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Abstract

The Eocene rocks of the Waschberg-Ždánice Unit were deposited at the northern limit of mass-occurrences of larger benthic foraminifera (LBF). The found LBF-
assemblages are well suitable for biostratigraphic classifications and therefore for the reconstruction of the sedimentary and tectonic development of the area. We 
found 1) an Ypresian to basal Lutetian (SBZ, Shallow Benthic Zone 10–11) assemblage dominated by Nummulites partschi and Orbitoclypeus schopeni, 2) a Bartonian 
(SBZ 18) assemblage dominated by Nummulites striatus and Orbitoclypeus varians, and 3) a Priabonian (SBZ 20) assemblage dominated by Asterocyclina priabonensis, 
Nummulites stellatus, and Discocyclina trabayensis vicenzensis. Orthophragminids from this area were studied on species level for the first time.

Eozäne Großforaminiferen (Nummuliten, Orthophragminen) aus der  
Waschberg-Ždánice-Einheit, Niederösterreich

Zusammenfassung

Die eozänen Gesteine der Waschberg-Ždánice-Einheit wurden am nördlichen Rand der Massenvorkommen von Großforaminiferen abgelagert. Die gefundenen Großfo-
raminiferenassoziationen sind für biostratigrafische Einstufungen gut geeignet und damit auch für die Rekonstruktion der sedimentären und tektonischen Entwicklung 
des Gebietes. Wir fanden 1) eine Assoziation des Ypresium bis basalem Lutetium (SBZ, Shallow Benthic Zone 10–11), dominiert von Nummulites partschi und Orbi-
toclypeus schopeni, 2) eine Assoziation des Bartonium (SBZ 18), dominiert von Nummulites striatus und Orbitoclypeus varians, und 3) eine Assoziation des Priabonium 
(SBZ 20), dominiert von Asterocyclina priabonensis, Nummulites stellatus und Discocyclina trabayensis vicenzensis. Orthophragminen aus diesem Gebiet wurden zum 
ersten Mal auf Artniveau untersucht.

1	 Ana I. Torres-Silva, Holger Gebhardt: Geologische Bundesanstalt, Neulinggasse 38, 1030 Vienna, Austria. holger.gebhardt@geologie.ac.at,
2	 Ana I. Torres-Silva: Institut für Paläontologie, Universität Wien, Althanstraße 14, 1090 Vienna, Austria. ana_ivist@hotmail.com
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Introduction

The Waschberg-Ždánice Unit has been a product of in-
tense tectonic movements at least since the Paleogene 
period. Large blocks of Paleogene rocks are embedded 
into Neogene marls. The source of these rocks remains 
largely unclear and the tectono-sedimentary development 
of the unit is still under discussion (e.g., the olistolithic ori-
gin of several rock units). Detailed biostratigraphic infor-
mation is therefore a necessary but powerful tool in order 
to explain the geological history of this area. In particular 
for the Eocene rocks, the analysis of larger benthic fora-
minifera (LBF) provides valuable information for this task.

Overviews on the state of the art of the tectono-sedimen-
tary development were given by Krhovsky et al. (2001) 
and Wessely et al. (2006). Thrusting as the main tectonic 
process was the major factor for the distribution of rocks 
in the region, but it can be assumed that climatic and 
eustatic sea-level changes were also crucial for the Pa-
leogene local facies development as it has been shown 
for the subsequent Neogene period (e.g., Kováčova et al., 
2011; Gebhardt & Roetzel, 2013).

Beside the lack of knowledge on the tectono-sedimentary 
development, the available biostratigraphic information on 
the several occurring rock units is limited. Particularly the 
original literature on larger benthic foraminifera is restricted 
to a few papers and partly outdated (Glaessner, 1937; 
Sieber, 1953; Papp, 1958, 1962). Therefore, the taxonomy 
and biostratigraphy of the larger foraminifera from these 
units need to be revised. This contribution is not a formal 
taxonomic review and does not claim to be complete or 
representative. However, it expands our knowledge to 
a number of new localities and applies modern species 
concepts to the reported occurrences of larger benthic 
foraminifera from the southern part of the Waschberg-
Ždánice Unit. The above mentioned authors reported at 
species level only on nummulitids. In addition to this, we 
included orthophragminids into our assemblage analyses 
and reported on them at species level for the first time.

Although the Waschberg-Ždánice Unit is located at the 
northern limit of the distribution of mass-occurrences 
of nummulitids and orthophragminids (compare Racey, 
2001), the age and environmental information generated 
from these groups in combination with planktic foramin-
ifera and calcareous nannofossils will contribute consid-
erably to our knowledge of the geological development. 
Thus, we present here our results of recently collected fos-
sils from ongoing geological field mapping activities. As-
signment of the assemblages to standard zonal schemes 
(here: Shallow Benthic Zones [SBZ] according to Serra-
Kiel et al., 1998) may allow their worldwide correlation.

Material and Methods

We collected a number of individual nummulitids and or-
thophragminids from four localities south and southeast 
of Haselbach (Text-Fig. 1, localities 1–4), and several solid 
rock samples for thin section analysis (Text-Fig. 1, locali-
ties 5–12). From these and additional localities (Tab. 1), in-
dividual specimens were classified to species level where 
possible. We largely applied the taxonomic concepts of 
Schaub (1981a, b, c; nummulitids) and Less (1987, ortho-

phragminids). Stratigraphic ranges of the LBF were deter-
mined by using the Shallow Benthic Zonation of Serra-
Kiel et al. (1998). We were able to identify three Nummulites 
species, two Orbitoclypeus species, and one Discocyclina spe-
cies (see Appendix 1). 

From hard and indurated samples, thin sections were 
made in order to reveal the larger benthic foraminiferal as-
semblages. Identification at specific level was possible for 
several well-oriented Nummulites, Orbitoclypeus, and Discocyc-
lina specimens. Isolated individuals were thin-sectioned in 
equatorial direction where the diagnostic features are visi-
ble. For most of the orthophragminids and nummulitids, in-
ternal features such as the size and form of the proloculus 
and deuteroloculus, number of whorls, presence of pillars 
and shape of the equatorial and lateral chambers were es-
sential for identification. 

The sample material is stored in the paleontological collec-
tion of the Geological Survey of Austria (GBA) and can be 
found under the collection number GBA2015/006/0001 ff.

Results

Former studies of nummulitids and orthophragminids of 
the Waschberg-Ždánice Unit often yielded results that 
rarely fit into modern distribution charts. E.g. Sieber (1953) 
reported Nummulites incrassatus from Reingruber Höhe near 
Bruderndorf, a locality directly north of the area sampled 
for this study. Papp (1958) reported a number of nummulite 
species from the same locality (N. boullei, N. chavannesi, N. and 
N. ramondiformis, with N. incrassatus = B-form of N. ramondifor-
mis) and confirmed the late Eocene (Bartonian) age. These 
names (or species concepts) are not valid names accord-
ing to Schaub (1981a). 

Three groups of localities were samples for this study 
(Text-Fig. 1): First, the old quarry area west of the Wasch-
berg and occurrences NE of it; second, the outcrops along 
the road from Haselbach to the Michelberg; and third, 
old quarries and pits at the Michelberg. The outcrops at 
Waschberg or at Michelberg are one possible type local-
ity of Nummulites partschi, which we found to be the most fre-
quent species in these outcrops. This species was first de-
scribed by de la Harpe (1880) from Gurnigel (Switzerland) 
or the area investigated here, unfortunately without desig-
nation of holotype and type locality. Topotypes of Nummu-
lites partschi from the Michelberg were described in detail by 
Bieda (1934).

The age assignments of the samples investigated are 
based on modern literature for the found LBF-species 
(Less, 1987; Schaub, 1981a; Serra-Kiel et al., 1998). 
Among the investigated assemblages, we found three dis-
tinct levels of Ypresian to basal Lutetian, Bartonian, and 
Priabonian age. 

Ypresian to Basal Lutetian (SBZ 10–11)

The so-called Waschbergkalk is an informal lithostrati
graphic unit and is represented by localities at Waschberg 
and Michelberg. The rocks comprise a high amount of 
siliclastic components (quartz sand, crystalline pebbles, 
see Plate 2), that exclude a carbonate platform as a source 
area for its material. Glaessner  (1937) reported N. distans 
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var. minima together with N. bolcensis var. densispira from both 
localities and inferred a lower Eocene age, confirmed by 
smaller foraminifera from marly intercalations. Papp (1962) 
describes monospecific assemblages of isolated speci
mens of N. partschi from the Michelberg. N. partschi is indic
ative for the Early Eocene (Cuisian of Schaub,  1981a, a 
local stage corresponding to the Ypresian [Gradstein  et 
al.,  2012: 864]) which confirms the age interpretation of  
Glaessner (1937). In addition to Waschberg and Michel
berg (locations 1, 5, 8, 11, 12), we included further Wasch
bergkalk occurrences into our analyses (locations 6, 7, 9, 
10; Text-Fig. 1). Most frequent are nummulitids and ortho
phragminids. We identified Nummulites partschi A-forms (most 
frequent; Pl. 1, Fig. 1, Pl. 2, Figs. 2–4), Orbitoclypeus (cf. scho
peni, Pl. 2, Figs. 5–10), and some N. partschi B-forms (Pl. 2, 
Fig. 1). Some samples also yielded unidentified alveolinids. 
Other frequent biogenes include algal fragments, smaller 
benthic foraminifera, bivalves, corals, bryozoans, Gypsina 
sp., and encrusting benthic foraminifera (Pl. 2, Tab. 1).

The Waschbergkalk also contains marly intercalations at 
some places that provided planktic foraminifera (E-zones) 
and calcareous nannofossils (NP-zones; Martini, 1971) 
that may confine the age determinations by LBF. Geb-
hardt & Ćorić (2014) found assemblages with ages rang-
ing from planktic foraminifera zone E5 with Acarinina cf. solda-
doensis, Morozovella lensiformis, Parasubbotina varianta, and Subbotina 
roesnaensis (Michelberg), to E7 with Acarinina boudreauxi, A. bull-
brooki, A. cf. coalingensis, A. praetopilensis, A. soldadoensis, Globoro-

talita bassriveriensis, Igorina cf. iodoensis, Planorotalites capdevilensis, 
Subbotina eocaena, and S. cf. hagni (Waschberg). These ages 
confirm the ages obtained from LBF.

In addition to samples from the Waschbergkalk, we classi-
fied isolated LBF collected by Peter Seifert from locality 4 
south of the road from Haselbach to the Michelberg (Text-
Fig.  1). These include Nummulites partschi A-forms (Pl.  1, 
Fig.  2) and Orbitoclypeus schopeni (Pl.  1, Fig.  3). Equivalent 
marl samples from the surroundings point to zones E6–7 
or NP13 (with Acarinina cuneicamerata, A. cf. soldadoensis, Subboti-
na eocaena, S. hagni (Gebhardt & Ćorić 2014) and Chiasmolithus 
grandis, Discoaster barbadiensis, D. distinctus, D. lodensis, D. murus, 
Neococcolithites dubius (Seifert 1980).

Bartonian (SBZ 18)

All materials are isolated specimens and came from 
locality  2 (Text-Fig.  1). We identified Nummulites striatus 
A-forms (Pl. 1, Fig. 4), N. striatus B-forms (Pl. 1, Fig. 5), and 
Orbitoclypeus varians (Pl.  1, Fig.  6). These species indicate 
SBZ 18 according to Serra-Kiel et al. (1998). N. striatus 
is a typical last occurring taxon around the Bartonian–
Priabonian larger foraminiferal events of the Western Tethys 
(Less  & Özcan, 2012). Associated planktic foraminiferal 
assemblages with Acarinina cf. medizzai, Morozovelloides cf. 
bandyi, Subbotina cf. angiporoides, and Turborotalia cf. cerroazulensis 
point to zone E11 (Gebhardt & Ćorić, 2014) and largely 
confirm the age assignment of the LBF.

Text-Fig. 1.
Locations of collection points. 1.  sample GEB12/03/19-4. 2.  sample GEB12/03/22-1. 3.  sample 5752. 4. sample 5884. 5.  sample GEB12/03/06-8. 6.  sample 
GEB12/03/20-3. 7. sample GEB12/03/06-3. 8. sample GEB12/03/19-3A. 9. sample GEB12/03/20-1. 10. sample GEB12/03/20-2. 11. samples GEB12/03/06-6 and 
06-7. 12. sample GEB12/03/19-2. 
Sample Locations 3 and 4 were adopted from Seifert (1980). Pale orange areas indicate Eocene rocks in place, based on Grill (1962) and ongoing field mapping 
(Gebhardt & Ćorić, 2014).
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Location 
on Text-

Fig. 1
Sample Longitude Latitude Sample type Identified LBF taxa SBZ Stage pl. foram. and  

Nannopl. zones Figure, remark

1 GEB12/03/19-4 594004 5364018 individual Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E7, NP14-15 Plate 1, Fig. 1

2 GEB12/03/22-1 594420 5365074 individual Orbitoclypeus varians 18 Bartonian E7-E13 or E11 Plate 1, Fig. 6

2 GEB12/03/22-1 594420 5365074 individual Orbitoclypeus varians 18 Bartonian E7-E13 or E11 specimen no. GEB12_03_22_1_1_15_2

2 GEB12/03/22-1 594420 5365074 individual Orbitoclypeus varians 18 Bartonian E7-E13 or E11 specimen no. GEB12_03_22_1_1_15_3

2 GEB12/03/22-1 594420 5365074 individual Nummulites striatus A-form 18 Bartonian E7-E13 or E11 specimen no. GEB12_03_22_1_1_15_4

2 GEB12/03/22-1 594420 5365074 individual Nummulites striatus A-form 18 Bartonian E7-E13 or E11 Plate 1, Fig. 4

2 GEB12/03/22-1 594420 5365074 individual Nummulites striatus B-form 18 Bartonian E7-E13 or E11 Plate 1, Fig. 5

3 Seifert5752 594410 5365000 individual Discocyclina trabayensis vicenzensis 20 Priabonian NP19-20 Plate 1, Fig. 7

3 Seifert5752 594410 5365000 individual Asterocyclina priabonensis 20 Priabonian NP19-20 Plate 1, Fig. 8

3 Seifert5752 594410 5365000 individual Nummulites stellatus 20 Priabonian NP19-20 Plate 1, Fig. 9

4 Seifert5884 594490 5364998 individual Orbitoclypeus cf. schopeni 10–11 Ypresian to basal Lutetian E6-7, NP13 specimen no. Seifert5884_1

4 Seifert5884 594490 5364998 individual Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E6-7, NP13 Plate 1, Fig. 2

4 Seifert5884 594490 5364998 individual Orbitoclypeus schopeni 10–11 Ypresian to basal Lutetian E6-7, NP13 Plate 1, Fig. 3

5 GEB12/03/06-8 595360 5364780 thin section Nummulites partschi B-form, Orbitoclypeus sp. 10–11 Ypresian to basal Lutetian E5, NP14-16 Plate 2, Fig. 1

5 GEB12/03/06-8 595360 5364780 thin section Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E5, NP14-16 Plate 2, Fig. 2

5 GEB12/03/06-8 595360 5364780 thin section Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E5, NP14-16 Plate 2, Fig. 3

6 GEB12/03/20-3 594524 5364190 thin section Nummulites partschi A-form 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 4

7 GEB12/03/06-3 594390 5365033 thin section orthophragminids, Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 5

8 GEB12/03/19-3A 593996 5364004 thin section Nummulites partschi A-forms, orthophragminids 10–11 Ypresian to basal Lutetian E7, NP14-15 Plate 2, Fig. 6

9 GEB12/03/20-1 594393 5364079 thin section Orbitoclypeus sp., Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 7

10 GEB12/03/20-2 594644 5364111 thin section Orbitoclypeus sp., Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 8

6 GEB12/03/20-3 594524 5364190 thin section orthophragminids, Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 9

6 GEB12/03/20-3 594524 5364190 thin section orthophragminids, Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 10

7 GEB12/03/06-3 594390 5365033 thin section Orbitoclypeus sp., Nummulites sp., alveolinids 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-3a

7 GEB12/03/06-3 594390 5365033 thin section Discocyclina sp., Nummulites sp. 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-3Ba

7 GEB12/03/06-3 594390 5365033 thin section orthophragminids, alveolinids 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-3c

7 GEB12/03/06-3 594390 5365033 thin section Orbitoclypeus sp., Nummulites sp. 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-3d

3 GEB12/03/06-3A 594410 5365000 thin section orthophragminid and nummulitid detritus 20 Priabonian no data available photo 12/03/06-3Aa

3 GEB12/03/06-3A 594410 5365000 thin section orthophragminid and nummulitid detritus 20 Priabonian no data available photo 12/03/06-3Ab

n.a. GEB12/03/06-5 594653 5364903 thin section orthophragminids, Nummulites partschi A-form 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-5a, rocks not in place

n.a. GEB12/03/06-5 594653 5364903 thin section orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-5b, rocks not in place

11 GEB12/03/06-6 595363 5364615 thin section orthophragminids 10–11 Ypresian to basal Lutetian E5, NP14-16 photo 12/03/06-6a

11 GEB12/03/06-7 595395 5364675 thin section Nummulites partschi A-form, Orbitoclypeus cf. schopeni 10–11 Ypresian to basal Lutetian E5, NP14-16 photo 12/03/06-7a

5 GEB12/03/06-8 595360 5364780 thin section orthophragminids, Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E5, NP14-16 photo 12/03/06-8d

n.a. GEB12/03/09-1A 593250 5363640 thin section orthophragminids n.a. (Ypresian to basal Lutetian) no data available photo 12/03/09-1A, rocks not in place

12 GEB12/03/19-2 594128 5363981 thin section orthophragminids, alveolinids 10–11 Ypresian to basal Lutetian E7, NP14-15 photo 12/03/19-2a

12 GEB12/03/19-2 594128 5363981 thin section orthophragminids 10–11 Ypresian to basal Lutetian E7, NP14-15 photo 12/03/19-2b

12 GEB12/03/19-2 594128 5363981 thin section Nummulites sp., orthophragminids 10–11 Ypresian to basal Lutetian E7, NP14-15 photo 12/03/19-2c

1 GEB12/03/19-4 594004 5364018 thin section Nummulites sp., orthophragminids 10–11 Ypresian to basal Lutetian E7, NP14-15 photo 12/03/19-4Bb

9 GEB12/03/20-1 594393 5364079 thin section Nummulites partschi A form, orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-1b

10 GEB12/03/20-2 594644 5364111 thin section Orbitoclypeus sp., Gypsina sp., Nummulites sp. 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-2b

10 GEB12/03/20-2 594644 5364111 thin section Nummulites cf. partschi, orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-2c

10 GEB12/03/20-2 594644 5364111 thin section orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-2d

6 GEB12/03/20-3 594524 5364190 thin section Nummulites partschi A-form, orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-3a

Tab. 1.
List of studied samples, locations, ages (inferred Shallow Benthic Zones), and identified taxa in this study. Longitude and latitude values refer to the UTM projection 
(WGS84 33N). Planktic foraminifera and nannoplankton zones are from Gebhardt & Ćorić (2014) and Seifert (1980). n.a. = not applicable.
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Location 
on Text-

Fig. 1
Sample Longitude Latitude Sample type Identified LBF taxa SBZ Stage pl. foram. and  

Nannopl. zones Figure, remark

1 GEB12/03/19-4 594004 5364018 individual Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E7, NP14-15 Plate 1, Fig. 1

2 GEB12/03/22-1 594420 5365074 individual Orbitoclypeus varians 18 Bartonian E7-E13 or E11 Plate 1, Fig. 6

2 GEB12/03/22-1 594420 5365074 individual Orbitoclypeus varians 18 Bartonian E7-E13 or E11 specimen no. GEB12_03_22_1_1_15_2

2 GEB12/03/22-1 594420 5365074 individual Orbitoclypeus varians 18 Bartonian E7-E13 or E11 specimen no. GEB12_03_22_1_1_15_3

2 GEB12/03/22-1 594420 5365074 individual Nummulites striatus A-form 18 Bartonian E7-E13 or E11 specimen no. GEB12_03_22_1_1_15_4

2 GEB12/03/22-1 594420 5365074 individual Nummulites striatus A-form 18 Bartonian E7-E13 or E11 Plate 1, Fig. 4

2 GEB12/03/22-1 594420 5365074 individual Nummulites striatus B-form 18 Bartonian E7-E13 or E11 Plate 1, Fig. 5

3 Seifert5752 594410 5365000 individual Discocyclina trabayensis vicenzensis 20 Priabonian NP19-20 Plate 1, Fig. 7

3 Seifert5752 594410 5365000 individual Asterocyclina priabonensis 20 Priabonian NP19-20 Plate 1, Fig. 8

3 Seifert5752 594410 5365000 individual Nummulites stellatus 20 Priabonian NP19-20 Plate 1, Fig. 9

4 Seifert5884 594490 5364998 individual Orbitoclypeus cf. schopeni 10–11 Ypresian to basal Lutetian E6-7, NP13 specimen no. Seifert5884_1

4 Seifert5884 594490 5364998 individual Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E6-7, NP13 Plate 1, Fig. 2

4 Seifert5884 594490 5364998 individual Orbitoclypeus schopeni 10–11 Ypresian to basal Lutetian E6-7, NP13 Plate 1, Fig. 3

5 GEB12/03/06-8 595360 5364780 thin section Nummulites partschi B-form, Orbitoclypeus sp. 10–11 Ypresian to basal Lutetian E5, NP14-16 Plate 2, Fig. 1

5 GEB12/03/06-8 595360 5364780 thin section Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E5, NP14-16 Plate 2, Fig. 2

5 GEB12/03/06-8 595360 5364780 thin section Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E5, NP14-16 Plate 2, Fig. 3

6 GEB12/03/20-3 594524 5364190 thin section Nummulites partschi A-form 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 4

7 GEB12/03/06-3 594390 5365033 thin section orthophragminids, Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 5

8 GEB12/03/19-3A 593996 5364004 thin section Nummulites partschi A-forms, orthophragminids 10–11 Ypresian to basal Lutetian E7, NP14-15 Plate 2, Fig. 6

9 GEB12/03/20-1 594393 5364079 thin section Orbitoclypeus sp., Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 7

10 GEB12/03/20-2 594644 5364111 thin section Orbitoclypeus sp., Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 8

6 GEB12/03/20-3 594524 5364190 thin section orthophragminids, Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 9

6 GEB12/03/20-3 594524 5364190 thin section orthophragminids, Nummulites partschi A-forms 10–11 Ypresian to basal Lutetian no data available Plate 2, Fig. 10

7 GEB12/03/06-3 594390 5365033 thin section Orbitoclypeus sp., Nummulites sp., alveolinids 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-3a

7 GEB12/03/06-3 594390 5365033 thin section Discocyclina sp., Nummulites sp. 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-3Ba

7 GEB12/03/06-3 594390 5365033 thin section orthophragminids, alveolinids 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-3c

7 GEB12/03/06-3 594390 5365033 thin section Orbitoclypeus sp., Nummulites sp. 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-3d

3 GEB12/03/06-3A 594410 5365000 thin section orthophragminid and nummulitid detritus 20 Priabonian no data available photo 12/03/06-3Aa

3 GEB12/03/06-3A 594410 5365000 thin section orthophragminid and nummulitid detritus 20 Priabonian no data available photo 12/03/06-3Ab

n.a. GEB12/03/06-5 594653 5364903 thin section orthophragminids, Nummulites partschi A-form 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-5a, rocks not in place

n.a. GEB12/03/06-5 594653 5364903 thin section orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/06-5b, rocks not in place

11 GEB12/03/06-6 595363 5364615 thin section orthophragminids 10–11 Ypresian to basal Lutetian E5, NP14-16 photo 12/03/06-6a

11 GEB12/03/06-7 595395 5364675 thin section Nummulites partschi A-form, Orbitoclypeus cf. schopeni 10–11 Ypresian to basal Lutetian E5, NP14-16 photo 12/03/06-7a

5 GEB12/03/06-8 595360 5364780 thin section orthophragminids, Nummulites partschi A-form 10–11 Ypresian to basal Lutetian E5, NP14-16 photo 12/03/06-8d

n.a. GEB12/03/09-1A 593250 5363640 thin section orthophragminids n.a. (Ypresian to basal Lutetian) no data available photo 12/03/09-1A, rocks not in place

12 GEB12/03/19-2 594128 5363981 thin section orthophragminids, alveolinids 10–11 Ypresian to basal Lutetian E7, NP14-15 photo 12/03/19-2a

12 GEB12/03/19-2 594128 5363981 thin section orthophragminids 10–11 Ypresian to basal Lutetian E7, NP14-15 photo 12/03/19-2b

12 GEB12/03/19-2 594128 5363981 thin section Nummulites sp., orthophragminids 10–11 Ypresian to basal Lutetian E7, NP14-15 photo 12/03/19-2c

1 GEB12/03/19-4 594004 5364018 thin section Nummulites sp., orthophragminids 10–11 Ypresian to basal Lutetian E7, NP14-15 photo 12/03/19-4Bb

9 GEB12/03/20-1 594393 5364079 thin section Nummulites partschi A form, orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-1b

10 GEB12/03/20-2 594644 5364111 thin section Orbitoclypeus sp., Gypsina sp., Nummulites sp. 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-2b

10 GEB12/03/20-2 594644 5364111 thin section Nummulites cf. partschi, orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-2c

10 GEB12/03/20-2 594644 5364111 thin section orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-2d

6 GEB12/03/20-3 594524 5364190 thin section Nummulites partschi A-form, orthophragminids 10–11 Ypresian to basal Lutetian no data available photo 12/03/20-3a
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Priabonian (SBZ 20)

The youngest LBF assemblage was found at location  3 
(Text-Fig.  1). The following species were found: Discocyc-
lina trabayensis vicenzensis (Pl. 1, Fig. 7), Asterocyclina priabonensis 
(Pl. 1, Fig. 8), and Nummulites stellatus (Pl. 1, Fig. 9) with A. pri-
abonensis as the most abundant LBF component. Nummulites 
stellatus is distinguishable from N. chavanensis and N. cunialen-
sis by its strongly inclined and arcuate septa. The species 
composition of the LBF assemblage points to the late Pri-
abonian SBZ 20, an age confirmed by the associated nan-
noplankton assemblage of NP19–20 (with Discoaster barbadi-
ensis and Isthmolithus recurvus, Seifert 1980). The fine grained 
limonitic glauconite sandstones of the Reingrub Formation 
contain orthophragminid and nummulitid detritus with a 
relatively high amount of smaller benthic and unclassifi-
able planktic foraminifera. The nearby location 7 is a few 
meters upslope and contains an Ypresian LBF assemblage 
(see above).

Discussion

Larger benthic foraminiferal assemblages from the locali-
ties investigated here are characterized by high abundanc-
es but low diversity. Only one or two species of Nummulites, 
Discocyclina, and Orbitoclypeus were observed in the several 
assemblages. We assume that more detailed analyses of 
larger amounts of sample material of isolated specimens 
may gain additional, however less frequent species.

The occurrences of nummulitids in the Waschberg-Ždánice 
Unit of Lower Austria do not represent so called “num-
mulite banks” as neither massive occurrences have been 
reported nor particular abundances of B-forms (Aigner, 
1982, 1983) were found. The lack of very large Nummu-
lites specimens point to non-optimal conditions for sym-
biont flourishing and very fast test growth (compare Fer-
ràndez-Cañadell, 2012). Furthermore, the co-occurrence 
of Nummulites with Asterocyclina and Discocyclina point to life 

habitats in deeper or more turbid waters. Gebhardt et al. 
(2013) deduced paleo-water depths of 70 to 200 m for 
similar assemblages from Helvetic units of Bavaria (Adel-
holzen) based on existing schemes along depth gradients 
and planktic to benthic foraminifera ratios.

The relatively northern position, combined with the high 
siliclastic input into the depositional environment may ex-
plain the relative scarcity and dominance of only a few LBF 
species in the area of investigation. The found LBF assem-
blages are restricted to the Tethyan realm and nummulitids 
with secondary chambers such as Heterostegina or Spiroclype-
us, which are widespread during the Priabonian in this bio-
province, do not occur. Despite these limitations, we have 
shown the high value of nummulitids and orthophragmi-
nids for biostratigraphic purposes.

Conclusions

Larger benthic foraminifera (LBF) assemblages from Eo-
cene sediments of the southern part of the Waschberg-
Ždánice Unit of Lower Austria were studied. These include 
for the first time, in addition to nummulitids, also ortho-
phragminids. Three different LBF assemblages occur in 
the study area:

•	 An Ypresian to basal Lutetian (SBZ 10–11) assemblage 
dominated by Nummulites partschi and Orbitoclypeus schopeni.

•	 A Bartonian (SBZ 18) assemblage dominated by Num-
mulites striatus and Orbitoclypeus varians.

•	 A Priabonian (SBZ 20) assemblage dominated by Aste
rocyclina priabonensis, Nummulites stellatus, and Discocyclina tra-
bayensis vicenzensis.

Despite the unfavorable environmental conditions, 
the found LBF assemblages are well suitable for 
biostratigraphic classifications of rocks, particularly for 
limestones.
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Plate 1

Selected isolated specimens of large benthic foraminifera: 

Figs.	1–3:	 Ypresian.

Fig.	 1:	 Nummulites partschi A-Form, sample GEB12/03/19-4, location 1. 

Fig.	 2:	 N. partschi A-form, sample 5884, location 4. 

Fig.	 3:	 Orbitoclypeus cf. schopeni, sample 5884, location 4. 

Figs.	4–6:	 Bartonian, sample GEB12/03/22-1, location 2. 

Fig.	 4:	 Nummulites striatus A-Form. 

Fig.	 5:	 N. striatus B-Form. 

Fig.	 6:	 Orbitoclypeus varians. 

Figs.	7–9:	 Priabonian, sample 5752, location 3. 

Fig.	 7:	 Discocyclina trabayensis vicenzensis. 

Fig.	 8:	 Asterocyclina priabonensis. 

Fig.	 9:	 Nummulites stellatus. 

Length of all scale bars: 0.5 mm.
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Plate 2

Selected Ypresian thin sections with larger benthic foraminifera: 

Fig.	 1:	 Nummulites partschi B-form and orthophragminids, algal fragments, quartz grains, Gypsina sp., and encrusting benthic 
foraminifera, sample GEB12/03/06-8 (location 5). 

Figs.	2, 3:	 Nummulites partschi A-form, sample GEB12/03/06-8 (location 5). 

Fig.	 4:	 Nummulites partschi A-form, sample GEB12/03/20-3 (location 6). 

Fig.	 5:	 Orthophragminid (Orbitoclypeus) rudstone with algal fragments, smaller benthic foraminifera, Nummulites partschi A-forms, and 
Gypsina sp., sample GEB12/03/06-3 (location 7). 

Fig.	 6:	 Foraminiferal rudstone with Nummulites partschi A-forms, orthophragminids, rock fragments, quartz grains, bivalves, and 
algal fragments, sample GEB12/03/19-3A (location 8). 

Fig.	 7:	 Orthophragminid (Orbitoclypeus) wackestone with Nummulites partschi A-forms, algal fragments, and quartz grains, sample 
GEB12/03/20-1 (location 9). 

Fig.	 8:	 Orthophragminid (Orbitoclypeus) rudstone with quartz grains, rockfragments, algal fragments, and encrusting benthic 
foraminifera, sample GEB12/03/20-2 (location 10). 

Fig.	 9:	 Coralline rudstone with orthophragminids, quartz grains, algal and foraminiferal fragments, sample GEB12/03/20-3 (loca-
tion 6). 

Fig.	 10:	 Orthophragminid wackestone with quartz grains, bryozoans, and algal fragments, sample GEB12/03/20-3 (location 6). 

Length of all scale bars: 1.0 mm. 2–4: same scale.
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Appendix 1: List of identified species

Discocyclina trabayensis vicenzensis Less, 1987

Nummulites partschi De la Harpe, 1880

Nummulites stellatus Roveda, 1961

Nummulites striatus (Brugière, 1792)

Orbitoclypeus schopeni (Checchia-Rispoli, 1908)

Orbitoclypeus varians (Kaufmann, 1867)

Orbitoclypeus sp.
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