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Introduction

The Permian-Triassic Mass Extinction (PTME) was
by far the largest extinction in Earth’s history, during
which a staggering 90% of all species living in marine
habitats are thought to have become extinct (Raup &
Sepkoski, 1982; Erwin, 1994; Benton, 1995; Wignall et
al., 1998; Scheyer et al., 2014; Roopnarine & Angielczyk,
2015). The mass extinction also affected life in terrestrial
habitats, where approximately 70% of all vertebrates
disappeared (Elewa, 2008; Metcalfe & Isozaki, 2009; Yin
& Song, 2013). The extinction has been proposed to
be caused by an increase in volcanic eruptions during
the Late Permian, which reached its peak during the

waning stages of the Palaeozoic (Burgess et al., 2017).
A direct result of this was the formation of the Siberian
Traps (Yin & Song, 2013; Burgess et al., 2017). As a
result of escalating volcanic activity, vast amounts of gas
was released into the atmosphere (Burgess et al., 2017),
creating a heating effect that contributed to a warmer
global climate (Yin & Song, 2013). Intense heating during
the final phases of the Permian may very well have been
one of, if not the most dominant, causes for the mass
extinction (Hallam & Wignall, 1997). The recovery stages
in the wake of the end Permian extinctions resulted in
the evolution of new Triassic marine communities, some
of which still dominate today’s oceans (Erwin, 1998).

During the Early Triassic, Svalbard formed part of a large
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embayment on the northern margin of Pangaea, known
as the Boreal Ocean, although it was at approximately
45° palaeolatitude, or just north of the modern
Mediterranean Sea if we compare to the present-day map
(Nystuen et al., 2013; Lundschien et al., 2014). Located
in the northern regions of Panthalassa, it connected
Eurasia/Baltica in the east with Laurentia/ Gondwana
in the west (Mark, 2015). Recent excavations in what is
today South China and Nevada have revealed extensive
evidence of the biotic recovery after the PTME, with
certain localities even preserving several ecosystems over
millions of years (see Benton et al., 2013; Motani et al.,
2014; Jiang et al., 2016; Kelley et al., 2016; Brayard et al.,
2017). However, much less is known about this biotic
recovery in other areas. The fossiliferous Early to Middle
Triassic successions in Svalbard are one of the best, yet
understudied localities to document and interpret the
survival and recovery of marine ecosystems in the Boreal
realm (Foster et al., 2016) with a crucial placement
between the Chinese and Nevada localities.

Of special interest are several clades of tetrapods that
evolved secondary aquatic lifestyles in the Triassic.
Notably, Ichthyosauriformes is traditionally recognised
as one of the clades originating and diversifying shortly
after the PTME, during the Early Triassic (Smithian;
e.g., Massare & Callaway, 1994; Sander, 2000; Motani,
2005; Motani et al., 2014; Jiang et al., 2016). Our current
understanding of ecosystem recovery post-PTME is
limited, but the new excavations from the Early and
Middle Triassic of Svalbard, described in this volume, are
increasing our knowledge of taxonomic diversity, niche
partitioning and cladogenesis post-PTME.

Early work (1864-1964)

Ichthyopterygian material has been collected and
described from the Triassic strata of Svalbard since the
late 19th century (Nordenskiold, 1866; Hulke, 1873;
Dames, 1895; Yakowlew, 1903). These collections were
undertaken during the first scientific expeditions to map
the geology of Svalbard; but the stratigraphic resolution
was poor. As a result, none of the specimens collected
from Spitsbergen in the nineteenth century can be
placed in a more modern stratigraphic context with any
certainty.

In 1908, the student Bertil Hogbom participated in
geologist De Geer’s expedition to the Isfjorden area of
central Spitsbergen on behalf of Swedish palacontologist
Carl Wiman. The expedition was a success, with a
large amount of material collected. As a result, in
1909, Wiman instigated an expedition from Uppsala
University, Sweden, led by Hoégbom, during which
substantial amounts of ichthyopterygian material were
collected from central Spitsbergen (Wiman, 1910a).
In the following decades, Wiman published a series of
papers on the ichthyopterygian remains from this area

(Wiman, 1916a, 1922, 1928, 1933). Smaller expeditions
to Spitsbergen were also organised to collect Triassic
vertebrates in the summers of 1912, 1913, 1915 and
1916-1918, but these expeditions mostly focused on
Triassic fish and stegocephalians (Wiman, 1910b, 1914a,
b, 1916b, 1917, 1918; Stensio, 1918, 1921, 1925).

Wiman (1910a) described the Triassic strata around
Isfjorden with three main vertebrate-bearing horizons
placed according to the biostratigraphy as defined
by Noetling (1905). A horizon rich in fossil fish, ‘das
Fischniveau’ (= the Fish niveau = the Fish horizon
of Wiman (1916a)) and two ichthyopterygian bone-
bearing and stratigraphically restricted levels, das unteres
Saurierniveau’ (= Lower Saurian niveau = the Lower
Saurian horizon of Wiman (1916a)) and ‘das oberes
Saurierniveau’ (= the Upper Saurian niveau = the Upper
Saurian horizon of Wiman (1916a)). The Fish niveau
correlates to the Posidonomya shales, and the Upper
Saurian niveau was correlated to the upper part of the
‘Daonellen-niveau’ as defined by Mojsisovics (1886).
During the following decades, many workers adopted the
biostratigraphic nomenclature of Wiman (1910a, 1916a)
(e.g., Stolley, 1911; Bohm, 1912; Diener, 1916; Stensio,
1918, 1921; Spath, 1921, 1934; Frebold, 1930). Stensio
(1921) located a bone-bearing level of ‘rather local
nature’ 33 m above the Fish niveau (he used the term
‘horizor’), containing chondrichthyans, parasuchians,
unrecognisable tetrapod material and ichthyopterygians,
and Omphalosaurus. The bone-bearing level also
contained ammonoids and was assumed to be an
endemic fauna (Frebold, 1930).

In 1928, Wiman described Grippia longirostris Wiman,
1928, based on material collected by the Hamburg
Spitsbergen Expedition during fieldwork on the east
side of Spitsbergen in 1927. Based on information from
palacontologist E. Stensié and based on “the iron-rich
matrix surrounding the specimen”, a ‘Grippia niveau’ was
interpreted to exist somewhere between the Fish niveau
and the Lower Saurian niveau (Wiman, 1928). Further
expeditions were carried out in 1929 and 1930, and a
concretion-rich layer interpreted as the Grippia niveau
was found in Agardhbukta and on Milne Edwardsfjellet
on Spitsbergen (Wiman, 1933).

Recent work (1965-present)

The Triassic stratigraphy of Spitsbergen as defined
by Wiman remained the main framework for all
subsequent workers until Buchan et al. (1965) revised
the lithostratigraphy of central Spitsbergen, but they
also commented on other areas of Svalbard. Using the
scheme of Buchan et al. (1965), Tozer & Parker (1968)
subsequently updated the Triassic biostratigraphy of
Svalbard. Several revisions were later made by other
workers studying the lithostratigraphy of Svalbard that
also combined invertebrate, microfossil and palynological
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data collected from additional localities (Birkenmajer,
1977 - Serkapp Land; Lock et al., 1978 — Barentseya and
Edgeoya; Worsley & Mork, 1978 — Serkapp Land; Péelina,
1980, 1983 — entire Svalbard; Mark et al., 1982 — Svalbard,
1990 - Bjorneya, 1999a - entire Svalbard, 1999b -
Spitsbergen, Barentsoya and Edgeoya; Weitschat &
Dagys, 1989 - Svalbard; Krajewski et al., 2007 — Western
Svalbard; Krajewski, 2008 - Barentseya and Edgeoya;
Nakrem et al., 2008 — Spitsbergen; Vigran et al., 2014 -
Svalbard). Few attempts were made to correlate the older
biostratigraphic scheme of Wiman with the modern,
revised, lithostratigraphic studies until recently (Maxwell
& Kear, 2013). As a result, much of the vertebrate
material that had been collected from the Lower to
Middle Triassic of Svalbard has now been roughly placed
in the stratigraphic context defined by Wiman (1910a).
However, much of this vertebrate material has not been
placed with any accuracy in detailed stratigraphic logs
from the different localities (e.g., Mazin, 1981a, b, 1983,
Maisch & Matzke, 2002b, 2003a, b). An example of
difficulties arising from a lack of stratigraphic control
is the supposedly articulated ichthyosaur specimen of
Merriamosaurus hulkei (a junior synonym to Pessopteryx
nisseri, see discussion in Engelschien et al., 2018). The
material was collected in the 1960s by the Muséum
National d’Histoire Naturelle (MNHN) in Paris, from
various localities (e.g., Heimenfjellet and Ibsenfjella,
approximately 4.5 km apart). Maisch & Matzke (2002b)
assigned a significant amount of material to M. hulkei
claiming it to represent one individual due to the similar
size and type of preservation. Ultimately, more than
170 fragments, or two-thirds of the total material, was
reassembled and assigned to a single specimen (Maisch
& Matzke, 2002b).

Early Triassic ichthyopterygians from Svalbard have
received sporadic attention in the latter half of the
20th century. Collections were made by the Cambridge
Spitsbergen Expeditions during geological expeditions
in 1948-1992 (= the Cambridge Arctic Shelf Programme
(CASP) since 1975). Much of the material housed in the
CASP collection in Cambridge, and material donated
by, or bought from private collectors in the Natural
History Museum in London remains undescribed. The
Muséum National d’Histoire Naturelle (MNHN) in
Paris conducted two expeditions to Spitsbergen; the
1964 Lehman-MNHN expedition and the 1969 CNRS-
MNHN expedition (Centre National de la Recherche
Scientifique). The focus of these expeditions was on
Palaeozoic and Triassic fish, although ichthyopterygian
remains were also collected. Mazin published a series of
papers on the MNHN material (Mazin, 1981a, b, 1983,
1984), later revised by Maisch & Matzke (Maisch &
Matzke, 2002a, b, 2003a, b). Maisch & Blomeier (2009)
described a Middle Triassic ?toretocnemid collected in
Dickson Land by geologists from the Norwegian Polar
Institute in 2003. In 2008, scientists from the Norwegian
Petroleum Directorate and the Natural History Museum
in Oslo collected a Middle Triassic mixosaurid specimen
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from Edgeoya, one of the eastern islands in the Svalbard
archipelago (Hurum et al, 2014). In summary, the
material collected by Wiman has formed the basis for our
understanding of Triassic vertebrates from Svalbard until
today, although much of the material has been repeatedly
redescribed, and many specimens are now considered
non-diagnostic (for a review see Sander & Faber, 1998;
Motani, 1999; Maxwell & Kear, 2013).

The work by the Spitsbergen Mesozoic
Research Group at the Natural History
Museum in Oslo (2014-now)

During three seasons of fieldwork in 2014-16, abundant
vertebrate material has been recovered from the Lower
and Middle Triassic Sassendalen Group (Vikinghegda
and Botneheia formations) in the Isfjorden area of
central Spitsbergen. The newly collected material
discussed below is from the Lower and Middle Triassic
deposits of Marmierfjellet, central Spitsbergen, Svalbard
(Fig. 1). The material is housed in the Natural History
Museum, University of Oslo (collection prefix PMO).
All localities are denominated by their approved name
by the Norwegian Polar Institute, and all necessary
permits were obtained from the Governor of Svalbard
for the excavations; permits no. RiS 6725, 2013/1222-2;
RiS 10227, 2015/00326-2; and RiS 10539, 2015/00326-5.
The following papers (Bratvold et al., 2018; Ekeheien et
al., 2018; Engelschion et al., 2018; Hansen et al., 2018;
Okland et al,, 2018) in this volume will highlight some
of the early findings from the vast material still being
processed at the museum in Oslo.

Geological setting

During the Triassic, a large embayment of the
Panthalassa Ocean was located on the northern rim of
Pangaea, known as the Boreal Ocean (Nystuen et al.,
2013; Lundschien et al., 2014). At a palaeolatitude of
approximately 45°N, the Boreal Ocean formed a low-
relief, open-marine shelf, surrounded by Eurasia/Baltica
and the Urals to the east and southeast, and the North
American portion of Gondwana/Laurentia to the west,
including Greenland to the southwest and the Canadian
Arctic islands to the northwest (Mork, 2015). During
the Permian, Siberia moved towards Euramerica and
eventually closed the Uralian Seaway that connected
the Boreal Ocean to the equatorial Tethys, leading to
the creation of the Uralian Mountains (Worsley, 2008;
Lundschien et al., 2014; Blomeier, 2015). The coastline in
the Early Triassic was mainly located outside of present-
day Svalbard, with sediment input originating from
the southwest. Later, northeast-prograding clinoforms
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Figure 1. Overview map of the Mesozoic rocks in the study area. Modified from Dallmann (2015).

from the denudation of the Ural Mountains reached
the Svalbard archipelago during the Carnian (Riis et al,,
2008; Worsley, 2008). Climatic changes following the
Uralian orogeny were substantial, as evidenced by drastic
changes in the lithology of units deposited during this
interval, beginning with spiculitic shales of the Permian
Kapp Starostin Formation (Tempelfjorden Group) and
changing to the fine siliciclastics of the Sassendalen
Group (Vigran et al., 2014). This has been termed
the ‘Early Triassic silica gap’ by Beauchamp & Baud
(2002). The geology of Svalbard reflects the regional
depositional environment of the Barents Sea Continental
Shelf in the Triassic. The main sediment supply was
from the southwest resulting in a coastal to basinal
depositional environment (Vigran et al., 2014). As such,
the Middle Triassic sequences of Western Spitsbergen are
characterised by coastal and shallow-marine sandstones
and shales, whereas Central and Eastern Spitsbergen,
Edgeoya and Barentseya consist of shales and siltstones
from a deeper basin (Mork et al., 1999a; Hounslow et al.,
2008a, b).

The uppermost Permian to Middle Triassic
Sassendalen Group, Central-Eastern Spitsbergen

The Sassendalen Group was first defined by Buchan et al.
(1965) and is still maintained today (Merk et al., 1999a).
Buchan et al. (1965) recognised three lithostratigraphic

units: a shallow-marine to coastal silt- and sandstone unit,
a middle unit of upward-coarsening shale-siltstone strata
and an upper unit of phosphatic and organic-rich shales,
which were named the Vardebukta, Sticky Keep and
Botneheia formations, respectively. Mork et al. (1999a, b)
refined the stratigraphy within the Sassendalen Group in
southern and western areas of Spitsbergen to comprise
the Vardebukta, Tvillingodden and Bravaisberget
formations, while the central and eastern parts consist
of the Vikinghegda and Botneheia formations. The
Vikinghegda Formation is the eastern equivalent of the
Vardebukta and Tvillingodden formations of western
Spitsbergen, whereas the Botneheia Formation is a distal
equivalent of the Bravaisberget Formation (Merk et al.,
1999b).

The Sassendalen Group in central-eastern Spitsbergen
is characterised by three upward-shallowing sequences
in the two formations (the Vikinghegda Fm. and the
Botneheia Fm.).

Vikinghegda Formation

The Vikinghegda Formation represents a shallow-
marine shelf environment with storm deposits, situated
east of the deltaic coast environment of Western
Spitsbergen (Mork et al,, 1999b; Vigran et al., 2014).
The formation consists of grey, silty shales with yellow-
weathering siltstone beds generated by storm events
(Mork et al.,, 1982). Beneath the Vikinghegda Formation
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is the Permian, chert-rich, Kapp Starostin Formation, and
it is overlain by the Botneheia Formation, comprising
mostly dark organic rich, calcareous shales of marine
origin (Merk et al, 1999a, b). The Vikinghegda
Formation is divided into three members; the Deltadalen
Member consists of mudstones with sandstones and
siltstones, the Lusitaniadalen Member is characterised
by silty mudstones with limestone concretions, and the
Vendomdalen Member comprises darker silty shales
(Mork et al., 1999b). The Vikinghegda Formation spans
the Upper Permian Changhsingian Stage to the boundary
between the Lower Triassic Olenekian Stage and the
Middle Triassic Anisian Stage. The basal few metres of
the formation are composed of a sandstone or mudstone
gradually grading into a mudstone with thin siltstone or
sandstone beds, interpreted as transgressive units (Mork
et al., 1999b). With a total thickness is 250 m (Mork et
al., 1999b), the Vikinghegda Formation is well exposed
at the type section in Sassendalen, including exposures
on the mountains of Vikinghegda and Sticky Keep and
the river valley Deltadalen between the. The uppermost
part, the Vendomdalen Member, is also well exposed
in the study area on the hillside of Marmierfjellet in
Flowerdalen, immediately west of Sassendalen.

Ammonoids, bivalves, brachiopods and vertebrates
occur in discrete horizons throughout the Vikinghegda
Formation, along with carbonate concretions (Merk
et al., 1999b). The biostratigraphy of the Vikinghegda
Formation has been defined by ammonoids, conodonts
and palynology, with the ammonoid stratigraphy of
W. Weitschat providing crucial age control (Weitschat
& Lehmann, 1978; Weitschat & Dagys, 1989; Dagys &
Weitschat, 1993; Mork et al., 1999b). Tozer (1994), Dagys
& Sobolev (1995) and Piazza et al. (2017) continued
this work and Hounslow et al. (2008a) linked the
magnetostratigraphy of the Vikinghegda Formation
to the ammonoid biostratigraphy. The palynological
composite assemblage zones were defined by Mork et al.
(1999b) and Vigran et al. (2014).

Deltadalen Member

The Deltadalen Member extends from the upper
Changhsingian through most of the Induan and is well
constrained by a biostratigraphy of ammonoids and
conodonts, and magnetostratigraphy (Merk et al., 1999b;
Hounslow et al., 2008a; Nakrem et al., 2008).

Nakrem et al. (2008) suggested that the Permian/Triassic
boundary occurs between 5 and 11 m above the base of
the Deltadalen Member. This was based on the conodont
Neogonodlella carinata, indicative of a Griesbachian age.
The disappearance of bioturbation in the same interval is
a good indicator for the boundary in the field (Foster et
al., 2016). The basal few metres are composed of bedded,
glauconitic sandstones that are very similar to those in
the underlying Kapp Starostin Formation, but the layers
lack diagenetic chert nodules (Mork et al., 1999a, b;
Nabbefeld et al., 2010). These sandstones are described by
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Nabbefeld et al. (2010) and Foster et al. (2016) to contain
a diverse trace fossil assemblage. The sandstones mark
the onset of a marine transgression (Merk et al., 1999b;
Nabbefeld et al., 2010). Above the glauconitic sandstone,
silty mudstones indicate a significant deepening of the
basin. The mudstones were deposited under anoxic and
euxinic conditions, and Nabbefeld et al. (2010) found
evidence of phytoplankton blooms in this part of the
Deltadalen Member. Foster et al. (2016) described the
oldest silicified invertebrate assemblage known from the
Triassic from two carbonate concretions at 11.9 and 12.6
m above the base of the member. After acid treatment
they were found to contain 14 species of bivalves and
gastropods, as well as conodonts and ammonoids. Above
the mudstone a greater proportion of siltstones and fine
sandstones are interpreted as a progradation or a fall of
sea level (Foster et al., 2016). The bioturbation shows a
slow recovery with deposition under more oxygenated
conditions.

Lusitaniadalen Member

The Lusitaniadalen Member of the Vikinghegda
Formation is situated above the Deltadalen Member
and below the Vendomdalen Member (Fig. 2). The
member consists mainly of dark-grey silty mudstones
to sandstones, with carbonate concretions especially
in the middle and upper parts of the unit. It is 88 m
thick in the type section (Merk et al., 1999b), but the
lower part is generally scree covered. Of special interest
regarding vertebrate fossils is the uppermost interval
in the member, loosely referred to as the ‘Fish niveau’
following e.g., Wiman (1918) and Stensio (1921, 1925).
The Fish niveau contains abundant calcite concretions
with well preserved ammonoids, bivalves, fishes
and stegocephalian amphibians. Sedimentology and
palynology (Merk et al., 1999b) indicate a moderately
deep shelf environment but closer to the sediment source
than the overlying Vendomdalen Member. The base of
the Fish niveau has never been formally designated, but
the vertebrate remains are typically concentrated within
the uppermost 10 m of the Lusitaniadalen Member.

The Fish niveau is well constrained biostratigraphically
by the rich ammonoid fauna (Weitschat & Lehmann,
1978; Weitschat & Dagys, 1989; Dagys & Weitschat,
1993; Mork et al., 1999b). The lower part belongs to
the Euflemingites romunderi Zone of Smithian (early
Olenekian) age, while the uppermost 3-4 m contain
abundant ammonoids of the Wasatchites tardus Zone, late
Smithian. The Smithian-Spathian boundary is marked
by a positive carbon isotope excursion that is recognised
globally, and provides an excellent chemostratigraphic
marker in Spitsbergen (Galfetti et al., 2007). The peak of
this excursion is found a few metres above the top of the
Lusitaniadalen Member, placing the Fish niveau entirely
within the Smithian.
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Vendomdalen Member

The Vendomdalen Member is the uppermost of three
members in the Lower Triassic Vikinghegda Formation
(Fig. 2), which is overlain by the Botneheia Formation
(Mork et al,, 1999b). The depositional environment
is interpreted to be distal shelf, below wave base, with
a high accumulation of organic material in a low
oxic environment (Merk et al., 1999b). The member
represents a transgressive sequence, observed by a
reduction in terrestrial palynodebris, increase in marine
plankton, decreased sedimentation rate and current
indicators (Merk et al., 1999b). It is characteristically
defined by its 94 m-thick transgression sequence at
Vikinghegda, consisting of dark grey, silty, laminated
mudstone, together with yellow weathering dolomite
nodules and beds (Merk et al., 1999b).

At the mountain Vikinghegda (Fig. 1), the Vendomdalen
Member has been dated by ammonoids to be of Spathian
age by Mork et al. (1999b), where the lower part is
identified as the Bajarunia euomphala Zone, above this
the Parasibirites grambergi Zone, and the upper part
as the Keyserlingites subrobustus Zone. The Spathian
ammonoid zones are poorly resolved in the Boreal
Ocean, but the Bajarunia euomphala Zone should be of
earliest Spathian age while the Parasibirites grambergi
Zone is of early to middle Spathian age. The Keyserlingites
subrobustus Zone is late Spathian in age (Jenks et al.,
2015). The section is also dated with palynomorphs by
Vigran et al. (2014), where the lower part of the section
is assigned to the Pechorosporites disertus Composite
Assemblage Zone, early Spathian age, and the upper
part to the Jerseyiaspora punctispinosa Composite
Assemblage Zone of late Spathian age. Conodonts have
been recovered throughout the Lower and Middle
Triassic of Spitsbergen; however, they are sparse in the
Spathian succession of both Svalbard and Arctic Canada.
Nakrem et al. (2008) described four conodont collections
from the upper part of the Vendomdalen Member at
Milne Edwardsfjellet, sampled at 31, 48, 49.1 and 54.4 m
above the base of the member. These levels concur with
the range of the Keyserlingites subrobustus Zone, and an
occurrence of Keyserlingites subrobustus was reported
36 m above the base of the member (Nakrem et al,
2008). So far, no conodonts older than the Keyserlingites
subrobustus Zone are known from the Spathian Stage
in Canada or Svalbard (Nakrem et al., 2008), and
palynomorphs from the Vikinghegda type sections
are generally poorly preserved (Mork et al., 1999b).
The biostratigraphy of the Vendomdalen Member was
correlated to magnetostratigraphy by Hounslow et al.
(2008a). Hounslow et al. (2008b) further constructed a
biomagnetostratigraphy for the Vikinghegda Formation
using the ammonoid biostratigraphy of the Arctic
Boreal successions. Later, Hounslow & Muttoni (2010)
correlated the Early Triassic strata of Svalbard with other
Triassic sections globally. The Vendomdalen Member
shows mostly normal polarity, with two polarity reversals
that allowed for close correlation to other Spathian
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sections of the Boreal Lower Triassic (Hounslow et al,,
2008b).

The Vendomdalen Member at Marmierfjellet is
approximately 39 metres thick and contains the
vertebrate-bearing Grippia niveau and the Lower
Saurian niveau (Fig. 2). The thickness at Marmierfjellet
is comparable to nearby Ledalen (Vindodden), to
one section at Stensitfjellet in Sassendalen, and to
Roslagenfjellet, East Spitsbergen, but is considerably
thinner than at Vikinghegda (94 m) and Milne
Edwardsfjellet in Sassendalen (Vigran et al, 2014).
This considerable thickness variation may be due to
true lateral variation in sedimentation rate, and/or
tectonic disturbance (especially thrust faults), and may
complicate stratigraphic correlation. The carbonate beds
consist either of calcite or dolomite, or a combination
of these minerals. Some beds are formed mainly by
flattened nodules or concretions, the latter of which
are often septarian concretions. The beds are typically
5-20 cm thick and yellow-weathering; and these yellow-
weathering horizons make the Vendomdalen Member
distinct from the lower members of the Vikinghegda
Formation (Merk et al., 1999b). The upper siltstone bed
is rich in ammonoids, with Keyserlingites subrobostus and
Svalbardiceras spitsbergense in limestone concretions
(Hounslow et al., 2008a; Weitschat, 2008).

Botneheia Formation

A possible transgressive event marks the boundary
between the Vikinghegda and Botneheia formations,
and the upper sequence of the Botneheia Formation
represents a moderately deep shelf environment, with
distal deltaic lobes (Vigran et al., 2014). The formation
is divided into the Anisian Muen Member and the
Ladinian Blanknuten Member (Krajewski, 2008; Vigran
etal,, 2014). Dark, organic-rich shales with an abundance
of phosphate nodules, infracted by alternating layers of
bioturbation, characterise the formation (Lundschien et
al., 2014; Vigran et al,, 2014). As such, the depositional
environment was mainly anoxic with short oxic periods
(Vigran et al., 2014). An ammonoid zonation of the
section has been produced (Weitschat & Lehmann,
1983), and correlated to the recent palynozonation
(fig. 3a in Vigran et al,, 2014) with the Indigirites tozeri
zone as Upper Ladinian, the Tsvetkovites varius zone
Lower Ladinian and the Frechites laqueatus zone as
Upper Anisian. The Indigirites tozeri ammonoid zone
(Weitschat & Lehmann, 1983) was correlated to the
Blanknuten Member by Hounslow et al. (2008b).

The Upper Saurian niveau is situated in the Blanknuten
Member bordered by the Muen Member below and
the Tschermarkfjellet Formation above. The member
is characterised by black shale and siltstone deposits
with carbonate cementation, and an abundance of the
bivalve Daonella (Weitschat & Lehmann, 1983; Vigran
et al, 2014). Typically, the ichthyopterygians found
in the Upper Saurian niveau are embedded in the
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Daonella Shales. The preservation of ichthyopterygians
is documented in at least the upper 10 metres of the
formation.

Conclusions

Although the palaeontology of the Lower to Middle
Triassic succession in Spitsbergen has been studied for
more than a century and a half, recent fieldwork has
demonstrated that there is still much to discover. However,
our ability to properly interpret the evolutionary and
ecological implications of the faunas requires precise
stratigraphic control that has only recently become
available. Within such a detailed stratigraphic framework,
the Spitsbergen material promises to contribute to
our understanding of the faunal recovery after the
end-Permian mass extinction, the early evolution of
Ichtyopterygia, the dynamics of the Smithian-Spathian
turnover event and the marine palaeobiogeography and
palaeoecology of the Boreal Triassic.
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