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ABSTRACT

Successions of Jurassic strata located in the Arctic region normally yield rich assemblages of terrestrially-
derived and marine palynomorphs, reflecting relatively warm air and sea-surface temperatures. The land plant 
floras were prone to the development of local communities and regional provincialism, whereas the marine biotas 
thrived across extensive open marine areas with high productivity, resulting in the rapid evolution of dinoflagellate 
cysts (dinocysts) following their earliest fossil record in the Triassic. Dinocysts exhibit low taxonomic richness 
and provide low biostratigraphic resolution throughout the Lower Jurassic sections. By contrast, they are diverse 
in Middle and Upper Jurassic strata where they provide excellent biostratigraphic markers for correlating and 
dating both surface and subsurface sections. Over twenty formal and informal biozonations based on the first 
and last occurrences of dinocysts have been erected in Alaska, Arctic Canada, the Barents Sea region, Greenland 
and northern Russia, many of which are correlated with macrofossils, including ammonites, that occur in the 
same sections. This paper presents a compilation of 214 Jurassic palynostratigraphic events (118 first occurrences 
and 96 last occurrences) that have regional chronostratigraphic value in the Circum-Arctic, based on their 
published records. Each event is correlated with the base of a chronostratigraphical unit (including formal stages 
and sub-Boreal ammonite zones), or as an estimated percentage above the base of the chronostratigraphical unit 
relative to the entire unit. The relationships of each event to stages and key fossil zonal schemes is shown on 
chronostratigraphic plots using the 2020 version of TimeScale Creator®.

RÉSUMÉ

Les successions de strates jurassiques dans la région de l’Arctique recèlent normalement de riches assemblages de 
palynomorphes d’origine terrestre et marins reflétant les températures relativement chaudes de l’air et à la surface 
de la mer.  Les flores de plantes terrestres étaient susceptibles de favoriser l’épanouissement de communautés 
locales et d’un provincialisme régional, alors que les biotes marins se développaient sur de vastes secteurs 
marins ouverts à un rythme de productivité élevé, ce qui a entraîné l’évolution rapide de kystes de dinoflagellés 
(dinokystes) d’après leur plus récents enregistrements fossiles au cours du Trias. Les dinokystes affichent une faible 
richesse taxonomique et produisent une faible résolution biostratigraphique dans toutes les sections du Jurassique 
inférieur. Par contre, ils se diversifient dans les strates du Jurassique moyen et supérieur, où ils représentent 
d’excellents repères biostratigraphiques pour la corrélation et la datation de sections de surface et de subsurface. 
Plus d’une vingtaine de biozonations officielles et officieuses basées sur les premières et dernières manifestations de 
dinokystes ont été établies en Alaska, dans l’Arctique canadien, dans la région de la mer de Barents, au Groenland 
et dans le nord de la Russie, lesquelles sont dans de nombreux cas corrélées avec des macrofossiles, notamment 
des ammonites, présents dans les mêmes sections. Le présent article présente une compilation de 214 phénomènes 
palynostratigraphiques du Jurassique (118 premières manifestations et 96 dernières manifestations) ayant une 
valeur chronostratigraphique régionale dans la région circumarctique, d’après les documents pertinents publiés. 
Chaque phénomène est corrélé avec la base d’une unité chronostratigraphique (notamment les stades et les zones 
d’ammonites subboréales officielles), ou sous forme d’un pourcentage estimatif au-dessus de la base de l’unité 
chronostratigraphique par rapport à l’ensemble de l’unité. Les liens entre chaque phénomène et les stades et 
principaux mécanismes zonaux fossiles sont illustrés dans les schémas chronostratigrapiques au moyen de la 
version de 2020 de TimeScale Creator®.
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INTRODUCTION

This article is a contribution to the Circum-Arctic Pal-
ynological Events (CAPE) project, providing a scheme of 
selected bioevents for the Jurassic Period. The Jurassic ex-
tended from 201.36 to 143.10 Ma according to the timescale 
of Gradstein et al. (2021). The Jurassic Period is divided into 
three epochs, Early Jurassic, Middle Jurassic (with a base at 
174.70 Ma) and Late Jurassic (with a base at 161.53 Ma).

The present Jurassic compilation will be added to others 
from the CAPE series of articles in Atlantic Geology (now 
Atantic Geoscience), which will contribute ultimately (when 
all articles in the series are complete) to the “CAPE data-
pack” in TimeScale Creator® (TSC; https://timescalecreator. 
org/index/index.php) and thus can be used with other data 
in TSC to make plots such as that shown in Figures 1–9. 
The latter diagrams include age calibrations in millions of 
years ago (Ma) according to the 2020 version of TSC and in 
Gradstein et al. (2021). Similar compilations for the Early, 
Middle and Late Jurassic are provided in the Supplementary 
Data. The main Jurassic locations discussed in this paper are 
shown in Figure 10.

The events compiled herein include last occurrences 
(LOs), first occurrences (FOs), and some abundance events. 
Their relationship to other fossil zonal schemes is shown 
in Figures 1–9. Where possible, each event is correlated 
with the base of a chronostratigraphic unit, for example a 
Sub-Boreal ammonite zone or a formal stage. If the event 
is not equivalent to the base of such a unit, then an estima-
tion is given as a percentage above the base of the chrono-
stratigraphic unit relative to the entire unit. Details of how a 
biostratigraphic datapack is constructed in TSC from such 
information are given in Bringué et al. (in press).

PALYNOSTRATIGRAPHY

Background

The transition from the Triassic to the Jurassic at 201.36 
Ma was followed over time by major changes in the con-
tinental configuration, seaway connections and climate. 
Pangaea fragmented and North America drifted away from 
Africa, the North Atlantic Ocean opened, and major tec-
tonic changes led to transgressions over extensive shelf and 
land areas in the circum-Arctic region (Blakey 2021). These 
profound changes brought about the development of vari-
ous phytogeographic marine and terrestrial provinces, with 
diachronous originations and extinctions, and the evolution 
of endemic taxa. During the Jurassic, significant radiations 
of marine taxa occurred, principally dinoflagellate cysts 
(dinocysts) which became more diverse and abundant. As 
a consequence, biostratigraphic ranges and biozonations  
established in the formal or proposed stage type areas in the 
Tethyan and Sub-Boreal realms may be based on species not 
found in the Boreal/Arctic Realm or defined by species that 
may have diachronous stratigraphic ranges within different 

biogeographic provinces. Equally, palynostratigraphic zona-
tions defined in the Boreal Realm may not be readily appli-
cable farther south.

There have been several Jurassic palynostratigraphic zo-
nations established which are based on records from differ-
ent areas in the Arctic region. Several of them are calibrated 
to established Boreal and Sub-Boreal ammonite zonations, 
but some discrepancies and uncertaincies still exist with 
respect to correlation to the latest Geological Time Scale 
(Gradstein et al. 2021). In the present study, the first and 
last occurrences of the listed species calibrated to the 2020 
Geological Time Scale are shown in Figures 1–9.

Jurassic dinocysts of the Canadian Arctic and Alaska

In the Canadian Arctic, the first biostratigraphic zonation 
for the Jurassic based on dinocysts was from the Sverdrup 
Basin (Johnson and Hills 1973). This landmark study com-
prised four range-zones, four range-subzones, one concur-
rent range-zone and one peak-zone, and was established on 
three sections of the Savik and Awingak formations on Axel 
Heiberg, Bjarnason and Ellesmere islands (Fig. 10). In gen-
eral, these sections were characterized by poor preservation 
and low species richness. This material was also described 
by Johnson (1974). Subsequently, Pocock (1976) presented 
a preliminary zonation for the uppermost Jurassic to Lower 
Cretaceous of the Canadian Arctic based on material from 
the Awingak and Deer Bay formations on Amund Ringnes 
Island (Fig. 10), and Tan and Hills (1978) documented the 
dinocyst succession of the Ringnes Formation (Oxfordian–
Kimmeridgian), calibrated with ammonite faunas.

A more comprehensive dinocyst zonation of the Jurassic 
and Lower Cretaceous successions in the Sverdrup Basin 
was defined by Davies (1983), who erected 17 Oppel zones. 
Twelve of these Oppel-zones (A–L) cover the Jurassic part 
of the succession. Comparisons of the zonations of Johnson 
and Hills (1973) and Davies (1983) were made by Davies 
(1983) and Smelror and Below (1992). The latest contribu-
tion on the dinocyst zonation of the Canadian Arctic was 
by Ingrams et al. (2021). These authors studied the Upper 
Jurassic and Lower Cretaceous (Oxfordian–lower Valangin-
ian) succession of the Rollrock section, northern Ellesmere 
Island, a largely complete and expanded section for which 
they established seven dinocyst biozones. Their zones H to 
L/M cover the Oxfordian to Tithonian interval and have 
substantial calibration to macrofossil biostratigraphy.

Several other publications have recorded Jurassic dino-
cysts from Arctic Canada, but no additional formal zo-
nations have been proposed. These works include Bride-
aux (1975, 1976), Brideaux and Myhr (1976), van Helden 
(1977), Pocock (1980), Poulton et al. (1982), Poulton 
(1989),and Pimpirev and Pavlishina (2005a, b)..

By contrast with the Canadian Arctic, the literature on 
Jurassic dinocysts from Alaska is relatively sparse. The most 
detailed publication, by Wiggins (1973), is a comprehensive 
systematic treatment of the family Pareodiniaceae from the 
Middle Jurassic to Early Cretaceous of northern and south- 

https://timescalecreator.org/index/index.php
https://timescalecreator.org/index/index.php
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ern Alaska. Albert et al. (1986) made a later taxonomic 
contribution, but other records in the public domain are ab-
stracts (e.g., Wharton 1988), doctoral dissertations (e.g., 
Albert 1988), and unpublished reports (e.g., Bjærke 1993; 
Witmer et al. 1981).

Jurassic dinocysts of northern Russia

In Russia, a Boreal Lower–Middle Jurassic dinocyst bio-
stratigraphy was published by Ilyina et al. (1994) and subse-
quently presented in Zakharov et al. (1997). This dinocyst 
zonation was later refined by Riding et al. (1999) and Shury-
gin et al. (2000), and the ages of some of the biostratigraphic 
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units have been revised in light of new data on index spe-
cies from sections in northern East Siberia (Nikitenko et al. 
2011; Goryacheva 2017).

The uppermost Pliensbachian to upper Toarcian of 
northern East Siberia was studied by Riding et al. (1999), 
who subdivided the interval into three dinocyst biozones, of 
which one is subdivided into two interval subbiozones. Lat-
er Ilyina et al. (2005) presented a Middle and Upper Jurassic 
dinocyst zonation comprising 11 interval zones for the Bo-
real zonal standard scheme in Zakharov et al. (1997), with 
new data on the dinocyst stratigraphic distributions for the 
Callovian to Volgian strata of West Siberia. The material for 
these studies was obtained from a study of the Tyumenska-
ya superdeep well (SDW-6; Ilyina et al. 2005). This zona-
tion was correlated to time-equivalent Callovian to Volgian 
dino cyst zonations of West Siberia, the Russian Platform 
and northwestern Europe by Ilyina et al. (2005).

Riding et al. (1999) also included a comprehensive record 
from the Jurassic and lowermost Cretaceous of the Russian 
Platform. In parts of the Jurassic, the dinocyst assemblages 
from northeast Siberia exhibit significant provincial differ-
ences from those of the Pechora Basin (Meledina et al. 1998; 
Riding et al. 1999); consequently, the assemblages from, 
and the zonation of, the Russian Platform are not further 
discussed herein. References to additional publications on 
Jurassic dinocysts from Siberia can be found in Riding et al. 
(1999), Ilyina et al. (2005) and Riding (2019).

Pestchevitskaya et al. (2011) identified a series of Volgian 
to Berriasian palynostratigraphic events based on a sub-
stantial database. The data comprises material from Nordvik 
on the Laptev Sea coast (Nikitenko et al. 2008; Nikitenko et 
al. 2011); the Severo-Vologochanskaya-18 well at the mouth 
of the Yenisei River and the Zapadno-Purpeiskaya-710 well 
in northwestern Siberia (Beisel et al. 2002); the River Yatriya 
in the Subarctic Urals (Lebedeva and Nikitenko 1998, 1999); 
and Kashpir located in the middle reaches of the River Vol-
ga (Riding et al. 1999; Harding et al. 2011). Of particular 
relevance herein are the data from the several outcrops on 
the Nordvik Peninsula (Nikitenko et al. 2008; Nikitenko 
et al. 2011; Pestchevitskaya et al. 2011). Pestchevitskaya et 
al. (2011) compared their results to existing palynological 
data from America, Antarctica, Australia and Europe using 
first and last appearances of selected key species and evolu-
tionary trends of dinocyst floras. They defined four correla-
tive horizons in the Volgian and Berriasian, thus providing  
interregional correlation of the dinocyst successions.

In an integrated study of the Jurassic and Cretaceous of 
the Anabar Bay area on the Laptev Sea coast, Nikitenko et al. 
(2013) provided a comprehensive review of the Jurassic and 
Cretaceous dinocyst zones of pan-northern Siberia correlat-
ed to the Boreal ammonite standard and to coeval belem-
nite, bivalve, ostracod and spore–pollen (miospore) zones. 
Due to lack of data, these authors defined no dinocyst zones 
for the Hettangian to Pliensbachian and Aalenian to Batho-
nian intervals. Later, Nikitenko et al. (2017, 2018a) made 
comprehensive studies of the Jurassic–Cretaceous paralic 
successions of the New Siberian Islands based on dinocysts, 

foraminifera, ostracods, and miospores.
Nikitenko et al. (2015a, b) described the dinocyst bio-

stratigraphy and paleoecology of the upper Oxfordian to 
middle Volgian interval of the Paksa section in Nordvik. 
These studies provided comprehensive information on the 
Upper Jurassic marine microfloras of the Laptev Sea region 
compared to previous works such as Ilyina (1986, 1988). Ni-
kitenko et al. (2018b) also studied rich dinocyst assemblages 
from the Volgian–Hauterivian of the River Olenek region 
of northern Siberia. The investigations of Nikitenko et al. 
(2015a, b; 2018b) included detailed biozonations based on 
the dinocyst assemblages, specifically FOs and LOs of key 
geographically widespread species that are also recorded 
from North America, northwest Europe and the Russian 
Platform. The dinocyst zones were all calibrated against bio-
stratigraphic scales based on ammonites and foraminifera.

Jurassic dinocysts of the Barents Sea and Svalbard

In the Barents Sea area and Svalbard, dinocyst zonations 
covering the whole or parts of the Jurassic include Bjærke 
(1977), Smelror and Below (1992), Dalseg et al. (2016) and 
Rismyhr et al. (2019). Bjærke (1977) introduced an infor-
mal palynomorph zonation scheme comprising associa-
tions A–F for the uppermost Triassic (Rhaetian) to Lower 
Cretaceous of Kong Karls Land. Smelror and Below (1992) 
proposed a dinocyst zonation for the Toarcian to lower Ox-
fordian of the Barents Sea region. This zonation comprises  
seven dinocyst zones and is based on the stratigraphic dis-
tribution of ninety Toarcian to early Oxfordian dinocyst 
species from outcrops from Svalbard and Franz Josef Land, 
as well as from boreholes in the Nordkapp and Hammerfest 
basins. Dalseg et al. (2016) introduced a scheme of informal 
dinocyst zones for the Upper Jurassic and Lower Cretaceous 
of central Spitsbergen. Rismyhr et al. (2019), a major work 
on the palynology and sedimentology of the Late Triassic 
(Carnian) to Middle Jurassic (Callovian) of west-central 
Spitsbergen, established ten composite assemblage zones 
based on palynomorphs, six of which are based on dinocysts 
(Rismyhr et al. 2019, fig. 3).

In addition to the works cited above, several other studies 
treat the dinocyst biostratigraphy of the Barents Sea region, 
most of which have ranges calibrated to ammonite zones, 
but lack formal palynological zonation schemes. These in-
clude Bjærke et al. (1976), Thusu (1978), Bjærke and Dyp-
vik (1977), Bjærke (1980a, b), Dypvik et al. (1985), Smelror 
(1988a, 1991, 1994), Wierzbowski and Århus (1990), Smelror 
et al. (1998, 2018), Wierzbowski et al. (2002), Smelror and 
Dypvik (2005), Koevoets et al. (2018), Olaussen et al. (2018) 
and Turner et al. (2019).

Jurassic dinocysts of Greenland

Jurassic marine faunas (e.g., ammonites and bivalves) and 
microfloras of Greenland are more similar in overall character  
to Boreal faunas, than to, for example, those of Sub-Bore-
al northern Europe. Several comprehensive palynological  
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Figure 3. Stratigraphic chart for the Aalenian; details as for Figure 1. Lund & P. 1985 - Lund and Pedersen (1985).  
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In their comprehensive review of the Jurassic and Creta-
ceous stratigraphy of the Anabar Bay area on the Laptev Sea 
coast, Nikitenko et al. (2013) presented a review of the Ju-
rassic and Cretaceous miospore zones of Arctic Siberia cor-
related to the Boreal ammonite standard and to coeval bel-
emnite, bivalve, ostracod and dinocyst zones. Twenty-one 
zones were defined covering the Early and Middle Jurassic, 
and five zones were established for the Late Jurassic. No 
mio spore zones were erected for the middle Oxfordian and 
Kimmeridgian to middle Volgian (Nikitenko et al. 2013).

Further investigations have contributed to the miospore 
zonation of the Jurassic of northern Russia. Four miospore 
zones were proposed for the upper Oxfordian to middle 
Volgian of Arctic Siberia based on analysis of terrestrially 
derived palynomorphs from the Nordvik (Paksa) section by 
Nikitenko et al. (2015a, b). Two miospore zones were lat-
er defined for the Volgian to lowermost Berriasian of the 
Olenek River section (Nikitenko et al. 2018b). The bioevents 
used for the definition of the boundaries of Siberian mio-
spore zones are mainly applicable to local to sub-regional 
correlations.

Dzyuba et al. (2018) proposed the first formal biostra-
tigraphy for the upper Volgian to lower Ryazanian of the 
Northern Urals, defining two miospore zones. In addition 
to regional correlations, the key taxa from the upper Volgian 
interval enabled these authors to make a biostratigraphic 
comparison with coeval successions of terrestrially derived 
palynomorphs from Australia.

Jurassic miospores of the Arctic excluding Russia

No miospore zonations have been established for the Ju-
rassic of the Barents Sea. Lund and Pedersen (1985), Kop-
pelhus and Dam (2003) and Koppelhus and Hansen (2003) 
used pollen, spores and dinocysts, to subdivide the Lower 
and Middle Jurassic successions of northeast Greenland. 
In the most detailed of these studies, Koppelhus and Dam 
(2003) identified four assemblage zones (AZ1–4) for the 
Pliensbachian of Jameson Land.

There are several records, including some relatively com-
prehensive accounts, of Jurassic miospores from the Can-
adian Arctic (e.g., Davies 1983 and references therein). 
Detailed descriptions of various assemblages have been 
reported, but formal zonations are lacking. Galloway et 
al. (2013) applied a multivariate statistical approach to 
long-ranging miospore taxa from the Aalenian to the Albian, 
and defined four palynomorph assemblages in the Hoodoo 
Dome H-37 well drilled on southern Ellef Ringnes Island, 
near the centre of the Sverdrup Basin. They also 
characterized their as-semblages in terms of Middle Jurassic 
to Early Cretaceous pan-hemispherical paleoclimate events.

ARCTIC JURASSIC PALYNOEVENTS

   A summary of the following events in spreadsheet format 
is provided as Appendix B. All taxon names with authors are 

contributions from Greenland have been published (e.g., 
Sarjeant 1972; Fensome 1979), although not all of them 
include zonation schemes. Studies with biozonations in-
clude the unpublished doctoral thesis by Piasecki (1980) 
on Milne Land and his subsequent publication (Piasecki 
1996). Other publications on Jameson Land include those 
by Poulsen (1985), Smelror (1988b) and Milner and Piasec-
ki (1996). Smelror (1988b) defined six dinocyst zones and 
five subzones for the upper Bathonian to lower Oxford-
ian successions of East Greenland. The proposed dinocyst 
zones were all correlated to the ammonite zonation for this 
region (Callomon and Birkelund 1980). Contributions on 
Jurassic dinocysts from northeast Greenland include Pias-
ecki et al. (2004a) on Hold with Hope, Piasecki and Stem-
merik (2004) on Hochstetter Foreland, and Piasecki et al. 
(2004b) on Store Koldewey. These papers document the 
dinocyst distributions calibrated with relatively few Batho-
nian to Kimmeridgian ammonite records, but lack a unify-
ing palynological zonation scheme. Other relevant papers 
on the Jurassic dinocysts of Greenland include Pocock and 
Sarjeant (1972), Håkansson et al. (1981), Lund and Peders-
en (1985), Poulsen (1991), Piasecki (2001), Koppelhus and 
Dam (2003), Koppelhus and Hansen (2003), Kelly et al. 
(2015).

Jurassic miospores of northern Russia

Whereas dinocysts have proved to be reliable biostrati-
graphic markers for the marine Middle and Upper Juras-
sic throughout the Circum-Arctic, correlations and relative 
age assessments based on miospores are frequently used for 
Lower and Middle Jurassic non-marine strata. The Boreal 
standard presented by Zakharov et al. (1997) incorporated 
the Lower and Middle Jurassic (excluding Callovian) mio-
spore palynostratigraphic scheme for Siberia published by 
Ilyina (1985). This Boreal standard does not contain data 
on terrestrially derived palynomorphs for the Upper Juras-
sic (Zakharov et al. 1997). Subsequently, a palynozonation 
for the Lower and Middle Jurassic (excluding the Callovian) 
for Western Siberia was published by Gurari and Moguche-
va (2004). A succession of palynostratigraphic units for the 
uppermost Middle Jurassic (Callovian) and Upper Jurassic 
of northeastern Siberia based on the studies of key sections 
of Jurassic marine sediments was established by Shurygin 
et al. (2000). The study areas for that major work were the 
coast of Anabar Bay, the banks of the River Anabar, Bol’shoi 
Begichev Island, the lower reaches of the River Lena, and the 
Nordvik Peninsula.

Miospore palynostratigraphic units are well defined for 
the Callovian–Oxfordian and middle–upper Volgian, where-
as assemblages from the Kimmeridgian, lower Volgian,  
and part of the middle Volgian in northeastern Siberia have 
been barely studied. The Callovian to Volgian miospore 
units have been calibrated against local ammonite faunas. 
The proposed zonation by Ilyina (1985, 1988) and Shurygin 
et al. (2000) covers a virtually continuous succession of six 
palynostratigraphic units.
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Figure 4. Stratigraphic chart for the Bajocian; details as for Figure 1. Lund & P. 1985 - Lund and Pedersen (1985).
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listed in Appendix A. Events that occur at the Triassic/Juras-
sic boundary were defined in Mangerud et al. (2021) and are 
grouped below in the LO of Sverdrupiella mutabilis. Appen-
dix C includes the Beechey Point State 1 reference well plus 
three other reference wells reproduced from Mangerud et 
al. (2021): Fireweed 1 (offshore northern Alaska), Klondike 
OCS-Y-1482 (Chukchi Sea) and Romulus C-67 (Sverdrup 
Basin) as they include the Triassic/Jurassic boundary. All 
palynoevents are shown in Figures 1–9.

LO of Sverdrupiella mutabilis 
and other taxa listed below

Sverdrupiella mutabilis has a longer stratigraphic range 
than other species of Sverdrupiella. The LO is based on its 
occurrence relative to miospore LOs in the Fireweed 1 well, 
offshore northern Alaska, the Klondike OCS-Y-1482 well in 
the Chukchi Sea and the Romulus C-67 well in the Sverdrup 
Basin, plus outcrops and wells documented by Mangerud et 
al. (2021).

The LO of the spore genus Aratrisporites occurs at the 
Triassic/Jurassic transition, within the Heiberg Formation, 
in the Sverdrup Basin (Felix 1975; Suneby and Hills 1988) 
Vigran et al. (2014) also listed several species of Aratri
sporites with LOs at the top of the Triassic. Paterson and 
Mangerud (2015) recorded several Aratrisporites species 
in their uppermost samples from the Svenskøya Formation 
on Hopen, including Aratrisporites scabratus, Aratrisporites 
laevigatus, Aratrisporites macrocavatus and Aratrisporites 
tenuispinosus. Mangerud et al. (2021) commented that no 
records of Aratrisporites occur younger than Triassic in the 
circum-Arctic region.

Suneby and Hills (1988) reported the LO of common 
Limbosporites lundbladiae at the top of their Limbosporites 
lundbladiae–Ricciisporites tuberculatus Zone and tentatively 
suggested its age as latest Norian or early Rhaetian. Vigran et 
al. (2014) reported the LO of common Limbosporites lund
bladiae as an intra-Rhaetian event. Paterson and Mangerud 
(2015) defined their Limbosporites lundbladiae–Quadraecu
lina anellaeformis Assemblage from the Svenskøya Forma-
tion and recorded common Limbosporites lundbladiae in the 
uppermost part of this unit. Since Limbosporites lundbladiae 
has not been reported from the Jurassic, this LO is inferred 
to coincide with the base of the Jurassic.

The LO of taeniate bisaccate pollen has been reported 
from multiple localities in the Arctic. Vigran et al. (2014) 
used the LO of taeniate bisaccate pollen as a top Triassic 
event. Suneby and Hills (1988) stated that Lunatisporites 
rhaeticus (as Taeniasporites rhaeticus) extends to the top of 
the Triassic in the Sverdrup Basin. Lunatisporites rhaeticus 
was also recorded by Felix (1975) and Paterson and Man-
gerud (2015), the latter authors recording it as a single spec-
imen in their uppermost sample from the Norian–Rhaetian 
Svenskøya Formation on Hopen.

The LOs of Sverdrupiella mutabilis, Aratrisporites, com-
mon Limbosporites lundbladiae, and taeniate bisaccate pol-
len are taken as the base of the ammonite Psiloceras planor

bis Zone (i.e., at the base of the Hettangian).

LO of Dapcodinium priscum

The LO of Dapcodinium priscum occurs within the am-
monite Arnioceras semicostatum Zone in the Barents Sea 
and on Svalbard (Feist-Burkhardt 1994, based on 
Below 1987a, 1990).

The LO of Dapcodinium priscum is taken as the base of 
the ammonite Arnioceras semicostatum Zone (i.e., earliest 
Sinemurian).

FO of Mendicodinium reticulatum

The FO of Mendicodinium reticulatum occurs at the base 
of beds with Mendicodinium spp. in the Middle-Nakynskaya  
360 Borehole, northeastern Siberia, at the base of the am-
monite Asteroceras obtusum Zone and the foraminiferal 
Trochammina inusitata–Turritellella volubilis Zone (Ni-
kitenko 2009; Goryacheva and Nikitenko 2016).

The FO of Mendicodinium reticulatum is taken as the base 
of the ammonite Asteroceras obtusum Zone (i.e., the base of 
the upper Sinemurian).

FO of Valvaeodinium perpunctatum

The FO of V alvaeodinium p erpunctatum occurs at the 
base of the early Pliensbachian as extrapolated from a com-
pilation of Pliensbachian to early Toarcian dinocysts from 
the Tethyan and Boreal realms by Bucefalo Palliani and 
Riding (2003). These authors concluded that Valvaeodinium 
perpunctatum is confined to the early Pliensbachian in the 
Boreal Realm.

The FO of Valvaeodinium p erpunctatum is taken as the 
base of the ammonite Uptonia jamesoni Zone (i.e., the base 
of the early Pliensbachian).

LO of Valvaeodinium perpunctatum

The LO of V alvaeodinium p erpunctatum occurs at the 
base of the late Pliensbachian as extrapolated from a compi-
lation of Pliensbachian to early Toarcian dinocysts from the 
Tethyan and Boreal realms by Bucefalo Palliani and Riding 
(2003), who concluded that Valvaeodinium perpunctatum is 
confined to the early Pliensbachian in the Boreal Realm.

The LO of Valvaeodinium p erpunctatum is taken as the 
base of the ammonite Almaltheus margaritatus Zone (i.e., 
the base of the late Pliensbachian).

FO of Scriniocassis weberi

The FO of Scriniocassis weberi occurs at the base of the 
Toarcian in the Barents Sea area and on Svalbard (Feist-Bur-
khardt 1994, based on data from Below 1987a, b, 1990). 
However, this range base is of late Pliensbachian (ammo-
nite Amaltheus margaritatus Zone) age throughout the  
Sub-Boreal and Boreal relams according to, for example, 
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Figure 5. Stratigraphic chart for the Bathonian; details as for Figure 1. Lund & P. 1985 - Lund and Pedersen (1985).



Copyright © Atlantic Geoscience, 2022Bujak et al. – Jurassic palynoevents in the circum-Arctic region

ATLANTIC GEOSCIENCE · VOLUME 58 · 2022 65

Dodekovia syzygia, Microdinium opacum and Valvaeodini
um cavum occur at base of Zone B of Davies (1983), which 
was assigned to the Toarcian of the Sverdrup Basin, inter-
preted here as the base of the ammonite Hildoceras bifrons 
Zone.

The FOs of Caligodinium aceras, Dingodinium minutum, 
Dodekovia syzygia, Microdinium opacum and Valvaeodini
um cavum are taken as the base of the ammonite Hildoceras 
bifrons Zone (i.e., the base of the middle Toarcian).

FO of Nannoceratopsis gracilis

The FO of Nannoceratopsis gracilis occurs in the lower 
parts of the ammonite Hildoceras bifrons Zone and the for-
aminiferal Ammobaculites lobus–Trochammina kisselmani 
Zone in the Kelimyar River area, northeastern Siberia (Ni-
kitenko et al. 2013).

The FO of Nannoceratopsis gracilis is taken as 17% up 
from the base of the ammonite Hildoceras bifrons Zone (i.e., 
middle Toarcian).

LOs of Andreedinium arcticum 
and other taxa listed below

The LOs of Andreedinium arcticum, Parvocysta bullu
la, Reutlingia nasuta and Susadinium faustum occur in the 
Toarcian ammonite Porpoceras polare–Pseudolioceras rosen
krantzi Zone on Svalbard (Feist-Burkhardt 1994, based on 
data from Below 1987a, 1990).

The LOs of Andreedinium arcticum, Parvocysta bullula, 
Reutlingia nasuta and Susadinium faustum are taken as 50% 
up from the base of the ammonite Hildoceras bifrons Zone 
(i.e., middle Toarcian).

FOs of Ovalicysta hiata and Scriniocassis priscus

The FOs of Ovalicysta hiata and Scriniocassis priscus oc-
cur in the Toarcian ammonite Porpoceras polare–Pseudolioc
eras rosenkrantzi Zone in the Barents Sea region (Feist-Bur-
khardt 1994, based on data from Below 1987a, 1990).

The FOs of Ovalicysta hiata and Scriniocassis priscus are 
taken as 50% up from the base of the ammonite Hildoceras 
bifrons Zone (i.e., middle Toarcian).

FO of Opaeopsomus wapellensis

The FO of Opaeopsomus wapellensis occurs within dino-
cyst Oppel-Zone B of Davies (1983), which was assigned to 
the Toarcian to early Bajocian in the Sverdrup Basin, inter-
preted here as the base of the ammonite Haugia variabilis 
Zone.

The FO of Opaeopsomus wapellensis is taken as the base 
of the ammonite Haugia variabilis Zone (i.e., the base of the 
late Toarcian).

Morgenroth (1970) and Riding and Thomas (1992).
The FO of Scriniocassis weberi is taken as 50% up from 

the base of the ammonite Amaltheus margaritatus Zone (i.e., 
late Pliensbachian).

FO of Freboldinium regulum

The FO of Freboldinium regulum occurs in the latest 
Pliensbachian ammonite Pleuroceras spinatum Zone on 
Svalbard (Feist-Burkhardt 1994, based on data from Below 
1987a, b, 1990).

The FO of Freboldinium regulum is taken as 50% up from 
the base of the ammonite Pleuroceras spinatum Zone (i.e., 
latest Pliensbachian).

FO of Susadinium scrofoides

The FO of Susadinium scrofoides occurs at the base of di-
nocyst Oppel Zone B of Davies (1983), which was assigned 
to the early Toarcian based on the presence of the marker 
ammonites Dactylioceras commune, Peronoceras spinatum, 
Peronoceras polare and Pseudoleoceras aff. compactile in the 
Sverdrup Basin (Davies 1983). The FO of Mancodinium sem
itabulatum also occurs within the Pliensbachian–Toarcian 
dinocyst Nannoceratopsis deflandrei Zone and the Pliensba-
chian–Toarcian dinocyst Nannoceratopsis deflandrei subsp. 
anabarensis Subzone defined in northern East Siberia by 
Riding et al. (1999), equivalent to the base of the ammonite 
Dactylioceras tenuicostatum Zone. However, van de Schoot-
brugge et al. (2020) reported Mancodinium semitabulatum 
from the upper Pliensbachian of northeast Russia.

The FO of Susadinium scrofoides is taken as the base of the 
ammonite Dactylioceras tenuicostatum Zone (i.e., the base 
of the early Toarcian).

FOs of Phallocysta eumekes 
and other taxa listed below

The FOs of Phallocysta eumekes and Valvaeodinium aq
uilonium occur at the base of the ammonite Harpoceras 
falciferum Zone at the Kelimyar River, northeastern Sibe-
ria. These biovents are within the foraminiferal Ammobac
ulites lobus–Trochammina kisselmani Zone (Nikitenko et al. 
2013). The FO of Rosswangia holotabulata is also placed, 
albeit tentatively, at the base of the ammonite Harpoceras 
falciferum Zone based on regional synthesis of Tethyan to 
Boreal dinocyst events by Goryacheva (2017, fig. 14). The 
latter work incorporated data from Davies (1983, 1985) 
from Arctic Canada.

The FOs of Phallocysta eumekes, Rosswangia holotabulata 
and Valvaeodinium aquilonium are taken as the base of the 
ammonite Harpoceras serpentinum Zone (i.e., early Toar-
cian).

FOs of Caligodinium aceras and other taxa listed below

The FOs of Caligodinium aceras, Dingodinium minutum, 
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Figure 6. Stratigraphic chart for the Callovian; details as for Figure 1. Lund & P. 1985 - Lund and Pedersen (1985).
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LO of Nannoceratopsis deflandrei  
subsp. senex var. C sensu Davies 1983

The LO of Nannoceratopsis deflandrei subsp. senex var. C 
sensu Davies 1983 occurs at base of dinocyst Oppel-Zone C 
of Davies (1983) which was assigned to the Toarcian to Early 
Bajocian in the Sverdrup Basin.

The LO of Nannoceratopsis deflandrei subsp. senex var. 
C sensu Davies 1983 is taken as the base of the ammonite 
Grammoceras thouarsense Zone (i.e., late Toarcian).

FOs of Chytroeisphaeridia chytroeides 
and Valvaeodinium punctatum

The FOs of Chytroeisphaeridia chytroeides and Valvaeo
dinium punctatum occur at base of dinocyst Oppel-Zone C 
of Davies (1983) which was assigned to the Toarcian to early 
Bajocian in the Sverdrup Basin.

The FOs of Chytroeisphaeridia chytroeides and Valvaeo
dinium punctatum are taken as the base of the ammonite 
Grammoceras thouarsense Zone (i.e., late Toarcian).

LO of Phallocysta elongata

The LO of Phallocysta elongata occurs at the top of the 
Toarcian dinocyst Phallocysta eumekes Zone defined in 
northern East Siberia by Riding et al. (1999); this horizon is 
coeval with the top of the ammonite Dumortieria levesquei 
Zone and is overlain by an Aalenian to Bajocian interval in 
northern East Siberian sections devoid of dinocysts (Riding 
et al. 1999).

The LO of Phallocysta elongata is taken as the base of the 
ammonite Pleydellia aalensis Zone (i.e., latest Toarcian).

LO of Mikrocysta erugata

The LO of Mikrocysta erugata occurs close to the base of 
the Aalenian, based on its occurrence near the top of the 
dinocyst Mikrocysta erugata Zone of Smelror and Below 
(1992, fig. 4). This zone was assigned to the Toarcian in the 
Arctic Norway/Barents Sea region.

The LO of Mikrocysta erugata is taken as the base of the 
ammonite Leioceras opalinum Zone (i.e., the base of the 
Aalenian).

FO of Phallocysta thomasii

The FO of Phallocysta thomasii occurs at the base of the 
Aalenian, based on its occurrence close to the top of the 
dinocyst Mikrocysta erugata Zone of Smelror and Below 
(1992, fig. 4), which these authors assigned to the Toarcian 
in the Arctic Norway–Barents Sea region.

The FO of Phallocysta thomasii is taken as the the base of 
the ammonite Leioceras opalinum Zone (i.e., the base of the 
Aalenian).

LO of Ovalicysta hiata

The LO of Ovalicysta hiata occurs in the Toarcian ammo-
nite Porpoceras polare–Pseudolioceras rosenkrantzi Zone in 
the Barents Sea and on Svalbard (Bjærke 1980a).

The LO of Ovalicysta hiata is taken as at 50% up from the 
base of the ammonite Leioceras opalinum Zone (i.e., earliest 
Aalenian).

FO of Evansia granochagrinata

The FO of Evansia granochagrinata occurs in the latest 
Pliensbachian ammonite Pleuroceras spinatum Zone on 
Svalbard (Feist-Burkhardt 1994, based on data from Below 
1987a, 1990).

The FO of Evansia granochagrinata is taken as 50% up 
from the base of the ammonite Leioceras opalinum Zone 
(i.e., earliest Aalenian).

LOs of Freboldinium serrulatum 
and other taxa listed below

The LOs of Freboldinium serrulatum, Mancodinium coali
tum, Mancodinium semitabulatum, Opaeopsomus wapellen
sis, Scriniodinium dictyotum subsp. pyrum and Valvaeodini
um punctatum occur at the base of dinocyst Oppel-Zone D 
of Davies (1983), which was assigned to the early Bajocian. 
The age of this zone was calibrated to the early Bajocian by 
Davies (1983) due to the presence of the ammonite Leio
ceras opalinum near its base on Ellef Ringnes Island (Fig. 
10). This distinctive mollusk is the only age-diagnostic mac-
rofossil in this zone. Strata immediately above this zone at 
Vantage Point, Axel Heiberg Island, have yielded the middle 
Bajocian ammonite Arkelloceras mclearni (Davies 1983).

The LOs of Freboldinium serrulatum, Mancodinium co
alitum, Mancodinium semitabulatum, Opaeopsomus wapel
lensis, Scriniodinium dictyotum subsp. pyrum and Valvaeo
dinium punctatum are taken as the base of the ammonite 
Hyperlioceras discites Zone (i.e., the base of the Bajocian).

LO of Scriniocassis priscus

The LO of Scriniocassis priscus occurs in the Aalenian to 
early Bajocian ammonite Leioceras opalinum–Hyperlioceras 
discites Zone in the Barents Sea and on Svalbard (Feist-Bur-
khardt 1994, based on data from Below 1987a, 1990).

The LO of Scriniocassis priscus is taken as 50% up from 
the base of the ammonite Sonninia propinquans Zone (i.e., 
early Bajocian).

FO of Freboldinium arcticum

The FO of Freboldinium arcticum occurs in the Toarcian 
ammonite Porpoceras polare–Pseudolioceras rosenkrantzi 
Zone in the Barents Sea region and Svalbard (Feist-Bur-
khardt 1994, based on data from Below 1987a, 1990).

The FO of Freboldinium arcticum is taken as 50% up from 
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Figure 7. Stratigraphic chart for the Oxfordian; details as for Figure 1. Lund & P. 1985 - Lund and Pedersen (1985).
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tallinum occur at the base of dinocyst Oppel-Zone F of 
Davies (1983), which was assigned to the late Bathonian in 
the Sverdrup Basin. No index macrofossils occur in strata 
correlative with Oppel-Zone F. This Oppel-Zone, however, 
is bracketed by the middle Bathonian ammonite Arctoceph
alites elegans in Oppel-Zone E and the early Callovian am-
monite Cadoceras bodylevski in Oppel-Zone G. The age of 
Oppel-Zone F is probably late Bathonian based on the am-
monites Arcticoceras ishmae and Arcticoceras kochi (Davies 
1983). The FOs occuring at this horizon are interpreted to 
occur at the base of the middle Bathonian ammonite Pro
cerites hodsoni Zone.

The FOs of Arkellea teichophera, Atopodinium prostatum, 
Paragonyaulacysta calloviensis, Paragonyaulacysta retiphrag
mata, Rhynchodiniopsis cladophora and Scriniodinium crys
tallinum are taken as the base of the ammonite Procerites 
hodsoni Zone (i.e., middle Bathonian).

LOs of Valvaeodinium aquilonium 
and Wanaea acollaris

The LO of Valvaeodinium aquilonium occurs at base of 
dinocyst Oppel-Zone F of Davies (1983) which was as-
signed to the late Bathonian in the Sverdrup Basin. The LO 
of Wanaea acollaris is coeval with the LO of Valvaeodinium 
aquilonium based on the co-occurrence of these species in 
northern Alaska and the Sverdrup Basin (see the Beechey 
Point State 1 reference well in Appendix C).

The LOs of Valvaeodinium aquilonium and Wanaea acol
laris are taken as the base of the ammonite Procerites hod
soni Zone (i.e., middle Bathonian).

LOs of Nannoceratopsis gracilis 
and Rosswangia holotabulata

The LOs of Nannoceratopsis gracilis and Rosswangia ho
lotabulata are correlated with the boundary between the 
dinocyst Nannoceratopsis gracilis and Sirmiodinium grossii 
zones of Smelror and Below (1992), at the base of the late 
Bathonian in the Barents Sea area. These two LOs are coeval 
based on data from northern Alaska and the Sverdrup Ba-
sin, including the Beechey Point State 1 reference well (Ap-
pendix C).

The LOs of Nannoceratopsis gracilis and Rosswangia ho
lotabulata are taken as 75% up from the base of the ammo-
nite Procerites hodsoni Zone (i.e., close to the middle/late 
Bathonian transition).

FOs of Lacrymodinium warrenii 
and Valensiella dictydia

The FOs of Lacrymodinium warrenii and Valensiella dic
tydia are assigned to the late Bathonian based on their oc-
currence at the boundary between the dinocyst Nannocera
topsis gracilis and Sirmiodinium grossii zones of Smelror and 
Below (1992) in the Barents Sea region.

The FOs of Lacrymodinium warrenii and Valensiella  

the base of the ammonite Sonninia propinquans Zone (i.e., 
early Bajocian).

LOs of Mendicodinium reticulatum 
and other taxa listed below

The LOs of Mendicodinium reticulatum and Phallocys
ta elongata occur at the base of dinocyst Oppel-Zone E of 
Davies (1983), which was dated as late Bajocian to middle 
Bathonian in the Sverdrup Basin. The presence of the am-
monite Arkelloceras mclearni at the base of Oppel-Zone E at 
Vantage Point, Axel Heiberg Island, indicates a middle Bajo-
cian age (Frebold in Tozer 1963; Frebold 1964; Frebold et al. 
1967; Davies 1983). Stratigraphically higher in Oppel-Zone 
E the ammonite Arctocephalites elegans is present and in-
dicates a middle Bathonian age (Davies 1983). The LOs of 
Nannoceratopsis deflandrei subsp. senex and Parvocysta bul
lula are correlated with the base of the late Bajocian based 
on its occurrence near the top of the dinocyst Dodekovia 
bullula–Nannoceratopsis senex Zone of Smelror and Below 
(1992, fig. 4), which they assigned to the Aalenian and early 
Bajocian in the Barents Sea region.

The LOs of Mendicodinium reticulatum, Nannoceratopsis 
deflandrei subsp. senex, Parvocysta bullula and Phallocysta 
elongata are taken as the base of the late Bajocian.

FOs of Evansia evittii and  
Protobatioladinium elatmaense

The FOs of Evansia evittii and Protobatioladinium elat
maense occur at the base of the Bathonian dinocyst Evansia 
evittii Zone defined in the Russian Platform by Riding et al. 
(1999). This is equivalent to the top of the ammonite Parkin
sonia parkinsoni Zone which is at the Bajocian–Bathonian 
transition. This interval is underlain by an Aalenian–Bajo-
cian interval in northeastern Siberia, which is devoid of di-
nocysts (Riding et al. 1999).

The FOs of Evansia evittii and Protobatioladinium elat
maense are taken as the base of the ammonite Zigzagiceras 
zigzag Zone (i.e., the base of the Bathonian).

FO of Dichadogonyaulax sellwoodii

The FO of Dichadogonyaulax sellwoodii occurs at the top 
of the Bathonian dinocyst Evansia evittii Zone defined in 
the Russian Platform by Riding et al. (1999), and thus within 
the earliest Bathonian ammonite Zigzagiceras zigzag Zone.

The FO of Dichadogonyaulax sellwoodii is taken as 75% 
above the base of the ammonite Zigzagiceras zigzag Zone 
(i.e., earliest Bathonian).

FOs of Arkellea teichophera 
and other taxa listed below

The FOs of Arkellea teichophera, Atopodinium prostatum, 
Paragonyaulacysta calloviensis, Paragonyaulacysta retiphrag
mata, Rhynchodiniopsis cladophora and Scriniodinium crys
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Cassiculosphaeridia magna, 
Cribroperidinium? perforans, 
Oligosphaeridium pulcherrimum

Cribroperidinium jubaris, 
Dingodinium jurassicum, 
Egmontodinium 
polyplacophorum, 
Epiplosphaera saturnalis, 
Gochteodinia mutabilis, 
Paragonyaulacysta capillosa, 
Protobatioladinium 
westburiense, Scriniodinium 
inritibile, Stephanelytron 
membranoideum

Apteodinium maculatum

Cribroperidinium? perforans 
subsp. kunzeviense, 

Endoscrinium subvallare, 
Lanterna? cantrellii, Lithodinia 

jurassica

Nannoceratopsis pellucida

Apteodinium granulatum, 
Cribroperidinium? ehrenbergii,
Cribroperidinium? perforans
subsp. perforans, 
Glossodinium dimorphum, 
Leptodinium? hyalodermopse,
Lunatadinium dissolutum,
Pareodinia groenlandica,
Perisseiasphaeridium pannosum,
Pyxidinopsis laminata, 
Scriniodinium anceps,
Sentusidinium capillatum,
Tubotuberella egemenii, 
Wallodinium krutzschii, 
Wrevittia helicoidea

Apteodinium bucculiatum, 
Arkellea teichophera, 
Egmontodinium? diminutum, 
Evansia deflandrei, 
Evansia evittii, Evansia? 
opeasatos, Evansia zabra, 
Komewuia glabra, 
Meiourogonyaulax deflandrei, 
Scriniodinium crystallinum, 
Sentusidinium verrucosum, 
Stephanelytron membranoideum

Figure 8. Stratigraphic chart for the Kimmeridgian; details as for Figure 1. Lund & P. 1985 - Lund and Pedersen (1985).
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dictydia are taken as 75% up from the base of the ammonite 
Procerites hodsoni Zone (i.e., close to the middle/late Batho-
nian transition).

LOs of Valvaeodinium leneae  
and Valvaeodinium spinosum

The LO of Valvaeodinium leneae occurs in the latest 
Bath-onian ammonite Cadoceras apertum Zone in East 
Green-land (Piasecki 2001). However, the LO of 
Valvaeodinium spinosum is present in the late Bathonian 
ammonite Cadoceras calyx Zone in central Spitsbergen, 
Svalbard (Koevoets et al. 2018), which is coeval with the 
ammonite Oxycerites orbis Zone (Fig. 5).

The LOs of Valvaeodinium leneae and Valvaeodinium 
spin osum are taken as the base of the ammonite Oxycerites 
orbis Zone (i.e., late Bathonian).

FOs of Atopodinium haromense 
and other taxa listed below

The FO of Atopodinium haromense occurs in the late Ba-
thonian ammonite Cadoceras calyx Zone in central Spits-
bergen, Svalbard (Koevoets et al. 2018) and is interpreted to 
occur at the base of the ammonite Oxycerites orbis Zone. The 
FOs of Ellipsoidictyum cinctum, Evansia? opeasatos, Evansia 
zabra, Gonyaulacysta adecta, Lithodinia jurassica, Parago
nyaulacysta calloviensis, Paragonyaulacysta retiphragmata, 
Pareodinia ceratophora and Tubotuberella rhombiformis 
also occur within dinocyst Zone F of Davies (1983), in the 
late Bathonian of the Sverdrup Basin.

The FOs of Atopodinium haromense, Ellipsoidictyum 
cinctum, Evansia? opeasatos, Evansia zabra, Gonyaulacysta 
adecta, Lithodinia jurassica, Paragonyaulacysta calloviensis, 
Paragonyaulacysta retiphragmata, Pareodinia ceratophora 
and Tubotuberella rhombiformis are taken as the base of the 
ammonite Oxycerites orbis Zone (i.e., late Bathonian).

LOs of Protobatioladinium? elongatum 
and Susadinium scrofoides

The LO of Protobatioladinium? elongatum occurs at the 
top of the latest Bathonian dinocyst Protobatioladinium? 
elongatum Zone defined in the Russian Platform by Riding 
et al. (1999). Likewise, the LO of Susadinium scrofoides oc-
curs at the top of dinocyst Oppel-Zone F of Davies (1983), 
which was assigned to the late Bathonian. Evidence for the 
age of Oppel-Zone F is provided by the middle Bathonian 
ammonite Arctocephalites elegans in Oppel-Zone E below, 
and the early Callovian ammonite Cadoceras bodylevski in 
Oppel-Zone G.

The LOs of Protobatioladinium? elongatum and Susadini
um scrofoides are taken as the base of the ammonite Macro
cephalites herveyi Zone (i.e., at the base of the Callovian).

FO of Evansia dalei

The FO of Evansia dalei occurs at the base of the early 
Callovian Fromea tornatilis Zone defined by Ilyina et al. 
(2005) in the Tyumenskaya superdeep well-6, West Siberia. 
This bioevent lies at the base of the ammonite Macroceph
alites herveyi Zone and the foraminiferal Kutsevella mem
orabilis–Guttulina tatarensis Zone. Evansia dalei was also 
reported from the lowermost Callovian of the Russian Plat-
form by Riding et al. (1999).

The FO of Evansia dalei is taken as the base of the am-
monite Macrocephalites herveyi Zone (i.e., at the base of the 
Callovian).

FOs of Ambonosphaera calloviana 
and other taxa listed below

The FOs of Ambonosphaera calloviana and Meiourogon
yaulax planoseptata occur in the Barents Sea at the boundary 
of the dinocyst Sirmiodinium grossii Zone, and the dinocyst 
Meiourogonyaulax planoseptata–Chlamydophorella ectotab
ulata Zone of Smelror and Below (1992). These events were 
assigned to the earliest Callovian. The FOs of Pareo dinia 
prolongata and Stephanelytron callovianum occur in the 
Tyumenskaya superdeep well-6, West Siberia at the base of 
the Callovian dinocyst Impletosphaeridium spp.–Stephanely-
tron Zone; this horizon is equivalent to the bases of the 
earliest Callovian ammonite Proplanulites koenigi Zone and 
the foraminiferal Dorothia insperata–Trochammina 
rostovzevi Zone (Ilyina et al. 2005).

The FOs of Ambonosphaera calloviana, Meiourogonyau
lax planoseptata, Pareodinia prolongata and Stephanelytron 
callovianum are taken as the base of the ammonite Proplan
ulites koenigi Zone (i.e., earliest Callovian).

LOs of Ctenidodinium combazii 
and other taxa listed below

The LO of Ctenidodinium combazii occurs at the top of the 
early Callovian dinocyst Lagenadinium callovianum (now 
Stephanelytron callovianum) zone defined on the Russian 
Platform by Riding et al. (1999). The LOs of Paragonyau
lacysta calloviensis, Paragonyaulacysta retiphragmata and 
Valensiella ovulum are coeval with the LO of Ctenidodinium 
combazii based on their occurrences in northern Alaska and 
the Sverdrup Basin, for example the Beechey Point State 1 
reference well (Appendix C).

The LOs of Ctenidodinium combazii, Paragonyaulacysta 
calloviensis, Paragonyaulacysta retiphragmata and Valensiel
la ovulum are taken as the base of the ammonite Kosmoceras 
jason Zone (i.e., the base of the middle Callovian).

FOs of Cribroperidinium granulatum 
and the other taxa listed below

The FOs of Cribroperidinium granulatum, Cribroperidin
ium? perforans subsp. kunzeviense, Endoscrinium galeritum, 
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Leptodinium mamilliferum, 
Moesiodinium raileanui, 
Trichodinium erinaceoides

Prolixosphaeridiopsis spissa

Muderongia simplex

Dingodinium cerviculum, 
Exochosphaeridium scitulum, 
Leptodinium deflandrei, 
Rhynchodiniopsis pennata, 
Stiphrosphaeridium 
anthophorum, 
Tanyosphaeridium isocalamum, 
Tubotuberella apatela

Lanterna bulgarica, 
Leptodinium volgense, 
Pareodinia asperata

Cribroperidinium? longicorne, 
Lanterna bulgarica, 

Rhynchodiniopsis pennata

Prolixosphaeridium parvispinum

Oligosphaeridium patulum

Atopodinium prostatum, 
Cribroperidinium jubaris, 

Glossodinium dimorphum, 
Pareodinia groenlandica

Cribroperidinium granulatum, 
Cribroperidinium nuciforme, 

Egmontodinium 
polyplacophorum, Imbatodinim 

kondratjevii, Leptodinium 
deflandrei, Leptodinium 
volgense, Scriniodinium 

anceps, Scriniodinium inritibile, 
Systematophora? ovata

Gonyaulacysta dualis, 
Pareodinia asperata, 

Rhynchodiniopsis cladophora, 
Scriniodinium dictyotum subsp.

dictyotum, Senoniasphaera 
jurassica, Tubotuberella 

dangeardii, Tubotuberella 
egemenii

Pyxidinopsis laminata, 
Sentusidinium ringnesiorum

Figure 9. Stratigraphic chart for the Tithonian; details as for Figure 1.
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Hystrichodinium? lanceatum, Komewuia glabra, Meiourog
onyaulax valensii, Ovoidinium waltonii, Paragonyaulacysta? 
borealis, Rotosphaeropsis thule and Sentusidinium verru
cosum occur at base of dinocyst Oppel-Zone H of Davies 
(1983). This zone was assigned to the middle Callovian– 
Oxfordian in the Sverdrup Basin and the base of it is inter-
preted here to represent the base of the ammonite Kosmo
ceras jason Zone.

The FOs of Cribroperidinium granulatum, Cribroperidin
ium? perforans subsp. kunzeviense, Endoscrinium galeritum, 
Hystrichodinium? lanceatum, Komewuia glabra, Meiourog
onyaulax valensii, Ovoidinium waltonii, Paragonyaulacysta? 
borealis, Rotosphaeropsis thule and Sentusidinium verrucos
um are taken as the base of the ammonite Kosmoceras jason 
Zone (i.e., the base of the middle Callovian).

LO of Dichadogonyaulax sellwoodii

The LO of Dichadogonyaulax sellwoodii occurs within the 
middle Callovian dinocyst Kalyptea stegasta Zone defined 
in the Russian Platform by Riding et al. (1999) at the base of 
the ammonite Erymnoceras coronatum Zone.

The LO of Dichadogonyaulax sellwoodii is taken as the 
base of the ammonite Erymnoceras coronatum Zone (i.e., 
middle Callovian).

LO of Liesbergia liesbergensis

The LO of Liesbergia liesbergensis occurs in Tyumenskaya 
superdeep well-6, West Siberia, at the base of the Callovian 
dinocyst Gonyaulacysta jurassica subsp. adecta var. longicor
nis Zone (Ilyina et al. 2005). The datum corresponds to the 
base of the ammonite Peltoceras athleta Zone on the Russian 
Platform (Riding et al. 1999).

The LO of Liesbergia liesbergensis is taken as the base of 
the ammonite Peltoceras athleta Zone (i.e., close to the mid-
dle/late Callovian transition).

FOs of Evansia deflandrei  
and the other taxa listed below

The FO of Gonyaulacysta longicornis occurs at the base 
of the late Callovian dinocyst Gonyaulacysta jurassica sub-
sp. adecta var. longicornis Zone defined in the Tyumenskaya 
SDW-6 borehole of West Siberia by Ilyina et al. (2005) and 
calibrated by ammonites indicative of the ammonite Pelto
ceras athleta Zone. The base of the dinocyst Gonyaulacysta 
jurassica subsp. adecta var. longicornis Zone of Ilyina et al. 
(2005) is equivalent to the base of the late Callovian dino-
cyst Pareodinia prolongata Zone of Riding et al. (1999) of 
the Russian Platform. Similarly, this bioevent is coeval with 
the base of the dinocyst Liesbergia scarburghensis–Wanaea 
thysanota Zone of Smelror and Below (1992) in the Barents 
Sea. The FO of Evansia deflandrei occurs at top of the di-
nocyst Meiourogonyaulax planoseptata–Chlamydophorella 
ectotabulata Zone (= base of the dinocyst Liesbergia scar
burghensis – Wanaea thysanota Zone) of Smelror and Below 

(1992), which was assigned by the latter authors to the later 
early and middle Callovian in the Norwegian Barents Sea 
region.

The FOs of Evansia deflandrei, Gonyaulacysta longicornis 
and Wanaea thysanota are taken as the base of the ammo-
nite Peltoceras athleta Zone (i.e., close to the middle/late 
Callovian transition).

LO of Pareodinia prolongata

The LO of Pareodinia prolongata occurs at the top of the 
Callovian dinocyst Pareodinia prolongata Zone defined in 
the Russian Platform by Riding et al. (1999), equivalent to 
the top of the ammonite Peltoceras athleta Zone and the base 
of the ammonite Quenstedtoceras lamberti Zone.

The LO of Pareodinia prolongata is taken as the base of the 
ammonite Quenstedtoceras lamberti Zone (i.e., late Callovi-
an).

FO of Trichodinium scarburghense

The FO of Trichodinium scarburghense occurs at the base 
of latest Callovian dinocyst Trichodinium scarburghense 
Zone of Riding et al. (1999) on the Russian Platform, equat-
ing with the base of the ammonite Quenstedtoceras lamberti 
Zone.

The FO of Trichodinium scarburghense is taken as the 
base of the ammonite Quenstedtoceras lamberti Zone (i.e., 
late Callovian).

LOs of Ambonosphaera calloviana 
and other taxa listed below

The LOs of Ambonosphaera calloviana, Ctenidodinium 
continuum, Meiourogonyaulax planoseptata and Valensiel
la dictydia occur at the base of the early Oxfordian. This is 
based on their occurrences at the base of the dinocyst Crus
solia deflandrei–Wanaea fimbriata Zone of Smelror and Be-
low (1992) in the Barents Sea, and the base of the dinocyst 
Wanaea fimbriata Zone on the Russian Platform (Riding et 
al. 1999).

The LOs of Ambonosphaera calloviana, Ctenidodinium 
continuum, Meiourogonyaulax planoseptata and Valensiella 
dictydia are taken as the base of the ammonite Quenstedto
ceras mariae Zone (i.e., the base of the Oxfordian).

FOs of Gonyaulacysta desmos and Wanaea fimbriata

Gonyaulacysta desmos is a characteristically Arctic form 
which is confined to the early Oxfordian (Poulsen 1991; 
Riding et al. 2022). The FO of Wanaea fimbriata occurs in 
the Tyumenskaya superdeep well-6, West Siberia, is close 
to the base of the early Oxfordian dinocyst Wanaea fimbri
ata Zone in West Siberia (Ilyina et al. 2005). This event is 
also observed in the Barents Sea and the Russian Platform 
(Smelror and Below 1992; Riding et al. 1999).

The FOs of Gonyaulacysta desmos and Wanaea fimbriata 
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are taken as the base of the ammonite Quenstedtoceras mari
ae Zone (i.e., the base of the Oxfordian).

LOs of Limbodinium absidatum 
and other taxa listed below

The LO of the typically Arctic species Tubotuberella den
tata occurs within the ammonite Quenstedtoceras mariae 
Zone (Riding 2012a). The LOs of Limbodinium absidatum 
and Wanaea thysanota occur in the lower part of the Ox-
fordian dinocyst Wanaea fimbriata Zone defined in the Rus-
sian Platform by Riding et al. (1999), an interval also within 

the ammonite Quenstedtoceras mariae Zone.
The LOs of Limbodinium absidatum, Tubotuberella denta

ta and Wanaea thysanota are taken as 50% up from the base 
of the ammonite Quenstedtoceras mariae Zone (i.e., earliest 
Oxfordian).

FO of Leptodinium mirabile

The FO of Leptodinium mirabile occurs in the lower part 
of the Oxfordian dinocyst Wanaea fimbriata Zone defined 
in the Russian Platform by Riding et al. (1999), within the 
ammonite Quenstedtoceras mariae Zone.
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The FO of Leptodinium mirabile is taken as 50% above 
the base of the ammonite Quenstedtoceras mariae Zone (i.e., 
earliest Oxfordian).

FO of Gonyaulacysta jurassica

The FO of Gonyaulacysta jurassica occurs within the up-
per part of the dinocyst Wanaea fimbriata Zone established 
for the Russian Platform (Riding et al. 1999). This event is 
therefore within the ammonite Cardioceras cordatum Zone.

The FO of Gonyaulacysta jurassica is taken as 50% above 
the base of the ammonite Cardioceras cordatum Zone (i.e., 
early Oxfordian).

LOs of Gonyaulacysta desmos and Wanaea fimbriata

The extinction of Gonyaulacysta desmos occurs at the 
top of the early Oxfordian and has been reported from East 
Greenland (Poulsen 1991). The LO of Wanaea fimbriata 
occurs at the top of the early Oxfordian dinocyst Wanaea 
fimbriata Zone defined from the Russian Platform by Riding 
et al. (1999), equivalent to the top of the ammonite Cardio
ceras cordatum Zone. This event also occurs at the top of the 
dinocyst Wanaea fimbriata Zone of West Siberia (Ilyina et 
al. 2005), and at the top of the dinocyst Crussolia deflandrei–
Wanaea fimbriata Zone in the Barents Sea (Smelror and Be-
low 1992). The latter dinocyst zones are of early Oxfordian 
age.

The LOs of Gonyaulacysta desmos and Wanaea fimbriata 
are taken as the base of the ammonite Perisphinctes plicatilis 
Zone (i.e., the base of the middle Oxfordian).

LO of Trichodinium scarburghense

The LO of Trichodinium scarburghense occurs at the top 
of the middle Oxfordian dinocyst Endoscrinium galeritum 
subsp. reticulatum Zone defined in the Russian Platform by 
Riding et al. (1999). This zone is equivalent to the ammonite 
Perisphinctes plicatilis and Cardioceras densiplicatum zones.

The LO of Trichodinium scarburghense is taken as the base 
of the ammonite Cardioceras tenuiserratum Zone (i.e., mid-
dle Oxfordian).

FOs of Gonyaulacysta dualis and 
Sentusidinium ringnesiorum

Sentusidinium ringnesiorum was recorded by Davies 
(1983) as Chytroeisphaeridia? mantellii (subsequently Es
charisphaeridia mantellii), Escharisphaeridia pocockii and 
Escharisphaeridia rudis, all of which were considered to be 
taxonomic junior synonyms of Sentusidinium ringnesiorum 
by Wood et al. (2016). The FOs of Sentusidinium ringnesi
orum and Gonyaulacysta dualis occur within dinocyst zone 
H of Davies (1983) established in the Sverdrup Basin. Both 
events are interpreted here as representing the top of the 
ammonite Perisphinctes plicatilis Zone.

The FOs of Gonyaulacysta dualis and Sentusidinium ring

nesiorum are taken as the base of the ammonite Perisphinc
tites pumilis Zone (i.e., middle Oxfordian).

LOs of Gonyaulacysta longicornis 
and Rigaudella aemula

The LOs of Gonyaulacysta longicornis and Rigaudella ae
mula occur at the top of the Oxfordian dinocyst Gonyaula
cysta jurassica subsp. adecta var. longicornis Zone defined in 
the Russian Platform by Riding et al. (1999). These events 
are broadly coeval with the boundary between the ammo-
nite Perisphinctites pumilis and Perisphinctes cautisnigrae 
zones.

The LOs of Gonyaulacysta longicornis and Rigaudella ae
mula are taken as the base of the ammonite Perisphinctites 
cautisnigrae Zone (i.e., at the base of the late Oxfordian).

FO of Cribroperidinium globatum

The FO of Cribroperidinium globatum occurs at the top of 
the Oxfordian dinocyst Gonyaulacysta jurassica subsp. adec
ta var. longicornis Zone defined in the Russian Platform by 
Riding et al. (1999). This datum is approximately equivalent 
to the top of the ammonite ammonite Perisphinctites pumilis 
Zone.

The FO of Cribroperidinium globatum is taken as the base 
of the ammonite Perisphinctites cautisnigrae Zone (i.e., at 
the base of the late Oxfordian transition).

FO of Leptodinium subtile

The FO of Leptodinium subtile occurs in the late Ox-
fordian ammonite Amoeboceras serratum Zone in Jameson 
Land, East Greenland (Alsen and Pasecki 2018).

The FO of Leptodinium subtile is taken as 50% up from 
the base of the ammonite Perisphinctites cautisnigrae Zone 
(i.e., late Oxfordian).

LOs of Apteodinium bucculiatum 
and other taxa listed below

The LOs of Evansia deflandrei and Scriniodinium crystal
linum occur close to the top of the late Oxfordian dinocyst 
Cribroperidinium globatum Zone defined in the Russian 
Platform by Riding et al. (1999), equivalent to the top of 
the ammonite Amoeboceras rosenkrantzi Zone. LOs of the 
other species mentioned below occur at base of the early 
Kimmeridgian dinocyst Oppel-Zone I of Davies (1983) for 
the Sverdrup Basin. These datums are interpreted herein as 
representing the Oxfordian/Kimmeridgian transition.

The LOs of Apteodinium bucculiatum, Arkellea te
ichophera, Sentusidinium verrucosum, Egmontodinium? 
diminutum, Evansia deflandrei, Evansia evittii, Evansia? ope
asatos, Evansia zabra, Komewuia glabra, Meiourogonyaulax 
deflandrei, Scriniodinium crystallinum and Stephanelytron 
membranoideum are taken as the base of the ammonite Pic
tonia baylei Zone (i.e., at the base of the Kimmeridgian).
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FOs of Apteodinium granulatum 
and other taxa listed below

The FOs of Apteodinium granulatum, Cribroperidinium? 
ehrenbergii, Cribroperidinium? perforans subsp. perforans, 
Leptodinium? hyalodermopse, Lunatadinium dissolutum, 
Pareodinia groenlandica, Pyxidinopsis laminata, Sentusidini
um capillatum (including Pilosidinium filiatum, a taxonomic 
junior synonym according to Wood et al. 2016), Tubotuber
ella egemenii, Wallodinium krutzschii and Wrevittia heli
coidea occur at the base of dinocyst Oppel-Zone I of Davies 
(1983). This horizon is considered here to be coeval with the 
boundary between the Oxfordian and Kimmeridgian. The 
FOs of Glossodinium dimorphum, Perisseiasphaeridium pan
nosum and Scriniodinium anceps occur at the top of the late 
Oxfordian dinocyst Cribroperidinium globatum Zone de-
fined in the Russian Platform by Riding et al. (1999), again 
equivalent to the Oxfordian/Kimmeridgian transition.

The FOs of Apteodinium granulatum, Cribroperidinium? 
ehrenbergii, Cribroperidinium? perforans subsp. perforans, 
Glossodinium dimorphum, Leptodinium? hyalodermopse, 
Lunatadinium dissolutum, Pareodinia groenlandica, Perisse
iasphaeridium pannosum, Pyxidinopsis laminata, Scriniod
inium anceps, Sentusidinium capillatum, Tubotuberella ege
menii, Wallodinium krutzschii and Wrevittia helicoidea are 
taken as the base of the ammonite Pictonia baylei Zone (i.e., 
at the base of the Kimmeridgian).

LO of Nannoceratopsis pellucida

The LO of Nannoceratopsis pellucida was reported by Ily-
ina et al. (2005) in the earliest Kimmeridgian of West Si-
beria, specifically within the Boreal ammonite Amoeboceras 
kitchini Zone. By contrast, this event occurs in the strata as-
signed to the upper Oxfordian ammonite Amoeboceras reg
ulare Zone in the Barents Sea (MS personal observations).

The LO of Nannoceratopsis pellucida is taken as at 50% 
up from the base of the ammonite Pictonia baylei Zone (i.e., 
earliest Kimmeridgian).

FO of Apteodinium maculatum

The FO of Apteodinium maculatum occurs within dino-
cyst Oppel-Zone I of Davies (1983) in the Sverdrup Basin. 
This zone was dated using evidence from ammonites and bi-
valves; Davies (1983) interpreted Oppel-Zone I as including 
the transition of the ammonite Pictonia baylei and Rasenia 
cymodoce zones.

The FO of Apteodinium maculatum is taken as the base 
of the ammonite Rasenia cymodoce Zone (i.e., early Kim-
meridgian).

LOs of Cribroperidinium? perforans  
subsp. kunzeviense and other taxa listed below

The LOs of Cribroperidinium? perforans subsp. kunzevi
ense, Endoscrinium subvallare, Lanterna? cantrellii and 

Lithodinia jurassica occur at base of dinocyst Oppel-Zone 
J of Davies (1983) in the Sverdrup Basin. This intra-Kim-
meridgian age is consistent with the presence of the bivalve 
species Buchia mosquensis in the central Amund Ringnes 
Dome. Furthermore, due to the occurrence of Buchia jische
riana in the lowermost part of Oppel-Zone K, (Davies 1983) 
interpreted his J/K zonal boundary as “middle” Kimmeridg-
ian (top of the ammonite Rasenia cymodoce Zone).

The LOs of Cribroperidinium? perforans subsp. kunzevi
ense, Endoscrinium subvallare, Lanterna? cantrellii and 
Lithodinia jurassica are taken as the base of the ammonite 
Aulacostephanus mutabilis Zone (i.e., the base of the late 
Kimmeridgian).

FOs of Cribroperidinium jubaris 
and other taxa listed below

The FOs of Cribroperidinium jubaris, Epiplosphaera sat
urnalis and Paragonyaulacysta capillosa occur at the base 
of dinocyst Oppel-Zone J of Davies (1983) in the Sverdrup 
Basin. The Kimmeridgian age of this biozone is based on ev-
idence from the bivalve genus Buchia. The FOs of Dingodin
ium jurassicum, Gochteodinia mutabilis, Protobatioladinium 
westburiense and Stephanelytron membranoideum occur in 
the Tyumenskaya superdeep well-6, West Siberia, at the base 
of the Kimmeridgian dinocyst Rhynchodiniopsis cladopho
ra Zone defined by Ilyina et al. (2005). Lastly, the FOs of 
Egmontodinium polyplacophorum and Scriniodinium inriti
bile occur in the dinocyst Pareodinia nuda (= Pareodinia cer
atophora) Subzone of Fisher and Riley (1980), equivalent to 
the boundary between the ammonite Rasenia cymodoce and 
Aulacostephanus mutabilis zones.

The FOs of Cribroperidinium jubaris, Dingodinium juras
sicum, Egmontodinium polyplacophorum, Epiplosphaera sat
urnalis, Gochteodinia mutabilis, Paragonyaulacysta capillo
sa, Protobatioladinium westburiense, Scriniodinium inritibile 
and Stephanelytron membranoideum are taken as the base of 
the ammonite Aulacostephanus mutabilis Zone (i.e., the base 
of the late Kimmeridgian).

FOs of Cassiculosphaeridia magna 
and other taxa listed below

The FOs of Cassiculosphaeridia magna, Cribroperidini
um? perforans and Oligosphaeridium pulcherrimum occur at 
the base of the Boreal dinocyst Pareodinia nuda Subzone of 
Fisher and Riley (1980).

The FOs of Cassiculosphaeridia magna, Cribroperidini
um? perforans and Oligosphaeridium pulcherrimum are tak-
en as the base of the ammonite Aulacostephanus eudoxus 
Zone (i.e., late Kimmeridgian).

FO of Corculodinium inaffectum

The FO of Corculodinium inaffectum occurs at the top of 
the Kimmeridgian dinocyst Gonyaulacysta jurassica subsp. 
jurassica Zone defined in the Russian Platform by Riding et 
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al. (1999). This is equivalent to the boundary between the 
ammonite Aulacostephanus eudoxus and Aulacostephanus 
autissiodorensis zones.

The FO of Corculodinium inaffectum is taken as the base 
of the ammonite Aulacostephanus autissiodorensis Zone 
(i.e., latest Kimmeridgian).

FOs of Lanterna bulgarica  
and other taxa listed below

The FOs of Lanterna bulgarica, Leptodinium volgense and 
Pareodinia asperata occur at the base of the Boreal dinocyst 
Gonyaulacysta jurassica Subzone of Fisher and Riley (1980). 
The datum approximately correlates with the boundary be-
tween the ammonite Aulacostephanus autissiodorensis and 
Pectinatites elegans zones.

The LOs of Lanterna bulgarica, Leptodinium volgense and 
Pareodinia asperata are taken as the base of the ammonite 
Pectinatites elegans Zone (i.e., the base of the Tithonian).

LOs of Pyxidinopsis laminata  
and Sentusidinium ringnesiorum

The LOs of Pyxidinopsis laminata and Sentusidinium 
ringnesiorum occur at the base of dinocyst zone K of Davies 
(1983) which was assigned to the earliest Tithonian in the 
Sverdrup Basin. (Sentusidinium ringnesiorum was recorded 
by Davies as Chytroeisphaeridia? mantellii, Escharisphaerid
ia pocockii and Escharisphaeridia rudis, all of which were 
considered taxonomic junior synonyms of Sentusidinium 
ringnesiorum by Wood et al. 2016.) These events are inter-
preted herein as being at the transition of the ammonite 
Pectinatites elegans and Pectinatites scitulus zones.

The LOs of Pyxidinopsis laminata and Sentusidinium ring
nesiorum are taken as the base of the ammonite Pectinatites 
scitulus Zone (i.e., earliest Tithonian).

FOs of Dingodinium cerviculum 
and the other taxa listed below

The FOs of Dingodinium cerviculum, Exochosphaeridium 
scitulum, Leptodinium deflandrei, Rhynchodiniopsis penna
ta, Stiphrosphaeridium anthophorum, Tanyosphaeridium 
isocalamum and Tubotuberella apatela occur at the base of 
the dinocyst Gonyaulacysta pennata Subzone of Fisher and 
Riley (1980). These datums correlate roughly with the top of 
the ammonite Pectinatites elegans Zone and the base of the 
ammonite Pectinatites scitulus Zone in the Boreal Realm.

The FOs of Dingodinium cerviculum, Exochosphaeridium 
scitulum, Leptodinium deflandrei, Rhynchodiniopsis penna
ta, Stiphrosphaeridium anthophorum, Tanyosphaeridium 
isocalamum and Tubotuberella apatela are taken as the base 
of the ammonite Pectinatites scitulus Zone (i.e., earliest Ti-
thonian).

LOs of Gonyaulacysta dualis 
and other taxa listed below

The LOs of Gonyaulacysta dualis and Pareodinia asperata 
occur at the base of the dinocyst Muderongia simplex zone 
defined by Fisher and Riley (1980). These events correlate 
approximately with the transition between the ammonite 
Pectinatites pectinatus and Pavlovia pallasioides zones. Fur-
thermore, the LOs of Rhynchodiniopsis cladophora, Scrinio
dinium dictyotum subsp. dictyotum, Senoniasphaera juras
sica, Tubotuberella dangeardii and Tubotuberella egemenii 
are coeval with the range tops of Gonyaulacysta dualis and 
Pareodinia asperata based on their occurrences in northern 
Alaska and the Sverdrup Basin, including the Beechey Point 
State 1 reference well (Appendix C).

The LOs of Gonyaulacysta dualis, Pareodinia asperata, 
Rhynchodiniopsis cladophora, Scriniodinium dictyotum sub-
sp. dictyotum, Senoniasphaera jurassica, Tubotuberella dan
geardii and Tubotuberella egemenii are taken as the base of 
the ammonite Pavlovia pallasioides Zone (i.e., early Titho-
nian).

FO of Muderongia simplex

The FO of Muderongia simplex occurs in the Boreal Realm 
at the base of the dinocyst Muderongia simplex Zone of Fish-
er and Riley (1980). This horizon approximately correlates 
with the base of the ammonite Pavlovia pallasioides Zone.

The FO of Muderongia simplex is taken as the base of the 
ammonite Pavlovia pallasioides Zone (i.e., early Tithonian).

LOs of Cribroperidinium granulatum 
and other taxa listed below

The LOs of Cribroperidinium granulatum, Cribroperidin
ium nuciforme, Egmontodinium polyplacophorum, Imbato
dinim kondratjevii, Leptodinium deflandrei, Leptodinium 
volgense, Scriniodinium anceps, Scriniodinium inritibile and 
Systematophora? ovata occur at the base of the palyno-
morph Pterospermopsis aureolata Subzone defined in Cana-
da, Greenland and northwestern Europe by Fisher and Riley 
(1980).

The LOs of Cribroperidinium granulatum, Cribroperidin
ium nuciforme, Egmontodinium polyplacophorum, Imbato
dinim kondratjevii, Leptodinium deflandrei, Leptodinium 
volgense, Scriniodinium anceps, Scriniodinium inritibile and 
Systematophora? ovata are taken as the base of the ammo-
nite Progalbanites albani Zone (i.e., the base of the late Ti-
thonian).

LOs of Atopodinium prostatum 
and other taxa listed below

The LOs of Atopodinium prostatum, Cribroperidinium 
jubaris, Glossodinium dimorphum and Pareodinia groen
landica occur at the base of dinocyst Oppel-Zone L of Da-
vies (1983) in the late Tithonian in the Sverdrup Basin. This 
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horizon is interpreted here as equating with the top of the 
ammonite Progalbanites albani Zone. The LO of Glossodini
um dimorphum also occurs at the top of the dinocyst Glosso
dinium dimorphum Zone defined in the Russian Platform by 
Riding et al. (1999). This event is coeval with the transition 
between the ammonite Progalbanites albani and Glauco
lithites glaucolithus zones.

The LOs of Atopodinium prostatum, Cribroperidinium 
jubaris, Glossodinium dimorphum and Pareodinia groen
landica are taken as the base of the ammonite Glaucolithites 
glaucolithus Zone (i.e., late Tithonian).

FO of Prolixosphaeridiopsis spissa

The FO of the acritarch species Prolixosphaeridiopsis 
spissa occurs at base of dinocyst Oppel-Zone L of Davies 
(1983), within the late Tithonian in the Sverdrup Basin, in-
terpreted here as equating with the base of the ammonite 
Glaucolithites glaucolithus Zone.

The FO of Prolixosphaeridiopsis spissa is taken as the base 
of the ammonite Glaucolithites glaucolithus Zone (i.e., late 
Tithonian).

LO of Oligosphaeridium patulum

The LO of Oligosphaeridium patulum occurs in the late 
Tithonian, close to the base of the Boreal ammonite Cras
pidites okensis Zone in Andøya, Arctic Norway (MS, per-
sonal observations). Ilyina et al. (2005) also recorded this 
event at the base of the ammonite Craspedites okensis Zone 
in West Siberia, approximately coeval with the base of the 
ammonite Titanites anguiformis Zone (Fig. 9).

The LO of Oligosphaeridium patulum is taken as the base 
of the ammonite Titanites anguiformis Zone (i.e., late Titho-
nian).

FOs of Leptodinium mamilliferum 
and other taxa listed below

The FOs of Leptodinium mamilliferum, Moesiodinium 
raileanui and Trichodinium erinaceoides occur at the base 
of dinocyst Oppel-Zone M of Davies (1983) in the late Ti-
thonian of the Sverdrup Basin. This horizon is interpreted 
here as equating with the base of the ammonite Titanites 
anguiformis Zone. The stratigraphic range of Moesiodinium 
raileanui is early Toarcian to earliest Bajocian, i.e., substan-
tially older in northwestern Europe (e.g., Riding and Thom-
as 1992) than in northern Canada. The occurrences of Moe
siodinium raileanui reported by Davies (1983) may be either 
misidentified or reworked. The characteristic hexagonal ar-
chaeopyle with geniculate top and base is not visible in the 
single specimen illustrated by Davies (1983, pl. 6, fig. 23).

The FOs of Leptodinium mamilliferum, Moesiodinium 
raileanui and Trichodinium erinaceoides are taken as the 
base of the ammonite Titanites anguiformis Zone (i.e., late 
Tithonian).

LO of Prolixosphaeridium parvispinum

The LO of Prolixosphaeridium parvispinum occurs in the 
upper part of the dinocyst Senioniasphaera jurassica Zone 
defined in the Russian Platform by Riding et al. (1999). This 
event is coeval with the transition between the ammonite 
Titanites anguiformis and Paracraspedites oppressus zones.

The LO of Prolixosphaeridium parvispinum is taken as the 
base of the ammonite Paracraspedites oppressus Zone (i.e., 
late Tithonian).

LOs of Cribroperidinium? longicorne 
and other taxa listed below

The LOs of Cribroperidinium? longicorne, Lanterna bul
garica and Rhynchodiniopsis pennata occur at the base of the 
dinocyst Dichadogonyaulax culmula Subzone of Fisher and 
Riley (1980), which approximately correlates to the top of 
the ammonite Paracraspedites oppressus Zone.

The LOs of Cribroperidinium? longicorne, Lanterna bul
garica and Rhynchodiniopsis pennata are taken as the base 
of the ammonite Subcraspedites primitivus Zone (i.e., late 
Tithonian).

FOs of Ctenidodinium? schizoblatum 
and other taxa listed below

The FOs of Ctenidodinium? schizoblatum and Dichadog
onyaulax culmula occur in the late Tithonian, at the base of 
the dinocyst Dichadogonyaulax culmula Subzone of Fisher 
and Riley (1980), which is broadly coeval with the top of the 
ammonite Paracraspedites oppressus Zone. Furthermore, the 
FO of Gochteodinia villosa occurs at the top of the late Ti-
thonian dinocyst Senoniasphaera jurassica Zone defined in 
the Russian Platform by Riding et al. (1999). This event also 
equates to the boundary between the ammonite Paracras
pedites oppressus and Subcraspedites primitivus zones.

The FOs of Ctenidodinium? schizoblatum, Dichadogo
nyaulax culmula and Gochteodinia villosa are taken as the 
base of the ammonite Subcraspedites primitivus Zone (i.e., 
late Tithonian).

DISCUSSION AND CONCLUSIONS

In this contribution we summarize the Jurassic paly-
nostratigraphy of the circum-Arctic region (i.e., northern 
North America and Greenland in the west, and arctic Nor-
way, the Barents Sea and northern Russia in the east) with 
the principal emphasis on dinocyst bioevents. The literature 
on the marine palynology of the Arctic is mainly centred 
on the eastern Arctic (Svalbard and northern Russia), with 
substantially fewer papers on the western Arctic (Canadi-
an Arctic and Greenland). There is relatively little relevant 
information in the public domain on Alaska. In terms  
of stratigraphic coverage, most data are from the Upper Ju-
rassic with markedly fewer contributons on Middle Jurassic 
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successions. The palynology of the Arctic Lower Jurassic 
has not been extensively researched, and this overall pattern 
closely follows the global trend in terms of the research ef-
fort on Jurassic dinocysts (Riding 2012b).

We document herein a succession of 214 bioevents (FOs 
and LOs), calibrated to ammonite zones, from the Hettang-
ian to the Tithonian. These biohorizons have been selected 
to provide a practical succession of datums based on com-
mon and easy to recognize taxa that give a high resolution 
biostratigraphic coverage of the entire Jurassic System in the 
Arctic. This reflects the typically highly diverse floras during 
the Jurassic at high northern latitudes, which appear to have 
been an evolutionary “hotspot” (Mantle et al. 2020; van de 
Schootbrugge et al. 2020; Correia et al. 2021). The main 
Arctic Jurassic palynozonations such as those by Johnson 
and Hills (1973), Fisher and Riley (1980), Davies (1983), 
Smelror and Below (1992), Riding et al. (1999) and Ilyina et 
al. (2005) are referenced extensively.

The parent cells of dinocysts are largely motile and plank-
tonic, and therefore they typically have extensive geographi-
cal distributions (Riding and Lucas-Clark 2016). Substantial 
numbers of cosmopolitan Jurassic taxa occur generally, and 
many were present in the Boreal, sub-Boreal and Tethyan 
realms in the northern hemisphere (Riding et al. 2010; Man-
tle and Riding 2012). However, some provincialism did oc-
cur and the intensity of this endemism fluctuated during the 
Jurassic. The diversity of Early Jurassic dinocysts is relatively 
low compared to the post-Bajocian interval (e.g., Riding and 
Thomas 1992). Bucefalo Palliani and Riding (2003) demon-
strated that Boreal Pliensbachian and Toarcian dinocysts 
were markedly more species-rich than their Tethyan coun-
terparts. The Bathonian during the Middle Jurassic was a 
time of relatively high levels of eustatic-driven endemism, 
prior to substantially more cosmopolitan and diverse flor-
as in the Callovian and onwards (Riding et al. 1985, 1991). 
The latest Jurassic was characterized by very high levels of 
provincialism largely due to land barriers and low sea lev-
els (e.g., Abbink et al. 2001). The provincialism of Lower, 
Middle and Late Jurassic floras was discussed by, for exam-
ple, Riding (1984), Smelror (1993), Riding and Ioannides 
(1996), Riding and Hubbard (1999), Riding et al. (1999) 
and Harding et al. (2011). These studies confirm that genera 
such as Evansia and Paragonyaulacysta and species such as 
Gonyaulacysta dualis are typically Arctic (Riding et al. 1999; 
Riding and Lucas-Clark 2016; Riding et al. 2022). More spe-
cifically, Riding and Michoux (2013) discussed the migra-
tion southward of Boreal forms such as Evansia deflandrei, 
Mendicodinium groenlandicum, Rigaudella aemula, Tricho
dinium scarburghensis, Tubotuberella dentata and Wanaea 
fimbriata at the Callovian–Oxfordian transition. These taxa 
are envisaged as being cold water forms, however it should 
be borne in mind that seasonality and thermal latitudinal 
gradients during the Mesozoic greenhouse were generally 
considerably less than those in today’s Quaternary Icehouse 
(Valdes and Sellwood 1992; Alberti et al. 2017).
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APPENDIX A: TAXON NAMES WITH AUTHOR CITATIONS
Note that the references for the dinocyst author citations may be found in Fensome et al. (2019).

Acritarchs and Algae

Fromea tornatilis  (Drugg 1978) Lentin and Williams 1981
Prolixosphaeridiopsis spissa (McIntyre and Brideaux 1980) Hogg and Bailey 1997
Pterospermopsis aureolata  (Cookson and Eisenack 1958) Eisenack 1972

Dinocysts

Ambonosphaera calloviana Fensome 1979
Andreedinium arcticum Below 1987a (now Phallocysta arctica )
Apteodinium bucculiatum Davies 1983
Apteodinium granulatum Eisenack 1958
Apteodinium maculatum Eisenack and   Cookson 1960
Arkellea teichophera (Sarjeant 1961) Below 1990        
Atopodinium haromense Thomas and Cox 1988
Atopodinium prostatum Drugg 1978
Caligodinium aceras (Manum and Cookson 1964) Lentin and Williams 1973
Cassiculosphaeridia magna Davey 1974
Chlamydophorella ectotabulata Smelror 1989
Chytroeisphaeridia chytroeides (Sarjeant 1962) Downie and Sarjeant 1965
Chytroeisphaeridia? mantellii Gitmez and Sarjeant 1972 (now considered a taxonomic junior synonym of Sentusidinium ringnesiorum) 
Corculodinium inaffectum (Drugg 1978) Courtinat 2000
Cribroperidinium? ehrenbergii (Gitmez 1970) Helenes 1984
Cribroperidinium globatum (Gitmez and Sarjeant 1972) Helenes 1984
Cribroperidinium granulatum (Klement 1960) Stover and Evitt 1978
Cribroperidinium? longicorne (Downie 1957) Lentin and   Williams 1985
Cribroperidinium jubaris (Davies 1983) Lentin and Williams 1985
Cribroperidinium nuciforme (Deflandre 1962) Courtinat 1989
Cribroperidinium? perforans (Cookson and     Eisenack 1958) Morgan 1980
Cribroperidinium? perforans subsp. kunzeviense (Vozzhennikova 1967) Lentin and                                                                  Williams 1989 
Cribroperidinium ? perforans subsp. perforans (Cookson and Eisenack 1958) Morgan 1980
Crussolia deflandrei Wolfard and Van Erve 1981 (now Evansia deflandrei )
Ctenidodinium combazii Dupin 1968
Ctenidodinium continuum Gocht 1970
Ctenidodinium? schizoblatum (Norris 1965) Lentin and Williams 1973
Dapcodinium priscum Evitt 1961
Dichadogonyaulax culmula (Norris 1965) Loeblich Jr. and Loeblich III 1968
Dichadogonyaulax sellwoodii Sarjeant 1975
Dingodinium cerviculum Cookson and         Eisenack 1958
Dingodinium jurassicum Cookson and         Eisenack 1958
Dingodinium minutum Dodekova 1975
Dodekovia bullula (Bjærke 1980) Below 1987a (now Parvocysta bullula )
Dodekovia syzygia Dörhöfer and Davies 1980
Egmontodinium? diminutum Davies 1983
Egmontodinium polyplacophorum Gitmez and Sarjeant 1972
Ellipsoidictyum cinctum Klement 1960
Endoscrinium galeritum (Deflandre 1939) Vozzhennikova 1967
Endoscrinium galeritum subsp. reticulatum (Klement 1960) Górka 1970
Endoscrinium subvallare (Sarjeant 1962) Lentin and   Williams 1973
Epiplosphaera saturnalis (Brideaux and Fisher 1976) Dodekova 1994
Escharisphaeridia mantellii (Gitmez and Sarjeant 1972) Courtinat 1989 (now considered a taxonomic junior 

  synonym of Sentusidinium ringnesiorum)
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APPENDIX A: continued.
Escharisphaeridia pocockii (Sarjeant 1968) Erkmen and Sarjeant 1980 (now considered a taxonomic junior synonym of

 Sentusidinium ringnesiorum)
Escharisphaeridia rudis Davies 1983 (now considered a taxonomic junior synonym of Sentusidinium ringnesiorum ) 
Evansia Pocock 1972
Evansia dalei Smelror and   Århus 1989
Evansia deflandrei (Wolfard and Van Erve 1981) Below 1990
Evansia evittii (Pocock 1972) Jansonius      1986
Evansia granochagrinata Below 1990
Evansia? opeasatos (Davies 1983) Jansonius 1986
Evansia zabra (Davies 1983) Jansonius 1986
Exochosphaeridium scitulum Singh 1971
Freboldinium arcticum Below 1990
Freboldinium regulum Below 1990
Freboldinium serrulatum (Davies 1983) Below 1990
Glossodinium dimorphum Ioannides et al. 1977
Gochteodinia mutabilis (Riley in Fisher and Riley 1980) Fisher and Riley 1982
Gochteodinia villosa (Vozzhennikova 1967) Norris   1978
Gonyaulacysta adecta (Sarjeant 1982) Riding   et al. 2022
Gonyaulacysta desmos (Poulsen 1991) Riding et al. 2022
Gonyaulacysta dualis (Brideaux and Fisher 1976) Stover and Evitt 1978
Gonyaulacysta jurassica (Deflandre 1939) Norris and Sarjeant 1965
Gonyaulacysta jurassica subsp. adecta var. longicornis (Deflandre 1938) Downie and Sarjeant 1965 (now Gonyaulacysta longicornis) 
Gonyaulacysta jurassica subsp. jurassica (autonym, now      redundant)
Gonyaulacysta longicornis (Deflandre 1939) Riding et al. 2022
Hystrichodinium? lanceatum Davies 1983
Imbatodinim kondratjevii Vozzhennikova 1967
Impletosphaeridium Morgenroth 1966a
Kalyptea stegasta (Sarjeant 1961a) Wiggins  1975
Komewuia glabra Cookson and             Eisenack 1960
Lacrymodinium warrenii Albert et al. 1986
Lagenadinium callovianum Piel 1985 (now Stephanelytron callovianum )
Lanterna bulgarica Dodekova 1969
Lanterna? cantrellii (Sarjeant 1972) Williams  et al. 1993
Leptodinium deflandrei (Riley in Fisher and Riley 1980) Lentin and Williams 1981 
Leptodinium? hyalodermopse (Cookson and  Eisenack 1958) Stover and Evitt 1978 
Leptodinium mamilliferum (Deflandre 1939) Helenes 1984
Leptodinium mirabile Klement 1960
Leptodinium subtile Klement 1960
Leptodinium volgense Lentin and  Williams 1981
Liesbergia liesbergensis Berger 1986 Liesbergia scarburghensis (Sarjeant 1964b) Berger 1986 (now Trichodinium scarburghense ) 
Limbodinium absidatum (Drugg 1978) Riding 1987
Lithodinia jurassica Eisenack 1935
Lunatadinium dissolutum Brideaux and McIntyre 1973
Mancodinium coalitum Morgenroth 1970
Mancodinium semitabulatum Morgenroth 1970
Meiourogonyaulax deflandrei Sarjeant 1968
Meiourogonyaulax planoseptata Riding 1987
Meiourogonyaulax valensii Sarjeant 1966
Mendicodinium Morgenroth 1970
Mendicodinium groenlandicum (Pocock and Sarjeant 1972) Davey 1979
Mendicodinium reticulatum Morgenroth 1970
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APPENDIX A: continued.
Microdinium opacum Brideaux 1971
Mikrocysta erugata Bjærke 1980
Moesiodinium raileanui Antonesçu 1974
Muderongia simplex Alberti 1961
Nannoceratopsis deflandrei Evitt 1961b
Nannoceratopsis deflandrei subsp. anabarensis Ilyina in             Ilyina et al. 1994
Nannoceratopsis deflandrei subsp. senex (van Helden 1977) Ilyina in     Ilyina et al. 1994
Nannoceratopsis deflandrei subsp. senex var. C sensu Davies 1983 
Nannoceratopsis gracilis Alberti 1961
Nannoceratopsis pellucida Deflandre 1939
Nannoceratopsis senex van Helden, 1977 (now Nannoceratopsis deflandrei subsp. senex )
Oligosphaeridium patulum Riding and Thomas 1988
Oligosphaeridium pulcherrimum (Deflandre and Cookson 1955) Davey and Williams 1966
Opaeopsomus wapellensis Pocock 1972
Ovalicysta hiata Bjærke 1980
Ovoidinium waltonii (Pocock 1972) Lentin and   Williams 1976
Paragonyaulacysta Johnson and Hills 1973
Paragonyaulacysta? borealis (Brideaux and Fisher 1976) Stover and Evitt 1978
Paragonyaulacysta calloviensis Johnson and Hills 1973
Paragonyaulacysta capillosa (Brideaux and Fisher 1976) Stover and Evitt 1978
Paragonyaulacysta retiphragmata Dörhöfer and Davies 1980
Pareodinia asperata Riley in Fisher and Riley 1980
Pareodinia ceratophora Deflandre 1947
Pareodinia groenlandica Sarjeant 1972
Pareodinia prolongata Sarjeant 1959
Parvocysta bullula Bjærke 1980
Perisseiasphaeridium pannosum Davey and Williams 1966
Phallocysta arctica (Below 1987a) Riding 1994
Phallocysta elongata (Beju 1971) Riding 1994
Phallocysta eumekes Dörhöfer and Davies 1980
Phallocysta thomasii Smelror 1991
Pilosidinium filiatum (Davies, 1983) Courtinat 1989 (now considered a taxonomic junior synonym of Sentusidinium capillatum ) 
Prolixosphaeridium parvispinum (Deflandre 1937) Davey et al. 1969
Protobatioladinium elatmaense Riding and Ilyina 1996
Protobatioladinium? elongatum Riding and Ilyina 1998
Protobatioladinium westburiense Nøhr-Hansen 1986
Pyxidinopsis laminata (Davies 1983) Lentin and Williams 1985
Reutlingia cracens (Bjærke 1980) Prauss 1989
Rhynchodiniopsis cladophora (Deflandre 1939) Below 1981
Rhynchodiniopsis pennata (Riley in Fisher and Riley 1980) Jan du Chêne et al. 1985
Rigaudella aemula (Deflandre 1939) Below 1982
Rosswangia holotabulata (Davies 1983) Below 1987b
Rotosphaeropsis thule (Davey 1982) Riding and Davey 1989
Scriniocassis priscus (Gocht 1979) Below 1990
Scriniocassis weberi Gocht 1964
Scriniodinium anceps (Raynaud 1978) Jan du Chêne et al. 1986
Scriniodinium crystallinum (Deflandre 1939) Klement 1960
Scriniodinium dictyotum subsp. dictyotum Cookson and       Eisenack 1960
Scriniodinium dictyotum subsp. pyrum Gitmez 1970
Scriniodinium inritibile Fisher and Riley 1980
Senoniasphaera jurassica (Gitmez and Sarjeant 1972) Lentin and Williams 1976
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APPENDIX A: continued.
Sentusidinium capillatum (Davies 1983) Courtinat 1989
Sentusidinium ringnesiorum (Manum and Cookson 1964) Wood et al. 2016
Sentusidinium verrucosum (Sarjeant 1968) Sarjeant and     Stover 1978
Sirmiodinium grossii Alberti 1961
Stephanelytron Sarjeant 1961a
Stephanelytron callovianum (Piel 1985) Courtinat 1999
Stephanelytron membranoideum (Vozzhennikova 1967) Courtinat 1999 
Stiphrosphaeridium anthophorum ( Cookson and Eisenack 1958) Lentin and Williams 
1985 Susadinium faustum (Bjærke 1980) Lentin and     Williams 1985
Susadinium scrofoides Dörhöfer and Davies 1980
Sverdrupiella Bujak and Fisher 1976
Sverdrupiella mutabilis Bujak and Fisher 1976
Systematophora? ovata Gitmez and Sarjeant 1972
Tanyosphaeridium isocalamum (Deflandre and Cookson 1955) Davey and Williams 1969 
Trichodinium erinaceoides Davies 1983
Trichodinium scarburghense (Sarjeant 1964) Williams   et al . 1993
Tubotuberella apatela (Cookson and Eisenack 1960) Ioannides et al . 1977 Tubotuberella 
dangeardii (Sarjeant 1968) Stover and    Evitt 1978
Tubotuberella dentata Raynaud 1978
Tubotuberella egemenii (Gitmez 1970) Stover and Evitt 1978
Tubotuberella rhombiformis Vozzhennikova 1967
Valensiella dictydia (Sarjeant 1972) Lentin and    Williams 1993
Valensiella ovulum (Deflandre 1947) Eisenack 1963
Valvaeodinium aquilonium (Dörhöfer and Davies 1980) Below 1987b
Valvaeodinium cavum (Davies 1983) Below 1987b
Valvaeodinium leneae Piasecki 2001
Valvaeodinium perpunctatum (Wille and Gocht 1979) Below 1987b
Valvaeodinium punctatum (Wille and Gocht 1979) Below 1987b
Valvaeodinium spinosum (Fenton et al. 1980) Below 1987b
Wallodinium krutzschii (Alberti 1961) Habib   1972
Wanaea acollaris Dodekova 1975
Wanaea fimbriata Sarjeant 1961
Wanaea thysanota Woollam 1982
Wrevittia helicoidea (Eisenack and Cookson 1960) Helenes and Lucas-Clark 1997

Miospores

Aratrisporites Leschik 1956
Aratrisporites laevigatus Bjærke and Manum 1977
Aratrisporites macrocavatus Bjærke and Manum 1977
Aratrisporites scabratus Klaus 1960
Aratrisporites tenuispinosus Playford 1965
Limbosporites lundbladiae  Nilsson 1958
Lunatisporites rhaeticus  (Schulz 1967) Warrington 1974
Quadraeculina anellaeformis  Malyavkina 1949
Ricciisporites tuberculatus  Lundblad 1954
Taeniasporites rhaeticus  (Schulz 1967) Warrington 1974
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APPENDIX B: SPREADSHEET SUMMARIZING PALYNOEVENTS
All mentions of ammonite zones refer to the Sub-Boreal ammonite zonation. 

Event Calibration

LO of Aratrisporites Base of the ammonite Psiloceras planorbis  Zone
LO of Common Limbosporites lundbladiae Base of the ammonite Psiloceras planorbis  Zone
LO of Sverdrupiella mutabilis Base of the ammonite Psiloceras planorbis  Zone
LO of Taeniate bisaccate pollen Base of the ammonite Psiloceras planorbis  Zone
LO of Dapcodinium priscum
FO of Mendicodinium reticulatum
FO of Valvaeodinium perpunctatum
LO of Valvaeodinium perpunctatum
FO of Scriniocassis weberi
FO of Freboldinium regulum
FO of Susadinium scrofoides
FO of Phallocysta eumekes
FO of Rosswangia holotabulata
FO of Valvaeodinium aquilonium
FO of Caligodinium aceras
FO of Dingodinium minutum
FO of Dodekovia syzygia
FO of Microdinium opacum
FO of Valvaeodinium cavum
FO of Nannoceratopsis gracilis
FO of Ovalicysta hiata
FO of Scriniocassis priscus
LO of Andreedinium arcticum
LO of Parvocysta bullula
LO of Reutlingia nasuta
LO of Susadinium faustum
FO of Opaeopsomus wapellensis
FO of Susadinium scrofoides
FO of Chytroeisphaeridia chytroeides
FO of Valvaeodinium punctatum
LO of Nannoceratopsis deflandrei  subsp. senex  var C sensu Davies 1983
LO of Phallocysta elongata
FO of Phallocysta thomasii
LO of Mikrocysta erugata
FO of Evansia granochagrinata
LO of Ovalicysta hiata
LO of Freboldinium serrulatum
LO of Mancodinium coalitum
LO of Mancodinium semitabulatum
LO of Opaeopsomus wapellensis
LO of Scriniodinium dictyotum  subsp. pyrum
LO of Valvaeodinium punctatum
FO of Freboldinium arcticum
LO of Scriniocassis priscus

Base of the ammonite Arnioceras semicostatum Zone 
Base of the ammonite Asteroceras obtusum Zone
Base of the ammonite Uptonia jamesoni Zone
Base of the ammonite Almaltheus margaritatus Zone 
50% up the ammonite Amaltheus margaritatus Zone 
50% up the ammonite Pleuroceras spinatum Zone 
Base of the ammonite Dactylioceras tenuicostatum Zone 
Base of the ammonite Harpoceras serpentinum Zone 
Base of the ammonite Harpoceras serpentinum Zone 
Base of the ammonite Harpoceras serpentinum Zone 
Base of the ammonite Hildoceras bifrons Zone
Base of the ammonite Hildoceras bifrons Zone
Base of the ammonite Hildoceras bifrons Zone
Base of the ammonite Hildoceras bifrons Zone
Base of the ammonite Hildoceras bifrons Zone
17% up the ammonite Hildoceras bifrons Zone
50% up the ammonite Hildoceras bifrons Zone
50% up the ammonite Hildoceras bifrons Zone
50% up the ammonite Hildoceras bifrons Zone
50% up the ammonite Hildoceras bifrons Zone
50% up the ammonite Hildoceras bifrons Zone
50% up the ammonite Hildoceras bifrons Zone
Base of the ammonite Haugia variabilis Zone
Base of the ammonite Haugia variabilis Zone
Base of the ammonite Grammoceras thouarsense Zone 
Base of the ammonite Grammoceras thouarsense Zone 
Base of the ammonite Grammoceras thouarsense Zone 
Base of the ammonite Pleydellia aalensis Zone
Base of the ammonite Leioceras opalinum Zone
Base of the ammonite Leioceras opalinum Zone
50% up the ammonite Leioceras opalinum Zone
50% up the ammonite Leioceras opalinum Zone
Base of the ammonite Hyperlioceras discites Zone 
Base of the ammonite Hyperlioceras discites Zone 
Base of the ammonite Hyperlioceras discites Zone 
Base of the ammonite Hyperlioceras discites Zone 
Base of the ammonite Hyperlioceras discites Zone 
Base of the ammonite Hyperlioceras discites Zone 
50% up the ammonite Sonninia propinquans Zone 
50% up the ammonite Sonninia propinquans Zone

LO of Mendicodinium reticulatum Base of the late Bajocian
LO of Nannoceratopsis deflandrei  subsp. senex Base of the late Bajocian
LO of Parvocysta bullula Base of the late Bajocian
LO of Phallocysta elongata Base of the late Bajocian
FO of Evansia evittii Base of the ammonite Zigzagiceras zigzag  Zone
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APPENDIX B: Continued.
Base of the ammonite Zigzagiceras zigzag  Zone
75% up the ammonite Zigzagiceras zigzag  Zone
Base of the ammonite Procerites hodsoni  Zone
Base of the ammonite Procerites hodsoni  Zone
Base of the ammonite Procerites hodsoni  Zone
Base of the ammonite Procerites hodsoni  Zone
Base of the ammonite Procerites hodsoni  Zone
Base of the ammonite Procerites hodsoni  Zone
Base of the ammonite Procerites hodsoni  Zone
Base of the ammonite Procerites hodsoni  Zone
75% up the ammonite Procerites hodsoni  Zone
75% up the ammonite Procerites hodsoni  Zone
75% up the ammonite Procerites hodsoni  Zone
75% up the ammonite Procerites hodsoni  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Oxycerites orbis  Zone
Base of the ammonite Macrocephalites herveyi  Zone
Base of the ammonite Macrocephalites herveyi  Zone
Base of the ammonite Macrocephalites herveyi  Zone
Base of the ammonite Proplanulites koenigi  Zone
Base of the ammonite Proplanulites koenigi  Zone
Base of the ammonite Proplanulites koenigi  Zone
Base of the ammonite Proplanulites koenigi  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Kosmoceras jason  Zone
Base of the ammonite Erymnoceras coronatum  Zone
Base of the ammonite Peltoceras athleta  Zone
Base of the ammonite Peltoceras athleta  Zone

FO of Protobatioladinium elatmaense
FO of Dichadogonyaulax sellwoodii
FO of Arkellea teichophera
FO of Atopodinium prostatum
FO of Paragonyaulacysta calloviensis
FO of Paragonyaulacysta retiphragmata
FO of Rhynchodiniopsis cladophora
FO of Scriniodinium crystallinum
LO of Valvaeodinium aquilonium
LO of Wanaea acollaris
FO of Lacrymodinium warrenii
FO of Valensiella dictydia
LO of Nannoceratopsis gracilis
LO of Rosswangia holotabulata
FO of Atopodinium haromense
FO of Ellipsoidictyum cinctum
FO of Evansia zabra
FO of Evansia? opeasatos
FO of Gonyaulacysta jurassica
FO of Lithodinia jurassica
FO of Paragonyaulacysta calloviensis
FO of Paragonyaulacysta retiphragmata
FO of Pareodinia ceratophora
FO of Tubotuberella rhombiformis
LO of Valvaeodinium leneae
LO of Valvaeodinium spinosum
FO of Evansia dalei
LO of Protobatioladinium? elongatum
LO of Susadinium scrofoides
FO of Ambonosphaera calloviana
FO of Meiourogonyaulax planoseptata
FO of Pareodinia prolongata
FO of Stephanelytron callovianum
FO of Cribroperidinium granulatum
FO of Cribroperidinium? perforans subsp. kunzeviense 
FO of Endoscrinium galeritum
FO of Hystrichodinium? lanceatum
FO of Komewuia glabra
FO of Meiourogonyaulax valensii
FO of Ovoidinium waltonii
FO of Paragonyaulacysta? borealis
FO of Rotosphaeropsis thule
FO of Sentusidinium verrucosum
LO of Ctenidodinium combazii
LO of Paragonyaulacysta calloviensis
LO of Paragonyaulacysta retiphragmata
LO of Valensiella ovulum
LO of Dichadogonyaulax sellwoodii
FO of Evansia deflandrei
FO of Gonyaulacysta jurassica var. longicornis
FO of Wanaea thysanota Base of the ammonite Peltoceras athleta  Zone
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APPENDIX B: Continued.
Base of the ammonite Peltoceras athleta  Zone
Base of the ammonite Quenstedtoceras lamberti  Zone
Base of the ammonite Quenstedtoceras lamberti  Zone
Base of the ammonite Quenstedtoceras mariae  Zone
Base of the ammonite Quenstedtoceras mariae  Zone
Base of the ammonite Quenstedtoceras mariae  Zone
Base of the ammonite Quenstedtoceras mariae  Zone
Base of the ammonite Quenstedtoceras mariae  Zone
Base of the ammonite Quenstedtoceras mariae  Zone
50% up the ammonite Quenstedtoceras mariae  Zone
50% up the ammonite Quenstedtoceras mariae  Zone
50% up the ammonite Quenstedtoceras mariae  Zone
50% up the ammonite Quenstedtoceras mariae  Zone
50% up the ammonite Cardioceras cordatum  Zone 
Base of the ammonite Perisphinctes plicatilis  Zone
Base of the ammonite Perisphinctes plicatilis  Zone
Base of the ammonite Perisphinctes pumilus  Zone
Base of the ammonite Perisphinctes pumilus  Zone
Base of the ammonite Perisphinctes pumilus  Zone
Base of the ammonite Perisphinctes cautisnigrae  Zone
Base of the ammonite Perisphinctes cautisnigrae  Zone
Base of the ammonite Perisphinctes cautisnigrae  Zone
50% up the ammonite Perisphinctites cautisnigrae  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
Base of the ammonite Pictonia baylei  Zone
50% up the ammonite Pictonia baylei  Zone

LO of Liesbergia liesbergensis
FO of Trichodinium scarburghense
LO of Pareodinia prolongata
FO of Gonyaulacysta jurassica subsp. desmos
FO of Wanaea fimbriata
LO of Ambonosphaera calloviana
LO of Ctenidodinium continuum
LO of Meiourogonyaulax planoseptata
LO of Valensiella dictydia
FO of Leptodinium mirabile
LO of Gonyaulacysta dentata
LO of Limbodinium absidatum
LO of Wanaea thysanota
FO of Gonyaulacysta jurassica subsp. jurassica 
LO of Gonyaulacysta jurassica subsp. desmos
LO of Wanaea fimbriata
FO of Gonyaulacysta dualis
FO of Sentusidinium ringnesiorum
LO of Trichodinium scarburghense
FO of Cribroperidinium globatum
LO of Gonyaulacysta jurassica var. longicornis 
LO of Rigaudella aemula
FO of Leptodinium subtile
FO of Apteodinium granulatum
FO of Cribroperidinium? ehrenbergii
FO of Cribroperidinium? perforans subsp. perforans 
FO of Glossodinium dimorphum
FO of Leptodinium? hyalodermopse
FO of Lunatadinium dissolutum
FO of Pareodinia groenlandica
FO of Perisseiasphaeridium pannosum
FO of Pyxidinopsis laminata
FO of Scriniodinium anceps
FO of Sentusidinium capillatum
FO of Tubotuberella egemenii
FO of Wallodinium krutzschii
FO of Wrevittia helicoidea
LO of Apteodinium bucculiatum
LO of Arkellea teichophera
LO of Egmontodinium? diminutum
LO of Evansia deflandrei
LO of Evansia evittii
LO of Evansia zabra
LO of Evansia? opeasatos
LO of Komewuia glabra
LO of Meiourogonyaulax deflandrei
LO of Scriniodinium crystallinum
LO of Sentusidinium verrucosum
LO of Stephanelytron membranoideum
LO of Nannoceratopsis pellucida
FO of Apteodinium maculatum Base of the ammonite Rasenia cymodoce  Zone
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APPENDIX B: Continued.
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus mutabilis  Zone
Base of the ammonite Aulacostephanus eudoxus  Zone
Base of the ammonite Aulacostephanus eudoxus  Zone
Base of the ammonite Aulacostephanus eudoxus  Zone
Base of the ammonite Aulacostephanus autissiodorensis  Zone
Base of the ammonite Pectinatites elegans  Zone
Base of the ammonite Pectinatites elegans  Zone
Base of the ammonite Pectinatites elegans  Zone
Base of the ammonite Pectinatites scitulus Zone 
Base of the ammonite Pectinatites scitulus Zone 
Base of the ammonite Pectinatites scitulus Zone 
Base of the ammonite Pectinatites scitulus Zone 
Base of the ammonite Pectinatites scitulus Zone 
Base of the ammonite Pectinatites scitulus Zone 
Base of the ammonite Pectinatites scitulus Zone 
Base of the ammonite Pectinatites scitulus  Zone
Base of the ammonite Pectinatites scitulus  Zone
Base of the ammonite Pavlovia pallasioides  Zone
Base of the ammonite Pavlovia pallasioides  Zone
Base of the ammonite Pavlovia pallasioides  Zone
Base of the ammonite Pavlovia pallasioides  Zone
Base of the ammonite Pavlovia pallasioides  Zone
Base of the ammonite Pavlovia pallasioides  Zone
Base of the ammonite Pavlovia pallasioides  Zone
Base of the ammonite Pavlovia pallasioides  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Progalbanites albani  Zone
Base of the ammonite Glaucolithites glaucolithus  Zone
Base of the ammonite Glaucolithites glaucolithus  Zone
Base of the ammonite Glaucolithites glaucolithus  Zone
Base of the ammonite Glaucolithites glaucolithus  Zone

FO of Cribroperidinium jubaris
FO of Dingodinium jurassicum
FO of Egmontodinium polyplacophorum
FO of Epiplosphaera saturnalis
FO of Gochteodinia mutabilis
FO of Paragonyaulacysta capillosa
FO of Protobatioladinium westburiense
FO of Scriniodinium inritibile
FO of Stephanelytron membranoideum
LO of Cribroperidinium? perforans subsp. kunzeviense 
LO of Endoscrinium subvallare
LO of Lanterna? cantrellii
LO of Lithodinia jurassica
FO of Cassiculosphaeridia magna
FO of Cribroperidinium? perforans
FO of Oligosphaeridium pulcherrimum
FO of Corculodinium inaffectum
FO of Lanterna bulgarica
FO of Leptodinium volgense
FO of Pareodinia asperata
FO of Dingodinium cerviculum
FO of Exochosphaeridium scitulum
FO of Leptodinium deflandrei
FO of Rhynchodiniopsis pennata
FO of Stiphrosphaeridium anthophorum
FO of Tanyosphaeridium isocalamum
FO of Tubotuberella apatela
LO of Pyxidinopsis laminata
LO of Sentusidinium ringnesiorum
FO of Muderongia simplex
LO of Gonyaulacysta dualis
LO of Pareodinia asperata
LO of Rhynchodiniopsis cladophora
LO of Scriniodinium dictyotum subsp. dictyotum 
LO of Senoniasphaera jurassica
LO of Tubotuberella dangeardii
LO of Tubotuberella egemenii
LO of Cribroperidinium granulatum
LO of Cribroperidinium nuciforme
LO of Egmontodinium polyplacophorum
LO of Imbatodinim kondratjevii
LO of Leptodinium deflandrei
LO of Leptodinium volgense
LO of Scriniodinium anceps
LO of Scriniodinium inritibile
LO of Systematophora? ovata
FO of Prolixosphaeridiopsis spissa
LO of Atopodinium prostatum
LO of Cribroperidinium jubaris
LO of Glossodinium dimorphum
LO of Pareodinia groenlandica Base of the ammonite Glaucolithites glaucolithus  Zone
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APPENDIX B: Continued.
FO of Leptodinium mamilliferum 
FO of Moesiodinium raileanui
FO of Trichodinium erinaceoides 
LO of Oligosphaeridium patulum 
LO of Prolixosphaeridium parvispinum 
FO of Ctenidodinium? schizoblatum 
FO of Dichadogonyaulax culmula 
FO of Gochteodinia villosa
LO of Cribroperidinium? longicorne LO 
of Lanterna bulgarica
LO of Rhynchodiniopsis pennata

Base of the ammonite Titanites anguiformis Zone 
Base of the ammonite Titanites anguiformis Zone 
Base of the ammonite Titanites anguiformis Zone 
Base of the ammonite Titanites anguiformis Zone 
Base of the ammonite Paracraspedites oppressus Zone 
Base of the ammonite Subcraspedites primitivus Zone 
Base of the ammonite Subcraspedites primitivus Zone 
Base of the ammonite Subcraspedites primitivus Zone 
Base of the ammonite Subcraspedites primitivus Zone 
Base of the ammonite Subcraspedites primitivus Zone
Base of the ammonite Subcraspedites primitivus Zone
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APPENDIX C: REFERENCE WELLS.

Charts showing palynological analyses of Beechey Point 
State 1 reference well (onshore northern Alaska) which 
provides supporting evidence for palynoevent events. The 

following pages includes three relevant wells that are repro-
duced from Mangerud et al. (2021) which also provide sup-
porting evidence for palynoevent events: Fireweed 1 (off-
shore northern Alaska), Klondike OCS-Y-1482 (Chukchi 
Sea), and Romulus C-67 (Sverdrup Basin).
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Fireweed 1
Scale: 1:750 Well Code: 552320000300

Operator: Arco Alaska
Completed: 25-Dec-1990
Location: 71°5'16.8"N 152°36'10.8"W

Interval: 8620' - 9280'
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(Only showing taxon linked to events)
quant/semi-quant abundance (100 = 60mm, scale tick = 10 counts)
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quant/semi-quant abundance (100 = 60mm, scale tick = 10 counts)
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Klondike 1 (OCS-Y-1482)
Scale: 1:750 Well Code: 553810000100

Operator: Shell
Completed: 15-Sep-1989
Location: 70°42'39.24"N 165°15'0.0"W

Interval: 9380' - 9750'
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