:  

i. Assemblage A (1299–1294 m): Barremian age, gymnosperm dominated.  

ii. Assemblage B (1291–1285 m): Aptian age, fern dominated with prominent levels of 

dinoflagellates. 

iii. Assemblage C (1282–1262 m): Albian age, fern dominated.  

    Two extinction events occurred at the boundaries of Assemblage A–B, and B–C. The first was OAE 

1a, the effects of which likely began in Assemblage A, in the marine realm, and later manifested on land 

in Assemblage B. The second one might have been due to OAE 1b, which could be established through 

a δ13C assessment. Both extinctions brought forth a significant shift to the composition of the reigning 

palaeoflora, with the one caused by OAE 1a being more severe.  

    Compared to modern times, the relatively dry southwest coast of Scania was warm before the onset 

of OAE 1a. A period of exacerbated global warming and humid conditions followed OAE 1a, with a 

cooling episode taking place towards the end of Assemblage B. In Assemblage C temperatures increased 

again, though the environment was not as humid as before. 

    Transgressive-regressive events are likely to have coincided with each extinction episode, 

exacerbating their effects on marine environments in particular. 
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9. Appendix A: Systematic palaeopalynology 
A total of 56 spore-pollen and eight dinoflagellate taxa are reported in this study. Spore-pollen are 

divided into major groups/sub-groups and are arranged in alphabetical order.  

9.1. Bryophyta 

Genus Cingutriletes Pierce, 1961 

Type species: Cingutriletes congruens 

Description: Original diagnosis in Pierce (1961), p. 20 and later emended in Dettmann (1963), p. 69; 

Jansonius & Hills (1976), fol. 481 

Holotype: Pierce (1961), p. 25, pl. 1, fig. 1 

Stratigraphical and geographical distribution: Lower-Upper Cretaceous; Minnesota, USA 

Botanical affinity: Sphagnum (Sphagnaceae) in Carpenter et al., (2015), p. 2095 

Cingutriletes spp. 
(Figure 12b) 

Stratigraphical distribution in Höllviken I: 1288 m, 1282 m, 1272 m; Aptian-Albian 

Genus Stereisporites Pflug in Thomson & Pflug, 1953 

Type species: Stereisporites stereoides 

Description: Original diagnosis by Potonié & Venitz (1934), p. 11. Redefined genus in Thomson & 

Pflug (1953), p. 53; Jansonius & Hills (1976), fol. 4343 

Holotype: Potonié & Venitz (1934), pl. 1, fig. 4 

Stratigraphical and geographical distribution: Miocene; Germany 

Botanical affinity: Sphagnum in Carpenter et al., (2015), p. 2095 

Stereisporites antiquasporites Dettmann, 1963 
(Figure 12e) 

Description: Dettmann (1963), p. 25 

Holotype: Dettmann (1963), p. 138, pl. 1, figs. 20–21 

Stratigraphical and geographical distribution: Jurassic-Cenomanian; south-eastern Australia 

Stratigraphical distribution in Höllviken I: 1299 m, 1298 m, 1297 m, 1291 m, Barremian-early Aptian 
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Stereisporites psilatus (Ross, 1949) Pflug in Thomson & Pflug, 1953 
(Figure 12d ) 

Description: Original diagnosis by Ross (1949), p. 32. Redefined genus in Thomson & Pflug (1953), p. 

53 

Holotype: Pflug (1953) p. 53, pl. 1, figs. 79–80 

Stratigraphical and geographical distribution: Danian-Middle Miocene; Hesse, Germany 

Stratigraphical distribution in Höllviken I: 1286 m, 1285 m, Aptian 

Stereisporites spp. 
(Figure 12c) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298 m; Barremian 

9.2. Lycophyta 

Genus Coronatispora Dettmann, 1963 

Type species: Coronatispora perforata  

Description: Dettmann (1963), p. 67; Jansonius & Hills (1976), fol. 608 

Holotype: Dettmann (1963), pl. 13, figs. 17-19 

Stratigraphical and geographical distribution: Lower Cretaceous; Australia 

Botanical affinity: Possibly Lycopodium (Lycopodiaceae) in Wikstrom & Kenrick (2000), p. 506 

Coronatispora valdensis (Couper, 1958) Dettmann, 1963 
(Figure 12j) 

Description: Original diagnosis in Couper (1958), p. 146. Redefined genus in Dettmann (1963), p. 67 

Holotype: Couper (1958), p. 170, pl. 24, figs. 6–7 

Stratigraphical and geographical distribution: Wealden-Aptian; England in Dettmann (1963) 

Stratigraphical distribution in Höllviken I: 1297 m; Barremian 

Genus Densoisporites Weyland & Krieger, 1953 

Type species: Densoisporites velatus  

Description: Original diagnosis by Weyland & Krieger (1953), p. 12 and later emended by Dettmann 

(1963), pp. 83-85; Jansonius & Hills (1976), fol. 755 

Holotype: Weyland & Krieger (1953), pl. 4, figs. 13-14 

Stratigraphical and geographical distribution: Senonian; Aachen, Germany 

Botanical affinity: Pleuromeiaceae or Selaginellaceae in Song et al., (2021), p. 14 
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Densoisporites velatus 
(Figure 12a) 

Stratigraphical distribution in Höllviken I: 1297 m; Barremian 

Genus Lycopodiumsporites Delcourt & Sprumont, 1955  

Type species: Lycopodiumsporites agathoecus 

Description: Delcourt & Sprumont (1955), p. 31; Jansonius & Hills (1976), fol. 1545 

Holotype: Potonié (1934), p. 43, pl. 1, fig. 25  

Stratigraphical and geographical distribution: Eocene, Germany 

Botanical affinity: Lycopodiopsida in Song et al., (2021), p. 14 

Lycopodiumsporites sp. 
(Figure 12i) 

Stratigraphical distribution in Höllviken I: 1288 m; Aptian 

Genus Retitriletes Pierce 1961 

Type species: Retitriletes globosus 

Description: Pierce (1961), p. 21; Jansonius & Hills (1976), fol. 2404 

Holotype: Pierce (1961), p. 29, pl. 1, fig. 14 

Stratigraphical and geographical distribution: Lower-Upper Cretaceous; Minnesota, USA 

Botanical affinity: Lycopodiaceae in Baldoni (1992), p. 123 

Retitriletes austrocalavidites 
(Figure 12f) 

Illustration: Cookson (1953), p. 469, pl. 2, fig. 35; Couper (1953), p. 19, pl.1, fig. 2 

Stratigraphical distribution in Höllviken I: 1299 m, 1297 m, 1294 m; Barremian 

Retitriletes semimuris 
(Figure 12g) 

Stratigraphical distribution in Höllviken I: 1299 m; Barremian 

Retitriletes spp. 
(Figure 12h) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298  m, 1297 m, 1291 m, 1288 m, 1286 m, 1285 

m, 1272 m, 1262 m; Barremian-Albian 
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9.3. Pteridophyta 

Genus Appendicisporites Weyland & Krieger, 1953 

Type species: Appendicisporites tricuspidatus 

Description: Weyland & Krieger (1953), p. 12; Jansonius & Hills (1976), fol. 4597 

Holotype: Weyland & Krieger (1953), pl. 11, fig. 54 

Stratigraphical and geographical distribution: Upper Cretaceous (Senonian); Germany 

Botanical affinity: Schizaeaceae in Song et al., (2021), p. 14 

Appendicisporites irregularis 
(Figure 13a) 

Stratigraphical distribution in Höllviken I: 1286 m; Aptian 

Appendicisporites tricornitatus 
(Figure 13b) 

Stratigraphical distribution in Höllviken I: 1291 m, 1288 m, 1286 m, 1285 m; Aptian 

Appendicisporites spp. 
(Figure 13c) 

Stratigraphical distribution in Höllviken I: 1298 m, 1285 m, 1286 m, 1285 m; Barremian-Aptian 

Genus Clavifera Bolkhovitina, 1966 

Type species: Clavifera triplex 

Description: Bolkhovitina (1966), p. 68; Jansonius & Hills (1976), fol. 523 

Holotype: Bolkhovitina (1953), p. 54, pl. 8, figs. 10–13 

Stratigraphical and geographical distribution: Cretaceous-Palaeocene; Russia 

Botanical affinity: Gleicheniaceae in Baldoni (1992), p. 124 

Clavifera triplex 
(Figure 12o) 

Stratigraphical distribution in Höllviken I: 1294 m, 1291 m, 1288 m, 1286 m, 1282 m, 1272 m, 1262 m; 

Barremian-Albian 
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Genus Cibotiumspora Zhang, 1965 

Type species: Cibotiumspora paradoxa 

Description: Zhang (1965), p. 164; Jansonius & Hills (1976), fol. 5048 

Holotype: Malyavkina (1949), p. 50, pl. 7, fig. 21 

Stratigraphical and geographical distribution: Middle Jurassic; western China and Siberia 

Botanical affinity: Dicksoniaceae or Cyatheaceae in Costamagna et al., (2018), p. 127 

Cibotiumspora jurienensis 
(Figure 12n) 

Stratigraphical distribution in Höllviken I: 1299 m; Barremian 

Genus Cicatricosisporites Potonié & Gelletich, 1933 

Type species: Cicatricosisporites dorogensis 

Description: Potonié & Gelletich (1933), p. 522; Jansonius & Hills (1976), fol. 5049 

Holotype: Potonié & Gelletich (1933), pl. 1, fig. 1 

Stratigraphical and geographical distribution: Eocene; Hungary 

Botanical affinity: Schizaeaceae in Song et al., (2021), p. 14 

Cicatricosisporites dorogensis 
(Figure 12p) 

Stratigraphical distribution in Höllviken I: 1285 m; Aptian 

Cicatricosisporites venustus 
(Figure 12q) 

Stratigraphical distribution in Höllviken I: 1291 m, 1288 m, 1286 m; Aptian 

Cicatricosisporites spp. 
(Figure 12r) 

Stratigraphical distribution in Höllviken I: 1291 m, 1288 m, 1285 m, 1262 m; Aptian-Albian 

Genus Concavissimisporites Delcourt & Sprumont, 1955 

Type species: Concavissimisporites verrucosus 

Description: Delcourt & Sprumont (1955), p. 25; Jansonius & Hills (1976), fol. 4629 

Holotype: Delcourt & Sprumont (1955), pl. 2, fig. 1 

Stratigraphical and geographical distribution: Late Cretaceous; Belgium 
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Botanical affinity: Lygodiaceae in Song et al., (2021), p. 14 

Concavissimisporites variverrucatus 
(Figure 13j) 

Stratigraphical distribution in Höllviken I: 1286 m; Aptian 

Genus Converrucosisporites Potonié & Kremp, 1954 

Type species: Converrucosisporites triquetrus 

Description: Potonié & Kremp (1954), p. 137; Jansonius & Hills (1976), fol. 581 

Holotype: Potonié & Kremp (1955), pl. 13, fig. 191 

Stratigraphical and geographical distribution: Upper Carboniferous; Germany 

Botanical affinity: Cyatheaceae or Dipteridaceae in Song et al., (2021), p. 14 

Converrucosisporites sp. 
(Figure 12m) 

Stratigraphical distribution in Höllviken I: 1262 m; Albian 

Genus Cyathidites Couper, 1953 

Type species: Cyathidites australis 

Description: Couper (1953), p. 27; Jansonius & Hills (1976), fol. 4084 

Holotype: Couper (1953), pl. 2, fig. 11 

Stratigraphical and geographical distribution: Jurassic-Lower Cretaceous; New Zealand 

Botanical affinity: Dicksoniaceae or Cyatheaceae in in Song et al., (2021), p. 14 

Cyathidites australis 
(Figure 12u) 

Stratigraphical distribution in Höllviken I: 1298 m, 1291 m; Barremian-Aptian 

Cyathidites minor 
(Figure 12v) 

Stratigraphical distribution in Höllviken I: 1298 m, 1297 m; Barremian 

Cyathidites spp. 
(Figure 12t) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298 m, 1297 m, 1294 m, 1291 m, 1288 m, 1286 m, 

, 1285 m, 1272 m, 1262 m; Barremian-Albian 
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Genus Deltoidospora Miner, 1935 

Type species: Deltoidospora halli 

Description: Miner (1935), p. 618; Jansonius & Hills (1976), fol. 748 

Holotype: Miner (1935), pl. 24, fig. 7 

Stratigraphical and geographical distribution: Jurassic-Cretaceous boundary; Montana, USA 

Botanical affinity: Dicksoniaceae, Cyatheaceae, Dipteridaceae, or Matoniaceae in Costamagna et al., 

(2018), p. 127 

Deltoidospora toralis 
(Figure 12l) 

Stratigraphical distribution in Höllviken I: 1297 m, 1294 m, 1291 m, 1288 m; Barremian-Aptian 

Deltoidospora spp. 
(Figure 12k) 

Stratigraphical distribution in Höllviken I: 1291 m, 1288 m, 1286 m, 1285 m, 1282 m; Barremian-Albian 

Genus Dictyophyllidites Couper, 1958 

Type species: Dictyophyllidites harrisii 

Description: Couper (1958), p. 140; Jansonius & Hills (1976), fol. 786 

Holotype: Couper (1958), pl. 21, fig. 6 

Stratigraphical and geographical distribution: Jurassic; Britain 

Botanical affinity: Dipteridaceae or Matoniaceae in Costamagna et al., (2018), p. 127 

Dictyophyllidites spp. 
(Figure 12w) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298 m, 1291 m, 1288 m, 1286 m, 1285 m, 1282 m, 

1272 m, 1262 m; Barremian-Albian 

Genus Gleicheniidites (Ross, 1949) Krutzsch, 1959 

Type species: Gleicheniidites senonicus 

Description: Krutzsch (1959), p. 112; Jansonius & Hills (1976), fol. 1125–1129 

Holotype: Krutzsch (1959), pl. 12, figs. 110–111 

Stratigraphical and geographical distribution: Middle Eocene; Germany 

Botanical affinity: Gleicheniaceae in Baldoni (1992), p. 124 
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Gleicheniidites apilobatus 
(Figure 13g) 

Stratigraphical distribution in Höllviken I: 1291 m, 1288 m, 1286 m, 1285 m, 1282 m, 1262 m; Aptian-

Albian 

Gleicheniidites bulbosus 
(Figure 13f) 

Stratigraphical distribution in Höllviken I: 1291 m, 1288 m, 1286 m, 1285 m, 1282 m, 1272 m, 1262 m; 

Aptian-Albian 

Gleicheniidites senonicus 
(Figure 13h) 

Stratigraphical distribution in Höllviken I: 1286 m, 1285 m, 1272 m; Aptian-Albian 

Gleicheniidites spp. 
(Figure 13e) 

Stratigraphical distribution in Höllviken I: 1291 m, 1288 m, 1286 m, 1285 m, 1282 m, 1272 m, 1262 m; 

Aptian-Albian 

Genus Microreticulatisporites Knox, 1950 

Type species: Microreticulatisporites lacunosus 

Description: Knox (1950), p. 320; Jansonius & Hills (1976), fol. 1661 

Holotype: Potonié & Kremp (1955), pl. 15, fig. 269 

Stratigraphical and geographical distribution: Westphalian; Germany 

Botanical affinity: Botryopteridaceae or Gleicheniaceae in Looy & Hotton (2014), p. 39 

Microreticulatisporites spp. 
(Figure 13d) 

Stratigraphical distribution in Höllviken I: 1294 m, 1291 m, 1286 m, 1272 m; Barremian-Albian 

Genus Ruffordiaspora Dettmann & Clifford, 1992 

Type species: Ruffordiaspora australiensis 

Description: Dettmann & Clifford (1992), p. 294; Jansonius & Hills (1976), fol. 5236 

Holotype: Dettmann & Clifford (1992), p. 470, pl. 2, fig. 32 

Stratigraphical and geographical distribution: Tithonian-Campanian; Australia 

Botanical affinity: Schizaeaceae in Cranwell & Srivastava (2009), pp. 268–269 
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Ruffordiaspora ludbrookiae 
(Figure 12s) 

Stratigraphical distribution in Höllviken I: 1286 m; Aptian 

Genus Todisporites Couper, 1958 

Type species: Todisporites major 

Description: Couper (1958), p. 134; Jansonius & Hills (1976), fol. 2909 

Holotype: Couper (1958), pl. 16, fig. 6 

Stratigraphical and geographical distribution: Lower-Middle Jurassic; England 

Botanical affinity: Osmundaceae in Costamagna et al., (2018), p. 127 

Todisporites major 
(Figure 13k) 

Stratigraphical distribution in Höllviken I: 1288 m; Aptian 

Genus Trilobosporites Potonié, 1956 

Type species: Trilobosporites hannonicus 

Description: Potonié (1956), p. 55; Jansonius & Hills (1976), fol. 4796 

Holotype: Delcourt & Sprumont (1955), p. 24, pl. 2, fig. 3 

Stratigraphical and geographical distribution: Wealden; Belgium 

Botanical affinity: Potentially Dicksoniaceae in Abbink et al., (2004), p. 23 

Trilobosporites spp. 
(Figure 13i) 

Stratigraphical distribution in Höllviken I: 1297 m, 1285 m; Barremian-Aptian 

9.4. Gymnospermae 

9.4.1. Non-saccate 

Genus Araucariacites Cookson, 1947 

Type species: Araucariacites australis 

Description: Cookson (1947), p. 130; Jansonius & Hills (1976), fol. 4598 

Holotype: Cookson (1947), pl. 13, fig. 3 

Stratigraphical and geographical distribution: Lower Tertiary; Kerguelen islands 

Botanical affinity: Araucariaceae in Costamagna et al., (2018), p. 127 



45 
 

Araucariacites australis  
(Figure 14m) 

Stratigraphical distribution in Höllviken I: 1297 m, 1294 m; Barremian 

Genus Cerebropollenites Nilsson, 1958 

Type species: Cerebropollenites mesozoicus  

Description: Nilsson (1958), p. 72; Jansonius & Hills (1976), fol. 443 

Holotype: Couper (1958), pl. 30, fig. 8 

Stratigraphical and geographical distribution: Middle Jurassic; Gristhorpe, England 

Botanical affinity: Pinophyta in Song et al., (2021), p. 15 

Cerebropollenites macroverrucosus  
(Figure 14k) 

Stratigraphical distribution in Höllviken I: 1294 m, 1291 m; Barremian-Albian 

Cerebropollenites spp.  
(Figure 14l) 

Stratigraphical distribution in Höllviken I: 1291 m, 1272 m, 1262 m; Aptian-Albian 

Genus Chasmatosporites Nilsson, 1958 

Type species: Chasmatosporites major 

Description: Nilsson (1958), pp. 51–53; Jansonius & Hills (1976), fol. 448 

Holotype: Nilsson (1958), pl. 3, fig. 12 

Stratigraphical and geographical distribution: Jurassic; Schonen, Sweden 

Botanical affinity: Cycadophyta or Ginkgophyta in Song et al., (2021), p. 15 

Chasmatosporites spp. 
(Figure 14a) 

Stratigraphical distribution in Höllviken I: 1294 m; Barremian 

Genus Classopollis Pflug, 1953 

Type species: Classopollis classoides  

Description: Pflug (1953), p. 91; Jansonius & Hills (1976), fol. 504 

Holotype: Pflug (1953), pl. 16, figs. 29–31 

Stratigraphical and geographical distribution: Jurassic; Germany 

Botanical affinity: Cheirolepidiaceae in Song et al., (2021), p. 15 
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Classopollis spp.  
(Figure 14j) 

 

Stratigraphical distribution in Höllviken I: 1299 m, 1298 m, 1297 m, 1294 m, 1288 m, 1286 m, 1285 m, 

1272 m, 1262 m; Barremian-Albian 

Genus Cycadopites Wodehouse, 1933 

Type species: Cycadopites follicularis 

Description: Wodehouse (1933), p. 483; Jansonius & Hills (1976), fol. 5072 

Holotype: Wilson & Webster (1946), p. 274, pl. 1, fig. 7 

Stratigraphical and geographical distribution: Palaeocene; Montana, USA 

Botanical affinity: Cycadophyta (Costamagna et al., 2018), p. 126 

Cycadopites follicularis 
(Figure 14c) 

Stratigraphical distribution in Höllviken I: 1297 m; Barremian 

Cycadopites fragilis 
(Figure 14e) 

Description: Singh (1964), p. 103  

Holotype: Singh (1964), pl. 14, fig. 2 

Stratigraphical and geographical distribution: Jurassic-Cretaceous, Alberta, Canada 

Stratigraphical distribution in Höllviken I: 1291 m; Aptian 

Cycadopites spp. 
(Figure 14d) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298 m, 1297 m, 1294 m, 1291 m, 1288 m, 1286 m, 

1285 m, 1282 m, 1272 m, 1262 m; Barremian-Albian 

Genus Eucommiidites Erdtman, 1948 

Type species: Eucommiidites troedssonii 

Description: Erdtman (1948), p. 267; Jansonius & Hills (1976), fol. 967 

Lectotype: Potonié (1958), fig. 15 

Stratigraphical and geographical distribution: Early Jurassic; Sweden 

Botanical affinity: Erdtmanithecales in Friis & Pedersen, 1996 
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Eucommiidites spp.  
(Figure 14j) 

Stratigraphical distribution in Höllviken I: 1291 m, 1285 m; Aptian 

Eucommiidites troedssonii  
(Figure 14h) 

Stratigraphical distribution in Höllviken I: 1291 m; Aptian  

Genus Monosulcites Cookson, 1947 

Type species: Monosulcites minimus  

Description: Cookson (1947), p. 135; Jansonius & Hills (1976), fol. 1712 

Holotype: Cookson (1947), pl. 15, figs. 47–50 

Stratigraphical and geographical distribution: Lower Tertiary; Kerguelen islands 

Botanical affinity: Ginkgoales in Couper (1953), p. 65 

Remarks: Couper (1953) mentions that Monosulcites is incertae sedis, yet it is also mentioned that the 

pollen grain is similar to that of Ginkgo, only with thinner exine. Its exine morphology is indeed 

comparable to other gymnosperms, and for that reason I am considering it as a non-saccate gymnosperm. 

The unidentified species may be Monosulcities palisadus due to their size and Upper Cretaceous 

occurrence being comparable to the holotype, though without a better analysis of its exine it is not 

possible to confidently say so (Couper, 1953, p. 65). 

Monosulcites spp.  
(Figure 14b) 

Stratigraphical distribution in Höllviken I: 1294 m, 1291 m; Barremian-Aptian 

Genus Perinopollenites Couper, 1958 

Type species: Perinopollenites elatoides 

Description: Couper (1958), p. 152; Jansonius & Hills (1976), fol. 1954 

Holotype: Couper (1958), pl. 27, figs. 9–11 

Stratigraphical and geographical distribution: Jurassic-Lower Cretaceous; Germany 

Botanical affinity: Elatides williamsonii (Taxodiaceae) in Costamagna et al., (2018), p. 127 

Perinopollenites elatoides  
(Figure 14g) 

Stratigraphical distribution in Höllviken I: 1299 m, 1297 m, 1294 m, 1272 m, 1262 m; Barremian-Albian 
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Genus Taxodiaceaepollenites (Potonié, 1931) Kremp, 1949 

Type species: Taxodiaceaepollenites hiatus 

Description: Potonié (1958), p. 78; Jansonius & Hills (1976), fol. 2839 

Holotype: Potonié (1931), p. 5, fig. 27 

Stratigraphical and geographical distribution: Oligocene-Miocene; Köln, Germany 

Botanical affinity: Taxodium (Taxodiaceae) in Mitra (2002), p. 72 

Remarks: Original description by Kremp (1949), p. 59 is considered invalid and was superseded by 

Potonié (1958), p. 78. 

Taxodiaceaepollenites hiatus  
(Figure 14f) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298 m, 1297 m, 1294 m, 1291 m, 1288 m, 1286 m, 

1285 m, 1282 m, 1272 m, 1262 m; Barremian-Albian  

9.4.2. Monosaccate 

Genus Callialasporites Dev, 1961 

Type species: Callialasporites trilobatus 

Description: Dev (1961), p. 48; Jansonius & Hills (1976), fol. 354 

Holotype: Balme (1957), p. 33, pl. 8, fig. 91 

Stratigraphical and geographical distribution: Upper Jurassic; Australia 

Botanical affinity: Araucariaceae in Song et al., (2021), p. 15 

Remarks: According to Dev (1961) Callialasporites is commonly found with three bladders (i.e., 

resembling air sacs). This is what was found at 1291 m in Höllviken I. The reason why I placed it under 

monosaccate is that that they can fuse into a single sac, and as per the emended diagnosis of Bharadwaj 

and Kumar (1972), p. 219, they are indeed considered monosaccate pollen. 

Callialasporites dampieri 
(Figure 14n) 

Stratigraphical distribution in Höllviken I: 1291 m; Aptian 
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9.4.3. Bisaccate 

Genus Abietineaepollenites Delcourt & Sprumont, 1955 

Type species: Abietineaepollenites microalatus  

Description: Delcourt & Sprumont (1955), p. 51; Jansonius & Hills (1976), fol. 15 

Holotype: Potonié (1951), p. 5, fig. 34 

Stratigraphical and geographical distribution: Miocene; Germany 

Botanical affinity: Pinaceae in Song et al., (2021), p. 14 

Abietineaepollenites spp. 
(Figure 15b) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298  m, 1297 m, 1294 m, 1291 m, 1288 m, 1286 

m; Barremian-Aptian 

Genus Alisporites Daugherty, 1941 

Type species: Alisporites opii  

Description: Daugherty (1941), p. 98; Jansonius & Hills (1976), fol. 68 

Holotype: Daugherty (1941), pl. 34, fig. 2 

Stratigraphical and geographical distribution: Upper Triassic; Arizona, USA 

Botanical affinity: Corystospermales in Song et al., (2021), p. 14 

Remarks: Alisporites belongs to the “seed ferns” (Pteridospermatopsida), a gymnosperm sister group. 

They are included in this sub-group in virtue of its bisaccate morphology and because it is considered 

conifer-like vegetation in Song et al., (2021). 

Alisporites spp.  
(Figure 14o) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298  m, 1297 m, 1294 m, 1291 m, 1288 m, 1286 

m; Barremian-Aptian 

Genus Parvisaccites Couper, 1958 

Type species: Parvisaccites radiatus  

Description: Couper (1958), p. 154; Jansonius & Hills (1976), fol. 1907 

Holotype: Couper (1958), pl. 29, fig. 5–6 

Stratigraphical and geographical distribution: Wealden-Aptian; England 

Botanical affinity: Podocarpaceae in Mitra (2002), p. 69 
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Parvisaccites radiatus  
(Figure 15a) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298  m, 1297 m, 1294 m; Barremian 

Genus Pinuspollenites Raatz, 1937 

Type species: Pinuspollenites labdacus  

Description: Raatz (1937), p. 15–16; Jansonius & Hills (1976), fol. 2012 

Holotype: Potonié & Venitz (1934), pl. 2, fig. 25 

Stratigraphical and geographical distribution: Miocene; Germany 

Botanical affinity: Pinaceae in Song et al., (2021), p. 14 

Pinuspollenites spp.  
(Figure 15c) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298  m, 1297 m, 1294 m, 1291 m, 1288 m, 1286 

m, 1285 m, 1272 m, 1262 m; Barremian-Albian 

Genus Podocarpidites Cookson, 1947 

Type species: Podocarpidites ellipticus  

Description: Cookson (1947), p. 131; Jansonius & Hills (1976), fol. 2055 

Holotype: Cookson (1947), pl. 13, fig. 6 

Stratigraphical and geographical distribution: Lower Tertiary; Kerguelen islands 

Botanical affinity: Podocarpaceae in Song et al., (2021), p. 14 

Podocarpidites spp.  
(Figure 15d) 

Stratigraphical distribution in Höllviken I: 1288 m, 1286 m, 1285 m, 1272 m, 1262 m; Aptian-Albian 

Genus Quadraeculina Malyavkina, 1949 

Type species: Quadraeculina anellaeformis  

Description: Malyavkina (1949), p. 86; Jansonius & Hills (1976), fol. 4507 

Holotype: Malyavkina (1949), pl. 39, fig. 3 

Stratigraphical and geographical distribution: Late Triassic-Early Jurassic; Ukraine 

Botanical affinity: Pinophyta in Song et al., (2021), p. 15 

Quadraeculina anellaeformis  
(Figure 14p) 

Stratigraphical distribution in Höllviken I: 1299 m, 1297 m, 1294 m; Barremian 
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Genus Vitreisporites Leschik, 1955 

Type species: Vitreisporites signatus  

Description: Leschik (1955), p. 53; Jansonius & Hills (1976), fol. 3225 

Holotype: Leschik (1955), pl. 8, fig. 10 

Stratigraphical and geographical distribution: Upper Triassic; Switzerland 

Botanical affinity: Caytoniales in (Couper, 1958), p. 150 

Remarks: Vitreisporites belongs to the “seed ferns” (Pteridospermatopsida), a gymnosperm sister 

group. They are included in this sub-group in virtue of its bisaccate morphology.  

Vitreisporites signatus  
(Figure 14r) 

Stratigraphical distribution in Höllviken I: 1299 m, 1298 m, 1291 m, 1286 m, 1285 m, 1262 m; 

Barremian-Albian 

Vitreisporites spp.  
(Figure 14q) 

Stratigraphical distribution in Höllviken I: 1288 m, 1286 m, 1285 m, 1286 m, 1272 m, 1262 m; Aptian-

Albian 

9.5. Dinoflagellata 

Genus Callaiosphaeridium Davey & Williams, 1966 

Description: Original diagnosis by Deflandre & Courteville (1939), p. 100–101; Redefined genus in 

Davey & Williams (1966), p. 104 

Holotype: Deflandre & Courteville (1939), pl. 4, fig. 1 

Callaiosphaeridium asymmetricum (Deflandre & Courteville, 1939) Davey & Williams, 1966 
(Figure 16f)  

Stratigraphical distribution in Höllviken I: 1288 m, 1286 m, 1285 m, 1272 m; Aptian-Albian 

Genus Chatangiella Vozzhennikova, 1967 

Description: Vozzhennikova (1967), p. 128–129 

Holotype: Vozzhennikova (1967), pl. 56, fig. 1; pl. 57, fig, 1 

Chatangiella sp. 
(Figure 16c) 

Stratigraphical distribution in Höllviken I: 1286 m; Aptian 
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Genus Cauca Davey & Verdier, 1971 

Description: Original diagnosis by Alberti (1961), pp. 16; Redefined genus in  Davey & Verdier, (1971), 

pp. 14–15 

Holotype: Alberti (1961), pl. 9, fig. 4 

Cauca parva (Alberti, 1961) Davey & Verdier, 1971 
(Figure 16e) 

Stratigraphical distribution in Höllviken I: 1285 m, 1282 m, 1272 m, 1262 m; Aptian-Albian 

Genus Hystrichosphaeridium (Deflandre, 1937) Davey & Williams, 1966 

Description: Original diagnosis by Deflandre, (1935), p. 232; Emended by Davey & Williams, (1966), 

pp. 61–62 

Holotype: Deflandre, (1935), pl. 9, fig. 1 

Hystrichosphaeridium salpingophorum (Deflandre, 1935) Davey & Williams, 1966 
(Figure 16h) 

Stratigraphical distribution in Höllviken I: 1288 m, 1286 m; Aptian 

Genus Hystrichosphaerina Alberti, 1961 

Description: Alberti (1961), p. 38 

Holotype: Alberti (1961), pl. 10, figs. 2–3 

Hystrichosphaerina spp. 
(Figure 16b)  

Stratigraphical distribution in Höllviken I: 1286 m; Aptian 

Genus Hystrichosphaeropsis Deflandre, 1935 

Description: Deflandre (1935), p. 232 

Holotype: Deflandre (1935), pl. 8, fig. 11  

Hystrichosphaeropsis spp. 
(Figure 16d) 

Stratigraphical distribution in Höllviken I: 1288 m, 1286 m, 1285 m, 1272 m; Aptian-Albian 

Genus Kiokansium (Stover & Evitt, 1978) Duxbury, 1983 

Description: Original diagnosis by Stover & Evitt (1978), p. 167; Emended by Duxbury (1983), p. 48 

Holotype: Tasch et al., (1964), pl. 3, fig. 8 

Kiokansium sp. 
(Figure 16a) 

Stratigraphical distribution in Höllviken I: 1286 m; Aptian 
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Genus Oligosphaeridium (Davey & Williams, 1966) Davey, 1982 

Description: Original diagnosis by Deflandre & Cookson, (1955), pp. 270–271; Redefined genus by 

Davey & Williams (1966), pp. 75–76 

Holotype: Deflandre & Cookson, (1955), pl. 1, fig. 8 

Oligosphaeridium pulcherrimum (Deflandre & Cookson, 1955) Davey & Williams, 1966 
(Figure 16g) 

Stratigraphical distribution in Höllviken I: 1288 m, 1286 m, 1285 m, 1282 m, 1272 m; Aptian-Albian 
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10. Appendix B: Plates of identified palynomorphs 

 

Figure 12. Transmitted light photomicrographs of the identified spores in Höllviken I. Taxon, sample depth. a) 
Densoisporites velatus, 1297 m; b) Cingutriletes sp., 1288 m; c) Stereisporites sp. 1299 m; d) Stereisporites 
psilatus, 1285 m; e) Stereisporites antiquasporites, 1299 m; f) Retitriletes austrocalavidites, 1294 m; g) Retitriletes 
semimuris, 1299 m; h) Retitriletes sp., 1291 m; i) Lycopodiumsporites sp., 1288 m; j) Coronatispora valdensis, 
1297 m; k) Deltoidospora sp., 1286 m; l) Deltoidospora toralis, 1291 m; m) Converrucosisporites sp., 1262 m; n) 
Cibotiumspora jurienensis, 1299 m; o) Clavifera triplex, 1291 m; p) Cicatricosisporites dorogensis, 1285 m; q) 
Cicatricosisporites venustus, 1291 m; r) Cicatricosisporites sp., 1288 m; s) Ruffordiaspora ludbrookiae, 1286 m; 
t) Cyathidites sp., 1286 m; u) Cyathidites australis, 1298 m, v) Cyathidites minor, 1299 m; w) Dictyophyllidites 
sp., 1291 m. Scale bar = 10 μm. 
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Figure 13. Transmitted light photomicrographs of the identified spores in Höllviken I. Taxon, sample depth. a) 
Appendicisporites irregularis, 1286 m; b) Appendicisporites tricornitatus, 1285 m; c) Appendicisporites sp., 1285 
m; d) Microreticulatisporites sp., 1286 m; e) Gleicheniidites sp., 1282 m; f) Gleicheniidites bulbosus, 1288 m; g) 
Gleicheniidites apilobatus, 1291 m; h) Gleicheniidites senonicus, 1285 m; i) Trilobosporites sp., 1285 m; j) 
Concavissimisporites variverrucatus, 1286 m; k) Todisporites major, 1288 m. Scale bar = 10 μm. 
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Figure 14. Transmitted light photomicrographs of the identified pollen in Höllviken I. Taxon, sample depth. a) 
Chasmatosporites sp., 1294 m; b) Monosulcites sp., 1291 m; c) Cycadopites follicularis, 1297 m; d) Cycadopites 
sp., 1285 m; e) Cycadopites fragilis, 1291 m; f) Taxodiaceaepollenites hiatus, 1299 m; g) Perinopollenites 
elatoides, 1294 m; h) Eucommiidites troedssonii, 1291 m; i) Eucommiidites sp., 1285 m; j) Classopollis sp., 1297 
m; k) Cerebropollenites macroverrucosus, 1294 m; l) Cerebropollenites sp., 1262 m; m) Araucariacites australis, 
1294 m; n) Callialasporites dampieri, 1291 m; o) Alisporites sp., 1298 m; p) Quadraeculina anellaeformis, 1297 
m; q) Vitreisporites sp., 1262 m; r) Vitreisporites signatus, 1285 m. Scale bar = 10 μm. 
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Figure 15. Transmitted light photomicrographs of the identified pollen (a–d) and selected marine palynomorphs 
(e–j) in Höllviken I. Taxon, sample depth. a) Parvisaccites radiatus, 1299 m; b) Abietineaepollenites sp., 1299 m; 
c) Pinuspollenites sp., 1299 m; d) Podocarpidites sp., 1285 m; e) Trochospiral microforaminifera, 1285 m; f) 
Sphaeromorph, 1299 m; g) Pterospermella sp. (algae), 1282 m; h) Biserial microforaminifera, 1285 m; i) 
Acantomorph, 1297 m; j) Veryhacium sp. (acantomorph), 1297 m. Scale bar = 10 μm. 
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Figure 16. Transmitted light photomicrographs of the identified dinoflagellates in Höllviken I. Taxon, sample 
depth. a) Kiokansium sp., 1286 m; b) Hystrichosphaerina sp., 1286 m; c) Chatangiella sp., 1286 m; d) 
Hystrichosphaeropsis sp. 1288 m; e) Cauca parva, 1272 m; f) Callaiosphaeridium asymmetricum, 1272 m; g) 
Oligosphaeridium pulcherrimum, 1288 m; h) Hystrichosphaeridium salpingophorum, 1288 m. Scale bar = 10 μm. 
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11. Appendix C: Table with abundance values 
 

Table 1. Table with abundance values showing the representative palynomorphs as shaded areas. 

  Lithology Shale Glauconitic sandstone 

  Assemblage Zone A Zone B Zone C 

  Tentative age Barremian Aptian Albian 

  Field sample numbers 
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  Sample depth (m) 1299 1298 1297 1294 1291 1288 1286 1285 1282 1272 1262 

M
os

se
s 

(B
ry

op
hy

te
s)

 Cingutriletes spp. 0 0 0 0 0 9 0 0 4 18 0 

Stereisporites antiquasporites 1 1 1 0 1 0 0 0 0 0 0 

Stereisporites psilatus 0 0 0 0 0 0 3 2 0 0 0 

Stereisporites spp. 2 1 0 0 0 0 0 0 0 0 0 

Unidentified Bryophyta 0 0 0 0 4 1 1 3 6 7 5 

C
lu

b-
m

os
se

s 
(L

yc
op

hy
te

s)
 

Coronatispora valdensis 0 0 1 0 0 0 0 0 0 0 0 

Densoisporites velatus 0 0 1 0 0 0 0 0 0 0 0 

Lycopodiumsporites sp. 0 0 0 0 0 1 0 0 0 0 0 

Retitriletes austroclavatidites 2 0 9 7 0 0 0 0 0 0 0 

Retitriletes semimuris 2 0 0 0 0 0 0 0 0 0 0 

Retitriletes spp. 2 2 10 0 3 6 3 3 0 15 7 

Unidentified Lycopsida 0 1 0 14 0 0 3 2 2 1 1 

Fe
rn

s 
(P

te
ri

do
ph

yt
es

) 

Appendicisporites irregularis 0 0 0 0 0 0 1 0 0 0 0 

Appendicisporites tricornitatus 0 0 0 0 1 7 3 1 0 0 0 

Appendicisporites spp. 0 1 0 0 0 0 0 3 0 0 0 

Clavifera triplex 0 0 0 1 6 10 3 0 3 11 6 

Cibotiumspora jurienensis 2 0 0 0 0 0 0 0 0 0 0 

Cicatricosisporites dorogensis 0 0 0 0 0 0 0 1 0 0 0 

Cicatricosisporites venustus 0 0 0 0 3 9 4 0 0 0 0 

Cicatricosisporites spp.  0 0 0 0 4 28 0 4 0 0 1 

Concavissimisporites variverrucatus 0 0 0 0 0 0 2 0 0 0 0 

Converrucosisporites sp. 0 0 0 0 0 0 0 0 0 0 1 

Cyathidites australis 0 1 0 0 13 0 0 0 0 0 0 

Cyathidites minor 2 0 1 0 0 0 0 0 0 0 0 

Cyathidites spp. 2 9 3 11 10 16 15 16 0 9 4 

Deltoidospora toralis 0 0 10 4 37 4 0 0 0 0 0 

Deltoidospora spp. 0 0 0 0 12 12 63 15 4 0 0 

Dictyophyllidites spp. 1 2 0 0 36 30 88 58 5 21 22 

Gleicheniidites apilobatus 0 0 0 0 4 2 4 3 3 0 1 

Gleicheniidites bulbosus 0 0 0 0 7 22 18 4 17 33 20 

Gleicheniidites senonicus 0 0 0 0 0 0 16 8 0 4 0 

Gleicheniidites spp. 0 0 0 0 21 37 65 18 92 98 92 

Microreticulatisporites spp. 0 0 0 1 1 0 3 0 0 1 0 

Ruffordiaspora ludbrookiae 0 0 0 0 0 0 1 0 0 0 0 

Todisporites major 0 0 0 0 0 1 0 0 0 0 0 

Trilobosporites spp. 0 0 1 0 0 0 0 1 0 0 0 

Unidentified Pteridophyta 0 0 0 0 11 75 89 100 140 198 213 
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  Lithology Shale Glauconitic sandstone 

  Assemblage Zone A Zone B Zone C 

  Tentative age Barremian Aptian Albian 

  Sample depth (m) 1299 1298 1297 1294 1291 1288 1286 1285 1282 1272 1262 

G
ym

no
sp

er
m

s 

Abietineaepollenites spp. 2 2 8 4 5 0 1 0 0 0 0 

Alisporites spp. 6 7 3 6 2 3 6 0 0 0 0 

Parvisaccites radiatus 1 1 2 2 0 0 0 0 0 0 0 

Pinuspollenites spp. 19 14 24 19 8 7 23 6 0 5 16 

Podocarpidites spp. 0 0 0 0 0 5 4 2 0 9 4 

Quadraeculina anellaeformis 2 0 3 1 0 0 0 0 0 0 0 

Vitreisporites signatus  2 3 0 0 6 0 1 1 0 0 2 

Vitreisporites spp. 0 0 0 0 0 4 2 2 0 7 11 

Unidentified bisaccates 36 16 35 25 5 42 100 63 32 136 256 

Monosulcites spp. 0 0 0 6 1 0 0 0 0 0 0 
Cerebropollenites 
macroverrucosus 

0 0 0 2 2 0 0 0 0 0 0 

Cerebropollenites spp. 0 0 0 0 4 0 0 0 0 13 22 

Classopollis spp. 40 21 38 39 0 15 11 20 0 2 2 

Perinopollenites elatoides 2 0 5 6 0 0 0 0 0 1 1 

Araucariacites australis 0 0 1 5 0 0 0 0 0 0 0 

Chasmatosporites spp. 0 0 0 3 0 0 0 0 0 0 0 

Cycadopites follicularis 0 0 2 0 0 0 0 0 0 0 0 

Cycadopites fragilis 0 0 0 0 1 0 0 0 0 0 0 

Cycadopites spp. 3 3 4 8 2 2 4 7 3 7 13 

Callialasporites dampieri 0 0 0 0 1 0 0 0 0 0 0 

Taxodiaceaepollenites hiatus 5 3 1 1 2 8 11 6 1 4 10 

Eucommiidites troedssonii 0 0 0 0 1 0 0 0 0 0 0 

Eucommiidites spp. 0 0 0 0 1 0 0 1 0 0 0 

Unidentified gymnosperms 16 0 13 94 8 10 2 6 8 16 19 

  Unidentified angiosperms 0 0 0 0 0 0 0 0 0 0 3 

  TOTAL TERRESTRIAL 150 88 176 259 223 366 550 356 320 616 732 

                          

Dinoflagellate 
cysts 

Callaiosphaeridium 
asymmetricum 

0 0 0 0 0 5 2 2 0 4 0 

Chatangiella sp. 0 0 0 0 0 0 1 0 0 0 0 

Cauca parva 0 0 0 0 0 0 0 1 5 32 31 

Hystrichosphaeridium 
salpingophorum 

0 0 0 0 0 8 3 0 0 0 0 

Hystrichosphaerina spp. 0 0 0 0 0 0 2 0 0 0 0 

Hystrichosphaeropsis spp. 0 0 0 0 0 26 21 15 0 4 0 

Kiokansium sp. 0 0 0 0 0 0 1 0 0 0 0 

Oligosphaeridium pulcherrimum 0 0 0 0 0 19 7 3 4 6 0 

Other cysts 18 5 3 0 44 275 87 48 14 31 39 

Acritarchs 

Acantomorphs 23 21 125 12 12 118 87 45 115 207 117 

Sphaeromorphs 81 91 69 24 0 0 0 0 0 0 58 

Veryhacium spp. 3 0 1 0 0 0 0 0 0 0 4 

Algae Algae 0 0 0 0 0 7 11 14 19 21 27 

Foraminifera 
Foraminifera test linings (Sp. A) 0 0 1 0 25 35 43 75 5 20 9 

Foraminifera test linings (Sp. B) 0 0 0 0 0 0 0 19 0 0 0 

  
TOTAL TERRESTRIAL + 
MARINE 

275 205 375 295 304 859 815 578 482 941 1017 

                          

  UNIDENTIFIED 217 156 328 288 479 373 659 552 697 647 982 

  Striate sp. 0 0 0 0 6 10 45 16 0 3 1 
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