
INTRODUCTION

The Mediterranean Sea and the intracontinental
Paratethys were formed as new marine realms during

the Late Eocene (e.g., Popov et al. 1993; Rögl 1999).
From the Oligocene through the Miocene, the
Paratethys, an extended marginal sea which developed
from Switzerland to Central Asia, underwent complex
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ABSTRACT:

Spezzaferri, S., Ćorić, S. and Stingl, K. 2009. Palaeoenvironmental reconstruction of the Karpatian–Badenian (Late
Burdigalian–Early Langhian) transition in the Central Paratethys. A case study from the Wagna Section (Austria).
Acta Geologica Polonica, 59 (4), 523–544. Warszawa.

The Karpatian–Badenian (Burdigalian–Langhian, Early–Middle Miocene) transition is a key interval in the evolution
of the Paratethys and the proto-Mediterranean Sea. We present here, based on the Wagna section (Styrian Basin, Cen-
tral Paratethys), a study of a quantitative analysis of the microfossils (foraminifera and calcareous nannofossils) and
a statistical treatment of data to reconstruct the palaeoenvironmental condition during this time.

During the Karpatian, relatively deep water, cool conditions with a relatively high nutrient input prevailed in the
Styrian Basin, as suggested by the high abundance of cool-water foraminifera and calcareous nannofossils. The Baden-
ian was generally warmer, with a lower availability of nutrients, and was characterized by carbonate units and patch reefs
and associated microfossil assemblages (e.g., Eponides spp.). Riverine plumes brought fresh water into the Styrian
Basins during the Badenian and induced high productivity and the proliferation of species highly tolerant of low salin-
ity such as Ammonia tepida. The passage from calcareous nannofossil Zone NN4 to NN5 is characterized by a reor-
ganization of water masses and the transition from cooler and nutrient-rich to warmer and nutrient-poorer waters. Based
on the microfossil abundance trends we interpret the planktonic foraminiferal speciesGlobigerina tarchanensis as pre-
ferring cooler nutrient-rich waters and Reticulofenestra minuta as preferring warmer and nutrient-poor waters.

The application of cluster analysis based on the Bray-Curtis Similarity and non-metric MultiDimensional Sca-
ling (nMDS) adds important information to that obtained only from microfossil abundance curves, enabling identifica-
tion of cryptic trends and correlation with sequence stratigraphy. This method may even complement biostratigraphic in-
terpretation and support age attribution in the Paratethyan area, where marker species are missing.

Key words: Paratethys; Mediterranean; Miocene; Palaeoenvironment; Foraminifera; Cal-
careous nannofossils; Statistical treatment.
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palaeogeographical changes e.g., opening and closing
of marine connections with the Indian Ocean to the
east and with the Mediterranean Sea and Atlantic
Ocean to the west, especially in the Miocene (Rögl
1999, 2001).

The Styrian Basin belonged to the Central
Paratethys bioprovince as part of the intra-Carpathian
Pannonian Basin system (e.g., Rögl et al. 2002). It was
separated by the South Burgenland Swell from the
Pannonian Basin and was subdivided into different
sub-basins by ridges and faults. These basins were
formed during an Early Miocene synrift phase, prob-
ably beginning in the Ottnangian, corresponding to the
Middle Burdigalian (Ebner and Sachsenhofer 1995;
Sachsenhofer 1996; Tari 1996). The synrift phase was
characterized by fault tectonics and rapid subsidence,
forming relatively deep basins into which the Mediter-
ranean waters ingressed (Kollmann 1965). The sedi-
mentary expression of these events is the deposition
of calcareous mudstones and siltstones: the Karpatian
“Steirischer Schlier” (Kollmann 1965; Auer 1996;
Rögl et al. 2002).

The tectonic activity was also accompanied by ex-
tensive volcanism (Sachsenhofer 1996). The transition
from the Karpatian to Badenian (Early to Middle

Miocene) corresponds to a pulse of tectonic activity
recorded in all circum-Mediterranean regions, termed
the “Styrian Tectonic Phase” (Stille 1924). Its geolog-
ical expression is a sedimentary hiatus: the “Styrian
Discordance”, which is clearly identified throughout
the Paratethys (Rögl et al. 2002, 2007).

The Karpatian–Badenian (Burdigalian–Langhian,
Early–Middle Miocene) transition, is therefore a key
interval in the evolution of the Paratethys and the
proto-Mediterranean Sea. This study deals with the
paleoenvironmental reconstruction of this interval in
the Central Paratethys based on planktonic and ben-
thic foraminifera and calcareous nannofossils.

GEOLOGICAL SETTING

The investigated Karpatian–Badenian sedimentary
succession in the Styrian basin (Text-fig. 1) is charac-
terized by the calcareous mudstones and siltstones of
the “Steirischer Schlier”, which are interpreted as deep
marine turbidites, based on the sedimentary structures,
faunal content and types of bioturbation (Krainer
1988, 1989; Schell 1994).

To the west, the “Steirischer Schlier” interfingers

Text-fig. 1. Maps showing the position of the Wagna section in the Styrian Basin. From Hiden and Stingl (1998)



with gravel mass-flow deposits (“Arnfelser Kon-
glomerate”), which are interpreted to be the subaquatic
parts of a fan delta system (Schell 1994). At the top of
the “Steirischer Schlier” is observed a sedimentary de-
posit commonly described as the “Geröllmergel”
(Kollmann 1965). It consists of reworked components
of the “Steirischer Schlier” together with crystalline
pebbles in a silty to sandy calcareous matrix, possibly
deposited in a coastal zone (Kollmann 1965) and char-
acterized by the ichnogenusGastrochaenolites (Friebe
1991; Fenninger and Hubmann 1997).

This facies corresponds to the “Styrian Discor-
dance”, which represents the Karpatian–Badenian
transition and is presently correlated with the Burdi-
galian/Langhian sequence boundary Bur5/Lan1 of
Hardenbol et al. (1998), which is clearly identified in
all Paratethyan areas (Rögl et al. 2002, 2007) (Text-
fig. 2).

The “Geröllmergel” is topped by the marine shal-
low-water sandy deposits or the extended carbonate
units of the Weissenegg Formation. This formation in-
cludes both carbonate units aligned as patch reefs along

the Middle Styrian Swell (Friebe 1990, 1993) as well
as the associated siliciclastic basin facies (Friebe
1991). These sediments are composed of coralli-
nacean-rich limestones with intercalation of coral-rich
horizons. Most of the coral colonies occur in-situ,
whereas some are reworked in debris. The develop-
ment of these carbonate bodies is not contemporaneous
throughout the Styrian Basin, as patch reefs of differ-
ent Badenian ages can be observed. Their age and de-
velopment depends on their position with respect to the
relief generated by the “Styrian Tectonic Phase”
(Friebe 1993). These carbonate bodies represent the
westernmost occurrence of coral limestones in the Cen-
tral Paratethys and their growth and development were
influenced by various local and regional factors. In par-
ticular, these factors include siliciclastic input from the
fan deltas from the Middle Styrian Swell, braided
rivers from the eastern and northern basin margins
(Friebe 1993) as well as broader palaeogeogeographi-
cal changes, possibly related to the opening of marine
connections between the Paratethys and the adjacent
seas and oceans (Rögl 1999, 2001) (Text-fig. 3).
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Text-fig. 2. Regional zonation in use for the Paratethys compared with the standard zonations of foraminifera and calcareous nannofossil (modified
after Rögl et al. 2007)



The continuous succession of the described fa-
cies and tectonic signatures from the “Steirischer
Schlier” (hereafter termed “basin facies”), to the
“Styrian Discordance”, the “Geröllmergel” topped
by the Badenian Weissenegg Formation, is clearly
visible in only three sections in the Styrian Basin:
Retznei, Wagna and Spielfeld-Katzengraben (Text-
fig. 1). Of these sections, the Wagna section is the
best exposed.

THE WAGNA SECTION

The Wagna section is located approximately 20
km south of Graz close to the town of Leibnitz near
the Middle Styrian Swell basement high (Text-fig. 1).
The profiles studied are here named A and C. The
lithology and a detailed description of the sediments
from Profile C are shown in Text-fig. 4. The lithol-
ogy of Profile A, reported in Spezzaferri et al. (2004)
is also included to better clarify and represent the ge-

ological setting and the variations of the foraminiferal
assemblages.

A wide terrace separates the two profiles (Text-fig.
4), and sometimes single beds are slightly displaced
(5–10 cm) by small faults. This setting makes bed-by-
bed correlation difficult and, in some cases, impossi-
ble, with the exception of the angular unconformity
between samples Wag-25 and -26 in profile A and
samples Wag-7 and 8 in profile C. The two profiles
are therefore treated separately.

Profile A

Profile A records the middle to upper part of the
“Steirischer Schlier“ (Middle Karpatian). The sedi-
ments consist of 2 to 5 metres-thick levels of dark-
grey calcareous shales with cm-thick intercalations of
siltstones (”Schlier”). Crystalline pebbles in sample
Wag-23 (Profile A) represent a channel deposit.

This part of Profile A may correlate with cycle TB
2.2 of Hardenbol et al. (1998) as described in Rögl et al.
(2007). A distinct angular unconformity (Text-fig. 4)
separates the middle Karpatian shales from the lower
Badenian sandy sediments (sample Wag-26 – Baden-
ian). This unconformity, the duration of which has been
estimated to span about 400 ky (Rögl et al. 2005, 2006),
is related to the “Styrian Discordance” and corresponds
to the sequence boundary Bur5/Lan1 of Hardenbol et
al. (1998), as described in Rögl et al. (2007).

Spezzaferri et al. (2002) studied the Karpatian sed-
iments of this profile. They compared the palaeobio-
geography of foraminifera and calcareous nanno-
fossils in the Molasse and Styrian Basins. Spezzaferri
et al. (2004) studied the distribution and significance
of agglutinated foraminifera in the Styrian Basin and
their relationship to water depth. These studies re-
vealed drastic changes in foraminiferal assemblages,
palaeoenvironmental and hydrographic conditions in
the Styrian Basin, which were related to the “Styrian
Tectonic Phase”. They also suggested that cool
palaeoeclimate, high surface water fertility, suboxic
condition at the sea floor, high accumulation of or-
ganic matter and relative CaCO3 undersaturation of
the sea water occurred during the Middle Karpatian in
the relatively deeper parts of the Styrian Basin.

In Profile A, the passage to Badenian sediments is
represented by sample Wag-26 only, just above the
hiatus separating Karpatian and Badenian sediments.
Thus not enough information was available to recon-
struct the palaeoenvironmental conditions immedi-
ately after the “Styrian Tectonic Phase”. The study of
Profile C, which records this interval (sample Wag-7
upward) was undertaken to clarify this issue.
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Text-fig. 3. Palaeogeographic maps showing the position of the
Wagna section in the Styrian Basin during A) the Early–Middle
Karpatian (Burdigalian) and B) the Early Badenian (Langhian).

From Rögl (1999, 2001)
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Profile C

In total 25 samples were collected from Profile C
(Text-fig. 4). Silty sediments occur from the Karpat-
ian–Badenian transition (sample Wag-7) to the distinct
level with dominant Porites (corals) from samples
Wag-15 to Wag-16 (Text-fig. 4). The sand content in-
creases from sample Wag-17 to Wag-21. Rögl et al.
(2007) attributed the interval from Wag-8 to Wag-19
to cycle TB 2.3 of Hardenbol et al. (1998). Carbonate
platform sediments with intercalations of marly lay-
ers overlie the sandy interval (samples Wag-22 up to
Wag-25). This carbonate body has a wide extent in the
Styrian Basin and crops out continuously in the La-
farge quarry at Retznei where Friebe (1990) identified
hermatypic corals such as Porites, Montastrea and
Tarbellastrea. However, the carbonate bodies are not
continuously present in the Styrian Basin, but in many
cases consist only of small patch reefs (e.g., the Ret-

znei and Wagna patch reefs). Rögl et al. (2007) at-
tributed the interval from Wag-20 to Wag-25 to cycle
TB 2.4 of Hardenbol et al. (1998).

An hiatus spans the interval from Wag-19 and Wag-
20 (Text-fig. 4). Rögl et al. (2005, 2006, 2007) and Ho-
henegger at al. (2009) have related this hiatus to the
Lan2/Ser1 sequence boundary of Hardenbol et al. (1998)
and have estimated its duration at about 600 ky. An ad-
ditional hiatus of unknown duration is probably present
between the sandy sediments and the carbonate unit.

MATERIALS AND METHODS

The samples for foraminiferal investigations were
prepared using the standard technique described in
Spezzaferri and Ćorić (2001). Approximately 600 to
1000 specimens per sample were counted. Speci-
mens of benthic and planktonic foraminifera were

Text-fig. 4. Photograph of the Wagna section (by P. Pervesler) and lithologic log of Profiles A and C. White lines mark the sampled profiles. * marks
the hiatus across the Karpatian–Badenian transition and + marks the hiatus spanning the transition to the carbonate build-up. Modified after Spez-
zaferri et al. (2004). The only level that can be clearly correlated in the two profiles is the unconformity marking the Karpatian–Badenian transition



then identified with a binocular microscope and
counted.

Smear slides for calcareous nannofossil analyses
were prepared following the standard preparation
technique of Perch-Nielsen (1985) and studied by light
microscope at 1000-x magnification. Approximately
350 specimens for each sample were counted. Raw
microfossil data were then transformed into percent-
ages of the total microfossil abundance and percent
abundance curves were plotted. Species with phylo-
genetic affinities and similar environmental signifi-
cance were also grouped to better interpret the
distribution patterns. Criteria for grouping Paratethyan
foraminifera follow Spezzaferri and Ćorić (2001) and
Spezzaferri (2004).

Univariate and multivariate statistics were applied
to quantitative data using the Software PRIMER 5 (Ply-
mouth Marine Laboratory). Application of this method
to planktonic and benthic foraminifera is extensively
discussed in Basso and Spezzaferri (2000) and Spezza-
ferri and Ćorić (2001). Data were double-squared root
transformed (no standardization, no further species re-
duction) in order to highlight the contribution of the less
abundant species and simplify the interpretation of the
data structure (Field et al. 1982). Data were used for hi-
erarchical agglomerative clustering based on the Bray-
Curtis Similarity (Clifford and Stephenson 1975).
Samples were ordered by non-metric MultiDimensional
Scaling (nMDS) on the basis of the same similarity ma-
trix (Kruskal 1977). The nMDS is an iterative proce-
dure to represent the “distance” of samples from a
multidimensional space on the basis of rank dissimilar-
ities. Clusters identified both in the dendrograms and
nMDS plots, at the same similarity level, were further
investigated through the Similarity and Dissimilarity
Term Analyses, to highlight the contribution of each
species to the total average similarity and dissimilarity
within each group and between different groups.

RESULTS

Biostratigraphy and micropalaeontology

Text-fig. 2 shows the correlation of Paratethyan re-
gional stages in the interval from the Ottnangian (Bur-
digalian) to the Sarmatian (Serravallian) with the
chrono- and sequence stratigraphy and planktonic
foraminiferal bioevents. Abundance curves of selected
microfossil species and groups from ProfileAare shown
in Text-figs 5a–c. Abundance curves of microfossil
species and groups from Profile C are shown in Text-
figs 6a–c. Quantitative raw data are in Appendix I to III.

Profile A

Preliminary description of microfossil assem-
blages from Profile A (Karpatian) was reported by
Spezzaferri et al. (2002, 2004) and therefore only in-
formation relevant to this study and/or not previously
published is given here. Foraminiferal assemblages
in Profile A are moderately to well preserved and con-
sist predominantly of agglutinated benthic taxa. The
planktonic fauna is rare and dominated by Globige-
rina ottnangiensis. The sediments are attributed to the
Middle Karpatian based on the presence of Uvigerina
graciliformis, Pappina primiformis and a typical
small-sized planktonic foraminiferal assemblage in the
absence of younger species such as Globigerinoides
bisphericus. The absence of this marker species sug-
gests that Upper Karpatian sediments are probably
missing at Wagna. Sample Wag-26 contains abundant
Ammonia spp. It is located above the Early Badenian
transgression horizon. Although it does not contain
any marker species, it is attributed to the Early Baden-
ian because it is placed above the unconformity re-
lated to the “Styrian Tectonic Phase” that occurs in the
Lowermost Badenian (e.g., Rögl et al. 2002, 2007)
(Text-fig. 5a–b).

Calcareous nannofossil assemblages from Profile
A indicate Zone NN4 of Martini (1971) throughout
the section, based on the presence of Sphenolithus
heteromorphus and rare Helicosphaera ampliaperta.
Sample Wag-26 from the sandy layer at the top of the
section contains more common H. ampliaperta than
the grey marly sediments below. Coccolithus pelag-
icus predominates throughout the section, whereas
H. ampliaperta never exceeds 5% (Text-fig. 5c).

Profile C

Samples Wag-1 to Wag-7 of Profile C record ben-
thic assemblages similar to those described for Profile
A. Samples Wag-8 to Wag-14 and Wag-17 to Wag-18
contain shallow water assemblages dominated by Am-
monia spp. Samples Wag-15 and Wag-16 contain
dominant fragments of Porites, abundant large
eponinids and Lobatula spp. Amphisteginids, Elphid-
ium spp. and the Lobatula group characterize the car-
bonate unit at the top of the section (Text-fig. 6a,
Appendix I). Praeorbulina sicana, which marks the
Karpatian–Badenian boundary, first appears in sam-
ple Wag-9 (Text-fig. 6b and Appendix II). Praeorbu-
lina circularis occurs in sample Wag-22. Badenian
sediments are also identified from sample Wag-15
based on the presence of large eponinids, which are
typical of warm-water carbonate platform sediments
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from this time interval in the Paratethys (Rögl, per-
sonal communication).

Nannofossil assemblages from Wagna Profile C
are also very rich and well preserved (Text-fig. 6c;

Appendix III). The NN4/NN5 zonal boundary is ten-
tatively placed between samples Wag-19 and Wag-
20 based on the presence of Sphenolithus hetero-
morphus and the last occurrence of Helicosphaera
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Text-fig. 5. Percent abundance curves of selected a) benthic foraminifera, b) planktonic foraminifera and c) calcareous nannofossils from
Profile A



ampliaperta in sample Wag-19. Helicosphaera wal-
trans is present in sample Wag-21 and indicates Zone
NN5 of Martini (1971). H. waltrans was reported
from Zone NN5 in the Roggendorf borehole (Ćorić
and Rögl 2004), the Mühlbach section (Ćorić 2002),
and the Grund section (Ćorić and Švábenická 2004)
in the Austrian Molasse Basin. Švábenická and Cty-
roká (1999) and Švábenická (1993, 2000, 2002) re-
ported this species in sediments from the same
interval from the Carpathian Foredeep in the Mora-
vian area, Czech Republic and Lower Austria. In the
Slovak part of the Vienna Basin H. waltrans was also
described in this interval by Andreyeva-Grigorovich
at al. (2001). Recently Abdul Aziz et al. (2008) dated
the First Common Occurrence (FCO) of this taxon
at 15.476 Ma and its Last Common Occurrence
(LCO) at 14.357 Ma. Therefore, H. waltrans is a
good marker for the lower part of Zone NN5 within
the Lower Badenian. A noteworthy feature is the de-
crease in abundance of Coccolithus pelagicus and the
corresponding increase in abundance of Reticulofen-
estra minuta at the NN4/NN5 zonal boundary (Text-
fig. 6c).

Quantitative analyses and statistical treatment of
data

The quantitative analyses of planktonic and ben-
thic foraminifera and calcareous nannofossils were
performed on samples from Profile A and C to evalu-
ate species abundance and diversities (Text-figs 4–5).

Since patterns of community structures are often
not readily apparent (Clark and Warwick 1994), we
have also performed a statistical treatment of our data
to better identify and characterize changes in the as-
semblage structures and relate these to changing en-
vironmental conditions. In particular, we have
combined the cluster analyses based on the Bray-Cur-
tis Similarity and the non-metric MultiDimensional
Scaling (nMDS). This method offers better results
than other statistical techniques (e.g., eigenvectors)
but is rarely applied to foraminiferal studies (Parker
and Arnold 1999). Univariate statistics was used to
calculate the Shannon-Wiener Index (H’) and the
number of species for the three microfossil groups
studied for each sample.

In Profile A these indices do not give relevant en-
vironmental information because of the relative ho-
mogeneity of assemblage compositions and the curves
are therefore omitted. In Profile C (Text-fig. 7) the
number of benthic species drops drastically to values
never exceeding 30 from sample Wag-8 upward. In
the same interval the number of planktonic species

also decreases to around 5, but increases again to
about 10 corresponding to the carbonate build-up. Cal-
careous nannofossils decrease to 10 species from sam-
ples Wag-20 to Wag-22. The Shannon-Wiener Index
for the benthic and planktonic foraminifera shows low
values from samples Wag-8 to Wag-14 and an oppo-
site trend upward. The H’ index for calcareous nan-
nofossils increases from samples Wag-8 to Wag-14
and shows a drastic decrease between sample Wag-19
and Wag-20 (Text-fig. 7).

The multivariate statistical analyses, including ag-
glomerative clustering based on the Bray-Curtis Sim-
ilarity, are shown in Text-figs 8a–c, non-Metric
Multidimensional Scaling (nMDS) plots are shown in
Text-figs 9a–c.

At the 40% of the Bray-Curtis Similarity four
clusters separate for the planktonic and benthic
foraminifera (Text-figs 8a–b, 9a–b). At the 63% of
the Bray-Curtis Similarity, three clusters separate for
the calcareous nannofossils (Text-figs 8c, 9c).
Species and groups accounting for the average simi-
larity and dissimilarity in all clusters are listed in
order of decreasing contribution in Text-figs 10–12.

DISCUSSION

Paratethyan microfossil assemblages differ sub-
stantially from Mediterranean and oceanic assemblages
due to the complex palaeogeographic evolution of this
marginal basin (Rögl 1999). Several endemic species
and morphotypes of more widely distributed species are
present in the Paratethys, especially in the Miocene,
making correlations with the world oceans problematic
(Rögl and Steininger 1984). The palaeoenvironmental
significance of these endemic species and morphotypes
is still poorly known. Therefore, to obtain a well con-
strained palaeoenvironmental interpretation we have
compared the percentage curves (Text-figs 5, 6) and the
results of the multivariate statistical treatment (Text-figs
8, 9) to better understand our data and have an inde-
pendent control of our interpretation.

The ecological preferences of the benthic and
planktonic foraminifera and calcareous nannofossils
are taken from literature data (e.g., among others,
McIntyre and Be 1967; Haq and Lohmann 1976;
Kuhnt and Kaminski 1990; Cimermann and Langer
1991; Van der Zwaan and Jorissen 1991; Beaufort
and Aubry 1992; Jorissen et al. 1992; Sgarrella and
Montcharmon-Zei 1993; Jones 1994; Spezzaferri
1995; Bernhard et al. 1998; Basso and Spezzaferri
2000; Spezzaferri and Ćorić 2001; Spezzaferri
2004).
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Statistical treatment

Comparison between the Similarity and Dissimi-
larity Term Analyses of the benthic and planktonic
foraminifera (Text-figs 8a, 9a, 10), their abundance
curves and their ecological preference suggests that
Clusters 1 to 4 of the benthic and planktonic
foraminifera are strictly correlated; they contain almost
the same set of samples, showing a strict relation be-
tween surface and sea-floor processes. Cluster 1 of the
benthic and Cluster 1 of the planktonic foraminifera
group samples Wag-1 to Wag-25 from Profile A and

Wag-1 to Wag-7 from Profile C. It represents the basin
facies and is correlated with the sequence stratigraphic
cycle TB2.2. Cluster 1 of the benthic foraminifera is
dominated by agglutinated and relatively deep-water
benthic forms such as Gaudryinopsis beregoviensis
and Cribrostomoides spp., together with low-oxygen
species like Praeglobobulimina pyrula, P. pupoides,
Valvulineria complanata, Bulimina elongata, andCau-
casina spp. (Kuhnt and Kaminski 1990; Spezzaferri et
al. 2004). Cluster 1 of the planktonic foraminifera is
dominated by Globigerina ottnangiensis, a cool water
indicator (Spezzaferri and Ćorić 2001), G. praebul-
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Text-fig. 6. Percent abundance curves of selected a) benthic foraminifera, b) planktonic foraminifera and c) calcareous nannofossils from
Profile C



loides and rarer G. tarchanensis. This latter species
may also be interpreted as a cooler and nutrient-rich
surface water indicator (Text-fig. 5a, b).

Cluster 2 of the benthic and Cluster 2 of the plank-
tonic foraminifera group samples from the carbonate
unit of Profile C. Cluster 2 of the benthic foraminifera
is dominated by Elphidium, amphisteginids and Lo-
batula. In modern environments these species occur
in shallow water detritic-sandy bottoms or attached,
respectively (Sgarrella and Montcharmon-Zei 1993;
Basso and Spezzaferri 2000). It represents the fine
sand intercalations in the carbonate build-up and cor-
responds to Cluster 2 of planktonic foraminifera dom-
inated by warm water species like Globigerinoides
spp., Praeorbulina spp. and Globigerinella obesa
(e.g., Hemleben et al. 1989), which may have prolif-
erated during a warming episode (Text-fig. 6a, b).

Clusters 3 and 4 of the benthic and planktonic
foraminifera group samples from samples Wag-8 to
Wag-21 in Profile C and together they correspond to
cycle TB2.3. However, since their palaeoenviron-
mental significance seems to be slightly different they
are here treated separately.

Cluster 3 of the benthic foraminifera is dominated
by shallow water species like Ammonia spp., A. tep-
ida, Aubignyna perlucida and Elphidium spp. (Text-
fig. 6a. b), which are typical of silty-sandy substrata in

low-salinity environments (Basso and Spezzaferri
2000; Spezzaferri and Ćorić 2001). In particular, Am-
monia tepida is also reported from brackish and la-
goonal environments, including the terminal Messinian
Lago-Mare facies, and is, therefore, considered in the
literature as highly tolerant of low salinity (e.g. Cita et
al. 1980; Spezzaferri et al. 1998). Sgarrella et al.
(1983) and Sgarrella and Montcharmon-Zei (1993) re-
ported this species together with other low salinity tol-
erant species in poorly diversified assemblages
collected in front of river mouths. These lines of evi-
dence suggest that during the intervals between sam-
ples Wag-8 and Wag-14 benthic foraminifera were
living under low salinity conditions probably related
to the presence of braided rivers, as evidenced by the
fan delta deposits in the eastern and northern basin
margins (Friebe 1993). This interpretation is also sup-
ported by the trends of the Number of Species and the
Shannon-Wiener Indices (Text-fig. 7). The Shannon-
Wiener Index (H’) express the degree of species di-
versity within each sample and can be related to
environmental stress (Warwick and Clarke 1995). In
particular, diversity declines when sea and fresh water
meet, albeit these waters may be highly fertile, pro-
ductive and support dense populations of some species
(Lassere 1992; Spezzaferri et al. 2000). The great
abundance of the planktonic species Globigerina
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Text-fig. 7. Diversity Indices: Number of Species and Shannon Wiener Index (H’) obtained for benthic and planktonic foraminifera and
calcareous nannofossils of Profile C
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Text-fig. 8. Hierarchical agglomerative clustering based on the Bray-Curtis Similarity of A. benthic foraminifera, B. planktonic foraminifera
and C. calcareous nannofossils
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tarchanensis in this interval also suggests its possible
preference for nutrient rich waters (Text-figs 6b, 11).

Cluster 3 of the planktonic foraminifera is domi-
nated by Globigerinoides spp., Globigerina praebul-
loides and G. tarchanensis. The co-occurrence of
Globigerinoides spp. and a high abundance ofG. prae-
bulloides (Text-figs 6b, 11) suggests a more temperate
climate and possibly high nutrient availability. Glo-
bigerina praebulloides is, in fact, considered as an in-
dicator of upwelling of cooler and nutrient-rich waters
(e.g., Kroon 1988). However, the cluster includes sam-
ples Wag-15 and Wag-16 from the Porites patch reef
yielding benthic foraminiferal assemblages dominated
by large eponinids (including Eponides cf. repandus)
and Lobatula spp. with rare Ammonia spp. (Text-figs
6a, 10). Eponinids are reported to be abundant on cir-
calittoral detritic bottoms, whereas the Lobatula gr.
prefers to live attached (Cimermann and Langer 1991;
Sgarrella and Montcharmon-Zei 1993). These indica-
tions are in agreement with a shallow water reef envi-
ronment, with detrital sediment and characterized by
Porites colonies. Since it was not possible to trace this
horizon over long distances, based on the presence of
several other similar restricted horizons in the area, we
have interpreted this level as a patch reef deposit.

Cluster 4 of the benthic foraminifera groups samples
dominated by Lobatula spp., Cibicides lopjanicus and
the shallow water Elphidium spp., with only low per-
centages of theAmmonia group. The Dissimilarity Term
Analysis also reveals that this cluster differs from Clus-
ters 1 to 3 in the presence of large eponinids, which occur
together with Porites in samples Wag-15 and Wag-16
(Text-figs 6a, 10). These samples cluster together with
samples Wag-20 and Wag-21 (Text-figs 8a, 9a). There-
fore, we interpret Cluster 4 as representing the Porites
patch reef but also a facies transitional to the overlying
carbonate unit characterized by algal prairies where Lo-
batula and C. lopjanicus found ideal attachment sites,
and by a detritic silty-sandy substratum allowing prolif-
eration of Elphidium and Ammonia. Cluster 4 of the
planktonic foraminifera is dominated by Globigerina
tarchanensis andG. praebulloides (Text-fig. 11). The co-
occurrence of high abundances of Ammonia spp. at the
sea floor and G. tarchanensis at the surface suggest a
similar response to environmental conditions.

In the calcareous nannofossils, the comparison be-
tween the Similarity and Dissimilarity Term Analyses
(Text-figs 8c, 9c, 12) and their ecological preferences
indicates that Cluster 1 groups samples dominated by
Coccolithus pelagicus (Text-fig. 6c). The preference of
C. pelagicus for cool-water temperatures is well known.
It is indicated as a stenothermal species adapted to water
temperatures ranging from 1.7°C to 18°C. This r-strate-

Text-fig. 9. NonMetric MultiDimensional Scaling (nMDS) of A)
benthic foraminifera, B) planktonic foraminifera and C) calcareous
nannofossils. The nMDS plot has no dimensions and no axes and
can be arbitrarily scaled, located, rotated or inverted. It gives simply
the relationship of samples relative to each other. SQ from Rögl

at al. (2007) and Hohenegger at al. (2009)
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Text-fig. 10. Bray-Curtis Similarity and Dissimilarity of ben-
thic foraminifera. List of species and statistical parameters in
Clusters 1–4. The Similarity Term Analysis indicates the
species responsible for the similarity among clusters. The Dis-
similarity Term Analysis reveals why a cluster differs from
the others in term of species composition. Avg.Ab. = Average
abundance of single species in the groups of samples
analysed; Avg.Sim. = Average similarity; Avg.Dis. = Average
dissimilarity; Contrib.% = Percentage contribution of the sin-
gle species to the total similarity; Cum% = Summary of the

percentage contribution of the single species



gist form indicates higher nutrient levels and eutrophic
conditions. Recent studies of Cachao and Moita (2000)
have also demonstrated that this species responds pos-
itively to riverine plumes and to upwelling regimes, in-
dicating its preference for nutrient-rich waters. Higher
percentages of C. pelagicus were also documented in
the Karpatian sediments of the Austrian Molasse Basin
(Spezzaferri and Ćorić 2001) and the lowermost part of
the Middle Miocene (clastic sequence of the Lower
Badenian) from the Roggendorf-1 borehole in the Aus-
trian Molasse Basin (Ćorić and Rögl 2004).

Cluster 1 includes the same set of samples grouped
in Clusters 1 and 3 of the benthic and planktonic
foraminifera. Cluster 2 groups samples dominated by
Reticulofenestra minuta (Text-fig. 6c), whose ecological
preference is still not well known. Small reticulofen-
estrids dominate nannoplankton assemblages along con-
tinental margins (Haq 1980). They were used for the
palaeoecological interpretation of Lower/Middle
Miocene sediments from the Roggendorf-1 borehole in
the Austrian Molasse Basin (Ćorić and Rögl 2004).
Blooms of R. minuta (up to 90%) in the Lower Baden-
ian sediments of the Vienna Basin (Ćorić and Hoheneg-
ger 2008) were interpreted as indicators of a warmer,

better-stratified water column in contrast to Karpatian
assemblages dominated byCoccolithus pelagicus.High
abundances of small reticulofenestrids were also docu-
mented by Tomanová and Švábenická (2007) in the
Carpathian Foredeep in Moravia in the Lower Baden-
ian strata. Comparing the abundance trends ofC. pelag-
icus and R. minuta with those of foraminifera (e.g. the
warm waterGlobigerinoides group,Text-figs 6b) we in-
terpret R. minuta as a warmer-water and relatively low
nutrients proxy. This cluster also includes the samples
representing the transition to the carbonate build-up
(Wag-20 and 21). Cluster 3 groups samples dominated
by both C. pelagicus and R. minuta and corresponds to
Cluster 2 of the benthic and planktonic foraminifera.

Comparing these observations with the bio- and cy-
clostratigraphy of the Wagna section we can interpret
the vertical line in the nMDS plots of the benthic and
planktonic foraminifera (Text-fig. 9a, b) to be the Karpa-
tian-Badenian transition, equated to the “Styrian Dis-
cordance” and thus to sequence boundary Bur1/Lan5
(Rögl et al. 2007; Hohenegger at al. 2009). The same line
also represents the fresh water input gradient in the
nMDS plot of the benthic foraminifera. The horizontal
line represents the passage to the carbonate unit devel-
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Text-fig. 11. Bray-Curtis Similarity and Dissimilarity of plank-
tonic foraminifera. List of species and statistical parameters in

Clusters 1–4



oped in a different environmental setting. We interpret
the horizontal line in the nMDS plot of the planktonic
foraminifera (Text-fig. 9b) to be the passage to the car-
bonate platform equated to a short hiatus (Text-fig. 4).
The palaeotemperature gradient is shown in the lower
part of the nMDS. We finally interpret the vertical line
on the left side of the nMDS plot of the calcareous nan-
nofossils to represent the passage from Zone NN4 to
NN5 equated to sequence boundary Lan1/Ser2 of
Hardenbol et al. (1998) and the two horizontal lines at
the base of the nMDS plot to be the nutrient availabil-
ity and palaeotemperature gradients.

SUMMARY AND CONCLUSION

During the Karpatian (cycle TB2.2), the water
depth in the Styrian Basin did not exceed 300 m (Ho-
henegger 2004) as testified by the agglutinated ben-
thic foraminiferal fauna (Spezzaferri et al. 2004). Cool
conditions with relatively high nutrient input prevailed
in the basin, suggested by the high abundance of cool
water indicators e.g., Globigerina ottnangiensis
(Spezzaferri and Ćorić 2001), G. praebulloides. Glo-
bigerina tarchanensis is consequently interpreted as
high nutrient preferring species based on its abun-
dance trend consistent with the evidence of nutrient-
enriched waters. The “Styrian Tectonic Phase”
produced the tilting of the “Steirischer Schlier” and
the angular unconformity (“Styrian Discordance”).
The corresponding hiatus spans an interval of about
400 ky (Rögl et al. 2007). At the beginning of the
Badenian the sea ingressed again into the Styrian

Basin (cycle TB2.3), but the water depth remained rel-
atively shallow, not exceeding 50–100 m (Hohenegger
2004). The shallow water assemblages which prolif-
erated at this time were dominated by Ammonia spp.
and Elphidium spp. and reflected fresh water input
from adjacent rivers, the evidence for which can be
found in the sediments cropping out in the surround-
ing areas (Friebe 1993). Riverine plumes induced high
productivity in the basin throughout calcareous nan-
nofossil Zone NN4; however, they probably decreased
in the interval corresponding to the development of
the Porites patch reef. During this interval environ-
mental condition became favourable to corals and the
associated foraminiferal assemblages (e.g., Eponides
spp.), while the higher abundance of Globigerinoides
spp. indicated enhanced warming. This episode was
probably very short and newly established riverine
input resulted in the decline of the Porites patch reef,
favouring the more tolerant low salinity species Am-
monia spp. and Elphidium spp.

A sedimentation gap marked the passage from nan-
nofossil Zone NN4 to NN5. The environmental change
in this interval is clearly reflected in the inverse abun-
dance trends of Coccolithus pelagicus and Reticulofen-
estra minuta (Text-fig. 6c). Coccolithus pelagicus
became rare, responding to a warmer climate and lower
nutrient availability. Reticulofenestra minuta became
abundant and is therefore interpreted as a warmer-
water and lower-nutrient proxy by comparison with the
abundance trends of C. pelagicus and foraminifera
(e.g., the Globigerinoides group – warm water in-
dices). The carbonate unit was the sedimentary ex-
pression of a tropical-like climate and environment.
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Text-fig. 12. Bray-Curtis Similarity and Dissimilarity of cal-
careous nannofossils. List of species and statistical parameters

in Clusters 1–3
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Appendix 1
Distribution of benthic foraminifera in Profile C from the Wagna section. Specific and generic concepts are retained

following Spezzaferri et. al. (2004)
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Appendix 1 c.d.
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Appendix 2
Distribution of planktonic foraminifera in Profile C from the Wagna section. Specific and generic concepts are

retained following Spezzaferri (1995).
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Appendix 3
Distribution of calcareous nannofossils in Profile C from the Wagna section.


