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ABSTRACT: Foraminifers from the Upper Permian Bellerophon Formation, Permian-Triassic “transitional beds” and lowermost Tri-
assic “streaky limestone member” of the Luka� Formation in the Luka� section, western Slovenia are described and illustrated. Four new
species of foraminifers are described: Multidiscus zhiriensis, M. dinaridicus and Globivalvulina lukachiensis from the Upper Permian,
and Lingulonodosaria slovenica from the lowermost Triassic. The assemblage of Late Permian foraminifers consists of species charac-
teristic of the Changhsingian of many regions in the Tethys: northwestern Caucasus, Transcaucasia, Iran, Turkey, northern Italy, north-
western Serbia, northeastern Hungary, and South China. Unfortunately, the uppermost part of the Bellerophon Formation in the Luka�
section is represented by dolomite and does not contain foraminifers. The Permian-Triassic boundary interval is represented by carbon-
ate “transitional beds” deposited in a shallow restricted marine environment that contains foraminifers and conodonts. The species
“Cornuspira” mahajeri, “Earlandia” gracilis, and “E.” tintinniformis, marking the lower boundary of the Triassic worldwide based on
foraminifers, are found both below and above the first appearance of the conodont species Hindeodus parvus in the Luka� section. These
species appear to be ecological species and their appearance coincides with a stressful shallow water environment. The first interval with
nodosariid foraminifers appears 2m above the P/T boundary and a second one is approximately 5m above the boundary. Both of these in-
tervals with nodosariids are within the range of the conodont species H. parvus and within the I. staeschei – I. isarcica conodont Range
Zone.

INTRODUCTION

The Permian is a critical period in the evolution of Paleozoic
faunas because one of the greatest mass extinctions happened at
its end where up to 96% of all existing species of terrestrial and
marine organisms vanished (Hallam and Wignall 1997). The
potential causes and effects leading to the end-Permian mass
extinction are widely interpreted in the literature (and are still in
debate) and are connected with proposed explanations such as
volcanic eruption, extraterrestrial impact, rapid climate change,
enhanced atmospheric CO2, changing in ocean chemistry (an-
oxia, salt content, oxygen, carbon, sulfur and strontium iso-
topes) and changing sea level (Baud et al. 1989; Erwin 1993;
2006; Wignall and Twitchett 1996; Hallam and Wignall 1999;
Becker et al. 2001; Kaiho et al. 2001; Berner 2002; Weidlich et
al. 2003; Kidder and Worsley 2004; Newton et al. 2004; Théry
et al. 2007). Of course, it is a most interesting question as to
how vertebrates, invertebrates (macro- and microorganisms)
and plants responded to such global changes. As far as microor-
ganisms are concerned, the most significant ones are the cono-
donts, radiolarians, ostracodes and foraminifers and their
evolutionary development around the Permian-Triassic (P/T)
boundary, and also their paleoenvironmental and paleogeo-
graphical distributions.

For example, radiolarians are a planktonic group of marine
microfossils and their productivity is connected with ocean cir-
culation and upwelling of nutrients (De Wever et al. 2003;
2007). De Wever et al. (2003) suggest that the lack of chert de-
position across the P/T boundary resulted in a change of
radiolarian biodiversity, and they also suggested that decreasing
sea level and diminishment of ocean circulation could have con-
tributed to this change. De Wever et al. (2003; 2007) suggested
that the number of radiolarian species crossing the P/T bound-
ary was not a “drastic change but rather the progressive one”.

Data about the extinction and recovery of ostracodes across the
P/T boundary are still being gathered. However, preliminary
analysis of these data allows one to note that the change in
ostracode species and generic composition is variable in each
basin where the P/T boundary is present, probably because of
changing environments (Crasquin-Soleau et al. 2007; Yuan et
al. 2007; Crasquin, Forel et al. 2010; Crasquin, Sudar et al.
2010; Liu et al. 2010).

Data about the extinction patterns of foraminifers across the P/T
boundary interval are also still being gathered, but these pat-
terns are already known in a few regions (China, Turkey, Italy,
and northern Iran) where the faunal distribution appears to be
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connected with different paleoenvironments. In the Meishan
section in southeastern China the P/T boundary is drawn in the
middle of Bed 27 (27c) based on the first appearance of cono-
dont species Hindeodus parvus (Kozur and Pjatakova). The P/T
boundary interval is interpreted as from moderately deep ma-
rine ramp shallowing upward in the Changxing Formation (up-
permost Permian) to deep marine distal ramp in the lowermost
Triassic Yinkeng Formation (Lehrmann et al. 2003). There are
two distinct extinction patterns of foraminifers at the Meishan
section discussed thoroughly by Song et al. (2007) and Song,
Tong and Chen (2009). The first episode of extinction is at the
base of Bed 25 (uppermost Permian beds), and second one at
the top of Bed 27 (lowermost Triassic beds) (Song et al. 2007;
Song, Tong and Chen 2009). According to Song et al. (2007),
foraminifers did not have a dramatic decrease of species from
Bed 24e to Bed 27. Almost all species of Permian foraminifers
(95%) disappeared at the base of Bed 28, and only a few survi-
vors (mostly nodosariids) cross this boundary which was taken
as the “final episode of the P/T extinction” at the Meishan sec-
tion (Song et al. 2007, p. 112).

In the Nanpanjiang basin in southwestern China, P/T interval
boundary foraminifers are known from the Dajiang and
Bianyang sections of the Great Bank of Guizhou (GBG)
(Lehrmann et al. 2003; Song, Tong et al. 2009). The strata of
the P/T transitional interval at the Dajiang section formed in a
shallow marine environment and at the Bianyang section in
deep water environment. According to Song, Tong et al.
(2009), the extinction patterns of foraminifers at both sections
coincide with the patterns of the Meishan section with only a
small difference in the appearance of some survivor species.
For example, the species Rectocornuspira kalhori Brönnimann,
Zaninetti and Bozorgnia (a species characteristic for the lower-
most Triassic) appears approximately 2m above the P/T bound-
ary at the Bianyang section in a limestone lithofacies, and at the
Dajiang section this species appears at the base of a
calcimicrobial framestone unit whose base is considered the
P/T boundary (Lehrmann et al. 2003).

In the Bulla and Tesero sections in northeastern Italy, the P/T
extinction of foraminifers happened within an oolitic limestone
unit of the lower part of the Tesero Oolite Member of the
Werfen Formation where almost all of the Permian species
(96% confidence interval of the extinction horizon) became ex-
tinct (Groves et al. 2007). A very few representatives of
nodosariids or lagenids, in sense of Groves et al. (2007), sur-
vived the P/T boundary. The species Rectocornuspira kalhori
appears “in low numbers below and above the extinction level”
in the Bulla and Tesero sections (Groves et al. 2007, p. 429).

In the southwest-central Taurides in Turkey, the distribution of
P/T boundary interval foraminifers is known from two sections:
Demirta� and Ta�kent (Groves et al. 2005). The P/T boundary is
drawn in these sections at the base of a stromatolite unit overly-
ing the oolitic limestone unit of the uppermost Permian. The ap-
pearance of the species Rectocornuspira kalhori co-occurs with
the appearance of stromatolites.

In northern Iran, in the Alborz Mountains, the extinction pattern
of foraminifers across the P/T boundary has been established in
the Elikah Formation of the Elikah River section (Angiolini et
al. 2010). The disappearance of Permian foraminifers happened
suddenly below a dolomitized oolitic packstone (sample IR218)
30cm below the P/T boundary (95% interval of extinction hori-

zon). Some rare nodosariids (or lagenids in sense of Angiolini et
al. 2010) were found in the overlying oolitic packstone with
thrombolites. The first appearance of the species “Cornuspira”
mahajeri Brönnimann, Zaninetti and Bozorgnia was recorded in
the overlying packstone that contained gastropods and bivalves,
and the first appearance of conodont species Hindeodus parvus
is also recorded at this level (sample IR220). According to
Angiolini et al. (2010), the extinction horizon was connected
with the rising of sea level.

The species Rectocornuspira kalhori together with Cornuspira
mahajeri and Earlandia spp. are considered to be disaster forms
among the foraminifers that usually appear at a time of biotic
crisis (MacArthur 1955; Levinton 1970; Hallam and Wignall
1997; Groves and Altiner 2005; Krainer and Vachard 2009). It
is not clear yet that these species indicate a stressful environ-
ment or just an evolutionary trend, or possibly a combination of
both.

In connection with the establishment of the precise lower
boundary of the Triassic based on the first appearance of the
conodont species Hindeodus parvus, sections containing Perm-
ian-Triassic boundary deposits have been restudied in many
places of the world, including Slovenia. In western Slovenia,
Permian-Triassic boundary interval sections are known in the
�iri area where the Upper Permian is represented by the
Bellerophon Formation (also locally named the �a�ar Forma-
tion) consisting of limestone and dolomite with a thickness of
60m – 350m and which is an equivalent of the Bellerophon For-
mation in the Carnic Alps and the Dolomites (Ramovš 1958;
Grad and Ogorelec 1980; Buser et al. 1986; Mlakar and Placer
2000; Skaberne and Ogorelec 2003). In the �iri area, the strata
of the lowermost Triassic are known as the “streaky limestone
member” of the Werfen Formation with a thickness of up to
40m (Mlakar 2002). In this area, the Permian-Triassic boundary
traditionally was defined lithologically within the dolomite in-
terval between the dark algal limestone of the �a�ar Formation
and a light laminated limestone or dolomite (Ramovš 1982;
Buser et al. 1986). In the Masore section west from �iri, Buser
(1986) assigned a laminated limestone to the lowermost Trias-
sic based on the foraminifers Earlandia tintinniformis (Mišik)
and the annelid Spirorbis phlyctaena Brönnimann and
Zaninetti, both of which have been known only from Triassic
strata in many regions (Brönnimann and Zaninetti 1972;
Brönnimann et al. 1972). According to the foraminifers, the
lower boundary of the Triassic worldwide has been drawn on
the basis of the appearance of the species “Cyclogyra” (or
Cornuspira) mahajeri, and Rectocornuspira kalhori, especially
in sections where conodonts have not been studied or found
(Brönnimann and Zaninetti 1972; Brönnimann et al. 1972;
Altiner 1981; Altiner and Zaninetti 1981; Köylüoglu and
Altiner 1989; Rettori 1995; Groves et al. 2005; 2007).

Recently, one of the sections of the Permian-Triassic interval in
the �iri area, the Luka� section, was studied for conodonts by
Kolar-Jurkovšek and Jurkovšek (2007), who documented a
Hindeodus-Isarcicella population through this interval. The
species Hindeodus parvus (Kozur and Pjatakova) was found in
sample L1 in the “transitional beds” (Kolar-Jurkovšek et al.
2011), permitting an accurate placement of the Permian-Trias-
sic boundary in the Luka� section. Because the precise position
of the lower boundary of the Triassic in the Luka� section can
be established, the distribution of other faunal elements, includ-
ing foraminifers, around this boundary can be examined. In this
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TEXT-FIGURE 1
Location of the Luka� section in the western Slovenia (after Kolar-Jurkovšek et al. 2011). Top – Location of the studied area in the map of geotectonic
units (A – eastern Alps, B – southern Alps, C – External Dinarides, D – Adriatic-Apulia foreland, E – Pannonian basin) in Slovenia and adjacent coun-
tries. Bottom – Geographic position of the Luka� section (star) in the �iri area (after Kolar-Jurkovšek et al. 2011).



paper, we present data about the distribution of foraminifers in
the Upper Permian and lowermost Triassic beds in the Luka�
section.

GEOLOGICAL SETTING

The Luka� section is situated in the �iri area, in the north-west-
ern part of Slovenia which belongs to the External Dinarides
geotectonic unit (text-fig. 1). The Upper Paleozoic and Lower
Triassic strata of this unit were formed on an extensive
Slovenian Carbonate Platform which began to develop during
the Late Permian, and was stable until Middle Triassic (late
Anisian) time (Buser et al. 2007).

The Luka� section exposes the Upper Permian Bellerophon
Formation represented by two members - the “bellerophon
limestone member” in the lower part and the “evaporite-dolo-
mite member” in the upper part. The latter one is continuously
overlain by strata of the Lower Triassic Luka� Formation that is
represented by the “streaky limestone member”, and “carbon-
ate-clastic member” and it includes also the Permian-Triassic
“transitional beds” at the base (Kolar-Jurkovšek et al. 2011;
text-figs. 2 and 3). The Permian-Triassic strata in the Luka�
section are represented by a shallow water marine carbonate se-
quence that is characterized by diverse microfauna. The first
appearance of the conodont species Hindeodus praeparvus
(Kozur) is recorded in sample B7 in the “bellerophon limestone
member” of the Bellerophon Formation, and the first appear-
ance of the species H. parvus, which marks the boundary be-
tween the Permian and Triassic, is in sample L1 in the
“transitional beds” of the Luka� Formation (Kolar-Jurkovšek et
al. 2011). Based on the distribution of conodonts in the section,
Kolar-Jurkovšek et al. (2011) established six zones in ascend-
ing order: the uppermost Changhsingian (uppermost Permian)
Hindeodus praeparvus Zone, and the Griesbachian (lowermost
Triassic) H. parvus, Isarcicella lobata, I. staeschei - I. isarcica,
Hindeodus postparvus and Hadrodontina anceps Zones
(text-fig. 2). According to Kolar-Jurkovšek et al. (2011), the es-
tablished conodont zonation in the Permian-Triassic interval of
the Luka� section is the first recognized for the entire Dinarid
region. These zones are correlated with the conodont succes-
sions of the Southern Alps in Italy and the Meishan D section in
South China, as well as in other areas of the world
(Kolar-Jurkovšek et al. 2011).

FORAMINIFERS

Method of investigation

Twenty nine samples were taken from the deposits of the Upper
Permian Bellerophon Formation: twenty one samples from the
“bellerophon limestone member” and eight from the
“evaporite-dolomite member”. Foraminifers were found in the
eleven samples from the lower limestone part of the
“bellerophon limestone member” (samples B1 – B11 and MA)
and were not found in the upper part of the “bellerophon lime-
stone member” and the “evaporite-dolomite member” (text-fig.
2). Above the dolomite, forty three samples were collected in
the interval of “transitional beds” and “streaky limestone mem-
ber” of the Luka� Formation, but only nine samples produced
foraminifers (A, G, L, M, 1A, 1B, 4, 10b and 22) (text-fig. 2).
The first appearance of the conodont species Hindeodus parvus,
the marker of the lower boundary of the Triassic worldwide,
was found in sample L1 (Kolar-Jurkovšek et al. 2011) which
corresponds to sample 05 of Kolar-Jurkovšek and Jurkovšek

(2007). Thus, samples from A to K officially belong to the up-
permost Permian. Thin sections were made from samples B1
through B11, and then the rest of the samples were used for ex-
tracting conodonts. Thin sections also were made for the
lithological study from samples A to Z which we also used for
the examination of foraminifers. A few recrystallized free spec-
imens of foraminifers were obtained in the conodont residues
(samples B1 through B11, MA, 1A, 1B and 4). Some free speci-
mens were sectioned and the tiny specimens immersed in
Cargille Meltmount (a standard technique used to study radio-
larians) for studying the internal morphology.

Assemblages of Late Permian and Early Triassic
foraminifers

Late Permian and Early Triassic foraminifers from the �iri area
have not been studied in detail. Some data are known about their
presence in the Upper Permian and Lower Triassic beds ex-
posed in the Idrijca Valley. Kochansky-Devidé (in Ramovš
1986) identified from this area the following species in open no-
menclature: small foraminifers Hemigordius sp., Glomospira
sp., Ichthyolaria sp., Tuberitina sp., Geinitzina sp., Pachy-
phloia sp., Climacammina sp., and the fusulinaceans
Codonofusiella? sp., Minojapanella? sp., and Boultonia? sp.
from the Upper Permian beds, and conical tube – like fossils
(now called “Earlandia”) from the “first Scythian layer”. Four
of these species (Ichthyolaria sp., Geinitzina sp., Clima-
cammina sp., and the conical tube – like fossil) were illustrated
by Kochansky-Devidé in Ramovš (1986).

Late Permian foraminifers

Late Permian foraminifers have been studied in this paper from
the lower part of the sequence in the Luka� section (samples B1
to B11). The assemblage is represented by 43 species of 22 gen-
era, including 2 genera of fusulinaceans: Reichelina and
Nankinella. Unfortunately, many species are identified in open
nomenclature because many of the tangential sections of
foraminifers in the thin sections cannot be identified on the spe-
cies level, and free specimens are not well enough preserved for
precise identification. The list of the species in each sample is as
follows:

Sample B1 – Hemigordius sp., Multidiscus sp. 1, Pseudo-
midiella? sp., Agathammina sp., Geinitzina pusilla K.
Miklukho-Maklay, ?Geinitzina cylindrica Woszczyñska, Fron-
dina sp., Astacolus sp., Globivalvulina lukachiensis n. sp., and
Septoglobivalvulina? sp.

Sample B2 – Hemigordius cf. H. komiricensis Nestell, Sudar,
Jovanovi� and Kolar-Jurkovšek, Multidiscus zhiriensis n. sp.,
M. dinaridicus n. sp., Pseudomidiella? sp., Neodiscus ex gr. N.
quinlongensis Wang, Nodosariida indet., Globivalvulina
lukachiensis n. sp., G. sp., and Palaeotextulariida indet.

Sample B3 – Hemigordiopsida indet., Neodiscus? sp.,
Pseudomidiella sp. 2, and Globivalvulina sp.

Sample B4 - Hemigordius cf. H. komiricensis Nestell, Sudar,
Jovanovi� and Kolar-Jurkovšek, Multidiscus sp. 1, Midiella cf.
M. gigantea (Bérczi-Makk, Csontos and Pelikán), and
Globivalvulina sp.

Sample B5 – Tuberitina sp., “Geinitzina” leonardii Loriga, and
Frondina sp. 1, and conodont species Hindeodus typicalis
(Sweet) (Kolar-Jurkovšek et al. 2011).
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TEXT-FIGURE 2
Stratigraphic column of the Luka� section with the distribution of samples and most important foraminifer species. Dark rectangular interval on the col-
umn defines the “transitional beds” (tb) shown expanded on text-fig. 3 (after Kolar-Jurkovšek et al. 2011).



Sample B6 – Multidiscus cf. M. vlasicus Nestell, Sudar,
Jovanovi� and Kolar-Jurkovšek, M. sp. 1, Midiella cf. M.
gigantea (Bérczi-Makk, Csontos and Pelikán), M. broenni-
manni (Altiner), Protonodosaria camerata (K. Miklukho-
Maklay), Polarisella sagitta (K. Miklukho-Maklay), Pachy-
phloia sp., Frondina sp., Hubeirobuloides sp., Paraglobi-
valvulina gracilis Zaninetti and Altiner, Dagmarita sp.,
Rectostipulina quadrata Jenny-Desshusses, Reichelina sp., and
conodont Hindeodus sp. (Kolar-Jurkovšek et al. 2011).

Sample B7 - Hemigordius cf. H. komiricensis Nestell, Sudar,
Jovanovi� and Kolar-Jurkovšek, H. sp. 3, Midiella
broennimanni (Altiner), Pseudomidiella sp. 1, Neodiscus
milliloides A. Miklukho-Maklay, Agathammina sp., Nodo-
sariida indet., Pachyphloia sp., Robuloides acutus Reichel, and
Globivalvulina sp. together with the conodont species
Hindeodus praeparvus (Kozur) (Kolar-Jurkovšek et al. 2011).

Sample B8 – Hemigordius sp., Multidiscus sp. 1, and
Nankinella sp., and conodont species Hindeodus praeparvus
(Kozur) (Kolar-Jurkovšek et al. 2011).

Sample B9 – Hemigordius sp. 1, Neodiscus sp. 2, and
Nodosariida indet.

Sample B10 – Neodiscus sp. 1, Nodosariida indet., Geinitzina
taurica Sellier de Civrieux and Dessauvagie, G. araxensis G.
Pronina, G. cf. G. spandeli dolomitica Loriga, G. sp. 1, G. sp. 2,
“Geinitzina” leonardii Loriga, Pachyphloia sp., Frondina sp. 2,
and Globivalvulina lukachiensis n. sp., and conodont species
Hindeodus praeparvus (Kozur) and H. latidentatus (Kozur,
Mostler and Rahimi-Yazd) (Kolar-Jurkovšek et al. 2011).

Sample B11 – Hemigordius sp. 2, Geinitzina ichnousa Sellier
de Civrieux and Dessauvagie, “Geinitzina” leonardii Loriga,
Frondina guangxiensis (Lin), Robuloides sp.,
Paraglobivalvulina sp. 2, and Dagmarita sp.

Sample MA - several specimens are referred questionably to
“Geinitzina” leonardii Loriga and Ichthyolaria sp., and cono-
dont species Hindeodus typicalis (Sweet) and H. latidentatus
(Kozur, Mostler and Rahimi-Yazd) (Kolar-Jurkovšek et al.
2011).

The species of foraminifers identified above are known in strata
of the Upper Permian, mostly in the Changhsingian of different
regions in the Tethys. Hemigordius komiricensis and
Multidiscus vlasicus are known from the upper part of the “Bi-
tuminous Limestone” Formation of northwestern Serbia and
from the Nagyvisnyó Limestone of northeastern Hungary
(Bérczi-Makk et al. 1995; Nestell et al. 2009); Midiella
gigantea from the Nagyvisnyó Limestone of northeastern Hun-
gary (Bérczi-Makk et al. 1995); Neodiscus milliloides, Midiella
broennimanni, Polarisella sagitta, Protonodosaria camerata,
Geinitzina pusilla, Robuloides acutus, and Rectostipulina
quadrata are known from northwestern Caucasus (K.
Miklukho-Maklay 1954; Pronina-Nestell and Nestell 2001);
Geinitzina taurica and G. ichnousa have been described from
the bellerophon limestone of Turkey (Sellier de Civrieux and
Dessauvagie 1965). The species “Geinitzina” leonardii and G.
spandeli dolomitica are known from the Bellerophon Forma-
tion of the Dolomites in Italy (Loriga 1960). Some of the men-
tioned above species also occur in the uppermost Upper
Permian at various sections of the central and eastern Taurides
and southeast Anatolia, Turkey (Altiner 1981; 1984; Köylüoglu

and Altiner 1989; Groves et al. 2005); at the Bulla and Tesero
sections of the Southern Alps in northern Italy (Noé 1987; 1988;
Groves et al. 2007); at the Meishan section, Changxing (Song et
al. 2007) and the Dajiang and Bianyang sections of the
Nanpanjiang basin (Song, Tong et al. 2009) in South China; in
the Elikah River section of Alborz Mountains in northern Iran
(Angiolini et al. 2010); and at the Dorasham II section of
Transcaucasia (Pronina 1989). However, in these regions, the
correct identifications of some of the species are controversial
and based partly on poorly oriented sections.

Early Triassic foraminifers

Foraminifers in the “transitional beds” and Early Triassic in the
Luka� section are found in samples A, G, L, M, 1A, 1B, 4, 10B,
and 22 (text-figs. 2 and 3). The list of species in the samples is
as follows:

Sample A – Lingulonodosaria sp.

Sample G – “Cornuspira” mahajeri Brönnimann, Zaninetti and
Bozorgnia, “Earlandia” gracilis (Panti�), and “E.” tintinni-
formis (Mišik), and conodont species Hindeodus cf. H. pisai
Perri and Farabegoli (Kolar-Jurkovšek et al. 2011).

Sample L - “Cornuspira” mahajeri Brönnimann, Zaninetti and
Bozorgnia and “Earlandia” tintinniformis (Mišik) together with
conodont Hindeodus parvus (Kozur and Pjatakova) (Kolar-
Jurkovšek et al. 2011).

Sample M - “Cornuspira” mahajeri Brönnimann, Zaninetti and
Bozorgnia.

Sample 1A – Lingulonodosaria slovenica n. sp. and
Lingulonodosaria? sp., and conodont species Hindeodus parvus
(Kozur and Pjatakova), Isarcicella turgida (Kozur, Mostler and
Rahimi-Yazd), I. staeschei Dai and Zhang (Kolar-Jurkovšek et
al. 2011).

Sample 1B – Nodosaria spp., “Nodosaria” expolita Trifonova,
and “Nodosaria” sp. 1.

Sample 4 – Lingulonodosaria slovenica n. sp., and conodont
species Hindeodus parvus (Kozur and Pjatakova), Isarcicella
turgida (Kozur, Mostler and Rahimi-Yazd), I. staeschei Dai and
Zhang, and I. isarcica (Huckriede) (Kolar-Jurkovšek et al.
2011).

Sample 10B - “Cornuspira” mahajeri Brönnimann, Zaninetti
and Bozorgnia, “Earlandia” sp.

Sample 22 – “Cornuspira” mahajeri Brönnimann, Zaninetti
and Bozorgnia, and conodont species Hadrodontina sp.
(Kolar-Jurkovšek et al. 2011).

The assemblage of Early Triassic foraminifers is very poor, rep-
resented only by seven species of four genera. The species
“Cornuspira” mahajeri, “Earlandia” gracilis and “E.”
tintinniformis together with the species “Rectocornuspira”
kalhori are the usual components of the lowermost Triassic.
“Cornuspira” (or “Cyclogyra”) mahajeri and “Recto-
cornuspira” kalhori were first described from the lower part of
the Triassic Elika Formation of northern Iran and the Siusi For-
mation of the Dolomites of northern Italy (Brönnimann et al.
1972). Brönnimann et al. (1972) assigned these coiled forms to
the miliolid genus Cyclogyra with question mark (entire
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TEXT-FIGURE 3
Stratigraphic column of the Permian-Triassic interval (“transitional beds”) in the Luka� section with the distribution of samples (slightly modified from
Kolar-Jurkovšek et al. 2011).



planispiral coiling) and the Paleozoic genus Rectocornuspira
(with planispiral coiling in the initial part of the test and un-
coiled last whorl) based on the type of coiling, but primarily on
the microgranular wall structure of the test. From the first de-
scription and even to the present time, many foraminifer work-
ers use these generic and specific names for identifications of
similar forms found in the Lower Triassic. Moreover, in some
cases coiled forms (Cyclogyra? mahajeri s. s.) have been illus-
trated under the name Rectocornuspira kalhori (uncoiled
forms) (Altiner 1981; Altiner and Zaninetti 1981; Groves et al.
2005; 2007; Song, Tong et al. 2009). Rettori (1995) discussed
the taxonomy of the species Cyclogyra? mahajeri and assigned
it to the genus Cornuspira. Gaillot and Vachard (2007) ana-
lyzed the distribution of coiled and uncoiled forms in the lowest
Triassic and following Rettori also assigned coiled forms to the
genus Cornuspira instead of the genus Cyclogyra. They also
concluded that the uncoiled forms occur very rarely and sug-
gested that “Rectocornuspira would correspond to Cornuspira
with a morphological adaptation, more or less developed, de-
pending on the local or regional ecological parameters” (Gaillot
and Vachard 2007, p. 84). We agree with Gaillot and Vachard
that the combination of coiled-uncoiled forms occurred to-
gether with fewer uncoiled tests possibly is the result of the
changing of certain environmental parameters. Thus, “Recto-
cornuspira” could represent a teratologic form of the
Cornuspira in sense of Rettori (1995) and Gaillot and Vachard
(2007). We also doubt that coiled forms from the Lower Trias-
sic belong to the genera Cornuspira or Rectocornuspira be-
cause the last true Paleozoic representatives of the genus
Rectocornuspira occur in the lower Kazanian (= Roadian) of
the lower Middle Permian (Pronina 1996) and no forms of this
genus have been reported in the Wordian through
Changhsingian interval. Recently, Krainer and Vachard (2009)
studied three sections of the Lower Triassic Werfen Formation
in the Karawanken Mountains, southern Austria. In all these
sections they found coiled and uncoiled forms of Cornuspira
mahajeri or Rectocornuspira kalhori. Krainer and Vachard
(2009) analyzed these forms and came to the conclusion that
both species are synonymous and diagnostic for the earliest Tri-
assic. Moreover, according to these authors, the genus
Rectocornuspira is a synonym of the genus Orthovertella in
spite the fact that these genera have different type of coiling in
the initial part (planispiral in Rectocornuspira, and streptospiral
in Orthovertella). Also Krainer and Vachard observed “sutural”
pores in the umbilical area of the tests of species C. mahajeri
and R. kalhori which “permit differentiation from Cornuspira
in the coiled stages” (Krainer and Vachard 2009, p. 15). Based
on such conclusions, the authors proposed to assign the species
C. mahajeri and R. kalhori to a new genus Postcladella with the
name “kahlori” (Postcladella kahlori n. comb.), and included it
in the composition of the order Cornuspirida, class Miliolata,
the representatives of which have a porcelaneous wall structure.
Note that this latter species was originally described by
Brönnimann et al. (1972) under the name Rectocornuspira
kalhori, but is discussed in Gaillot and Vachard (2007) and
Krainer and Vachard (2009) as R. kahlori. We do not agree with
an assignment of Postcladella kalhori to the class Miliolata, be-
cause the wall structure of this species is not clear. We would
probably agree with Krainer and Vachard about the establishing
of a new genus, if it would concern only earliest Triassic spe-
cies, and we could use this species as an ecological species for a
particular distinctive environment on the Permian-Triassic
boundary. It would be convenient for ecological interpretations,
but from taxonomic point of view the genus Postcladella in

type of coiling has the same type of coiling as the genera:
Cornuspira (with a porcelaneous wall), Ammodiscus (with an
agglutinated wall) and Pseudoammodiscus (with a micro-
granular wall). Moreover, according to Krainer and Vachard
(2009), the distribution of the genus Postcladella is from late
Capitanian (upper Middle Permian) to Olenekian (late Early
Triassic), which coincides partly with the distribution of the
mentioned above three genera (Loeblich and Tappan 1987;
Pronina 1994). Moreover, Krainer and Vachard (2009) did not
give actual comparisons of their new genus Postcladella with
Cornuspira, Pseudoammodiscus and Ammodiscus. They stated
that Postcladella “is probably porcelaneous because it is similar
to the walls of Meandrospira…. we do not observe any am-
ber-coloured test, considered the most characteristic of the
Miliolata” (Krainer and Vachard 2009, p. 13). If Postcladella
has a porcelaneous wall, then it is actually Cornuspira, and in
this case it is not necessary to establish a new genus.

In our material from the Luka� section, planispirally coiled
forms have a very dark, almost black color, amorphous wall,
and in our opinion it is substituted by some ferruginous mate-
rial, possibly pyrite or some organic matter. These forms could
belong to any of the three genera: Cornuspira, Pseudo-
ammodiscus or Ammodiscus. Based on the discussion above and
because uncoiled forms are not present in the material from the
Luka� section, we leave the name Cornuspira with quotation
marks for the species mahajeri with Rectocornuspira kalhori as
its synonym.

In the same paper where the description of the species
“Cornuspira” mahajeri and Rectocornuspira kalhori was given,
Brönnimann et al. (1972) assigned conical tube-like fossils de-
scribed originally by Elliott (1958) as the genus Aeolisaccus
and which he considered to be of uncertain taxonomic position,
to the Paleozoic foraminifer genus Earlandia based on the pres-
ence of a proloculus found in one specimen and the
microgranular wall structure of the tests. However, the true
youngest representatives of the genus Earlandia are from the
Pennsylvanian and no forms of this genus have been reported in
the interval between the Pennsylvanian and Triassic. It is the au-
thors’ opinion that there are no true Earlandia species repre-
sented in this interval although there are forms of
morphologically close to Earlandia with a proloculus that have
been reported from Permian and Triassic strata. Vachard et al.
(2005) first noticed this problem and referred such forms to
Earlandia conditionally because they never observed any
proloculi in their specimens or in other specimens illustrated in
the literature with the exception of the specimen illustrated by
Brönnimann et al. (1972). However, Vachard et al. (2005) com-
pared their sections of Earlandia? with the uncertain taxa
“Aeolisaccus” amplimuralis Panti� and “Aeolisaccus”
tintinniformis Mišik, species which are presently assigned to the
genus Earlandia. Recently, Krainer and Vachard (2009, p. 9)
referred these two species to the genus Earlandia, however,
they noted that Permian-Triassic Earlandia is more similar to
some cyanobacteria than to true Earlandia. The distribution of
the genus Aeolisaccus is from the middle Pennsylvanian to the
Jurassic (Elliott 1958; Vachard et al. 2005). Four species of con-
ical tube-like forms from the Zechstein (Upper Permian) of Po-
land have even been referred to the genus Earlandia by Peryt
and Peryt (1975). Because the genus Aeolisaccus is a taxon of
the uncertain affinity, we use the generic name Earlandia with
quotation marks for the species gracilis and tintinniformis in the
Luka� section.
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Because the first appearance of the conodont species Hindeodus
parvus in the Luka� section is higher than the first appearance
of the foraminifer species “Cornuspira” mahajeri, “Earlandia”
gracilis, and “E.” tintinniformis, we consider that these species
are possibly ecological species, and finding them does not mean
automatically that their presence marks the beginning of the
Triassic worldwide. The mentioned above species appear in the
uppermost bed of the Upper Permian in the Luka� section and
the same occurrence is observed in the Bulla and Tesero sec-
tions in the Southern Alps, northern Italy (Groves et al. 2007).
There the species “Cornuspira” mahajeri (or Rectocornuspira
kalhori) and “Earlandia” spp. appear below the first appear-
ance of H. parvus (below the official Permian-Triassic bound-
ary as defined by conodonts), and are considered as disaster
forms among foraminifers. In the �iri area, according to Grad
and Ogorelec (1980), the dolomite of the Upper Permian and
lowest Triassic formed in a littoral environment marked by very
high salinity. In other Permian-Triassic boundary sections in
different regions of the Tethys the mentioned above species are
associated with stromatolite facies (Groves et al. 2005), oolite
facies (Groves et al. 2007) or thrombolites (Ezaki et al. 2003).
In the Luka� section “Cornuspira” mahajeri and “Earlandia”
gracilis were collected in the “transitional beds” (samples G
and L) of the Luka� Formation deposited in a shallow restricted
marine condition (Kolar-Jurkovšek et al. 2011).

A very poor nodosariid assemblage represented only a few tests
of the species Lingulonodosaria slovenica n. sp. appears in
sample 1A approximately 2m above the PTB together with the
conodont species Hindeodus parvus, Isarcicella staeschei, and
I. turgida in the I. staeschei – I. isarcica conodont Range Zone
of the Luka� section (Kolar-Jurkovšek et al. 2011). Very tiny
tests of this foraminifer were found just above this interval in
sample 1B. Three tests have rounded transverse sections and
were assigned by us to the genus Nodosaria (pl. 5, figs. 15-16)
and the rest of them (10) have oval transverse sections. We
made two thin sections of these tests for the internal structure.
One of the thin sections (pl. 4, fig. 1) shows internal structure
which is similar to that seen in sections of two illustrated
foraminifers as the species Nodosaria expolita Trifonova by
Groves et al. (2005, fig. 1: 9, 10) from the Anisian Çamiçi
Member of the Gevne Formation in the Ta�kent section of cen-
tral Taurides in Turkey. We use the name “Nodosaria” expolita
with quotation marks of the generic name to show their similar-
ity with forms illustrated by Groves et al. (2005), but we are not
sure that our forms with oval transverse sections belong to this
species. Another section of a foraminifer illustrated by us on pl.
4, fig. 2 is assigned to the species Lingulonodosaria sp. 1.
Stratigraphically higher, in sample 4, only tests of the species
Lingulonodosaria slovenica n. sp. occur where they are repre-
sented by megalo- and microspherical specimens. This species
is found still within the I. staeschei – I. isarcica conodont
Range Zone of the Luka� section (Kolar-Jurkovšek et al. 2011).

SYSTEMATIC PALEONTOLOGY

The authors use the system of higher protozoan and
foraminiferal taxa proposed by Cavalier-Smith (1999; 2002)
and Mikhalevich (1998, 2000). The scope of some orders and
families of foraminifers, definition of some terminology for
hemigordiopsids and method for description of nodosariids are
given in Nestell and Nestell (2006), Gerke (1967), Karavaeva
and Nestell (2007), and Nestell et al. (2009). The authors accept
the concept of the family Globivalvulinidae in sense of Gaillot
and Vachard (2007). The collection of foraminifers described

in this paper is deposited in the Geological Survey of Slovenia
(Geološki zavod Slovenije) and abbreviated GeoZS.

Kingdom PROTOZOA Goldfuss 1817; emend. Owen 1858
Subkingdom GYMNOMYXA Lankester 1878 stat. nov. emend.

Cavalier-Smith 2002
Infrakingdom RHIZARIA Cavalier-Smith 2002
Phylum RETARIA Cavalier-Smith 1999 stat. nov. Cava-

lier-Smith 2002
Subphylum FORAMINIFERA (d’Orbigny 1826) Eichwald

1830 stat. nov. Margulis 1974; stat. emend. Cavalier-Smith
2002 [pro phylum Foraminifera by Cavalier-Smith 2002]

Class SPIRILLINATA Mikhalevich 1992; emend. Mikhalevich
1998 [=Spirillinata Maslakova 1990 nomen nudum;
=Spirillinata Maslakova in Maslakova et al. 1995]

Remarks: A discussion about the synonymy of the class
Spirillinata is given in Nestell et al. (2009).

Subclass AMMODISCANA Mikhalevich 1980 [nom. correct.
Mikhalevich 1998 pro subclass Ammodiscata Mikhalevich
1980]

Order HEMIGORDIOPSIDA Mikhalevich 1987 [nom. transl.
Pronina 1990 ex Hemigordiopsina Mikhalevich 1987]

Suborder HEMIGORDIOPSINA Mikhalevich 1987
Family HEMIGORDIIDAE Reitlinger in Vdovenko et al. 1993

Genus Multidiscus A. Miklukho-Maklay 1953; emend. Gaillot and
Vachard 2007 [= Neohemigordius Wang and Sun 1973]
Type species: Nummulostegina padangensis Lange 1925.

Remarks: The generic synonymy is explained in Nestell et al.
(2009).

Range: Lower Permian, Cisuralian, Sakmarian (Pinard and
Mamet 1998; Filimonova 2010) – Upper Permian, Lopingian,
Changhsingian.

Multidiscus zhiriensis Nestell, Kolar-Jurkovšek, Jurkovšek and
Aljinovi�, n. sp.
Plate 1, figures 8-10

Description: Test free, relatively small, bichambered, with
pseudotubular second chamber, pseudoinvolute, ovate in shape,
slightly constricted at both ends in an axial view. Proloculus is
rounded, with diameter 0.02 – 0.04mm. Number of whorls is
5-6½. The first two initial whorls coil in a planispiral matter,
then the axis of coiling changes to 30o and the following three –
four whorls also coil planispirally. The last half of the last whorl
can be insignificantly displaced relatively to the coiling of the
previous whorls. The whorls increase gradually in height (from
0.010mm in the first whorl to 0.025 – 0.030mm in the last
whorls) and width (correspondingly from 0.015 – 0.020mm to
0.050mm). Wall is thin (0.01mm), mostly recrystallized, of vit-
reous appearance, but in some places it is of microgranular
ultrastructure and black in color. Lateral thickenings are well
developed. Aperture is simple, at the end of a pseudotubular
chamber. Dimensions: test diameter (D) 0.25 – 0.39mm, width
(W) 0.17 – 0.27mm, the ratio D/W 1.4 – 1.6, in the holotype
correspondingly 0.39mm, 0.27mm, 1.44.

Designation of types: The specimen illustrated on plate 1, figure
10 is designated as the holotype (no. GeoZS 4107/5). It is from
western Slovenia, �iri area, Luka� section, sample B2,
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Bellerophon Formation, “bellerophon limestone member”; Up-
per Permian, Lopingian, Changhsingian.

Etymology: After the �iri (Zhiri) area, western Slovenia.

Material: Four axial and one equatorial sections.

Discussion: Multidiscus zhiriensis n. sp. is similar to
Multidiscus guangxiensis Lin (1978, p. 30, pl. 5, figs. 21-22) in
the size of the test and number of whorls, but differs from it by
the ovate slightly constricted at both ends shape of the test (in
M. guangxiensis shape of the test is lenticular) and type of coil-
ing (in M. guangxiensis the type of coiling is planispiral).

Occurrence: Upper Permian, Lopingian, Changhsingian; west-
ern Slovenia, �iri area, Luka� section, Bellerophon Formation,
“bellerophon limestone member”.

Multidiscus dinaridicus Nestell, Kolar-Jurkovšek, Jurkovšek and
Aljinovi�, n. sp.
Plate 1, figures 11-12

Description: Test free, of medium size, bichambered, with a
pseudotubular second chamber, pseudoinvolute, discoid, elon-
gate oval in axial section, and compressed lateral sides almost
parallel. Proloculus is rounded, relatively small, with diameter
0.020 – 0.025mm. Number of whorls is 6½. Coiling is
planispiral with an insignificant displacement of the first whorl
relatively to the following whorls. The height and width of the
first whorl is of the same size (0.010mm), the following whorls
increase rather rapidly: the height of the third whorl is 0.015mm
and width 0.030mm, the last whorl is correspondingly
0.040mm and 0.070mm. Wall is mostly recrystallized of vitre-
ous appearance. The thickness of the wall in the last whorl is
from 0.010mm to 0.020mm. Lateral thickenings are developed.
Aperture is simple, at the end of a pseudotubular chamber. Di-
mensions: test diameter (D) 0.34 – 0.51mm, width (W) 0.15 –
0.22mm, the ratio D/W 2.3 – 2.8, in the holotype correspond-
ingly 0.51mm, 0.22mm, 2.3.

Designation of types: The specimen illustrated on plate 1, figure
11 is designated as the holotype (no. GeoZS 4107/6). It is from
western Slovenia, �iri area, Luka� section, sample B2,
Bellerophon Formation, “bellerophon limestone member”; Up-
per Permian, Lopingian, Changhsingian.

Etymology: After the Dinarides.

Material: Three axial and two equatorial sections.

Discussion: Based on the discoid shape of the test, Multidiscus
dinaridicus n. sp. is similar to Multidiscus tauridianus (orth.
mut. herein; sic: tauridiana) Okuyucu (1999, p. 441, pl. 1, fig.
1a-g), but differs from it by the much smaller size of the test,
less number of whorls, displacement of the first whorl relative
to the axis of coiling, lower whorls and the absence of an
evolute last whorl.

Occurrence: Upper Permian, Lopingian, Changhsingian; west-
ern Slovenia, �iri area, Luka� section, Bellerophon Formation,
“bellerophon limestone member”.

Class NODOSARIATA Mikhalevich 1992
Subclass NODOSARIANA Mikhalevich 1992 [nom. correct.
Mikhalevich 1998 pro subclass Nodosarata Mikhalevich 1992;

= Lagenata Maslakova 1990 nomen nudum; = Lagenata
Maslakova in Maslakova et al. 1995]

Remarks: A discussion about the synonymy is given in Nestell
et al. (2009).

Order NODOSARIIDA Calkins 1926 [nom. transl. Mikhalevich
1980 ex order Nodosalida Calkins 1926; = Lagenida
Fursenko 1958; Nodosariida Güvenç 1967]

Family LINGULINIDAE Loeblich and Tappan 1961 [nom.
transl. Grigelis 1977 ex subfamily]

Genus Lingulonodosaria A. Silvestri 1903; reinstated K.
Miklukho-Maklay 1960 [= Lingulinella Gerke 1952; Frondino-
dosaria Sellier de Civrieux and Dessauvagie 1965]
Type species: Lingulina nodosaria Reuss 1863 as designated by
Galloway (1933).

Remarks: The genus Lingulonodosaria was proposed by
Silvestri (1903) for forms earlier considered in the composition
of the genus Lingulina, which is very similar, relative to the
chamber structure, to the genus Nodosaria, but has a com-
pressed test. He noted that several species can be assigned to the
genus Lingulonodosaria from Tertiary deposits, i. e.,
Marginulina beyrichi Reuss, Lingulonodosaria bradii Silvestri,
Lingulina nodosaria Reuss, Nodosaria compressiuscula
Neugeboren, and Dentalina carinata Neugeboren. Unfortu-
nately, Silvestri (1903) did not choose a type species for his new
genus.

Later, Galloway (1933) designated the type species for the ge-
nus Lingulonodosaria Silvestri as the species Lingulina
nodosaria Reuss, but placed Lingulonodosaria back into the
composition of the genus Lingulina. For a long period of time,
the genus Lingulonodosaria was not accepted by many
foraminiferal workers and was left in Lingulina.

K. Miklukho-Maklay (1960) found forms similar to the defini-
tion of the genus Lingulonodosaria in lower Kazanian (Middle
Permian) deposits of the Russian Platform. She reinstated the
genus Lingulonodosaria, gave an emendated diagnosis of the
genus and chose her newly described species Lingulonodosaria
kamaensis as the type species for the genus because she may not
been familiar with the work of Galloway (1933). Following K.
Miklukho-Maklay, Loeblich and Tappan (1964) also accepted
the validity of the genus Lingulonodosaria but with the type
species Lingulina nodosaria Reuss as earlier designated by Gal-
loway (1933) and they included the genus in the composition of
the subfamily Lingulininae Loeblich and Tappan 1961 of the
family Nodosariidae Ehrenberg 1838. However, later they
(Loeblich and Tappan 1987) included the genus in the family
Ichthyolariidae Loeblich and Tappan 1986. Several years later,
K. Miklukho-Maklay (1969) reconsidered the Lingulonodo-
saria problem, compared the differences between the genera
Lingulonodosaria and Lingulina again, and reconfirmed her
earlier conclusion about the validity of both genera.

Almost at the same time, Sellier de Civrieux and Dessauvagie
(1965) published a monograph about the classification of
nodosariids based on the study of representatives of the family
Nodosariidae from the Upper Permian bellerophon limestone
and Liassic of Turkey where many nodosariid genera including
Lingulonodosaria and Lingulina were revised. They also ac-
cepted both genera as valid and gave new diagnoses. The new
diagnosis of the genus Lingulina was based on the restudy of the
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type species, Lingulina carinata, which was proposed by
d’Orbigny (1826). Concerning the genus Lingulonodosaria,
Sellier de Civrieux and Dessauvagie (1965) proposed to substi-
tute the type species Lingulina nodosaria Reuss chosen by Gal-
loway (1933), for Lingulonodosaria bradii Silvestri 1903
considering that Silvestri described the genus Lingulonodosaria
based precisely on this species. Based on the new type species,
L. bradii, which is characterized by a compressed test (elliptical
transverse section) and a distinct radiate aperture, Sellier de
Civrieux and Dessauvagie (1965) emended the diagnosis of the
genus Lingulonodosaria and assigned forms similar to the spe-
cies Lingulina nodosaria Reuss and chosen by Galloway as a
type species of the genus Lingulonodosaria, to their new pro-
posed genus Frondinodosaria that is characterized also by a
compressed test (lensoidal transverse section), but with a dis-
tinct elliptical aperture.

The emendation of Sellier de Civrieux and Dessauvagie (1965)
was not proper, based on the International Commission on Zoo-
logical Nomenclature (1999, articles 24 and 69), and this al-
lowed Loeblich and Tappan (1987) to include the genus
Frondinodosaria in the synonymy of the genus Lingulo-
nodosaria with the type species Lingulina nodosaria Reuss pre-
viously designated by Galloway (1933). Loeblich and Tappan
(1987) also included the genus Lingulinella described by Gerke
(1952) in the synonymy of the genus Lingulonodosaria based
on the same morphology.

We agree with the opinions of K. Miklukho-Maklay (1960;
1969) and Loeblich and Tappan (1964; 1987) on validity of the
genus Lingulonodosaria, but we do not accept the emendation
of the genus by Sellier de Civrieux and Dessauvagie (1965).
Herein, we follow the description of the genus in the sense of
Loeblich and Tappan (1987).

Range: Analyzing the distribution of representatives of the sub-
class Nodosariana in the Paleozoic, we conclude that the first
representatives of the genus Lingulonodosaria appear at the
base of the Middle Permian, Roadian (= Kazanian) (K.
Miklukho-Maklay 1960) and the genus becomes extinct in the
Mesozoic, Lower Cretaceous, Albian (Loeblich and Tappan
1987).

Lingulonodosaria slovenica Nestell, Kolar-Jurkovšek, Jurkovšek
and Aljinovi�, n. sp.
Plate 4, figures 3-7; Plate 5, figures 22-28

Description: Test free, small, uniserial, straight or slightly
curved, from moderately elongate to strongly elongate,
egg-shaped lanceolate in shape (term after Gerke 1967, table 1),
very slow increases in width, and oval in transverse section. Ini-
tial end is rounded in megalospheric tests and acute in
microspheric tests. Apertural end is truncate. Sutures are
slightly excavated and straight. Peripheral margin is slightly
wavy. Number of chambers is 8-12 in the microspheric tests
and 6-11 in megalospheric tests. Proloculus is spherical, with
diameter 0.015 – 0.030mm in microspheric tests and
0.040-0.050mm in megalospheric tests. In microspheric tests,
the next four chambers are low, almost rectangular in shape,
very slowly increasing in height (0.01 to 0.02mm) and width
(0.02 to 0.04mm); the following chambers are cask-shaped and
high. The height of fifth chamber is 0.03mm, last one – 0.050 –
0.065mm; the width is correspondingly 0.05mm and 0.08mm.
In megalospheric tests, the chambers are rounded, high, gradu-
ally increasing in height from 0.03mm in the second chamber to

0.05mm in the last one, and width (correspondingly from
0.04mm to 0.08mm). Chambers do not envelop each other. The
attachment of the chambers is simple without sutural thicken-
ings (Gerke 1967, fig. 13; Karavaeva and Nestell 2007, text-fig.
8). Wall is calcareous, hyaline, of indistinct ultrastructure
(probably, atelo-monolamellar) due to preservation, thin, with
thickness 0.01 - 0.02mm. Septa are straight in the initial part of
the test and slightly curved in the last three-four chambers. Ap-
erture is terminal, simple, probably of oval shape. Dimensions:
in microspheric tests the test length (L) is 0.31 – 0.47mm, width
(W) 0.10 – 0.12mm, the ratio L/W 3.2 – 3.9; in megalospheric
tests L = 0.29 – 0.47mm, W = 0.08 – 0.14mm, the ratio L/W =
2.9 – 3.6; in the holotype correspondingly 0.44mm, 0.12mm,
3.8.

Designation of types: The specimen illustrated on plate 4, figure
7 is designated as the holotype (no. GeoZS 3794/5) and figure 4
as the paratype (no. GeoZS 3794/3), and on plate 5, figures
22-28 as paratypes (22 – no. GeoZS 3794/6, 23 – no. GeoZS
3794/7, 24 – no. GeoZS 3794/8, 25 – no. GeoZS 3794/9, 26 –
no. GeoZS 3794/10, 27 – no. GeoZS 3794/11, 28 – no. GeoZS
3794/12). They are from western Slovenia, �iri area, Luka� sec-
tion, Luka� Formation, “streaky limestone member”, sample 4;
Lower Triassic, lower Induan, Griesbachian, Isarcicella
staeschei – I. isarcica conodont Zone.

Etymology: After Slovenia.

Material: Twenty three free specimens and six oriented axial
sections.

Discussion: It is very difficult to compare the new species
Lingulonodosaria slovenica with other species of the genus be-
cause most described species are based on poorly oriented sec-
tions or free specimens without making thin sections of them to
study their internal structure. Our sections of the new species
were made from free specimens, and based only on the sections,
they can be assigned to Nodosaria or Protonodosaria in sense
of Karavaeva and Nestell (2007). However, free specimens
have a compressed test and possibly oval aperture which
Nodosaria and Protonodosaria do not have. Moreover, in fig-
ure 4 and figures 6-7 on plate 4, this form can easily be consid-
ered as a different species based on different shape of chambers.
There are 23 free tests in our collection, all of them from the
same sample and with the same morphology. Most of them have
a large proloculus and only a few of the tests have a very small
proloculus. Based on such observations, we conclude that there
is alteration of generations or dimorphism in the new species
Lingulonodosaria slovenica.

The only form similar to the new species is illustrated on pl. 15,
fig. 2 by Sellier de Civrieux and Dessauvagie (1965) as “genre
nodosariforme, indéterminé” from the bellerophon limestone of
Turkey. Our specimens differ from it by the larger size of the
test, different type of chamber growth and the shape of cham-
bers.

Occurrence: Lower Triassic, lower Induan, Griesbachian,
Isarcicella staeschei – I. isarcica conodont Zone; western
Slovenia, �iri area, Luka� section, Luka� Formation, “streaky
limestone member”.
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Family GEINITZINIDAE Bozorgnia 1973 [= Lunucamminidae
Haynes 1981]

Genus Geinitzina Spandel 1901; emend. Sellier de Civrieux and
Dessauvagie 1965 [= Geinitzella Spandel 1898 not Geinitzella
Waagen and Wentzel 1866; Neogeinitzina K. Miklukho-Maklay
1954 not Neogeinitzina Brotzen 1963]
Type species: Geinitzina postcarbonica Spandel 1901.

Remarks: A detailed nomenclatural history of the genus
Geinitzina is given in Groves and Wahlman (1997). We accept
the emendation of the genus by Sellier de Civrieux and
Dessauvagie, and follow Vachard (1994) and Groves and
Wahlman about excluding the genus Eogeinitzina Lipina 1950
from the composition of the genus Geinitzina. We consider that
the inclusion of the genus Spandelina Cushman and Waters
1928 as a junior synonym of the genus Geinitzina, as was pro-
posed by Loeblich and Tappan (1987) and supported by Groves
and Wahlman (1997), is premature because representatives of
the genus Spandelina are different in morphology from repre-
sentatives of the genus Geinitzina.

Range: According to Groves (2000; 2002), the first representa-
tives of the genus Geinitzina appear in the uppermost part of the
Gzhelian (the lowest part of the Council Grove Group, Foraker
Formation, Hughes Creek Shale, Kansas, USA) just before the

Carboniferous-Permian boundary, which is in the
Streptognathodus wabaunsensis conodont Zone (Boardman et
al. 2009). The last representatives of the genus Geinitzina are
known at the end of the Permian worldwide.

Geinitzina pusilla K. Miklukho-Maklay 1954
Plate 2, figure 13

Geinitzina pusilla Grozd. (in litt.) – K. MIKLUKHO-MAKLAY 1954,
p. 34, pl. 3, fig. 7.

Geinitzina pusilla Grozdilova - LIN et al. 1990, p. 234, pl. 29, figs.
29-30; SONG et al. 2006, pl. 3, fig. 13.

Designation of types (designated here): The specimen illus-
trated and described in K. Miklukho-Maklay (1954) on plate 3,
figure 7, page 34 is designated as the holotype under number
13014/30 (thin section 341-2(47)) which is deposited in the col-
lection number 13014 in the Central Research Museum of Geo-
logical Exploration (CRMGE) at VSEGEI, St. Petersburg,
Russia. It is from Nikitin Ravine, Belalabinskaya Group,
Urushtenian reefal limestone lithofacies, Upper Permian,
Changhsingian.

Remarks: Grozdilova described the species Geinitzina pusilla
from Lower Permian (uppermost part of the Artinskian) depos-
its of the Urals based only on a drawing in her never published
PhD dissertation in 1946 which is deposited in the Archive of
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PLATE 1
Foraminifers from the Upper Permian, Changhsingian, Luka� section, Bellerophon Formation,

“Bellerophon limestone member”, western Slovenia.

1 Tuberitina? sp., no. GeoZS 4110/1, ×100, axial sec-
tion, sample B5.

2-6 Hemigordius cf. H. komiricensis Nestell, Sudar,
Jovanovi� and Kolar-Jurkovšek, ×100. 2 – no. GeoZS
4109/1, axial section, sample B4; 3 – no. GeoZS
4107/1, axial section, sample B2; 4 – no. GeoZS
4107/2, axial section, sample B2; 5 – no. GeoZS
4112/1, axial section, sample B7; 6 – no. GeoZS
4112/2, close to axial section, sample B7.

7 Hemigordius sp. 1, no. GeoZS 4114/1, axial section,
×100, sample B9.

8-10 Multidiscus zhiriensis Nestell, Kolar-Jurkovšek,
Jurkovšek and Aljinovi�, n. sp., ×100. 8 - no. GeoZS
4107/3, axial section, sample B2; 9 – no. GeoZS
4107/4, 10 – no. GeoZS 4107/5; holotype, axial sec-
tion, sample B2.

11-12 Multidiscus dinaridicus Nestell, Kolar-Jurkovšek,
Jurkovšek and Aljinovi�, n. sp., ×100. 11 – no. GeoZS
4107/6, holotype, axial section, sample B2; 12 – no.
GeoZS 4107/7, axial section, sample B2.

13 Hemigordius sp. 2, ×100, no. GeoZS 4116/1, axial
section of partly recrystallized specimen, sample B11.

14 Hemigordius sp. 3, ×100, no. GeoZS 4112/3, close to
axial section, sample B7.

15 Multidiscus cf. M. vlasicus Nestell, Sudar, Jovanovi�
and Kolar-Jurkovšek, no. GeoZS 4111/1, close to ax-
ial section of partly recrystallized specimen, sample
B6.

16-20 Neodiscus ex gr. N. quinlongensis Wang, ×100. 16 –
no. GeoZS 4107/8, axial section, sample B2; 17 – no.
GeoZS 4107/9, axial section, sample B2; 18 – no.
GeoZS 4107/10, close to axial section, sample B2; 19
– no. GeoZS 4107/11, close to axial section, sample
B2; 20 – no. GeoZS 4107/12, close to axial section,
sample B2.

21 Neodiscus? sp., no. GeoZS 4108/1, axial section of
partly recrystallized specimen, sample B3.

22-23 Neodiscus sp. 1, ×100. 22 – no. GeoZS 4115/1, close
to axial section, sample B10; 23 – no. GeoZS 4115/2,
transverse section of recrystallized specimen showing
the coiling of the initial part, sample B10.

24 Neodiscus sp. 2, ×100, no. GeoZS 4114/2, axial sec-
tion of partly recrystallized specimen, sample B9.
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Geological Report Section at VSEGEI, St. Petersburg, Russia.
The first worker who used this name was K. Miklukho-Maklay
(1954) who gave a diagnosis of the species G. pusilla for a form
described from the Upper Permian deposits of the northern
Caucasus. She considered that these forms were similar to
Grozdilova’s drawing, although her specimens were in thin sec-
tions. Based on this conclusion, K. Miklukho-Maklay consid-
ered that the author of the species G. pusilla was Grozdilova,
but she was mistaken because the description of the species was
not officially published (International Commission on Zoologi-
cal Nomenclature 1999, chapter 3, article 8). Here, we follow
the Ellis and Messina (1942—) where the species G. pusilla is
“treated as a new species and credited to Miklukho-Maklay as
the author of the first published description.”

Occurrence: Upper Permian, Lopingian, Changhsingian; west-
ern Slovenia, �iri area, Luka� section, Bellerophon Formation,
“bellerophon limestone member”; northwestern Caucasus,
Nikitin Ravine, Belalabinskaya Group, Urushtenian reefal lime-
stone lithofacies; South China, Zhejiang Province, Meishan sec-
tion, and Hubei Province, Jian Nan and Gi Yue Mountains.

“Geinitzina” leonardii Loriga 1960
Plate 3, figures 1-3; Plate 5, figures 6-10

Geinitzina leonardii LORIGA 1960, p. 62, pl. 4, fig. 5, text-fig. 14.
“Geinitzina” leonardii Loriga NESTELL et al. 2006, pl. 3, figs. 24-25.

Remarks: Specimens illustrated by us are very similar to the
species Geinitzina leonardii described by Loriga (1960, p. 62,
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PLATE 2
Foraminifers from the Upper Permian, Changhsingian, Luka� section, Bellerophon Formation,

“Bellerophon limestone member”, western Slovenia.

1,3 Pseudomidiella sp. 1, ×100. 1 – no. GeoZS 4112/4,
oblique axial section, megalospheric specimen, sam-
ple B7; 3 – no. GeoZS 4112/6, oblique equatorial sec-
tion, megalospheric specimen, sample B7.

2 Neodiscus milliloides A. Miklukho-Maklay, ×100,
no. GeoZS 4112/5, close to axial section, sample B7.

4-5 Midiella broennimanni (Altiner), ×100. 4 – no.
GeoZS 4112/7, slightly tangential axial section, sam-
ple B7; 5 – no. GeoZS 4111/2, tangential axial section,
sample B6.

6-7 Midiella cf. M. gigantea (Bérczi-Makk, Csontos and
Pelikán), ×100. 6 – no. GeoZS 4111/3, tangential axial
section, sample B6; 7 – no. GeoZS 4109/2, tangential
axial section, sample B4.

8-9 Pseudomidiella sp. 2, ×100. 8 – no. GeoZS 4108/2,
close to axial section, sample B3; 9 – no. GeoZS
4108/3, tangential transverse section showing septa,
sample B3.

10 Protonodosaria mirabilis caucasica (K. Miklukho-
Maklay), ×100, no. GeoZS 4111/4, axial section, sam-
ple B6.

11 Polarisella cf. P. sagitta (K. Miklukho-Maklay),
×100, no. GeoZS 4111/5, tangential axial section,
sample B6.

12 Nodosariida indet., ×100, no. GeoZS 4107/13, axial
section of broken test, sample B2.

13 Geinitzina pusilla K. Miklukho-Maklay, ×100, no.
GeoZS 4106/1, axial section of free test, sample B1.

14 Frondina sp., ×100, no. GeoZS 4115/3, lateral sec-
tion, sample B10.

15 Geinitzina taurica Sellier de Civrieux and Des-
sauvagie, ×100, no. GeoZS 4115/4, close to axial sec-
tion, sample B10.

16-18 Pachyphloia spp., ×100. 16 – no. GeoZS 4111/6, lat-
eral section, sample B6; 17 – no. GeoZS 4112/8, lat-
eral section, sample B7; 18 – no. GeoZS 4112/9,
lateral section, sample B7.

19-20 Frondina guangxiensis (Lin), ×100. 19 – no. GeoZS
4116/2, transverse section, sample B11; 20 – no.
GeoZS 4116/3, tangential axial section, sample B11.

21 Geinitzina araxensis Pronina, ×100, no. GeoZS
4115/5, close to axial section, sample B10.

22 Geinitzina ichnousa Sellier de Civrieux and Des-
sauvagie, ×100, no. GeoZS 4116/4, close to axial sec-
tion, sample B11.

23-25 Rectostipulina quadrata Jenny-Deshusses, ×100. 23 –
no. GeoZS 4111/7, transverse section, sample B6; 24
– no. GeoZS 4111/8, transverse section, sample B6;
25 – no. GeoZS 4111/9, transverse section, sample
B6.

26 Robuloides acutus Reichel, ×200, no. GeoZS
4112/10, axial section, sample B7.
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pl. 4, fig. 5 and text-fig. 14) from the Upper Permian
Bellerophon Formation of the Dolomites in the shape of the
tests, number of chambers and size, but our specimens are
mostly recrystallized and some are broken due to the preserva-
tion. The tests also vary in shape from narrow (pl. 3, fig. 1; pl. 5,
figs. 7, 8 and 9) to wide arrowhead shaped (pl. 3, figs.2 and 3;
pl. 5, figs. 6 and 10) and somewhat triangular. Based on the
lens-shaped or elliptical transverse section, crescentiform shape
of the chambers, strongly enveloping chambers and probably a
radiate aperture, and judging from the holotype of G. leonardii
illustrated by Loriga, we consider that the species G. leonardii
does not belong to the genus Geinitzina which has a bilobed
transverse section, sinus-shaped chambers, less enveloping
chambers and an oval aperture. Thus, we use the generic name
Geinitzina with quotation marks. There is not enough material
in our collections to establish a new genus because the occur-
rence of such forms appears to be rare in the Luka� section.

Occurrence: Upper Permian, Lopingian, Changhsingian; west-
ern Slovenia, �iri area, Luka� section, Bellerophon Formation,
“bellerophon limestone member”; Italy, the Dolomites,
Marebbe Valley, Bellerophon Formation; Middle Permian,
Capitanian, West Texas, Guadalupe Mountains, Bell Canyon
Formation, Rader Member.

Class ROTALIATA Mikhalevich 1980 [nom. transl.
Mikhalevich 1983 ex class Rotaliea Mikhalevich 1980]

Subclass TEXTULARIANA Mikhalevich 1980 [nom. correct.
Mikhalevich 1998 pro subclass Textulariata Mikhalevich
1980]

Order BISERIAMMINIDA Mikhalevich 1981
Family GLOBIVALVULINIDAE Reitlinger 1950 [nom. transl.

Gaillot and Vachard 2007 ex subfamily]

Genus Globivalvulina Schubert 1920
Type species: Valvulina bulloides Brady 1876.

Range: Carboniferous, Mississippian, late Tournasian (Gaillot
and Vachard 2007) – Upper Permian, Lopingian, Changh-
singian.

Globivalvulina lukachiensis Nestell, Kolar-Jurkovšek, Jurkovšek
and Aljinovi�, n. sp.
Plate 3, figures 4-12

Globivalvulina kantharensis Reichel – ZHAO et al. 1981, pl. 2, fig. 6.
Globivalvulina sp. – KOTLYAR et al. 1983, pl. 6, fig. 11.
Globivalvulina sp. 1 – PRONINA 1988, pl. 2, figs. 5-6; 1989, pl. 1, figs.

5, 8.
Globivalvulina araxensis Pronina (nomen nudum) – PRONINA-

NESTELL and NESTELL 2001, pl. 5, fig. 1.
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PLATE 3
Foraminifers from the Upper Permian, Changhsingian, Luka� section, Bellerophon Formation,

“Bellerophon limestone member”, western Slovenia.

1-3 “Geinitzina” leonardii Loriga, ×100. 1 – no. GeoZS
4115/6, close to axial section, sample B10; 2 – no.
GeoZS 4115/7, close to axial section, sample B10; 3 –
no. GeoZS 4115/8, close to axial section, sample B10.

4-12 Globivalvulina lukachiensis n. sp., ×100. 4 – no.
GeoZS 4106/2, oblique section, sample B1; 5 – no.
GeoZS 4115/9, transverse axial section, sample B10;
6 – no. GeoZS 4115/10, oblique section, sample B10;
7 – no. GeoZS 4115/11, tangential section, sample
B10; 8 – no. GeoZS 4115/12, transverse axial section,
sample B10; 9 – no. GeoZS 4115/13, tangential sec-
tion, sample B10; 10 – no. GeoZS 4115/14, holotype,
transverse axial section, sample B10; 11 – no. GeoZS
4115/15, tangential section, sample B10; 12 – no.
GeoZS 4107/14, tangential section, sample B2.

13-14 Septoglobivalvulina? sp., ×100. 13 – no. GeoZS
4106/3, tangential section, sample B1; 14 – no. GeoZS
4106/4, tangential section, sample B1.

15-16 Globivalvulina sp., ×80. 15 – no. GeoZS 4107/15, tan-
gential section, sample B2; 16 – no. GeoZS 4109/3,
transverse axial section, sample B4.

17 Paraglobivalvulina gracilis Zaninetti and Altiner,
×80, no. GeoZS 4111/10, transverse axial section,
sample B6.

18-19 Paraglobivalvulina sp. 2, ×70. 18 – no. GeoZS
4116/5, tangential section, sample B11; 19 – no.
GeoZS 4116/6, tangential section, sample B11.

20-21 Dagmarita spp., ×100. 20 – no. GeoZS 4116/7, tan-
gential section, sample B11; 21 – no. GeoZS 4111/11,
tangential section, sample B6.

22 Reichelina sp., ×100, no. GeoZS 4111/12, tangential
section, sample B6.

23 Palaeotextulariida indet., ×80, no. GeoZS 4107/16,
close to axial section, sample B2.

24 Nankinella sp., ×60, no. GeoZS 4113/1, close to axial
section of recrystallized specimen, sample B8.
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Globivalvulina bulloides (Brady) – ZHAO et al. 1981, pl. 2, figs. 4-5;
SONG et al. 2007, fig. 6A; SONG, TONG et al. 2009, fig. 7: 29-35.

Description: Test small, planispirally coiled with a biserial
chamber arrangement. Number of chambers in each row is 6-8.
Proloculus is spherical, with diameter 0.02mm. Successive
chambers are rounded-triangular. The first three – six chambers
evenly increase in size, the last two chambers usually signifi-
cantly increase in height. The height of the last chamber is 0.08
– 0.14mm. Wall is calcareous, double-layered, consists of inter-
nal microgranular layer of black color and external very thin

hyaline radial layer. The thickness of the wall is 0.01mm. Di-
mensions: the test diameter (or height) is 0.15 – 0.28mm, width
0.10 – 0.15mm, in the holotype correspondingly 0.24mm and
0.10mm.

Designation of types: The specimen illustrated on plate 3, figure
10 is designated as the holotype (no. GeoZS 4115/14). It is from
western Slovenia, �iri area, Luka� section, Bellerophon Forma-
tion, “bellerophon limestone member”, sample B10; Upper
Permian, Lopingian, Changhsingian.
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PLATE 4
Foraminifers from the Permian-Triassic boundary interval, Luka� section, western Slovenia.

1 “Nodosaria” expolita Trifonova, ×200, no. GeoZS
3792/1, axial section, sample 1B; Luka� Formation,
“streaky limestone member”; Lower Triassic, lower
Induan, Griesbachian, Isarcicella staeschei – I.
isarcica conodont Zone.

2 Lingulonodosaria sp. 1, ×200, no. GeoZS 3792/2,
close to axial section, sample 1B; Luka� Formation,
“streaky limestone member”; Lower Triassic, lower
Induan, Griesbachian, Isarcicella staeschei – I.
isarcica conodont Zone.

3-7 Lingulonodosaria slovenica Nestell, Kolar-
Jurkovšek, Jurkovšek and Aljinovi�, n. sp., ×200. 3 –
no. GeoZS 3794/1, axial section, 4 – no. GeoZS
3794/2, paratype, axial section of megalospherical
specimen, 5 – no. GeoZS 3794/3, lateral axial section
of microspherical specimen, 6 – no. GeoZS 3794/4,
axial section of microspheric specimen, 7 – no.
GeoZS 3794/5, holotype, axial sect ion of
microspheric specimen; sample 4; Luka� Formation,
“streaky limestone member”; Lower Triassic, lower
Induan, Griesbachian, Isarcicella staeschei – I.
isarcica conodont Zone.

8-10 “Earlandia” gracilis (Panti�), ×200. 8 – no. GeoZS
3846/1, transverse section, sample G; 9 – no. GeoZS
3846/2, longitudinal section, sample G; 10 – no.
GeoZS 3846/3, longitudinal section, sample G; Luka�
Formation, “transitional beds”; Upper Permian, up-
permost Changhsingian, Hindeodus praeparvus
conodont Zone.

11-26,
30-31

“Cornuspira” mahajeri Brönnimann, Zaninetti and
Bozorgnia, ×200. 11 – no. GeoZS 3846/4, tangential
transverse section, sample G; 13 – no. GeoZS 3846/5,
close to axial section, sample G; 14 – no. GeoZS
3846/6, close to axial section, sample G; Luka� For-
mation, “transitional beds”, Upper Permian, upper-
most Changhsingian, Hindeodus praeparvus
conodont Zone; 12 – no. GeoZS 3851/1, close to axial
section, sample L; 15 – no. GeoZS 3851/2, close to ax-

ial section, sample L; 16 – no. GeoZS 3851/3, close to
axial section, sample L; 17 – no. GeoZS 3851/4, close
to axial section, sample L; 18 – no. GeoZS 3851/5,
transverse section, sample L; 19 – no. GeoZS 3851/6,
transverse section, sample L; 20– no. GeoZS 3851/7,
close to axial section, sample L; 21 – no. GeoZS
3851/8, tangential axial section, sample L; 22 – no.
GeoZS 3851/9, close to axial section, sample L; 23 –
no. GeoZS 3851/19, close to axial section, sample L;
24 – no. GeoZS 3852/1, tangential axial section, sam-
ple M; 25 – no. GeoZS 3852/2, tangential axial sec-
tion, sample M; Luka�Formation, “transitional beds”;
Lower Triassic, lower Induan, Griesbachian,
Hindeodus parvus conodont Zone; 26 – no. GeoZS
3892/1, tangential axial section, sample 10B, Luka�
Formation, “streaky limestone member”; Lower Tri-
assic, lower Induan, Griesbachian, Isarcicella
staeschei – I. isarcica conodont Zone; 30 – no. GeoZS
3836/1, close to axial section, sample 22; 31 – no.
GeoZS 3836/2, tangential axial section, sample 22;
Luka� Formation, “streaky limestone member”;
Lower Triassic, lower Induan, Griesbachian,
Hindeodus postparvus conodont Zone.

27 Lingulonodosaria sp., ×200, no. GeoZS 3840/1,
transverse section, sample A (Da), Luka� Formation,
“transitional beds”; Upper Permian, uppermost
Changhsingian, Hindeodus praeparvus conodont
Zone.

28 Lingulonodosaria? sp., ×200, no. GeoZS 3891/1, tan-
gential axial section, sample 1A (D-1A); Luka� For-
mation, “streaky limestone member”; Lower Triassic,
lower Induan, Griesbachian, Isarcicella staeschei – I.
isarcica conodont Zone.

29 “Earlandia” sp., ×200, no. GeoZS 3892/2, longitudi-
nal section, sample 10B, Luka� Formation, “streaky
limestone member”; Lower Triassic, lower Induan,
Griesbachian, Isarcicella staeschei – I. isarcica cono-
dont Zone.
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Etymology: After the Luka� (Lukach) section.

Material: Ten sections from western Slovenia, Luka� section
and six sections from Transcaucasia, the Dorasham II-1 and
Dorasham II-3 sections (unpublished material of Nestell).

Discussion: The small size of the test, large number of cham-
bers, type of chamber growth and very thin wall are the charac-
teristic features for the new species Globivalvulina
lukachiensis. Based on such features, the new species differs
from all known species of the genus Globivalvulina. Some
foraminiferal workers (see synonymy) identified small
Globivalvulinas from the Changhsingian as G. bulloides
(Brady) do not taking into consideration the size and strati-
graphic level of true G. bulloides. The latter species has larger
diameter (or height) of the test (0. 475mm), six chambers in a
row, thickness of the wall (0.01 – 0.025mm) and lower strati-
graphic level (upper Pennsylvanian) (Brenckle 2005).

Occurrence: Upper Permian, Lopingian; Changhsingian of
western Slovenia, Luka� section, Bellerophon Formation,
“bellerophon limestone member”; Transcaucasia, the upper part
of the Dzhulfian or Wuchiapingian (Paradagmarita
flabelliformis Zone) and Dorashamian or Changhsingian
(Protonodosaria doraschamensis – P. delicata Zone);
Changhsingian of China.

CONCLUSIONS

Foraminifers from the Upper Permian Bellerophon Formation
and lowermost Triassic Luka� Formation in the Luka� section,
western Slovenia are studied, described and illustrated here for
the first time. Four new species of foraminifers are described:
Multidiscus zhiriensis, M. dinaridicus and Globivalvulina
lukachiensis from the Upper Permian, and Lingulonodosaria
slovenica from the lowermost Triassic.
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PLATE 5
Free specimens of the foraminifers from the Upper Permian, Changhsingian, Bellerophon Formation, “bellerophon limestone

member” (figs. 1 - 14) and Lower Triassic, lower Induan, Griesbachian, Luka� Formation, “streaky limestone member”,
Isarcicella staeschei – I. isarcica conodont Zone (figs. 15 – 29); Luka� section, western Slovenia. Scale bar - 100µm.

1-2 Multidiscus sp. 1, no. GeoZS 4109/4, recrystallized
broken specimen showing planispiral coiling of the
initial part, sample B4; 2 – no. GeoZS 4106/5, broken
specimen showing planispiral coiling, sample B1.

3 Pseudomidiella? sp., no. GeoZS 4106/6, lateral view
of partly broken specimen, sample B1.

4 Geinitzina sp. 1, no. GeoZS 4115/16, axial view, sam-
ple B10.

5 Geinitzina sp. 2, no. GeoZS 4115/17, axial view, sam-
ple B10.

6-10 “Geinitzina” leonardii Loriga. 6 – no. GeoZS
4115/18, 6a - axial view of partly broken specimen, 6b
– the same specimen under light microscope showing
chamber arrangement, sample B10; 7 – no. GeoZS
4115/19, axial view, sample B10; 8 – no. GeoZS
4115/20, 8a - axial view of broken specimen, 8b – the
same specimen under light microscope showing
chamber arrangement, sample B10; 9 – no. GeoZS
4110/2, axial view, sample B5; 10 – no. GeoZS
4116/8, axial view of specimen under light micro-
scope showing chamber arrangement, sample B11.

11 Frondina sp. 1, no. GeoZS 4110/3, axial view, sample
B5.

12 ?Geinitzina cylindrica Woszczyñska, no. GeoZS
4106/7, axial view, sample B1.

13 Frondina sp. 2, no. GeoZS 4115/21, axial view, sam-
ple B10.

14 Nodosariida indet., no. GeoZS 4115/22, axial view of
partly broken specimen showing internal structure of
the initial part of the test, sample B10.

15-16 Nodosaria spp. 15 – no. GeoZS 3792/3, axial view,
sample 1B; 16 – no. GeoZS 3792/4, axial view, sam-
ple 1B.

17-20 “Nodosaria” expolita Trifonova. 17 – no. GeoZS
3792/5, axial view, sample 1B; 18 – no. GeoZS
3792/6, axial view, sample 1B; 19 – no. GeoZS
3792/7, axial view, sample 1B; 20 – no. GeoZS
3792/8, axial view, sample 1B.

21 Lingulonodosaria sp. 1, no. GeoZS 3792/9, axial
view, sample 1B.

22-28 Lingulonodosaria slovenica Nestell, Kolar-
Jurkovšek, Jurkovšek and Aljinovi�, n. sp. 22 – no.
GeoZS 3794/6, paratype, axial view, sample 4; 23 –
no. GeoZS 3794/7, paratype, axial view, sample 4; 24
– no. GeoZS 3794/8, paratype, axial view, sample 4;
25 – no. GeoZS 3794/9, paratype, axial view, sample
4; 26 – no. GeoZS 3794/10, paratype, lateral view,
sample 4; 27 – no. GeoZS 3794/11, paratype, axial
view, sample 4; 28 – no. GeoZS 3794/12, paratype,
axial view, sample 4.

29 Lingulonodosaria? sp., no. GeoZS 3794/13, axial
view, sample 4.



micropaleontology, vol. 57, no. 3, 2011 217

Galina P. Nestell, T. Kolar-Jurkovšek, B. Jurkovšek and D. Aljinoviç Plate 5



The assemblage of Late Permian foraminifers present in lime-
stone of the lower part of the Bellerophon Formation consists of
species characteristic for the Changhsingian of many regions of
the Tethys: northwestern Caucasus, Transcaucasia, Turkey,
northern Italy, northwestern Serbia, northeastern Hungary,
Iran, and South China. Unfortunately, the upper part of the
Bellerophon Formation in the Luka� section is represented by
dolomite and does not contain foraminifers.

The Permian-Triassic boundary interval is represented by “transi-
tional beds” and contains foraminifers and conodonts. The species
“Cornuspira” mahajeri, “Earlandia” gracilis, and “E.”
tintinniformis, marking the lower boundary of the Triassic world-
wide based on foraminifers, are found below the first appearance
of the conodont species Hindeodus parvus (sample G) and above
the boundary (samples G, L and M). Thus, these species are possi-
bly ecological species and their appearance coincides with a stress-
ful shallow water environment of increasing salinity with some
oolites, stromatolites and microbiolites present.

The first nodosariid foraminifers were recovered in our samples
for approximately 2m above the Permian-Triassic boundary
(samples 1A and 1B). A second interval with nodosariid
foraminifers is approximately 5m above the boundary (sample
4). Both intervals with nodosariids are confined to the last oc-
currence of the conodont species Hindeodus parvus within the
Isarcicella staeschei – I. isarcica conodont Range Zone of the
“streaky limestone member” of the Triassic Luka� Formation
(Kolar-Jurkovšek et al. 2011).
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