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Abstract

A first palynostratigraphic scheme of Upper Triassic deposits in northern Switzerland was established based on spore-
pollen associations and dinoflagellate cyst records from the upper part of the Upper Triassic Klettgau Formation and the
lower part of the Lower Jurassic Staffelegg Formation. Drill cores from the Adlerberg region (Basel Tabular Jura) and
from Weiach (northern part of Canton Zurich) as well as from an outcrop at the Chilchzimmersattel (Basel Folded Jura)
were studied and five informal palynological associations are distinguished. These palynological associations correlate
with palynological association of the Central European Epicontinental Basin and the Tethyan realm and provide a
stratigraphic framework for the uppermost Triassic sediments in northern Switzerland. Throughout the uppermost
Triassic to Jurassic palynological succession a remarkable prominence of Classopollis spp. is observed. Besides Clas-
sopollis spp. the three Rhaetian palynological associations A to C from the Upper Triassic Belchen Member include
typical Rhaetian spore-pollen and dinoflagellate taxa (e.g., Rhaetipollis germanicus, Geopollis zwolinskae, Rhaeto-
gonyaulax rhaetica, and Dapcodinium priscum). Association B differs from association A in a higher relative abundance
of the sporomorph taxa Perinopollenites spp. and the consistent occurrence of Granuloperculatipollis rudis and
Ricciisporites tuberculatus. Spore diversity is highest in the late Rhaetian palynological association C and includes
Polypodiisporites polymicroforatus. A Rhaetian age for the Belchen Member is confirmed by palynological associations
A-C, but there is no record of the latest Rhaetian and the earliest Jurassic. In contrast to the Rhaetian palynological
associations the Early Jurassic associations W and D include Pinuspollenites spp., Trachysporites fuscus (in association
W), and Ischyosporites variegatus. In the view of the end-Triassic mass extinction and contemporaneous environmental
changes the described palynofloral succession represents the pre-extinction phase (associations A and B) including a
distinct transgression, the extinction phase (association C) associated with a regression, and the post-extinction phase
(association W).

Keywords Triassic - Jurassic - Palynology - Palaeoenvironment - Switzerland

1 Introduction
Editorial Handling: Wilfried Winkler.

Electronic supplementary material The online version of this article Tl.le Trlassm—Jura.ssw boundary ls_ knc.)wn to be associated
(https://doi.org/10.1007/s00015-017-0286-z) contains supplementary ~ With one of the big five mass extinctions (Raup and Sep-

material, which is available to authorized users. koski 1982). Marine invertebrates were severely affected
5 Elke Schnesbeli-Hermann wherea.s the impact' on terrestrial flora is discuss'ed con-
Elke.Schneebeli@pim.uzh.ch troversially. Analysis of European macro- and microflora
databases on stage-level resolution do not indicate

' Institute and Museum of Palacontology, University of Zurich, increased extinction rates across the boundary (Barbacka
Karl Schmid-Str. 4, 8006 Zurich, Switzerland et al. 2017). However, high time resolution palynological

?  Department of Earth Sciences, ETH Zurich, Sonneggstrasse studies clearly indicate changes in floral composition that
3, 8092 Zurich, Switzerland are interpreted as reactions to environmental changes (e.g.

3 Geologisch-Paldontologisches Institut, Universitit Basel, Lindstrom 2016). The palynofloral successions includes

Bernoullistrasse 32, 4056 Basel, Switzerland

) Birkhauser


http://orcid.org/0000-0002-1552-4785
https://doi.org/10.1007/s00015-017-0286-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s00015-017-0286-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00015-017-0286-z&amp;domain=pdf
https://doi.org/10.1007/s00015-017-0286-z

100

E. Schneebeli-Hermann et al.

stable pre- and post-extinction phases, and an extinction
phase with high turnover-rates and taxonomic losses as
well as a recovery phase between the two stable phases.
The Triassic—Jurassic extinction phase is marked by high
relative abundances of spores and especially the taxon
Polypodiisporites polymicroforatus is very prominent
(Polypodiisporites polymicroforatus abundance interval
after Lindstrom et al. 2017). This palynological extinction
phase can be traced globally and coincides with the main
marine extinction pulse (Lindstrom et al. 2017). A sea-
level rise predates the extinction interval in NW Europe
and the Northern Calcareous Alps followed by a major
regression during the extinction episode (Hallam and
Wignall 1999; Hesselbo et al. 2004; Hillebrandt et al.
2013). The recovery period coincides with a prominent
transgression (Hallam and Wignall 1999; Lindstrom et al.
2017). Increased tectonic activity and sea-level fluctuations
at the Triassic—Jurassic boundary, especially during the
extinction phase, caused sedimentary hiatuses in many
basins (Lindstrom et al. 2017).

During Late Triassic—Early Jurassic times northern
Switzerland was situated at the southern margin of the
Central European Epicontinental Basin (=Germanic Basin).
Sedimentation was discontinuous due to terrestrial and
shallow marine conditions, respectively (Ziegler 1990;
Hallam 2001; Jordan et al. 2016). The terrestrial to shallow
marine sediments are characterised by strong terrestrial
influx from the Vindelician—-Bohemian High in the South-
east and the Central Massif in the Southwest (Ziegler
1990). Marine ingressions from the Tethys occurred
recurrently through the Burgundy—Alemannic gateway
(Ziegler 1990; Fischer et al. 2012) (Fig. 1a). Sedimentary
gaps and the rare occurrence of marine index fossils

account for an incomplete biostratigraphic subdivision of
the Upper Triassic to Lower Jurassic deposits in northern
Switzerland. However, proximity to the land facilitated
short-distance transport and fast deposition of land plant
fragments as well as sporomorphs. The Upper Triassic flora
found near Basel is famous for its rich macrofossil content
(Heer 1865; Leuthardt 1903, 1904; Krausel 1955, 1959;
Kriusel and Schaarschmidt 1966). Leschik (1955) and
Scheuring (1970) described palynological associations
from the Ergolz Member of the Klettgau Formation (Jordan
et al. 2016; formerly called “Schilfsandstein”) and corre-
lated these with Carnian palynological associations from
the Tethyan realm. Achilles and Schlatter (1986) described
Norian palynomorphs from the upper part of the Gruhalde
Member of the Klettgau Formation (Jordan et al. 2016;
“Zanclodonmergel” or “Knollenmergel” in Achilles and
Schlatter 1986) near Schaffhausen. Samples of the Gru-
halde Member (formerly called “Obere Bunte Mergel”)
from the Belchentunnel were barren (Scheuring 1970). The
Gruhalde Member was also found to be unproductive with
respect to palynomorphs in the clay pit in Frick (Carole
Gee in Sander 1992: 266). There, Schlatter (1975) descri-
bed palynomorphs from the Lower Jurassic Schambelen
Member (formerly called “Insektenmergel”) of the
Staffelegg Formation.

In order to establish a palynostratigraphic zonation
across the Triassic—Jurassic boundary in northern
Switzerland, palynomorph assemblages are described from
five localities. These assemblages are correlated with suc-
cessions in the Central European Epicontinental Basin and
the Tethyan realm. Additionally, their relevance with
regard to the end-Triassic abiotic and biotic events is
highlighted.
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Fig. 1 a Palaecogeographic map of central and northern Europe in Late Triassic time, based on Ziegler (1990) and Stampfli and Kozur (2006).
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2 Study sites and stratigraphic framework

Three cores from a drilling campaign for the Adlerberg
railway tunnel in the Tabular Jura southeast of Basel
(Adlerberg 1-3) were studied (Fig. 1b). The Adlerberg
Core 1 (34.R.3 in the borehole cadaster of canton Basel-
land, Swiss coordinates LV95: 2620027/1261176) and the
Adlerberg Core 2 (34.R.8, LV95: 2620083/1261127) were
drilled west of Frenkendorf with a lateral distance of ca.
70 m. The Adlerberg Core 3 (41.R.117, LV95:
2618725/1262213) was drilled ca. 1.7 km northwest of
Adlerberg Core 1. Additionally, the Weiach core (Swiss
coordinates LV95: 2676745/1268618) from the northern
part of canton Zurich, ca. 50 km east of the Adlerberg
cores, drilled by the National Cooperative for the Disposal
of Radioactive Waste (NAGRA; Matter et al. 1988) was
studied. Moreover, samples from a trench at the type
locality of the Belchen Member at the Chilchzimmersattel
hill in the Folded Jura, ca. 18 km southeast of the Adler-
berg locality form part of the study (Fig. 1b).

The Upper Triassic—Lower Jurassic deposits in northern
Switzerland comprise the Gruhalde Member and the Bel-
chen Member of the Klettgau Formation (Upper Triassic,
Jordan et al. 2016) and the Schambelen Member and
Beggingen Member of the Staffelegg Formation (Lower
Jurassic, Reisdorf et al. 2011). The Gruhalde Member
(formerly “Obere Bunte Mergel”, “Knollenmergel”, or
“Zanclodon-Mergel”; Sander 1992; Meyer and Furrer
1995; Meyer 2001; Jordan et al. 2016) consists of grey,
green and red terrestrial to shallow marine dolomitic marl
and claystone (e.g. Jordan et al. 2016). Its stratigraphical
age is under debate to be Norian (Sander 1992) or Rhaetian
(Etzold et al. 2010).

The Belchen Member consisting of black, greyish and
reddish mudstone or fine-grained sandstone is of Rhaetian
age and forms the top of the Klettgau Formation (Fischer
et al. 1964; Tanner 1978; Brenner 1986; Nagra 2001;
Jordan et al. 2016). Facies and thickness of the Belchen
Member vary strongly, even within distances of hundreds
of metres (Reisdorf et al. 2011; Jordan et al. 2016). It
occurs in the Folded and the Tabular Jura of the cantons
Baselland and Solothurn as well as in the Zurich Weinland
(Benken core, NAGRA 2001) while it is missing in central
northern Switzerland (Reisdorf et al. 2011; Jordan et al.
2016). Based on lithology and/or TOC content the Belchen
Member is subdivided into four lithological units ul—ulV.
Units ul and ull are composed of sandy siltstone and silt-
stone with high TOC content in ul and lower TOC content
in ull. A fining upward trend combined with very high
TOC content marks ulll. Unit ulV is characterised by very
low TOC content and predominance of claystone and silty
claystone (Looser et al. 2017, in prep.).

The overlaying Schambelen Member (formerly “Insek-
tenmergel”, “Psiloceras-Schichten” or “Psilonoten-
Tone”) consists of marly terrigenous mudstone being early
to middle Hettangian in age (Jordan 1983; Schlatter 1983;
Reisdorf et al. 2011). It forms the lowest part of the
Staffelegg Formation except in the Passwang and Weis-
senstein area of the Folded Jura. At the type locality sed-
iments yielded insects and fragmentary remains of land
plants that may suggest proximity to land (Heer 1865;
Felber 2006; Etter 2016). In the Basel Tabular Jura the
Schambelen Member is locally developed as a thin bed of
grey to black terrigenous mudstone. Ammonites indicate an
early Hettangian age (Reisdorf et al. 2011 and references
therein). In the Adlerberg cores, however, the Schambelen
Member was not encountered.

The lower Hettangian to upper Sinemurian Beggingen
Member of the Staffelegg Formation (formerly “Angu-
latenkalk” and “Arietenkalk™) is a fossiliferous limestone
interlayered with marl beds (Maisch et al. 2008; Reisdorf
et al. 2011). Its thickness varies laterally and it always
overlies an erosive surface (Reisdorf et al. 2011). In the
eastern Tabular Jura of the canton Baselland the lower part
of the Beggingen Member is missing and the oldest
ammonites found in the Adlerberg region belong to the
early Sinemurian Bucklandi Zone (e.g., Reisdorf et al.
2011).

3 Methods

Twenty-eight samples were collected from the Adlerberg
Core 1 (34.R.3), eight from the Adlerberg Core 2 (34.R.8),
two from Adlerberg Core 3 (41.R.117), four from the
Chilchzimmersattel section, and five from the Weiach core.
The samples were cleaned, crushed and weighed (13-20 g)
and subsequently treated with concentrated hydrochloric
and hydrofluoric acid as described byTraverse (2007). The
residues were sieved over an 11 um mesh screen. Where
necessary, a short oxidation with concentrated nitric acid
was performed before the residues were sieved again over
an 11 pm mesh screen. From strew mounts a minimum of
250 spores and pollen grains per sample were counted.
Aquatic palynomorphs have been counted alongside
sporomorphs until the target sporomorph count was
reached. Additionally, one slide per sample was completely
scanned for rare palynomorphs. Based on their botanical
affinity and ecological preferences of parent plants, spore
and pollen taxa have been assigned to different Sporo-
morph Ecogroups (SEGs) as described by Abbink (1998)
and Abbink et al. (2004) (see supplementary material).
These represent specific plant communities. We used this
approach to describe palacoenvironmental changes as
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reflected in the palynological assemblages in Adlerberg
Core 1 and Weiach core.

The Upland SEG consists mainly of conifers, repre-
sented by pollen taxa such as Pinuspollenites spp. or Lu-
natisporites spp. In the Upland—Lowland SEG all bisaccate
gymnosperm pollen taxa are grouped that represent either
conifers or seed ferns. Alisporites spp. (Corystospermales)
is typical of lowland communities whereas alete bisaccate
pollen in general are grouped into the upland SEG (Abbink
1998; Lindstrom 2016). The Lowland SEG consists of fern
and lycopod spores and Vitreisporites spp. (Caytoniales).
Fern spores (Osmundaceae), bryophyte spores, and lyco-
pod spores (Selaginellales) represent the Lowland marsh
SEG. Taxodiaceae pollen taxa represent swamp conditions
(River-Lowland marsh SEG), whereas sphenopsids
(Calamospora spp.) preferential grow along rivers (River
SEG). Pioneer plants grow on instable or newly established
grounds. The two fern spore genera Deltoidospora and
Dictyophyllidites are assigned to pioneer ferns (Pioneer
SEG) (Abbink 1998). Pleuromeiaceae (Aratrisporites spp.,
Densoisporites  spp., and Lundbladispora spp.) and
Cheirolepidaceae (Classopollis spp., Geopollis zwolinskae,
and Granuloperculatipollis spp.) were able to cope with
salt spray and inhabited coastal areas (Coastal/Coastal
marsh SEG) (Abbink 1998). The indeterminate group
contains spore and pollen taxa with unknown botanical
affinity.

4 Results

For stratigraphic assessment of the five studied sections
five different palynological associations (A, B, C, W, and
D) are distinguished. The palynological content is mainly
characterised by the relative abundance of prominent taxa
and the focus on presence/absence of stratigraphically
important taxa (Figs. 2, 3, 4). The discussion of the
assemblages A—C refers to Adlerberg Core 1. The reported
relative abundance (in %) refers to the palynological data
of this section. The few exeptions where assemblages from
the other localities differ from those of the Adlerberg Core
1 are indicated. Aquatic palynomorphs are generally low in
numbers with a maximum of 93 counts in one sample.
Association A Samples of the Adlerberg Core 1 affiliated
to the Gruhalde Member (interval between 37.40 and
36.00 m) were basically barren. In the sample at 36.00 m
only two palynomorphs were observed: Classopollis sp.
and Rhaetipollis germanicus. The interval from 35.77 to
35.03 m including the lithological units ul, ull and the
lower part of ulll belongs to the Belchen Member and
yields assemblages described as association A as follows
(Fig. 5, Online Resources 1, 2): The low diversity assem-
blages are dominated by representatives of the Classopollis

group (~ 66% on average including Classopollis spp., C.
meyeriana and C. torosus-classoides). The Ovalipollis
group, including Ovalipollis spp. and O. pseudoalatus
account for ~ 6%, Rhaetipollis germanicus for ~ 3%,
Geopollis zwolinskae for ~ 3%. Spores are mainly repre-
sented by Converrucosisporites spp. (~ 10%) and Del-
toidospora  spp. (~ 3%). In these assemblages
dinoflagellate cysts include Dapcodinium priscum,
Rhaetogonyaulax rhaetica, and Valveodinium spp.

Association A occurs also in the lithological units ul and
ull of the Adlerberg Core 2 (Fig. 6; Online Resources 3-5),
the lithological unit ul of the Adlerberg Core 3 (Fig. 6;
Online Resource 6), and the lithological unit ull at
Chilchzimmersattel (Fig. 6; Online Resources 7, 8).

Association B appears in the Belchen Member of the
Adlerberg Core 1 (upper part of the lithological unit ulll;
interval from 34.83 to 34.27 m). The dominant palynofloral
element is still Classopollis spp. (~ 50%). Geopollis
zwolinskae accounts for ~ 9% on average. Another char-
acteristic element of these assemblages is Perinopollenites
spp. (including P. elatoides) which accounts for ~ 24% of
the assemblages. Ovalipollis spp. represents ~ 3%, while
Rhaetipollis germanicus, Ricciisporites tuberculatus and
Granuloperculatipollis rudis are consistently present. In
addition to the spore genera documented below, association
B includes Trachysporites fuscus, and common occur-
rences of Punctatisporites spp. Dinoflagellate cysts are
represented only in one sample by Rhaetogonyaulax
rhaetica at 34.65 m.

The high relative abundance of Perinopollenites spp. in
the Adlerberg Core 1 might represent a local phenomenon.
In the Adlerberg Core 2 association B ranges from 33.42 to
31.65 m. It is identified based on the common occurrences
of Trachysporites fuscus and Punctatisporites spp., as well
as the consistent occurrence of Ricciisporites tuberculatus
and Granuloperculatipollis rudis (Online Resources 3-5).
The uppermost two samples at Chilchzimmersattel show
similar palynofloras, however, Punctatisporites spp. is
missing in these samples (Fig. 6; Online Resource 7, 8).

Association C encompasses the lithological unit ulV of
the Belchen Member from 34.07 to 33.30 m depth in the
Adlerberg Core 1. Generally, assemblages of this interval
are highly diverse especially due to the increased spore
content. Assemblages of association C are again dominated
by Classopollis spp. (~ 45%). Ovalipollis spp. accounts

for ~ 6%, Bisaccate pollen account for ~ 7%,
Rhaetipollis  germanicus for ~ 2.3%, Ricciisporites
tuberculatus  ~ 2.5%, and Geopollis zwolinskae

for ~ 3%. Granuloperculatipollis rudis and Ricciisporites
umbonatus are present. The diverse spore assemblages are
dominated by Deltoidospora spp. (~ 6.5%) and Poly-
podiisporites polymicroforatus (~ 3.5%). Dictyophyl-
lidites spp. accounts for ~ 3%. Spores that are regularly
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Fig. 2 Palynomorphs (dinoflagellate cysts, miscellaneous aquatic
palynomorphs, and pollen) in the described associations Taxon name
is followed by sample name (bold), slide specification (brackets) and
stage coordinates for an Olympus BX 51 microscope. Scale bar is
20 pm for all photomicrographs. 1, Beaumontella langii, Q 33.65 (O
a), 12.3/153.9; 2, Beaumontella sp., Q 33.65 (O a), 18.5/141.0; 3,
Valveodinium sp., Q 34.70, 10.7/144.7; 4, Comparodinium diacror-
haetium, Q 33.30, 16.3/142.7; 5, Rhaetogonyaulax rhaetica, Q 33.30,

encountered include: Annulispora folliculosa, Camaro-

zonosporites  laevigatus, Camarozonosporites  rudis,

19.3/150.7; 6, Dapcodinium priscum, Q 33.30, 14.0/114.9; 7,
2Suessia swabiana, Q 33.47 (0), 7.1/116.4; 8, foraminiferal test
lining, Q 33.30, 11.7/150.1; 9, Cymatiosphaera sp., TP 23 (O), 15.1/
137.0; 10, Ovalipollis pseudoalatus, BLNQ 33.90 (a), 13.5/159.9; 11,
Schizosporis sp., BLNQ 34.65 (O a), 10.5/110.9; 12, Ricciisporites
tuberculatus, TP 4b (0), 16.2/135.9; 13, Ricciisporites umbonatus,
TP 6 (O), 10.0/114.0

Carnisporites spp., Cingulizonates rhaeticus, Kyrtomis-
poris laevigatus, Limbosporites lundbladii, Osmundacites



E. Schneebeli-Hermann et al.

104




Palynology of Triassic—Jurassic boundary sections in northern Switzerland

105

<«Fig. 3 Palynomorphs (pollen) in the described associations. Taxon
name is followed by sample name (bold), slide specification
(brackets) and stage coordinates for an Olympus BX 51 microscope.
Scale bar is 20 pum for all photomicrographs. 1, Araucariacites sp., Q
33.65 (O a), 12.2/127.4; 2, Quadraeculina anellaeformis, Q 33.30,
16.0/144.1; 3, Cerebropollenites sp., BLNQ 33.90 (a), 17.2/122.5; 4,
Eucommidites sp., Q 33.65 (O a), 18.9/148.9; 5, Chasmatosporites
sp., Q 33.35 (0), 8.4/143.6; 6, Classopollis meyeriana, Q 35.77 (K a),
14.7/127.7; 1, Granuloperculatipollis rudis, Q 33.20 (O a), 17.3/
126.3; 8, Tsugaepollenites pseudomassulae, TP 13/12 (O a), 8.9/
111.4; 9, Falcisporites sp., Q 33.35 (O), 11.3/147.0; 10, Classopollis
torosus-classoides, Q 33.35 (0), 11.0/138.6; 11, Geopollis zwolin-
skae, BLNQ 34.65 (O a), 10.8/142.0; 12, Rhaetipollis germanicus,
BLNQ 34.65 (O a), 10.7/139.2; 13, Striatoabieites sp. small form, Q
34.07, 10.8/147.4; 14, Triadispora sp., Q 33.35 (0O), 9.5/142.6; 15,
Alisporites sp. small form, BLNQ 33.90 (a), 10.9/123.6; 16,
Lunatisporites rhaeticus, Q 33.70 (O), 11.3/120.3; 17, Platysaccus
papillionis, BLNQ 33.90 (a), 11.9/112.6; 18, Alisporites robustus,
BLNQ 33.90 (a), 11.1/132.9

sp., Perinosporites thuringiacus, Punctatisporites spp.,
Stereisporites spp., Trachysporites fuscus, Triancoraes-
porites ancorae, T. reticulatus, Zebrasporites interscriptus,
Zebrasporites laevigatus. Dinoflagellate cysts are repre-
sented by Rhaetogonyaulax rhaetica, Dapcodinium pris-
cum, Valveodinium spp., ?Suessia swabiana, Beaumontella
spp., and in one sample (33.65 m) by Cleistosphaeridium
spp. Other aquatic palynomorphs in these assemblages
include Cymatiosphaera spp., Leiosphaeridia spp., Schi-
zosporis spp., Chomotriletes spp., and undifferentiated
algal cysts.The only other locality in which association C
was encountered is the topmost sample at 31.25 m of the
Adlerberg Core 2 (Fig. 6; Online Resources 3-5).
Association W appears in the Lower Jurassic Schambe-
len Member. Amongst the studied sections and drill cores,
the Schambelen Member occurs only in the Weiach core.
The assemblages are characterised by common occurrences
of Classopollis spp. (32%), Perinopollenites spp. (28%),
Pinuspollenites spp. (5%), Trachysporites fuscus (8%), and
Deltoidospora spp. (5%). Accessory elements are Calam-
ospora spp., Kraeuselisporites reissingeri, Ischyosporites
variegatus, Chasmatosporites spp., and Araucariacites spp.
Marine palynomorphs are characterised by the presence of
Dapcodinium priscum and Micrhystridium spp. Rhaeto-
gonyaulax rhaetica is absent (Online Resources 9, 10).
Association D is restricted to the Beggingen Member. In
the Adlerberg Core 1 it ranges from 33.25 m to 32.72 m
depth. This low diversity assemblages are dominated by
Classopollis spp. (~ 80%). Bisaccate pollen account for
~ 8%. Ovalipollis spp. is absent. Spores are represented
by Kyrtomisporis laevigatus, Converrucosisporites spp.,
and Ischyosporites variegatus. Generally, spores show an
extremely reduced diversity compared to association C.
Dinoflagellate cysts are rare. Dapcodinium priscum is
present in the sample at 33.25 m (Fig. 5, Online Resources

1, 2). Rhaetipollis germanicus and Granuloperculatipollis
rudis found in sample at 33.25 m might be reworked.

5 Biostratigraphic significance
of the palynological associations

For the evaluation of the stratigraphic significance, the
encountered palynological associations have been com-
pared with two sporomorph and one dinoflagellate cyst
zonation of the Germanic Basin and two sporomorph based
zonation schemes from the Tethyan realm (Fig. 7). The
presence of Rhaetipollis germanicus in associations A—C
allows an overall stratigraphic assignment of these
assemblages to the Rhaetian Rhaetipollis germanicus
assemblage Zone of Kiirschner and Herngreen (2010).

In the Ricciisporites Conbaculatisporites Zone descri-
bed by Lund (1977) from the northwestern part of the
Central European Epicontinental Basin, Classopollis spp. is
the dominant element together with ornamented trilete
spores (Conbaculatisporites/Trachysporites). In this zone
Enzonalasporites is absent while it is prominent in the
older Corollina Enzonalasporites Zone. Also Lim-
bosporites lundbladii is absent, which is a marker of the
younger Rhaetipollis Limbosporites Zone (Lund 1977).
Thus, in association A the low diversity assemblages
dominated by Classopollis spp. and Converrucosisporites
spp. correlate well with the Ricciisporites Conbacu-
latisporites Zone. Rhaetipollis germanicus and Classopol-
lis spp. are also characteristic features of GTr 18/19 from
the Central European Basin (GTr: abbreviation “German-
ische Trias” and consecutive number for palynological
associations established for Triassic sediments in Germany
Heunisch 1999). GTr 18/19 share some common charac-
teristics with association A and B, but GTr 18 and GTr 19
differ from the palynological assemblages described
herein. GTr 18 includes Enzonalasporites spp. and Ricci-
isporites umbonatus and GTr 19 includes Limbosporites
lundbladii and shows a decrease of Geopollis zwolinskae in
the upper part of GTr 19. Thus GTr 18 and GTr 19 can only
be tentatively correlated with association A and B (Fig. 7).
Microfaunal evidence indicates an early to middle-Rhae-
tian age for the Ricciisporites Conbaculatisporites Zone in
the FEitzendorf 8 well (North Germany; Lund 1977).
Therefore an early Rhaetian age is suggested for associa-
tion A. The occurrence of Rhaetipollis germanicus at the
top of the Gruhalde Member (36.00 m, Adlerberg Core 1)
might indicate a Rhaetian age for these sediments. The first
ocurrence of Rhaetipollis germanicus is assumed to cor-
respond with the base of the Rhaetian; however, clear
evidence is still missing due to the lack of independently
dated Norian—Rhaetian successions (Kiirschner and
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<«Fig. 4 Palynomorphs (spores) in the described associations. Taxon
name is followed by sample name (bold), slide specification
(brackets) and stage coordinates for an Olympus BX 51 microscope.
Scale bar is 20 um for all photomicrographs. 1, Polypodiisporites
ipsviciensis, Q 34.07, 10.6/142.3; 2, Polypodiisporites polymicrofo-
ratus, Q 34.07, 10.3/125.0; 3, Calamospora tener, Q 33.65 (O a),
12.2/118.2; 4, Aratrisporites fimbriatus, Q 33.35 (0), 17.3/124.7; 5,
Kraeuselisporites reissingeri, Q 33.65 (O a), 19.2/128.9; 6, Kyr-
tomisporis laevigatus, Q 34.07, 8.2/119.0; 7, Dictyophyllidites
harrisii, B 4083 31.65 (K a), 11.3/138.5; 8, Stereisporites australis,
BLNQ 33.90 (a), 12.0/122.5; 9, Annulispora folliculosa, Q 33.47 (O),
9.5/114.4; 10, Carnisporites anteriscus, Q 35.77 (K a), 12.9/107.0;
11, Semiretisporis gothae?, Q 33.43 (O), 11.3/113.7; 12, Camaro-
zonosporites rudis, BLNQ 33.90 (a), 7.0/118.9; 13, Ischyosporites
variegatus, W 701.2 (K a), 15.0/127.2; 14, Zebrasporites interscrip-
tus, BLNQ 33.90 (a), 9.3/106.8; 15, Polycingulatisporites liassicus?,
Q 33.35 (0), 10.5/126.0; 16, Selagosporis mesozoicus, BLNQ 33.90
(a), 11.0/118.0; 17, Rogalskaisporites cicatricosa, Q 33.65 (O a),14.6/
138.8; 18, Triancoraesporites reticulatus, Q 33.47 (0), 9.5/127.0; 19,
Triancoraesporites ancorae, Q 33.30, 14.2/125.0; 20, Densosporites
fissus, Q 33.35 (O), 11.5/121.0; 21, Perinosporites thuringiacus,
BLNQ 33.90 (a), 18.2/107.5; 22, Cingulizonates rhaeticus, BLNQ
33.90 (a), 14.4/129.1; 23, Cornutisporites sp., BLNQ 33.90 (a), 15.8/
123.7; 24, Limbosporites lundbladii, Q 33.47 (O), 11.1/118.7; 25,
Reticulatisporites sp., BLNQ 33.90 (a), 9.3/107.9; 26, Trachysporites
fuscus, Q 33.47 (O), 12.9/127.9

Herngreen 2010). In the Barents Sea R. germanicus is
already present in sediments of Norian age (Hochuli et al.
1989).

The Rhaetipollis Limbosporites Zone from the north-
western part of the Central European Basin is defined by
the co-occurrence of Rhaetipollis germanicus, Lim-
bosporites lundbladii, and Ricciisporites tuberculatus.
Cingulizonates rhaeticus is also present (Lund 1977). In
this study the prominent features of the Rhaetipollis Lim-
bosporites Zone (occurrence of Classopollis spp.,
Rhaetipollis germanicus and Ricciisporites tuberculatus)
are also documented in association B. Based on that,
association B is correlated with the Rhaetipollis Lim-
bosporites Zone (despite the absence of Limbosporites
lundbladii and Cingulizonates rhaeticus, Fig. 7). Clas-
sopollis spp. and Limbosporites lundbladii are also char-
acteristic features of GTr 19 (Heunisch 1999). The top of
this zone is marked by the last occurrence of Granulop-
erculatipollis rudis, which is not confirmed for association
B in this study. The high relative abundance of
Perinopollenites spp. is rarely ascertained, only Heunisch
(1996) mentioned slightly increased Perinopollenites ela-
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Fig. 6 Correlation of the palynological associations described for the study area. See Fig. 5 for legend

toides content in assemblages from NW Germany, which
she correlated with the Rhaetipollis Limbosporites Zone.
Bonis et al. (2009) described palynological assemblages
from two Tethyan sections, in the Hochalplgraben (H1, H2,
H3, H4a, and H4b) and at Kuhjoch (=Global Stratotype
Section and Point; Hillebrandt et al. 2013; K1, K2, K3, and
K4 Bonis et al. 2009) in the Northern Calcareous Alps. H1
and K1 assemblages of these authors are characterised by
low diversity, dominant Classopollis spp., prominent
Ovalipollis pseudoalatus and Rhaetipollis germanicus.
These features correlate with Lund’s (1977) Rhaetipollis
Limbosporites Zone and association B in this study. In the
Hochalplgraben and Kuhjoch sections Limbosporites
lundbladii and Cingulizonates rhaeticus are also absent in
HI1 and K1, but occur in the overlying H2/K2 assemblages.
The Rhaetipollis Limbosporites Zone has been described to
occur together with middle Rhaetian microfauna in the

Eitzendorf 8 well (Lund 1977). Therefore the correlation
with the Rhaetipollis Limbosporites Zone suggests a mid-
dle Rhaetian age for association B.

The Ricciisporites Polypodiisporites Zone has been
defined based on the common presence of Polypodiis-
porites polymicroforatus or Semiretisporis together with
high diversity of trilete spores for the northwestern part of
the Central European Basin (Lund 1977). In association C
the prominent occurrence of Polypodiisporites polymicro-
foratus, Ricciisporites tuberculatus, the presence of
Rhaetipollis germanicus and Ovalipollis pseudoalatus
together with overall high spore diversity is suggestive of a
correlation with the Ricciisporites Polypodiisporites Zone
of Lund (1977). Besides the prominence of Polypodiis-
porites polymicroforatus Heunisch’s (1999) GTr 20 is also
marked by the presence of Densosporites spp. and
Polycingulatisporites spp., which are also observed in
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Fig. 7 Correlation of the described palynological associations with palynological schemes of the Central European Basin and the Tethyan realm

association C. The palynological assemblages H2/K2
described from the Hochalplgraben and Kuhjoch sections
(Bonis et al. 2009) are marked by an overall increase in
spore abundance and diversity. Polypodiisporites polymi-
croforatus is very prominent, and Acanthotriletes varius,
Camarozonosporites  rudis, Cingulizonates rhaeticus,
Densosporites  fissus, Kyrtomisporis laevigatus,
bosporites lundbladii, Cingulizonates rhaeticus, Polypodi-
isporites ipsviciensis and Triancoraesporites ancorae
appear in assemblage H2 of Bonis et al. (2009). These
spore taxa appear also in the northern Swiss association C.
Taking this into account association C correlates with
assemblages H2/K2 of Bonis et al. (2009) and indicates a
late Rhaetian age of association C.

The Triassic—Jurassic boundary is marked by a distinct
carbon isotope curve pattern that consists of an initial
carbon isotope excursion (CIE) and a main CIE (Hesselbo
et al. 2002; Galli et al. 2005; Ruhl et al. 2009). A recent
revision demonstrates that the C-isotope pattern across the
boundary is even characterised by a three negative CIEs
(Lindstrom et al. 2017). The boundary between H1/K1 and
H2/K2 in the Northern Calcareous Alps coincides with the
negative peak of the initial CIE (Bonis et al. 2009; Marshi
CIE after Lindstrom et al. 2017). It coincides with the last
occurrence of the Rhaetian ammonite Choristoceras mar-
shi (Ruhl et al. 2009). However, this initial §'°C peak was

Lim-

not encountered in the study area because of a supposed
sedimentary gap in between associations B and C (Nitsch
et al. 2005; Looser et al. 2017, submitted).

Associations A, B, and C show common characteristics
with floral Phase 3 of Schuurman (1979) which is char-
acterised by high abundances of Ovalipollis pseudoalatus
and Classopollis spp., occurrences of Granulopercu-
latipollis rudis, Rhaetipollis germanicus and various trilete
spores (Schuurman 1979; see Fig. 7).

In northern Switzerland, sediments of the latest Rhaetian
are probably missing supported by a decrease in the rela-
tive abundance of Rhaetipollis germanicus that is other-
wise documented for GTr 20 of the Germanic Basin
(Heunisch 1999; Nitsch et al. 2005). In addition, repre-
sentatives of the correlative Ricciisporites Polypodiis-
porites Zone of Lund (1977) were not observed in the
studied samples. A sedimentary gap at the contact between
Belchen and Beggingen Member comprises probably the
uppermost Rhaetian and the earliest Jurassic (the Scham-
belen Member as well as the basal part of the Beggingen
Member: Nitsch et al. 2005; Reisdorf et al. 2011; Jordan
et al. 2016). The sedimentary gap is indicated by an abrupt
excursion in the 8" record (Looser et al. 2017, in prep.)
and ammonite biostratigraphy (Reisdorf et al. 2011). Fur-
ther evidence for the lack of latest Rhaetian sediments in
the study area is given by the distribution of dinoflagellate
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cysts. The base of the Dapcodinium priscum Zone is
characterized by a marked decrease in Rhaetogonyaulax
rhaetica abundance and it was dated to be latest Rhaetian
in age (Woollam and Riding 1983). In the Barents Sea area
Rhaetogonyaulax rhaetica is present in Norian to basal
Jurassic sediments (Hochuli et al. 1989). Since aquatic
palynomorphs are not very abundant in the studied sections
the relative abundances of dinoflagellate cyst species are
not very reliable. Rhaetogonyaulax rhaetica shows a slight
peak in relative abundance at 33.43 m of the Adlerberg
Core 1 and decreases up-section, but occurs regularly up to
the boundary between association C and D (Fig. 7). Dap-
codinium priscum shows higher relative abundances than
Rhaetogonyaulax rhaetica throughout association C. This
might be caused by the environmental requirements of
Rhaetogonyaulax rhaetica, which is commonly found in
more distal settings and in reduced numbers in proximal
settings (Riding et al. 2010).

Based on the co-occurrence with Psiloceras spelae the
palynological assemblages H3—H4a and K3 in the Northern
Calcareous Alps with prominent Heliosporites reissingeri
(corresponding to Kraeuselisporites reissingeri in this
study), Trachysporites fuscus and Classopollis spp. are basal
Early Jurassic in age. Equivalent palynological assemblages
were not encountered in the present study; therefore, the
most basal Jurassic beds are missing. Early Jurassic sedi-
ments are represented by associations D and W.

Association W and association D Based on the ammo-
noid biostratigraphy from the Schambelen Member in
northern Switzerland association W encompasses the upper
part of the Planorbis and the Liassicus zones (Early Het-
tangian; Reisdorf et al. 2011). In the Adlerberg area the
Schambelen Member is missing and the basal beds of the
Beggingen Member are dated as Bucklandi Zone, the top
beds as Obtusum Zone (Early to early Late Sinemurian;
Reisdorf et al. 2011). This implies that association W
(Schambelen Member, in the Weiach core) is older than
association D (Beggingen Member, of Adlerberg Core 1).
However, from a taxonomical perspective the palynologi-
cal content of the two associations is quite similar; the
difference is mostly due to variable relative abundance of
individual groups (e.g., increased Perinopollenites spp. in
association W). Due to the uniformity of sporomorph
assemblages in Jurassic successions (Weiss 1989) a
detailed age assignment for association W and D based on
their palynological content is impossible. Thus the fol-
lowing discussion merely shows how they correlate with
published stratigraphic schemes.. Palynological differenti-
ation based on sporomorphs of the Lower Jurassic stages is
hardly possible (Visscher et al. 1980). Additionally,
stratigraphic ranges of some Jurassic taxa vary regionally
and hamper reliable correlations across Europe (Batten and
Koppelhus 1996; Visscher et al. 1980).

Achilles and Schlatter (1986) described a palynological
assemblage from the Hallau Bed (base of the Schambelen
Member in the Schaffhausen area) containing Leptole-
pidites argenteaeformis, Concavisporites spp., Conbacu-
latisporites baculatus, Gliscopollis meyeriana (named
Classopollis meyeriana in this study), Kraeuselisporites
reissingeri, Chasmatosporites magnolioides, and Tasman-
ites spp. Based on ammonite finds it represents the late
Planorbis and Liassicus Zones (early Hettangian; Schlatter
1983; Achilles and Schlatter 1986). However, the sporo-
morph assemblage has only Classopollis meyeriana and
Kraeuselisporites reissingeri in common with associations
D and W, respectively (Fig. 5, Online Resources 1, 2, 9,
and 10).

In the Northern Calcareous Alps the basal Jurassic paly-
nological assemblages were described together with ammo-
noids. The assemblages H4b/K4 are marked by the increase of
Pinuspollenites minimus, the absence of Ovalipollis pseu-
doalatus, Rhaetipollis germanicus and a general decrease in
spore diversity (Bonis et al. 2009). These features are also
characteristic for association W. H4b/K4 assemblages co-
occur with the ammonite Psiloceras cf. pacificum, which
belongs to the Early Hettangian Tilmanni Zone (at the Global
Stratotype Section and Point (Bonis et al. 2009; Hillebrandt
etal. 2013). Ischyosporites variegatus, regarded as marker for
an Early Jurassic age (Bonis et al. 2009; Kiirschner and
Herngreen 2010) has been recorded in association W. The
correlation with the dated Tethyan successions confirms an
early Jurassic age for association W. The common occurrence
of Pinuspollenites minimus, Trachysporites fuscus, and
absence of typical Rhaetian spore taxa has also been described
as features of the Hettangian Pinuspollenites Trachysporites
Zone in NW Europe by Lund (1977). In the Salzburg area
(Austria), Phase 5 of Schuurman (1979) is marked by the
dominance of Classopollis spp., the presence of Kraeuselis-
porites reissingeri (named Heliosporites reissingeri in Schu-
urman 1979), and the absence of Ovalipollis pseudoalatus,
Rhaetipollis germanicus, Granoperculatipollis rudis as well
as many Rhaetian spore taxa. These are also typical features of
association D in northern Switzerland (Fig. 7). Schuurman’s
Phase 5 coincides with the Planorbe beds of the Alpine
“Fleckenmergel” suggesting an early Hettangian age which
does not exclude that the palynological assembalges of phase
5 range up into the Sinermurian due to the low palynostrati-
graphic time resolution in Lower Jurassic successions.

6 Environmental changes

The palynological assemblages are composed of floral
elements assigned to different SEGs. Changes in the rela-
tive contribution of the different SEG through time reflect
environmental changes (Fig. 8) (Abbink et al. 2004).
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Fig. 8 Relative abundance of
SEGs in the Adlerberg Core 1
and the Weiach core
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Assemblages of association A are generally dominated
by floral elements prominent in the coastal SEG. However,
in the lower part of association A also a high contribution
of lowland elements is recorded compared to the upper part
in which coastal elements are clearly dominant. Thus
assemblages of association A reflect a slight shift from
lowland plant communities with seed ferns, ferns, bryo-
phytes and lycopsids to a more coastal plant community
with Cheirolepidaceae. These changes can be interpreted as
a slight sea level rise (Abbink et al. 2004). In assemblages
of association B typical marsh elements such as Taxodia-
cae increase in abundance, thus indicating restricted drai-
nage of the coastal area and continued high sea-level.
Assemblages of association C show again a stronger
influence by lowland, river, upland SEG elements such as

100%

conifers, and pioneer SEG elements, thus indicating a
falling sea-level. Basal assemblages of association W
indicate high contributions of coastal plant communities,
thus a high sea-level. In the following lowland elements,
especially those indicating waterlogged conditions
increase. Assemblages of association W show generally a
higher contribution of upland and lowland floral elements
that may reflect a deposition closer tor the hinterland at
Weiach. Assemblages of association D again are domi-
nated by coastal SEG element s and indicate a higher sea-
level. Thus two episodes of transgressive events are doc-
umented based on changes in SEG representation: A first
sea-level rise is documented in the topmost part of asso-
ciation A and a second between association Wand D
(Fig. 9).
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Fig. 9 Spatial distribution of SEGs after Abbink et al. 2004. The
palynofloral associations are plotted with respect to their SEG
composition. Arrows directing towards the marine realm indicate

7 The palynoflora of northern Switzerland
in context of the end-Triassic events

The Triassic—Jurassic environmental changes not only
caused a mass extinction in the marine realm but also
affected palynofloral composition worldwide (Lindstrom
2016; Lindstrdm et al. 2017). Pre-extinction palynofloras
are usually rather stable in composition. The pre-extinction
interval is associated with a transgression in northern
Europe (Hesselbo et al. 2004; Lindstrom et al. 2012, 2017).
In the present study, stable palynofloral composition is
documented for associations A and B. Furthermore, the
strong contribution of coastal SEG elements in association
A indicates that the pre-extinction transgression also
affected the southern margin of the Central European
Basin.

The marine extinction interval coincides with the main
floral extinction interval the so-called Polypodiisporites
polymicroforatus abundance interval (Lindstréom 2016;
Lindstrom et al. 2017). This interval is globally marked by
high spore abundance and it probably represents the floral
response to environmental changes associated with the
activity of the Central Atlantic Magmatic Province Asso-
ciation (van de Schootbrugge et al. 2009; Lindstrém 2016).
In the palynofloral succession from northern Switzerland,
association C is marked by a high floral turnover. Together
with high spore diversity and high relative abundance of
Polypodiisporites polymicroforatus this suggests a corre-
lation with the globally recognised extinction interval after
Lindstrom (2016). In the Stenlille core (Denmark) this
interval lack evidence for trace fossils and bivalves
(Lindstrom et al. 2012) which is also true for this interval
in the Adlerberg Core 1 (Fig. 5).

In the marginal marine setting of the studied area, the
regression caused a substantial sedimentary hiatus. Thus
the floral recovery phase observed in numerous Triassic—
Jurassic  successions after the extinction interval

transgression, arrows directing towards the hinterland indicate
regression or a stagnating high water table

(Lindstrom 2016) is not recorded in northern Switzerland.
A second major sea-level rise is correlated with this
recovery interval (Hallam and Wignall 1999; Lindstrom
et al. 2017). Due to the sedimentary hiatus this sea-level is
only partially documented in association W, characterized
by high contribution of lowland/marsh floral components
indicating high ground-water level. Palynofloras in asso-
ciation W and D represent stable post-extinction flora.

8 Summary and conclusions

The biostratigraphical resolution of the deposits at the
Triassic—Jurassic boundary in northern Switzerland has
been refined by establishing characteristic palynological
associations. They have been studied at five localities and
they can be correlated with palynostratigraphical schemes
of the Central European Epicontinental Basin and the
Tethyan realm. Five palynological associations (A, B, C,
W and D) characterised by the relative abundances of
significant palynomorph groups and by ranges of age rel-
evant taxa have been estabished:

e Association A is marked by low diversity, dominant
Classopollis spp., common Ovalipollis spp. (including
O. pseudoalatus), Rhaetipollis germanicus, Geopollis
zwolinskae, Converrucosisporites spp., and Deltoi-
dospora spp. (~ 3%). Dinoflagellate cysts include
Dapcodinium priscum and Rhaetogonyaulax rhaetica.
The correlation with the dated Ricciisporites Conbac-
ulatisporites Zone from the NW Central European
Basin (Lund 1977) suggests an early Rhaetian age.
Increasing relative abudances of Classopollis spp.
indicates a sea-level rise.

e Association B is still dominated by Classopollis spp.,
however, Perinopollenites spp. (including P. elatoides)
is also prominent. Geopollis zwolinskae, Ovalipollis

Spp-» Rhaetipollis ~ germanicus,  Ricciisporites
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tuberculatus, Granuloperculatipollis  rudis, Punc-
tatisporites spp. are consistently present. Trachys-
porites fuscus and Rhaetogonyaulax rhaetica occur
sporadically. Correlation with the dated Rhaetipollis
Limbosporites Zone from the NW Central European
Epicontinental Basin (Lund 1977) implies a middle
Rhaetian age. Increasing relative abundances of
Perinopollenites spp. can be interpreted as continues
high sea-level.

e Association C is characterised by high relative abun-
dance of Classopollis spp., common Ovalipollis spp.,
bisaccate pollen grains, Rhaetipollis germanicus, Ricci-
isporites tuberculatus, and Geopollis zwolinskae, Del-
toidospora spp., Polypodiisporites polymicroforatus,
Dictyophyllidites spp. Granuloperculatipollis rudis and
Ricciisporites umbonatus are present. Remarkable is a
high spore diversity including Cingulizonates rhaeti-
cus, and Limbosporites lundbladii, dinoflagellate cysts
are represented by Rhaetogonyaulax rhaetica, Dapco-
dinium priscum, Valveodinium spp., Suessia swabiana,
Beaumontella spp. and in one sample Cleistosphaerid-
ium spp. The base of the correlative H2/K2 assem-
blages in the Northern Calcareous Alps coincides with
the initial negative carbon isotope excursion; therefore
a late Rhaetian age is highly likely. A higher contri-
bution of lowland floral elements indicates a regression.
The high abundances of spores especially Polypodiis-
porites polymicroforatus allows the correlation with the
globally recognised end-Triassic extinction interval
(Lindstrom 2016; Lindstrom et al. 2017).

e Association W is characterised by common occurrences
of Classopollis spp., Perinopollenites spp., Pinuspol-
lenites spp., Trachysporites fuscus, and Deltoidospora
spp.; Calamospora spp., Kraeuselisporites reissingeri,
Ischyosporites variegatus, Chasmatosporites spp., and
Araucariacites spp. are present. Marine palynomorphs
are characterised by the presence of Dapcodinium
priscum and Micrhystridium spp. Rhaetogonyaulax
rhaetica has not been observed. Correlation with dated
Tethyan palynological assemblages confirms an Early
Jurassic age.

e Association D comprises low-diversity assemblages
dominated by Classopollis spp., while bisaccate pollen
grains are common. Ovalipollis spp. is absent and spore
diversity is strongly reduced but includes Ischyospor-
ites variegatus. Correlation with dated Tethyan paly-
nological assemblages confirms an Early Jurassic age.
Increased coastal SEG elements indicate a sea level rise
between association W and D.

The succession of these associations forms the base to
establish a palynostratigraphic framework for the upper-
most Triassic sediments in northern Switzerland. A Norian

age for the uppermost part of the Gruhalde Member cannot
be confirmed because of the presence of Rhaetipollis ger-
manicus, which is supposed to be restricted to the Rhaetian.
However, its first occurrence is not yet independently dated
(Kiirschner and Herngreen 2010). The lower part of the
Belchen Member (association A, lithological units ul to
middle ulll) is of early Rhaetian age. Its upper part (as-
sociation B and C, lithological units middle ulll to ulV) is
of middle to late Rhaetian age, whereas the latest Rhaetian
and the most basal Jurassic are probably missing (Figs. 6,
7).
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