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Palynology and palynofacies patterns of terrestrial Triassic/Jurassic boundary series of the South
Hungarian Mecsek Mountains were studied in search of paleoenvironmental and vegetation changes
and climatic signatures related to one of the major mass extinction events in Earth's history. Two
selected and studied boreholes comprise continuous boundary sections and yield a diverse Late
Rhaetian to Hettangian palynomorph assemblage. The most striking feature within the boundary
interval is the series of cyclic short-term paleoenvironmental changes from fluvial/deltaic to swamp
settings, as inferred from changes in palynomorph associations. However, increasing humidity is
documented by a striking increase in trilete spores. These signatures display the response of
terrestrial vegetation to regional and global environmental changes, although we found no clear
evidence for a mass extinction as documented in the microflora.
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Introduction
Complete terrestrial Triassic/Jurassic boundary series are rare (e.g. Olsen et al.
2002; Voigt et al. 2006; Hornung et al. 2007); in the NW Tethyan realm, the Mecsek
Mountains of South Hungary is the only area where continuous sections of coalbearing facies are present. Pécs and Komló were the two regional centers of coal
mining (Fig. 1), which was terminated in 2003. Previously the Pécs coal pit
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Fig. 1
Location of the studied boreholes Komló K-137 and K-176, Mecsek Mts. (South Hungary)

provided an excellent exposure of the Rhaetian-Hettangian series, but its lower
part is flooded now. However, due to the intensive mining activities in this region
during the second half of the 20th century, a significant number of coal
exploration wells were drilled and documented. Most of the data are only listed
in internal reports (in Hungarian) and are not available in scientific journals.
Much information, however, is summarized in a volume (published in
Hungarian) devoted to the exploration and mining geology of the Mecsek Coal
(Némedi Varga 1995). Detailed stratigraphic description of the coal-bearing series
and discussion of placement of the Triassic/Jurassic boundary are provided by
Nagy and Nagy (1969), Nagy (1971) and Némedi Varga (1983, 1998). Palynological
investigations were mainly carried out during the 1960´s and 1970´s with special
focus on commercial mining, and principally aimed at correlation of distinct coal
seams (e.g. Bóna 1963, 1969, 1979, 1983, 1995a, b). A paleoenvironmental model of
shallow and deeper swamp zones, distinguished primarily on the basis of
palynological observations including the conifer pollen to spore ratio, was
developed by Bóna (1963). A detailed palynofacies analysis focusing paleoenvironmental and climatic signatures is addressed for the first time in the
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present study. Our results contribute to the discussion on changes of vegetation
within global mass extinction events (e.g. McElwain and Punyasena 2007;
McElwain et al. 2007).
Geologic setting
During Late Triassic and Early Jurassic times the study area was located on the
northern Tethyan shelf margin E of the Bohemian Massif and Vindelician High
(Fig. 2), bordering the Neotethys Ocean Branch (Haas 2004). The Mecsek
Mountains are part of the Tisza Mega-unit, subdivided into the Mecsek, Villány–
Bihor, Papuk–Békés–Lower Codru, and N-Backa–Upper Codru (Biharia) facies
zones (Bleahu et al. 1994). These zones underwent Alpine tectonic deformation,
forming NE–SW-striking nappe-systems which are the basement of Tertiary
basins in central and southern Hungary, northern Serbia and western Romania.
Triassic and Jurassic outcrops are restricted to the Mecsek and Villány mountains
in Hungary, the Papuk Mountains and adjacent hills in Croatia, and the Apuseni
Mountains in Romania (Bleahu et al. 1994).
Facies differentiation characterizes the Late Triassic evolution of the Tisza
Mega-unit dominated by dolomite (western Mecsek Mts, Villány Mts, Codru and

Fig. 2
Paleogeography of
the NW Tethyan
realm during the Late
Triassic (Rhaetian)
and location of the
Mecsek Mts. (MM) as
part of the Tisza
Mega-unit (after Haas
2004)
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Papuk Mts), siliciclastics (eastern Mecsek Mts) and mixed carbonate-siliciclastic
sequences (Bihor Mts), all of which are similar both to the Germanic and to the
Carpathian Keuper (Haas and Török 2008). A rapidly subsiding half-graben
structure developed in the eastern Mecsek Mountains, resulting in the formation
of up to 500 m of arkosic sandstone and siltstone (Karolinavölgy Sandstone
Formation). Its depositional environments include marginal marine, lagoonal,
and deltaic to lacustrine settings (Nagy 1968). The upward transition of these
beds into the Jurassic coal-bearing succession (Mecsek Coal Formation) is
continuous. The first coal layers already appear in the Upper Rhaetian
Karolinavölgy Sandstone. Upsection, coal seams become thicker and more
frequent and are a characteristic feature of the Hettangian deposits (Mecsek Coal
Formation). Marine ingressions occurred sporadically from the Late Hettangian
into the Early Sinemurian. Deposition of the overlying, fully marine Vasas Marl
Formation began in the Late Sinemurian, showing transitional features between
the Alpine Gresten facies and "Fleckenmergel".
Material and methods
The cores selected for study from the Komló area are from boreholes K-137
(drilled in 1960) and K-176 (drilled in 1972). Both were part of the exploration
program of the Hungarian coal-mining industry and are reference sections of the
geology of the area. The cores were studied palynologically by József Bóna (cf.
Bóna 1995b). Unfortunately, a large part of the cores is no longer available.
Reports on the cores and Bóna's palynological slides are kept in the Central
Geoscience Data Archive in Budapest and the Natural History Collections of
Komló, respectively. Bóna's palynological slides of the Komló K-176 core were
restudied and some of the palynological residue kept in the Komló collections
was mounted for new slides. The Triassic/Jurassic boundary interval from core K137 was sampled in the Pécs-Vasas Core Repository of the Hungarian Geological
Institute. The lithology of the Komló cores was documented by Gy. Hõnig
(unpublished internal reports 1960, 1972; in Hungarian), who described a
sedimentary series of fine-grained sandstone and siltstone with intercalated thin
coal layers, becoming more frequent upsection. Within the Triassic/Jurassic
boundary interval the average thickness of the coal seams is 0.5 m.
Palynofacies analysis was carried out on a total of 42 samples from the Upper
Rhaetian and Lower Hettangian series of the Komló boreholes K-176 and K-137,
comprising sandstones, siltstones, and coal seams. All samples were prepared
using standard palynological processing techniques, including HCl (33%) and HF
(73%) treatment for dissolution of carbonates and silicates, and saturated ZnCl2
solution (D ≈ 2.2 g/ml) for density separation. Residues were sieved at 15 µm
mesh size. Slides were mounted in Eukitt, a commercial, resin-based mounting
medium. The relative percentages of sedimentary organic constituents are based
on counting at least 500 particles per slide. The classification of sedimentary
organic particles follows Steffen and Gorin (1993).
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The Sporomorph Ecogroup Model (SEG model) of Abbink et al. (2001, 2004a)
has been applied to the Komló data set. Originally, this ecogroup model was
defined for the Late Jurassic and Early Cretaceous of the North Sea. In this study,
it is applied for the first time to Rhaetian and Hettangian assemblages. The SEG
model is based on the assumption that palynomorph assemblages reflect mother
plant communities. In the Mesozoic, any application of paleocommunity models
is considerably hampered by uncertainties with respect to the botanical affinities
of quantitatively important sporomorphs and the ecological preference of the
extinct parent plants. However, based on actualistic principles, one may assume
the presence of distinctive habitat-controlled paleocommunity types, each of
which is characterized by taxa with broadly similar ecological preferences. These
paleocommunity types serve as a paleoecological framework for the conceptual
Sporomorph Ecogroup Model of coexisting sources of dispersed spores and
pollen grains. Abbink et al. (2001) defines six SEGs as presented in Table 1.
Table 1
Sporomorph ecogroups after Abbink et al. (2001)

Palynofacies patterns
The palynofacies of the studied core material is dominated by phytoclasts,
showing a high variability in size and shape. Most of the particles are opaque
fragments; however, translucent plant debris is also documented. The palynomorph assemblage of the Upper Rhaetian part of the sections is dominated by
bisaccate pollen grains, trilete spores and pollen of the Circumpolles group,
comprising a small amount of Corollina spp. Upsection, a striking increase of
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trilete spores is recognized (Fig. 3). Another prominent feature within the
palynomorph assemblage is the sudden increase of Dictyophyllum harrisii within
the Triassic/Jurassic boundary interval, followed by a peak abundance of
Inaperturopollenites sp. This signal is repeated upsection in a cyclic pattern (Fig. 4).
Within the sedimentary series two main microfloral assemblages are
distinguished: Assemblage A, dominated by Inaperturopollenites sp. and characteristic of coal layers, and assemblage B, mainly composed of trilete spores and
bisaccate pollen grains, characteristic of sandstone and siltstone layers (Fig. 5).

Fig. 3
Distribution of palynomorphs of the Triassic/Jurassic boundary interval, Komló borehole K-176,
Mecsek Mts. (South Hungary). Note the sudden increase of Dictyophyllum harrisii at the
Triassic/Jurassic boundary, followed by peak abundance of Inaperturopollenites sp. within the first coal
layer
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Fig. 4
Palynomorphs and sporomorph ecogroups (SEGs) of the Triassic/Jurassic boundary interval, Komló borehole K-137, Mecsek Mts. (South Hungary).
Note the sudden increase of Dictyophyllum harrisii at the Triassic/Jurassic boundary and the increase of trilete spores in the Hettangian.
Inaperturopollenites sp. shows maximum abundance in coal layers. See text for discussion
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Fig. 5
Reconstruction of vegetation patterns in the Triassic/Jurassic boundary interval as inferred from
palynomorph associations. Cyclic short-term paleoenvironmental changes from fluvial/deltaic to
swamp settings are documented in two characteristic palynomorph assemblages with dominance of
trilete spores and bisaccate pollen grains and Inaperturopollenites sp., respectively
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Application of the Sporomorph Ecogroup Model
In order to define sporomorph ecogroups for the Mesozoic and to model the
response of these groups to paleoenvironmental change, the establishment of an
ecological framework for the source communities is necessary. According to
Grime (1979), two factors determine the type of plants defining a specific
vegetation: stress and disturbance. The variation of the level of stress and
disturbance results in three different plant strategies: a competitive strategy (low
stress, low disturbance), a stress-tolerating strategy (high stress, low disturbance),
and a ruderal strategy (low stress, high disturbance), whereas highly disturbed
habitats with severe and continuous stress are not viable as plant habitats.
Following this concept, Abbink et al. (2001) established six sporomorph
ecogroups (SEGs) for the Late Jurassic–Early Cretaceous of NW Europe (Table 1).
The Lowland SEG reflects the vegetation present in the main lowland area. The
lowland represents an area with an optimum of nutrients and fresh water, low
stress and low disturbance. The lowland plants follow a competitive strategy;
consequently the ecological boundaries of the plants reflected by this SEG are
determined by less than optimum conditions surrounding this lowland area. The
plants within the communities reflected by other SEGs will follow a stresstolerating or ruderal strategy. Seaward, ecological stress is introduced by the
influence of salt water in a tidally influenced area and salt spray in a coastal area.
Landward, the possible deficiency of nutrients and/or the decreased availability
of fresh water in the upland area may introduce ecological stress. Along rivers,
periodical submersion and erosion of riverbanks will cause plants to follow a
more ruderal strategy. A ruderal strategy will also be employed by first colonizers
or pioneer plants. As for plants in the lowland area, the plants within the other
ecologically defined areas will also show a competitive strategy, as they are
optimized for the ecology of that particular habitat (Abbink et al. 2001).
However, the general grouping of fossil pollen grains and spores into different
ecogroups remains difficult. First the SEG model was created for the Upper
Jurassic–Lower Cretaceous of the North Sea and it must be taken into account
that the climatic conditions during this period differed from those at the
Triassic/Jurassic boundary. "Drier" intervals in the Cretaceous climate were
probably still wetter than a wet climate during the Hettangian. Therefore, the
warmer/cooler and wetter/drier trends are not applicable for Triassic/Jurassic
boundary palynomorph assemblages. Second, the parent plants for many
Mesozoic sporomorphs are still unknown. Therefore, the SEG model is
incomplete and many classifications are only based on morphological features.
Third, the tolerance of many plant genera with respect to stress and disturbance
is not well understood. Therefore, many plants could be indicators of different
environments, e.g. river and lowland (Abbink et al. 2004b). Thus, some of the
sporomorph taxa of this study have been re-grouped with respect to the different
conditions at the Triassic/Jurassic boundary: Spore genera such as Concavisporites
and Deltoidospora have been transferred from the "drier" lowland SEG to the
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"wetter" lowland and "river" SEG, and palynomorphs encountered in the studied
cores were assigned to five SEGs (Table 2), reflecting the environmental
conditions of the depositional area. In the Komló core sections the Rhaetian
palynomorph assemblages are characterized by pollen grains and spores of the
"upland" and "river" SEGs (Fig. 4). Due to the terrestrial setting, the "coastal" SEG
is hardly represented and not taken into account here. In the upper (i.e.
lowermost Hettangian) part of the section, the "warmer lowland" and "drier
lowland" SEGs defined by Abbink et al. (2001) dominate the assemblage. On the
basis of the re-grouping described above, "wetter lowland" sporomorphs
predominate, accompanied by "river" SEG indicators (Fig. 4).
Discussion
Palynomorph assemblages of the Komló sections display a typical
Rhaetian/Hettangian microflora, dominated by bisaccate pollen grains, trilete
spores and pollen of the Circumpolles group. The high amount of phytoclasts
clearly documents the diverse land plant community which is well known from
macrophyte findings of the Mecsek Coal (e.g. Barbacka 2000, 2001, 2002). The
occurrence of Corollina spp. in the Upper Rhaetian part of the series points to
relatively temperate climatic conditions (cf. Vakhrameev 1981). The increase of
trilete spores within the Triassic/Jurassic boundary interval is interpreted to
indicate an increase of humidity. This agrees with geochemical evidence of
increased weathering at the Triassic/Jurassic boundary (Cohen and Coe 2002,
2007). This global paleoclimatic signal is superimposed by a regional paleoenvironmental change from fluvial to swamp conditions as documented by the two
microfloral assemblages that are related to different paleoenvironments (Fig. 5).
The cyclicity revealed by our palynological results is compatible with, but
significantly extends, the model of Bóna (1963), who only analyzed the coal
seams and recognized that superjacent parts of individual seams differ in their
palynomorph content. Consistently, the lower coal layer was interpreted as
deposited in a shallow swamp forest zone, overlain by a coal layer formed in a
deeper swamp. An early sedimentological study of the coal-bearing sequence
also documented cyclic changes in the depositional environments (Káli 1962).
No mass extinction event is apparent in the studied material from the Mecsek
Mountains, which agrees with the macrofloral data of the Mecsek Coal
Formation (Barbacka, pers. comm., 2008) and other Triassic/Jurassic boundary key
sections of the NW Tethyan realm (Ruckwied 2008; Ruckwied and Götz 2008).
Palynomorph assemblages of the Komló sections are similar to the assemblages of
the Germanic Basin (cf. Schulz 1967; Orĺowska-Zwolińska 1983; Weiss 1989; Lund
1977; 2003) comprising marker species such as Rhaetipollis germanicus and a high
amount of Classopollis spp. in the Upper Rhaetian part of the section. The
Hettangian marker species Cerebropollenites thiergartii, reported by Kuerschner et
al. (2007) and von Hillebrandt et al. (2007) from the Northern Calcareous Alps, is
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absent in the Mecsek Mountains. This may be attributed either to the lack of the
mother plant in the Mecsek vegetation or to its low abundance. However, in the
Alpine sections the lowest occurrence of this pollen grain is proposed as a
potential palynological marker for the Triassic/Jurassic boundary.
The most striking feature within the boundary interval is the regional
paleoenvironmental change of river/deltaic to swamp settings in short-term
cyclic patterns, as inferred from changes in palynomorph associations. However,
increasing humidity is documented by a striking increase in trilete spores and
likely reflects a global climatic signal. Both signatures display the response of
terrestrial vegetation to regional and global environmental changes.
Conclusions
The palynological material studied from the Komló boreholes clearly
documents changes at the Triassic/Jurassic boundary which are related to both
regional changes in paleoenvironment and global climatic change. An isolated
study of microfloral assemblages is not sufficient to clarify the major causes of
such drastic changes. Ongoing studies will therefore focus on both palynomorphs and macrophytes to further analyze vegetation patterns and their
changes across the Triassic/Jurassic boundary. Furthermore, these studies will
contribute to verifying the definition and applicability of sporomorph ecogroups
(SEGs) in early Mesozoic terrestrial settings.
No evidence of a mass extinction event was detected in the studied material,
although our observations suggest significant environmental changes reflected
in the palynomorph assemblage. These changes are interpreted to document
both regional vegetation patterns and globally increasing humidity. The
interpretation of changes within terrestrial vegetation patterns and the role of
floral change associated with mass extinction events remains difficult. Therefore,
integrated studies of land plant communities and their vegetation dynamics
within a recovery phase of a stressed ecosystem during the earliest Jurassic
(Hettangian), recorded in changes of palynomorph and macrophyte assemblages
of the Mecsek Coal Formation, are seen as crucial to a better understanding of
terrestrial ecosystems.
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