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Permocalculus (Pyrulites) theresiensteinensis n. sp.,
eine neue Kalkalge aus der unteren Gosau-Subgruppe (Ober-Kreide)

der Nördlichen Kalkalpen (Österreich)

Zusammenfassung

In der vorliegenden Arbeit wird eine neue Kalkalge als Permocalculus (Pyrulites) theresiensteinensis n. sp. (Gymnocodiaceae) aus dem Korallen-Riff
des Theresienstein (Coniacium) am Wolfgangsee im österreichischen Salzkammergut beschrieben. Permocalculus (Pyrulites) theresiensteinensis n. sp.
ist eine vergleichsweise großwüchsige Alge, von der nur die äußerste Kortikalzone verkalkt erhalten ist. Die neue Art wurde auch in der Gosau-Grup-
pe von Brandenberg (Örtlichkeit Haidach), ebenfalls in Schuttkalken mit Korallen, gefunden. Dieser Neufund erweitert das paläoalgologische Inventar
der alpinen Flachwasser-Oberkreide und vertieft die mikropaläontologische Charakterisierung von Karbonatlithologien, insbesondere von rezifalen und
peri-rezifalen Habitaten.

Abstract

In the present paper a new calcareous alga (Gymnocodiaceae) is described as Permocalculus (Pyrulites) theresiensteinensis n. sp. from the coral reef
of the Theresienstein (Coniacian) at Lake Wolfgang in the Austrian Salzkammergut. Permocalculus (Pyrulites) theresiensteinensis n. sp. is a comparably
large alga, and is preserved only by the calcified outer cortical zone. The new species was also detected in the Gosau Group of Brandenberg (location
Haidach) in bioclastic limestones with corals. This new finding widens the palaeoalgological inventory of the Alpine shallow-water Upper Cretaceous,
and contributes to the micropalaeontological characterization of carbonate lithologies especially of reefal and peri-reefal habitats.



1. Introduction

Rudist biostromes and coral-rudist reefs are well-known
from the Lower Gosau Subroup (Upper Turonian to Lower
Campanian) of the Northern Calcareous Alps (e.g. HÖF-
LING, 1985; SANDERS & PONS, 1999). By contrast, frame
reefs composed practically entirely of corals are quite rare.
In the area of Wolfgangsee (Salzburg, Austria), a spectac-
ular Upper Cretaceous coral reef has been recognized only
in recent years, and termed „Theresienstein Reef“ (SAN-
DERS et al., 1999). The presence of benthic foraminifera
and calcareous algae in bioclastic limestones that cover
this reef were already recognized by SANDERS et al. (1999).
The micropalaeontological investigation of thin-sections
from this interval yielded a new calcareous alga described
in the present paper as Permocalculus (Pyrulites) theresien-
steinensis n. sp.

2. Geological Setting and Stratigraphiy

The Upper Cretaceous shallow-water limestones ex-
posed at Theresienstein in Strobler Weissenbach valley
previously had been mapped and labelled as „rudist lime-
stones“ (e.g. PLÖCHINGER, 1973; WAGREICH, 1998: Fig. 2).
In fact, however, the major part of the limestone succes-
sion at Theresienstein consists of the thickest and best-
developed Upper Cretaceous coral reef of the Eastern

Alps. The sedimentary succession at and near Theresien-
stein (Text-Fig. 2), defined as Theresienstein Formation, is
described in SANDERS et al. (1999).

Rudists are common in the basal part of the exposed
succession (interval A in Text-Fig. 2B), followed up-section
by limestones composed mainly of large corals (interval B)
in platestone to domestone textures. Interval B is laterally
exposed over a few hundreds of meters, without a signifi-
cant decrease in abundance of corals. Sixteen taxa of
corals (prevalently encrusting and laminar morphs), includ-
ing one new species, were described from this locality by
BARON-SZABO (2001). The interval rich in corals, in turn, is
overlain by the topmost exposed interval C, a package a
few meters thick of bioclastic grainstones/packstones to
floatstones (Text-Fig. 2C). The bioclastic limestones are
very poorly sorted, and locally contain toppled and coarse-
ly fragmented rudists and rudist clusters. Interval C proba-
bly accumulated in an open, shallow subtidal environment
below fairweather wave base, but within storm wave base
(SANDERS et al., 1999). Based on the rudists, a Coniacian
age was inferred by SANDERS et al. (1999) for the There-
sienstein Reef.

Sr-isotope data from rudist shells (taken from interval B)
yielded ages of 88.65 MY (without standard deviation)
(STEUBER, 2001), indicating the Turonian-Coniacian
boundary zone in the geological time scale of GRADSTEIN et
al. (2004).
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Text-Fig. 1.
Position of Lake Wolfgang in Austria (above) and location
of the Gosau deposits in the Theresienstein area (below)
(from SANDERS et al. 1999).

3. Systematics
Family Gymnocodiaceae (?)
Remarks:  Originally, the genus Permocalculus

ELLIOTT, 1955 was assigned to the red
algae (ELLIOTT, 1955, 1956). The supra-
generic systematic position of Permocalculus
ELLIOTT, red algae (Gymnocodiaceae) ver-
sus green algae (e.g. Halimedaceae) has
been discussed by several authors (MU &
RIDING, 1983; ROUX & DELOFFRE, 1990; MU,
1991; BUCUR, 1994; RADOIČIĆ, 2004).
There seems to be consensus amongst
palaeoalgologists to consider the genus Per-
mocalculus as a calcareous green alga rather
than a red alga. In a recent paper, the Tri-
assic species Permocalculus aegaeicus (? Per-
mocalculus pelagonicus or ? Pseudopenicillus
aegaeicus of DRAGASTAN et al., 2000) was
treated as a halimedacean taxon, but with-
out further explanations (SENOWBARI-
DARYAN & ZAMPARELLI, 2005: Tab. 1).

Genus: Permocalculus ELLIOTT,
1955

Subgenus: Permocalculus
(Pyrulites) MU, 1981

Permocalculus (Pyrulites)
theresiensteinensis n.sp.

Pl. 1, Figs. 1–3, 5–7, 8 (pars)

?1992 Griphoporella ? sp. – SCHLAGINTWEIT: p. 5, Pl.
1, Figs. 6–7, Gosau Group of Krumbachalm.



Stratum typ icum: Bioclastic limestones with corals,
benthic foraminifera (encrusting, rarely free taxa), the
dasycladale Neomeris (Drimella) cf. jerinae RADOIČIĆ, red
algae Sporolithon sp. and Polystrata alba (PFENDER) and the
microproblematicum Pienina oblonga BORZA & MISIK. Neo-
meris (Drimella) cf. jerinae RADOIČIĆ, so far not reported from
the Alpine Upper Cretaceous is only preserved with the
calcified distal parts of the laterals (only R2; see Pl. 1,
Figs. 8–10).

Mater ia l :  About 10 specimens in several thin sections.

Diagnosis :  Large representative of Permocalculus (Pyrulites)
MU, 1981 with reduced calcified cortical zone, crossed by
small bifurcating pores (up to third order). Reproductive
structures not observed; rounded outlines of dissolution
could suggest the existence of such bodies.

Descr ip t ion:  Thallus pyriform with only thin outer part
calcified and preserved. Most sections in our material are
round transverse sections, the pyriform shape is evi-
denced in the holotype specimen figured in Pl. 1, Fig. 3
showing the transition to the supposedly cylindroconic
stalk part. Broken parts of the stalk can be found either in
the surrounding sediment (Pl. 1, Fig. 6, left side) or as
infilling of the medullary hollow of the bulbous part
(“head”) (Pl. 1, Fig. 2, 6). In all cases, the central
medullar zone is represented by a large hollow that can
occupy up to 90 % of the total diameter (Pl. 1, Figs. 1, 3).

The medullary hollow shows either geopetal infillings
(basal micrite followed by sparry calcite, Pl. 1, Fig. 1, 3)
or is completely made up of sparry calcite. In these
cases, the outer cortical zone can hardly be delimited
only recognizable at the outer surface by tiny last order
filaments (Pl. 1, Fig. 5). Pores piercing the thin walls are
of small diameter, whereas most often exact measure-
ments are impossible due to the bad state of preserva-
tion (recrystallization). There can be three orders of cor-
tical filaments that divide dichotomously by successively
becoming thinner.
Towards the medullary hollow, somewhat larger cavities
with terminal rounded outline can be observed. These
may represent parts of reproductive organs or more like-
ly dissolution cavities (Text-Fig. 3).

Dimensions:  
Outer diameter of upper part („head“): 1.72–3.8 mm
Diameter central hollow of upper part: 1.45–3.12 mm
Outer diameter of lower part (“stalk”): 0.65–0.95 mm
Inner diameter of lower part: 0.35–0.78 mm.
Diameter cortical filaments: 0.01–0.08 mm
Diameter subcortical filaments: up to 0.05 mm

Remarks:  The subgenus has been erected by MU (1981)
from the Upper Permian of China with the type-species
Permocalculus (Pyrulites) sinicus, a large representative (with
diameters of more than 5 mm for the upper part) with
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Text.-Fig. 2.
a) View of the northern outcrop of the

Theresienstein coral reef (interval B)
and the overlying bioclastic lime-
stones containing Permocalculus
(Pyrulites) theresiensteinensis n. sp.
(interval C).

b) Type section of the Theresienstein
Formation (adopted from SANDERS et
al. [1999]).

c) Thin-section photograph from the
bioclastic interval C.
Sample BSPG2006/51.

Der ivat io  nomin is :  The
name refers to the type local-
ity, the Theresienstein Reef in
the Strobler Weissenbach
Valley.

Holotype:  Slightly oblique lon-
gitudinal section with broken
stalk, shown in Pl. 1, Fig. 3.
The thin-section containing
the holotype (BSPG 2006/50)
and two other thin section
(BSPG 2006/51 and /52) are
deposited at the “Bayerische
Staatssammlung für Paläon-
tologie und historische Geolo-
gie”, Munich. BSPG 2006/50
and /51 are from the There-
sienstein, BSPG 2006/52 is
from the Gosau of Branden-
berg (Tyrol, Austria).

Locus typ icus:  Theresien-
stein, Lake Wolfgang, Austri-
an Salzkammergut, interval C
of SANDERS et al. (1999) (see
Fig. 1-2). Geographic position
of type section: 13°29´47´´E/
47°42´25´´N.



respect to the two Cretaceous forms. Permocalculus (Py-
rulites) decenei BUCUR, 1993 from the Lower Cretaceous
(Upper Barremian) of Romania has diameters of 0.98 to
1.16 mm. Permocalculus (Pyrulites) theresiensteinensis n. sp. is
the third species and the stratigraphically youngest rep-
resentative of the subgenus (see BUCUR, 1999: Tab. 15).
With diameters of 1.45 to 3.12 mm it ranges between the
larger Permian and the smaller Lower Cretaceous repre-
sentatives.
From the Lower Gosau Subgroup of Pletzachalm (Tyrol,
Austria), the species Permocalculus gosaviensis was estab-
lished by SCHLAGINTWEIT (1991) with assumed pyriform
thallus (diameter of segments: 0.35–0.6 mm). This
species is present in shallow subtidal wackestones rich
in benthic foraminifera, and was found in Strobler Weis-
senbach valley and at Pletzachalm. Whereas the exact
shape of this alga is uncertain, it is of distinctly smaller
size.
Representatives of Permocalculus nikolapantici RADOIČIĆ,
2004 from the Upper Turonian of NW Serbia, were dis-
covered from identical facies of Late Turonian-Early
Coniacian age in the Lower Gosau Subgroup of Haidach
(Tyrol, Austria). Permocalculus nikolapantici RADOIČIĆ
belongs to the form-group of the so-called “waxing-wan-
ing” type showing alternating constrictions and swellings
(see Pl. 1, Fig. 4). Oblique sections of swollen part or ter-
minal segment parts may pretend pyriform thallus
shapes, especially when longitudinal sections are not
available. Thus, it cannot be excluded that Permocalculus
gosaviensis SCHLAGINTWEIT 1991, established without lon-
gitudinal sections, in fact represents oblique sections of
Permocalculus nikolapantici RADOIČIĆ, 2004. Both “species”
were described from similar facies and from successions
of similar age. In addition, the diameters of the segments
of Permocalculus nikolapantici fall within the range of the seg-
ment diameters of Permocalculus gosaviensis.

Finally, the Permocalculus described herein shows some
degree of homeomorphism to the dasycladalean alga
Trinocladus divnae RADOIČIĆ, 2006, described recently from
the Upper Cenomanian Mirdita Zone of Serbia. T. divnae
often shows a peculiar style of fossilization wherein only
the secondaries and the tertiaries, and in some cases the
latter only, are preserved due to carbonate dissolution or
recrystallization. In such cases, representatives of Permo-
calculus and Trinocladus can hardly be distinguished, as
noted by RADOIČIĆ (2006). Apart from coming from strati-
graphically younger strata, the Alpine representatives of
Permocalculus described herein are distinctly larger (diam-
eters of T. divnae: 0.71–1.64 mm, maximum 1.947 mm)
and do not show a cylindrical shape of the thallus. 

Occurrences and Fac ies:  The holotype is from interval
C of the Theresienstein section, i. e. from a veneer of
bioclastic limestones that capped the underlying coral
reef. It is assumed that Permocalculus (Pyrulites) theresien-
steinensis n. sp. lived in areas with open circulation and
with moderate to intermittently high water energy, within
and close to areas colonized by corals, where it was
associated with the dasycladalean alga Neomeris (Drimella)
cf. jerinae RADOIČIĆ. The presence of both these algae
seems to be “limited to peri-reefal areas, in particular
flats and niches among patch-reefs, mainly composed of
rudists, corals, sphinctozoans and algae” (RADOIČIĆ &
RUBERTI, 1992: p. 187).
Besides the Theresienstein, Permocalculus (Pyrulites) there-
siensteinensis n. sp. was found in ?Upper Turonian to
Coniacian shallow-water limestones of Brandenberg
(Tyrol, Austria), more precisely in the area of Krum-
bachalm-Nachbergalm and at Haidach. The alga was
prevalently found in poorly-sorted bioclastic packstones
to floatstones (sample 15.11.94/1, see Pl. 1, Figs. 6–7),
and in grainstones to rudstones with admixed siliciclastic
sand (sample 21.11.94/3, see Pl. 1, Fig. 2) in the area of
Krumbachalm. The limestones of Krumbachalm probably
were deposited in an open, shallow subtidal (open
„lagoonal“) carbonate environment that was subject to
episodic, low siliciclastic input and intermittent high-ener-
gy events (SANDERS, 1998). From Krumbachalm, Permo-
calculus (Pyrulites) theresiensteinensis n. sp. was mentioned by
SCHLAGINTWEIT (1992) by one transverse section as
Griphoporella ? sp. The limestones in which the new taxon
was found are characterized by a diversified spectrum of
shallow-water bioclasts.
In the Haidach section (Text-Fig. 4), Permocalculus
(Pyrulites) theresiensteinensis n. sp. was found in a sheet of
bioclastic grain- to rudstones that form the substrate of
an interval of coral-rudist limestones, and that probably
were deposited during transgression (see SANDERS &
BARON-SZABO, 1997; SANDERS, 1998). The bioclastic
fraction of these limestones is highly diversified with
corals, rudists, calcareous algae, gastropods, bry-
ozoans, echinoderms and benthic foraminifera.

St ra t igraphy:  The dasycladalean Neomeris (Drimella) cf. jeri-
nae RADOIČIĆ, co-occurring with Permocalculus (Pyrulites)
theresiensteinensis n. sp., was described by RADOIČIĆ
(1984) from coral-rudist reefs of Serbia that, according to
rudists, “most probably” are of Santonian age. Since
then, no further data have been obtained from the type-
locality of Neomeris (Drimella) cf. jerinae RADOIČIĆ (pers.
comm. R. RADOIČIĆ). The potential Santonian age of this
alga is indicated in several compilations on biochrono-
stratigraphy (GRANIER & DELOFFRE, 1993; BUCUR, 1999).
Based on our results, provided that the type-locality of N.
(Drimella) cf. jerinae is Santonian in age, the partial taxon
range of this alga must be enlarged down to least the
lowest Coniacian. Summarizing the stratigraphic data
obtained from Theresienstein and Brandenberg, a Late
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Text-Fig. 3.
Permocalculus (Pyrulites) theresiensteinensis n. sp., detail of the cortical/sub-
cortical zone (a) and structural interpretation (b).
White dashed lines indicate boundaries between different orders of cortical
filaments (1, 2, 3) and rounded outlines of dissolution cavivities (? or con-
ceptacle-like structure = black dashed line with question mark).



Turonian to Coniacian age is
indicated for the limestones con-
taining Permocalculus (Pyrulites) the-
resiensteinensis n. sp. Whether this
interval represents the total tax-
on range, however, is unknown.

4. Conclusions
Calcareous green algae (Dasy-

cladales, Gymnocodiacea, Hal-
imedaceae) are known from the
Lower Gosau Subgroup (Upper
Turonian to Lower Campanian)
from different shallow-marine envi-
ronments. The findings of both Per-
mocalculus (Pyrulites) theresiensteinensis
n. sp. and Neomeris (Drimella) cf. jeri-
nae RADOIČIĆ enlarges the Late
Cretaceous palaeoalgological in-
ventory of the Northern Calcareous
Alps (see overview in SCHLAGINT-
WEIT, 2004). Whereas most taxa of
calcareous green algae are report-
ed from limestones to marly lime-
stones of shallow subtidal („lagoon-
al“) environments of overall moder-
ate to low water energy, both P.
(Pyrulites) theresiensteinensis n. sp. and
N. (Drimella) cf. jerinae appear to char-
acterize peri-reefal to reefal facies.
The stratigraphic range of the sub-
genus Pyrulites MU, previously
known only from the Permian and
the Lower Cretaceous, is extended
into the Upper Cretaceous. 
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Text-Fig. 4.
The occurrence of Permocalculus (Pyrulites) the-
resiensteinensis n. sp. at the Haidach-Kreuth-
alm section, Lower Gosau subgroup of Bran-
denberg area, Tyrol.
The schematic profile shows a transgressive
succession with basal breccias, conglomera-
tes, arenites/sandstones and coral-rudistid
limestones in the middle/upper part (further
details in SANDERS & BARON-SZABO, 1997; SAN-
DERS, 1998).
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Pseudorothpletzella schmidi n. gen., n. sp. aus dem Ober-Jura der Nördlichen Kalkalpen, Österreich.

Plate 1

Figs. 1–3, 5-7, 8 (pars): Permocalculus (Pyrulites) theresiensteinensis n. sp.
Fig. 1: Transverse section.
Fig. 1: Theresienstein, sample BSPG 2006/50.
Fig. 2: Transverse section of the “head” with broken “stalk” inside the medullary hollow.
Fig. 1: Krumbachalm, sample 21.11.94/3.
Fig. 3: Holotype; oblique section showing pyriform thallus with bulbous “head” and partly visible the cylindro-
Fig. 1: conical “stalk”.
Fig. 1: Theresienstein, sample BSPG 2006/50.
Fig. 5: Transverse section of a completely recrystallized specimen, only last order pores are recognizable.
Fig. 1: Atzl Reef, Brandenberg, sample BSPG 2006/52.
Fig. 6: Transverse section of the “head” (right) and broken “stalk” (left).
Fig. 1: Krumbachalm, sample 15.11.94/1.
Fig. 7: Debris within bioclastic packstone. Note microproblematicum Pienina oblonga BORZA & MISIK.
Fig. 1: Krumbachalm, sample 15.11.94/1.
Fig. 8: Bioclastic packstone with coral debris, transverse section of Permocalculus (Pyrulites) theresiensteinensis n. sp.
Fig. 1: and oblique section of the Dasycladale Neomeris (Drimella) cf. jerinae RADOIČIĆ.
Fig. 1: Theresienstein, sample BSPG 2006/51.

Fig.s 4: “Waxing-waning” type bifurcating thallus of Permocalculus nikolapantici RADOIČIĆ.
Note transverse section of the Dasycladale Milanovicella hammudai (RADOIČIĆ) (right above).
Haidach 1 profile, sample 16.7.95/9. Late Turonian – ? Early Coniacian.

Figs. 9–10: Different sections of the Dasycladale Neomeris (Drimella) cf. jerinae RADOIČIĆ.
Theresienstein, sample BSPG 2006/51.

Scale bar for all figures = 1 mm.
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