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ABSTRACT
In this paper, the taxonomy, biostratigraphy and stratigraphic range of Late Anisian (Illyrian) to Ladinian (Fassanian-Lon-
gobardian) radiolarians are examined from three continuous successions of the “Buchenstein Beds” (Livinallongo Formation) 
from the Seceda area, Dolomites in Northern Italy. The investigated sections contain well-preserved and diverse radiolarian 
assemblages, with 76 genera and 180 species, including one new genus and 18 new species. The richest and well-preserved radi-
olarian horizon belongs to the transition between the Spongosilicarmiger transitus and Spongosilicarmiger italicus Radiolarian Zones. 
This horizon is equivalent in age to the Reitziites reitzi Ammonoid Zone (Reitzi Subzone to Avisianum Subzone) and Paragondolella? 
trammeri Conodont Zone. This study provides new insights into the stratigraphic ranges of 180 species. The revisions to strati-
graphic ranges indicate that the late Anisian (Illyrian) had a higher diversity of radiolarians than previously reported. 

KEY WORDS
Middle Triassic, Radiolaria, Biostratigraphy, Paleobiogeography, Buchenstein Basin, Seceda

1 . INTRODUCTION

The origin of this project goes back more than 25 years. In the 
mid-1990s, two possible candidate Anisian/Ladinian boundary 
sections were identified for the Global Boundary Stratotype 
Section and Point (GSSP) of the base of the Ladinian stage: the 
Bagolino section (Southern Alps), Italy and the Felsőörs sec-
tion, Balaton Highland, Hungary. Eventually, the GSSP was 
defined in the Caffaro river bed close to the Bagolino village in 
the renowned “Buchenstein Beds” (Livinallongo Formation) at 
the base of the Eoprotrachyceras curionii ammonoid Zone and the 
first appearance of Neogondolella praehungarica conodont species 
(e. g. Brack et al., 2005). In the accepted global reference sec-
tion, mainly marine invertebrate fossils provided the primary 
basis for positioning the GSSP. The Middle Triassic macro- and 
microfaunas of this section and generally from the Southern 
Alps have been increasingly well-documented over a century 
and many of these groups have provided essential data for con-
structing the Middle Triassic timescale. The particularly im-
portant fossil groups in this regard are ammonoids, bivalves, 
conodonts, foraminifers, palynomorphs and last but not least, 
radiolarians. Unfortunately, the Bagolino GSSP reference sec-
tion contains no sufficiently preserved radiolarians, which 
hampers the direct correlations of ammonoids, conodonts and 
radiolarians. In contrast, the investigated sections around Sece-
da include rich radiolarian communities along with ammonites 
and Daonella (Brack & Rieber, 1993), conodonts (Muttoni et 
al., 2004), foraminifers (Maurer & Rettori, 2002) and paly-
nomorphs (Hochuli et al., 2015). Consequently, this work illus-
trates that radiolarians might play an especially important role 
in the Middle Triassic biostratigraphy and presents a descrip-
tion and illustration of 180 species in 76 genera including 18 

new radiolarian species and 1 new genus from the Seceda area 
in the Dolomites, Southern Alps. In addition, this report from 
the Seceda Mountains is the first in a series of publications 
dealing with the taxonomy, phylogeny and evolution history of 
Triassic radiolarians from the Western Tethyan area. 

2 . PALEOGEOGRAPHY AND GEOLOGICAL SE T T ING OF THE 
 DOLOMITES

The Dolomites are one of the most spectacular mountain 
chains in the Southern Alps – External Dinarides domain 
(Fig. 1) which tectonically represent allochthonous units of the 
Adriatic Plate. The Adria-derived allochthon units comprise 
dominantly continental crust (Fig.  2) that remained loosely 
 attached to Gondwana during and after Mesozoic rifting (e. g. 
Stampfli, 2005). The Adriatic plate (Apulian Plate) was 
pushed into the Eurasian continental lithosphere through the 
convergence between the Eurasian and African plates during 
Cretaceous–Cenozoic times (e. g. Battaglia et al., 2004). Con-
versely, the motion of Adria-derived allochthon units suggests 
that they are completely independent of both the African con-
tinent and the Eurasian plate’s movement (e. g. Battaglia et 
al., 2004). 
The Dolomites were located on a wide passive continental 
 margin of the Neotethyan ocean (Fig. 2) from the Early Triassic 
(e. g. Brack et al., 1999). They are characterized by massive 
early Mesozoic carbonate buildups, affected by active transten-
sional tectonic activity, associated with differential subsid-
ence  and uplift and a significant volcanic event during the 
Middle Triassic (e. g. Brack & Rieber, 1993). In the early 
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F IGURE 1 . Generalised tectonic map of the Alps and Dinarides, showing the location of the Dolomites in the Southern Alps (simplified after Schmid et al., 2004; 
Bousquet et al., 2012).

F IGURE 2 . Palaeogeographic reconstruction for the Anisan showing the Southern Alpine (SA) location, including Seceda and the Dolomites (after Barrier et al., 2018). 
AA =  Austroalpine units, Ad = Adria, Ap = Apulia, Bü = Bükk, JA = Julian Alps, MT = Mid-Transdanubian unit, OD = Outer Dinarides, ST = Slovenian Trough, 
TR = Transdanubian Central Range, WC = Western Carpathians.
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 Middle Triassic, shallow-water carbonate-producing environ-
ments developed with regionally different subsidence histories. 
During the late Anisian, the western part of the Dolomites was 
uplifted and subaerially eroded, locally exposing Permian sed-
iments (e. g. Bosellini, 1968), while subsidence was still active 
throughout the eastern Dolomites (Bosellini et al., 2003). In 
the latest Anisian, the carbonate platform system was drowned 
through increasing subsidence and a relatively deep (up to 
800 m) basin system formed between remaining and fast up-
building carbonate platforms (e. g. Bosellini & Rossi, 1974, 
Gaetani et al., 1981). Organic-rich sediments, reworked plat-
form carbonates and siliceous pelagic carbonates accumulated 
in various thicknesses in the hemipelagic basin (Livinallongo 
Formation = “Buchenstein Beds”). Additionally, this formation 
contains a large number of characteristic volcanoclastic layers 
(“pietra verde”) as well (Brack & Rieber, 1993). Suboxic or low 
oxic conditions often characterized the bottom waters, while a 
rich biocommunity existed in the surface waters, as evidenced 
by rich ammonite, planktonic bivalve and radiolarian faunas 
(Fig. 3). During the Ladinian, mafic magmatism became wide-
spread and dominant in the Dolomites (e. g., Doglioni, 1987). 
The deep interplatform basins were rapidly filled with massive 
erosional products (megabreccias, olistholits, etc.), and volcanic 
materials (pillow lavas, hyaloclastite). 

2 .1 THE BUCHENSTE IN BASINS

The Middle Triassic palaeogeography in the Dolomites was 
mainly characterized by shallow carbonate platforms bound by 
narrow but relatively deep basins (e. g. Bosellini, 1984; Brack 
& Rieber, 1993). In these basins, the classical “Buchenstein 
Beds” (Buchenstein/Livinallongo Fm. of the Buchenstein Group 
sensu Viel, 1979) formed. The name ”Buchenstein“ was intro-
duced by Richthofen (1860) for a characteristic and up to 
70 m thick succession consisting of siliceous carbonates, car-
bonate turbidites and fine to coarse-grained volcanoclastic 
layers (Viel, 1979; Brack & Rieber, 1993; Brack et al., 2000, 
etc.). The “Buchenstein Beds” were subdivided by Mojsisovics 
(1879) into three main lithological units. Based on a quite de-
tailed revised description of Brack & Rieber (1993), the three 
units are the following: 1. The lower Plattenkalke, organic-rich, 
thin-bedded, dark grey siliceous limestone to dolomitic mud-
stone. This unit contains the best preserved and rich radiolari-
an material, and also contains large amounts of Daonella shells; 
2. The Knollenkalke part of the “Buchenstein Beds” consists 
of  bedded, wavy to nodular limestone with common cherty 
nodules. This part shows intense silicification, difficult the 
extraction of identifiable radiolarian material; 3. The Upper 
Bänderkalke unit is somewhat similar to the Lower Platten-
kalke and again contains radiolarians and pelecypod shells 
(Daonella spp.). The “Buchenstein Beds” also comprise usually 

F IGURE 3 . Conceptual depositional model for the Seceda area during the Late Anisian: A. Carbonate platform system built from the Late Anisian; B. In some areas the carbonate 
system was drowned by the increasing subsidence and a relatively deep basin formed during the latest Illyrian. Organic-rich sediments, reworked platform carbonates and siliceous 
pelagic carbonates accumulated in various thicknesses in the hemipelagic basin. Additionally, this formation contains a large amount of characteristic volcanoclastic materials (pietra 
verde) as well. Suboxic or low oxic conditions often existed in bottom waters.
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greenish to reddish volcanoclastic material (Pietra verde) 
throughout the entire succession. Such intervals range from a 
few millimetres thin ash layers to massive, several meters thick 
volcanoclastic strata. 
The characteristic Buchenstein-type successions or portions of 
it are widespread in the entire western Neotethyan domain 
(Fig. 4). However, such intervals are often referred to by differ-
ent names. “Nodosus Formation” (Tornquist, 1898) is still used 
in the Vicentinian Alps (Recoaro and Tretto). “Reitzi-Schichten” 
(Salomon, 1908) and “Reitzi-Kalke” (Horn, 1913) are older 
names from the Southern Alps (Brack & Rieber, 1993). 
 “Tridentinus limestone” was used for “Buchenstein Beds” in 
 Balaton Highland (Böckh, 1872) and Budai (1992) revised the 
equivalent lithostratigraphic units as Buchenstein Group in 
this area. The Reifling Formation of the Northern Calcareous 
Alps comprises Buchenstein-type lithologies and similar inter-
vals further occur in the Carnic Alps (Krainer & Lutz, 1995), 
in the Julian Alps (Gianolla et al., 1998; Celarc et al., 2013) 
and along the Southern Karavanke (Krainer & Mostler, 
1992) (Fig. 4). 

3. S TUDIED SECT IONS

The late Anisian (Illyrian) radiolarian fauna presented in this 
paper was obtained from the Seceda drill core, from a closely 
tied Seceda outcrop and a bit further afield, from the 
Frötschbach section. All sections straddle the Anisian–Ladi nian
boundary interval (R. reitzi ammonoid zone to E. curionii zone). 
The Seceda core and section also reach younger Ladinian levels 
(Frankites regoledanus ammonoid zone) of presumably the lower-
most Wengen Formation (Hochuli et al., 2015). 

3.1 FRÖTSCHBACH SECT ION

A detailed magnetostratigraphic and lithostratigraphic log from 
the Frötschbach section was published by Muttoni et al. 
(1996, 1997) and Brack & Muttoni (2000) (Fig. 5). The section 
exposes (Fig.  6) ca. 40 meters of the lower Plattenkalk and 
Knollenkalke part of the “Buchenstein Beds” and stratigraphi-
cally ranges from the Reitzi ammonoid zone to the “Gredleri” 
ammonoid zone (Brack & Muttoni, 2000). In 1996, Kozur & 
Mostler began with investigations of radiolarian fauna from 
four samples collected by Hans Rieber from the lowermost 
part of the Frötschbach section. More than 250 SEM pictures 
were taken but no results of the well-preserved radiolarians 
from this section were published. In 2010, Heinz Kozur 
managed to hand over to the first author (PO) the complete 
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F IGURE 4 . Generalised distribution of Triassic sediments and volcaniclastics from the Southern Alps to the Transdanubian Central Range, including the “Buchenstein Beds” which 
also appear in the Carnic Alps, in the Julian Alps, in the Southern Karavanke and further north-eastward as comparable lithologies in the Balaton Highland, Hungary. Modified after 
Bigi et al. (1990; Southern Alps and Northern Dinarides) and Fülöp (1984, Transdanubian Central Range).
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 residuum of the samples from Frötschbach along with the un-
published SEM pictures. Thereafter, PO rephotographed the 
residuum material and more than 800 SEM pictures were tak-
en of the well-preserved radiolarians helping to fully assess this 
interesting and rich material. 

3.2 SECEDA SECT ION

The Seceda section represents one of the most complete succes-
sions of the “Buchenstein Beds” (Fig. 7) in the Dolomites and 
the first detailed log of this outcrop was published by Brack & 
Rieber in 1993 (Fig. 5). The section exposes 70 meters of the 
Buchenstein units from the lower Plattenkalke to the topmost 
breccias. Twentytwo samples (Se-1 and A1–A21) were taken by 
HR and PB from the base of the section (lower Plattenkalke to 
the middle part of the Knollenkalke unit) at the first cliffs im-
mediately northwest of the Seceda cablecar station. Additional 
8 samples from the upper part of the Seceda section were sam-
pled in a steep gully on the northern slope of Seceda, approxi-
mately 500  m east of the peak. Sample Se-1 from the lower 
Plattenkalke, was taken in an interval rich in Daonella bivalve 
shells (D. angulata, D. caudata, D. serpianensis, D. sotschiadensis) 
(Fig. 5). This Seceda outcrop section has been correlated in de-
tail with Buchenstein successions elsewhere in the Dolomites 
(Fig. 8; Brack & Muttoni, 2000; Muttoni et al., 2004).

Tc

Td
Te

Tc

Td
Te

F IGURE 6 . View of the first 25 metres of the Livinallongo Formation (“Buchenstein Beds”) 
along the northeast bounding cliff of the Frötschbach creek (c. 1320m altitude in creek). 
The volcaniclastic markers Tc-Te are indicated. Beds of the interval shown here for 
Frötschbach can be traced on a layer basis to the corresponding interval at Seceda 
(Fig. 8).

F IGURE 7. The lower part of the Livinallongo Formation (“Buchenstein Beds”) in the cliff 
south of the Seceda cable car arrival. The dark c.10 metres thick “Plattenkalke” follow 
with a sharp contact on top of the bright dolomitized shallow water carbonates of the 
Contrin Formation and are overlain by regularly bedded “Knollenkalke” (cherty nodular 
limestones). Volcaniclastic markers Tc-Te are indicated (see Fig. 5).

Tc
Td
Te

Tc
Td
Te
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F IGURE 8 . Bed-by-bed correlation of the “lower Plattenkalke” and lowermost part of “Knollenkalke” outcropping at Frötschbach, Seceda and Seceda core (see 
Fig. 5 for overview logs). Red dots mark the positions of the samples studied for radiolarians. Green bars indicate volcaniclastic layers.
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3.3 SECEDA CORE

In 1998 the Seceda borehole (Brack et al., 2000) was drilled for 
research purposes through a complete succession of Middle 
Triassic pelagic “Buchenstein Beds” (Fig.  9). The borehole 
 penetrated 109  m of sediments, of which Buchenstein strata 
were recovered over 88  m of thickness (Fig.  5). The core has 
been extensively studied in the last two decades. Maurer & 
Schlager (2003) and Maurer et al. (2003, 2004) provided a 
sedimentological model and cyclostratigraphic analyses. Inte-
grated biochronological studies include magnetostratigraphy 
and biostratigraphy (Muttoni et al., 2004), benthic forami-
nifera (Maurer & Rettori, 2002), conodonts (Muttoni et al., 
2004) and palynolomorphs (Hochuli et al., 2015). 
The Livinallongo Formation (“Buchenstein Beds”) contains four 
different lithostratigraphic units in the core which were sam-
pled for this study between 102.8  m and 36,95  m core depth 
levels (Fig. 5): a single sample comes from the top of the Contrin 
Formation, 20 samples from the “lower Plattenkalke” and 
70 samples were taken from the “Knollenkalke” and “Bänder-
kalke”. 7 samples are from the topmost “Breccias” part of the 
core. A total of 98 samples were taken from the entire borehole.

4. METHODS AND MATERIALS

The lithologies of the Seceda core consist of silicified carbonates, 
cherty limestones and radiolarites. All samples with high silica 
content from the Seceda core were prepared with the standard 
dissolution method. Samples were dried and placed in approx. 
3–5 % HF (nine parts distilled water and one part concentrated 
HF (herewith 48 %) following standard laboratory procedures in 
Pessagno & Newport (1972). Carbonate samples from the core 
were prepared with standard procedure, using hydrochloric acid 
(20 % HCl). All residues were washed through a 50 μm sieve and 
dried. The laboratory preparation of the samples was carried 
out at the Hungarian Natural History Museum, Budapest. The 
 samples from the Frötschbach section were  already prepared, as 
well as the samples from Seceda outcrops. The figured radio-
larians presented herein were taken on  Hitachi S-2600 N-type 
Scanning Electron Microscope at the Hungarian Natural History 
Museum, Budapest. Only in a few cases SEM photographs taken 
previously by H. Kozur at the  Innsbruck University were used. 
The radiolarian specimens are  deposited in the Hungarian 
 Natural History Museum in  Budapest, Hungary.

5. RADIOL ARIAN FAUNA

The FB samples from the Frötschbach section contain well-pre-
served, siliceous and especially rich radiolarian fauna, whereas 
the radiolarian faunas from the Seceda borehole and the Seceda 
outcrop are rather poorly preserved. The radiolarians, in some 
cases, are so perfectly preserved that even their internal struc-
ture can be observed. 
Radiolarian diversity is quite high in the Frötschbach section, 
wereas in the Seceda outcrop and borehole it seems to be sig-
nificantly lower, even if the poor preservation in these sections 
could be a reason for the low diversity. This follows from the 
fact that the best-preserved and richest fauna horizon in the 

Frötschbach section also apparently contains much richer fauna 
in the other sections, so presumably, a significant blooming 
event might have occurred in this horizon. The spumellarians 
represent the highest ratio in the whole radiolarian fauna by 
41 %, the nassellarians by 35 %, while the entactiarian by about 
21 %. Therefore, the diversity of spumellarians and nassellarians 
significantly outnumber entactinarians by a ratio of about two 
to one (see Table 1). The distribution of radiolarian species in 
sampled localities in the Seceda area is shown in Table 2. 
Spumellarian diversity is the highest among radiolarians 
and more than 70 percent of spumellarian species appear for 
the first time in the recently investigated sections (Table 1). 
Approximately half of these species have been described from 
another area of the Southern Alps, from somewhat younger 
horizons (e. g. Dumitrica, 1978a, 1978b; Dumitrica et al., 
1980; Kozur & Mostler, 1994) and, therefore the ranges of 
these forms need to be extended. Spumellarians are most dom-
inated by the radiolarians with spongy shell like the Inter-
mediellidae group (Paurinella, Neopaurinella, Angulopaurinella, 
Tetrapaurinella, Triassospongosphaera, Katorella and Astrocentrus) 
and Oertlispongidae (Paroertlispongus, Oertlispongus, Falcispongus 
and Baumgartneria). Common groups, also with spongy shells 
are Gomberellidae (Gomberellus, Praegomberellus, Tamonella and 
Monospongella) and the quite conservative forms such as 
 Archaeocenosphaera and Novamuria (Xiphostylidae). Additionally, 
 important and abundant elements of radiolarian fauna are 
some  uncertainly classified forms such as Lahmosphaera and 
Ticinosphaera (see Table 2).
Nearly a third of radiolarian fauna are nassellarians which are 
predominantly multicyrtid Ruesticyrtiidae (Annulotriassocampe, 
Pararuesticyrtium, Pseudotriassocampe, Striatotriassocampe, Triasso
campe and Yeharaia) and Ultranaporidae (Hinedorcus, Muelleri
cyrtium, Silicarmiger and Spongosilicarmiger). Also important are 
monocyrtids such as Hozmadia, Eonapora, Neopylentonema, Poulpus 
and Triassobipedis. Considering all radiolarian species, Hozmadia 
reticulata is one of the most frequent species in the Seceda area. 
The entactinarians are dominated by Hindeosphaerinae: Ber
noulliella, Eohexastylus, Parasepsagon, Sepsagon and especially 
Pseudo stylosphaera. Additionally, the dominating groups are the 
Eptingiidae family (Eptingium, Spongostephanidium and Triassi
stephanidium) and Pentactinocarpidae (Pentactinocapsa, Pentacti
norbis and Pentactinocarpus). Although the entactinarians are the 
least abundant group in the total radiolarian fauna, Pseudo
stylosphaera represents one of the most diverse genera. A total of 
8 different species are present in the fauna which means that 
these species may have had the most favourable environmental 
conditions within the Buchenstein-type basin. Another impor-
tant entactinarian genus is “Entactinosphaera” because it was 
reported from the Devonian, originally. However, this huge 
time gap between the Middle Triassic and the Devonian makes 
the identification uncertain because relatively few “Lazarus 
taxa” are known among radiolarians. 
Among nassellarians, special forms are the Yeharaia bispinosa sp. 
nov. and Y. trispinosa sp. nov. The genus Yeharaia is characterized 
by a massive single apical horn but in these two new species, 
the spine is bifurcated and trifurcated which is quite rare 
among nassellarians. Additional important and interesting 
paleontological elements of the radiolarians from the Seceda 
area are a large number of pathological forms such as Plaf kerium, 
?Astrocentrus, Spumellaria gen. indet. A, ?Intermediellidae gen. 
indet. A, which might represent an important transitional period 
in the evolutionary history of Middle Triassic radiolarians.
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TABLE 1 : Range chart for Middle Triassic radiolarians.

MIDDLE TRIASSIC UPPER TRIASSIC

ANISIAN LADINIAN CARNIAN

Pelsonian Illiryan Fassanian Longobardian Julian Tuvalian

Balatonites balatonicus

Paraceratites trinodosus

Reitziites reitzi

Nevadites secedensis

Eoprotrachyceras curionii

“Protrachyceras” gredleri

Protrachyceras archelaus

Frankites regoledanus
Daxatina canadensis

Trachyceras aon

Trachyceras aonoides

Austrotrachyceras 
austriacum

Tropites dilleri

Balatonites balatonicus

Beyrichites cadoricus

Bulogites zoldianus
Paraceratites binodosus
Paraceratites trinodosus
Asseretoceras camunum

Lardaroc. pseudohungaricum

Kellnerites felsoeoersensis

Hyparpadites liepoldti
Reitziites reitzi

Aplococeras avisianum

Ticinites crassus

Chieseiceras chiesense

Eoprotrachyceras curionii

Falsanolcites recubariensis

Protrachyceras longobardicum

Protrachyceras neumayri

Austrotrachyceras triadicum

Baratuna cristianensis

Parasepsagon robustus
[un-named]

Tetraspinocyrtis laevis

Spongosilicarmiger transitus

Spongosilicarmiger italicus

Ladinocampe multiperforata

Muelleritortis firma

Muelleritortis cochleata

Tritortis kretaensis

[un-named]

Tetraporobrachia haeckeli

Elbistanium gracilis

Spongotortilispinus moixi

Triassothamnus verticillatus (Dumitrica, 1978)

Parasepsagon praetetracanthus Kozur et Mostler, 1994

Parentactinia pugnax Dumitrica, 1978

Welirella fleuryi (De Wever, 1979)

Spongostephanidium cf. spongiosum Dumitrica, 1978

Welirella mesotriassica Kozur et al., 1996

“Entactinosphaera” stockari sp. nov.

Pentactinocapsa quadripes Dumitrica, 1978

Pentactinorbis kozuri Dumitrica, 1978

Eptingium ramovsi Kozur et al., 1996

Bernoulliella simplex (Lahm, 1984)

Pseudostylosphaera canaliculata (Bragin, 1986)

Pseudostylosphaera acrior (Bragin, 1986)

Pseudostylosphaera longispinosa Kozur et Mostler, 1981

Tiborella florida austriaca Kozur et al., 1996

Spongostephanidium brevispinosum sp. nov.

Heptacladus crassispinus Dumitrica et al., 1980

Sepsagon cf. robustus Lahm, 1984

Hexatortilisphaera aequispinosa Kozur et al., 1996

Eptingium manfredi Dumitrica, 1978

Tiborella magnidentata Dumitrica et al., 1980

Spongostephanidium japonicum (Nakaseko et Nishimura, 1979)

Pentactinocarpus acanthicus Dumitrica, 1978

Beturiella latispinosa sp. nov. 

Parentactinia kecskemetii sp. nov.

Pseudostylosphaera cf. compacta (Nakaseko et Nishimura, 1979)

Bernoulliella cf. simplex (Lahm, 1984)

Triassistephanidium sp.

Entactinarian genus and species indeterminate A.

Pentactinorbis cf. mostleri Dumitrica, 1978

Parasepsagon cf. tetracanthus Kozur et Mostler, 1994

Sepsagon ladinicus Kozur et Mostler, 1994

Sepsagon recoarensis Lahm, 1984

Eohexastylus muzavori (Lahm, 1984)

Pseudostylosphaera compacta (Nakaseko et Nishimura, 1979)

“Entactinosphaera”  zapfei Kozur et Mostler, 1979

Entactinosphaera ? triassica Kozur et Mostler, 1979

Pseudostylosphaera mostleri Tekin, 2007 

Muelleritortis globosa Tekin, 2010

Pseudostylosphaera nazarovi (Kozur et Mostler, 1981)

Spinostylosphaera ? vachardi Ozsvárt et al., 2015

Plafkerium antiquum Sugiyama, 1992

Paurinella aequispinosa Kozur et Mostler, 1981

Paroertlispongus multispinosus Kozur et Mostler, 1981
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MIDDLE TRIASSIC UPPER TRIASSIC

ANISIAN LADINIAN CARNIAN

Pelsonian Illiryan Fassanian Longobardian Julian Tuvalian

Balatonites balatonicus

Paraceratites trinodosus

Reitziites reitzi

Nevadites secedensis

Eoprotrachyceras curionii

“Protrachyceras” gredleri

Protrachyceras archelaus

Frankites regoledanus
Daxatina canadensis

Trachyceras aon

Trachyceras aonoides

Austrotrachyceras 
austriacum

Tropites dilleri

Balatonites balatonicus

Beyrichites cadoricus

Bulogites zoldianus
Paraceratites binodosus
Paraceratites trinodosus
Asseretoceras camunum

Lardaroc. pseudohungaricum

Kellnerites felsoeoersensis

Hyparpadites liepoldti
Reitziites reitzi

Aplococeras avisianum

Ticinites crassus

Chieseiceras chiesense

Eoprotrachyceras curionii

Falsanolcites recubariensis

Protrachyceras longobardicum

Protrachyceras neumayri

Austrotrachyceras triadicum

Baratuna cristianensis

Parasepsagon robustus
[un-named]

Tetraspinocyrtis laevis

Spongosilicarmiger transitus

Spongosilicarmiger italicus

Ladinocampe multiperforata

Muelleritortis firma

Muelleritortis cochleata

Tritortis kretaensis

[un-named]

Tetraporobrachia haeckeli

Elbistanium gracilis

Spongotortilispinus moixi

Paroertlispongus rarispinosus Kozur et Mostler, 1981

Astrocentrus pulcher Kozur et Mostler, 1979

Archaeocenosphaera igoi (Parona, 1890)

Spongopallium cf. contortum Dumitrica et al., 1980

Hexaspongus robustus Kozur et Mostler, 1981

Lahmosphaera granulosa (Dumitrica et al., 1980)

Lahmosphaera mulleri (Dumitrica et al., 1980)

Lahmosphaera fluegeli (Kozur et Mostler, 1979)

Lahmosphaera alpina (Dumitrica et al., 1980)

Novamuria wirzi Stockar et al., 2012

Triassospongosphaera multispinosa (Kozur et Mostler, 1979)

Triassospongosphaera austriaca (Kozur et Mostler, 1979)

Astrocentrus latispinosus (Kozur et Mostler, 1979)

Lahmospharea trispinosa (Kozur et Mostler, 1979)

Archaeospongoprunum tetraspinosum Kozur et Mostler, 1994

Praegomberellus pulcher Kozur et Mostler, 1994

Katorella bifurcata Kozur et Mostler, 1981

Novamuria nicorae (Kozur et al., 1996)

Paroertlispongus siciliensis (Kozur, 1996)

Pathological Plafkerium sp.

Archaeospongoprunum sp.

Octostella froetschbachense sp. nov.

Tamonella rarispinosa Kozur et Mostler, 1994

Gomberellus simplex sp. nov.

Oertlispongus primus Kozur, 1996

Paroertlispongus kozuri sp. nov.

Paroertlispongus lahmi sp. nov.

Hexaspongus radiculaspinus sp. nov.

Neopaurinella tumidospina Kozur et Mostler, 1994

?Hexaspongus longispinosus sp. nov.

Paurinella cf. latispinosa Kozur et Mostler, 1994

Paurinella cf. mesotriassica Kozur et Mostler, 1981

Neopaurinella sp. 1

Neopaurinella sp. 2

Gomberellus sp.

Tetrapaurinella sp.

Pathological ?Astrocentrus sp.

Oertlispongus sp.

?Falcispongus sp.

Spumellaria gen. indet. A

? Intermediellidae gen. indet. A

? Oertlispongidae gen. indet. A

? Intermediellidae gen. indet. A

Gen. et sp. indet. A

Gen. et sp. indet. A

Oertlispongus primitivus Kozur et Mostler, 1994
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MIDDLE TRIASSIC UPPER TRIASSIC

ANISIAN LADINIAN CARNIAN

Pelsonian Illiryan Fassanian Longobardian Julian Tuvalian

Balatonites balatonicus

Paraceratites trinodosus

Reitziites reitzi

Nevadites secedensis

Eoprotrachyceras curionii

“Protrachyceras” gredleri

Protrachyceras archelaus

Frankites regoledanus
Daxatina canadensis

Trachyceras aon

Trachyceras aonoides

Austrotrachyceras 
austriacum

Tropites dilleri

Balatonites balatonicus

Beyrichites cadoricus

Bulogites zoldianus
Paraceratites binodosus
Paraceratites trinodosus
Asseretoceras camunum

Lardaroc. pseudohungaricum

Kellnerites felsoeoersensis

Hyparpadites liepoldti
Reitziites reitzi

Aplococeras avisianum

Ticinites crassus

Chieseiceras chiesense

Eoprotrachyceras curionii

Falsanolcites recubariensis

Protrachyceras longobardicum

Protrachyceras neumayri

Austrotrachyceras triadicum

Baratuna cristianensis

Parasepsagon robustus
[un-named]

Tetraspinocyrtis laevis

Spongosilicarmiger transitus

Spongosilicarmiger italicus

Ladinocampe multiperforata

Muelleritortis firma

Muelleritortis cochleata

Tritortis kretaensis

[un-named]

Tetraporobrachia haeckeli

Elbistanium gracilis

Spongotortilispinus moixi

Baumgartneria bifurcata Dumitrica, 1982

Paurinella curvata spinosa Kozur et Mostler, 1994

Neopaurinella ladinica Kozur et Mostler, 1994

Relindella ruesti (Kozur et Mostler, 1981)

Plafkerium quadratum (Lahm,1984)

Paroertlispongus weddigei Lahm, 1984

Falcispongus zapfei Kozur, 1996

Katorella trifurcata Kozur et Mostler, 1994

Angulopaurinella edentata Dumitrica et Tekin, 2013

Falcispongus falciformis Dumitrica, 1982

Novamuria mocki (Kozur et Mostler, 1979)

Monospongella magnispinosa Kozur et Mostler, 2006

Relindella symmetrica (Dumitrica et al., 1980)

Paroertlispongus multinodosus (Kozur et Mostler, 1981)

Baumgartneria retrospina Dumitrica, 1982

Triassospongosphaera triassica (Kozur et Mostler, 1979)

Relindella steigeri (Lahm, 1984)

Ticinosphaera mesotriassica (Kozur et Mostler, 1981)

Plafkerium uncatum (Bragin, 2011)

Tamonella aspinosa Ozsvárt et al., 2017

Tamonella multispinosa Dumitrica et al., 1980

Triassospongosphaera (?) sp.

Archaeocenosphaera parvispinosa (Kozur et Mostler, 1981)

Scutispongus cf. rostratus (Dumitrica, 1982)

Zhamojdasphaera goricanae Dumitrica et Tekin, 2013

Bogdanella trentana Kolar-Jurkovšek, 1989

Falcispongus hamatus Dumitrica, 1982

Hozmadia reticulata Dumitrica et al., 1980

Archaeosemantis cristianensis Dumitrica, 1982

Archaeosemantis pterostephanus Dumitrica, 1978

Silicarmiger inflatus sp. nov.

Eonapora robusta Kozur et Mostler, 1981

Paratriassocampe gaetanii Kozur et Mostler, 1994

Hozmadia costata Kozur et Mostler, 1994

Silicarmiger costatus Dumitrica et al., 1980

Annulotriassocampe spinosa Kozur et Mostler, 1994

Nandartia simplicissima (Dumitrica, 1982)

Hozmadia longicephalis Kozur et Mostler, 1994

Muellericyrtium triassicum Kozur et Mostler, 1981

Anisicyrtis hungarica Kozur et Mostler, 1981

Triassocampe deweveri pauciconstricta Kozur et Mostler, 1994

Pseudotriassocampe myterocorys (Sugiyama, 1992)

Annulotriassocampe campanilis Kozur et Mostler, 1994

Annulotriassocampe campanilis longiporata Kozur et Mostler, 1994

Spongosilicarmiger priscus Kozur et Mostler, 1994

Silicarmiger costatus anisicus Kozur et Mostler, 1981

Eonapora mesotriassica Kozur et Mostler, 1981
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MIDDLE TRIASSIC UPPER TRIASSIC

ANISIAN LADINIAN CARNIAN

Pelsonian Illiryan Fassanian Longobardian Julian Tuvalian

Balatonites balatonicus

Paraceratites trinodosus

Reitziites reitzi

Nevadites secedensis

Eoprotrachyceras curionii

“Protrachyceras” gredleri

Protrachyceras archelaus

Frankites regoledanus
Daxatina canadensis

Trachyceras aon

Trachyceras aonoides

Austrotrachyceras 
austriacum

Tropites dilleri

Balatonites balatonicus

Beyrichites cadoricus

Bulogites zoldianus
Paraceratites binodosus
Paraceratites trinodosus
Asseretoceras camunum

Lardaroc. pseudohungaricum

Kellnerites felsoeoersensis

Hyparpadites liepoldti
Reitziites reitzi

Aplococeras avisianum

Ticinites crassus

Chieseiceras chiesense

Eoprotrachyceras curionii

Falsanolcites recubariensis

Protrachyceras longobardicum

Protrachyceras neumayri

Austrotrachyceras triadicum

Baratuna cristianensis

Parasepsagon robustus
[un-named]

Tetraspinocyrtis laevis

Spongosilicarmiger transitus

Spongosilicarmiger italicus

Ladinocampe multiperforata

Muelleritortis firma

Muelleritortis cochleata

Tritortis kretaensis

[un-named]

Tetraporobrachia haeckeli

Elbistanium gracilis

Spongotortilispinus moixi

Hinedorcus alatus Dumitrica et al., 1980

Triassocampe scalaris Dumitrica et al., 1980

Pararuesticyrtium eofassanicum Kozur et Mostler, 1994

Neopylentonema mesotriassica Kozur, 1984

Triassospongocyrtis longispinosa Kozur et Mostler, 1994

Triassocampe deweveri (Nakaseko et Nishimura, 1979)

Planispinocyrtis praecursor Kozur et Mostler, 1994

Yeharaia annulata Nakaseko et Nishimura, 1979

Poulpus curvispinus praecurvispinus Kozur et Mostler, 1994

Triassobipedis sp.

Amentoneopylen simplex sp. nov.

Muellericyrtium triangularum sp. nov.

Yeharaia bispinosa sp. nov.

Yeharaia trispinosa sp. nov.

Yeharaia transita Kozur et Mostler, 1994

Spongosilicarmiger posterus Kozur et Mostler, 1994

Spongosilicarmiger longispinus sp. nov.

Triassospongocyrtis sp.

Muellericyrtium sp.

?Monicasterix sp.

Planispinocyrtis cf. pelsoensis Kozur et Mostler, 1994

Triassocampe sp.

Spongosilicarmiger gabiolaensis Kozur et Mostler, 1994

Spongosilicarmiger gabiolaensis curvatospinus Kozur et Mostler, 1994

Anisicyrtis recoaroensis Kozur et Mostler, 1994

Nofrema trispinosa Dumitrica et al., 1980

Ladinocampe annuloperforata Kozur et Mostler, 1994

Anisicyrtis italica Kozur et Mostler, 1994

Pararuesticyrtium trettoense Kozur et Mostler, 1994

Triassospongocyrtis yaoi Kozur et Mostler, 1994

Ladinocampe multiperforata Kozur, 1984

Anisicyrtis spinosa Kozur et Mostler, 1994

Anisicyrtis trettoensis Kozur et Mostler, 1994

Gradinaria fassanica (Kozur et Mostler, 1994)

Pararuesticyrtium constrictum Kozur et Mostler, 1994

Striatotriassocampe laeviannulata Kozur et Mostler, 1994

Nabolella striata sp. nov.

Hinedorcus gibber Tekin, 1999

Yeharaia sp.

Spongosilicarmiger italicus Kozur, 1984

Pararuesticyrtium fusiformis (Bragin, 1986)

Eonapora pulchra Kozur et Mostler, 1979

Annulohaeckelella longipedis Kozur et Mostler, 2006
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6. BIOSTRAT IGRAPHY

Radiolarian biostratigraphic determination is based on Kozur & 
Moster (1994), Kozur et al. (1996), and Kozur (2003). However, 
their biozonations are of limited use here, because the radio larian 
fauna from the Seceda area cannot be properly positio ned in the 
widely accepted schemes of Kozur and co- authors (e. g. Kozur & 
Mostler, 1994; Kozur et al., 1996; Kozur, 2003). Our radiolarian 
assemblage contains almost all index species from the Tetraspi
nocyrtis laevis Zone to Ladinocampe multiperforata Zone including 
all typical taxa from Tiborella florida Subzone to the Ladinocampe 
annuloperforata Subzone. The only exception is that only two 
specimens of Oertlispongus inaequispinosus Dumitrica et al., 1980 
were found in our fauna, although this is one of the most impor-
tant index taxa of the O. inaequispinosus Subzone (upper part of 
Spongosilicarmiger italicus Zone of Kozur & Mostler (1994). 
The biostratigraphically most important group in the investi-
gated sections are the primitive Oertlispongidae (Paroertlispon
gus spp., Baumgartneria bifurcata Dumitrica, 1982), Spongosilicar
miger italicus Kozur, 1984, Spongosilicarmiger gabiolaensis Kozur 
et Mostler, 1994. However, the fauna contains Yeharaia annu
lata Nakaseko et Nishimura, 1979, Triassocampe deweveri 
 (Nakaseko et Nishimura, 1979), Triassocampe scalaris Dumitrica 
et al., 1980, Falcispongus falciformis Dumitrica, 1982a, Ladino
campe multiperforata Kozur, 1984, Ladinocampe annuloperforata 
Kozur et Mostler, 1994, Anisicyrtis spp. (Anisicyrtis spinosa 
Kozur et Mostler, 1994, Anisicyrtis trettoensis Kozur et 
 Mostler, 1994, Anisicyrtis recoaroensis Kozur et Mostler, 
1994) and these taxa are the most important representatives of 
all subzones from the Yeharaia annulata Subzone to the Ladino
campe annuloperforata Subzone. Although the classification is 
more or less valid, the radiolarian biozonation (Kozur et 
 Mostler, 1994 etc.) needs to be revised, because the defini-
tions of the species used for biozones are rather outdated. 
In fact, the Frötschbach section (sample FB and FB-R, see Fig. 5 
and Table 2), Seceda outcrop (Se1, see Fig. 5) and Seceda bore-
hole (sample S20, see Fig.  5) may belong to the transition 
 between the Oertlispongus primitivus Subzone and Oertlispongus 
inaequispinosus Subzone. The co-occurrence of Spongosilicarmiger 
italicus Kozur, 1984 with Spongosilicarmiger gabiolaensis Kozur et 
Mostler, 1994 and with the frequent and characteristic primi-
tive Oertlispongidae (Paroertlispongus spp., Baumgartneria bifurcata 
Dumitrica, 1982) suggest the Oertlispongus primitivus Subzone, 
whereas the presence of two poorly preserved specimens of 
Oertlispongus inaequispinosus Dumitrica et al., 1980 already 
 presupposes the Oertlispongus inaequispinosus Subzone. A more 
precise age of this radiolarian rich horizon cannot be given. 
The A26 sample from the Seceda outcrop (Fig. 5) may indicate a 
Longobardian age (Ladinian), although, it is difficult to say exactly 
which radiolarian zone it may belong to. The generally poor pre-
servation and difficult-to-identify radiolarian species hampers a 
clear attribution of the A26 sample to the Muelleritortis firma or 
already to the Muelleritortis cochleata Zone. The ammonite zonation 
also does not give a clear indication for a Longobardian age (Fig. 5). 

6.1 INDEPENDENT AGE DAT ING

All investigated sections contain stratigraphically important 
ammonoids, conodonts and palynofloras, as well as recent U-Pb 
single zircon ages. 

6.1.1 Ammonoids
In the Seceda area the entire interval of the “Plattenkalke” series 
can be referred to the Reitziites reitzi ammonoid Zone (Brack et 
al., 2005, Wotzlaw et al., 2018). The boundary between the 
Reitzi Zone and Secedensis Zone is close to the lithological bound-
ary between the “Plattenkalke” and “Knollenkalke” series in all 
sections, whereas the boundary between the Secedensis Zone 
and the Curionii Zone (Anisian–Ladinian boundary) is at the 
~ 83.5 m level in the Seceda core and around the 18 m level of 
the outcrop reference section (i.e. close to sample A12) and at 
~ 18.3 m in the Frötschbach section (see in detail Fig. 5). 

6.1.2 Conodonts 
The Lower Plattenkalke of the Frötschbach section yielded 
 Paragondolella? trammeri, P. excelsa and Gladigondolella malayensis 
conodont species (Muttoni et al., 2004). P. trammeri usually 
appears in the Western Tethyan realm at the base of the 
 Secedensis Zone (e. g., Krystyn, 1983) although at Seceda and 
Frötschbach this species occurs already in the uppermost Reitzi 
Zone (Muttoni et al., 2004) together with the rich radiola-
rian fauna. Neogondolella bakalovi gr. at Frötschbach was indicated 
from a level close to the first appearance of the ammonoid  genus 
Ticinites in the Seceda outcrop section (Muttoni et al., 2004). 
Samples from the Seceda core contain many Gladigondolella 
multielement apparatus at several levels, although these speci-
mens are not quite useful in biostratigraphy. The Frötschbach 
samples of this study confirm the occurence of Paragondolella? 
trammeri in the uppermost Reitzi zone.

6.1.3 Palynological record
Hochuli et al. (2015) reported palynological data from the  Seceda 
core with the TrS-A Zone largely corresponding to the Reitzi 
Ammonoid Zone and TrS-C Zone to the Curionii Ammonoid Zone. 

6.1.4 Radio-isotopic age data
The Middle Triassic acidic volcanic ash layers of the South- 
Alpine domain provide excellent radio-isotopic dating of pelag-
ic sediments and these horizons are ideal markers for precise 
correlation between biostratigraphically dated sections 
throughout the Southern Alps. Earlier U/Pb single zircon age 
data from Southern and Eastern Alps Middle Triassic succes-
sions by Mundil et al. (1996, 2010), Brühwiler et al. (2007), 
Brack et al. (2005), Stockar et al. (2012a) have been largely 
superseded by the recent up-to-date CA-ID-TIMS analyses in 
Wotzlaw et al. (2018) and Storck et al (2019). The best esti-
mate for the age of the Anisian–Ladinian boundary at Seceda 
is 241.461 ± 0.064/0.097/0.28 Ma, whereas the base of the 
 Secedensis Zone is 241.77 ± 0.06 (Fig. 5). 

7. MIDDLE TRIASSIC EXPLOSIVE DIVERSIF ICAT ION OF THE 
RADIOL ARIANS 

Estimating radiolarian diversity during the entire Triassic 
 period is a serious challenge, due to the extreme heterogeneity 
of published data. The information available from databases 
(e. g. PBDB, Neptune, etc.) are as yet inadequate. Therefore, a 
simple method is used here by extracting all plausible appea-
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Paleotethys and Neotethys that were characterized by extre-
mely low diversity and poor preservation (e. g. Hori et al., 2003; 
Sashida 1983, 1991; Sugiyama 1992, 1997). In addition, some 
recent studies argue that “Permian” type radiolarians survived 
the Permian – Triassic Boundary (e. g. Albaillella, Cauletella, Ishi
gaum, Hegleria etc.) whereas several “Triassic” type forerunner 
forms like Paurinella, Tetrapaurinella or Tamonella genera (e. g., 
Aitchison et al., 2017) already appeared in the Changhsingian 
(Late Permian). Another interesting problem during the Early 
Triassic period was the so-called “radiolarite gap” referring to 
an interruption between the latest Changhsingian and the late 
Olenekian of the widespread deep-water radiolarite accumula-
tion (e. g., Feng & Algeo 2014), which had formed in lower 
latitude oceanic basins from the Late Carboniferous onwards. 
However, a number of studies (e. g., Kamata et al., 2007) point 
to the fact that biogenic chert is found with no interruption 
through the PTB interval at higher latitudes in the Southern 
Hemisphere (Arrow Rocks, Northland, New Zealand). Relatively 
rich and diverse radiolarian faunas have been described e. g. 
from Induan and lower Olenekian (Smithian) sections in New 
Zealand by Hori et al. (2011), Kamata (2007), Takemura et al. 
(2007). Additionally, several high abundances but low diversity 
Spathian (upper Olenekian) to Bithynian (lower Anisian) radio-
larian faunas are known from the Panthalassa ocean (Hori et 
al., 2003; Isogawa et al., 1998; Nagai & Mizutani, 1993; 
Sashida, 1983, 1991; Sashida et al., 1998; Sashida & Igo, 
1992; Sugiyama, 1992;, 1997; Suzuki at al., 2002; Takahashi
et al., 2017) including Paleotethyan and Neotethyan subbasins 
such as Lagonegro Basin, Southern Apennines, Italy (e. g., 
Amodeo et al., 1991; Passeri et al., 2005; Marcucci & Bert-
inelli, 2017) and Karakaya Complex, Northwestern Turkey 
(Kozur et al., 1996a). The first important episode in the Meso-
zoic evolutionary history of radiolarians is detected in the up-
per Pelsonian (Anisian, Middle Triassic). The oldest well-pre-
served and much more diverse than previous radiolarian 
communities is known from a single locality at Cristian village 
close to the Brasov in Romania (Dumitrica, 1982a, 1982b, 1991, 
2004, etc.), whereas the first Illyrian well-preserved and diverse 
assemblage is known from the Felsőörs section in the Balaton 
Highland (Dosztály, 1991, 1993; Kozur & Mostler, 1994). 
The first major radiation of mono- and dicyrtid nassellarians 
genera (e. g. Tripedocassis, Baratuna, Tripedurnula, Triassobipedis, 
Eonapora and Neopylentonema) occurs in that period. The multi-
cyrtids also experienced a large diversification from the Illyrian,
and several new families such as the Tetraspinocyrtidae, Moni-
castericidae or Bulbocyrtiidae appeared for the first time 
(O’Dogherty et al., 2010). The Middle Anisian was also a pe-
riod of high diversification in entactinarians. New families 
appea red at this time (e. g. Pentactinocarpidae, Heptacladidae 
or Hindeosphaerinae) and the spumellarians became quite fre-
quent from the Middle Anisian, as well. The most important 
radiolarian event in the early late Anisian (Reitziites reitzi Am-
monoid Subzone) is the diversification of the Oertlispongidae. 
This group underwent a significant acceleration in diversifi-
cation during the Upper Illyrian and spread widely from the 
South Alpine domain to the Circum-pacific orogenic belt of the 
Panthalassa ocean (e. g. Sugiyama, 1997), therefore some of its 
genera like Oertlispongus are among the best index fossils of the 
Uppermost Anisian radiolarian biostratigraphy. 

rance and disappearance datum (stratigraphically oldest and 
youngest occurrences in the paleontological record) of each 
radio larian genera from all available publications and our un-
published data. Unfortunately, this method lacks sampling 
standardization (no information is available on the sample 
 sizes), due to the highly confusing data reported in previous 
publications. Therefore the direct measurement of true diver-
sity remains rather uncertain. Nevertheless, this new approach 
for estimating the diversity of radiolarian genera (Fig.  10) 
 results in a new pattern for the diversity curve across the entire 
Triassic period. The highest peak of genera diversity occurred 
at the Ladinian–Carnian boundary, although the second high-
est peak (similar to the species diversity curve) falls in the late 
Anisian (Fig. 10). In addition, most of the new genera appearing 
during the Triassic are definitely related to the Illyrian (late 
Anisian) blooming event. In summary, the most striking fea-
ture of radiolarian diversity is a high number of new genera 
that appeared within a very short time span during the late 
 Illyrian (late Anisian). This number is the highest for the entire 
Triassic. These unique evolutionary innovations and accelerat-
ed rates of evolutionary changes might have been caused by 
direct environmental influences on the radiolarian genome like 
a strong cosmic flux, although the roles of abiotic and biotic 
drivers of this particularly important diversification event re-
main unclear so far.

7.1 RADIOL ARIAN BLOOMING EVENT IN THE MIDDLE TRIASSIC

After the End-Permian biospheric crisis which also affected 
radiolarians, the Early Triassic (Induan) to the Middle Triassic 
(upper Pelsonian) interval represents a time of recovery among 
radiolarian families. In this important faunal turnover episode, 
it is possible to appreciate little changes in the evolutionary 
process of radiolarians. Very few new species appear from the 
Early Triassic to the late Pelsonian (Middle Triassic) at lower 
and higher latitudes of the Northern Hemisphere, including 
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7.2 COMPARISON WITH OTHER ARE AS OF THE WESTERN  
TE THYAN RE ALM

Most similar radiolarian faunas are known from varios loca-
lities with “Buchenstein Beds” across the Southern Alps includ-
ing the Dolomites, the Vicentinian Alps, the Julian Alps, the 
Karavanke Mountains and further eastward the Transdanubian 
Central Range, Hungary (Fig. 11). Many other similar aged radio-
larian assemblages have also been reported from the External 
Dinarides and South-Taurides belt suggesting a quick spread-
ing of these radiolarian communities over long distances dur-
ing the late Illyrian to early Fassanian. This rapid dispersal of 
radiolarians is thought to have been facilitated by the reorgan-
ization of ocean circulation systems and rising global sea level 
during the late Anisian (e. g. de Graciansky et al., 2011).
Radiolarians of the latest Anisian (Illyrian) to the earliest Lad-
inian (Fassanian) inteval were first discovered and described by 
Dumitrica (1978a, 1978b) from the Recoaro area, Vicentinian 
Alps, Italy. That rich material was extracted from isolated 
 samples of the “Buchenstein Beds” (Nodosus Formation at Monte 
Anghebe, Monte Falison) provided by Manfred Epting. Al-

though taxonomically one of the most unique radiolarian 
 fauna from this period, due to the lack of independent fossil 
age data from the sampling sites, it is relatively difficult to inte-
grate such data into comprehensive biostratigraphic studies. 
Epting et al. (1976) presumed a lowermost Ladinan age for the 
thin-bedded cherty “Buchenstein Beds” around Recoaro (Monte 
Anghebe, Monte Falison) because of the occurrence of Protrach
yceras curionii Mojsisovics in a corresponding interval at Tretto 
(Bittner, 1883; Mietto et al., 2018). Unfortunately, the exact 
stratigraphic position of the investigated radiolarian samples 
(e. g., Dumitrica, 1978a, 1982a, 1982b) relative to the level with 
Protrachyceras curionii Mojsisovics and other ammonoids re-
mains unclear. The “Buchenstein Beds” (Nodosus Formation) 
around Recoaro are dominated by volcaniclastic intervals, 
 locally reach a thickness of > 60 m and could straddle several 
ammonoid zones, thus as yet not allowing an accurate calibration 
of the radiolaria data. Further investigations on the Recoaro- 
Tretto area (e. g. M. Anghebe, M. Falison, Val di Créme – Passo 
della Gabiola section, San Ulderico section, etc.) are reported in 
Dumitrica (1982a, 1982b, 1991, 2004, 2017a, 2017b), Dumitrica 
et al. (1980), Kozur & Mostler (1981, 1994), Lahm (1984), 

F IGURE 11 . Age range of Western Tethyan radiolarian assemblages and localities from the Southern Alps, Dolomites, External Dinarides, Transdanubian Central Range, Eastern 
Carpathians and South-Taurides.
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 Dumitrica et al. (2013a, 2013b) and Dumitrica & Tekin 
(2014). According to their extensive taxonomic studies, all radi-
olarian assemblages from the Recoaro area contain characteris-
tic taxa referable to Spongosilicarmiger italicus and Ladinocampe 
multiperforata Zones (Kozur & Mostler, 1994). However, with 
the exception of the San Ulderico section (Mietto & Petroni, 
1979), there are no independent palaeontological data from any 
of the sampling sites that would allow a better biostratigraphic 
integration of these data. 
The radiolarian collections from the Julian Alps and External 
Dinarides (Goričan & Buser, 1990) and several sections from 
the Eastern (Rarău Mt.) and Southern Carpathians (Persani 
Mt.) indicate similar ages according to Dumitrica (1982a, 
1982b, 1991, 2004, 2017a, 2017b). All important taxa have been 
described in the above-mentioned publications, suggesting that 
the faunas from Recoaro are somewhat younger than the main 
fauna from Seceda and Frötschbach (Fig. 11). 
Seceda radiolarian assemblages, compare closely with radio-
larians from Recoaro. Although with some poorly preserved 
O. inaequispinosus specimens, these assemblages more likely belong 
to the lowermost part of Spongosilicarmiger italicus Zone (Fig.  11). 
Unfortunately, the definition of the Oertlispongus primitivus Sub-
zone is rather unclear and Oertlispongus primitivus and Oertlispongus 
inaequispinosus do co-occur in MD 1 to MD 20 samples of the Passo 
della Gabiola section. This contrast with the earlier definition 
by Kozur & Mostler (1994) who designated Passo della Gabiola 
as the type section for the Oertlispongus primitivus Subzone. 
Two similar somewhat younger sections have been reported 
from the Mid-Transdanubian Zone (Mt. Ivanščica) by Goričan 
et al. (2005) and from the High Karst of Montenegro (Obzovica 
section) by Gawlick et al. (2012). The faunas most similar in 
age to Seceda have been published from the External Dinarides 
(Žumberak Mt.) by Goričan et al. (2005) and from the Mersin 
Mélange, South-Taurides by Tekin et al. (2016). Three radio-
larian collections of approximately the same age but slightly 
older are known from the Karavanke Mountains (Kozur et al., 
1996), Julian Alps (Prisojnik section) by Celarc et al. (2013) and 
the External Dinarides (Šmarna Gora) by Ramovš & Goričan 
(1995). The radiolaria collections of these sections were pro-
posed for the Spongosilicarmiger transitus Zone, however most 
frequent index species of this Zone range upward into the 
younger Zones (up to Ladinocampe multiperforata Zone). Addition-
ally, the Balaton Highland, Transdanubian Central Range pro-
vide well-preserved radiolarian collections from various locali-
ties which have been so far published only in part (Dosztály, 
1991, 1993; Kozur, 1988a, 1988b; Kozur & Mostler, 1981, 
1994). The best-preserved radiolarian assemblages have been 
reported (Dosztály, 1991, 1993; Kozur & Mostler, 1994) from 
the renowned, continuous Felsőörs section which contains 
exten sively studied ammonoid and conodont collections (e. g. 
Vörös et al., 1996, 2003). The richest and best-preserved radi-
olarian fauna belongs to the Tetraspinocyrtis laevis Zone, but 
several stratigraphically higher horizons also contain radiolar-
ians, including younger levels from the Felsoeoersensis Subzone 
to the Avisianum Subzone (whole Reitzi Ammonoid Zone). How-
ever their preservation and richness are inferior to the richest 
layer around Seceda (Frötschbach). 
In the Southern Alps two relatively diverse and well-preserved 
radiolarian collections have been reported from Lower Ladinian 
strata. The stratigraphically presumably older collection from 
Monte San Giorgio, Southern Alps, Switzerland provides a 
moderately to well-preserved radiolarian fauna from the lower 

part of the San Giorgio Dolomite in an interval possibly refera-
ble to the upper part of Eoprotrachyceras curionii Ammonoid Zone 
(Stockar et al.,  2012b). The other well-preserved and rich 
 radiolarian material was gained from samples collected by 
Cros (1977) on the SW-slope of Punta Zigola in the southern 
Marmolada Group (Kellici & De Wever, 1995). The interval 
with the investigated sample (BV85–70) can be traced laterally 
to a complete “Buchenstein” section at Costabella, a few km 
further west which in turn can be correlated in detail with 
 Seceda. The position of this sample most likely corresponds to 
a level in the interval 29–40 m of the Seceda outcrop log and 
60–71 m in the Seceda core (see Fig. 5). Consequently, this hori-
zon corresponds to the interval transitional between the Curio
nii and Gredleri Ammonoid Zones. The corresponding radiolari-
an samples from the Seceda outcrop are between A16–22 and 
sample S69 in the Seceda core (Fig. 5). 
The age ranges of the radiolarian assemblages yielded by the 
most important Middle Triassic localities from the Western 
Neothetys are summarised in Fig. 11. 

8. CONCLUSIONS

Middle Triassic radiolarians (upper Illyrian to Longobardian) 
are reported from three continuous successions of the “Buchen-
stein Beds” (Livinallongo Formation) in the Seceda area, 
 Dolomites in Northern Italy. The richest and well-preserved 
radiolarian horizon belongs to the middle part of the Spongosi li
carmiger italicus Zone. This horizon is equivalent in age to the 
Reitziites reitzi Ammonoid Zone (Reitzi Subzone to Avisianum 
Subzone) and Paragondolella trammeri Conodont Zone. Spumel la-
rian diversity is the highest among radiolarians; the most do-
minated groups are the Intermediellidae (Paurinella, Neopaurinella, 
Tetrapaurinella, Triassospongosphaera, Katorella, etc.) and Oertlispon-
gidae (Paroertlispongus, Oertlispongus, Falcispongus and Baumgartneria). 
Nearly a third of the radiolarian fauna consists of nassellarians 
which are predominantly multicyrtid Ruesticyrtiidae (Annulo
triassocampe, Pararuesticyrtium, Pseudotriassocampe, Striatotriasso
campe, Triassocampe and Yeharaia) and Ultrana poridae (Hinedorcus, 
 Muellericyrtium, Silicarmiger and Spongosilicarmiger). Considering all 
radio larian species, Hozmadia reticulata is one of the most fre-
quent species in the Seceda area. The entactinarians are domi-
nated by the Hindeosphaerinae family and the Eptingiidae 
family. Although the entactinarians are the least abundant 
group in the total radiolarian fauna, Pseudostylosphaera repre-
sents one of the most diverse genera among radiolarians. A total 
of eight different species are present in the fauna which means 
that these species may have had the most favourable environ-
mental conditions within the Buchen stein-type basin. 
The radiolarian fauna from the Seceda area provides a special 
moment of a dynamic, accelerated evolving bloom of a complex 
and diverse fauna. This assemblage is comprised of many 
short-ranging forms that have been recorded from the upper 
part of the Spongosilicarmiger italicus Zone to the Ladinocampe 
multiperforata Zone from the Recoaro area. Unfortunately, neither 
the Seceda core nor the outcrop provide a sufficiently continu-
ous radiolarian record suitable for a complete Middle Triassic 
radiolarian biostratigraphy with control by other fossil groups. 
Further detailed taxonomic and biostratigraphic radiolarian 
studies are needed to reconcile the results from different fossil 
groups towards an integrated biostratigraphic synthesis. 
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9. SYSTEMATIC PALEONTOLOGY

Systematic paleontology
Order Entactinaria Kozur et Mostler, 1982
Family Pentactinocarpidae Dumitrica, 1978a
Genus Pentactinocarpus Dumitrica, 1978a

Remarks: The genera Praedruppatractylis Kozur et Mostler, 
1979 and Oertlisphaera Kozur et Mostler, 1979 are junior 
 synonyms of this genus.

Type species: Pentactinocarpus fusiformis Dumitrica, 1978a

Pentactinocarpus acanthicus Dumitrica, 1978a
Plate 1, Figures 1 – 2

1978a Pentactinocarpus acanthicus sp. nov. – Dumitrica, p. 44, 
pl. 3, fig. 3.
1980 Pentactinocarpus acanthicus Dumitrica – Dumitrica et 
al., p. 7, pl. 4, fig. 7.
1984 Pentactinocarpus acanthicus Dumitrica – Lahm, p. 22, pl. 2, 
figs 9–10.
1990 Pentactinocarpus acanthicus Dumitrica – Goričan &  Buser, 
p. 149, pl. 7, fig. 12.
1994 Pentactinocarpus acanthicus Dumitrica – Kozur &  Mostler, 
p. 46, pl. 2, figs 3, 5.
1999 Pentactinocarpus acanthicus Dumitrica – Tekin, p.  133, 
pl. 27, fig. 6.
2000 Pentactinocarpus acanthicus Dumitrica – Carter & 
 Orchard, pl. 2, fig. 4.
2012b Pentactinocarpus acanthicus Dumitrica – Stockar et al., 
p. 388, pl. 1, figs 8–10.
? 2014 Pentactinocarpus? aff. acanthicus Dumitrica – Shigeta et 
al., p. 288, figs 204.4–204.7. 
2015 Pentactinocarpus acanthicus Dumitrica – Ozsvárt et al., 
p. 345, figs 5.8–10

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to Carnian–Norian boundary (Primitius conodont Zone), 
although P. aff. acanthicus has been reported from the upper 
Smithian (upper lower Olenekian) of Northeastern Vietnam 
(Shigeta et al., 2014); Cosmopolitan. 

Genus Pentactinocapsa Dumitrica, 1978a
Type species: Pentactinocapsa quadripes Dumitrica, 1978a

Pentactinocapsa quadripes Dumitrica, 1978a
Plate 1, Figure 3

1978a Pentactinocapsa quadripes sp. nov. – Dumitrica, p. 45, pl. 1, 
figs 2–4.
1990 Pentactinocapsa quadripes Dumitrica – Goričan & Buser, 
p. 149, pl. 7, fig. 6.
1990 Pentactinocapsa quadripes Dumitrica – Kolar-Jurkovšek, 
p. 75, pl. 3, fig. 5
1994 Pentactinocapsa quadripes Dumitrica – Kozur & Mostler, 
p. 45, pl. 2, fig. 2.
1995 Pentactinocapsa quadripes Dumitrica – Kellici & De 
Wever, p. 153, pl. 3, fig. 19.
2005 Pentactinocapsa quadripes Dumitrica – Tekin & Mostler, 
p. 3, fig. 4.13.

2013 Pentactinocapsa quadripes Dumitrica – Celarc et al., 
figs 8.27–28. 

Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
upper Longobardian (Muelleritortis cochleata Zone); Southern 
Carpathians (Cristian), Southern Alps (Recoaro, Marmolada), 
Julian Alps, Dinarides (Fojnica).

Genus Pentactinorbis Dumitrica, 1978a
Type species: Pentactinorbis kozuri Dumitrica, 1978a

Pentactinorbis kozuri Dumitrica, 1978a
Plate 1, Figure 4

1978a Pentactinorbis kozuri sp. nov. – Dumitrica, p.  46, pl, 
figs 4–5.
1984 Pentactinorbis kozuri Dumitrica – Lahm, p. 26, pl. 3, fig. 2.
1990 Pentactinorbis kozuri Dumitrica – Goričan & Buser, 
p. 150, pl. 7, fig. 7.
1994 Pentactinorbis kozuri Dumitrica – Kozur & Mostler, 
p. 47, pl. 4, figs 1–2.
1995 Pentactinorbis aff. kozuri Dumitrica – Kellici & De 
 Wever, p. 153, pl. 3, fig. 21.
? 2006 Pentactinorbis kozuri Dumitrica – Marquez et al., fig. 43.

Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
upper Longobardian (Ladinocampe multiperforata Zone); Southern 
Carpathians (Cristian), Southern Alps (Recoaro, Marmolada), 
Julian Alps and Busuanga Island, Palawan, Philippines. 

Pentactinorbis cf. mostleri Dumitrica, 1978a
Plate 1, Figure 5

cf. 1978 Pentactinorbis mostleri sp. nov. – Dumitrica, p. 47, pl. 4, 
figs 1–2.

Remarks: Poorly preserved specimen from the Frötschbach 
section, unfortunately quite difficult to identify this specimen, 
but it resembles Pentactinorbis mostleri Dumitrica.
Range and occurrence: upper Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps. 

Family Eptingiidae Dumitrica, 1978b
Genus Eptingium Dumitrica, 1978b
Type species: Eptingium manfredi Dumitrica, 1978

Eptingium manfredi Dumitrica, 1978b
Plate 1, Figure 6

1978b Eptingium manfredi sp. nov. – Dumitrica, p.  33, pl.  3, 
figs 3–4; pl. 4, figs 1–2, 5–6. 
2012b Eptingium manfredi Dumitrica – Stockar et al., p. 390, 
pl. 1, figs 18–21, pl. 2, figs 1–19. (cum syn).
2013 Eptingium manfredi Dumitrica – Celarc et al., figs 8.29–31. 
2014 Eptingium manfredi Dumitrica – Kamata et al., pl.  2, 
figs 24–25.
2016 Eptingium manfredi Dumitrica – Tekin et al., pl., 2, 
figs 14–17.

Range and occurrence: Illyrian (Spongosilicarmiger transitus Zone) 
to Longobardian (Tritortis kretaensis Zone); Cosmopolitan. 
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Eptingium ramovsi Kozur et al., 1996
Plate 1, Figures 7–8

1978 Eptingium manfredi sp. nov. – Dumitrica, p. 33, pl. 4, fig. 7. 
1979 Tripocyclia japonica sp. nov.  – Nakaseko & Nishimura, 
p. 73, pl. 4, fig. 6.
1994 Eptingium manfredi japonicum (Nakaseko et Nishimura) – 
Kozur & Mostler, p. 42–43, pl. 1, fig. 4.
1995 Eptingium sp. A  – Ramovš & Goričan, p.  185, pl.  5, 
figs 4–5.
1996 Eptingium ramovsi sp. nov.  – Kozur et al., p.  206, pl.  4, 
fig. 13; pl. 10, fig. 8.
2012b Eptingium sp. cf. ramovsi Kozur et al. – Stockar et al., 
p. 392, pl. 3, figs 1–3.

Remarks: The first illustration of this species published by 
 Dumitrica in 1978b (pl. 4, fig.  7: optical section of another 
specimen), shows a specimen with strongly twisted and distal-
ly pointed spines. 
Range and occurrence: Illyrian (Tetraspinocyrtis laevis Zone) to 
Fassanian (Ladinocampe vicentinensis Subzone); Cosmopolitan.

Genus Spongostephanidium Dumitrica, 1978b
Type species: Spongostephanidium spongiosum Dumitrica, 1978b

Spongostephanidium brevispinosum Ozsvárt sp. nov.
Plate 1, Figures 11–12

1996 Spongostephanidium longispinosum (Sashida) – pars Kozur 
et al., p. 208, pl. 6, fig. 8.
 
Etymology: Brevis (Latin) = short, spinosum (Latin) = spiny.
Holotype: Plate 1, Figure 12; Hungarian Natural History Museum, 
Budapest: PAL 2022.130.1.
Studied material: Three specimens from the Frötschbach sec-
tion. 
Description: Test relatively small, slightly compressed, circular 
to triangular in outline with three massive spines. Meshwork 
of cortical shell composed of quite thick, triangular to poly-
gonal pore-frames with large pores. Spines connected with 
wide, flat arches. Spines short, squat; two of them significantly 
shorter and equal in length than third one; spines smooth, 
pointed distally. Initial spicular system simple with slim bars; 
remained hidden. 
Remarks: S. brevispinosum sp. nov. is distinguished by two signif-
icantly shorter spines from all other species of Spongostephanid
ium.
Dimensions: Length of test 90–100 µm, longest spine 110–
130 µm, shorter spines 45–50 µm.
Range and occurrence: Upper Illyrian (Spongosilicarmiger transi
tus Zone to Spongosilicarmiger italicus Zone); Southern Alps. 

Spongostephanidium japonicum (Nakaseko et Nishimura, 1979)
Plate 1, Figures 9–10

1979 Trilonche japonica sp. nov. – Nakaseko & Nishimura p. 72, 
pl. 4, figs 8,10
1990 Cryptostephanidium japonicum (Nakaseko et Nishimura) – 
Yeh, p.  22, pl. 4, fig.  10; pl.  5, figs  1–2, 7; pl.  10, fig.  11; pl.  11, 
fig. 18.
1996 Spongostephanidium japonicum (Nakaseko et Nishimura) – 
Kozur et al., p. 207, pl. 6, figs 1–3. (cum syn.)

Remarks: Spongostephanidium japonicum (Nakaseko et Nishimura, 
1979) differs from all other species of Spongostephanidium by the 
widening the middle part of the spines. Besides, our illustrated 
specimens have a relatively simple test, without spongy mesh-
work and rata her massive structure of shell which compose of 
thick, rod-like elements. 
Range and occurrence: Illyrian (Spongosilicarmiger transitus Zone), 
although Yeh (1990) reported it from the early Late Carnian of 
the Busuanga Island, west Philippines; Cosmopolitan.

Spongostephanidium cf. spongiosum Dumitrica, 1978b
Plate 1, Figure 13

cf. 1978 Spongostephanidium spongiosum sp. nov.  – Dumitrica, 
p. 32, pl. 2, figs 2 – 5.

Remarks: Due to the poor preservation, this specimen could 
tentatively assign to the Spongostephanidium spongiosum  Dumitrica, 
because its spines are closer to the S. spongiosum than to the 
S.≈japonicum (Nakaseko et Nishimura, 1979). 
Range and occurrence: Pelsonian from the Cristian section 
 Romania to upper Illyrian (Spongosilicarmiger italicus Zone) in the 
Southern Alps. 

Genus Triassistephanidium Dumitrica, 1978b
Type species: Triassistephanidium laticornis Dumitrica, 1978b

Triassistephanidium sp.
Plate 1, Figure 14

Remarks: The test is globular with mostly small-sized, circular 
to polygonal pore frames with three massive, three-bladed 
spines. All spines are approximately equal in length, proximally 
narrowed, later widening (approx. the widest part is at the 
2/3 part), but distally pointed. Blades are strongly undulating, 
large-sized holes formed on the joining part of the test and 
spines. This specimen is most likely to be a new species be-
cause the characteristic massive, spines distinguish it from 
all other species of Triassistephanidium, but unfortunately, only 
one specimen was found in the Frötschbach section so far. 
T. magniporatum Kozur et Mostler has fairly similar spines, 
but those are slightly twisted, and the test is composed of sig-
nificantly different pore frames, whereas T. laticornis Dumitrica 
wears significantly different spines. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

Family Multiarcusellidae Kozur et Mostler, 1979
Genus Beturiella Dumitrica et al., 1980
Type species: Beturiella robusta Dumitrica et al., 1980

Beturiella latispinosa Ozsvárt sp. nov. 
Plate 1, Figure 15

Etymology: Lata (Latin, adj.) means wide, whereas spinosa 
means spines.
Holotype: Plate 1, Figure 15; Hungarian Natural History Museum, 
Budapest: PAL 2022.115.1.
Studied material: A single specimen from the Frötschbach sec-
tion. 
Description: Large, spherical shell with thick latticed layer 
composed of circular to polygonal pore frames. Five (or six), 
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large, triradiate spines, wide distally, broadest at middle part, 
pointed. Three robust, sharp ridges, furrows wide, shallow. 
Dimensions: Diameter of test 100 µm, length os spines 80–85 µm.
Remarks: This species is distinguished from B. robusta Dumitrica 
et al., by having significantly broader and different spines 
whereas B. mengshengensis Feng has slightly twisted spines 
which are hardly visible in illustrated pictures, but those spec-
imens have significantly smaller pore frames. 
Range and occurrences: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

Family Austrisaturnalidae Kozur et Mostler, 1983
Genus Tiborella Dumitrica et al., 1980
Type species: Tiborella magnidentata Dumitrica et al., 1980

Tiborella florida austriaca Kozur et al., 1996
Plate 2, Figure 1

1996 Tiborella florida austriaca sp. nov. – Kozur et al., p. 219, pl. 4, 
figs 1, 5.
2013 Tiborella florida austriaca Kozur et al.  – Celarc et al., 
fig. 7.19.

Remarks: Our illustrated specimen has a relatively large, inflat-
ed test with huge pores, three stout spines and one significant-
ly longer spine. The fourth, longer spine is slightly rotated 
compared to the other three: its wide ridges are in different 
planes.
Range and occurrence: Upper Illyrian (Spongosilicarmiger transi
tus Zone to Spongosilicarmiger italicus Zone); Southern Alps, Julian 
Alps.

Tiborella magnidentata Dumitrica et al., 1980
Plate 2, Figure 2

1980 Tiborella magnidentata sp. nov.  – Dumitrica et al., p.  18 
pl. 1, figs 2, 6, pl. 11, figs 2 – 4, pl. 12, fig. 4.
1984 Tiborella magnidentata Dumitrica et al. – Lahm, p.  108, 
pl. 19, fig. 7.
1990 Tiborella magnidentata Dumitrica et al.  – Goričan & 
 Buser, p. 159, pl. 1, fig. 4.
1990 Tiborella magnidentata Dumitrica et al. – Yeh, p. 20 pl. 4, 
fig. 17.
1995 Tiborella magnidentata Dumitrica et al.  – Ramovš & 
Goričan, p. 192, pl. 4, fig. 6.

Range and occurrence: Upper Illyrian (Spongosilicarmiger transi
tus Zone to Tritortis kretaensis Zone); Southern Alp, Julian Alps; 
Busuanga Island, Philippines.

Family Centrocubidae Hollande et Enjumet, 1960
Genus Welirella Dumitrica et al., 1980
Type species: Welirella weveri Dumitrica et al., 1980

Welirella fleuryi (De Wever, 1979)
Plate 2, Figure 3

1979 Conosphaera (?) fleuryi sp. nov.  – De Wever et al., p.  78, 
pl. 1, figs 5 – 7.
1996 Welirella fleuryi (De Wever) – Kozur et al., p. 225, pl. 8, 
fig. 10
2013 Welirella? fleuryi (De Wever) – Celarc et al., fig. 7.13.

Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
Lacian (lower Norian); Southern Carpathians, Southern Alps, 
Julian Alps, Sicily and Turkey (Antalya nappes).

Welirella mesotriassica Kozur et al., 1996
Plate 2, Figure 4

1996 Welirella mesotriassica sp. nov. – Kozur et al., p. 225, pl. 8, 
fig. 13.

Remarks: Kozur et al. (1996) described Welirella mesotriassica as 
double-walled species, although this cannot be seen in that 
illustra ted specimen (pl. 8, fig.  13) they noted that the inner 
pore frame possesses small to roundish pores, whereas the out-
er pore frames contain large irregular pores.
Range and occurrence: Pelsonian (Baratuna cristianensis Zone) 
to  upper Illyrian (Spongosilicarmiger italicus Zone): Southern 
 Carpathians, Southern Alps, Julian Alps.

Family Hindeosphaerinae Kozur et Mostler, 1981 
Genus Pseudostylosphaera Kozur et Mostler, 1981
Type species: Pseudostylosphaera gracilis Kozur et Mostler, 
1981

Pseudostylosphaera acrior (Bragin, 1986)
Plate 2, Figures 5–7

1979 Archaeospongoprunum compactum sp. nov.  – Nakaseko & 
Nishimura, p. 68, pl. 1, figs 3, 7.
1982 Archaeospongoprunum compactum Nakaseko et Nishimura – 
Sato et al., pl. 2, fig. 3.
1986 Archaeospongoprunum (?) acrior sp. nov.  – Bragin, p.  69, 
pl. 2, fig. 5.
1988 "Archaeospongoprunum" acrior Bragin – Bragin et al., p. 25, 
pl. 2, fig. 4.
1989 Pseudostylosphaera coccostyla (Rüst) – Martini et al., pl. 1, 
fig. 17, pl. 2, figs 11–12, 16 pl. 3, fig. 10–11.
1990 Pseudostylosphaera compacta (Nakaseko et Nishimura) – 
Yeh, p. 15, pl. 3, figs 3–4, 20.
1991 Pseudostylosphaera coccostyla (Rüst)  – Dosztály, pl.  4, 
fig. 3.
1991 "Stylosphaera" acrior Bragin – Bragin, p. 88, pl. 1, fig. 14.
1992 Archaeospongoprunum compactum Nakaseko et Nishimura – 
Feng, pl. 2, fig. 5.
1993 Pseudostylosphaera japonica (Nakaseko et Nishimura)  – 
Sashida et al., p. 89, figs 7.9, 7.15.
1993 Archaeospongoprunum compactum Nakaseko et Nishimura – 
Feng & Liu, pl. 1, figs 1–2.
1993 Archaeospongoprunum japonicum Nakaseko et Nishimura – 
Feng & Liu, pl. 1, fig. 3.
1994 Pseudostylosphaera coccostyla compacta (Nakaseko et 
 Nishimura) – Kozur & Mostler, p. 44, pl. 1, fig. 8. 
1996 Pseudostylosphaera coccostyla acrior (Bragin)  – Kozur & 
Mostler, p. 211, pl. 6, figs. 12–14.
1997 Pseudostylosphaera japonica (Nakaseko et Nishimura)  – 
Jasin, pl. 3, fig. 3.
2000 Pseudostylosphaera compacta (Nakaseko et Nishimura) – 
Xia & Ning, p. 78, pl. 1, figs 1, 3, non 1, fig. 2!
2001 Pseudostylosphaera compacta (Nakaseko et Nishimura) – 
Feng et al., p. 188, pl. 5, fig. 8–11.
2011 Pseudostylosphaera acrior (Bragin) – Thassanapak et al., 
p. 194, figs 6L, M, N.
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2011 Pseudostylosphaera compacta (Nakaseko et Nishimura) – 
Thassanapak et al., p. 194, figs 6O, Q.
2011 Pseudostylosphaera coccostyla acrior (Bragin) – Ozsvárt et 
al., fig. 9.6.
2012b Pseudostylosphaera acrior (Bragin)  – Stockar et al., 
p. 400, pl. 5, figs 2–5.

Range and occurrence: Illyrian (Tetraspinocyrtis laevis Zone) to 
Carnian (upper Julian or lower Tuvalian); Cosmopolitan.

Pseudostylosphaera canaliculata (Bragin, 1986)
Plate 2, Figures 8–9

1981 Pseudostylosphaera coccosytla (Rüst) – Kozur & Mostler, 
p. 31, pl. 46, fig. 5, non pl. 15, fig. 3!
1981 Pseudostylosphaera ? sp. – Kozur & Mostler, p. 33, pl. 47, 
fig. 5.
1984 Pseudostylosphaera coccosytla (Rüst)  – Lahm, p.  33. pl.  4, 
figs 7–8.
1986 Archaeospongoprunum ? canaliculatum sp. nov.  – Bragin, 
p. 69, pl. 2, fig. 6.
1986 Pseudostylosphaera coccosytla (Rüst) – Kozur & Réti, fig. 6E.
1990 Pseudostylosphaera coccosytla (Rüst) – Goričan & Buser, 
p. 153, pl. 5. f. 1.
1991 "Stylosphaera" canaliculata (Bragin) – Bragin, p. 2, figs 6–7.
1995 Pseudostylosphaera coccosytla (Rüst) – Ramovš & Goričan, 
p. 190, pl. 3, figs 3–4. 
1995 Pseudostylosphaera coccosytla (Rüst) – Kellici & De Wever, 
p. 157, pl. 4, figs 11–12.
1996 Pseudostylosphaera coccosytla (Rüst) – Chiari et al., pl.  2, 
fig. 13.
1997 Pseudostylosphaera coccosytla (Rüst) – Jasin, pl. 3, fig. 1.
1999 Pseudostylosphaera coccostyla coccosytla (Rüst) – Sashida et 
al., p. 770, fig. 8.10.
1999 Pseudostylosphaera coccostyla coccosytla (Rüst)  – Tekin, 
p. 128, pl. 25, fig. 8.
2001 Pseudostylosphaera compacta (Nakaseko et Nishimura) – 
Feng et al., p. 188, pl. 5, fig. 12. 
2001 Pseudostylosphaera coccostylus (Rüst) –Feng et al., p.  190, 
pl. 5, figs 13–14. 
2002 Pseudostylosphaera coccosytla (Rüst) – Wang et al., p. 219, 
pl. 1, fig. 23.
2009 Pseudostylosphaera coccostyla (Rüst) – Feng et al., p.  593, 
figs 5.3 – 4.
2012 Pseudostylosphaera coccostyla coccosytla (Rüst) – Ozsvárt & 
Kovács, pl. 1, fig. 1.
2012b Pseudostylosphaera canaliculata (Bragin) – Stockar et al., 
p. 398, pl. 5, fig. 1.

Range and occurrence: Illyrian (Upper part of Tetraspinocyrtis 
laevis Zone) to Longobardian (Muelleritortis cochleata Zone); 
Cosmo politan.
 

Pseudostylosphaera compacta (Nakaseko et Nishimura, 1979)
Plate 2, Figures 10–11

1979 Archaeospongoprunum compactum sp. nov.  – Nakaseko & 
Nishimura, p. 68, pl. 1, fig. 7, 
1981 Pseudostylosphaera coccostyla (Rüst, 1892)  – Kozur & 
 Mostler, p. 31, pl. 15. fig. 3, non pl. 46, fig. 5.
1982 Stylosphaera (?) compacta (Nakaseko et Nishimura)  – 
Kishida & Sugano, pl. 1, fig. 8.

1997 Pseudostylosphaera compacta (Nakaseko et Nishimura) – 
Jasin, pl. 3, fig. 2.
2001 Pseudostylosphaera compacta (Nakaseko et Nishimura) – 
Feng et al., p. 188, pl. 5, fig. 7. 

Remarks: Pseudostylosphaera compacta (Nakaseko et Nishimura) 
differs from P. acrior (Bragin) by having significantly longer 
and slender spines. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to Longobardian (Muelleritortis cochleata Zone); Cosmo-
politan.

Pseudostylosphaera cf. compacta (Nakaseko et Nishimura, 
1979)

Plate 2, Figures 12–13

2012b Pseudostylosphaera sp. aff. P. japonica (Nakaseko et 
 Nishimura) – Stockar et al., p. 397, pl. 4, figs 3–5.

Remarks: These specimens could be a transitional form bet ween 
Pseudostylosphaera japonica (Nakaseko et Nishimura, 1979) and 
P. compacta (Nakaseko et Nishimura, 1979). Pseudostylosphaera 
japonica (Nakaseko et Nishimura, 1979) differs by having sig-
nificantly shorter and wider polar spines (with characteristic 
widening at the midlength of spines) whereas P. compacta (Na-
kaseko et Nishimura, 1979) slightly differs by having straight 
(without narrowing and widening part of spines) spines.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to early Fassanian (Ladinocampe multiperforata Zone); 
Southern Alps.

Pseudostylosphaera longispinosa Kozur et Mostler, 1981
Plate 2, Figures 14

1981 Pseudostylosphaera longispinosa sp. nov. – Kozur & Mostler, 
p. 32, pl. 1, fig. 6.
1981 Pseudostylosphaera longobardica sp. nov. – Kozur & Mostler, 
p. 33, pl. 49, fig. 3.
1984 Pseudostylosphaera longispinosa Kozur et Mostler – Lahm, 
p. 34 – 35, pl. 4, figs 11–12.
1986 Pseudostylosphaera longispinosa Kozur et Mostler  – 
Kozur & Réti, fig. 6D.
1990 Pseudostylosphaera longispinosa Kozur et Mostler  – 
Goričan & Buser, p. 155, pl. 5, fig. 4.
1989 Pseudostylosphaera longispinosa Kozur et Mostler  – 
Kolar-Jurkovšek, p. 76, pl. 5., figs 6 a, b.
1990 Pseudostylosphaera longobardica Kozur et Mostler  – De 
Wever et al., pl. 1, fig. 5.
1990 Pseudostylosphaera longispinosa Kozur et Mostler – Yeh, 
p. 15, pl. 4, fig. 2.
1997 Pseudostylosphaera compacta (Nakaseko et Nishimura) – 
Jasin, pl. 3, fig. 2.
1997 Pseudostylosphaera longispinosa Kozur et Mostler  – 
 Sugiyama, p. 188, fig. 48.16.
1998 Pseudostylosphaera longispinosa Kozur et Mostler  – 
 Takahashi et al., pl. 1, fig. 4.
1999 Pseudostylosphaera longispinosa Kozur et Mostler  – 
Tekin, p. 129, pl. 25, fig. 14.
2001 Pseudostylosphaera longispinosa Kozur et Mostler – Feng 
et al., p. 190, pl. 5, figs 22–24.
2006 Pseudostylosphaera longispinosa Kozur et Mostler  – 
Marquez et al., pl. 2, fig. 13.
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2007 Pseudostylosphaera longispinosa Kozur et Mostler – Tekin 
and Göncüoglu, pl. 2, fig. 25.
2008 Pseudostylosphaera longobardica Kozur et Mostler  – 
 Gawlick et al., fig. 10.10. 
2010 Pseudostylosphaera longispinosa Kozur et Mostler – Tekin 
& Sönmez, fig. 7R.
2011 Pseudostylosphaera longispinosa Kozur et Mostler  – 
 Thassanapak et al., p. 195, fig. 6T.
2012 Pseudostylosphaera longispinosa Kozur et Mostler  – 
Ozsvárt et al., fig. 9.7.
2012 Pseudostylosphaera longobardica Kozur et Mostler  – 
Ozsvárt et al., fig. 9.8.
2012b Pseudostylosphaera longispinosa Kozur et Mostler  – 
Stockar et al., p. 397, pl. 4., figs 16–24.
2015 Pseudostylosphaera longispinosa Kozur et Mostler  – 
Ozsvárt et al., p. 349, fig. 6.6.

Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone) to Tuvalian (Spongotortilispinus moixi Zone); Cosmopolitan.

Pseudostylosphaera mostleri Tekin, 2007 
Plate 2, Figures 15–16

2007 Pseudostylosphaera mostleri n. sp  – Tekin, p.  142, pl.  3, 
figs 1–5.

Remarks: Illustrated specimens from the Frötschbach section 
have somewhat more massive spines with slightly wider ridges 
and narrower grooves. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to upper Julian (Tetraporobrachia haeckeli Zone); Cosmo-
politan.

Pseudostylosphaera nazarovi (Kozur et Mostler, 1981)
Plate 2, Figure 17

1979 Stylosphaera ? nazarovi sp. nov. – Kozur & Mostler, p. 55, 
pl. 1, fig. 5, pl. 14, figs 4, 6.
2007 Pseudostylosphaera nazarovi (Kozur et Mostler) – Tekin 
and Göncüoglu, pl. 2, figs 26–27.
2012 Pseudostylosphaera nazarovi (Kozur et Mostler) – Tekin et 
al., fig. 5b. 

Range and occurrence: Lower Longobardian (Muelleritortis coch
leata Zone) to Upper Julian (Tetraporobrachia haeckeli Subzone); 
Northern Calcareous Alps (Göstling), Southern Alps (Seceda 
section).

Genus Spinostylosphaera Ozsvárt et al., 2015
Type species: Spinostylosphaera andrasi Ozsvárt et al., 2015

Spinostylosphaera ? vachardi Ozsvárt et al., 2015
Plate 2, Figure 18

2011 Dumitricasphaera simplex Tekin  – Bragin, p.  755, pl.  10, 
fig. 6.
2015 Spinostylosphaera vachardi sp. nov. – Ozsvárt et al., p. 349, 
figs 6.13–15. 

Remarks: Although these specimens are poorly preserved in the 
material from the Seceda outcrop, they wear characteristic 
three-bladed polar spines with three pointed secondary spines. 

Du to poor preservation it is difficult to decide whether this 
specimen has a spongy or latticed frame. 
Range and occurrence: Lower Longobardian (Ladinian) to 
 lower Tuvalian (Spongotortilispinus moixi Zone); Southern Alps 
(Seceda outcrop), Sorgun Ophiolitic Mélange, Turkey.

Genus Parasepsagon Dumitrica et al., 1980
Type species: Parasepsagon tetracanthus Dumitrica et al., 1980

Parasepsagon praetetracanthus Kozur et Mostler, 1994
Plate 3, Figure 1

1984 Staurosphaera? fluegeli (Kozur et Mostler) – Lahm, p. 75, 
pl. 13, fig. 7
1990 Plafkerium? cf. longidentatum Kozur et Mostler  – 
Goričan & Buser, p. 153, pl. 6, fig. 2.
1994 Parasepsagon asymmetricus praetetracanthus n. subsp.  – 
Kozur & Mostler, p. 49, pl. 5, fig. 3.
1995 Parasepsagon asymmetricus praetetracanthus Kozur et 
 Mostler – Ramovš & Goričan, p. 187, pl. 3, figs 1–2.
2012b Parasepsagon praetetracanthus Kozur et Mostler  – 
Stockar et al., p. 401, pl. 5, figs 18, ?19–20. 
2014 Parasepsagon tetracanthus Dumitrica et al. – Kamata et 
al., pl. 2, figs 13–14.

Range and occurrence: Aegean (Hozmadia gifuensis Zone) to 
 Fassanian (Ladinocampe multiperforata Zone); Thailand, the 
Southern Alps. 

Parasepsagon cf. tetracanthus Dumitrica et al., 1980
Plate 3, Figure 2

cf. 1980 Parasepsagon tetracanthus sp. nov. – Dumitrica et al., 
p. 13, pl. 1, fig. 8; pl. 2, fig. 7.

Remarks: This specimen fairly resembles the P. tetracanthus 
 Dumitrica et al., but the preservation is rather poor therefore 
we can tentatively assign it to this genus. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to lower Fassanian (Ladinocampe multiperforata Zone); 
Southern Alps.

Genus Sepsagon Dumitrica et al., 1980
Type species: Triactoma longispinosum Kozur et Mostler, 1979

Sepsagon ladinicus Kozur et Mostler, 1994
Plate 3, Figure 3

1980 Sepsagon longispinosus (Kozur et Mostler) – Dumitrica 
et al., p. 15, pl. 5, figs 1 – 2, 5–6; pl. 15, fig. 1.
1984 Sepsagon longispinosus longispinosus (Kozur et Mostler) – 
Lahm, p. 39, pl. 6, fig. 5, non 3 – 4.
1994 Sepsagon ladinicus sp. nov.  – Kozur & Mostler, p.  48, 
pl. 4, figs 5 – 9.
2012b Sepsagon ladinicus Kozur et Mostler – Stockar et al., 
p. 402, pl. 6, figs 5 – 7.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to lower Fassanian (Ladinocampe vicentinensis Subzone); 
Southern Alps.
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Sepsagon recoarensis Lahm, 1984
Plate 3, Figures 4a–b

1984 Sepsagon longispinosus recoarensis n. subsp. – Lahm, p. 40, 
pl. 6, fig. 8.
1984 Sepsagon cf. longispinosus recoarensis n. subsp. – Lahm, p. 40, 
pl. 6, fig. 9.
1995 Sepsagon longispinosus (Kozur et Mostler) – Kellici & De 
Wever, p. 158, pl. 5, fig. 8.
2012b Sepsagon recoarensis Lahm – Stockar et al., p. 402, pl. 6, 
figs 1–4.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to lower Fassanian (Ladinocampe vicentinensis Subzone); 
Southern Alps.

Sepsagon cf. robustus Lahm, 1984
Plate 3, Figure 5

1984 Sepsagon ? robustus sp. nov. – Lahm, p. 40, pl. 6, fig. 10.

Remarks: Poorly preserved specimens with one significantly 
longer spine than the other two. The shorter two spines are 
equal in length, whereas all of them increase distally, but from 
midlength decrease at the distal end. Ridges are extremely 
wide, whereas holes at the base of them are smaller than at the 
holotype. The inner structure has remained hidden. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger transi
tus Zone) to Longobardian (Muelleritortis cochleata Zone); South-
ern Alps, Julian Alps, Northern Tibet.

Genus Bernoulliella Stockar et al, 2012
Type species: Hexalonche simplex Lahm, 1984

Bernoulliella simplex (Lahm, 1984)
Plate 3, Figures 6–8

1984 Hexalonche simplex sp. nov. – Lahm, p. 79, pl. 14, figs 2–3.
1996 Hexalonche simplex Lahm – Kozur et al., p. 222, pl. 8, figs 1, 4.
2012b Bernoulliella simplex (Lahm) – Stockar et al., p. 407, text-
fig. 11; pl. 7, figs 1–5. 

Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone) to lower Fassanian (Ladinocampe multiperforata Zone); 
Southern Alps, Julian Alps, Transdanubian Central Range 
(Felsőörs), Hungary.

Bernoulliella cf. simplex (Lahm, 1984)
Plate 3, Figures 9–10

Remarks: These specimens are fairly similar to the Bernoulliella 
simplex, the only difference is the significantly more massive 
spines (one or two), which possess secondary furrows at the 
proximal part of the spine(s). These furrows are relatively wide 
at the proximal part and narrowed distally, generally, they are 
rather short. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

Genus Eohexastylus Stockar et al., 2012
Type species: Hexastylus muzavori Lahm, 1984

Eohexastylus muzavori (Lahm, 1984)
Plate 3, Figures 11–12

1984 Hexastylus muzavori sp. nov. – Lahm, p. 78, pl. 14, fig. 1.
1995 Phyletripes muzavori (Lahm) – Kellici & De Wever, p. 156, 
pl. 2, fig. 11.
2012b Eohexastylus muzavori (Lahm) – Stockar et al., p. 409, 
fig. 12; pl. 7, figs 7–9.

Remarks: The holotype of this species has slender test and 
longer terminal spines and more massive triradiate spines.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to lower Fassanian (Ladinocampe multiperforata Zone); 
Southern Alps.
 
Family Muelleritortiidae Kozur, 1988
Genus Muelleritortis Kozur, 1988
Remarks: The genera Ditortis Kozur, 1988 and Pentatortis Kozur, 
1988 are junior synonyms of this genus.
Type species: Emiluvia ? cochleata Nakaseko et Nishimura, 1979

Muelleritortis globosa Tekin, 2010
Plate 4, Figure 1 

2010 Muelleritortis firma globosa n. subsp. – Tekin & Sönmez, 
p. 211, figs 8H–K.

Remarks: Tekin established a new subspecies Muelleritortis 
 firma globosa although that species significantly differs from 
M.  firma (Goričan) by having undivided ridges on spines, 
longer spines that widening in the middle part and tapering 
distally (except longest spine) which is straight and pointed 
distally without widening. 
Range and occurrence: Longobardian (Muelleritortis firma Zone 
to Muelleritortis cochleata Zone); Southern Alps, Antalya nappes, 
Southern Turkey.

Family Palaeoscenidiidae Riedel, 1967
Genus Parentactinia Dumitrica, 1978a
Type species: Parentactinia pugnax Dumitrica, 1978a

Parentactinia pugnax Dumitrica, 1978a
Plate 3, Figure 13

1978a Parentactinia pugnax sp. nov. – Dumitrica, p.  50, pl.  4, 
figs 4?, 5, pl. V, figs 1–3.
1990 Parentactinia pugnax Dumitrica – Yeh, p. 13, pl. 4, fig. 19.
1990 Parentactinia pugnax Dumitrica  – Goričan & Buser, 
p. 149, pl. 7, fig. 6.
1994 Parentactinia pugnax Dumitrica  – Kozur & Mostler, 
p. 45, pl. 1, figs 11–12.
1995 Parentactinia pugnax Dumitrica  – Ramovš & Goričan, 
p. 187, pl. 4, fig. 7.
2003 Parentactinia cf. pugnax Dumitrica – Hori et al., fig. 5B.
2013 Parentactinia pugnax Dumitrica – Celarc et al., figs 8.19–20. 
? 2014 Parentactinia cf. pugnax Dumitrica  – Shigeta et al., 
p. 286, fig. 203.5.
2015 Parentactinia pugnax Dumitrica – Ozsvárt et al., p. 345, 
fig. 5.7.

Range and occurrence: ?Olenekian from New Zealand and 
 Vietnam; Middle Triassic from the Southern Alps (Recoaro); 
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Julian Alps; Transdanubian Central Range; Upper Triassic 
(lower Tuvalian) from the Sorgun Ophiolitic Mélange, Turkey.

Parentactinia kecskemetii Ozsvárt sp. nov.
Plate 3, Figures 14–15

Etymology: This species is named in honour of Tibor 
Kecskeméti who has been turned 90 recently, he is a Hungar-
ian palaeontologist, Nummulites expert and he held the deputy 
director position of the Hungarian Natural History Museum for 
a long time.
Holotype: Plate 3, Figures 14–15; Hungarian Natural History 
Museum, Budapest: PAL 2022.123.1.
Studied material: Two specimens from the Frötschbach sec-
tion.
Description: This species has two, massive, straight or slightly 
curved and pointed distally apical spines which might wear 
short and pointed spinule. The median bar (MB) is extremely 
short; four similar to the apical spines but significantly longer 
basal spines which curved outward. Basal spines are connected 
to create an oviform test with irregular but rather triangu-
lar-shaped pores.
Dimensions: Length of the test 250 µm, diameter of the test 110 
µm, length of apical spines 60–65 µm. 
Remarks: Parentactinia kecskemetii sp. nov. is distinguished from 
P. pugnax Dumitrica by having two apical spines instead of 
three or four of them. 
Range and occurrence: Illyrian (Spongosilicarmiger italicus Zone); 
Southern Alps (Frötschbach section).

Family Thalassothamnidae Haecker, 1906
Genus: Triassothamnus Kozur et Mostler, 1981
Type species: Palacantholithus? verticillatus Dumitrica, 1978a

Triassothamnus verticillatus (Dumitrica, 1978a)
Plate 4, Figures 2–3

1978a Palacantholithus? verticillatus sp. nov. – Dumitrica, p. 42, 
pl. 1, fig. 1; pl. 2, fig. 5.
1982 Archaeothamnulus verticillatus (Dumitrica) – Dumitrica, 
p. 418, pl. 5, figs 3–4; pl. 7, fig. 4.
1990 Triassothamnus verticillatus (Dumitrica)  – Goričan & 
 Buser, p. 160, pl. 7, fig. 3.
1996 Triassothamnus verticillatus (Dumitrica)  – Kozur et al., 
p. 218, pl. 11, fig. 3.
2013 Triassothamnus verticillatus (Dumitrica)  – Celarc et al., 
fig. 8.24.
2014 Triassothamnus verticillatus (Dumitrica) – Shigeta et al., 
p. 288, figs 205.1–5.

Range and occurrence: Lower Olenekian to Illyrian (Ladinocam
pe multiperforata Zone); Bac Thuy Formation, northeastern Viet-
nam, Southern Alps (Recoaro) and Julian Alps.

Family Heptacladidae Dumitrica et al., 1980
Genus Heptacladus Dumitrica et al., 1980
Type species: Heptacladus crassispinus Dumitrica et al., 1980

Heptacladus crassispinus Dumitrica et al., 1980
Plate 4, Figures 4–6

1980 Heptacladus crassispinus sp. nov. – Dumitrica et al., p. 3, 
pl. 5, fig. 3; pl. 13, figs 1–3, 5.
1984 Heptacladus crassispinus Dumitrica et al. – Lahm, p. 29, 
pl. 3, fig. 10.
1994 Heptacladus crassispinus Dumitrica et al.  – Kozur & 
 Mostler, pl. 2, figs 8–9; pl. 3, figs 3, 8.
1996 Heptacladus crassispinus Dumitrica et al. – Kozur et al., 
p. 223, pl. 7, fig. 12.

Remarks: Outer layer of the shell is spherical, composed of large 
polygonal pore frames with rod-like, straight, long spines and 
numerous needle-like secondary spines. The initial spicule 
contains a short, stout median bar and similar but somewhat 
longer and thinner apical spines. Four basal spines contain the 
initial spicule, two of them continue in the rod-like, massive 
spines and the other two connect by an arch that is connected 
to the outer frame. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger transi
tus Zone to Ladinocampe multiperforatra Zone); Southern Alps.

Family Entactiniidae Riedel, 1967
Genus Entactinosphaera Foreman, 1963
Type species: Entactinosphaera esostrongyla Foreman, 1963

“Entactinosphaera” stockari Ozsvárt sp. nov. 
Plate 4, Figures 7–10

2012b “Entactinosphaera”? zapfei Kozur et Mostler, 1979  – 
Stockar et al., p. 428, pl. 12, fig. 2. 

Etymology: This species is named for Dr Rudolf Stockar for 
his outstanding contribution to paleoenvironmental investiga-
tions of the Middle Triassic Monte San Giorgio (Southern Alps, 
Switzerland).
Holotype: Plate 4, Figure 8; Hungarian Natural History Museum, 
Budapest: PAL 2022.116.1.
Studied material: Three specimens from the Frötschbach sec-
tion.
Description: Test spherical (100–150 μm in diameter), cortical 
shell composed of latticed meshwork with large, circular pores, 
medullary shell absent. Simple initial spicular system made of 
slim, smooth median bar, apical spine, ventral spine, two pri-
mary lateral spines and two secondary lateral spines. Six mas-
sive, three-bladed, relatively short (100–200 μm in length) 
pointed distally spines with sharp ridges and deep grooves.
Remarks: E. stockari sp. nov. is quite similar to the Bernouillella 
simplex (Lahm, 1984) based on outer morphological characteris-
tics, however, the initial spicular system is completely different 
because the medullary shell is absent. Besides, the outermost 
layer of the cortical shell possesses somewhat larger pores. “E.” 
stockari sp. nov. differs from “Entactinosphaera” zapfei Kozur et 
Mostler by having significantly shorter and more robust 
spines and the cortical shell composed of latticed meshwork, 
whereas the cortical shell of “Entactinosphaera” zapfei Kozur et 
Mostler (holotype: pl. 14, fig. 2 in Kozur & Mostler, 1979) 
formed by irregular large pores.
Range and occurrence: Pelsonian (Baratuan cristianensis Zone) to 
lower Fassanian (Ladinocampe multiperforata Zone); Southern 
Carpathians and Southern Alps.
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“Entactinosphaera” zapfei Kozur et Mostler, 1979
Plate 4, Figures 12–14

1979 Entactinosphaera ? zapfei sp. nov.  – Kozur & Mostler, 
p. 71, pl. 8, fig. 3(?); pl. 14, fig. 2.
1984 Entactinosphaera ? zapfei Kozur et Mostler – Lahm p. 16, 
pl. 1, fig. 9.
non 2012b ”Entactinosphaera” ? zapfei Kozur et Mostler  – 
Stockar et al., p. 428, pl. 12, fig. 2.

Remarks: Illustrated specimens are the same as that illustrated 
by Kozur & Mostler (1979). However, the systematic position 
of this species is still questionable because of the huge gap in 
stratigraphic distribution (Entactinosphaera is a Devonian genus, 
originally) and the hidden internal structure of initial spicule. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to Julian (Tetraporobrachia haeckeli Zone); Southern Alps 
(Frötschbach section), Northern Calcareous Alps (Göstling).

“Entactinosphaera” ? triassica Kozur et Mostler, 1979
Plate 4, Figure 11

1979 Entactinosphaera ? triassica sp. nov. – Kozur & Mostler, 
p.70, pl. 6, fig. 2.
1984 Entactinosphaera ? triassica Kozur et Mostler  – Lahm, 
p. 18, pl. 1, fig. 12.
2012 Entactinosphaera ? triassica Kozur et Mostler – Stockar, 
p. 428, pl. 12, fig. 1.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to Julian (Tetraporobrachia haeckeli Zone); Southern Alps 
(Frötschbach section), Northern Calcareous Alps (Göstling).

Entactinaria incertae sedis
Genus Hexatortilisphaera Kozur et al., 1996

Hexatortilisphaera aequispinosa Kozur et al., 1996
Plate 4, Figure 15

1996 Hexatortilisphaera aequispinosa sp. nov.  – Kozur et al., 
p. 214, pl. 8, fig. 7.
2012b Hexatortilisphaera aequispinosa Kozur et al. – Stockar et 
al., p. 407, pl. 7, fig. 6.

Remarks: The two main, sinistrally twisted spines are signifi-
cantly longer (approximately double in length) than four equa-
torial spines which are also slightly sinistrally twisted.
Range and occurrence: Upper Illyrian (Spongosilicarmiger transi
tus Zone to Ladinocampe vicentinensis Subzone); Southern Alps, 
Julian Alps. 

Entactinarian genus and species indeterminate A.
Plate 4, Figure 16

cf. 2000 Actinomma sp. – Sashida et al., p. 804, fig. 10.6.

Remarks: This species is tentatively assigned to Entactinaria, 
although the exact initial spicular system is hidden. Spherical 
test with massive polygonal to circular pore frames having tiny 
spines at vertices. 11–13 long, smooth and pointed spines with 
narrow, rounded longitudinal ridges and shallow longitudinal 
grooves at the proximal part of them. Sashida et al. (2000) 

published a fairly similar species as Actinomma sp., although it 
was assigned to the Spumellarian group. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section), Northern Thailand.

Order Spumellaria Ehrenberg, 1875
Family ?Pantanelliidae Pessagno, 1977

Family Xiphostylidae Haeckel, 1881
Genus Archaeocenosphaera Pessagno et Yang, 1989 
Type species: Archaeocenosphaera ruesti Pessagno et Yang, 1989 

Archaeocenosphaera igoi (Sashida, 2000)
Plate 5, Figures 1–2

1979 Cenosphaera clathrata Parona – Kozur & Mostler, p. 69, 
pl. 4, fig. 1.
1982 ”Cenosphaera” sp. – Dumitrica & Mello, pl. 2, fig. 5.
1984 Cenosphaera clathrata Parona – Lahm, p. 15, pl. 1, figs 1–2.
1984 Cenosphaera sp. B – Lahm, p. 15, pl. 1, figs 5–6.
1994 Cenosphaera sp. – Kozur & Mostler, p. 248., pl. 2A, fig. 5
1996 Cenosphaera clathrata Parona – Chiari et al., pl. 1, fig. 19.
1996 Cenosphaera parvispinosa sp. nov. – Kozur et al., p. 222–223, 
pl. 9, fig. 12., non fig. 13.
1997 Cenosphaera sp. C – Yao, pl. 1, fig. 4.
1997 Cenosphaera ? sp. Z0 – Yao, pl. 1, fig. 11.
2000 Cenosphaera igoi sp. nov. – Sashida et al., p. 804, figs 10.7–8.
2001 Archaeocenosphaera sp. – Hauser et al., pl. 3, fig. 10.
2007 Cenosphaera igoi Sashida  – Saesaengseerung et al., 
fig. 8.52.
2008 Cenosphaera igoi Sashida  – Saesaengseerung et al., 
p. 403, fig. 8.26.
2009 Archaeocenosphaera clathrata (Parona) – Feng et al., p. 585, 
fig. 3(1–4).
2011 Archaeocenosphaera sp.  – Thassanapak et al., p.  188, 
figs 4C–D.
2012b Archaeocenosphaera sp. B sensu Lahm, 1984 – Stockar et 
al., p. 409, pl. 7, figs 10–11.
2014 Archaeocenosphaera sp. – Bragin, pl. 4, fig. 8.
2015 Archaeocenosphaera clathrata (Parona)  – Ozsvárt et al., 
p. 344, fig. 5.1
2019 Archaeocenosphaera sp. – Bragin et al., pl. 1, figs 2.1 – 2.
2020 Archaeocenosphaera spp. – Slovenec et al., figs 10.19–23.

Remarks: Specimens previously assigned in the literature to 
Cenosphaera clathrata Parona, 1890. Kozur & Mostler (1979) 
figured the first SEM picture of this species, but it is a rather 
poorly preserved specimen, without any information regarding 
the locality and its exact age. However, that specimen has more 
or less circular to hexagonal pore frames, although it is really 
difficult to compare the illustrated Parona holotype because it 
is a rather schematic drawing (Parona, 1890, pl.  1, fig. 5). In 
fact, in Parona illustration has clearly fewer and symmetrical-
ly arranged hexagonal pore frames. Dumitrica et al. (1997) 
illustra ted a specimen from Masirah Island, Oman that much 
more resembles the Parona holotype, but it is Berriasian in 
age. That specimen could be a true Cenosphaera clathrata 
 Parona, 1890 (or Archaeocenosphaera clathrata (Parona, 1890) 
according to O’Dogherty et al. (2009) regarding erroneously 
used name for Mesozoic genera and it is a relatively good 
SEM illustration, much better than Parona drawings. The holo-
type of C. clathrata Parona, 1890 was recorded from the Upper 
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Jurassic and Lower Cretaceous, whereas Kozur & Mostler’s 
specimens came out from the middle or late Triassic. Sashida 
et al. (2000) published a Middle Triassic (Anisian) species as 
Cenosphaera igoi Sashida which has a “single latticed shell with 
many circular pores. Pore frames are usually hexagonal and 
often bear small nodes, although this latter is hardly visible in 
figured specimens. In fact, the same or morphologically very 
similar specimens to Kozur & Mostler’s specimen are com-
monly recorded from the Middle Triassic “Buchenstein Beds” 
(Livinallongo Formation) near Recoaro by Lahm (1984), from 
the Monte San Giorgio (Stockar et al., 2012b), from the Carnian 
Sorgun Ophiolitic Mélange, Southern Turkey by Ozsvárt et al. 
(2015), from Rubik complex in Albania by Chiari et al. (1996), 
additionally from Northern Thailand (Sashida et al., 2000) 
and Northern Tibet (Feng et al., 2009). As Stockar et al. 
(2012b) pointed out this huge gap between the Middle Triassic 
specimens and the Upper Tithonian or Lower Cretaceous Parona 
species makes the specify uncertain. Agreeing that long-ranged 
species are very rare among radiolarians, these illustrated spec-
imens should be assigned to Archaeocenosphaera igoi (Sashida, 
2000) rather than to A. clathrata Parona, 1890 as previously.
Range and occurrence: Lower Anisian (Sashida et al., 2000) to 
Carnian (Ozsvárt et al., 2015); Cosmopolitan.

Archaeocenosphaera parvispinosa (Kozur et Mostler, 1981)
Plate 5, Figures 3–4

1981 Heliosoma ? parvispinosa sp. nov.  – Kozur & Mostler, 
p. 66, pl. 1, fig. 2. 
1994 Archaeocenosphaera limbata sp. nov. – Kito & De Wever, 
p. 125, pl. 1, figs 1–3. 
1996 Cenosphaera parvispinosa sp. nov. – Kozur et al., p. 222, pl. 9, 
fig. 13.
2002 Cenosphaera clathrata Parona – Suzuki et al., 2002, p. 170, 
fig. 4C.
2015 Archaeocenosphaera parvispinosa (Kozur et al.) – Ozsvárt et 
al., p. 344, fig. 5.2.

Remarks: Kozur & Mostler (1981) figured a species as Helioso
ma ? parvispinosa which also probably belongs to A. parvispinosa, 
because it has hexagonal pore frames with tiny spines, although 
its preservation is rather bad. Suzuki et al. (2002) illustrated 
a  very similar specimen from Peru as C. clathrata Parona, 
 although it bears spars, small needle-like spines. Kito & De 
Wever (1994) also figured (pl. 1, fig. 1) a Middle Jurassic speci-
men (Archaeocenosphaera limbata) from Sicily, Italy which quite 
resembles A. parvispinosa (Kozur et al., 1996), despite its spines 
are a bit thinner.
Range and occurrence: Upper Anisian and lower Ladinian: 
Southern Alps, Hungary (Kozur et al., 1996); Lower Jurassic of 
Peru (Suzuki et al., 2002), Middle Jurassic of Sicily, Italy (Kito 
& De Wever, 1994).

Genus Novamuria Özdikmen, 2009
Type species: Amuria impensa Whalen et Carter, 1998

Novamuria mocki (Kozur et Mostler, 1979)
Plate 5, Figure 5

1979 Acanthosphaera ? mocki sp. nov. – Kozur & Mostler, p. 49, 
pl. 7, fig. 1
non 1981 Heliosoma ? mocki (Kozur et Mostler)  – Kozur & 
Mostler, p. 65, pl. 57, fig. 2.
non 1984 Heliosoma ? mocki (Kozur et Mostler) – Lahm, p. 64, 
pl. 11, fig. 6.
1984 Welirella weveri Dumitrica et al. – Lahm, p. 107, pl. 19, fig. 5.
1990 Heliosoma ? mocki (Kozur et Mostler – Kolar- Jurkovšek, 
p. 80, pl. 5, fig. 3.
2005 Heliosoma ? mocki (Kozur et Mostler) – Tekin &  Mostler, 
p. 24, pl. 1, fig. 3.
2010 Heliosoma ? mocki (Kozur et Mostler) – Tekin &  Sönmez, 
fig. 6A.

Remarks: Illustrated specimen from the Frötchbach section has 
9–11 spines, whereas the holotype wears 14 massive tricarinate 
spines as Kozur & Mostler (1979) published, without any 
information about its inner structure, locality or age. Later, 
Kozur & Mostler (1981) re-published a quite different form as 
Heliosoma ? mocki (Acanthosphaera ? mocki was mentioned as a 
synonym of it). That form has a medullary shell, and quite dif-
ferent spines. Probably these specimens belong to two different 
genera. Additionally, the names Acanthosphaera and Heliosoma 
were used erroneously (O’Dogherthy et al., 2009) for Mesozoic, 
therefore neither Acanthosphaera nor Heliosoma are valid. We 
have assigned this form to the genus Novamuria.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone to Spongoserulla fluegeli Subzone); Southern Alps (Frötsch-
bach section), Antalya nappe, Turkey.

Novamuria nicorae (Kozur et al., 1996)
Plate 5, Figure 6

1996 Acanthosphaera nicorae sp. nov. – Kozur et al., p. 221, pl. 8, 
fig. 9.
cf. 2005 Acanthosphaera nicorae Kozur et al. – Tekin & Mostler, 
p. 24, pl. 1, fig. 1.

Range and occurrence: Upper Illyrian (Spongosilicarmiger transi
tus Zone to the Spongoserulla fluegeli Subzone); Southern Alps 
(Karavanke and Dolomites), Antalya nappe, Turkey.

Novamuria wirzi Stockar et al, 2012
Plate 5, Figures 7–9

2012b Novamuria wirzi sp. nov. – Stockar et al., p.  410, pl.  7, 
figs 12–17; pl. 8, figs 1–4.

Remarks: Carter (1993) published a quite similar species as 
Archaeocenosphaera sp. B from Sandilands Formation, Queen 
Charlotte Islands, Canada which, however, differs from N. wirzi 
Stockar et al., in having fewer (10–12) triradiate spines. 
 Acanthosphaera (?) lucida published by Hull (1997) from the 
 Tithonian of Stanley Mountain, California, is also fairly similar 
to the N. wirzi Stockar et al., however, some of them wear 
somewhat shorter and fewer spines. 
Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
upper Illyrian (Ladinocampe vicentinensis Subzones); Southern 
Carpathians and Southern Alps.
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Family Intermediellidae Lahm, 1984
Genus Katorella Kozur et Mostler, 1981
Type species: Katorella bifurcata Kozur et Mostler, 1981

Katorella bifurcata Kozur et Mostler, 1981
Plate 5, Figures 10–12

1979 Staurodoras dercourti De Wever – Nakaseko & Nishimura, 
p. 71, pl. 3, fig. 7.
1981 Katorella bifurcata sp. nov. – Kozur & Mostler, p. 51, pl. 3, 
figs 4–5; pl. 60, figs 2a, b.
1984 Katorella bifurcata Kozur et Mostler – Lahm, p. 52, pl. 9, 
fig 2.
1989 gen. nov. indet. (= Staurodauras dercourti De Wever et al., 
1979 in Nakaseko & Nishimura, 1979) – Martini et al., pl. 1, 
fig. 5.
1990 gen. sp. indet (= Staurodauras dercourti De Wever et coll., 
1979 in Nakaseko & Nishimura, 1979) – De Wever et al., 
fig. 7. 
1990 Katorella bifurcata Kozur et Mostler – Goričan & Buser, 
p. 147, pl. 1, fig. 11.
1994 Katorella bifurcata Kozur et Mostler – Kozur & Mostler, 
pl. 16, fig. 8.
1995 Katorella bifurcata Kozur et Mostler  – Kellici & De 
Wever, p. 148, pl. 3, fig. 1.
1999 Katorella bifurcata Kozur et Mostler  – Sashida et al., 
p. 772, fig. 8.17.
2006 Katorella bifurcata Kozur et Mostler – Marquez et al., 
pl. 5, fig. 41.
2007 Katorella bifurcata Kozur et Mostler  – Saesaeng-
seerung et al., fig. 8.38.
2009 Katorella bifurcata Kozur et Mostler – Feng et al., p. 591, 
figs 5.28–29.
2013 Katorella bifurcata Kozur et Mostler  – Celarc et al., 
figs 7.7.

Remarks: Test spherical with very dense spongy meshwork and 
1–12 pointed needle-like spines and 1–5 bifurcated spines pro-
jecting from the test with the inner continuation.
Range and occurrences: Illyrian (Tetraspinocyrtis laevis Zone) to 
Julian (Tetraporobrachia haeckeli Subzone); Western Neotethys: 
Austria, Italy, Slovenia, Hungary; Eastern Neotethys: West 
 Timor (Indonesia), Northern Tibet (China); Pacific realm: Ogura 
Island (Japan).
  

Katorella trifurcata Kozur et Mostler, 1994
Plate 5, Figures 13–16

1984 Katorella sp. – Lahm, p. 53, pl. 9, fig. 3
1994 Katorella trifurcata sp. nov.  – Kozur & Mostler, p.  75, 
pl. 16, figs 10, 12.
2009 Katorella trifurcata Kozur et Mostler – Feng et al., p. 591, 
figs 5.25–27.
2012 Katorella bifurcata Kozur et Mostler – Gawlick et al., 
pl. 1, fig. 24.

Remarks: The specimens from the Frötschbach section differ 
from the type material of K. trifurcata in having trifurcated and 
quadrifurcated main spines and they wear 1–3 bifurcated 
spines, too. 
Range and occurrences: Upper Illyrian (Oertlispongus primitivus 
to Ladinocampe vicentinensis Subzone); Western Neotethys: 

Southern Alps (Italy), Montenegro, Balaton Highland (Hunga-
ry); Eastern Neotethys: Northern Tibet. 

Genus Triassospongosphaera Kozur et Mostler, 1979
Type species: Spongechinus triassicus Kozur et Mostler, 1979

Triassospongosphaera austriaca (Kozur et Mostler, 1979)
Plate 6, Figure 1

1979 Acanthosphaera austriaca sp. nov.  – Kozur & Mostler, 
p. 49, pl. 7, fig. 3.
1984 Acanthosphaera austriaca Kozur et Mostler – Lahm, p. 61, 
pl. 10, fig. 10.

Remarks: Triassospongosphaera austriaca (Kozur et Mostler, 
1979) differs from other species of the genus Triassospongosphaera 
by having a significantly thicker, multi-layered spongy frame-
work. Outer surface is very rugged and bears large polygonal 
pores and tiny vertices at connection points. The inner layers 
are denser with smaller circular pores. Spines are also 
longer and they are projecting from the surface with a special 
structure. Three large pores formed at the proximal part of 
them.
Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
lower Carnian (Tetraporobrachia haeckeli Zone); Guttenstein Lime-
stone in the Southern Carpathians (Cristian), “Buchenstein 
Beds” near Recoaro (Lahm, 1984), Göstling, Austria (Kozur & 
Mostler, 1979). 

Triassospongosphaera multispinosa (Kozur et Mostler, 1979)
Plate 6, Figures 2–3

1979 Acanthosphaera? multispinosa sp. nov. – Kozur & Mostler, 
p. 50, pl. 20, fig. 3.
1981 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Kozur & Mostler, p. 67, pl. 58, fig. 3.
1984 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Lahm, p. 66, pl. 11, fig. 10.
1990 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Kolar-Jurkovšek, pl. 8, fig. 2.
1996 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Kozur et al., p. 222, pl. 8, figs 8, 12.
1999 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Sashida et al., p. 772, figs 8.14 – 15.
2007 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Saesaengseerung et al., fig. 8.42, 46.
2009 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Feng et al., p. 591, figs 5.20 – 22.
2010 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Tekin & Sönmez, fig. 6B.
2011 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Thassanapak et al., p. 188, figs 4G–H.
2011 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Ozsvárt et al., fig. 9.18.
2012b Triassospongosphaera multispinosa (Kozur et Mostler) – 
Stockar et al., p. 412, pl. 8, figs 10–11.

Remarks: Triassospongosphaera multispinosa (Kozur et Mostler, 
1979) has a very dense and compact test compared to T. triassica 
(Kozur et Mostler, 1979) which has a relatively large, sponge-
like medullary shell. The specimens from Frötschbach bear 
16–20 needle-like 100–150 µm long spines.
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Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
Julian (Tritortis kretaensis Zone); Guttenstein Limestone in the 
Southern Carpathians (Cristian), “Buchenstein Beds” from the 
Southern Alps, Tibet (Feng et al., 2009), West Timor, Indonesia 
(Sashida et al., 1999), Tahtalidag Nappe, Antalya nappes, SW 
Turkey (Tekin & Sönmez, 2010), San Calogero section (Sosio 
Valley), Sicily, Italy. 

Triassospongosphaera triassica (Kozur et Mostler, 1979)
Plate 6, Figures 4–6

1979 Spongechinus triassicus sp. nov. – Kozur & Mostler, p. 52, 
pl. 13, figs 6–7.
1981 Triassospongosphaera triassica (Kozur et Mostler) – Kozur 
& Mostler, p. 67, pl. 58, fig. 4, pl. 59, fig. 4.
1984 Triassospongosphaera triassica (Kozur et Mostler) – Lahm, 
p. 66, pl. 11, fig. 9.
2005 Triassospongosphaera triassica (Kozur et Mostler) – Feng 
et al., p. 242, pl. 1, figs 1–2.
2011 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Bragin, p. 745, pl. 6, figs 5–6.
2012b Triassospongosphaera triassica (Kozur et Mostler)  – 
Stockar et al., p. 412, pl. 8, figs 7–9.
2014 Triassospongosphaera multispinosa (Kozur et Mostler)  – 
Bragin, pl. 3, fig. 6.

Remarks: Triassospongosphaera triassica (Kozur et Mostler, 
1979) has a double-layered, spongy cortical shell and a spongy, 
spheroidal medullary shell. Two or even more (3–4) stronger 
and longer main spines which continue inward and reach the 
medullary shell. The shorter and thinner secondary spines are 
projecting outwards from the surface of the test.
Range and occurrence: Illyrian (Spongosilicarmiger italicus Zone) 
to Julian (Tritortis kretaensis Zone); Western Neotethys (Southern 
Alps, Italy); Eastern Neotethys (Feng et al, 2005); boreal Neo-
tethyan realm (Kotel’nyi Island, Siberia) by Bragin (2011, 2014).

Triassospongosphaera (?) sp.
Plate 6, Figure 7

Remarks: This specimen has been tentatively assigned to Trias
sospongosphaera, although Hull (1997) published a rather simi-
lar species as Lampasa blomei from the Upper Jurassic of Stanley 
Mountain, California. This huge gap between the Middle Triassic 
and the Upper Jurassic makes this attribution rather uncertain.
 
Genus Paurinella Kozur et Mostler, 1981
Type species: Paurinella curvata Kozur et Mostler, 1981

Paurinella aequispinosa Kozur et Mostler, 1981
Plate 6, Figures 8–9

1981 Paurinella aequispinosa sp. nov. – Kozur & Mostler, p. 50, 
pl. 42, fig. 1; pl. 43, fig. 1.
1994 Paurinella aequispinosa Kozur et Mostler  – Kozur & 
Mostler, p. 72, pl. 15, figs 9, 11.
1995 Paurinella aequispinosa Kozur et Mostler – Kellici & De 
Wever, p. 152, pl. 3, fig. 15.
1998 Paurinella aequispinosa Kozur et Mostler – Cordey, p. 78, 
pl. 10, fig. 7.
2001 Paurinella aequispinosa Kozur et Mostler – Feng et al., 
p. 196, pl. 7, figs 1–4.

2006 Paurinella aequispinosa Kozur et Mostler – Feng et al., 
p. 29, pl. 3, fig. 13–14.
2007 Paurinella aequispinosa Kozur et Mostler – Feng et al., 
pl. 1, figs 28–29.
2009 Paurinella aequispinosa Kozur et Mostler – Feng et al., 
p. 589, figs 5.13. 
2011 Paurinella aequispinosa Kozur et Mostler – Thassanapak 
et al., p. 190, figs 5E–J.
2013b Paurinella aequispinosa Kozur et Mostler – Dumitrica 
et al., 2013b, p. 355, figs 1A, 3B.

Remarks: Both illustrated specimens have very dense spongy 
test and relatively long spines, which slightly widen at the cen-
tral part of its.
Range and occurrence: The first appearance in the paleontolog-
ical record is reported from the upper Changhsingian (Permian) 
of South China, Lower Anisian from Northern Tibet to upper 
Anisian of Northern Thailand which belonged to the Eastern 
Neotethyan area at that time. This species is also reported from 
the Fassanian (lower Ladinian) of Western Neotethys (South-
ern Alps, Balaton Highland) and Eastern Pacific realm (British 
Cordillera, Canada).

Paurinella curvata spinosa Kozur et Mostler, 1994
Plate 6, Figures 10–11

1994 Paurinella curvata spinosa n. subsp. – Kozur & Mostler, 
p. 71, pl. 15, figs 1, 8.

Remarks: Three to four relatively short, needle-like secondary 
spines are visible on one side of the test, and probably a similar 
amount of by-spines are present on the opposite side.
Range and occurrence: Upper Illyrian (Oertlispongus primitivus–
Ladinocampe annuloperforata subzones); Southern Alps.

Paurinella cf. latispinosa Kozur et Mostler, 1994
Plate 6, Figure 12

1994 Paurinella latispinosa sp. nov. – Kozur & Mostler, p. 73, 
pl. 15, fig. 4.

Remarks: Two spines missing in both illustrated specimens, 
although relatively large spines that widen at the central part 
distinguish them from other species of the genus Paurinella.
Range and occurrence: Frötschbach section near Seceda 
 (Spongosilicarmiger italicus Zone (Spongosilicarmiger italicus Zone)).

Paurinella cf. mesotriassica Kozur et Mostler, 1981
Plate 6, Figure 13

1981 Paurinella mesotriassica sp. nov. – Kozur & Mostler, p. 50, 
pl. 44, fig. 1.

Remarks: The figured broken specimen has an equal number 
of  tiny by-spines of test as Paurinella mesotriassica Kozur et 
 Mostler, 1981.
Range and occurrence: Frötschbach section near Seceda (Spon
gosilicarmiger italicus Zone).

Genus Neopaurinella Kozur et Mostler, 1981 
Type Species: Neopaurinella sevatica Kozur et Mostler, 1981
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Remarks: O’Dogherty et al. (2009) consider the genus Neopau
rinella as a junior synonym of the genus Paurinella, although it is 
significantly different by having two main spines, a presence of 
distinctly slender and different structured spine, and finally 
the presence of pylome, therefore in this paper the name Neo
paurinella is considered as a valid name.

Neopaurinella ladinica Kozur et Mostler, 1994
Plate 6, Figure 14

1994 Neopaurinella ladinica sp. nov. – Kozur & Mostler, p. 75, 
pl. 15, figs 5–6; pl. 16, fig. 6
2013b Neopaurinella ladinica Kozur et Mostler – Dumitrica et 
al., p. 357, figs 4J–K.

Remarks: The test is slightly asymmetrical, both tumid main 
spines are shorter (160–180 µm) than the holotype’s ones 
(200–220 µm). Unfortunately, the third slender needle-like 
main spine is broken, but it is definitely more slender than the 
other two.
Range and occurrence: Upper Illyrian (Oertlispongus primitivus to 
Ladinocampe annuloperforata Subzone); Southern Alps. 

Neopaurinella tumidospina Kozur et Mostler, 1994
Plate 6, Figures 15–17

1994 Neopaurinella tumidospina sp. nov.  – Kozur & Mostler, 
p. 76, pl. 16, fig. 7.

Remarks: By-spines are tiny, significantly shorter and smaller 
than holotype’s ones and they are distributed evenly on the test.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps. 

Neopaurinella sp. 1
Plate 7, Figure 1

Remarks: The test is asymmetrical, rather ellipsoidal with 
densely spongy pore frames it is probably made of two or three 
outer layers, but the inner structure is unknown. The test 
wears two different thicknesses main spines which are slightly 
curved in a different way and pointed distally; additionally, 
two straight, needle-like, significantly thinner and smooth by-
spines.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Frötschbach section, Southern Alps. 

Neopaurinella sp. 2
Plate 7, Figures 2–3

Remarks: The shell is spherical to triangular in outline and it is 
composed of 2–3 layers of very densely spongy pore frames. 
The test has three main, smooth spines which are circular in 
axial section, and regularly arranged, the angle between them 
is 120°. two of them are definitely longer, thicker and they ter-
minate at a longer point. The third spine is somewhat shorter 
and broadest at the distal part and terminates at a shorter 
point. Both illustrated specimens wear a relatively large hole 
between the bigger and smaller main spines (this is called py-
lom by Kozur & Mostler in many other species of the genus 
Neopaurinella), without any surrounding by-spines, therefore 
these seem a simple broken of the test and not pylom.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Frötschbach section in the Southern Alps. 

Genus Angulopaurinella Kozur et Mostler, 2006
Type species: Angulopaurinella crassa Kozur et Mostler, 2006

Angulopaurinella edentata Dumitrica et Tekin, 2013
Plate 7, Figures 4–5

2012b Angulopaurinella edentata Dumitrica et al. – Stockar et 
al., p. 412, pl. 8, fig. 6.
2013 Angulopaurinella edentata sp. nov. – Dumitrica & Tekin, 
p. 359, figs 1h, 3d, 4p–r.

Remarks: The test is spherical with densely multi-layered 
spongy pore frames with a tritrabid type of microsphere and it 
wears three massive, three-bladed spines. Blades are generally 
simple but sometimes wear a quite shallow furrow, in this case, 
they are somewhat wider.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to lower Fassanian (Ladinocampe vicentinensis Subzone); 
Southern Alps. 

Genus Tetrapaurinella Kozur et Mostler, 1994
Type species: Tetrapaurinella discoidalis Kozur et Mostler, 1994

Tetrapaurinella sp.
Plate 7, Figure 6

Remarks: Poorly preserved specimen with four smooth, long 
spines and relatively dense spongy test, although its external 
layers are missing.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps. 

Genus Zhamojdasphaera Kozur et Mostler, 1979
Type species: Zhamojdasphaera latispinosa Kozur et Mostler, 
1979

Zhamojdasphaera goricanae Dumitrica et Tekin, 2013
Plate 6, Figure 7

1990 Zhamojdasphaera sp. – Gorıčan & Buser, p. 161, pl. 2, fig. 9.
2013 Zhamojdasphaera goricanae sp. nov. – Dumitrica & Tekin 
in Dumitrica et al., p. 360, figs 5E–F.

Remarks: Poorly preserved specimen with triangular test and 
three slightly dextrally twisted, foliaceous spines.
Range and occurrence: Lower to middle Longobardian (upper 
part of Muelleritortis firma to Muelleritortis cochleata Zone); 
Frötschbach section, Southern Alps, Vršič section, Julian Alps 
(Slovenia), Rarau Mountains, Eastern Carpathians, Romania. 

Genus Astrocentrus Kozur et Mostler, 1979
Type species: Astrocentrus pulcher Kozur et Mostler, 1979

Remarks: The genus Astrocentrus and related genera like Triassos
pongosphaera, Spongechinus, Acanthosphaera, Heliosoma, Carinahelio
soma, Conosphaera etc. are the most confused groups among the 
Triassic radiolarians. The first problem is the names of these 
genera as O’Dogherty et al. (2009) pointed out, because 
 Haeckel and Ehrenberg’s names were used erroneously for 
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the Mesozoic. Additionally, most of the species have been re-
classified by several authors confusing the systematic part. For 
example, Spongechinus? latispinosus was described by Kozur & 
Mostler (1979), but later this species was reclassified as Trias
sospongosphaera? latispinosa by Kozur & Mostler in 1981 and it 
appears lastly as Atrocentrus? latispinosus by Stockar et al. 
(2012b). 

Astrocentrus latispinosus (Kozur et Mostler, 1979)
Plate 7, Figures 8–10

1979 Spongechinus ? latispinosus sp. nov. – Kozur & Mostler, 
p. 52, pl. 5, fig. 4.
1981 Triassospongosphaera ? latispinosa (Kozur et Mostler)  – 
Kozur & Mostler, p. 67, pl. 3, fig. 6.
1984 Astrocentrus ? latispinosus (Kozur et Mostler)  – Lahm, 
p. 21, pl. 2, fig. 7.
1995 Astrocentrus aff. latispinosus (Kozur et Mostler) – Kellici 
& De Wever, p. 142, pl. 1, fig. 3.
2012b Astrocentrus ? latispinosus (Kozur et Mostler) – Stockar 
et al., p. 413, pl. 8, figs 14–16.

Remarks: The cortical shell is composed of a rough, spongy 
double-layered framework. The outer framework is composed 
of irregular polygons to the circular lattice with relatively large 
pores, whereas the inner layer is composed of a significantly 
smaller, circular but also irregular-shaped lattice. The medul-
lary shell is composed of a double-layered, coarse, spongy 
framework, which is connected to the cortical shell by needle- 
like beams in the continuation of massive triradiate spines. The 
microsphere seems a more or less regular pentagonal dodeca-
hedron which connects to the medullary shell through vertices 
by needle-like beams. 
Range and occurrence: This species has been reported from 
Cristian section (Dumitrica pers. comm.) as the earliest oc-
currence, additionally, this species has also been found in the 
lower part of Ladinocampe multiperforata Zone (Ladinocampe annu
loperforata Subzone) from Recoaro (Lahm, 1984), Marmolada 
(Kellici & De Wever, 1995), in the upper part of Ladinocampe 
multiperforata Zone (Monte San Giorgio; Stockar et al., 2012b) 
and in the Carnian, as well (Großreifling and Göstling; Kozur 
& Mostler, 1979; Lahm, 1984)).

Astrocentrus pulcher Kozur et Mostler, 1979
Plate 7, Figures 12–14

1979 Astrocentrus pulcher sp. nov.  – Kozur & Mostler, p.  72, 
pl. 1, figs 2–3, pl. 2, figs 1, 3.
1979 Astrocentrus cf. pulcher – Kozur & Mostler, pl. 20, fig. 1.
1995 Astrocentrus pulcher Kozur et Mostler – Kellici & De 
Wever, p. 144, pl. 1, fig. 4.
2012 Astrocentrus latispinosus Kozur et Mostler – Ozsvárt et 
al., fig. 9.16.
2012b Astrocentrus pulcher Kozur et Mostler – Stockar et al., 
p. 413, pl. 8, figs. 12–13.
2013 Astrocentrus pulcher Kozur et Mostler – Celarc et al., 
fig. 7.15.
2016 Astrocentrus pulcher Kozur et Mostler – Bragin et al., 
pl. 2, figs 5–6.

Remarks: Some of the specimens from the Frötschbach section 
are very well preserved and provided a partly preserved initial 

skeleton. A. pulcher Kozur et Mostler, 1979 is distinguished 
by possessing triradiate beams between cortical and medullary 
shells in contrast with A. latispinosus (Kozur & Mostler, 1979) 
where the medullary shell is connected to the cortical shell by 
needle-like, smooth beams. The exact shape of the microsphere 
is uncertain, but it seems a dodecahedron.
Range and occurrence: The first appearance in the paleontolog-
ical record is reported from the Pacific realm from Central 
 Japan (Sugiyama, 1992) from Middle Anisian (Bithynian or 
Pelsonian, Paragondolella bulgarica Conodont Zone). However, 
this species is also reported from several Middle Triassic 
 Pamirian localities (Bragin et al., 2016), in a transitional posi-
tion between the Western Neotethys (Alpine-Mediterranean 
region) and the Eastern Neotethys (Southern China and Thai-
land), and it became very common in the Western Neotethys 
from the Pelsonian (Cristian section) to Illyrian (e. g. Prisojnik 
section, Slovenia by Celarc et al., 2013, Avdella Mélange, 
Northern Pindos Mountains (Ozsvárt et al., 2012), Seceda 
core  at 92.74 m, Frötschbach section, Recoaro (Lahm, 1984), 
Marmolada (Kellici & De Wever, 1995), in the Fassanian 
(early Ladinian) Monte San Giorgio (Stockar et al., 2012b) and 
in the Carnian, as well (Großreifling and Göstling; Kozur & 
Mostler, 1979).

Pathological ?Astrocentrus sp.
Plate 7, Figure 11

Description: This species probably belongs to the genus Astro
centrus, although the hidden inner structure makes this assign-
ment rather difficult. The spherical shell is composed of a 
pentagonal to a polygonal relatively dense lattice. Test wear 
seven or more robust, three-bladed spines (50–100 μm) project-
ing outward from the surface and massive (more than 100) 
somewhat shorter, needle-like spines (circular in axial section) 
located between them. The pointed triradiate spines have rela-
tively deep grooves and rounded ridges. This unusual phenom-
enon is rather rare among Triassic radiolarians that both main 
types of spines appear at the same species, additionally also 
quite rare to have such a dense bunch of spines. This pheno-
menon might have been caused by special contamination with 
a symbiont organism like a virus or could have been caused by 
strong environmental stress altered factors like temperature or 
geochemical changes.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Frötschbach section in the Southern Alps. 

Family Relindellidae Kozur et Mostler in Dumitrica et al., 
1980
Genus Relindella Kozur et Mostler in Dumitrica et al., 1980
Type species: Relindella hexaspinosa Dumitrica et al., 1980
 

Relindella ruesti (Kozur et Mostler, 1981)
Plate 8, Figure 1

1981 Pentaspongodiscus ? ruesti sp. nov.  – Kozur & Mostler, 
p. 62, pl. 59, fig. 2 – 3.
1984 Pentaspongodiscus ? ruesti Kozur et Mostler  – Lahm, 
p. 55, pl. 9, fig. 9.
1984 Pentaspongodiscus mesotriassicus Dumitrica et al. – Lahm, 
p. 56, pl. 9, fig. 11.
1990 Pentaspongodiscus mesotriassicus Dumitrica et al.  – 
Goričan & Buser, p. 151, pl. 2, fig. 1. 
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2013 Relindella ruesti (Kozur et Mostler) – Dumitrica et al., 
p. 337, figs 8P, Q.

Remarks: Relindella ruesti (Kozur et Mostler, 1981) differs 
from R. mesotriassicus (Dumitrica et al., 1980) in having more 
 twisted spines.
Range and occurrence: This species has been found so far in 
the Southern Alps (Frötschbach, Recoaro); Julian Alps and 
 Dinaric Carbonate Platform (Bohinj, Vojsko and Zaklanec sec-
tions) from the Spongosilicarmiger italicus Zone to Ladinocampe 
annuloperforata Subzone.

Relindella steigeri (Lahm, 1984)
Plate 8, Figure 2

1984 Pentaspongodiscus steigeri sp. nov.  – Lahm, p.  56, pl.  9, 
fig. 12.
1996 Pentaspongodiscus steigeri Lahm – Kozur et al., p. 231, pl. 4, 
fig. 15.
1999 Pentaspongodiscus steigeri Lahm  – Tekin, p.  122, pl.  22, 
figs 8–9.
? 1994 Pentaspongodiscus mesotriassicus Dumitrica et al.  – 
Kozur & Mostler, pl. 9, fig. 7.
2005 Pentaspongodiscus steigeri Lahm  – Tekin & Mostler, 
p. 39, pl. 6, fig. 11.

Remarks: The specimen from the Frötschbach section has a 
relatively small test composed of irregularly shaped polygonal 
pore frames with relatively large pores on the outermost layer. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone to Tritortis kretaensis Subzone); Southern Alps (Frötschbach 
section, Recoaro); Fojnica, Bosnia and Herzegovina; Sugozu and 
Gazipasa sections, Antalya Nappes, Turkey.

Relindella symmetrica (Dumitrica et al., 1980)
Plate 8, Figure 3

1980 Pentaspongodiscus symmetricus sp. nov. – Dumitrica et al., 
p. 10, pl. 8, fig. 4.
1984 Pentaspongodiscus symmetricus Dumitrica et al. – Lahm, 
p. 57, pl. 10, fig. 2.
1984 Pentaspongodiscus heptastylus sp. nov. – Lahm, p. 58, pl. 10, 
fig. 3.
1990 Pentaspongodiscus symmetricus Dumitrica et al. – Goričan 
& Buser, p. 151, pl. 2, fig. 5.
1995 Pentaspongodiscus symmetricus Dumitrica et al. – Kellici 
& De Wever, p. 154, pl. 4, fig. 3.
2001 ?Pentaspongodiscus sp. cf. P. symmetricus Dumitrica et al. – 
Feng et al., p. 200, pl. 9, fig. 10.
2010 Pentaspongodiscus symmetricus Dumitrica et al. – Tekin & 
Sönmez, fig. 6M.
2011 Pentaspongodiscus symmetricus Dumitrica et al.  – 
 Thassanapak et al., p. 193, fig. 5S.
2013 Relindella symmetrica (Dumitrica et al.) – Dumitrica et 
al., p. 338, figs 8r, s.

Remarks: Relindella symmetrica (Dumitrica et al., 1980) bears 
straight, untwisted, pointed spines.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone to Spongoserulla fluegeli Subzone); Southern Alps 
(Frötschbach section, Recoaro, Marmolada), Julian Alps and 
Dinaric Carbonate Platform (Bohinj, Vojsko and Zaklanec sec-

tions), Tahtalidag Nappe of the Antalya Nappes, Turkey and 
further East in Northern Thailand. 

Genus Octostella Tekin et Mostler, 2005
Type species: Pentaspongodiscus? dihexacanthus Carter, 1993

Octostella froetschbachensis Ozsvárt sp. nov.
Plate 8, Figure 4

? 1980 Relindella hexaspinosa sp. nov. – Dumitrica et al., p. 9, 
pl. 8, figs 1–3, 6.
? 1994 Pentaspongodiscus mesotriassicus Dumitrica et al.  – 
Kozur & Mostler, pl. 9, fig. 7.

Etymology: This species is named after the Frötschbach sec-
tion, Dolomites.
Holotype: Plate 8, Figure 4; Hungarian Natural History Museum, 
Budapest: PAL 2022.121.1.
Studied material: Two specimens from the Frötschbach section 
and Seceda outcrops.
Description: Test relatively small, discoidal, composed of irreg-
ularly shaped polygonal pore frames with relatively large pores. 
Eight, massive, slightly dextrally twisted, three-bladed spines. 
Deep, wide grooves and relatively high ridges (equal in width). 
Ridges rounded, distally thinning. Spines widen distally, termi-
nating in sharp, long, needle-like points. Six equally spaced, 
radial spines; two same-shaped and sized polar spines. 
Dimensions: Diameter of test 160–180 µm, length of spines 
195–200 µm. 
Remarks: Octostella froetschbachense sp. nov. is distinguished 
from Octostella pulhra Tekin et Mostler by different shaped 
and twisted spines. Relindella hexaspinosa Dumitrica et al., and 
Pentaspongodiscus mesotriassicus Dumitrica et al., illustrated by 
Kozur & Mostler (1994) are questionably listed in the syno-
nym list, because quite difficult to decide whether the holotype 
of R. hexaspinosa Dumitrica et al., is only a broken O. froetsch
bachense sp. nov. or another species. The holotype of R. hexa
spinosa seems incomplete, two spines are broken and a large 
circular part also might miss from the central part of the shell, 
although it was diagnosed as central depression, although 
Dumitrica et al. (2013) pointed out this “central depression” 
might cause by later dissolution process and it is not a generic 
character. Most likely there could be an additional spine like at 
Octostella froetschbachense sp. nov. which might break out from 
the test during the extracting method. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Frötschbach section in the Southern Alps. 

Family Veghicycliidae Kozur et Mostler, 1972
Genus Plafkerium Pessagno, 1979
Type species: Plafkerium abbotti Pessagno, 1979

Plafkerium antiquum (Sugiyama, 1992)
Plate 8, Figure 5

1992 Plafkerium ? antiquum sp. nov.  – Sugiyama, p.  1218, 
figs 18.4–6. (cum syn.)

Range and occurrence: From the Spathian (Upper Olenekian) of 
Central Japan to the of Spongosilicarmiger italicus Zone of the 
Frötschbach section, Italy. 
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Plafkerium quadratum (Lahm, 1984)
Plate 8, Figures 6–7

1984 Tetraspongodiscus quadratus sp. nov. – Lahm, p. 59, Pl. 10, fig. 6.
2013 Plafkerium quadratum Lahm  – Dumitrica et al., p.  376, 
figs 8E, 9A–D, 10G–H.

Remarks: The test is composed of a rough, spongy framework with 
irregular pores, spines are straight or slightly clockwise twisted.
Range and occurrence: P. quadratum is known from the Illyrian 
of Recoaro (Lahm, 1984; Dumitrica et al., 2013) and Frötsch-
bach section (Spongosilicarmiger italicus Zone to Ladinocampe multi
perforata Zone).

Plafkerium uncatum (Bragin, 2011)
Plate 8, Figure 8

2011 Tetraspongodiscus uncatus sp. nov. – Bragin, p. 761, pl.  13, 
figs 1–5.

Remarks: The preservation of Middle and Upper Triassic boreal 
radiolarians from Kotel’nyi Island, Siberia is not perfect in the 
illustration of Bragin (2011). The assignation this specimen to 
the Plafkerium uncatum (Bragin, 2011) is based on the discoidal 
spongy test and the four slender, slightly counter-clockwise 
twisted spines.
Range and occurrence: Illyrian (Spongosilicarmiger italicus Zone); 
Southern Alps to Early Carnian of Kotel’nyi Island, Siberia so far. 

Pathological Plafkerium sp.
Plate 8, Figures 9–10

Remarks: Two specimens from the Frötschbach section wear 
double spines instead of one. The test is tetragonal in outline 
and one of presents the double spines on the longer side of the 
test whereas the other wears the shorter part. Probably they are 
pathological forms.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Frötschbach section, Southern Alps. 

Family Archaeospongoprunidae Pessagno, 1973 emend. 
Kozur et Mostler, 1981
Genus Archaeospongoprunum Pessagno, 1973
Type species: Archaeospongoprunum tetraspinosum Kozur & 
 Mostler, 1994

Archaeospongoprunum tetraspinosum (Kozur et Mostler, 1994)
Plate 8, Figure 12

1994 Archaeospongoprunum tetraspinosum sp. nov.  – Kozur & 
Mostler, p. 53, pl. 7, fig. 6.
Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone to Spongosilicarmiger italicus Zone); Felsőörs, Hungary and 
Frötschbach, Southern Alps, Italy.

Archaeospongoprunum sp.
Plate 8, Figure 13

Remarks: The test is pear-shaped in outline and composed of a 
dense spongy framework with polygonal to circular pores. 
Four, long triradiate spines are disposed in a tetrahedral posi-
tion; unfortunately, the inner structure remained hidden.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Frötschbach section, Southern Alps. 

Family Spongopallidae Kozur et al., 1996
Genus Spongopallium Dumitrica et al., 1980

Spongopallium cf. contortum Dumitrica et al., 1980
Plate 8, Figure 11

cf. 1980 Spongopallium contortum sp. nov.  – Dumitrica et al., 
p. 16, pl. 2, fig. 5; pl. 11, fig. 1.

Remarks: This specimen resambles to S. contortum Kozur et al., 
1980, although its outer spongy shell is completely missed from 
the test.
Range and occurrence: Pelsonian from Cristian section, Romania 
to upper Illyrian (Spongosilicarmiger italicus Zone); Southern Alps 
(Recoaro and Frötschbach). 

Family Gomberellidae Kozur et Mostler, 1981
Genus Tamonella Dumitrica et al., 1980
Type species: Tamonella multispinosa Dumitrica et al., 1980

Tamonella aspinosa Ozsvárt et al., 2017
Plate 8, Figure 14

2017 Tamonella aspinosa sp. nov. – Ozsvárt et al., p. 61, figs 6.10–11.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) of Southern Alps (Frötschbach section) to Spongotortilispinus 
moixi Zone (early Tuvalian) of the Sorgun Ophiolitic Mélange, 
Turkey.

Tamonella multispinosa Dumitrica et al., 1980
Plate 8, Figure 15

1980 Tamonella multispinosa sp. nov.  – Dumitrica et al., p.  7, 
pl. 10, fig. 8.
1984 Tamonella multispinosa Dumitrica et al.  – Lahm, p.  43, 
pl. 7, fig. 3.
2017 Tamonella multispinosa Dumitrica et al. – Ozsvárt et al., 
p. 61, fig. 6.9.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone to Spongotortilispinus moixi Zone, early Tuvalian); Southern 
Alps (Frötschbach section, Recoaro); Sorgun Ophiolitic 
Mélange, Turkey.

Tamonella rarispinosa Kozur et Mostler, 1994
Plate 8, Figure 16

1994 Tamonella rarispinosa sp. nov. – Kozur & Mostler, p. 54, 
pl. 7, fig. 9.

Remarks: T. rarispinosa Kozur et Mostler, 1994 could be a 
transition species between T. aspinosa Ozsvárt et al., 2017 and 
T. multispinosa Dumitrica et al., 1980. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section, Passo della Gabiola).

Genus Monospongella Kozur et Mostler, 2006
Type species: Monospongella tortilis Kozur et Mostler, 2006
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Monospongella magnispinosa (Kozur et Mostler, 2006)
Plate 9, Figure 1

1984 Monostylus sp. nov. – Lahm, p. 67, pl. 11, fig. 11.
2006 Monospongella magnispinosa sp. nov. – Kozur & Mostler, 
p. 29, pl. 4, fig. 12.

Remarks: The illustrated specimen possesses two or three 
spongy layers, although the inner structure has remained 
 hidden.
Range and occurrence: Illyrian to Longobardian (Spongosilicar
miger italicus Zone to Spongoserulla fluegeli Subzone); Southern 
Alps (Frötschbach, Recoaro), Dinarides, Bosnia-Hercegovina 
(Fojnica). 

Genus Praegomberellus Kozur et Mostler, 1994
Type species: Praegomberellus pulcher Kozur et Mostler, 1994

Praegomberellus pulcher (Kozur et Mostler, 1994)
Plate 9, Figures 2–3

1994 Praegomberellus pulcher sp. nov. – Kozur & Mostler, p. 58, 
pl. 9, figs 6, 8.

Remarks: This perfectly preserved form has a subglobular 
dense, spongy test with eight irregularly arranged spines 
which differ in length. Four of them are significantly shorter 
and slender whereas the other four are tricarinate and more 
robust which terminates in long, needle-like spinal shafts. 
Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone to Spongosilicarmiger italicus Zone); Felsőörs, Hungary; 
Frötschbach, Southern Alps, Italy.

Genus Gomberellus Dumitrica et al., 1980
Type species: Gomberellus hircicornus Dumitrica et al., 1980

Gomberellus simplex Ozsvárt sp. nov.
Plate 9, Figure 4

Etymology: Simplex (Latin) = simple.
Holotype: Plate 9, Figure 4; Hungarian Natural History Museum, 
Budapest: PAL 2022.117.1.
Studied material: Single specimen from the Frötschbach sec-
tion.
Description: Relatively small globular test (110 µm), composed 
of dense spongy framework with circular pore frames. Two 
robust, wide, triradiate, untwisted spines (length 100 µm width 
35 µm) width deep and wide grooves and ridges. Three signifi-
cantly slender, triradiate spines (length 80 µm, width 20 µm) 
present at opposite pole. 
Remarks: Kozur & Mostler (1994) distinguished the genus 
Praegomberellus by three, untwisted, significantly longer, and 
more massive spines from the genus Gomberellus (two longer and 
different spines), even so, we assigned this species to the genus 
Gomberellus because of its characteristic morphology. G. simplex 
sp. nov. differs from all other Gomberellus by having untwisted 
triradiate significantly slender spines.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

Gomberellus sp.
Plate 9, Figure 5

Remarks: The test is spherical and composed of a spongy 
framework with relatively large circular pores. The two stout 
spines are not connected on the surface of the test like other 
species of Gomberellus and they are three-bladed and untwisted. 
Significantly slender spines are present on the opposite side, 
but they are also three-radiate and untwisted.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).
 
Family Oertlispongidae Kozur et Mostler in Dumitrica et 
al., 1980
Genus Paroertlispongus Kozur et Mostler, 1981
Type species: Paroertlispongus multispinosus Kozur et Mostler, 
1981

Paroertlispongus kozuri Ozsvárt sp. nov.
Plate 9, Figures 6–8

Etymology: In honour of the late Heinz Walter Kozur 
(1942 – 2013) who was one of the most prolific authors among 
radiolarian specialists.
Holotype: Plate 9, Figure 6; Hungarian Natural History Museum, 
Budapest: PAL 2022.124.1.
Studied material: Four specimens from the Frötschbach section.
Description: Test globular to oval, composed of spongy frame-
work with polygonal to circular pore frames. Test size: 150–
180  μm. Characteristic main polar spine and two additional 
shorter, thinner main spines which differ clearly from by-
spines and located in one plane. Main polar spine smooth, co-
lumnar but pointed distally from three-fifths part of it, approx-
imately 250–300 µm long, straight or slightly curved, round in 
cross-section. Two additional main spines smooth, straight or 
slightly curved, pointed distally; significantly shorter and thin-
ner than main polar spine but significantly longer and thicker 
than by-spines. 25–30 radial, short, needle-like present. 
Remarks: This species is distinguished by possessing two addi-
tional shorter, slender main spines beside the characteristic 
straight polar spines.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Frötschbach section in the Southern Alps.

Paroertlispongus lahmi Ozsvárt sp. nov. 
Plate 9, Figures 9–10

Etymology: In honour of Bernhard Lahm, for his outstand-
ing contributions to Middle and Upper Triassic radiolarian 
taxonomy.
Holotype: Plate 9, Figure 10; Hungarian Natural History Museum, 
Budapest: PAL 2022.125.1.
Studied material: Three specimens from the Frötschbach sec-
tion.
Description: Test globular to subglobular, composed of rough, 
spongy framework with circular pores (diameter of test 140–
160 µm). Massive main polar spine, smooth and circular in 
cross-section, approximately 250–300 µm length. Its width 
until sharp angular bent is constant but decreases gradually to 
the distal end. Characteristic sharp angular bent visible in the 
distal fifth of this polar spine. Second main polar spine is oppo-
site site of the test which is significantly thinner, shorter but it 
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is also smooth and pointed distally but straight. Sparsely scat-
tered small needle-like by-spines (8–12) are present on the sur-
face of the whole test.
Remarks: Paroertlispongus lahmi sp. nov. differs from all other 
species of the genus Pseudoertlispongus by its characteristic 
sharp angular bent in the distal fifth of the polar spine.
Range and occurrence: Frötschbach section in the Southern 
Alps (Spongosilicarmiger italicus Zone).

Paroertlispongus multinodosus (Kozur et Mostler, 1981)
Plate 9, Figure 11

1981 Acaenispongus multinodosus sp. nov. – Kozur & Mostler, 
p. 44, pl. 1, fig. 5.
1990 Acaenispongus cf. multinodosus Kozur et Mostler  – 
Kolar-Jurkovšek, p. 78, pl. 8, fig. 6.

Remarks: Kozur & Mostler (1981) illustrated this species as a 
partly preserved form because the main polar spine is almost 
completely missed. The specimen from Seceda has been pre-
served in more detail, it seems well that the main polar spine 
bears three, small, ring-like ornamentations at the distal end of 
the spine.
Range and occurrence: Upper Illyrian (Ladinocampe annuloperfo
rata Zone) to Longobardian (Muelleritortis cochleata Zone); South-
ern Alps (“Buchenstein Beds” from the Recoaro section, Seceda 
outcrops, Dolomites). 

Paroertlispongus multispinosus Kozur et Mostler, 1981
Plate 9, Figures 12–13

1981 Paroertlispongus multispinosus sp. nov. – Kozur & Mostler, 
p. 48, pl. 44, fig. 2; pl. 45, fig. 1.
1984 Paroertlispongus multispinosus Kozur et Mostler – Lahm, 
p. 45, pl. 7, figs 5, 6.
1986 Paroertlispongus multispinosus Kozur et Mostler – Kozur 
& Réti, fig. 6G.
1992 Palaeoeucyrtis elongata sp. nov. – Feng, pl. 2, figs 13–14.
1993 Paroertlispongus multispinosus Kozur et Mostler –  Dosztály, 
pl. 2, fig. 2.
1994 Paroertlispongus multispinosus Kozur et Mostler – Kozur 
& Mostler, p. 69, pl. 12, fig. 10; pl. 13, figs 4, 11.
1996 Paroertlispongus multispinosus Kozur et Mostler – Kozur, 
p. 291, pl. 1, fig. 1.
1996 Paroertlispongus multispinosus Kozur et Mostler – Kozur 
et al., p. 230, pl. 11, fig. 12.
2001 Paroertlispongus multispinosus Kozur et Mostler – Feng et 
al., p. 192, pl. 6, figs 12, 14–18.
2001 Paroertlispongus multispinosus Kozur et Mostler – Hauser 
et al., pl. 2, figs 2–3, 15–16.
2003 Paroertlispongus multispinosus Kozur et Mostler – Feng & 
Liang, p. 221, pl. 1, fig. 23.
2005 Paroertlispongus multispinosus Kozur et Mostler  – 
Goričan et al., pl. 1, figs 5–9.
2005 Paroertlispongus multispinosus Kozur et Mostler – Feng et 
al., p. 249, pl. 4, figs 15–16.
2006 Paroertlispongus multispinosus Kozur et Mostler  – 
 Bortolotti et al., 2006, pl. 1, figs 10–11.
2007 Paroertlispongus multispinosus Kozur et Mostler – Feng et 
al., 2007, pl. 1, figs 23–25.
2009 Paroertlispongus multispinosus Kozur et Mostler – Feng 
et al., p. 587, figs 4.2–3.

2009 Paroertlispongus multispinosus Kozur et Mostler  – 
 Bortolotti et al., pl. 1, figs 7.
2011 Paroertlispongus multispinosus Kozur et Mostler  – 
 Thassanapak et al., p. 193, figs 5L–M.
2012 Paroertlispongus multispinosus Kozur et Mostler – Tekin 
et al., figs 5, 7a, b.
2012b Paroertlispongus multispinosus Kozur et Mostler  – 
Stockar et al., p. 417, pl. 9, figs 8–13.
2012 Paroertlispongus multispinosus Kozur et Mostler – Chiari 
et al., pl. 1, fig. 6.
2016 Paroertlispongus multispinosus Kozur et Mostler –  Gawlick 
et al., pl. 1, figs 14–16, 22.
2016 Paroertlispongus multispinosus Kozur et Mostler – Bragin 
et al., pl. 3, fig. 1.
2016 Paroertlispongus multispinosus Kozur et Mostler – Tekin 
et al., pl. 1, figs 22–24.

Remarks: This species is distinguished by its gradually widen-
ing main polar spine which becomes needle-like after its three- 
quarter length. 
Range and occurrence: The first appearance in the paleontolog-
ical record is known from the Early Anisian of the Eastern 
 Neotethys: Southwestern Yunnan, China (Feng et al., 2001), 
Tajikistan (Bragin et al., 2016) and Northern Thailand 
 (Thassanapak et al., 2011). This species becomes more fre-
quent in the Western Neotethys from the Pelsonian (Cristian 
section, Romania) and Illyrian (Spongosilicarmiger transitus Zone): 
Mersin Mélange (Tekin et al., 2016); early Fassanian (Ladino
campe vicentinensis Subzone): Southern Alps, Dinarides, Hel-
lenides and Sicily.

Paroertlispongus rarispinosus Kozur et Mostler, 1981
Plate 9, Figure 14

1981 Paroertlispongus rarispinosus sp. nov. – Kozur & Mostler, 
p. 48, pl. 1, fig. 3. 
1993 Paroertlispongus aff. rarispinosus Kozur et Mostler  – 
 Dosztály, pl. 1, fig. 5. 
1994 Paroertlispongus rarispinosus Kozur et Mostler – Kozur & 
Mostler, p. 69, pl. 12, fig. 7. 
1995 Paroertlispongus rarispinosus Kozur et Mostler – Ramovš 
& Goričan, p. 187, pl. 1, fig. 9. 
1996 Paroertlispongus rarispinosus Kozur et Mostler – Kozur, 
pl. 1, fig. 2.
2001 Paroertlispongus rarispinosus Kozur et Mostler – Feng et 
al., p. 192, pl. 7, fig. 7. 
2009 Paroertlispongus rarispinosus Kozur et Mostler – Feng et 
al., p. 587, fig. 4.1. 
2011 Paroertlispongus rarispinosus Kozur et Mostler  – 
 Thassanapak et al., p. 193, fig. 5N. 
2011 Paroertlispongus multispinosus Kozur et Mostler  – 
Ozsvárt et al., fig. 9.5.
2012b Paroertlispongus rarispinosus Kozur et Mostler – Stockar 
et al., p. 417, pl. 9, figs 14–15.

Remarks: The specimens from Frötschbach sections are pos-
sessing significantly more by-spines on the whole surface of 
the test, nonetheless they are assigned to Paroertlispongus rari
spinosus which was distinguished from P. multispinosus by less 
by-spine (Kozur & Mostler, 1981). Paroertlispongus multispi
nosus possesses a quite different main polar spine which is 
gradually widened until three-quarters of its length, in con-
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trast, the main polar spine of P. rarispinosus is columnar and 
pointed distally.
Range and occurrence: Early Anisian of the Eastern Neotethys: 
Southwestern Yunnan, China (Feng et al., 2001) to early Fassa-
nian (Ladinocampe vicentinensis Subzone): Southern Alps.

Paroertlispongus siciliensis (Kozur, 1996)
Plate 10, Figure 1

1996 Pseudoertlispongus mostleri siciliensis n. subsp.  – Kozur, 
p. 293, pl. 1, fig. 7.
2003 Pseudoertlispongus mostleri Kozur – Feng & Liang, p. 223, 
Pl. 2, figs 7–8. 
2009 Pseudoertlispongus mostleri siciliensis Kozur – Feng et al., 
p. 587, figs 4.8–11.
2016 Pseudoertlispongus mostleri siciliensis Kozur – Tekin et al., 
pl. 1, figs 34–36.

Remarks: Paroertlispongus siciliensis (Kozur, 1996) is distin-
guished from Paroertlispongus weddigei (Lahm, 1984) by the 
stronger inward bent of the main spine which is significantly 
longer, also.
Range and occurrence: Upper Illyrian (Y. annulata Subzone of 
the S. transitus Zone to Oertlispongus primitivus Subzone of the 
Spongosilicarmiger italicus Zone); Western Neotethys: Sicily; 
Southern Alps; Mersin Mélange, Turkey; Eastern Neotethys: 
West Sichuan, China and Bayan Har Basin Northern Tibet.

Paroertlispongus weddigei (Lahm, 1984)
Plate 10, Figure 2

1984 Pseudoertlispongus weddigei sp. nov.  – Lahm, p.  46, pl.  7, 
fig. 10.
1994 Paroertlispongus weddigei (Lahm)  – Kozur & Mostler, 
p. 69, pl. 12, figs 12–14.
1996 Pseudoertlispongus mostleri sp. nov. – Kozur, p.  292, pl.  1, 
fig. 6.
2009 Pseudoertlispongus weddigei Lahm  – Feng et al., p.  587, 
figs 4.4–5.
2012 Paroertlispongus cf. weddigei (Lahm) – Ozsvárt et al., fig. 9.4.

Remarks: The holotype of Paroertlispongus weddigei (Lahm) has a 
straight polar spine which possesses a bent at distal part, the 
angle of bent is approximately 45°, whereas at this species the 
angle of bent is 60–65°. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe annuloperforata Subzone); Cosmopolitan.

Genus Oertlispongus Dumitrica et al., 1980
Type species: Oertlispongus inaequispinosus Dumitrica et al., 1980

Oertlispongus inaequispinosus Dumitrica et al., 1980
Plate 10, Figure 3

1980 Oertlispongus inaequispinosus sp. nov. – Dumitrica et al., 
p. 5, pl. 10, fig. 7.
1982 Oertlispongus inaequispinosus Dumitrica et al. – Dumitrica 
& Mello, pl. 2, figs 1–2.
1982 Oertlispongus inaequispinosus Dumitrica et al. – Dumitrica, 
p. 64, pl. 1, Figs 2, 4, 6, 7, 9.
1983 Oertlispongus annulatus sp. nov. – Kozur & Mostler, p. 33, 
pl. 1, fig. 6.

1983 Oertlispongus longirecurvatus sp. nov. – Kozur & Mostler, 
p. 33, pl. 1, fig. 5.
1984 Oertlispongus inaequispinosus Dumitrica et al.  – Lahm, 
p. 48, pl. 8, fig. 2.
1985 Oertlispongus inaequispinosus Dumitrica et al. – Kozur & 
Réti, fig. 5F.
1988 Oertlispongus inaequispinosus Dumitrica et al. – Obradovič 
& Goričan, Fig. 4.2.9.
1989 Oertlispongus inaequispinosus Kozur et Mostler (erro-
neous) – Martini et al., pl. 3, fig. 14.
1990 Oertlispongus inaequispinosus Dumitrica et al. – Goričan 
& Buser, p. 148, pl. 3, figs 10 – 11.
1990 Oertlispongus inaequispinosus Dumitrica et al.  – De 
 Wever et al., pl. 1, fig. 16. 
1990 Oertlispongus inaequispinosus Dumitrica et al.  – Kolar- 
Jurkovšek, pl. 7, fig. 8.
1990 Oertlispongus inaequispinosus Dumitrica et al. – Yeh, p. 16, 
pl. 4, fig. 1.
1992 Oertlispongus inaequispinosus Dumitrica et al. – Dosztály 
& Józsa, pl. 1, fig. 5.
1993 Oertlispongus inaequispinosus Dumitrica et al. – Dosztály, 
pl. 2, figs 7–8.
1994 Oertlispongus inaequispinosus inaequispinosus Dumitrica et 
al.  – Kozur & Mostler, p.  59, pl.  10, figs  1, 4, 7, 13; pl.  47, 
fig. 6.
1995 Oertlispongus inaequispinosus inaequispinosus Dumitrica et 
al. – Kellici & De Wever, p. 150, pl. 3, fig. 9.
1995 Oertlispongus inaequispinosus Dumitrica et al. – Halamić  
& Goričan, pl. 1, fig. 1.
1996 Oertlispongus inaequispinosus inaequispinosus Dumitrica et 
al. – Kozur & Mostler, p. 108, pl. 14, figs 10–11.
1996 Oertlispongus inaequispinosus Dumitrica et al. – Chiari et 
al., pl. 2, fig. 7.
1997 Spine A2 – Sugiyama, p. 138, fig. 35.3.
1999 Oertlispongus inaequispinosus inaequispinosus Dumitrica et 
al. – Sashida et al., p. 772, figs 10.28–29.
1999 Oertlispongus inaequispinosus Dumitrica et al. – Dumitrica, 
p. 35, pl. 1, figs 1, 3.
2001 Oertlispongus inaequispinosus Dumitrica et al. – Hauser et 
al., pl. 2, fig. 18.
2002 Oertlispongus inaequispinosus Dumitrica et al. – Kamata 
et al., p. 502, fig. 7Q.
2003 Oertlispongus inaequispinosus Dumitrica et al. – Feng & 
Liang, p. 223, pl. 2, figs 5–6.
2004 Oertlispongus inaequispinosus Dumitrica et al. – Feng et 
al., fig. 3d.
2005 Oertlispongus inaequispinosus Dumitrica et al. – Jasin et 
al., pl. 2, figs 14–15.
2005 Oertlispongus inaequispinosus Dumitrica et al. – Goričan 
et al., pl. 1, figs 21–26.
2009 Oertlispongus inaequispinosus Dumitrica et al. – Feng et 
al., p. 589, figs 4.18–22.
2009 Oertlispongus inaequispinosus Dumitrica et al. – Jasin & 
Harun, pl. 9, figs 8–9.
2012 Oertlispongus inaequispinosus Dumitrica et al. – Ozsvárt 
& Kovács, pl. 2, fig. 18.
2012b Oertlispongus inaequispinosus Dumitrica et al. – Stockar 
et al., p. 417, pl. 9, figs. 16–21.
2012 Oertlispongus inaequispinosus Dumitrica et al. – Chiari et 
al., pl. 1, fig. 4.
2012 Oertlispongus inaequispinosus Dumitrica et al. – Gawlick 
et al., 2016a, pl. 1, fig. 26.
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2016 Oertlispongus inaequispinosus Dumitrica et al. – Tekin et 
al., pl. 1, figs 15–18, pl. 4, fig. 7.

Remarks: Only two poorly preserved Oertlispongus inaequispinosus 
Dumitrica et al., specimens have been found in the investi-
gated sections. Compared to the holotype of Dumitrica et al. 
(1980) and the rather morphologically diverse specimens of 
Dumitrica (1982) and Kozur & Mostler (1994), our illustrat-
ed specimen has a slightly curved, relatively short polar spine. 
This presumably implies that the specimens from the Frötsch-
bach section be early representatives of O. inaequispinosus. 
Range and occurrence: Spongosilicarmiger italicus Zone to Muelleri
tortis firma Zone: Cosmopolitan, although it has been also re-
ported from the Upper Triassic of Busuanga Island, Philippines 
(Yeh, 1990) together with typical Carnian forms, probably due 
to reworking. 

Oertlispongus primus Kozur, 1996
Plate 10, Figures 4–5

1996 Oertlispongus primus sp. nov. – Kozur, p. 290, pl. 1, fig. 9.
2005 Oertlispongus primus Kozur – Goričan et al., pl. 1, figs 13–15.
2016 Oertlispongus primus Kozur – Tekin et al., pl. 1, figs 19–20.

Remarks: This species was described from the base of the main 
spine, but we have also found this species with a complete test 
in the Frötschbach section, Southern Alps (Italy). Test globular, 
spongy and wears several tiny by-spines on the lower part. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Sosio Valley, Sicily (Kozur, 1996), Mersin Mélange 
(Tekin et al., 2016), Ivanščica Mt., Croatia, Frötschbach section 
in Southern Alps and from Felsőörs section (bed 105), Hungary.

Oertlispongus sp.
Plate 10, Figure 6

Remarks: Slightly curved polar spines of the genus Oertlispongus, 
similar to the specimen published by Kozur & Mostler (1994; 
pl.  10, fig. 8) from the Recoaro (Vicentinian Alps) area (Passo 
della Gabiola, MD22 layer) from the lowermost part of Ladino
campe multiperforata Zone. This specimen probably belongs to the 
transition forms between Paroertlispongus (with straight polar 
spines) and Oertlispongus (with a strongly curved polar spine). 
Range and occurrence: Frötschbach section (Spongosilicarmiger 
italicus Zone).

Genus Baumgartneria Dumitrica, 1982
Type species: Baumgartneria retrospina Dumitrica, 1982

Baumgartneria bifurcata Dumitrica, 1982
Plate 10, Figure 7

1982 Baumgartneria bifurcata sp. nov. – Dumitrica, p. 71, pl. 10, 
figs 3–4.
1994 Baumgartneria bifurcata Dumitrica – Goričan & Buser, 
p. 141, pl. 3, fig. 1.
1994 Baumgartneria bifurcata Dumitrica – Kozur & Mostler, 
p. 64, pl. 13, figs 3, 5–6, 10.
1997 Baumgartneria bifurcata Dumitrica  – Sugiyama, p.  175, 
fig. 49.22.
1999 Baumgartneria bifurcata Dumitrica  – Sashida et al., 
p. 772, figs 10.28–29.

2003 Baumgartneria bifurcata Dumitrica  – Feng & Liang, 
p. 224, pl. 1, fig. 20.
2016 Baumgartneria bifurcata Dumitrica – Tekin et al., pl.  1, 
figs 3–4.

Remarks: Baumgartneria bifurcata is characterized by its bifur-
cate terminates on the stem (side-spines) of the polar spine 
however it differs from the holotype by the perpendicular 
planes of bifurcate ends. Sugiyama (1997) reported a similar 
specimen from Mino terrane, Central Japan.
Range and occurrence: This species ranges from Spongosilicar
miger italicus Zone to Ladinocampe multiperforata Zone from 
the  Southern Alps: Recoaro (Passo della Gabiola), Frötsch-
bach,   Dolomites, Julian Alps: Bohinj, Zaklanec, Slovenia; 
Mersin Mélange, Southern Turkey; Eastern Tethys: West 
 Sichuan, China and from the Pacific area: Mino terrane, Central 
Japan.

Baumgartneria retrospina Dumitrica, 1982
Plate 10, Figure 8

1982 Baumgartneria retrospina sp. nov. – Dumitrica, p. 70, pl. 9, 
figs 3–8, pl. 10, figs 1–2, pl. 12, fig. 3.
1992 Baumgartneria retrospina Dumitrica – Dosztály & Józsa, 
pl. 1, fig. 6.
1994 Baumgartneria retrospina Dumitrica – Kozur & Mostler, 
p. 63, pl. 2, figs 1, 4–6, 8 – 9..
2003 Baumgartneria retrospina Dumitrica  – Feng & Liang, 
p. 224, pl. 1, figs 14–16, 19.
2005 Baumgartneria retrospina Dumitrica – Feng et al., p. 247, 
pl. 4, figs 6–7.
2005 Baumgartneria retrospina Dumitrica  – Goričan et al., 
pl. 1, fig. 29.
2006 Baumgartneria retrospina Dumitrica – Zhu et al., fig. 3.24.
2016 Baumgartneria retrospina Dumitrica – Tekin et al., pl. 1, 
fig. 5.

Remarks: Poorly preserved specimen, the axial spine is slightly 
twisted, whereas the lateral branch is long and slender. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to Longobardian (Meulleritortis cochleata Zone); Southern 
Alps (Frötschbach section), West Sichuan, China.
 
Genus Bogdanella Kolar-Jurkovšek, 1989
Types: Bogdanella trentana Kolar-Jurkovšek, 1989

Bogdanella trentana Kolar-Jurkovšek, 1989
Plate 10, Figure 10

1989 Bogdanella trentana sp. nov.  – Kolar-Jurkovšek, p.  162, 
fig. 3. 
1990 Bogdanella trentana Kolar-Jurkovšek – Kolar- Jurkovšek, 
p. 79, pl. 7, fig. 7.
1996 Bogdanella trentana Kolar-Jurkovšek  – Kozur & 
 Mostler, p. 125, pl. 7, figs 7–9, 12–13.
2001 Bogdanella cf. trentana Kolar-Jurkovšek – Hauser et al., 
pl. 3, fig. 25.

Remarks: This poorly preserved specimen is distinguished eas-
ily by its long, corkscrew-like twisted polar spine which is cir-
cular in cross-section in the proximal part but gradually flat-
tened towards the distal end. 
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Range and occurrence: Longobardian (Muelleritortis cochleata 
Zone); Southern Alps (Seceda outcrops, Dolomites, Julian Alps, 
Slovenia), Dinarides (Bosnia-Hercegovina) and Oman. 

Genus Falcispongus Dumitrica, 1982 
Type species: Falcispongus falciformis Dumitrica, 1982.

Falcispongus falciformis Dumitrica, 1982
Plate 10, Figures 11–12

1982 Falcispongus falciformis sp. nov. – Dumitrica, p. 66, pl.  1, 
fig. 5, pl. 2, figs 1, 3, 7; pl. 3, fig. 2–3, 5–6. 
1984 Falcispongus falciformis Dumitrica  – De Wever, pl.  3, 
fig. 8.
1994 Falcispongus falciformis Dumitrica – Kozur & Mostler, 
p. 65, pl. 14, figs 2, 6, 12.
1994 Falcispongus falciformis Dumitrica  – Marcucci, pl.  1, 
fig. 5.
2001 Falcispongus falciformis Dumitrica – Hauser et al., pl. 2, 
fig. 17, pl. 3, fig. 4.
2005 Falcispongus falciformis Dumitrica – Goričan et al., pl. 1, 
figs 18–20.
2009 Falcispongus falciformis Dumitrica – Feng et al., p.  589, 
figs 4.13–16, 4.27–31.
2012b Falcispongus falciformis Dumitrica  – Stockar et al., 
p. 420, pl. 10, fig. 8.

Remarks: Falcispongus falciformis Dumitrica, 1982 includes 
 several morphotypes (Dumitrica, 1982), but all bears various 
sized external wing. The holotype of F. falciformis has a relative-
ly large, wide external wing in comparison with specimens 
from the Frötschbach section, which have a smaller and less 
broad external wing.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps 
(Frötsch bach, Recoaro, San Ulderico-Pallé, M. San Giorgio), 
Ivanščica and Kalnik Mt., Croatia, Albania, Oman and from 
Northern Tibet.

Falcispongus hamatus Dumitrica, 1982
Plate 10, Figures 13–14

1982 Falcispongus hamatus sp. nov.  – Dumitrica, p.  66, pl.  3, 
figs 1, 4; pl. 4, fig. 1.
1990 Falcispongus hamatus Dumitrica  – Goričan & Buser, 
p. 145, pl. 3, fig. 7.
1996 Falcispongus hamatus Dumitrica  – Kozur & Mostler, 
p. 110, pl. 9, figs 1, 5; pl. 14, figs 2–3. 
1996 Falcispongus transitus sp. nov. – Kozur & Mostler, p. 111, 
only pl. 8, fig. 3; pl. 14, fig. 5.
2002 ?Falcispongus cf. hamatus Dumitrica  – Kamata et al., 
p. 503, fig. 7p.

Remarks: Poorly preserved specimen which remained together 
with relatively small spongy test. Comparing with the holotype 
of Falcispongus hamatus Dumitrica the illustrated specimen 
herein has a significantly longer and recurved spine.
Range and occurrence: Longobardian (Muelleritortis cochleata 
Zone to Tritortis kretaensis Zone); Eastern Carpathians (Curma-
tura and Rarau Mts., Romania), Southern Alps (Seceda, Italy), 
Julian Alps (Vrišič section, Slovenia), Dinaric Carbonate Plat-
form or High Karst (Fojnica, Bosnia-Herzegovina). 

Falcispongus zapfei Kozur, 1996
Plate 10, Figures 15–17

1996 Falcispongus zapfei sp. nov. – Kozur, p. 290, pl. 1, fig. 10.
2005 Falcispongus zapfei Kozur – Goričan et al., pl. 1, fig. 16.
2016 Falcispongus zapfei Kozur – Tekin et al., pl. 1, figs 12–13.

Remarks: Test globular, composed of a dense spongy frame-
work. The polar spine is smooth, slightly widening and flatting 
in its upper part, perpendicularly bent with a straight or re-
curved distal part. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps 
(Frötschbach), Ivanščica Mt., Croatia, Mersin Mélange, Turkey, 
Western Sicily, Italy.

?Falcispongus sp.
Plate 10, Figure 9

Remarks: Poorly preserved specimen, long slightly curved stem 
which gradually flattened towards the distal end. Long lateral 
branches curved downward. 
Range and occurrence: Longobardian (Muelleritortis firma to 
 Muelleritortis cochleata Zone) of Southern Alps (Frötschbach 
 section).

Genus Scutispongus Kozur et Mostler, 1996
Type species: Scutispongus tortilispinus Kozur et Mostler, 1996

Scutispongus cf. rostratus (Dumitrica, 1982)
Plate 10, Figure 18

cf. 1982 Falciformis rostratus sp. nov. – Dumitrica, p. 66, pl. 3, 
figs 8–9; pl. 4, figs 2–3, 5–6, pl. 5, figs 2, 4.

Range and occurrence: Upper Illyrian (Ladinocampe multiperfora
ta Zone to Muelleritortis cochleata Zone); Southern Alps (Seceda 
outcrop), Eastern Carpathians (Rarau Mountain). 

Spumellaria incerte sedis
Genus Hexaspongus Kozur et Mostler, 1981
Type species: Hexaspongus robustus Kozur et Mostler, 1981
 

Hexaspongus robustus Kozur et Mostler, 1981
Plate 11, Figures 1–2

1981 Hexaspongus robustus sp. nov. – Kozur & Mostler, p. 78, 
pl. 56, fig. 2.

Remarks: Illustrated specimen differs from the holotype by 
possessing slightly longer and more pointed spines.
Range and occurrence: Pelsonian (Southern Carpathians) to 
upper Illyrian (Spongosilicarmiger italicus Zone); Southern Alps 
(Recoaro and Frötschbach).

Hexaspongus radiculaspinus Ozsvárt sp. nov. 
Plate 11, Figure 3

Etymology: Radicula (Latin) = small root; spina (Latin) = spine.
Holotype: Plate 11, Figure 3; Hungarian Natural History Museum, 
Budapest: PAL 2022.118.1.
Studied material: Single specimen from the Frötschbach section.



Geo.Alp, Vol. 20 2023

42

Description: Test globular, meshwork composed of mostly ir-
regular spongy pore frames with six, primary spines perpen-
dicularly arranged to each other. Spines approximately equal in 
length, slightly curved and twisted, triradiate width wide and 
deep grooves and relatively narrow ridges. Spines terminate in 
root-like branches (two or three). Spinules triradiate, pointed, 
with relatively small further spinules.
Dimensions: Diameter of test 120 µm, Length of spines 75–
90 µm.
Remarks: Hexaspongus radiculaspinus sp. nov. differs from H. ro
bustus Kozur et Mostler, 1981 by having strange, root-like 
spines.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

?Hexaspongus longispinosus Ozsvárt sp. nov.
Plate 11, Figures 4–5

Etymology: Referring to its long spines: longus (Latin) = long; 
spinosus (Latin) = spiny.
Holotype: Plate 11, Figure 4; Hungarian Natural History Museum, 
Budapest: PAL 2022.113.1.
Studied material: Two specimens from the Frötschbach section.
Description: Test globular, composed of two or three spongy 
frameworks with relatively large polygonal pores in outermost 
layer, whereas significantly smaller circular pores characterize 
the inner layers. Six (or five), straight or slightly curved, long, 
triradiate spines, perpendicular to each other. Spines equal in 
length and possess deep and relatively narrow, longitudinal 
grooves and rounded ridges. All ridges divided into longitu-
dinal secondary grooves which extend until two-thirds part of 
the spines.
Dimensions: Diameter of test 150 µm, length of spines 170–
190 µm. 
Remarks: This form is questionably assigned to the genus Hex
aspongus because none of the illustrated specimens seems the 
sixth spines, which may be broken or possess only five. In this 
latter case they should be assigned to a new genus. ?Hexaspon
gus longispinosus sp. nov. is distinguished from other species of 
Hexaspongus by significantly longer, thinner spines which pos-
sess secondary grooves on ridges. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

Genus Ticinosphaera Stockar et al., 2012
Type species: Helioentactinia mesotriassica Kozur et Mostler, 1981

Ticinosphaera mesotriassica (Kozur et Mostler, 1981)
Plate 11, Figures 6–7

1981 Helioentactinia mesotriassica sp. nov. – Kozur & Mostler, 
p. 17, pl. 55, fig. 3.
1984 Helioentactinia mesotriassica Kozur et Mostler – Lahm, 
p. 19, pl. 2, fig. 4.
1984 Helioentactinia oertlii (Kozur et Mostler) – Lahm, p. 19, 
pl. 2, figs 2–3.
1984 Helioentactinia oertlii (Kozur et Mostler) – Kellici & De 
Wever, p. 148, pl. 2, fig. 10.
1996 Helioentactinia oertlii (Kozur et Mostler) – Kozur et al., 
p. 220, pl. 7. fig. 9.
2012b Ticinosphaera mesotriassica (Kozur et Mostler) – Stockar 
et al., p. 424, pl. 10, figs 21–25, pl. 11, figs 1–4.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to Julian (Tetraporobrachia haeckeli Zone); Southern Alps 
(Frötschbach section, Monte San Giorgio, Marmolada),  Northern 
Calcareous Alps (Großreifling).

Genus Lahmosphaera Stockar et al, 2012
Type species: Stauracontium?alpinum Dumitrica et al., 1980

Lahmosphaera alpina (Dumitrica et al., 1980)
Plate 11, Figures 8–9

1980 Stauracontium ? alpinum sp. nov. – Dumitrica et al., p. 17, 
pl. 2, fig. 3; pl. 14, fig. 1.
1984 Stauracontium alpinum Dumitrica et al.  – Lahm, p.  77, 
pl. 13, fig. 10.
2013 Stauracontium ? alpinum Dumitrica et al. – Celarc et al., 
fig. 7.24.
2012b Lahmosphaera alpina (Dumitrica et al.) – Stockar et al., 
p. 424, pl. 11, figs 5–8.
2016 Lahmosphaera sp. aff. L. alpina (Dumitrica et al.) – Bragin 
et al., p. 308, pl. 1, fig. 10.

Remarks: Some specimens from the Frötschbach section have 
slightly thinner and smaller tricarinate main spines, and the test 
has a bit smaller pore frames with rounded to polygonal pores.
Range and occurrence: Pelsonian (Baratuna cristianensis Zone) 
to  upper Illyrian (Ladinocampe multiperforata Zone); Southern 
Alps (Frötschbach, Recoaro, San Ulderico-Pallé, M. San Giorgio), 
 Julian Alps (Mt. Prisojnik, Slovenia) 

Lahmosphaera fluegeli (Kozur et Mostler, 1979)
Plate 11, Figures 10–13

1979 Staurosphaera ? fluegeli sp. nov. – Kozur & Mostler, p. 58, 
pl. 13, fig. 2.
non 1984 Staurosphaera ? fluegeli Kozur et Mostler – Lahm, 
p. 75, pl. 13, fig. 7.
1989 Stauracontium sp. A – Yeh, pl. 3, fig. 11.
1995 Staurosphaera ? fluegeli Kozur et Mostler – Kellici & De 
Wever, pl. 4, fig. 10.
1996 Staurolonche praegranulosa  – Kozur & Mostler, p.  228, 
pl. 10, fig. 11.
2003 Staurosphaera ? fluegeli Kozur et Mostler  – Jin et al., 
pl. 4, fig. 17.

Remarks: Thanks to the imperfect illustration of Staurosphaera ? 
fluegeli Kozur et Mostler, 1979 it is quite difficult to decide 
whether that species wears a latticed or spongy framework. 
Authors described in diagnosis a “finely porous to spongy” 
framework which means they cannot also have decided. In our 
view, the illustrated specimen by Kozur & Mostler has no 
spongy test rather finely porous, therefore these specimens are 
assigned to the genus Lahmosphaera Stockar et al., 2012b. 
Lahmosphaera fluegeli has a relatively small-pored cortical shell 
and pentagonal dodecahedron microsphere with four, straight, 
pointed distally and three-bladed spines. Kozur et al. (1996) 
described Staurolonche praegranulose as a new species which 
clearly resembles L. fluegeli. 
Range and occurrence: Pelsonian to Fassanian (Baratuna cristi
anensis Zone to Ladinocampe multiperforata Zone); Southern 
Alps, Frötschbach section; Oregon, North America; Changning- 
Menglian Belt, Western Yunnan, China.
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Lahmosphaera granulosa (Dumitrica et al., 1980)
Plate 12, Figures 1–3

1980 Staurocontium ? granulosum sp. nov.  – Dumitrica et al., 
p. 16, pl. 1, fig. 7; pl. 11, fig. 5.
1984 Staurocontium granulosum Dumitrica et al. – Lahm, p. 76, 
pl. 13, fig. 9.
non 1990 Staurocontium ? granulosum Dumitrica et al.  – 
Goričan & Buser, p. 158, pl. 1, fig. 1.
1999 Staurolonche granulosa (Dumitrica et al.) – Sashida et al., 
p. 771, fig. 8.23.
2001 Staurolonche granulosa (Dumitrica et al.)  – Feng et al., 
p. 198, pl. 8, fig. 3.

Remarks: Test composed of hexagonal to polygonal pore frames 
which yield small, pointed spines at pore frame vertices, al-
though they can be fossilized in special cases, only. Four mas-
sive, slightly sinistrally twisted spines are presented. 
Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
upper Illyrian (Ladinocampe multiperforata Zone); Southern Alps 
(Recoaro, Frötschbach); Southwest Yunnan, China; Western 
Timor, Indonesia. 

Lahmosphaera mulleri (Dumitrica et al., 1980)
Plate 12, Figure 4

1980 Plafkerium ? mulleri sp. nov. – Dumitrica et al., p. 14, pl. 1, 
fig. 3.
1995 Plafkerium ? mulleri Dumitrica et al.  – Kellici & De 
Wever, p. 156, pl. 4, fig. 6.
2011 Plafkerium ? mulleri Dumitrica et al. – Ozsvárt et al., fig. 9.9.
2012b Lahmosphaera mulleri (Dumitrica et al.) – Stockar et al., 
p. 428. pl. 11, fig. 16
2016 Lahmosphaera sp. cf. L. mulleri (Dumitrica et al.) – Bragin 
et al., p. 308, pl. 3, fig. 13.

Remarks: The test is composed of relatively large, circular to 
polygonal pore frames. The illustrated specimen herein com-
paring to the holotype of L. mulleri (Dumitrica et al., 1980) has 
completely dextrally twisted massive spines, whereas the holo-
type has a short, straight part which is followed by a strongly 
twisted terminal portion.
Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
Illyrian (Ladinocampe multiperforata Zone); Southern Alps (Recoa-
ro, Frötschbach); Southeastern Pamirs. 

Lahmospharea trispinosa (Kozur et Mostler, 1979)
Plate 12, Figures 5–6

1979 Staurosphaera trispinosa sp. nov. – Kozur & Mostler, p. 58, 
pl. 21, fig. 3.
1979 Staurosphaera triloba sp. nov. – Nakaseko & Nishimura, 
p. 72, pl. 5, figs 1–2.
1980 Stauracontium ? trispinosum ladinicum n. subsp. – Dumitri-
ca et al., p. 17, pl. 1, fig. 5; pl. 2, fig. 4; pl. 3; figs 6–7; pl. 5; fig. 4; 
pl. 14, fig. 5.
1984 Stauracontium ? trispinosum (Kozur et Mostler) – Lahm, 
p. 76, pl. 13, fig. 8.
1986 Staurosphaera triloba Nakaseko et Nishimura – Bragin, 
pl. 2, fig. 1.
1989 Stauracontium ? trispinosum ladinicum Dumitrica et al.  – 
Yeh, p. 68, pl. 3, fig. 7.

1990 Stauracontium ? trispinosum ladinicum Dumitrica et al.  – 
Yeh, p. 20, pl. 6, fig. 17.
1990 Stauracontium ? trispinosum (Kozur et Mostler) – Grapes 
et al., fig. 8v.
1990 Stauracontium ? trispinosum (Kozur et Mostler)  – 
Goričan & Buser, p. 158, pl. 1, fig. 2.
1991 Staurolonche trispinosa (Kozur et Mostler) – Bragin, pl. 1, 
fig. 6.
1995 Stauracontium ? trispinosum (Kozur et Mostler) – Chiari 
et al., pl. 3, fig. 8.
1995 Stauracontium ? trispinosum (Kozur et Mostler) – Kellici 
& De Wever, p. 162, pl. 5, fig. 19; pl. 6, figs 1–2.
1995 Stauracontium ? trispinosum (Kozur et Mostler) – Ramovš 
& Goričan, p. 196.
1996 Staurolonche trispinosa trilobum (Nakaseko et Nishimura) – 
Kozur et al., p. 228, pl. 10, fig. 16.
1999 Staurolonche trispinosa (Kozur et Mostler) – Sashida et 
al., p. 771, fig. 8.18.
2001 Staurolonche trispinosa (Kozur et Mostler) – Feng et al., 
p. 198, pl. 8, fig. 3.
2006 Staurolonche trispinosa (Kozur et Mostler) – Marquez et 
al., pl. 4, fig. 43; pl. 5, fig. 7; pl. 6, fig. 7.
2010 Staurolonche trispinosa (Kozur et Mostler)  – Tekin & 
Sönmez, fig. 6F.
2011 Stauracontium ? trispinosum (Kozur et Mostler)  – 
Ozsvárt et al., fig. 10.6.
2012b Lahmospharea trispinosa (Kozur et Mostler) – Stockar 
et al., p. 426, pl. 11, figs 9–15.
2016 Lahmospharea trispinosa (Kozur et Mostler) – Gawlick 
et al., pl. 1, fig. 5.

Remarks: Poorly preserved specimens, although based on their 
characteristic verticil of three lateral triangular spinules can be 
assigned to the L. trispinosa (Kozur & Mostler, 1979)
Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
Carnian; Cosmopolitan.

Spumellaria gen. indet. A
Plate 12, Figures 7–8

Remarks: Globular test with four long, double spines (quite 
rare) in the same plane. Spines triradiate, equal in length and 
slightly twisted. The illustrated specimen resembles Lahmos
phara mulleri, but the test is recrystallized and the double spines 
are quite strange and unusual. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Seceda core).

?Intermediellidae gen. indet. A
Plate 12, Figure 9

Remarks: This specimen has an irregularly shaped spongy shell 
with two slender, smooth spines. The lower part of the test 
might present a pylum. This species resembles the genus Neo
paurinella. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps.
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?Oertlispongidae gen. indet. A
Plate 12, Figure 10

Remarks: Multi-layered globular test with single, quite short 
and pointed spine. Presumably, this species belongs to the fam-
ily Oertlispongidae.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps.

? Intermediellidae gen. indet. A
Plate 12 Figure 11

Remarks: Globular, multi-layered, spongy test with 6 short, 
regularly arranged (perpendicular to each other) pointed spines 
which are equal in length and smooth. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps.

Gen. et sp. indet. A
Plate 12, Figure 12

Remarks: Single-layered shell, composed of thin, irregularly ar-
ranged and shaped pore frames; pores circular to polygonal. Six, 
extremely long, triradiate spines are arranged perpendi cularly to 
each other. Slim blades, outer edges are rounded; shallow grooves. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps.

Gen. et sp. indet. B
Plate 12, Figures 13–14

Remarks: Double-layered, large globular shell; outer layer com-
posed of irregularly arranged and shaped pore frames with 
large triangular to polygonal pores. Inner layer composed of 
dense, small circular pores. 10–14 extremely long triradiate 
spines, deep grooves, sharp blades. These specimens resemble 
the genus Ticinosphaera but they have a double-layered shell. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps.

Order Nassellaria Ehrenberg, 1875
Family Archaeosemantidae Kozur et Mostler, 1981
Genus Archaeosemantis Dumitrica, 1978a
Type species: Archaeosemantis pterostephanus Dumitrica, 1978a

Archaeosemantis cristianensis Dumitrica, 1982
Plate 13, Figure 1

1978a Archaeosemantis pterostephanus sp. nov.  – Dumitrica, 
p. 52, pl. 5, figs 7–8 
1982 Archaeosemantis cristianensis sp. nov. – Dumitrica, p. 423, 
pl. 1; fig. 11; pl. 3, fig. 11; pl. 4, figs 5, 7; pl. 6, fig. 2; pl. 7, figs 3, 
12–13.
1999 Archaeosemantis cristianensis Dumitrica – Kamata, p. 663, 
fig. 8D, H. (cum syn.)
2012 Archaeosemantis cristianensis Dumitrica – Celarc et al., 
fig. 8.22

Range and occurrence: Lower Triassic (Spathian) to Ladinian 
(Muelleritortis cochleata Zone), although Sugiyama (1997) report-
ed this species from the Spathian to Norian from Japan, with-
out any illustration. 

Archaeosemantis pterostephanus Dumitrica, 1978a
Plate 13, Figure 2

1978 Archaeosemantis pterostephanus sp. nov. – Dumitrica, p. 52, 
pl. 5, figs 9–12, non 7–8.
1982 Archaeosemantis pterostephanus Dumitrica – Dumitrica, 
p. 423, pl. 5, fig. 1; pl. 6, figs 1, 4–5; pl. 7, fig. 1.
2004 Archaeosemantis pterostephanus Dumitrica – Dumitrica, 
p. 219, pl. 8, fig. 6. (cum syn.)

Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
uppermost Longobardian or lowermost Julian (Tritortis kretaen
sis Zone); Southern Alps (Frötschbach section, Recoaro), Oman 
(Hauser et al., 2001).

Genus Nandartia Dumitrica, 2004
Type species: Tandarnia simplicissima Dumitrica, 1982

Nandartia simplicissima (Dumitrica, 1982)
Plate 13, Figure 3

1982 Tandarnia simplicissima sp. nov. – Dumitrica, p. 414, pl 3, 
figs 3–4.
1995 Tandarnia simplicissima Dumitrica – Kellici & De  Wever, 
p. 162, pl. 6, fig. 7.
2004 Nandartia simplicissima (Dumitrica) – Dumitrica, p. 222, 
pl. 5, fig. 1; pl. 9, fig. 3.

Range and occurrence: Pelsonian (Baratuna cristianensis Zone) to 
uppermost Longobardian (Tritortis kretaensis Zone); Southern 
Carpathians (Cristian), Southern Alps (Frötschbach section, 
Recoaro), Eastern Carpathians, Romania.

Family Poulpidae De Wever, 1981
Genus Poulpus De Wever, 1979
Type species: Poulpus piabyx De Wever, 1979

Poulpus curvispinus praecurvispinus Kozur et Mostler, 1994
Plate 13, Figures 4–5

1994 Poulpus curvispinus praecurvispinus n. subsp.  – Kozur & 
Mostler, p. 116, pl. 32, fig. 3, 6, 7. 

Remarks: Large, smooth cephalis without apical horn, with 
well-visible arches on the surface. Short median bar and mas-
sive spicular system with A, V, 2L, D, 2l. D and 2L are extended 
into slightly curved and tricarinate feet. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section, Passo della Gabiola).

Genus Hozmadia Dumitrica et al., 1980
Type species: Hozmadia reticulata Dumitrica et al., 1980

Hozmadia costata Kozur et Mostler, 1994
Plate 13, Figures 6–7

1994 Hozmadia costata sp. nov.  – Kozur & Mostler, p.  114, 
pl. 31, figs 1, 2, 5–10.
1990 Hozmadia reticulata Dumitrica et al. – Goričan & Buser, 
p. 147, pl. 9, figs 9–10.
1995 Hozmadia costata Kozur et Mostler  – Kellici & De 
Wever, p.148, pl. 4, figs 20–21. 
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1995 Hozmadia reticulata Dumitrica et al.  – Kellici & De 
Wever, p. 148, pl. 2, figs 17–18 (non 15–16). 
1995 Hozmadia reticulata Dumitrica et al.  – Ramovš & 
Goričan, p. 186, pl. 7, figs 1–2 (non 3–4).
2003 Hozmadia reticulata Dumitrica et al. – Bortolotti et al., 
pl. 1, fig. 5 (not fig. 4).

Remarks: Hozmadia costata Kozur et Mostler unlikely fore-
runner of H. reticulata Dumitrica et al., as Kozur & Mostler 
(1994) pointed out because H. costata Kozur & Mostler ap-
peared in the Spongosilicarmiger italicus Zone, whereas H. reticula
ta recorded from the Aegean (Hozmadia gifuensis Zone).
Range and occurrence: Pelsonian of the Cristian section, 
 Romanis to upper Illyrian (Ladinocampe multiperforata Zone) in 
the Southern Alps.

Hozmadia reticulata Dumitrica et al., 1980
Plate 13, Figures 8–9

1980 Hozmadia reticulata sp. nov. – Dumitrica et al., p. 21, pl. 9, 
fig. 10.
1990 Hozmadia reticulata Dumitrica et al. – Goričan & Buser, 
p. 147, pl. 9, figs 8 (non 9–10).
1994 Hozmadia reticulata Dumitrica et al. – Kozur & Mostler, 
p. 111, pl. 21, fig. 4.
1995 Hozmadia costata Dumitrica et al. – Kellici & De Wever, 
p. 148, pl. 2, figs 15–16. (not 17–18)
1995 Hozmadia reticulata Dumitrica et al.  – Ramovš & 
Goričan, p. 186, pl. 7, figs 3–4 (non 1 – 2).
2000 Hozmadia reticulata Dumitrica et al.  – Xia & Zhang, 
p. 82, pl. 3, fig. 4.
2000 Hozmadia sp. A – Sashida et al., p. 807, fig. 9.12.
2007 Hozmadia reticulata Dumitrica et al. – Marquez et al., 
pl. 5, figs 11–12.
2012 Hozmadia reticulata Dumitrica et al.  – Gawlick et al., 
pl. 1, fig. 31.
2012b Hozmadia sp. cf. reticulata Dumitrica et al. – Stockar et 
al., p. 429, pl. 12, fig. 6.
2013 Hozmadia reticulata Dumitrica et al.  – Celarc et al., 
fig. 9.4. 
2014 Hozmadia reticulata Dumitrica et al.  – Kamata et al., 
pl. 2, fig. 27.

Remarks: This is one of the most frequent species in the Seceda 
area; perfectly preserved specimens wear characteristic ridges 
on the surface of the cephalis and rough texture between ridg-
es. Although the apical horn of the holotype bears four blades, 
most of the specimens from the Seceda area have only three 
blades on the massive horn. 
Range and occurrence: Lower Anisian (Aegean) Hozmadia gif
uensis Zone to upper Anisian (Illyrian) Ladinocampe multiperforata 
Zone; Cosmopolitan. 

Genus Annulohaeckelella Kozur & Mostler, 2006
Type species: Annulohaeckelella longipedis Kozur & Mostler, 
2006

Hozmadia longicephalis Kozur et Mostler, 1994
Plate 13, Figure 10

1994 Hozmadia longicephalis sp. nov. – Kozur & Mostler, p. 115, 
pl. 29, figs 5–6.

Remarks: The test slightly widens around the middle part, but 
narrows distally; large, tricarinate apical horn with wide holes. 
This specimen has somewhat longer but straight feet which are 
tricarinate proximal but became rounded distally. 
Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone to Spongosilicarmiger italicus Zone); Felsőörs section, Hungary; 
Southern Alps (Frötschbach section).

Annulohaeckelella longipedis Kozur et Mostler, 2006
Plate 13, Figure 11

2006 Annulohaeckelella longipedis sp. nov. – Kozur & Mostler, 
p. 62, pl. 2, figs 4, 7. 

Remarks: The illustrated specimen from the Seceda section 
possesses a somewhat longer and slender apical horn, whereas 
the holotype of this species has a stouter and wider three-bladed 
apical horn. Unfortunately, the preservation is incomplete 
therefore the ring on the thorax is missing.
Range and occurrence: Longobardian (Muelleritortis firma to 
 Muelleritortis cochleata Zone); Southern Alps, Dinarides, Balaton 
Highland, Hungary (unpublished material).

Genus Eonapora Kozur et Mostler, 1979
Type species: Eonapora pulchra Kozur et Mostler, 1979

Eonapora mesotriassica Kozur et Mostler, 1981
Plate 13, Figures 12–13

1980 Eonapora sp. nov. – Dumitrica et al., p. 21, pl. 9, figs 3–4.
1981 Eonapora mesotriassica sp. nov. – Kozur & Mostler, p. 81, 
pl. 27, fig. 1.
1990 Eonapora mesotriassica Kozur et Mostler – Goričan & 
Buser, p. 143, pl. 10, fig. 1.
1994 Sanfilippoella laevis sp. nov.  – Kozur & Mostler, p.  111, 
p. 29, figs 1–2.
1995 Eonapora mesotriassica Kozur et Mostler – Kellici & De 
Wever, p. 144, pl. 1, figs 16–17.

Remarks: Although the original description of this species does 
not mention velum, our specimens from Frötschbach wear thin 
and fragile velum with many pores. 
Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone) to lower Fassanian (Ladinocampe multiperforata Zone); 
Felsőörs section, Hungary, Southern Alps. 

Eonapora pulchra Kozur & Mostler, 1979
Plate 13, Figure 14

1979 Eonapora pulchra sp. nov. – Kozur & Mostler, p. 90, pl. 19, 
fig. 11.
2016 Eonapora pulchra Kozur et Mostler  – Ozsvárt et al., 
p. 150, pl. 3, fig. 8.

Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone to lower Tuvalian Spongotortilispinus moixi Zone); Southern 
Alps, Sorgun Ophiolitic Mélange, Turkey.
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Eonapora robusta Kozur & Mostler, 1981
Plate 13, Figures 15 – 16

1981 Eonapora robusta sp. nov. – Kozur & Mostler, p. 82, pl. 29, 
fig. 1.
1990 Eonapora aff. robusta Kozur et Mostler  – Goričan & 
Buser, p. 143, pl. 10, fig. 2.
1994 Eonapora robusta Kozur et Mostler – Kozur & Mostler, 
p. 113, pl. 30, figs 8, 11.
non 2011 Eonapora robusta Kozur et Mostler – Bragin, p. 767, 
pl. 14, fig. 8.
 
Range and occurrence: Pelsonian from the Cristian section, 
Romania to upper Illyrian (Ladinocampe multiperforata Zone); 
Felsőörs section, Hungary; Southern Alps, Julian Alps.

Genus Triassobipedis Kozur, 1984
Type species: Triassobipedis balatonica Kozur, 1984

Triassobipedis sp.
Plate 13, Figure 17

Remarks: This species is completely recrystallized, however, 
based on the two characteristic feet and the apical spine may 
assess the genus Triassobipedis Kozur, 1984. Probably this is 
a new species because the feet are tree-bladed, in contrast to 
T. balatonica Kozur, 1984. Goričan & Buser (1990) illustrated 
tree-bladed T. balatonica from the Julian Alps, Slovenia, whereas 
Sashida et al. (1999) also published a three-bladed T. balatonica 
from Western Timor, Indonesia. 
Range and occurrence: Spongosilicarmiger italicus Zone (upper 
 Illyrian); Southern Alps (Frötschbach section).

Genus Neopylentonema Kozur, 1984
Type species: Neopylentonema mesotriassica Kozur, 1984

Neopylentonema mesotriassica Kozur, 1984
Plate 13, Figures 18–19

1984 Neopylentonema mesotriassica sp. nov. – Kozur, p. 71, pl. 4, 
fig. 5; pl. 5, fig. 1; pl. 6, fig. 1.
1990 Neopylentonema mesotriassica Kozur – Goričan & Buser, 
p. 148, pl. 6, fig. 11.
1996 Neopylentonema mesotriassica Kozur – Kozur et al., p. 231, 
pl. 4, fig. 11.
2013 Neopylentonema mesotriassica Kozur  – Celarc et al., 
fig. 9.1.

Remarks: This species is characterized by four-bladed spines 
which are prolongations of the spicular system and they termi-
nate with small, pointed verticil spines except for the outer 
prolongation of V which does not wear verticil. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger transitus 
Zone to Ladinocampe multiperforata Zone); the Southern Alps.

Genus Amentoneopylen n. gen.
Type species: Amentoneopylen simplex sp. nov.
Etymology: The name Amentoneopylen is formed by an arbitrary 
combination of letters, reminding to the name Neopylentonema 
Kozur, 1984 which shows a close phylogenetic relationship.
Description: Monocyrtid test with 7 massive spines. Globular, 
large-sized cephalis with distally located spicular system with 

Mb, A, V, 2L, D and 2l. Spicular system continues in massive 
spines on outer side of test. Spines are triradiate, except apical 
and ventral spines which are significantly smaller, an those are 
circular in cross-section. Neither of them bears apophysis like 
the species Neopylentonema Kozur, 1984. 
Remarks: Amentoneopylen n. gen. differs from the genus Neopyl
entonema Kozur, 1984 by having triradiate spines without apo-
physes at the distal part.
Range and occurrence: Spongosilicarmiger italicus Zone (upper 
 Illyrian); Southern Alps (Frötschbach section).

Amentoneopylen simplex Ozsvárt sp. nov.
Plate 14, Figures 1–3

Etymology: According to the simple structure of this species. 
Simplex (Latin, adj.) = simple.
Holotype: Plate 14, Figures 1–3; Hungarian Natural History 
Museum, Budapest: PAL 2022.114.1.
Studied material: Two specimens from the Frötschbach sec-
tion. 
Description: Test monocyrtid; globular, large-sized latticed 
cephalis. Spicular system is located at the distal part of cepha-
lis, consists of smooth, needle-like rods and contains Mb, A, V, 
2L, D and 2l, whereas arches: Al, Al, AL, AL, lL, lL, VA. Spicular 
system (A, V, 2L, D and 2l) continues in massive spines on outer 
side of test. D, LL, ll continue triradiate and significantly larger 
spines, whereas the prolongation of V and A are smaller, prox-
imally tricarinate but distally became needle-like circular in 
cross-section, no verticil at distal part of spines.
Dimensions: Length of test 100 µm, width test 100 µm, apical 
spine 50 µm.
Range and occurrence: Spongosilicarmiger italicus Zone (upper 
 Illyrian); Southern Alps (Frötschbach section).

Family Nabolellidae Kozur et Mostler, 1979
Genus Nabolella Petrushevskaya, 1981
Type species: Squinabolella longispinosa Kozur et Mostler, 1979

Nabolella striata Ozsvárt sp. nov. 
Plate 14, Figures 4–10

cf. 2005 Deflandrecyrtium sp. – Tekin & Mostler, p. 7, figs 5.8–
10.

Etymology: Striatus (Latin, adj.) refers to thin, ridge-like projec-
tions on the surface.
Holotype: Plate 14, Figure 9; Hungarian Natural History Museum, 
Budapest: PAL 2022.120.1.
Studied material: 8 specimens from the Frötschbach section.
Description: Dicyrtid test cap-shaped in lateral view with large, 
globular cephalis without pores but with characteristic inter-
secting ridges which can be the appearance of arches on the 
surface of cephalis. Tiny, short spine present or completely 
missing. Initial spicule system consisting of short Mb, and A, 
V, ll, D and LL. Spines absent, however, a fairly small apical tip 
can be present, but the characteristic feet are completely miss-
ing. Cephalis slightly narrows distally and connected with 
smooth ring to the large conical thorax which presents huge 
circular to oval pores. Edge of thorax circular, rounded.
Dimensions: Diameter of globular cephalis = 140–160 µm; 
Height of test = 200–250 µm; Diameter of thorax = 250–
300 µm.
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Remarks: The absence of massive spines distinguishes Nabolella 
striata sp. nov. from all other species of Nabolella. Tekin & 
 Mostler (2005) illustrated some fairly similar specimens 
as  Deflandrecyrtium sp. from the Fojnica section, Bosnia and 
Herzegovina, but those specimens are illustrated from apical 
view therefore quite difficult to compare with our speci-
mens. However, it seems clearly that those specimens have no 
spines.
Range and occurrence: Spongosilicarmiger italicus Zone (upper 
 Illyrian): Southern Alps (Frötschbach section), but it might ex-
tend to the Muelleritortis cochleata Zone (upper Longobardian): 
Dinarides (Fojnica section, Bosnia and Herzegovina).
 
Family Ultranaporidae Pessagno, 1977
Genus Hinedorcus Dumitrica et al., 1980
Type species: Hinedorcus alatus Dumitrica et al., 1980

Hinedorcus alatus Dumitrica et al., 1980
Plate 14, Figures 11–14

1980 Hinedorcus alatus sp. nov. – Dumitrica et al., p. 24, pl. 15, 
fig. 4.
1990 Hinedorcus alatus Dumitrica et al. – Goričan & Buser, 
p. 146, pl. 10, fig. 5.
1995 Hinedorcus alatus Dumitrica et al. – Kellici & De Wever, 
p. 148, pl. 2, fig. 14.
2013 Hinedorcus alatus Dumitrica et al.  – Celarc et al., 
fig. 9.18.

Remarks: Some specimens from the Frötschbach section wear 
2–3 times bigger apical spines than the cephalis.
Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone) to lower Fassanian (Ladinocampe multiperforata Zone); Balaton 
Highland (Felsőörs section); Southern Alps (Marmolada Mt.).

Hinedorcus gibber Tekin, 1999
Plate 14, Figures 15–19

1999 Hinedorcus gibber sp. nov. – Tekin, p. 146, pl. 32, figs 5–6.
2005 Hinedorcus gibber Tekin – Tekin & Mostler, p. 8, fig. 6.1.

Remarks: The holotype of this species (Tekin, 1999) has slightly 
curved feet and slightly twisted apical horn, whereas speci-
mens from the Frötschbach section have somewhat slender test 
with more or less straight feet and thanks to the better preser-
vation those specimens wear long, thin ridges on the surface of 
the cephalis. Thorax wears dense, irregularly shaped pores.
Range and occurrence: Upper Illyrian Spongosilicarmiger italicus 
Zone to upper Ladinian (Muelleritortis cochleata Subzone); South-
ern Alps (Frötschbach section), Dinarides (Fojnica section, 
Bosnia and Herzegovina), Antalya Nappes, Turkey.

Genus Muellericyrtium Kozur et Mostler, 1981
Type species: Muellericyrtium triassicum Kozur et Mostler, 1981

Muellericyrtium triassicum Kozur et Mostler, 1981
Plate 15, Figure 1

1981 Muellericyrtium triassicum sp. nov.  – Kozur & Mostler, 
p. 111, pl. 8, fig. 2.
2013 Muellericyrtium triassicum Kozur et Mostler – Celarc et 
al., fig. 9.17.

Remarks: This quite rare form has been reported so far from 
two localities (Felsőörs section, Hungary and from Križevnik, 
Slovenia). Unfortunately, the illustrated holotype is incomplete, 
therefore the comparison is difficult. Our specimens from the 
Frötschbach section have similarly globular cephalis with 
short, pointed apical spine. A significantly shorter ventral spine 
is also present on the cephalis. 
Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone) to the Spongosilicarmiger italicus Zone (upper Illyrian); 
 Balaton Highland (Felsőörs section), Southern Alps (Frötsch-
bach section).

Muellericyrtium triangularum Ozsvárt sp. nov.
Plate 15, Figure 2

Etymology: Triangularis (Latin, adj.) = triangular, according to 
the triangular outline from the lateral view.
Holotype: Plate 15, Figure 2; Hungarian Natural History Museum, 
Budapest: PAL 2022.119.1.
Studied material: Single specimen from the Frötschbach section.
Description: Test tricyrtid, triangular shaped in lateral view 
with relatively small cephalis, bigger thorax and large abdo-
men. Globular cephalis with thin ridges on its surface with 
massive, triangular apical spine which wears longitudinal slots 
(5–6) on proximal part. Thorax is trapezoidal in lateral view 
and connected to the abdomen with sharp, elevated edge. Dis-
tally wears small circular pores. The widening thorax trapezoi-
dal in lateral view, with dense, somewhat bigger circular or 
oval pores. Thorax terminates large, slightly wavy circular 
edge. Three tapering feet presented which are V-shaped in 
cross-section with sharp, straight ridges on outer surface. 
Dimensisons: Diameter of cephalis 60 µm, length of test 
260 µm, width of test 180 µm, length of apical spine 70 µm.
Remarks: Muellericyrtium triangularum sp. nov. is distinguished 
from the M. triassicum Kozur & Mostler by having different 
shapes of cephalis and thorax and by having significantly larg-
er and longer apical spines which wear longitudinal slots on 
proximal part.
Range and occurrence: Spongosilicarmiger italicus Zone (Upper 
 Illyrian); Southern Alps (Frötschbach section).

Muellericyrtium sp.
Plate 15, Figure 3

cf. 2001 Hinedorcus sp. – De Wever et al., fig. 159.5.

Description: This species has a large, spherical cephalis with a 
long, straight, rod-like apical horn. Outer surface of the cepha-
lis run a large number of thin ridges in various direction. 
Cephalis narrows distally; thorax is present, however, it is a 
thin cylindrical segment, whereas abdomen widens and wears 
several, and circular tiny pores. Large, slightly curved feet wear 
sharp ridges and they are V-shaped in cross-section. 
Remarks: This specimen is distinguished from Muellericyrtium 
triassicum by its large cephalis which is narrowing distally, by 
its longer and quite different shaped apical spine. De Wever et 
al. (2001) illustrated the same specimen as Hinedorcus sp., how-
ever, that specimen has a smooth apical spine and a character-
istic ridge on the thorax, unknown to the species of Hinedorcus. 
Celarc et al. (2013) illustrated a fairly similar specimen from 
the Prisojnik section, Slovenia also as Hinedorcus holdsworthi 
Sugiyama, however, Sugiyama species wear rod-like feet, 
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whereas Celarc et al. (2013) specimen has V-shaped distally 
tapering feet. 
Range and occurrence: Upper Illyrian Spongosilicarmiger italicus 
Zone; Southern Alps (Frötschbach section).

Genus Silicarmiger Dumitrica et al., 1980
Type species: Silicarmiger costatus Dumitrica et al., 1980

Silicarmiger costatus Dumitrica et al., 1980
Plate 15, Figures 4–6

1980 Silicarmiger costatus sp. nov. – Dumitrica et al., p. 23, pl. 7, 
fig. 2.
1990 Silicarmiger costatus Dumitrica et al. – Goričan & Buser, 
p. 156, pl. 10, fig. 8.
1994 Silicarmiger costatus Dumitrica et al. – Kozur & Mostler, 
p. 118, pl. 33, figs 6, 15, 16; pl. 34, fig. 8.
1995 Silicarmiger costatus Dumitrica et al.  – Kellici & De 
Wever, p. 160, pl. 5, figs 11–14.

Remarks: Sometimes fairly difficult to distinguish the species 
of Nofrema Dumitrica et al. from the species of Silicarmiger 
Dumitrica et al., but the cephalis with apical horn is quite 
characteristic in both groups because the species of Silicarmiger 
wear irregularly arranged ridges on the surface of it, whereas 
the species of Nofreama has a spongy cover on the cephalis, 
Thorax, abdomen and postabdominal parts are fairly similar.
Range and occurrence: Pelsonian of the Cristian section, Romania 
to lower Fassanian (Ladinocampe multiperforata Zone); Balaton 
Highland (Felsőörs section), Southern Alps (Marmolada Mt.).

Silicarmiger costatus anisicus Kozur & Mostler, 1981
Plate 15, Figure 7

1981 Silicarmiger costatus anisicus n. subsp. – Kozur & Mostler, 
p. 104, pl. 10, fig. 1.
1994 Silicarmiger costatus anisicus Kozur et Mostler – Kozur & 
Mostler, p. 118, pl. 33, figs 1–5, 7–9, 13.
1995 Silicarmiger costatus anisicus Kozur et Mostler – Ramovš 
& Goričan, p. 190, pl. 6, fig. 7.
2013 Silicarmiger costatus anisicus Kozur et Mostler – Celarc 
et al., fig. 9.15.

Remarks: Although this species is somewhat poorly preserved, 
it can be assigned to S. costatus anisicus, even if has a bit longer 
apical horn than the Kozur & Mostler’s holotype from the 
Felsőörs section.
Range and occurrence: Upper Illyrian (Tetraspinocyrtis laevis 
Zone to lower part of Ladinocampe multiperforata Zone); Balaton 
Highland (Felsőörs section), Southern Alps (San-Ulderico sec-
tion), Julian Alps (Slovenia). 

Silicarmiger inflatus Ozsvárt sp. nov.
Plate 15, Figures 8–9

2013 Hinedorcus holdsworthi Sugiyama – Celarc et al., fig. 9.16. 

Etymology: Inflatus (Latin, adj.) = inflated refers to the large 
globular cephalis.
Holotype: Plate 15, Figure 9; Hungarian Natural History Museum, 
Budapest: PAL 2022.127.1.
Studied material: Two specimens from the Frötschbach section 

Description: Large, inflated, globular cephalis covered by nu-
merous thin, irregularly arranged ridges and many tiny pores. 
Long, straight or slightly curved, smooth apical horn which 
can be proximally divided by short blades. Short, slightly wid-
ened thorax with small circular pores. Abdomen somewhat 
bigger than cephalis and significantly longer than thorax, 
 composed of loosely latticed frames with large pores; distally 
narrows. Abdomen wears 4 – 5, horizontal or irregularly located 
thin ribs, connected to the feet. Long feet, needle-like and 
 connected some additional bars over abdomen. 
Dimensions: Diameter of globular cephalis 120 µm, length of 
test 640 µm, width of test 200 µm, length of apical spine 
200 µm. 
Remarks: Silicarmiger inflatus sp. nov. differs from S. costatus 
 Dumitrica et al. by inflated and significantly bigger cephalis 
and by a smooth and longer apical horn. Feet are smooth and 
needle-like against the bladed feet of S. costatus.
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section) but presumably this 
species already appeared in Pelsonian (Cristian, Romania).

Genus Spongosilicarmiger Kozur, 1984
Type secies: Spongosilicarmiger italicus Kozur, 1984

Spongosilicarmiger gabiolaensis Kozur et Mostler, 1994
Plate 16 Figure 1

1994 Spongosilicarmiger gabiolaensis sp. nov. – Kozur & Mostler, 
p. 121, pl. 35, figs 3, 6, 8–9, 11; pl. 36, figs ?1, 4–5, 7–8, 10; pl. 37, 
figs 2–4, 7–8.
2007 Spongosilicarmiger gabiolaensis Kozur & Mostler – Onoue 
& Sano, fig. 5. 21.

Range and occurrence: Upper Illyrian Spongosilicarmiger italicus 
Zone; Southern Alps (Mt. Spitz; Frötschbach section), Japan.

Spongosilicarmiger gabiolaensis curvatospinus  
Kozur et Mostler, 1994

Plate 16, Figure 2

1990 Spongosilicarmiger italicus Kozur  – Goričan & Buser, 
p. 158, pl. 10, fig. 7. 
1994 Spongosilicarmiger gabiolaensis curvatospinus n. subsp. – Kozur 
& Mostler, p. 122, pl. 35, figs 3, 6, 9, 11; pl. 37, figs 2–4.

Range and occurrence: Spongosilicarmiger italicus Zone to the 
Ladinocampe annuloperforata Subzone (Upper Illyrian); Southern 
Alps (Frötschbach section), Julian Alps (Bohinj).

Spongosilicarmiger italicus Kozur, 1984
Plate 16, Figures 3–5.

1984 Spongosilicarmiger italicus sp. nov.  – Kozur, p.  64, pl.  6, 
fig. 2; pl. 7, fig. 1.
1990 Spongosilicarmiger italicus Kozur – Yeh, p. 24, pl. 9, pl. 9, 
figs 1–3, 9–11; pl. 11, figs 21–22, 25.
2016 Spongosilicarmiger italicus Kozur – Tekin et al., pl. 4, figs 3–4.

Range and occurrence: This species is recorded from the upper 
Illyrian (Spongosilicarmiger italicus Zone); Southern Alps; Carnian 
in the Eastern Tethys (Busuanga Island) and in Panthalassa 
Ocean (Japan).
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Spongosilicarmiger longispinus Ozsvárt sp. nov. 
Plate 16, Figures 9–10

Etymology: Referring to its long spines: longus (Latin) = long; 
spina, -us (Latin) = spine.
Holotype: Plate 16, Figure 6; Hungarian Natural History Museum, 
Budapest: PAL 2022.129.1.
Studied material: Two specimens from the Frötschbach section. 
Description: Test slender, long (500–550 µm) and rocket-shaped 
from lateral view (width of test 200–220 µm). Cephalis small 
(30–40 µm), bell-shaped with tiny nodes. Especially long apical 
horn (150–170 µm), composed of tubular basal part and short, 
pointed distal tip. Basal part cylindrical and composed of  latticed 
frame with large polygonal pores; distally narrows. Thorax is 
somewhat bigger than cephalis, cylindrical with small circular 
pores. Feet creep out at basal part of thorax and outward distally. 
Postcephalis segments composed of latticed frame with irregular-
ly shaped pores and connected to the feet by downward rods.
Remarks: Spongosilicarmiger longispinus sp. nov. differs from all 
other species of Spongosilicarmiger by having an especially long 
apical horn, although S. mostleri Sugiyama bears long apical 
horn, although its basal tubular part is significantly shorter, 
whereas the top spine is more massive and longer. 
Range and occurrence: Upper Illyrian Spongosilicarmiger italicus 
Zone; Southern Alps (Frötschbach section).

Spongosilicarmiger posterus Kozur et Mostler, 1994
Plate 16, Figures 11–13.

1994 Spongosilicarmiger posterus Kozur et Mostler, p. 123, pl. 35, 
figs 12–13; pl. 36, figs 2–3.
2009 Spongosilicarmiger posterus Kozur et Mostler – Feng et 
al., p. 598, fig. 7(19).

Range and occurrence: Spongosilicarmiger italicus Zone (Upper 
 Illyrian); Southern Alps, Eastern Tethys (Tibet).

Spongosilicarmiger priscus Kozur et Mostler, 1994
Plate 16 Figures 14–15.

1979 Stichopterium (?) sp. B – Nakaseko and Nishimura, p. 80, 
pl. 11, fig. 2.
1994 Spongosilicarmiger priscus sp. nov.   – Kozur & Mostler, 
p. 123, pl. 36, figs 9, 11.

Range and occurrence: Tetraspinocyrtis laevis Zone; Transdanubian 
Central Range (Felsőörs section) to Lower Ladinian (?); 
 Panthalassa Ocean (Japan).

Genus Nofrema Dumitrica et al., 1980
Type secies: Nofrema trispinosa Dumitrica et al., 1980

Nofrema trispinosa Dumitrica et al., 1980
Plate 15, Figures 10–19 

1980 Nofrema trispinosa sp. nov. – Dumitrica et al., p. 25, pl. 9, 
fig. 1; pl. 15, fig. 3.
1994 Nofrema trispinosa Dumitrica et al. – Kozur & Mostler, 
p. 120, pl. 34, figs 5–6, 10.

Remarks: Thanks to the good preservation of radiolarians from 
the Frötschbach section, our specimens somewhat differ from the 

holotype by having longer apical horn and feet and thorax con-
tinue in a very fragile segment composed of the latticed mesh-
work. Feet are divergent and connected to the thorax by thin bars. 
Range and occurrence: Upper Illyrian (Spongosilicarmiger italicus 
Zone) to lower Fassanian (Ladinocampe multiperforata Zone); 
Southern Alps (Frötschbach section; Recoaro and Mt. Spitz).

Family Spongolophophaenidae Kozur et Mostler, 1994
Genus Triassospongocyrtis Kozur et Mostler, 1994
Type species: Triassospongocyrtis longispinosa Kozur et Mostler, 
1994

Triassospongocyrtis longispinosa Kozur et Mostler, 1994
Plate 17, Figures 1–5

1994 Triassospongocyrtis longispinosa sp. nov. – Kozur & Mostler, 
p. 127, pl. 39, figs 1–3, 6–7, 9.
1995 Triassospongocyrtis longispinosa Kozur & Mostler – Kellici 
& De Wever, p. 163, pl. 3, figs 7–9.
1995 Triassospongocyrtis longispinosa Kozur & Mostler – Ramovš 
& Goričan, p. 192, pl. 6, figs 8–10.

Range and occurrence: Upper Illyrian (Spongosilicarmiger transitus 
Zone) to lower Fassanian (Ladinocampe multiperforata Zone); 
Southern Alps.

Triassospongocyrtis yaoi Kozur & Mostler, 1994
Plate 17, Figures 6–7

1994 Triassospongocyrtis yaoi sp. nov.  – Kozur & Mostler, 
p. 128, pl. 39, figs 5, 10.

Range and occurrence: Spongosilicarmiger italicus Zone (upper 
 Illyrian) to lower Fassanian (Ladinocampe multiperforata Zone); 
Southern Alps (Frötschbach section), Balaton Highland (Köveskál 
section).

Triassospongocyrtis sp.
Plate 17, Figure 8

Remarks: This species differs from all other species of Triassos
pongocyrtis by having conical test, central position of apical 
spine and feet are directed downward close to the test. Inner 
layer of the test bears relatively large pores. 
Range and occurrence: Spongosilicarmiger italicus Zone (upper 
 Illyrian); Southern Alps (Frötschbach section).

Family Monicastericidae Kozur et Mostler, 1994
Genus Monicasterix Kozur et Mostler, 1994
Type species: Monicasterix alpina Kozur et Mostler, 1994

?Monicasterix sp.
Plate 17, Figure 9

Remarks: Due to the poor preservation, this specimen could be 
tentatively assigned to the genus Monicasterix.
Range and occurrence: Spongosilicarmiger italicus Zone (upper 
 Illyrian); Southern Alps (Frötschbach section).

Family Planispinocyrtidae Kozur et Mostler, 1981
Genus Planispinocyrtis Kozur et Mostler, 1981
Type species: Planispinocyrtis baloghi Kozur et Mostler, 1981
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Planispinocyrtis praecursor Kozur et Mostler, 1994
Plate 17, Figure 10

1994 Planispinocyrtis praecursor  – Kozur & Mostler, p.  103, 
pl. 25, figs 7, ?13, 14.

Range and occurrence: Upper Illyrian (Spongosilicarmiger transi
tus Zone to Spongosilicarmiger italicus Zone); Hungarian Trans-
danubian Range (Felsőörs); Southern Alps (Frötschbach sec-
tion).

Planispinocyrtis cf. pelsoensis Kozur & Mostler, 1994
Plate 17, Figure 11

cf. 1994 Planispinocyrtis pelsoensis – Kozur & Mostler, p. 100, 
pl. 25, fig. 12.

Remarks: This species is fairly similar to the Planispinocyrtis 
pelsoensis Kozur et Mostler, the base of tricarinate and down-
ward directed spine which is probably a prolongation of V, 
 although the illustrated specimen herein is somewhat shorter 
than the holotype. 
Range and occurrence: Spongosilicarmiger italicus Zone (upper 
 Illyrian); Southern Alps (Frötschbach section).

Genus Ladinocampe Kozur, 1984
Type species: Ladinocampe multiperforata Kozur, 1984

Ladinocampe annuloperforata Kozur et Mostler, 1994
Plate 17, Figures 12–15

1994 Ladinocampe annuloperforata sp. nov. – Kozur & Mostler, 
p. 92, pl. 22, fig. 2, 4–9; pl. 47, fig. 9.
2005 Ladinocampe annuloperforata Kozur & Mostler – Goričan 
et al., pl. 2, fig. 21.

Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps (Frötsch-
bach section), Ivanščica Mountains (Goričan et al., 2005).
 

Ladinocampe multiperforata Kozur, 1984
Plate 17, Figures 16–18

1984 Ladinocampe multiperforata sp. nov.  – Kozur, p.  73, pl.  5, 
fig. 2.
1994 Ladinocampe multiperforata Kozur  – Kozur & Mostler, 
p. 92, pl. 22, figs 3, 11–14; pl. 23, figs 1–2.

Remarks: This Ladinocampe multiperforata Kozur, 1984 is in-
dex  species of the Ladinocampe multiperforata Zone (Kozur & 
 Mostler, 1994), although the first appearance of this species is 
somewhat older (Spongosilicarmiger italicus Zone).
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps. 

Family Anisicyrtiidae Kozur et Mostler, 1981
Genus Anisicyrtis Kozur et Mostler, 1981
Type species: Anisicyrtis hungarica Kozur et Mostler, 1981

Anisicyrtis hungarica Kozur et Mostler, 1981
Plate 17, Figure 19

1981 Anisicyrtis hungarica sp. nov. – Kozur & Mostler, p. 105, 
pl. 13, fig. 2.
1994 Anisicyrtis hungarica Kozur et Mostler – Kozur &  Mostler 
p. 78, pl. 17, figs 9–10; pl. 18, figs 1–4, 8.
2013 Anisicyrtis hungarica Kozur et Mostler – Celarc et al., 
fig. 9.23.

Remarks: Kozur & Mostler’s holotype of this species is 
 rather poorly preserved, although they published in 1994 a rich 
material from the same locality: Felsőörs, Balaton Highland, 
Hungary. Those specimens were fairly well preserved, therefore 
one of the most characteristic features is the small pointed 
spines on the cephalis and thorax in the extension of the spicu-
lar system and the first postabdominal segment which is sig-
nificantly wider than others.
Range and occurrence: Upper  Illyrian (Tetraspinocyrtis laevis 
Zone to Spongosilicarmiger italicus Zone); Balaton Highland 
(Frötschbach section), Southern Alps.

Anisicyrtis italica Kozur et Mostler, 1994
Plate 17, Figure 20

1994 Anisicyrtis italica sp. nov. – Kozur & Mostler, p. 80, pl. 19, 
figs 5, 7.
1994 Anisicyrtis nodosa sp. nov.  – Kozur & Mostler, p.  81, 
pl. 19, figs ?3, 6, 8–9.
2012 Anisicyrtis italica Kozur & Mostler  – Gawlick et al., 
pl. 19, figs 5, 7.

Remarks: Anisicyrtis nodosa Kozur et Mostler, 1994 and A. 
italica Kozur et Mostler, 1994 could be the same species, 
 because there are no significant differences between these 
 species, even though A. italica Kozur et Mostler, 1994 ap-
peared in the Spongosilicamiger italicus Zone, whereas A. nodosa 
Kozur et Mostler, 1994 in the Ladinocampe multiperforata Zone, 
only. However, Kozur & Mostler (1994) pointed out clearly 
that A. italica Kozur et Mostler, 1994 is a forerunner species 
of A. nodosa Kozur et Mostler, 1994 but differences were not 
clearly highlighted.
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps, 
 Dinarides (Montenegro). 

Anisicyrtis recoaroensis Kozur et Mostler, 1994
Plate 17, Figure 21

1990 Anisicyrtis sp. A – Goričan & Buser, p. 140, pl. 12, fig. 10 
(only).
1994 Anisicyrtis recoaroensis sp. nov. – Kozur & Mostler, p. 83, 
pl. 20, figs 3–5.

Remarks: First postabdominal segment is separated by a char-
acteristic narrow ring from the abdomen and from the second 
postabdominal segment which is significantly longer than 
previous segments. Short spines on the thorax and abdomen 
are also characteristic features. 
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps.
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Anisicyrtis spinosa Kozur et Mostler, 1994
Plate 17, Figures 22–23

1994 Anisicyrtis spinosa sp. nov.  – Kozur & Mostler, p.  84, 
pl. 19, figs 11–14.

Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps.

Anisicyrtis trettoensis Kozur et Mostler, 1994
Plate 17, Figures 24–25

1994 Anisicyrtis trettoensis sp. nov. – Kozur & Mostler, p. 85, 
pl. 19, figs 10, 15; pl. 20, figs 1–2.

Remarks: Characteristic larger and inflated abdomen which is 
significantly wider than other segments.
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps.

Family Gradinariidae Dumitrica, 2017
Genus: Gradinaria Dumitrica, 2017
Type species: Tetraspinocyrtis fassanica (Kozur et Mostler, 1994)

Gradinaria fassanica (Kozur et Mostler, 1994)
Plate 18 Figure 1

1994 Tetraspinocyrtis fassanica sp. nov.  – Kozur & Mostler, 
p. 131, pl. 40, fig. 7, 9, 11.
2017 Gradinaria fassanica (Kozur et Mostler)  – Dumitrica, 
p. 21, fig. 1; pl. 7, figs 5–11.

Remarks: Poorly preserved species, however characteristic 
 globular cephalis with hollow apical horn and three three-blad-
ed spines which are arranged 120° from each other. 
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps.

Family Ruesticyrtiidae Kozur et Mostler, 1979
Genus: Pararuesticyrtium Kozur et Mostler, 1981
Type species: Pararuesticyrtium denisporatum Kozur et Mostler, 
1981

Pararuesticyrtium constrictum Kozur et Mostler, 1994
Plate 18, Figures 2–3

1994 Pararuesticyrtium constrictum sp. nov. – Kozur & Mostler, 
p. 108, pl. 28, figs 7–8.

Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps.

Pararuesticyrtium eofassanicum Kozur et Mostler, 1994
Plate 18, Figures 4–5

1994 Pararuesticyrtium eofassanicum sp. nov. – Kozur & Mostler, 
p. 109, pl. 28, figs 5–6, 10, 12; pl. 43, fig. ?13.
2004 Pararuesticyrtium eofassanicum Kozur & Mostler – Hori, 
pl. 9, fig. 26.
2005 Pararuesticyrtium sp. – Goričan et al., pl. 2, fig. 17–18.

Range and occurrence: Triassocampe deweveri Zone (TR2C in 
 Sugiyama, 1997) which is equivalent to Spongosilicarmiger tran
situs and Spongosilicarmiger italicus Zones of Western Tethyan 
radiolarian zonation; Cosmopolitan.

Pararuesticyrtium fusiformis (Bragin, 1986)
Plate 18, Figure 6

1986 Triassocampe fusiformis sp. nov. – Bragin, p. 74, pl. 3, fig. 3.
2001 Pararuesticyrtium fusiformis (Bragin) – Hauser et al., pl. 2, 
fig. 41.

Remarks: This form is widening until the middle part of the 
test, but distally narrows.
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone) to Carnian (Bragin, 1896); Cosmopolitan.

Pararuesticyrtium trettoense Kozur et Mostler, 1994
Plate 18, Figure 7

1994 Pararuesticyrtium trettoense sp. nov. – Kozur & Mostler, 
p. 110, pl. 43, fig. 14.
2008 Pararuesticyrtium sp. cf. P. trettoense Kozur & Mostler – 
Saesaengseerung et al., p. 406, fig. 8.23.

Remarks: In the description of this species by Kozur &  Mostler 
(1994), there is the following sentence: “The width of the 
postabdominal segments increases gradually until the fourth 
postabdominal segment.” Specimens from the Frötschbach 
section provide two different morphotypes, one of them fits 
perfectly the original description, although the abdomen and 
postabdominal segments have the same sizes, whereas one of 
the other specimens shows a gradual increasing of the seg-
ments until only the second or third segments, subsequently 
became narrower. 
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps, North-
ern Thailand (?).

Genus Paratriassocampe Kozur et Mostler, 1994
Type species: Paratriassocampe gaetanii Kozur et Mostler, 1994

Paratriassocampe gaetanii Kozur et Mostler, 1994
Plate 18, Figure 8

1994 Paratriassocampe gaetanii sp. nov.  – Kozur & Mostler, 
p. 135, pl. 42, figs 7, 8, ?9, 10, 11.
2008 Paratriassocampe sp. cf. P. gaetanii Kozur & Mostler  – 
Thassanapak, p. 132, pl. 2, fig. 10. 

Range and occurrence: Pelsonian from the Cristian section, 
Romania to upper  Illyrian (Ladinocampe multiperforata Zone) in 
the Southern Alps and Northern Thailand (?).

Genus Striatotriassocampe Kozur et Mostler, 1994
Type species: Striatotriassocampe nodosoannulata Kozur et 
 Mostler, 1994
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Striatotriassocampe laeviannulata Kozur et Mostler, 1994
Plate 18, Figure 9 

1994 Striatotriassocampe laeviannulata sp. nov. – Kozur &  Mostler, 
p. 139, pl. 43, figs 3, 7, 8.
2016 Striatotriassocampe laeviannulata Kozur & Mostler  – 
Tekin et al., pl. 3, figs 23–25.
 
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone to Ladinocampe multiperforata Zone); Southern Alps. Similar 
species has been published from the lower Longobardian of 
Oman (Striatotriassocampe cf. laeviannulata in Hauser et al., 2001). 

Genus Annulotriassocampe Kozur et Mostler, 1994
Type species: Annulotriassocampe baldii Kozur et Mostler, 1994

Annulotriassocampe campanilis campanilis  
Kozur et Mostler, 1994

Plate 18, Figures 10–11

1994 Annulotriassocampe campanilis sp. nov. – Kozur & Mostler, 
p. 132, pl. 41, figs 9–11.
1999 Annulotriassocampe campanilis Kozur et Mostler – Sashida 
et al., p. 781, figs 10.7–9, 10.14.
2001 Annulotriassocampe campanilis Kozur et Mostler – Feng 
et al., p. 178, pl. 1, figs 8–12.
2005 Annulotriassocampe campanilis Kozur et Mostler  – 
Goričan et al., pl. 2, fig. 31.
2016 Annulotriassocampe campanilis Kozur et Mostler – Tekin 
et al., pl. 3, figs 20–21.

Range and occurrence: Tetraspinocyrtis laevis Zone to Spongosili
carmiger italicus Zone (Spongosilicarmiger italicus Zone): Western 
Neotethys (Transdanubian Central Range, Hungary; Mid-Trans-
danubian Zone, Ivanščica, Croatia; Mersin Mélnage, Turkey) to 
the Eastern sectors of Neotethys (West Timor, Indonesia); Pale-
otethys (Thailand).

Annulotriassocampe campanilis longiporata  
Kozur et Mostler, 1994

Plate 18, Figure 12

1994 Annulotriassocampe campanilis longiporata – Kozur et Mos-
tler, p. 132, pl. 41, figs 1–4, 7, 13, 15–18.
2020 Annulotriassocampe campanilis – Slovenec et al., fig. 10.6.

Range and occurrence: Tetraspinocyrtis laevis Zone to Spongosilicar
miger italicus Zone: Western Neotethys (Transdanubian Central 
Range, Hungary; Mid-Transdanubian Zone, Ivanščica, Croatia).

Annulotriassocampe spinosa Kozur et Mostler, 1994
Plate 18, Figure 13

1994 Annulotriassocampe spinosa sp. nov. – Kozur et Mostler, 
p. 133, pl. 41, figs. 5–6, 8, 12.

Remarks: Our specimens wear somewhat smaller apical and 
vertical horns compared to the Kozur & Mostler’s holotype 
from the San Ulderico-Pallé road cut in Tretto. 
Range and occurrence: Pelsonian in the Cristian section, Romania 
to upper  Illyrian (Ladinocampe multiperforata Zone) in the South-
ern Alps. 

Genus Triassocampe Dumitrica et al., 1980
Type species: Triassocampe scalaris Dumitrica et al., 1980

Triassocampe deweveri deweveri (Nakaseko et Nishimura, 1979)
Plate 18, Figure 14

1979 Dictyomitrella deweveri sp. nov. – Nakaseko & Nishimura, 
p. 77, pl. 10, figs 8–9.
1982 Triassocampe sp. A  – Mizutani & Koike, p.  128, pl.  4, 
figs 3, 5.
1982 Triassocampe sp. B  – Kishida & Sugano, p.  286, pl.  4, 
fig. 19.
1982 Triassocampe sp. H – Yao, p. 64, pl. 1, figs. 8 – 9.
1984 Triassocampe deweveri (Nakaseko et Nishimura) –  Ishida, 
p. 26, pl. 1, figs 10–12.
1986 Triassocampe deweveri (Nakaseko et Nishimura) – Kozur 
& Réti, p. 288, fig. 5E.
1989 Triassocampe deweveri (Nakaseko et Nishimura)  – 
Cheng, p. 148, pl. 6, figs 13–14; pl. 7, figs 10–11.
1989 Triassocampe deweveri (Nakaseko et Nishimura)  – 
 Martini et al., pl. 1, fig. 2.
1990 Triassocampe deweveri (Nakaseko et Nishimura) – Yeh, 
p. 28, pl. 7, figs.7, 18, 20; pl. 11, figs 2–3, 7–8, 13–14.
1993 Triassocampe deweveri (Nakaseko et Nishimura) – Feng & 
Liu, p. 547, pl. 3, figs 1–4.
1994 Triassocampe deweveri (Nakaseko et Nishimura) – Kozur 
& Mostler, p. 140, pl. 42, fig. 1; pl. 44, fig. 14; pl. 45, fig. 6.
1995 Triassocampe deweveri (Nakaseko et Nishimura) –  Ramovš 
& Goričan, p. 192, Pl. 7, figs 13–14. 
2001 Triassocampe deweveri (Nakaseko et Nishimura) – Feng 
et al., p. 182, pl. 3, figs 1–6.
2005 Triassocampe deweveri (Nakaseko et Nishimura)  – 
Goričan et al., figs 25–28.
2006 Triassocampe deweveri (Nakaseko et Nishimura)  – 
Marquez et al., pl. 2, fig. 21.
2007 Triassocampe deweveri (Nakaseko et Nishimura)  – 
 Saesaengseerung et al., fig. 8.7.
2007 Triassocampe deweveri (Nakaseko et Nishimura)  – 
 Onoue & Sano, fig. 5.9
2008 Triassocampe deweveri (Nakaseko et Nishimura)  – 
 Saesaengseerung et al., figs 8.1–3.
2008 Triassocampe deweveri (Nakaseko et Nishimura)  – 
 Thassanapak, p. 135, pl. 5, figs 11–14.
2008 Triassocampe deweveri (Nakaseko et Nishimura) –  Kojima 
et al., figs 5.16–17.
2009 Triassocampe deweveri (Nakaseko et Nishimura) – Feng 
et al., p. 597, figs 7.1–4.
2010 Triassocampe deweveri (Nakaseko et Nishimura) – Tekin 
et al., figs 8U–V.
2010 Triassocampe deweveri (Nakaseko et Nishimura) – Sano 
et al., fig. 6.16.
2011 Triassocampe deweveri (Nakaseko et Nishimura)  – 
 Thassanapak, figs 8I, J, L.
2012 Triassocampe deweveri (Nakaseko et Nishimura) –  Gawlick 
et al., pl. 1, fig. 21.
2013 Triassocampe deweveri (Nakaseko et Nishimura) –  Nakae, 
p. 95, pl. 3, figs 12–13.
2013 Triassocampe deweveri (Nakaseko et Nishimura) –  Celarc 
et al., fig. 9.27.
2014 Triassocampe deweveri (Nakaseko et Nishimura) –  Kamata 
et al., pl. 3, fig. 34.
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2016 Triassocampe deweveri (Nakaseko et Nishimura) – Tekin 
et al., pl. 3, figs 32–34.
2020 Triassocampe deweveri (Nakaseko et Nishimura)  – 
 Slovenec et al., fig. 10.4–5. 

Range and occurrence: Upper  Illyrian (Spongosilicarmiger transi
tus Zone to Muelleritortis firma Zone); Cosmopolitan, Yeh (1990) 
reported this species from the Busuanga Island, Philippines 
where it occurrences together with all Capnuchosphaera species, 
which are obviously appeared in the Carnian period. However, 
Yeh referred this species range also the Middle Triassic.

Triassocampe deweveri pauciconstricta Kozur & Mostler, 1994
Plate 18, Figure 15

1994 Triassocampe deweveri pauciconstricta n. subsp. – Kozur & 
Mostler, p. 141, pl. 44, fig. 14.

Remarks: The test is characteristically spindle-shaped and the 
first three or four postabdominal segments wear irregularly 
arranged and slightly elevated nodes. The following segments 
are wide and wear relatively large nodes arranged in a ring 
 between two segments. Pores are arranged in regular rows. 
Range and occurrence: Tetraspinocyrtis laevis Zone to the Spongis
ilicarmiger italicus Zone; Southern Alps, Transdanubian Central 
Range, Hungary. 

Triassocampe scalaris Dumitrica et al., 1980
Plate 18, Figures 16–18

1980 Triassocampe scalaris sp. nov.  – Dumitrica et al., p.  26, 
pl. 9, figs 5–6, 11; pl. 14, fig. 2.
1982 Triassocampe scalaris Dumitrica et al.  – Mizutani and 
Koike, pl. 4, fig. 4.
1982 Triassocampe deweveri (Nakaseko et Nishimura) – Yao et 
al., p. 37, pl. 1, fig. 1.
1990 Triassocampe scalaris Dumitrica et al. – Goričan &  Buser, 
p. 159, pl. 12, figs 2–3.
1990 Triassocampe scalaris Dumitrica et al. – Yeh, p. 29, pl. 7, 
figs 9, 19; pl. 11, fig. 6.
1994 Triassocampe scalaris Dumitrica et al. – Kozur & Mostler, 
p. 145, pl. 44, figs 1–6, 10–12; pl. 45, figs 1–2; pl. 47, figs 2–3.
1999 Triassocampe scalaris Dumitrica et al.  – Tekin, p.  170, 
pl. 41, fig. 10.
2001 Triassocampe scalaris Dumitrica et al. – Feng et al., p. 182, 
pl. 3, fig. 14–16.
2001 Triassocampe scalaris Dumitrica et al.  – Hauser et al., 
pl. 2, fig. 40.
2003 Triassocampe scalaris Dumitrica et al. – Feng et al., p. 225, 
pl. 2, fig. 9.
2005 Triassocampe scalaris Dumitrica et al. – Goričan et al., 
pl. 2, fig. 29.
2006 Triassocampe scalaris Dumitrica et al. – Marquez et al., 
pl. 5, fig. 27.
2007 Triassocampe scalaris Dumitrica et al.  – Tekin and 
Göncüoglu, pl. 4, figs 7–8.
2008 Triassocampe scalaris Dumitrica et al. – Thassanapak, 
p. 136, pl. 6, figs 6–9.
2008 Triassocampe cf. scalaris Dumitrica et al.  – Saesaeng-
seerung et al., fig. 8.4.
2009 Triassocampe scalaris Dumitrica et al.  – Feng et al., 
figs 7.5–7.

2011 Triassocampe scalaris Dumitrica et al. – Thassanapak et 
al., fig. 8M.
2012 Triassocampe cf. scalaris Dumitrica et al. – Gawlick et al., 
pl. 1, figs 7–8.
2012 Triassocampe scalaris Dumitrica et al. – Tekin et al., fig. 5x.
2016 Triassocampe scalaris Dumitrica et al. – Tekin et al., pl. 3, 
figs 35–37.
2020 Triassocampe scalaris Dumitrica et al. – Slovenec et al., 
figs 10.2–3. 

Range and occurrence: Upper  Illyrian (Tetraspinocyrtis laevis 
Zone) to Longobardian (Muelleritortis cochleata Zone): Western 
Neotethys (Southern Alps; Julian Alps; Transdanubian Central 
Range, Hungary; High Karst, Montenegro; Izmir-Ankara zone, 
Turkey); Upper Triassic (Carnian?): Eastern Neotethys (West 
Sichuan, China), although from several localities were reported 
from the from Tibet (Feng et al., 2009) and Busuanga Island, 
Philippines (Yeh, 1990).

Triassocampe sp.
Plate 18, Figure 19

Description: This species has globular, smooth and poreless 
cephalis. Thorax and abdomen hardly visible but very small 
pore ring run between these segments. Postabdominal seg-
ments are somewhat highly elevated and wear a proximal 
 nodose ring and three rings of pores. From the fifth postab-
dominal segment, these proximal nodose rings became larger, 
significantly stronger and more characteristic. These segments 
display distally a significantly wider, smooth and poreless ring.
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

Genus Yeharaia Nakaseko et Nishimura, 1979
Type species: Yeharaia elegans Nakaseko et Nishimura, 1979

Yeharaia annulata Nakaseko et Nishimura, 1979
Plate 18 Figures 20–21

1979 Yeharaia annulata sp. nov.  – Nakaseko & Nishimura, 
p. 82, pl. 10, figs 1, 7; pl. 12, fig. 5.
1982 Yeharaia annulata Nakaseko et Nishimura – Kido, pl. 1, 
fig. 10.
1982 Yeharaia annulata Nakaseko et Nishimura  – Kojima, 
pl. 2, fig. 5.
1982 Triassocampe ? annulata (Nakaseko et Nishimura) – Yao, 
pl. 1, fig. 11.
1982 Triassocampe ? annulata (Nakaseko et Nishimura) – Yao 
et al., pl. 1, fig. 8.
1990 Yeharaia annulata Nakaseko et Nishimura – Goričan & 
Buser, p. 161, pl. 12, fig. 6.
1994 Yeharaia annulata Nakaseko et Nishimura – Kozur & 
Mostler, p. 147, pl. 46, figs 6–11, 13; pl. 47, figs 4–5.
1995 Yeharaia annulata Nakaseko et Nishimura – Kellici & 
De Wever, p. 163, pl. 6, figs 16–18.
2004 Spinotriassocampe annulata (Nakaseko et Nishimura) – 
Hori, pl. 3, figs 55–56; pl. 6, figs 66–67; pl. 7, figs 47–48.; pl. 8, 
fig. 29.
2005 Yeharaia annulata Nakaseko et Nishimura – Goričan et 
al., pl. 2, fig. 23.
2008 Yeharaia annulata Nakaseko et Nishimura – Thassanapak, 
p. 139, pl. 6, fig. 10.
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2011 Yeharaia annulata Nakaseko et Nishimura – Thassanapak, 
fig. 8V.
2016 Yeharaia annulata Nakaseko et Nishimura – Tekin, pl. 4, 
only fig. 2.

Range and occurrence: Silicarmiger transitus Zone to Ladinocampe 
multiperforata Zone; Cosmopolitan. 

Yeharaia bispinosa Ozsvárt sp. nov.
Plate 18, Figures 22–24

Etymology: According to its bifurcated apical horn. 
Holotype: Plate 18, Figure 22; Hungarian Natural History Museum, 
Budapest: PAL 2022.132.1.
Studied material: Two specimens from the Frötschbach section. 
Description: Multicyrtid test with eight or more segments. 
Cephalis small, hemispherical, smooth and poreless. Apical 
horn bifurcated; each spine approximately 50–75 µm in length, 
straight and smooth. Thorax somewhat broader than cephalis, 
inflated, ring-shaped, poreless. Abdomen similar to thorax in 
shape but distinctly broader, smooth, poreless. Postabdominal 
segments differ in shape significantly; all of them trapezoidal 
with distinct proximal rings with characteristic pore rings. Deep 
strictures present between posabdominal segments, last seg-
ment contains relatively long, cylindrical skirt with sharp edge.
Dimensions: Length of test 275–380 µm, width of test 100–
120 µm. 
Remarks: Yeharaia bispinosa sp. nov. differs from all other species 
of Yeharaia by the bifurcated apical horn.
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

Yeharaia trispinosa Ozsvárt sp. nov. 
Plate 18, Figure 25

Etymology: According to its trifurcated apical horn.
Holotype: Plate 18, Figure 25; Hungarian Natural History Museum, 
Budapest: PAL 2022.133.1.
Studied material: Single specimen from the Frötschbach section. 
Description: Multicyrtid test (length 160 µm, width 100 µm), 
conical in side view. Cephalis small, conical with trifurcated 
apical horn. Three spines equal in length; approximately 70–
90 µm in length. Thorax and abdomen inflated, poreless; abdo-
men somewhat broader than thorax. Postabdominal segments 
trapezoidal, their size is growing gradually towards distal part. 
Characteristic proximal ring present on each segment with 
large circular pore ring and smooth, relatively wide, poreless 
stricture. 
Remarks: Yeharaia trispinosa sp. nov. differs from the Y. bispinosa 
sp. nov. by the trifurcated apical horn and significantly larger 
pore ring. 
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone); Southern Alps (Frötschbach section).

Yeharaia transita Kozur & Mostler, 1994
Plate 18, Figure 26

1994 Yeharaia transita sp. nov.  – Kozur & Mostler, p.  148, 
pl. 46, figs 1–4, 12
 
Range and occurrence: Upper  Illyrian Spongosilicarmiger italicus 
Zone; Southern Alps (Frötschbach section).

Yeharaia sp. 
Plate 18, Figures 27–28

cf. 1979 Yeharaia elegans sp. nov. – Nakaseko & Nishimura, 
p. 82, pl. 10, figs 2–5.
cf. 1991 Yeharaia bulbosa sp. nov. – Bragin, p. 104, pl. 4, fig. 13.

Remarks: This species is similar to Y. elegans Nakaseko et 
Nishimura, 1979, but this specimen has fewer pores on the 
cephalis, unfortunately, the apical horn is almost completely 
broken. Y. bulbosa Bragin, 1991 resembles this species, although 
the illustrated holotype is rather poor quality, but the base on 
the characteristic bigger cephalis makes it similar to the Y. bul
bosa. However, it is also possible that this is a new species. The 
cephalic spicular system is very fragile with needle-like spines 
with Mb, A, slightly curved V, 2L, D and 2l. The apical horn is 
robust and tricarinate, although badly damaged. The thorax is 
somewhat smaller than the cephalis, but it composes the same 
spongy material. The abdomen has a strong, smooth, highly 
elevated collar and all postabdominal segments wear a similar 
collar and they are similar in shape. Postabdominal segments 
wear characteristic pore rings. 
Range and occurrence: Upper  Illyrian (Spongosilicarmiger italicus 
Zone) to ?Ladinian (Nakaseko & Nishimura, 1979; Bragin, 
1991); Southern Alps (Frötschbach section), ?Southwest Japan 
and Pacific region. 

Genus Pseudotriassocampe Kozur et Mostler, 1994
Type species: Pseudotriassocampe hungarica Kozur et Mostler, 
1994

Pseudotriassocampe myterocorys (Sugiyama, 1992)
Plate 18, Figure 29

1992 Triassocampe myterocorys sp. nov.  – Sugiyama, p.  1198, 
figs 11.1–3b.
1994 Pseudotriassocampe angustiannulata sp. nov.  – Kozur & 
 Mostler, p. 137, pl. 43, fig. 2.
2000 Triassocampe myterocorys Sugiyama  – Sashida et al, 
p. 807, figs 9.2–5.
2001 Triassocampe myterocorys Sugiyama – Feng et al., p. 180, 
pl. 2, figs 16–17.
2011 Triassocampe myterocorys Sugiyama – Thassanapak et al., 
p. 198, fig. 8K.
2013 Pseudotriassocampe myterocorys (Sugiyama) – Celarc et al., 
fig. 9.25–26.

Remarks: Unfortunately, the holotype and paratypes of T. 
myterocorys (Sugiyama) are poorly preserved, but the character-
istic apical horn is present in all types. P. angustiannulata Kozur 
et Mostler, 1994 is definitely the same; therefore, it is a junior 
synonym of Sugiyama’s species. 
Range and occurrence: Tetraspinocyrtis laevis Zone to Spongosili
carmiger italicus Zone; Cosmopolitan: Southern Alps, Trans-
danubian Central Range, Hungary, Southern China, Northern 
Thailand, Japan.



55

Geo.Alp, Vol. 20 2023

ACKNOWLEDGEMENTS

We would like to extend our gratitude to Dr. Špela Goričan and 
Dr. Angela Bertinelli, for their very detailed critical comments 
and suggestions when reviewing this paper. Special thanks to 
Dr. Angela Bertinelli, who improved the manuscript by carefully 
checking for grammatical errors and typos. We greatly appreciate 
and are grateful to Dr. Evelyn Kustatscher for her work, whose 
help contributed to the publication of this article. This study 
was supported by the National Research, Development and 
 Innovation Office of Hungary (project no.: K135309). The pres-
ent study is HUN-REN-MTM-ELTE paleo contribution No. 371.

REFERENCES

Aitchison J. C., Suzuki H. & O’Dogherty L., 2017: Inventory 
of Paleozoic radiolarian species (1880–2016). Geodiversitas, 
39: 533–637.

Amodeo F., D’Argenio B., Kozur H., Marsella E. & Molisso 
F., 1991: Studi stratigrafici sul Triassico e sul Giurassico del 
Lagonegrese (Appennino meridionale). Paleopelagos, 1: 
67–70.

Barrier E., Vrielynck B., Brouillet J. & Brunet M., 2018: 
Paleotectonic Reconstruction of the Central Tethyan 
Realm. Tectono–Sedimentary–Palinspastic maps from 
Late Permian to Pliocene. In: CCGM/CGMW (Commission 
for the Geological Map of the World) Paris, France.

Battaglia M., Murray M. H., Serpelloni E. & Bürgmann 
R., 2004: The Adriatic region: An independent microplate 
within the Africa–Eurasia collision zone. Geophysical Re-
search Letters, 31: L09605.

Bigi G., Castellarin A., Catalano R., Coli M., Cosentino 
D., Dal Piaz G. V., Lentini F., Parotto M., Patacca E., 
Praturlon A., Salvini F., Sartori R., Scandone P. 
&Vai G., 1989: Synthetic structural kinematic map of Italy, 
Scale 1:500000. Sheets 1 and 2, C. N.R., Progetto Finalizzato 
Geodinamica, SELCA Firenze. 

Bittner A., 1883: Bericht über die geologischen Aufnahmen 
im Triasgebiet von Recoaro. Jahrbuch der kaiserlich- 
königlichen Geologischen Reichstanstalt, 33: 563–634.

Böckh J., 1872: A Bakony déli részének földtani viszonyai. A 
Magyar Királyi Földtani Intézet Évkönyve, 2: 31–166.

Bortolotti V., Carras N., Chiari M., Fazzuoli M., 
 Marcucci M., Nirta G., Principi G. & Saccani E., 2009: 
The ophiolite–bearing mélange in the Early Tertiary Pin-
dos Flysch of Etolia (central Greece). Ofioliti, 34(2): 83–94.

Bortolotti V., Carras N., Chiari M., Fazzuoli M., 
 Marcucci M., Photiades A. & Principi G., 2003: The 
Argolis Peninsula in the palaeogeographic and geodynam-
ic frame of the Hellenides. Ofioliti, 28: 79–94.

Bortolotti V., Chiari M., Kodra A., Marcucci M., Marroni 
M., Mustafa F., Prela M., Pandolfi L., Principi G. & 
Saccani E., 2006: Triassic morb magmatism in the South-
ern Mirdita Zone (Albania). Ofioliti, 31: 1–19.

Bosellini A., 1968: Paleogeologia pre–anisica delle Dolomiti 
centro-settentrionali. Memoire Atti della Accademia Nazio-
nale dei Lincei, Roma, 365: 1–32.

Bosellini A., 1984: Progradation geometries of carbonate plat-
forms: examples from the Triassic of the Dolomites, north-
ern Italy. Sedimentology, 31: 1–24.

Bosellini A., Gianolla P. & Stefani M., 2003: Geology of 
the Dolomites. Episodes, 26: 181–185.

Bosellini A. & Rossi D., 1974: Triassic carbonate buildups of 
the Dolomites, Northern Italy. In: Laporte L. F. (ed.), Reefs 
in time and space. SEPM Special Publications, 18: 209–233.

Bousquet R., Schmid S. M., Zeilinger G., Oberhänsli R., 
Rosenberg C., Molli G., Robert Ch., Wiederkehr M. & 
Rossi P., 2012: Tectonic framework of the Alps. In: CCGM/
CGMW (Commission for the Geological Map of the World) 
Paris, France. 

Brack P. & Muttoni G., 2000: High-resolution magnetostrati-
graphic and lithostratigraphic correlations in Middle Trias-
sic pelagic carbonates from the Dolomites (northern Italy). 
Palaeogeography, Palaeoclimatology, Palaeoecology, 161: 
361–380.

Brack P. & Rieber H., 1993: Towards a better definition of the 
Anisian/Ladinian boundary: New biostratigraphic data 
and correlations of boundary sections from Southern Alps. 
Eclogae Geologicae Helvetiae, 86: 415–527.

Brack P., Rieber H., Nicora A. & Mundil R., 2005: The Global 
boundary Stratotype Section and Point (GSSP) of the Ladi-
nian Stage (Middle Triassic) at Bagolino (Southern Alps, 
Northern Italy) and its implications for the Triassic time 
scale. Episodes, 28: 233–244.

Brack P., Rieber H. & Urlichs M., 1999: Pelagic successions 
in the Southern Alps and their correlation with the Ger-
manic Middle Triassic. Zentralblatt für Geologie und 
Paläontologie, Teil I, 1998, H. 7–8: 853–876.

Brack P., Schlager W., Stefani M., Maurer F. & Kenter 
J., 2000: The Seceda Drill Hole in the Middle Triassic 
Buchen stein beds (Livinallongo Formation, Dolomites, 
Northern Italy) – a progress report. Rivista Italiana di Pale-
ontololgia e Stratigrafia, 10: 283–292.

Bragin N.  Y., 1986: Biostratigraphy of Triassic deposits of 
southern Sakhalin. Izvestija Akademii Nauk SSSR, Serija 
Geologiceskaja, 56: 61–75.

Bragin N.  Y., 1991: Radiolaria and lower Mesozoic units of 
the  USSR East regions. Trudy Geologicheskogo Instituta 
Rossiiskaya Akademiya Nauk, 469: 1–126.

Bragin N.  Y., 2011: Triassic radiolarians of Kotel’nyi Island 
(New Siberian Islands, Arctic). Paleontological Journal, 45: 
711–778.

Bragin N. Y., 2014: Stratigraphic significance of Middle Trias-
sic radiolarians from the central part of Kotel’nyi Island 
(New Siberian Islands). Stratigraphy and Geological Corre-
lation, 22: 175–189.

Bragin N.  Y., Biakov A.  S. & Filimonova T.  V., 2019: Late 
Ladinian to Early Carnian Radiolarians from the Section of 
Pravyi Vodopadnyi Creek, Omolon Massif, Northeastern 
Russia. Stratigraphy and Geological Correlation, 27: 389–
397.

Bragin N., Dronov A. & Raimbekov Y., 2016: Middle Triassic 
radiolarians from the Southeastern Pamirs (Republic of 
Tajikistan). Revue de Micropaleontologie, 59(4): 297–310.

Bragin N. Y., Oleynik L. M. & Parnyakov V. P., 1988: Stra-
tigraphy and structure of a section in the Mesozoic Coast 
of Gorbushinskaya conglomerate. Izvestija Akademii Nauk 
SSSR, Serija Geologiceskaja, 2: 23–34.

Brühwiler T., Schatz W., Hochuli P. A. & Brack P., 2007: 
Correlation of Middle Triassic successions of the Eastern 
Alps (Vorarlberg (Austria) and Liechtenstein). Swiss Jour-
nal of Geoscience, 100: 443–455.



Geo.Alp, Vol. 20 2023

56

Budai T., 1992: Middle Triassic formations of the Balaton High-
land and of the Southern Alps. Stratigraphic correlation. 
Acta Geologica Hungarica, 35: 217–236. 

Carter E. S., 1993: Biochronology and paleontology of upper-
most Triassic (Rhaetian) radiolarians, Queen Charlotte 
 Islands, British Columbia, Canada. Mémoires de Géologie 
(Lausanne), 11: 1–175.

Carter E.  S. & Orchard M.  J., 2000: Intercalibrated cono-
dont–radiolarian biostratigraphy and potential datums for 
the Carnian–Norian boundary within the Upper Triassic 
Peril Formation, Queen Charlotte Islands, British Colum-
bia. Geological Survey of Canada, Current Research, 2000–
A7: 1–11.

Celarc B., Goričan Š. & Kolar–Jurkovšek T., 2013: Middle 
Triassic carbonate–platform break–up and formation of 
small–scale half–grabens (Julian and Kamnik–Savinja 
Alps, Slovenia). Facies, 59: 583–610.

Cheng Y. N., 1989: Upper Paleozoic and Lower Mesozoic radio-
larian assemblages from the Busuanga Islands, North 
 Palawan Block, Philippines. Bulletin of the National Mu-
seum of Natural Science, Taiwan, 1: 129–176.

Chiari M., Bortolotti V., Marcucci M., Photaides A., 
Principi G. & Saccani E., 2012: Radiolarian biostratigra-
phy and geochemistry of the Koziakas massif ophiolites 
(Greece). Bulletin de la Societe Geologique de France, 183: 
289–309.

Chiari M., Marcucci M., Cortese G., Ondrejickova A. & 
Kodra A., 1996: Triassic radiolarian assemblage in the 
Rubik Area, and Cukali Zone, Albania. Ofioliti, 21: 77–85.

Cordey F., 1998: Radiolaires des complexes D’accrétion de la 
Cordillère Canadienne (Colombie–Britannique). Bulletin of 
Geological Survey of Canada, 509: 1–209.

Cros P., 1977: Donnces nouvelles sur la dolomitisation des car-
bonates triasiques des Dolonutes Ttaliennes. Sciences de la 
Terre, tome XXI, 4:307–355.

De Graciansky P. C., Roberts D. G. & Tricart P., 2011: Chap-
ter Five – The Age of the Onset of Tethyan Rifting in West-
ern Europe. In: De Graciansky et al. (eds.), The Western 
Alps, from Rift to Passive Margin to Orogenic Belt. Devel-
opments in Earth Surface Processes, 14: 93–111.

De Wever P., Dumitrica P., Caulet J. P. & Caridroit M., 
2001: Radiolarians in the sedimentary record, Amsterdam, 
533 pp.

De Wever P., Martini R. & Zaninetti L., 1990: Datation 
paléontologique des radiolaires du Lagonegro (Formation 
du Monte Facito, Italie méridionale). Individualisation dès 
le Trias moyen de bassins pélagiques en Téthys occiden-
tale. Comptes Rendus de l’Académie des Sciences de Paris, 
Série II, 310: 583–589.

De Wever P., Sanfilippo A., Riedel W.  R. & Gruber B., 
1979: Triassic radiolarians from Greece, Sicily and Turkey. 
Micropaleontology, 25(1): 75–110.

Doglioni C., 1987: Tectonics of the Dolomites (southern Alps, 
northern Italy). Journal of Structural Geology, 9: 181–193.

Dosztály L., 1991: Triassic radiolarians from the Balaton up-
land. A Magyar Állami Földtani Intézet évi jelentése az 
1989. évről (1991): 333–355.

Dosztály L., 1993: The Anisian/Ladinian and Ladinian/Carni-
an boundaries in the Balaton Highland based on radiolari-
ans. Acta Geologica Hungarica, 36: 59–72.

Dosztály L. & Józsa S., 1992: Geochronological evaluation of 
Mesozoic formations of Darno Hill at Recsk on the basis of 

radiolarians and K–Ar age data. Acta Geologica Hungarica, 
35: 371–393.

Dumitrica P., 1978a: Triassic Palaeoscenidiidae and Entacti-
niidae from the Vicentinian Alps (Italy) and eastern Car-
pathians (Romania). Dari de Seama ale Sedintelor, Institu-
tul de Geologie si Geofizica, Bucaresti, 64: 39–54.

Dumitrica P., 1978b: Family Eptingiidae n. fam., extinct Nas-
sellaria (Radiolaria) with sagittal ring. Dari de Seama ale 
Sedintelor, Institutul de Geologie si Geofizica, Bucaresti, 
64: 27–38.

Dumitrica P., 1982a: Triassic Oertlisponginae (Radiolaria) 
from Eastern Carpathians and Southern Alps. Dari de 
 Seama ale Sedintelor, Institutul de Geologie si Geofizica, 
Bucaresti, 67: 57–74.

Dumitrica P., 1982b: Middle Triassic spicular Radiolaria. Re-
vista española de Micropaleontología, 14: 401–428.

Dumitrica P., 1991: Middle Triassic Tripedurnulidae, n. fam. 
(Radiolaria) from the eastern Carpathians (Romania) and 
Vicentinian Alps (Italy). Revue de Micropaléontologie, 34: 
261–278.

Dumitrica P., 1999: The Oertlispongidae (Radiolaria) from the 
Middle Triassic of Masirah Island (Oman). Revue de Micro-
paléontologie, 42: 33–42.

Dumitrica P., 2004: New Mesozoic and Early Cenozoic spicu-
lar Nassellaria and Nassellaria–like Radiolaria. Revue de 
Micropaléontologie, 47: 193–224.

Dumitrica P., 2017a: On the status of the Triassic radiolarian 
family Hexapylomellidae Kozur and Mostler: Taxonomic 
consequences. Revue de Micropaléontologie, 60: 7–31.

Dumitrica P., 2017b: On the status of the Triassic Nassellarian 
radiolarian family Tetraspinocyrtiidae Kozur and Mostler 
and description of some related taxa. Revue de Micro-
paléontologie, 60: 33–85.

Dumitrica P., Immenhauser A. & Dumitrica–Jud R., 1997: 
Mesozoic Radiolarian Biostratigraphy from Masirah Ophi-
olite, Sultanate of Oman Part I: Middle Triassic, Upper-
most Jurassic and Lower Cretaceous Spumellarians and 
Multisegmented Nassellarians. Bulletin of the national 
Museum of natural Science, Taiwan, 9: 1–106.

Dumitrica P., Kozur H. & Mostler H., 1980: Contribution to 
the radiolarian fauna of the Middle Triassic of the South-
ern Alps. Geologisch Paläontologische Mitteilungen Inns-
bruck, 10: 1–46.

Dumitrica P. & Mello J., 1982: On the age of the Meliata 
Group and the Silica Nappe radiolarites (localities Drzkovce 
and Bohunovo, Slovak Karst, CSSR). Geologicke prace, 
Zpravy, 77: 17–28.

Dumitrica P. & Tekin U.  K., 2014: Trimeridianellidae nov. 
fam., a Triassic spumellarian radiolarian family with 
 simple initial skeleton and pyloniacean mode of growth. 
Revue de Micropaléontologie, 57: 45–56.

Dumitrica P., Tekin U. K. & Bedi Y., 2013a: Taxonomic study 
of the tetrahedral, pentagonal and hexagonal spongy spu-
mellarian Radiolaria from the middle Carnian (Late Trias-
sic) of the Köseyahya nappe (Elbistan, SE Turkey) and other 
Triassic localities. Paläontologische Zeitschrift, 87: 311–344.

Dumitrica P., Tekin U. K. & Bedi Y., 2013b: Taxonomic study 
of spongy spumellarian Radiolaria with three and four 
coplanar spines or arms from the middle Carnian (Late 
Triassic) of the Köseyahya nappe (Elbistan, SE Turkey) and 
other Triassic localities. Paläontologische Zeitschrift, 87: 
345–396.



57

Geo.Alp, Vol. 20 2023

Epting M., Unland W., Schmidt K. & Christodoulides A., 
1976: Middle Triassic sediments of selected regions in the 
Southern Alps (Italy) and their significance for paleogeo-
graphy and paleostructural evolution. Neues Jahrbuch für 
Geologie und Paleontologie Abhandlungen, 151: 1–30.

Feng Q., 1992: Permian and Triassic radiolarian biostratigraphy 
in south and southwest China. Journal of China University 
of Geosciences, 3: 51–62.

Feng Q. & Algeo T. J., 2014: Evolution of oceanic redox condi-
tions during the Permo–Triassic transition: Evidence from 
deepwater radiolarian facies. Earth–Science Reviews, 137: 
34–51.

Feng Q., He W., Gu S., Jin Y. & Meng Y., 2006: Latest Permian 
Spumellaria and Entactinaria (Radiolaria) from South  China. 
Revue de Micropaléontologie, 49: 21–43.

Feng Q. & Liang B., 2003: Ladinian radiolarian fauna from 
West Sichuan, China. Revue de Micropaléontologie, 46: 
217–227.

Feng Q. & Liu B., 1993: Radiolarian from late Permian and 
 Early-Middle Triassic in Southwest Yunnan. Earth Science, 
Journal of China University of Geosciences, 18: 552–563.

Feng Q., Yang Z., Crasquin S., Zhao L. & Li X., 2007: Per-
mian and Triassic radiolarians from northern Tibet: corre-
lation between radiolarian and conodont biozones. Bulle-
tin de la Société Géologique de France, 178: 485–495.

Feng Q., Yang Z., Li X. & Crasquin S., 2009: Middle and Late 
Triassic radiolarians from northern Tibet: Implications for 
the Bayan Har Basin evolution. Geobios, 42: 581–601.

Feng Q., Zhang Z. & Ye M., 2001: Middle Triassic radiolarian 
fauna from southwest Yunnan, China. Micropaleontology, 
47: 173–204.

Fülöp J., 1984: Magyarország földtani térképe 1:500000 (Geo-
logical map of Hungary 1:500000). Magyar Állami Földtani 
Intézet (Hungarian Geological Survey), Budapest. 

Gaetani M., Fois E., Jadoul F. & Nicora A., 1981: Nature and 
evolution of Middle Triassic carbonate build-ups in the 
Dolomites (Italy). Marine Geology, 44: 25–57.

Gawlick H. J., Frisch W., Hoxha L., Dumitrica P., Krystyn 
L., Lein R., Missoni S. & Schlagintweit F., 2008: Mir-
dita Zone ophiolites and associated sediments in Albania 
reveal Neotethys Ocean origin. International Journal of 
Earth Sciences, 97: 865–881.

Gawlick H. J., Goričan Š., Missoni S., Dumitrica P., Lein 
R., Frisch W. & Hoxha L., 2016: Middle and Upper Trias-
sic radiolarite components from the Kcira–Dushi–Komani 
ophiolitic mélange and their provenance (Mirdita Zone, 
Albania). Revue de Micropaléontologie, 59: 359–380.

Gawlick H. J., Goričan Š., Missoni S. & Lein R., 2012: Late 
Anisian platform drowning and radiolarite deposition as a 
consequence of the opening of the Neotethys ocean (High 
Karst nappe, Montenegro). Bulletin de la Société Géolo-
gique de France, 183: 349–358.

Gianolla P., De Zanche V. & Mietto P., 1998: Triassic se-
quence stratigraphy in the Southern Alps (Northern Italy): 
definition of sequences and basin evolution. In: Graciansky 
et al. (eds.), Mesozoic and Cenozoic Sequence Stratigraphy 
of European Basins, SEPM Special Publication, 60: 719–747. 

Goričan Š. & Buser S., 1990: Middle Triassic radiolarians 
from Slovenia (Yugoslavia). Geologija (Ljubljana), 31–32: 
133–197.

Goričan Š., Halamić J., Grgasović T. & Kolar–Jurkovšek 
T., 2005: Stratigraphic evolution of Triassic arc–backarc 

system in northwestern Croatia. Bulletin de la Société 
Géologique de France, 176: 3–22.

Grapes R. H., Lamb S. H., Campbell H. J., Spörli B. & Simes 
J. E., 1990: Geology of the red rocks – turbidite association, 
wellington peninsula, New Zealand. New Zealand Journal 
of Geology and Geophysics, 33: 377–391.

Halamić J. & Goričan S., 1995: Triassic radiolarites from Mts. 
Kalnik and Medvednica (Northwestern Croatia). Geologia 
Croatica, 48: 129–146.

Hauser M., Martini R., Burns S., Dumitrica P., Krystyn 
L., Matter A., Peters T. & Zaninetti L., 2001: Triassic 
stratigraphic evolution of the Arabian–Greater India em-
bayment of the Southern Tethys margin. Eclogae Geologi-
cae Helvetiae, 94: 29–62.

Hochuli P., Roghi G. & Brack P., 2015: Palynological zonation 
and particulate organic matter of the Middle Triassic of 
the Southern Alps (Seceda and Val Gola–Margon sections, 
Northern Italy). Review of Palaeobotany and Palynology, 
218: 28–47.

Hori N., 2004: Triassic radiolarians from chert of the Chichibu 
Belt in the Toyohashi district, Aichi Prefecture, Southwest 
Japan. Bulletin of the Geological Survey of Japan, 55: 303–
334.

Hori R. S., Campbell J. D. & Grant–Mackie J. A., 2003: Tri-
assic Radiolaria from Kaka Point Structural Belt, Otago, 
New Zealand. Journal of the Royal Society of New Zealand, 
33: 39–56.

Hori R. S., Yamakita S., Ikehara M., Kodama K., Aita Y., 
Sakai T., Takemura A., Kamata Y., Suzuki N., 
 Takahashi S., Spörli K. B. & Grant–Mackie J. A., 2011: 
Early Triassic (Induan) Radiolaria and carbon–isotope ra-
tios of a deep–sea sequence from Waiheke Island, North 
Island, New Zealand. Palaeoworld, 20: 166–178.

Horn M., 1913: Vorläufige Mitteilung über den ladinischen 
Knollenkalkkomplex in den Südalpen. Centralblatt für 
Mineralogie, Geologie und Paläontologie, 13: 508–512.

Hull D. M., 1997: Upper Jurassic Tethyan and southern boreal 
radiolarians from western North America. Micropaleon-
tology, 43 (Supp. 2): 1–202.

Ishida K., 1984: The order of appearance of some radiolarians 
in Anisian bedded–chert bodies in the South Zone of the 
Chichibu Belt, Eastern Shikoku. Journal of Science, Univer-
sity of Tokushima, 17: 15–29.

Isogawa J., Aita Y. & Sakai T., 1998: Early Triassic radiola-
rians from the bedded chert in the Minowa quarry, Kuzuu 
Town, Tochigi Prefecture. News of Osaka Micropaleon-
tologists, 11: 81–93.

Jasin B., 1997: Permo–Triassic Radiolaria from the Semanggol 
Formation, northwest peninsular Malaysia. Journal of 
Southeast Asian Earth Sciences, 15: 43–53.

Jasin B. & Harun Z., 2009: Radiolarian Biostratigraphy of 
Peninsular Malaysia — An update. Bulletin of the Geolo-
gical Society of Malaysia, 57: 27–38.

Jasin B., Harun Z. & Said U., 2005: Triassic radiolarian bio-
stratigraphy of the Semmangol Formation, South Kedah, 
Peninsular Malaysia. Geological Society of Malaysia Bulle-
tin, 51: 31–39.

Jin X., Wang Y. & Xie G., 2003: Devonian to Triassic succes-
sions of the Changning–Menglian Belt, western Yunnan, 
China. Acta Geologica Sinica, 77: 440–456.

Kamata Y., 2007: Systematic description of primitive Triassic 
nassellarians from Dienerian chert of the Oruatemanu 



Geo.Alp, Vol. 20 2023

58

Formation, Arrow Rocks, Northland, New Zealand. In: 
Spörli K.  B. et al. (eds.) The oceanic Permian/Triassic 
boundary sequence at Arrow Rocks (Oruatemanu), North-
land, New Zealand. GNS Science Monograph. GNS Science, 
Lower Hutt, New Zealand: 207–211. 

Kamata Y., Matsuo A., Takemura A., Yamakita S., Aita 
Y., Sakai T., Suzuki N. & Hori R. S., 2007: Late Induan 
(Dienerian) primitive nassellarians from Arrow Rocks, 
Northland, New Zealand. In: Spörli K. B. et al. (eds.) The 
oceanic Permian/Triassic boundary sequence at Arrow 
Rocks (Oruatemanu), Northland, New Zealand. GNS Sci-
ence Monograph. GNS Science, Lower Hutt, New Zealand: 
109–116.

Kamata Y., Sashida K., Ueno K., Hisada K., Nakornsri N. 
& Charusiri P., 2002: Triassic radiolarian faunas from the 
Mae Sariang area, northern Thailand and their paleogeo-
graphic significane. Journal of Asian Earth Science, 20: 
491–506.

Kamata Y., Shirouzu A., Ueno K., Sardsud A., Charoen-
titirat T., Charusiri P., Koike T. & Hisada K. I., 2014: 
Late Permian and Early to Middle Triassic radiolarians 
from the Hat Yai area, southern peninsular Thailand: Im-
plications for the tectonic setting of the eastern margin of 
the Sibumasu Continental Block and closure timing of the 
Paleo–Tethys. Marine Micropaleontology, 110: 8–24.

Karádi V., Budai T., Haas J., Vörös A., Piros O., Dunkl I. & 
Tóth E., 2022: Change from shallow to deep–water envi-
ronment on an isolated carbonate platform in the Middle 
Triassic of the Transdanubian Range (Hungary). Palaeo-
geography, Palaeoclimatology, Palaeoecology, 587: 110793

Kellici I. & De Wever P., 1995: Radiolaires Triasiques du 
Massif de la Marmolada, Italie du Nord. Revue de Micro-
paléontologie, 38: 139–167.

Kido S., 1982: Occurrence of Triassic chert and Jurassic sili-
ceous shale at Kamiaso, Gifu Prefecture, central Japan. 
News of Osaka Micropaleontologists, 5: 135–151.

Kishida Y. & Sugano K., 1982: Radiolarian zonation of Trias-
sic and Jurassic in outer side of southwest Japan. News of 
Osaka Micropaleontologists, 5: 271–300.

Kito N. & De Wever P., 1994: New species of Middle Jurassic 
Actinommidae (Radiolaria) from Sicily (Italy). Revue de 
Micropaléontologie, 37: 123–134.

Kojima S., 1982: Some Jurassic, Triassic and Permian radiola-
rians from the eastern part of Takayama City, central 
 Japan. News of Osaka Micropaleontologists, 5: 81–91.

Kojima S., Tsukada K., Otoh S., Yamakita S., Ehiro M., 
Dia C., Kirillova G. L., Dymovich V. A. & Eichwald 
L. P., 2008: Geological relationship between Anyui Meta-
morphic Complex and Samarka terrane, Far East Russia. 
The Island Arc, 17: 502–516.

Kolar–Jurkovšek T., 1989: New Radiolaria from the Ladinian 
substage (Middle Triassic) of Slovenia (NW Yugoslavia). 
Neues Jahrbuch für Geologie und Paläontologie, Monats-
hefte, 3: 155–165.

Kolar–Jurkovšek T., 1990: Microfauna of Middle and Upper 
Triassic in Slovenia and its biostratigraphic significance. 
Geologija, 33: 21–170.

Kozur H., 1984: New radiolarian taxa from the Triassic and 
Jurassic. Geologisch Paläontologische Mitteilungen Inns-
bruck, 13(2): 49–88.

Kozur H., 1988a: Muelleritortiidae n. fam., eine charakteris-
tische longobardische (oberladinische) Radiolarienfamilie, 

Teil I. Freiberger Forschungshefte C, Geowissenschaften 
Geologie, 419: 51–61.

Kozur H., 1988b: Muelleritortiidae n. fam., eine charakteris-
tische longobardische (oberladinische) Radiolarienfamilie, 
Teil II. Freiberger Forschungshefte C, Geowissenschaften 
Geologie, 427: 95–100.

Kozur H., 2003: Integrated ammonoid –, conodont and radio-
larian zonation of the Triassic. Hallesches Jahrbuch für 
Geowissenschaften B, 25: 49–79.

Kozur H.  W., 1996: The systematic position of Pseudoertlis-
pongus Lahm (Radiolaria) and description of some new 
Middle Triassic and Liassic radiolarian taxa. Geologisch 
Paläontologische Mitteilungen Innsbruck, Sonderband, 4: 
287–299.

Kozur H. W., Kaya O. & Mostler H., 1996a: First evidence of 
Lower to Middle Scythian (Dienerian–Lower Olenekian) 
radiolarians from The Karakaya Zone of Northwestern 
Turkey. Geologisch Paläontologische Mitteilungen Innsbruck, 
Sonderband, 4: 271–285.

Kozur H. W., Krainer K. & Mostler H., 1996: Radiolarians 
and facies of the Middle Triassic Loibl Formation, South 
Alpine Karawanken Mountains (Carinthia, Austria). Geo-
logisch Paläontologische Mitteilungen Innsbruck, Sonder-
band, 4: 195–269.

Kozur H. & Mostler H., 1979: Beiträge zur Erforschung der 
mesozoischen Radiolarien. Teil III: Die Oberfamilien Acti-
nommacea HAECKEL 1862 emend., Artiscacea HAECKEL 
1882, Multiarcusellacea nov. der Spumellaria und trias-
sische Nassellaria. Geologisch Paläontologische Mittei  lun-
gen Innsbruck, 9: 1–132.

Kozur H. & Mostler H., 1981: Beiträge zur Erforschung der 
mesozoischen Radiolarien. Teil IV: Thalassosphaeracea 
Haeckel, 1862, Hexastylacea Haeckel, 1862 emend. 
Petruševskaja, 1979, Sponguracea Haeckel, 1862 emend. 
und weitere triassische Lithocycliacea, Trematodiscacea, 
Actinommacea und Nassellaria. Geologisch Paläontologi-
sche Mitteilungen Innsbruck, Sonderband, 1: 1–208.

Kozur H. & Mostler H., 1994: Anisian to middle Carnian 
radio larian zonation and description of some stratigraphi-
cally important radiolarians. Geologisch Paläontologische 
Mitteilungen Innsbruck, Sonderband, 3: 39–255.

Kozur H. & Mostler H., 2006: Radiolarien aus dem Longo-
bard der Dinariden. Hallesches Jahrbuch für Geowissen-
schaften, 28: 23–91.

Kozur H. & Réti Zs., 1986: The first paleontological evidence 
of Triassic ophiolites in Hungary. Neues Jahrbuch für Geo-
logie und Paläontologie, Monatshefte, 5: 284–292.

Krainer K. & Lutz D., 1995: Middle Triassic basin evolution 
and stratigraphy in the Carnic Alps (Austria). Facies, 33: 
167–184.

Krainer K. & Mostler H., 1992: Neue hexactinellide Porife ren 
aus der südalpinen Mitteltrias der Karawanken (Kärnten, 
Österreich). Geologisch Paläontologische Mitteilungen 
Innsbruck, 18: 131–150.

Krystyn L., 1983: Das Epidaurus–Profil (Griechenland) – Ein 
Beitrag zur Conodonten–Standardzonierung des tethyalen 
Ladin und Unterkarn. Schriftenreihe der Erdwissenschaft-
lichen Kommissionen, 5: 231–258.

Lahm B., 1984: Spumellarienfaunen (Radiolaria) aus den mit-
teltriassischen Buchensteiner–Schichten von Recoaro 
(Nord italien) und den obertriassischen Reiflingerkalken 
von Grosreifling (Österreich). Systematik, Stratigraphie. 



59

Geo.Alp, Vol. 20 2023

Münchner geowissenschaftliche Abhandlungen. Reihe A, 
Geologie und Paläontologie, 1: 1–161.

Marcucci M. & Bertinelli A., 2017: New Middle Triassic ra-
diolarian species from the Monte Facito Formation (Lago-
negro succession, Southern Apennines, Italy). Revue de 
Micropaléontologie, 60: 161–169.

Marcucci M., Kodra A., Pirdeni A. & Gjata T., 1994: Radio-
larian assemblages in the Triassic and Jurassic cherts of 
Albania. Ofioliti, 19: 105.

Marquez E. J., Aitchison J. C. & Zamoras L. R., 2006: Upper 
Permian to Middle Jurassic radiolarian assemblages of 
Busuanga and surrounding islands, Palawan, Philippines. 
Eclogae Geologicae Helvetiae, 99, Supp., 1: 101–125.

Martini R., De Wever P., Zaninetti L., Danelian T. & 
Kito N., 1989: Les Radiolarites triasiques de la Formation 
du Monte Facito Auct. (Bassin de Lagonegro, Italie Méri-
dionale). Revue de Paléobiologie, 8: 143–161.

Maurer F., Hinnov L. & Schlager W., 2004: Statistical 
time–series analysis and sedimentological tuning of bed-
ding rhythms in a Triassic basinal succession (Southern 
Alps, Italy). In: D’Argenio B. et al. (eds.), Cyclostratigra-
phy: Approaches and Case Histories, SEPM Special Publi-
cation, 81: 83–99.

Maurer F., Reijmer J. J.G. & Schlager W., 2003: Quantifica-
tion of input and compositional variations of calciturbidi-
tes in a Middle Triassic basinal succession (Seceda, Dolo-
mites, Southern Alps). International Journal of Earth 
Sciences, 92: 593–609.

Maurer F. & Rettori R., 2002: Middle Triassic foraminifera 
in the Seceda core (Dolomites, northern Italy). Rivista Ita-
liana di Paleontologia e Stratigrafia, 108: 391–398.

Maurer F. & Schlager W., 2003: Lateral variations in sedi-
ment composition and bedding in Middle Triassic inter-
platform basins (Buchenstein Formation, Southern Alps, 
Italy). Sedimentology, 50: 1–22.

Mietto P., Manfrin S. & Rigo M., 2018: Middle Triassic am-
monoid fauna from the Recoaro and Tretto areas (NE Italy) 
and its stratigraphic and paleobiogeographic evidence. 
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PL ATE 1

Figs 1 – 2. Pentactinocarpus acanthicus Dumitrica, 1978a, 1 – 2: Sample FB-R. 
Fig. 3. Pentactinocapsa quadripes Dumitrica, 1978a, Sample FB.
Fig. 4. Pentactinorbis kozuri Dumitrica, 1978a, Sample FB.
Fig. 5. Pentactinorbis cf. mostleri Dumitrica, 1978a, Sample FB-R.
Fig. 6. Eptingium manfredi Dumitrica, 1978b, Sample FB-R.
Figs 7–8. Eptingium ramovsi Kozur et al., 1996, 7 – 8: Sample FB-R.
Figs 9–10. Spongostephanidium japonicum (Nakaseko et Nishimura, 1979), 9: Sample FB, 10: Sample FB-R.
Figs 11–12. Spongostephanidium brevispinosum sp. nov., 11: Sample FB, 12: Holotype - PAL 2022.130.1, Sample FB-R.
Fig. 13. Spongostephanidium sp. cf. spongiosum Dumitrica, 1978b, Sample FB-R.
Fig. 14. Triassistephanidium sp., Sample FB.
Fig. 15 Beturiella latispinosa sp. nov., Holotype - PAL 2022.115.1., Sample FB. 
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PL ATE 2

Fig. 1. Tiborella florida austriaca Kozur et al., 1996, Sample FB.
Fig. 2. Tiborella magnidentata Dumitrica et al., 1980, Sample FB-R.
Fig. 3. Welirella fleuryi (De Wever, 1979), Sample FB-R.
Fig. 4. Welirella mesotriassica Kozur et al., 1996, Sample FB-R.
Figs 5–7. Pseudostylosphaera acrior (Bragin, 1986), 5: Sample FB-R. 6 – 7: Sample FB-R.
Figs 8–9. Pseudostylosphaera canaliculata (Bragin, 1986), 8: Sample Se1, 9: Sample FB-R.
Figs 10–11. Pseudostylosphaera compacta (Nakaseko et Nishimura, 1979), 10 – 11: Sample FB-R.
Fig. 12 – 13. Pseudostylosphaera sp. cf. compacta (Nakaseko et Nishimura, 1979), 12: Sample FB, 17: Sample FB-R. 
Fig. 14. Pseudostylosphaera longispinosa Kozur et Mostler, 1981, Sample FB-R.
Figs 15–16. Pseudostylosphaera mostleri Tekin, 2007, 13 – 14: Sample FB-R. 
Fig. 17. Pseudostylosphaera nazarovi (Kozur et Mostler, 1981), Sample A26.
Fig. 18. Spinostylosphaera ? vachardi Ozsvárt, Moix et Kozur, 2015, Sample A26.
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PL ATE 3

Fig. 1. Parasepsagon praetetracanthus Kozur et Mostler, 1994, Sample FB-R.
Fig. 2. Parasepsagon sp. cf. tetracanthus Dumitrica et al., 1980, Sample FB-R.
Fig. 3. Sepsagon ladinicus Kozur et Mostler, 1994, Sample FB-R.
Figs 4a–b. Sepsagon recoarensis Lahm, 1984, Sample FB-R.
Fig. 5. Sepsagon sp. cf. robustus Lahm, 1984, Sample A26.
Figs 6–8. Bernoulliella simplex (Lahm, 1984), 6 – 8: Sample FB-R.
Figs 9–10. Bernoulliella sp. cf. simplex (Lahm, 1984), 9 – 10: Sample FB-R.
Figs 11–12. Eohexastylus muzavori (Lahm, 1984), 11 – 12: Sample FB.
Fig. 13. Parentactinia pugnax Dumitrica, 1978a, Sample FB.
Figs 14–15. Parentactinia kecskemetii sp. nov., Holotype - PAL 2022.123.1., Sample FB-R.
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Fig. 1. Muelleritortis globosa Tekin, 2010, Sample FB-R.
Figs 2–3. Triassothamnus verticillatus (Dumitrica, 1978a), 2 – 3: Sample FB-R.
Figs 4–6. Heptacladus crassispinus Dumitrica et al., 1980, 4, 6: Sample FB-R., 5: Sample FB.
Figs 7–10. “Entactinosphaera” stockari sp. nov. 8: Holotype - PAL 2022.116.1., Sample FB.
Fig. 11. “Entactinosphaera” ? triassica Kozur et Mostler, 1979, Sample FB-R.
Figs 12–14. “Entactinosphaera” zapfei Kozur et Mostler, 1979, 12 – 14: Sample FB.
Fig. 15. Hexatortilisphaera aequispinosa Kozur et al., 1996, Sample FB.
Fig. 16. Entactinarian genus and species indeterminate A., Sample FB-R.
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Figs 1–2. Archaeocenosphaera igoi (Sashida, 2000), Sample FB.
Figs 3–4. Archaeocenosphaera parvispinosa (Kozur et al., 1996), 3 – 4: Sample FB-R.
Fig. 5. Novamuria mocki (Kozur et Mostler, 1979), Sample FB-R.
Fig. 6. Novamuria nicorae (Kozur et al., 1996), Sample FB-R.
Figs 7–9. Novamuria wirzi Stockar et al., 2012b, 7 – 9: Sample FB-R.
Figs 10–12. Katorella bifurcata Kozur et Mostler, 1981, 10 – 12: Sample FB-R.
Figs 13–16. Katorella trifurcata Kozur et Mostler, 1994, 13 – 15: Sample FB-R., 16: Sample FB.
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PL ATE 6

Fig. 1. Triassospongosphaera austriaca (Kozur et Mostler, 1979), Sample FB-R.
Figs 2–3. Triassospongosphaera multispinosa (Kozur et Mostler, 1979), 2 – 3: Sample FB-R.
Fig. 4–6. Triassospongosphaera triassica (Kozur et Mostler, 1979), 4: Sample FB-R., 5 – 6: Sample FB.
Fig. 7. Triassospongosphaera (?) sp., Sample FB.
Figs 8–9. Paurinella aequispinosa Kozur et Mostler, 1981, 8 – 9: Sample FB-R.
Fig. 10–11. Paurinella curvata spinosa Kozur et Mostler, 1994, 10: Sample FB., 11: Sample FB-R.
Fig. 12. Paurinella sp. cf . latispinosa Kozur et Mostler, 1994, Sample FB-R.
Fig. 13. Paurinella sp. cf. mesotriassica Kozur et Mostler, 1981, Sample FB-R.
Fig. 14. Neopaurinella ladinica Kozur et Mostler, 1994, Sample FB.
Figs 15–17. Neopaurinella tumidospina Kozur et Mostler, 1994, Sample FB-R.
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PL ATE 7

Fig. 1. Neopaurinella sp. 1, Sample FB-R.
Figs 2–3. Neopaurinella sp. 2, Sample FB-R.
Figs 4–5. Angulopaurinella edentata Dumitrica et Tekin, 2013, Sample FB-R.
Fig. 6. Tetrapaurinella sp., Sample FB-R.
Fig. 7. Zhamojdasphaera goricanae Dumitrica et Tekin, 2013, Sample A26.
Figs 8–10. Astrocentrus latispinosus (Kozur et Mostler, 1979), 8 – 10: Sample FB-R.
Fig. 11. Pathological ?Astrocentrus sp., Sample FB.
Figs 12–14. Astrocentrus pulcher Kozur et Mostler, 1979, 12 – 14: Sample FB-R.
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PL ATE 8

Fig. 1. Relindella ruesti (Kozur et Mostler, 1981), Sample FB-R.
Fig. 2. Relindella steigeri (Lahm, 1984), Sample FB-R.
Fig. 3. Relindella symmetrica (Dumitrica et al., 1980), Sample FB.
Fig. 4. Octostella froetschbachense sp. nov., Holotype - PAL 2022.121.1., Sample FB-R.
Fig. 5. Plafkerium antiquum Sugiyama, 1992, Sample FB.
Figs 6–7. Plafkerium quadratum (Lahm, 1984), 6: Sample FB., 7: Sample FB-R.
Fig. 8. Plafkerium uncatum (Bragin, 2011), Sample FB-R.
Fig. 9–10. Pathological Plafkerium sp., Sample FB.
Fig. 11. Spongopallium cf. contortum Dumitrica et al., 1980, Sample FB
Fig. 12. Archaeospongoprunum tetraspinosum Kozur et Mostler, 1994, Sample FB.
Fig. 13. Archaeospongoprunum sp., Sample FB.
Fig. 14. Tamonella aspinosa Ozsvárt et al., 2017, Sample FB-R.
Fig. 15. Tamonella multispinosa Dumitrica et al., 1980, Sample FB-R.
Fig. 16. Tamonella rarispinosa Kozur et Mostler, 1994, Sample FB-R.
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PL ATE 9

Fig. 1. Monospongella magnispinosa Kozur et Mostler, 2006, Sample FB-R.
Fig. 2–3. Praegomberellus pulcher Kozur et Mostler, 1994, Sample FB.
Fig. 4. Gomberellus simplex sp. nov., Holotype - PAL 2022.117.1., Sample FB-R.
Fig. 5. Gomberellus sp., Sample FB-R.
Figs 6–8. Paroertlispongus kozuri sp. nov., 6: Holotype - PAL 2022.124.1., Sample FB, 7 – 8: Sample FB-R.
Figs 9–10. Paroertlispongus lahmi sp. nov. 9: Holotype - PAL 2022.125.1., Sample FB., 10: Sample FB.
Fig. 11. Paroertlispongus multinodosus (Kozur et Mostler, 1981), Sample A26.
Figs 12–13. Paroertlispongus multispinosus Kozur et Mostler, 1981, 12: Sample FB-R., 13: Sample FB.
Fig. 14. Paroertlispongus rarispinosus Kozur et Mostler, 1981, Sample FB-R.
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PL ATE 10

Fig. 1. Paroertlispongus siciliensis (Kozur, 1996), Sample FB-R.
Fig. 2. Paroertlispongus weddigei (Lahm, 1984), Sample FB-R.
Fig. 3. Oertlispongus inaequispinosus Dumitrica et al., 1980, Sample FB.
Figs 4–5. Oertlispongus primus Kozur, 1996, Sample FB-R.
Fig. 6. Oertlispongus sp., Sample FB.
Fig. 7. Baumgartneria bifurcata Dumitrica, 1982, Sample FB.
Fig. 8. Baumgartneria retrospina Dumitrica, 1982, Sample FB.
Fig. 9. ?Falcispongus sp. Sample A26.
Fig. 10. Bogdanella trentana Kolar-Jurkovšek, 1989, Sample A26.
Figs 11–12. Falcispongus falciformis Dumitrica, 1982, Sample FB-R.
Figs 13–14. Falcispongus hamatus Dumitrica, 1982, Sample A26.
Figs 15–17. Falcispongus zapfei Kozur, 1996, Sample FB-R.
Fig. 18. Scutispongus sp. cf. rostratus (Dumitrica, 1982), Sample A26.
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PL ATE 11

Figs 1–2. Hexaspongus robustus Kozur et Mostler, 1981, 1: Sample FB., 2: Sample FB-R.
Fig. 3. Hexaspongus radiculaspinus sp. nov., Holotype - PAL 2022.118.1., Sample FB.
Figs 4–5. ?Hexaspongus longispinosus sp. nov., 4: Holotype - PAL 2022.113.1., Sample FB-R., 5: Sample FB.
Figs 6–7. Ticinosphaera mesotriassica (Kozur et Mostler, 1981), Sample FB-R.
Figs 8–9. Lahmosphaera alpina (Dumitrica et al., 1980), 8: Sample FB., 9: Sample FB-R.
Figs 10–13. Lahmosphaera fluegeli (Kozur et Mostler, 1979), 10,12: Sample FB., 11,13: Sample FB-R.
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PL ATE 12

Figs 1–3. Lahmosphaera granulosa (Dumitrica et al., 1980), Sample FB.
Fig. 4. Lahmosphaera mulleri (Dumitrica et al., 1980), Sample FB-R.
Figs 5–6. Lahmospharea trispinosa (Kozur et Mostler, 1979), Sample FB-R.
Figs 7–8. Spumellaria gen. indet. A., Sample FB.
Fig. 9. ?Intermediellidae gen. indet. A., Sample FB-R.
Fig. 10. ?Oertlispongidae gen. indet. A., Sample FB-R.
Fig. 11. ?Intermediellidae gen. indet. B., Sample FB-R. 
Fig. 12. Gen. et sp. indet. A., Sample FB-R.
Figs 13 – 14. Gen. et sp. indet. B., Sample FB-R.



85

Geo.Alp, Vol. 20 2023



Geo.Alp, Vol. 20 2023

86

PL ATE 13

Fig. 1. Archaeosemantis cristianensis Dumitrica, 1982, Sample FB.
Fig. 2. Archaeosemantis pterostephanus Dumitrica, 1978a, Sample FB.
Fig. 3. Nandartia simplicissima (Dumitrica, 1982), Sample FB.
Figs 4–5. Poulpus curvispinus praecurvispinus Kozur et Mostler, 1994, Sample FB-R.
Figs 6–7. Hozmadia costata Kozur et Mostler, 1994, Sample FB-R.
Figs 8–9. Hozmadia reticulata Dumitrica et al., 1980, Sample FB-R.
Fig. 10. Hozmadia longicephalis Kozur et Mostler, 1994, Sample FB.
Fig. 11. Annulohaeckelella longipedis Kozur et Mostler, 2006, Sample FB.
Figs 12–13. Eonapora mesotriassica Kozur et Mostler, 1981, Sample FB-R.
Fig. 14. Eonapora pulchra Kozur et Mostler, 1979, Sample FB.
Fig. 15–16. Eonapora robusta Kozur et Mostler, 1981, Sample FB-R.
Fig. 17. Triassobipedis sp., Sample FB-R.
Figs 18–19. Neopylentonema mesotriassica Kozur, 1984, Sample FB-R.
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PL ATE 14

Figs 1–3. Amentoneopylen simplex sp. nov., Holotype - PAL 2022.114.1., Sample FB-R.
Figs 4–10. Nabolella striata sp. nov. 9: Holotype - PAL 2022.120.1., Sample FB-R., 4 – 8, 10: Sample FB-R.
Figs 11–14. Hinedorcus alatus Dumitrica et al., 1980, Sample FB.
Figs 15–19. Hinedorcus gibber Tekin, 1999, Sample FB-R
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PL ATE 15

Fig. 1. Muellericyrtium triassicum Kozur et Mostler, 1981, Sample FB-R.
Fig. 2. Muellericyrtium triangularum sp. nov., Holotype - PAL 2022.119.1., Sample FB-R.
Fig. 3. Muellericyrtium sp., Sample FB.
Figs 4–6. Silicarmiger costatus Dumitrica et al., 1980, Sample FB-R.
Fig. 7. Silicarmiger costatus anisicus Kozur et Mostler, 1981, Sample FB.
Figs 8–9. Silicarmiger inflatus sp. nov., 8: Sample FB., 9: Holotype - PAL 2022.127.1., Sample FB.
Figs 10–19. Nofrema trispinosa Dumitrica et al., 1980, 10 – 13: Sample FB-R., 14: Sample FB., 15 – 19: Sample FB-R.
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PL ATE 16

Fig. 1. Spongosilicarmiger gabiolaensis Kozur et Mostler, 1994, Sample FB.
Fig. 2. Spongosilicarmiger gabiolaensis curvatospinus Kozur et Mostler, 1994, Sample FB.
Fig. 3–8. Spongosilicarmiger italicus Kozur, 1984, 3: Sample FB., 4 – 5: Sample FB-R.
Figs 9–10. Spongosilicarmiger longispinus sp. nov., 9: Holotype - PAL 2022.129.1., Sample FB., 10: Sample FB-R.
Figs 11–13. Spongosilicarmiger posterus Kozur et Mostler, 1994, Sample FB-R.
Figs 14–15. Spongosilicarmiger priscus Kozur et Mostler, 1994, 14: Sample FB., 15: Sample FB-R.
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Figs 1–5. Triassospongocyrtis longispinosa Kozur et Mostler, 1994, 1, 5: Sample FB., 2 – 4: Sample FB-R.
Figs 6–7. Triassospongocyrtis yaoi Kozur et Mostler, 1994, Sample FB.
Fig. 8. Triassospongocyrtis sp., Sample FB.
Fig. 9. ?Monicasterix sp., Sample FB.
Fig. 10. Planispinocyrtis praecursor Kozur et Mostler, 1994, Sample FB-R.
Fig. 11. Planispinocyrtis sp. cf. pelsoensis Kozur et Mostler, 1994, Sample FB-R.
Figs 12–15. Ladinocampe annuloperforata Kozur et Mostler, 1994, Sample FB-R.
Figs 16–18. Ladinocampe multiperforata Kozur, 1984, Sample FB-R.
Fig. 19. Anisicyrtis hungarica Kozur et Mostler, 1981, Sample FB-R.
Fig. 20. Anisicyrtis italica Kozur et Mostler, 1994, Sample FB-R.
Fig. 21. Anisicyrtis recoaroensis Kozur et Mostler, 1994, Sample FB-R.
Figs 22–23. Anisicyrtis spinosa Kozur et Mostler, 1994, Sample FB-R.
Figs 24–25. Anisicyrtis trettoensis Kozur et Mostler, 1994, Sample FB-R.
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PL ATE 18

Fig. 1. Gradinaria fassanica (Kozur et Mostler, 1994), Sample FB-R.
Figs 2–3. Pararuesticyrtium constrictum Kozur et Mostler, 1994, 2: Sample FB., 3: Sample FB-R.
Figs 4–5. Pararuesticyrtium eofassanicum Kozur et Mostler, 1994, Sample FB-R.
Fig. 6. Pararuesticyrtium fusiformis (Bragin, 1986), Sample FB-R.
Fig. 7. Pararuesticyrtium trettoense Kozur et Mostler, 1994, Sample FB-R.
Fig. 8. Paratriassocampe gaetanii Kozur et Mostler, 1994, Sample FB.
Fig. 9. Striatotriassocampe laeviannulata Kozur et Mostler, 1994, Sample FB.
Figs 10–11. Annulotriassocampe campanilis campanilis Kozur et Mostler, 1994, Sample FB-R.
Fig. 12. Annulotriassocampe campanilis longiporata Kozur et Mostler, 1994, Sample FB.
Fig. 13. Annulotriassocampe spinosa Kozur et Mostler, 1994, Sample FB.
Fig. 14. Triassocampe deweveri deweveri (Nakaseko et Nishimura, 1979), Sample FB-R.
Fig. 15. Triassocampe deweveri pauciconstricta Kozur et Mostler, 1994, Sample FB-R.
Figs 16–18. Triassocampe scalaris Dumitrica et al., 1980, Sample FB-R.
Fig. 19. Triassocampe sp., Sample FB-R.
Figs 20–21. Yeharaia annulata Nakaseko et Nishimura, 1979, Sample FB-R.
Figs 22–24. Yeharaia bispinosa sp. nov., 22: Holotype - PAL 2022.132.1., Sample FB. 
Fig. 25. Yeharaia trispinosa sp. nov., Holotype - PAL 2022.133.1., Sample FB-R.
Fig. 26. Yeharaia transita Kozur et Mostler, 1994, Sample FB-R.
Figs 27 – 28. Yeharaia sp., Sample FB.
Fig. 29. Pseudotriassocampe myterocorys (Sugiyama, 1992), Sample FB-R.
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TABLE 2 : Distribution of radiolarians in sections at Frötschbach, Seceda outcrop and Seceda core.

Se1 FB FB-R A26
Seceda-1 borehole

S12 S17 S18 S20 S21 S57 S67 S69

En
ta

ct
ina

ria

Bernoulliella cf. simplex (Lahm, 1984) +

Bernoulliella simplex (Lahm, 1984) + + +

Beturiella latispinosa sp. nov. +

Entactinarian genus and species indeterminate A. +

Entactinosphaera ? triassica Kozur et Mostler, 1979 + +

“Entactinosphaera”  zapfei Kozur et Mostler, 1979 + +

„Entactinosphaera“ stockari sp. nov. +

Eohexastylus muzavori (Lahm, 1984) + +

Eptingium manfredi Dumitrica, 1978 + +

Eptingium ramovsi Kozur et al., 1996 + +

Heptacladus crassispinus Dumitrica et al., 1980 + + +

Hexatortilisphaera aequispinosa Kozur et al., 1996 +

Muelleritortis globosa Tekin, 2010 +

Parasepsagon cf. tetracanthus Kozur et Mostler, 1994 + + +

Parasepsagon praetetracanthus Kozur et Mostler, 1994 + + +

Parentactinia kecskemetii sp. nov. +

Parentactinia pugnax Dumitrica, 1978 +

Pentactinocapsa quadripes Dumitrica, 1978 +

Pentactinocarpus acanthicus Dumitrica, 1978 + + + + +

Pentactinorbis cf. mostleri Dumitrica, 1978 +

Pentactinorbis kozuri Dumitrica, 1978 +

Pseudostylosphaera acrior (Bragin, 1986) + + + +

Pseudostylosphaera canaliculata (Bragin, 1986) + + + +

Pseudostylosphaera compacta (Nakaseko et Nishimura, 1979) +

Pseudostylosphaera cf. compacta (Nakaseko et Nishimura, 1979) + +

Pseudostylosphaera longispinosa Kozur et Mostler, 1981 + + + +

Pseudostylosphaera mostleri Tekin, 2007 +

Pseudostylosphaera nazarovi (Kozur et Mostler, 1981) +

Sepsagon ladinicus Kozur et Mostler, 1994 +

Sepsagon recoarensis Lahm, 1984 + +

Sepsagon cf. robustus Lahm, 1984 +

Spinostylosphaera ? vachardi Ozsvárt et al., 2015 +

Spongostephanidium brevispinosum sp. nov. + +

Spongostephanidium cf. spongiosum Dumitrica, 1978 +

Spongostephanidium japonicum (Nakaseko et Nishimura, 1979) + +

Tiborella florida austriaca Kozur et al., 1996 +

Tiborella magnidentata Dumitrica et al., 1980 + +

Triassistephanidium sp. +

Triassothamnus verticillatus (Dumitrica, 1978) + +

Welirella fleuryi (De Wever, 1979) +

Welirella mesotriassica Kozur et al., 1996 +

Sp
um

ell
ar

ia

Angulopaurinella edentata Dumitrica et Tekin, 2013 +

Archaeocenosphaera igoi (Parona, 1890) + +

Archaeocenosphaera parvispinosa (Kozur et Mostler, 1981) +

Archaeospongoprunum sp. +

Archaeospongoprunum tetraspinosum Kozur et Mostler, 1994 +

Astrocentrus latispinosus (Kozur et Mostler, 1979) +

Astrocentrus pulcher Kozur et Mostler, 1979 + + + + +

Baumgartneria bifurcata Dumitrica, 1982 +

Baumgartneria retrospina Dumitrica, 1982 + +

Bogdanella trentana Kolar-Jurkovšek, 1989 +

Falcispongus falciformis Dumitrica, 1982 + +

Falcispongus hamatus Dumitrica, 1982 +

Falcispongus zapfei Kozur, 1996 + +

?Falcispongus sp. + +

Gomberellus simplex sp. nov. +

Gomberellus sp. +

Hexaspongus radiculaspinus sp. nov. +

Hexaspongus robustus Kozur et Mostler, 1981 + +

?Hexaspongus longispinosus sp. nov. + +
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Se1 FB FB-R A26
Seceda-1 borehole

S12 S17 S18 S20 S21 S57 S67 S69
Sp

um
ell

ar
ia

Katorella bifurcata Kozur et Mostler, 1981 + + +

Katorella trifurcata Kozur et Mostler, 1994 + +

Lahmosphaera alpina (Dumitrica et al., 1980) + +

Lahmosphaera fluegeli (Kozur et Mostler, 1979) + + +

Lahmosphaera granulosa (Dumitrica et al., 1980) +

Lahmosphaera mulleri (Dumitrica et al., 1980) +

Lahmosphaera trispinosa (Kozur et Mostler, 1979) +

Monospongella magnispinosa Kozur et Mostler, 2006 +

Neopaurinella ladinica Kozur et Mostler, 1994 +

Neopaurinella sp. 1 +

Neopaurinella sp. 2 +

Neopaurinella tumidospina Kozur et Mostler, 1994 + +

Novamuria mocki (Kozur et Mostler, 1979) +

Novamuria nicorae (Kozur et al., 1996) +

Novamuria wirzi Stockar et al., 2012 +

Octostella froetschbachense sp. nov. +

Oertlispongus primitivus Kozur et Mostler, 1994 +

Oertlispongus primus Kozur, 1996 + +

Oertlispongus sp. +

Paroertlispongus kozuri sp. nov. + +

Paroertlispongus lahmi sp. nov. + +

Paroertlispongus multinodosus (Kozur et Mostler, 1981) + +

Paroertlispongus multispinosus Kozur et Mostler, 1981 + + + + + + +

Paroertlispongus rarispinosus Kozur et Mostler, 1981 + +

Paroertlispongus siciliensis (Kozur, 1996) +

Paroertlispongus weddigei Lahm, 1984 +

Pathological ?Astrocentrus sp. +

Pathological Plafkerium sp. +

Paurinella aequispinosa Kozur et Mostler, 1981 +

Paurinella cf. latispinosa Kozur et Mostler, 1994 + + +

Paurinella cf. mesotriassica Kozur et Mostler, 1981 +

Paurinella curvata spinosa Kozur et Mostler, 1994 + +

Plafkerium antiquum Sugiyama, 1992 +

Plafkerium quadratum (Lahm,1984) + +

Plafkerium uncatum (Bragin, 2011) +

Praegomberellus pulcher Kozur et Mostler, 1994 +

Relindella ruesti (Kozur et Mostler, 1981) + +

Relindella steigeri (Lahm, 1984) +

Relindella symmetrica (Dumitrica et al., 1980) + + +

Scutispongus cf. rostratus (Dumitrica, 1982) +

Spongopallium cf. contortum Dumitrica et al., 1980 +

Tamonella aspinosa Ozsvárt et al., 2017 +

Tamonella multispinosa Dumitrica et al., 1980 +

Tamonella rarispinosa Kozur et Mostler, 1994 +

Tetrapaurinella sp. +

Ticinosphaera mesotriassica (Kozur et Mostler, 1981) +

Triassospongosphaera (?) sp. +

Triassospongosphaera austriaca (Kozur et Mostler, 1979) +

Triassospongosphaera multispinosa (Kozur et Mostler, 1979) + + +

Triassospongosphaera triassica (Kozur et Mostler, 1979) + +

Zhamojdasphaera goricanae Dumitrica et Tekin, 2013 +

Spumellaria gen. indet. A +

? Intermediellidae gen. indet. A +

? Oertlispongidae gen. indet. A + +

? Intermediellidae gen. indet. A +

Gen. et sp. indet. A +

Gen. et sp. indet. A +
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Se1 FB FB-R A26
Seceda-1 borehole

S12 S17 S18 S20 S21 S57 S67 S69

Na
ss

ell
ar

ia

Amentoneopylen simplex sp. nov. +

Anisicyrtis hungarica Kozur et Mostler, 1981 +

Anisicyrtis italica Kozur et Mostler, 1994 +

Anisicyrtis recoaroensis Kozur et Mostler, 1994 +

Anisicyrtis spinosa Kozur et Mostler, 1994 +

Anisicyrtis trettoensis Kozur et Mostler, 1994 +

Annulohaeckelella longipedis Kozur et Mostler, 2006 +

Annulotriassocampe campanilis Kozur et Mostler, 1994 +

Annulotriassocampe campanilis longiporata Kozur et Mostler, 1994 +

Annulotriassocampe spinosa Kozur et Mostler, 1994 + +

Archaeosemantis cristianensis Dumitrica, 1982 +

Archaeosemantis pterostephanus Dumitrica, 1978 +

Eonapora mesotriassica Kozur et Mostler, 1981 + +

Eonapora pulchra Kozur et Mostler, 1979 +

Eonapora robusta Kozur et Mostler, 1981 + +

Gradinaria fassanica (Kozur et Mostler, 1994) +

Hinedorcus alatus Dumitrica et al., 1980 + + +

Hinedorcus gibber Tekin, 1999 +

Hozmadia costata Kozur et Mostler, 1994 +

Hozmadia longicephalis Kozur et Mostler, 1994 +

Hozmadia reticulata Dumitrica et al., 1980 + +

Ladinocampe annuloperforata Kozur et Mostler, 1994 + +

Ladinocampe multiperforata Kozur, 1984 +

Muellericyrtium sp. +

Muellericyrtium triangularum sp. nov. +

Muellericyrtium triassicum Kozur et Mostler, 1981 + +

?Monicasterix sp. +

Nabolella striata sp. nov. + +

Nandartia simplicissima (Dumitrica, 1982) +

Neopylentonema mesotriassica Kozur, 1984 + +

Nofrema trispinosa Dumitrica et al., 1980 + +

Pararuesticyrtium constrictum Kozur et Mostler, 1994 + +

Pararuesticyrtium eofassanicum Kozur et Mostler, 1994 +

Pararuesticyrtium fusiformis (Bragin, 1986) +

Pararuesticyrtium trettoense Kozur et Mostler, 1994 +

Paratriassocampe gaetanii Kozur et Mostler, 1994 + +

Planispinocyrtis cf. pelsoensis Kozur et Mostler, 1994 +

Planispinocyrtis praecursor Kozur et Mostler, 1994 +

Poulpus curvispinus praecurvispinus Kozur et Mostler, 1994 +

Pseudotriassocampe myterocorys (Sugiyama, 1992) +

Silicarmiger costatus anisicus Kozur et Mostler, 1981 +

Silicarmiger costatus Dumitrica et al., 1980 + +

Silicarmiger inflatus sp. nov. +

Spongosilicarmiger gabiolaensis curvatospinus Kozur et Mostler, 1994 +

Spongosilicarmiger gabiolaensis Kozur et Mostler, 1994 +

Spongosilicarmiger italicus Kozur, 1984 + + +

Spongosilicarmiger longispinus sp. nov. +

Spongosilicarmiger posterus Kozur et Mostler, 1994 + +

Spongosilicarmiger priscus Kozur et Mostler, 1994 + +

Striatotriassocampe laeviannulata Kozur et Mostler, 1994 +

Triassobipedis sp. +

Triassocampe deweveri (Nakaseko et Nishimura, 1979) +

Triassocampe deweveri pauciconstricta Kozur et Mostler, 1994 +

Triassocampe scalaris Dumitrica et al., 1980 +

Triassocampe sp. +

Triassospongocyrtis longispinosa Kozur et Mostler, 1994 + + +

Triassospongocyrtis sp. +

Triassospongocyrtis yaoi Kozur et Mostler, 1994 +

Yeharaia annulata Nakaseko et Nishimura, 1979 + +

Yeharaia bispinosa sp. nov. +

Yeharaia transita Kozur et Mostler, 1994 +

Yeharaia trispinosa sp. nov. +

Yeharaia sp. +
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ABSTRACT
Rinaldo Zardini (1902–1988) was an Italian palaeontologist and botanist born in Cortina d’Ampezzo. Having a background 
as a professional photographer, he was able to illustrate his collection of mostly tiny fossils in high definition. For his significant 
contributions to the field of palaeontology he received an honorary degree from the University of Modena. Here we highlight 
the extent of his scientific interest and his enduring scientific legacy in geology, palaeozoology and palaeobotany. 
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INTRODUCTION

Rinaldo Zardini (1902–1988) was an Italian palaeontologist 
and botanist born in Cortina d’Ampezzo (or simply Cortina). 
During World War I, he attended school in Switzerland and 
returned to Cortina only in 1920. His father, Raffaele 
Zardini, was a teacher, and his mother, Antonia Verocai, 
was the first war photojournalist in Cortina d’Ampezzo. The 
Zardini family, involved in photography, opened Cortina’s 
first photographic shop. Rinaldo worked in the family optical 
business and participated in alpinism (with his sister Olga 
Zardini), ice hockey (Italian champion in 1932), and skiing. 
During World War II, he worked as a cinematographer for the 
Istituto Luce.
In the 1930s, Rinaldo Zardini initiated botanical studies, 
creating an herbarium of more than 1000 plant species from 
around Cortina d’Ampezzo. He published works like “La flora 
montana e alpina di Cortina d’Ampezzo” [The mountain and 
alpine flora of Cortina d’Ampezzo] (1939), and “Flora di Cortina 
d’Ampezzo” [The flora of Cortina d’Ampezzo] (Pampani & 
Zardini, 1948). From 1951 to 1959, he cataloged 500 butterfly 
and beetle species, concluding his botanical studies in 1959.
In 1935, Zardini collected his first fossil (a fossil coral). His pas-
sion for palaeontology led to the biggest and most significant 
collections of his time, of about one million fossils. His studies 
focused on Middle and Upper Triassic fossils, particularly gastro-
pods, bivalves, corals and sponges, and other marine organisms. 
Notable publications include “Fossili del livello di S. Cassiano” 
[Fossils of the San Cassian level] (1966), “Geologia e fossili delle 
Dolomiti di Cortina e dintorni” [Geology and fossils of the 
 Dolomites of Cortina and surroundings] (1988) and the “Fossili 
cassiani” catalogues [Fossils of the S. Cassian Formation] 

(1978–1981). Some of these became important reference papers 
in Italian, European and American universities.
Rinaldo Zardini received several awards, served as the Presi-
dent of the Istituto d’arte di Cortina, and earned an honorary 
degree from the University of Modena. Recognized for his con-
tributions, he was honored the position as honorary researcher 
at institutions like the University of Washington and the 
Smithsonian Institution. In 1988, Rinaldo Zardini passed away, 
leaving an enduring legacy in various scientific fields.
The aim of this paper is to provide an overview on this scien-
tific legacy more than 120 years after his birth and 35 years 
 after his death. 

1 . Ri n a l d o Z a R d i n i ’S GEOLOGICAL LEGACY

Although Rinaldo Zardini was not a formally trained geolo-
gist, he demonstrated a profound understanding of the geology 
and palaeontology of the Dolomites, particularly of the moun-
tains surrounding Cortina d’Ampezzo. Although he did not 
publish detailed scientific papers specifically on the geology of 
the Cortina d’Ampezzo area, he incorporated his extensive 
knowledge of the origin and distribution of various geological 
formations in works such as “Geologia e fossili attorno a Cortina 
d’Ampezzo” [Geology and fossils surrounding Cortina] (Zardini, 
1973, 1980b, 1983). Additionally, he contributed to the study of 
landslides, evident in publications like “La frana in località 
Cinque Torri” [The landslide of the Cinque Torri] (Zardini, 
1979) and “La frana su cui sorge Cortina d’Ampezzo” [The land-
slide on which Cortina d’Ampezzo is build] (Panizza et al., 
1986; Panizza & Zardini, 1986).
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In subsequent years, the Comprehensive Geological Mapping 
Project (CARG), a nationwide initiative involving regional and 
autonomous administrative bodies, academic institutions, re-
search entities, and the Italian Geological Survey (ISPRA) con-
tinued the geological investigations initiated by Rinaldo 
Zardini in the region. The comprehensive geological survey 
led to the publication of the 1:50,000 scale geological sheet 
“F029 Cortina d’Ampezzo” (Neri et al., 2007). The meticulous 
geological studies conducted during this and other geological 
mapping endeavors in the Dolomites, such as the “F016  Dobbiaco” 
(Gianolla et al., 2018) and “F046 Longarone” (Gianolla et al., 
2022) geological sheets, facilitated the revision and moderniza-
tion of the stratigraphic framework of the Dolomite region. 
This endeavor significantly advanced our comprehension of the 
territory by providing a more detailed and higher-resolution 
account of its geological history. 
This revision also had profound implications for the nomencla-
ture and interpretation of stratigraphic units studied and dis-
cussed in detail by Rinaldo Zardini. Presently, stratigraphic 
terms such as the Wengen, San Cassiano, Heiligkreuz, and 
Travenanzes formations have replaced the historical designa-
tions like “strati di La Valle”, “strati di San Cassiano”, “Infra-
raibliano”, “formazione di Dürrenstein”, or “strati di Raibl”, 
which were used by Rinaldo Zardini but have been deemed 
imprecise in characterizing their respective stratigraphic units. 
However, many names employed by the geologist to delineate 
rock successions have remained unchanged. This includes for 
example Dolomia Cassiana or the Dolomia Principale. These 
adjustments, while respecting historical priorities (e.g.,  Wengen 
and Heiligkreuz formations) and considering the Dolomites as 

a geological unity, further underscore the geological signifi-
cance of the region.
Rinaldo Zardini perceived the Dolomites surrounding his 
hometown Cortina, through the eyes of the photographer and 
the scientist. To him, these mountains likely were always the 
most beautiful and significant mountains in the Earth’s history. 
In June 2009 the Dolomites achieved UNESCO World Heritage 
Site status, earning a place on the World Heritage List based on 
criteria VII (aesthetic and landscape value) and VIII (scientific 
importance in geology and geomorphology). The Seville decla-
ration states “The nine components of the Dolomites World Heritage 
Site protect a series of highly distinctive mountain landscapes that are 
of exceptional natural beauty. Their dramatic vertical and pale-coloured 
peaks in a variety of distinctive sculptural forms is extraordinary in a 
global context. This property also contains an internationally important 
combination of earth science values. The quantity and concentration of 
highly varied limestone formations is extraordinary in a global context, 
whilst the superbly exposed geology provides an insight into the recovery 
of marine life in the Triassic period, after the greatest extinction event 
recorded in the history of life on Earth. The sublime, monumental and 
colorful landscapes of the Dolomites have also long attracted hosts of 
travelers and a history of scientific and artistic interpretations of its 
values.“ (www.dolomitiunesco.info; Gianolla et al., 2009)
Among the numerous geological attributes that endow the 
 Dolomites with global significance, the prominence of the area 
stands out as one of the finest examples worldwide of Triassic 
carbonate platform-basin systems. The extensive biodiversity 
of the cliffs or fossil atolls, forming the archipelago of tropical 
islands between 240 and 230 million years ago, has been docu-
mented meticulously by Rinaldo Zardini through his tireless 

F IG . 1 :  The mountains surrounding of Cortina.
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fossil collection efforts. The declaration further underscores the 
extensive history of seminal scientific studies conducted in the 
region. And the meticulous work carried out by Rinaldo 
Zardini rightfully aligns with the scientific contributions and 
understanding of the territory, establishing the Dolomites as an 
open-air laboratory, frequented by countless researchers world-
wide.
The mountains surrounding Cortina are particularly renowned 
for rock successions deposited during the late Ladinian, Carnian 
and Norian. Rinaldo Zardini devoted special attention to the 
study of what he referred to as the “San Cassiano” (Zardini, 
1966, 1973, 1976a, 1976b, 1978, 1980a, 1980b, 1981a, 1981b, 1983, 
1988, 2023; Dieci et al., 1968; Vermeij et al., 1982). Today, a 
portion of what he identified as “San Cassiano” has been deline-
ated into two distinct lithostratigraphic units, the San Cassiano 
and the Heiligkreuz formations (Neri et al., 2007; Breda et al., 
2009; Pecorari et al. 2023). The Heiligkreuz Formation pre-
serves a crucial time interval marked by a significant climate 
change that profoundly impacted carbonate and sediment dep-
osition in tropical regions. 
This stratigraphic interval corresponds to the so called “Carnian 
Pluvial Episode” or CPE, a phase documenting the demise of 
the lower Carnian carbonate platforms (Cassian Dolomite) and 
the flattening of palaeotopography due to a rapid infilling of 
the basins by terrigenous sediments. This interval is docu-
mented in the ravines between the Cassian carbonate platforms 
and the Dolomia Principale across the Dolomites, including 
areas around Cortina, such as the base of the Tofane and the 
Cinque Torri, the roof of the Lastoni del Formin, creating 
the characteristic ledge at the base of the Tre Cime di Lavaredo. 

In adjacent basins, such as Misurina, Lago Antorno, Rifugio 
 Dibona, Milieres, Ru Merlo, Boa Grande di Mietres, Costalaresc, 
and Rio Specie, it is the stratigraphic interval in the uppermost 
part of the San Cassiano Formation and in the Heiligkreuz For-
mation (Pecorari et al., 2023 et references therein). All these 
places Rinaldo Zardini knew very well having collected and 
studied thousands of fossils in these areas (e.g., Zardini, 1966, 
1976b, 1978, 1980a, 1981a, b). 
Thorough investigations of the successions led to the discovery 
that the rocks bear witness to a climatic disturbance of the past 
linked to a sudden variation in the carbon cycle, likely asso-
ciated with a rapid and substantial CO2 emission related with 
significant volcanic eruptions, leading to an increase in tem-
perature, an enhance in the hydrological cycle (resulting in 
 increased rainfall), and likely simultaneous acidification of 
oceanic waters (Dal Corso et al., 2012, 2018, 2020). The conse-
quence was a swift deterioration in living conditions, marked 
by extinctions among several marine groups documented 
across the Tethys Sea (e.g., Dal Corso et al., 2020 and referen-
ces therein). The increasing rainfall enhanced the deposition of 
terrigenous sediments in the basins, flattening the palaeoto-
pography and creating humid environments with forests and 
lush vegetation on the emerged lands (e.g., Dal Corso et al., 
2020; Roghi et al., 2022 and references therein). 
This upheaval was short-lived; already with the Travenanzes 
Formation, a return to an arid climate occurred (e.g., Breda et 
al., 2009), but its impact on the biosphere was significant, lead-
ing to a faunal turnover. The extraordinary collection of the 
Palaeontological Museum “Rinaldo Zardini” in Cortina pre-
serves some of the first modern corals that appeared during 

F IG . 2 :  The Dibona section.
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this interval. Changes in the ammonite faunas, in the flora 
composition, the spread of dinosaurs in Pangea, and other cru-
cial evolutionary radiations characterize the Carnian Pluvial 
Episode (CPE), considered the dawn of the modern world. In 
this context, the patient and meticulous work of Rinaldo 
Zardini has played and continues to play a pivotal role in 
 advancing our understanding of the geological history of the 
 Dolomites, a fundamental piece in the reconstruction of Earth’s 
geological history.

2 . RINALDO ZARDINI ’S LEGACY IN PAL AEOZOOLOGY

Rinaldo Zardini’s fossil collection originates mainly from 
the San Cassiano Formation sensu lato (including Heiligkreuz 
Formation, Carnian, Upper Triassic), with a primary focus on 
the Cortina d’Ampezzo basin. Collections from the Gadertal/Val 
Badia, including Stuores Wiesen/Prati di Stuores and Pralongia, 
are relatively limited, not mentioned his publications. Most 
outcrops of Rinaldo Zardini were either self-discovered or 
identified in collaboration with fellow collectors, such as, for 
example Rolando Lancedelli. These outcrops include Alpe 
di Specie (Seelandalpe, Plätz wiesen), Misurina Skilift, Campo 
di Sopra, and Costalaresc. Other localities also contributed sig-
nificant fossils to his collection.
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Rinaldo Zardini’s interest in small fossils differs from many 
collectors’ interests in large and spectacular specimens. His 
approach is crucial since most marine invertebrates are small. 
The study of small fossils is particularly valuable for identifi-
cation and accurate classification, providing morphological 
characters from early ontogenetic stages of organisms such as 
 larval shells in molluscs. Fieldwork photos depict Zardini in a 
kneeling or lying position during collection, essential for locat-
ing fossils of millimetre size range in the field, such as those 
abundantly present in the Palaeontological Museum “Rinaldo 
Zardini” in Cortina. Examination of the material in the Museo 
Rinaldo Zardini clearly revealed that Rinaldo Zardini’s care-
ful approach involved washing and sieving sediments to extract 
very small fossils. Many fossils are so small that they could not 
have been spotted in the field but only in sediment residues un-
der the binocular. This meticulous approach contributed to as-
sembling his unique collection. Estimating the size of Zardini’s 
collection from the San Cassiano Formation is challenging. 
However, considering the material still present in Cortina, along 
with what has given to other scientists like Klaus Bandel 
(Hamburg, published material commonly reposited in Vienna), 
it is reasonable to assume that several hundred thousand, per-
haps even millions, of specimens were collected by him.
Zardini acquired a substantial collection, including exquisite-
ly preserved corals and sponges, primarily through excavations 
on Seelandalpe, a locality that is now less productive. Other 
outcrops contributing to his vast collection, are also lost for 
scientific research for various reasons. The once fresh landslide 
of Costalaresc exposed fossil-rich rocks but is now largely over-
grown. The once highly productive Campo site has been inac-
cessible for years. Therefore, a collection like Zardini’s is un-
likely to be replicated in dimension and diversity in the near 
future, underlining its uniqueness.
Zardini’s importance as a collector and scientist is centered 
around his dedicated focus on the San Cassiano Formation. 
Fossils from this formation are exceptionally well-preserved for 
various reasons. Fossil preservation includes specimens of snails 

and clams with the original aragonite shells preserved, which 
is rare in such ancient rocks. Consequently, the San Cassiano 
Formation has earned global recognition as a Fossillagerstätte, 
yielding over 1400 scientifically described species (Roden et 
al., 2020). These authors coined the term Liberation Lagerstätte 
for the San Cassiano Formation emphasizing its poorly lithified 
sediments that allow to extract tiny fossils with fine morpho-
logical details. In sediments of considerable geological age, this 
is usually impossible because lithification and diagenetic over-
print are too strong. The fauna of the San Cassiano Formation 
is strongly dominated by molluscs, with gastropod and bivalves 
exhibiting high abundance and diversity across most of the 
fossil localities. Echinoderms are also a diverse group. Thus, 
the mollusc dominance in modern marine biota can be traced 
back at least 230 Ma. Rinaldo Zardini himself described 
nearly 70 new snail species in his atlases, with some later des-
ignated as type species of new genera by other authors, notably 
Klaus Bandel. Thus, Rinaldo Zardini scientifically de-
scribed about 12% of the approximately 550 snail species from 
the San Cassiano Formation, ensuring his name will be remem-
bered.
Rinaldo Zardini’s significance as a collector and scientist 
was notably enhanced by the publication of his atlases on the 
echinoderms, gastropods and bivalves of the San Cassiano For-
mation (Fossili Cassiani; Zardini, 1976b, 1978, 1980a, 1981a, b). 
These atlases feature numerous technically well-crafted photo 
plates. Rinaldo Zardini was a professional photographer, 
adept at overcoming the issue of limited depth of field in the 
microphotography of small, often round fossils. The objects 
were well-illuminated, and Rinaldo Zardini coated them with 
magnesium oxide before photographing—a technique he elab-
orated on in the first snail atlas (Zardini, 1978). This signifi-
cantly contributed to the high quality of the images. Fossils are 
predominantly depicted at five- or tenfold magnification, and 
as a result, ensuring a high definition. The original specimens 
illustrated in the atlases are curated in the Palaeontological 
Museum “Rinaldo Zardini” in Cortina.

F IG . 4 :  Bandelium ruedigeri Schwardt, 
1992, locality Campo near Cortina, 
an example for an extremely well- 
preserved gastropod form Zardini’s 
collection at the Palaeontological 
Museum “Rinaldo Zardini” in Cortina; 
protoconch and fine ornaments are 
preserved (see also Karapunar & Nützel 
2021).
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Zardini’s scientific impact includes his collaboration with 
other researchers. His name is mentioned in numerous ac-
knowledgments in scientific papers, some of them are partially 
or entirely based on fossils from his collection (e. g., Leonardi 
& Fiscon, 1949, 1959; Bandel, 1991, 1992, 1993, 2007). He also 
co-authored several publications (e.g., Allasinaz & Zardini, 
1977; Vermeij et al., 1982; Dieci et al., 1986). Many genera and 
species have been named after Zardini in gratitude for provid-
ing fossils or accompanying researchers in the field. Rinaldo 
Zardini was therefore not only a collector for aesthetic rea-
sons but also played a key role in science and as networker. For 
instance, Kier (1977) wrote in his significant work on Triassic 
sea urchins: “An extraordinary collection of these sea urchins 
was assembled by Rinaldo Zardini from Cortina d’Ampezzo. 
He described many of these specimens in 1973, generously 
 allowed me to study this material.”

3. RINALDO ZARDINI ’S LEGACY FOR PAL AEOBOTANY

Rinaldo Zardini collected plant fossils in 1935, during a time 
when there were only a limited number of scientific papers on 
plant fossils from the Dolomites available. The earliest figure of 
a fossil fern fragment from the Dolomites dates to 1841, illus-
trated by Heinrich Ludolf Wissmann and Georg Graf 
von Münster. Edmund Mojsisovics von Mojsvàr provid-
ed  the first fossil list in 1879, enlisting plant fossils from the 
Ladinian of the Dolomites in his work “Die Dolomit-Riffe von 
Südtirol und Venetien” [The dolomitic reefs of South Tyrol and 
Venice province]. Maria Ogilvie Gordon published the first 
detailed descriptions and illustrations of plant fossils from the 
Dolomites in her seminal book “Das Grödener, Fassa- und 
Enne berg gebiet in den Südtiroler Dolomiten” [The area of 
Gröden, Fassa, and Enneberg in the Dolomites of South Tyrol] 

in 1927. Specimens from her work are stored today in the palae-
obotanical collection of the Staatssammlung für Geologie und 
Paläontologie in Munich. In 1932, Georg Mutschlechner 
reported fossil plants in the Wengen Formation in Val Badia.
Piero Leonardi (1953) re-evaluated the fossils mentioned 
by  Mojsisovics, Ogilvie Gordon, and Mutschlechner 
and  described plant fossils collected by Heinrich (Enrico) 
 Moroder (St. Ulrich/Ortisei) and himself in his work “Flora 
continentale Ladinica delle Dolomiti” [The continental flora of 
the Ladinian of the Dolomites] (Leonardi, 1953). In 1968, 
Leonardi wrote in his work “Le Dolomiti – Geologia dei Monti 
tra Isarco e Piave” [The Dolomites – Geology of the mountains 
between the Eisack/Isarco and Piave], that “the occurrence of 
plant fossils in the La Valle Strata underlines that the presence 
of plant remains in formations of marine origin indicates the 
proximity to landmasses (cliffs and volcanic islands).”
Rinaldo Zardini’s interest in fossils was not restricted to 
marine invertebrate fossils (e.g., bivalves, ammonites, brachio-
pods, gastropods, corals) but also included plant fossils. He 
collected them from the Ladinian strata (Wengen Formation) of 
Corvo Alto and Mondeval in the Passo Giau area. Today, the 
collection preserves the historical labels with determinations 
written by Rinaldo Zardini, providing valuable insights into 
his work with these specimens.
Among the plant fossils he collected, a particularly noteworthy 
specimen stands out  – a cycad leaf belonging to the spe-
cies Bjuvia dolomitica Wachtler et Van Konijnenburg-van 
 Cittert (2000). This fossil, approximately 70 cm long and 22 
cm wide, represents the largest leaf fragment of this species 
discovered so far. It is an almost complete leaf, cut apically and 
along one side, suggesting possible transport from the terrestri-
al environment where the plant lived to the marine deposition-
al setting. Rinaldo Zardini originally identified this speci-
men as Paleocycas, an italianized version of the original name 
Palaeocycas Florin, a Late Triassic species from Sweden. It is 
uncertain whether Zardini was aware of the papers by 
 Rudolf Florin (1894 – 1965), but none of the publications on 
plant fossils from the Dolomites before Zardini mentioned 

F IG . 5 :  Striazyga zardinii Nützel, 1998, locality Campo near Cortina, another example for a 
well-preserved gastropod form Zardini’s collection at the Palaeontological Museum 
“Rinaldo Zardini” in Cortina; protoconch and fine ornaments are preserved (named in 
honour of Rinaldo Zardini).

F IG . 6 :  Leaf fragment of Bjuvia dolomitica, MDR 2645, Palaeontological Museum “Rinaldo 
Zardini” in Cortina.
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this genus. This choice of nomenclature reflects Zardini’s 
meticulous research during fossil determination and under-
scores his robust network of international contacts in the scien-
tific community.
Preserved in the collection are also fern fragments identified as 
belonging to the Osmundaceous Cladophlebis leuthardtii Leonardi. 
Rinaldo Zardini labelled these specimens as Neuropteridium, 
but subsequent analysis revealed that the pinnules are smaller 
and more sickle-shaped than the species typically assigned to 
this genus (Van Konijnenburg-van Cittert et al., 2006). 
Today, these fern fragments are assigned to the species Clado-
phlebis leuthardtii. Although Leonardi (1953) had already re-
ported the presence of Neuropteridium in the Ladinian of the 
Dolomites, the genus is rare in Ladinian layers, being more 
abundant in the Anisian sediments, as demonstrated in studies 
by Kustatscher & Van Konijnenburg-van Cittert (2005) 
and Kustatscher et al. (2010, 2019).
Another pinnate leaf fragment was labelled by Rinaldo 
Zardini as Pterophyllum venetum De Zigno (Zardini, 1988, pl. 
6, fig. 8; Fig. 7). Achille De Zigno (1873) established this spe-
cies based on fossil leaf fragments from the Calcari Grigi Group 
of the Jurassic in the Vicenza Province. This species has been 
rarely mentioned in literature of the time, suggesting that 
Zardini was aware of De Zigno’s paper. The leaf fragment, 
resembling the drawings of Achille De Zigno (1873), was 
inter preted by Zardini as a fern leaf. Interestingly, Maria M. 
Ogilvie Gordon (1927) had previously assigned a similar spec-
imen to the genus Pterophyllum, albeit to a different species, 
Pterophyllum brevipenne Kurr. Modern taxonomic understand-
ing identifies these specimens as belonging to the seed fern 
species Ptilozamites sandbergeri (Schenk) Kustatscher et Van 
Konijnenburg-van Cittert (2007). 
In the first edition of “Geologia e Fossili delle Dolomiti di Cortina 
e dintorni” in 1973 Rinaldo Zardini reported the presence of 
amber from the successions in the Cortina area. This remar kable 

F IG . 8 :  Rock sample with plant debris and amber droplets, Palaeontological Museum 
“Rinaldo Zardini” in Cortina.

F IG . 7:  Leaf fragment of Ptilozamites sandbergeri, MDR 2655, Palaeontological Museum 
“Rinaldo Zardini” in Cortina.
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finding followed 60 years after the first description of amber in 
1913 by Rudolf Karl von Koken (1860–1912). In the sub-
sequent 25 years extensive examination of this fossil resin 
(Figs. 8, 9) has shed light on both its palaeobotanical origin and 
palaeozoological inclusions. The Carnian (Late Triassic) amber 
has revealed a unique microcosm including bacteria, protozoa, 
algal spores, nematodes, pollen grains, and spores (Gianolla 
et al., 1998; Roghi et al., 2006; Schmidt et al., 2006, 2012). The 
in-depth exploration of fossil resin droplets has led to the iden-
tification of multicellular organisms, including mites and in-
sects. Rinaldo Zardini alongside collaborators such as Paolo 
Fedele (also from Cortina), has played a pivotal role in inaugu-
rating an entirely novel realm in scientific studies. This re-
search not only enhances our understanding of Late Triassic 
amber but also provides insights into a specific moment in 
Earth’s biological history, the Carnian Pluvial Episode. The 
synergy between historical observations and contemporary 
investigations has opened a new chapter in our scientific com-
prehension of the ancient ecosystems encapsulated within the 
amber deposits near Cortina (Dal Corso et al., 2020; Roghi et 
al., 2022).

4. CONCLUSIONS

Rinaldo Zardini’s enduring contributions have become the 
foundation for numerous palaeontological studies and scienti-
fic discoveries. His meticulous work, spanning geology, palaeo-
zoology, and palaeobotany, has paved the way for a deeper un-
derstanding of the Dolomites’ geological and paleontological 
significance. The scientific community continues to build upon 
his legacy, conducting studies on his fossil collections and the 
localities he identified. 
Zardini’s mountains, the Dolomites, have evolved into a global 
reference area for geology and for understanding the ancient 
Triassic world. His passion for these mountains, seen through 
the eyes of both a photographer and a scientist, has left an in-
delible mark. The UNESCO World Heritage designation in 2009 
(Gianolla et al., 2009), based on aesthetic and landscape val-
ue as well as scientific importance in geology and geomorphol-
ogy, further underscores the international recognition of the 
Dolomites’ significance. 
Rinaldo Zardini’s imprint on the research of Mesozoic ma-
rine faunas is undeniably profound, and his legacy endures 
through the wealth of knowledge encapsulated in his collec-
tions. His meticulous approach, keen observation, and generos-
ity in sharing his fossils have ensured that his collection 
 remains a valuable resource for ongoing research and explora-
tion. His passion for uncovering the hidden treasures in the 

F IG . 9 :  Amber droplets from the Dibona section.
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Dolomites, especially the beauty of small fossils, is a testament 
to the curiosity and strong desire to discover that drove his 
scientific pursuits. His spirit lives on not only through his col-
lections and publications but also through the enthusiasts he 
inspired, creating a lasting impact on the study of nature and 
geology.
The torch has been passed on to subsequent generations, in-
cluding scientists and collectors like Rolando Lancedelli, 
the Toscani sisters, Giorgio Zardini, Paolo Fedele, and 
many others. Their dedication to continue the exploration of 
the wonders of the territory and the mountains is a tribute to 
Zardini’s enduring influence. The development of geological 
research in the Cortina d’Ampezzo area owes much to Zardini 
and those he inspired, ensuring that his legacy persists in the 
ongoing pursuit of understanding the Earth’s geological history.
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caso ci siano testi in tedesco o in italiano sono richiesti un 
riassunto in inglese e didascalie aggiuntive in inglese.

NORME REDAZIONALI

• Il Manoscritto deve avere una lunghezza adeguata all’argo-
mento, può essere arricchito con materiale illustrativo e 
integrato con tabelle e mappe di formato massimo pari ad 
una doppia pagina del volume.

• Per la struttura si raccomanda di seguire il seguente 
schema: Titolo (sempre in tedesco o in italiano e inglese), 
Autore(i), Indirizzo degli autori (oppure il loro lstituto di 
appartenenza), Abstract (inglese), Keywords, 1. Introduzione, 
2. Area di studio, 3. Materiali e metodi, 4. Risultati (se neces-
sario suddividere ulteriormente in capitoli o utilizzare sotto-
capitoli), 5. Discussione; Riassunto, Ringraziamenti, Biblio-
grafia.

• L’abstract (con titolo in inglese) non deve superare le 200 
parole.

• Keywords sono da indicare alla fine dell’abstract in lingua 
inglese. Si consiglia di utilizzare al massimo 6 keywords. 
Non devono essere usate parole che compaiono nel titolo.

• Formato del testo: Word (.docx o .odt), Times New Roman, 
dimensione dei caratteri 12, allineamento a bandiera. Altri 
tipi di formattazione sono da evitare (in particolare formatta-
zioni dei paragrafi, sottolineature del testo). Fanno eccezione 
i nomi delle specie paleontologiche che sono da scrivere in 
corsivo e i nomi degli autori che vanno scritti in Maiuscoletto.

• Tulle le immagini, mappe, tabelle, ecc. devono avere una 
didascalia nella lingua originale dell’articolo e in inglese. 

• Citazioni bibliografiche: i nomi delle riviste possono 
essere abbreviati (abbreviazioni internazionali standard) o 
scritti per esteso (può decidere l’autore, ma va mantenuta 
l’uniformità all’ interno del lavoro). Le citazioni dei siti web 
devono essere comprensibili e corrispondere alle modalità di 
citazione suggerite dal sito stesso. Deve essere riportata 
anche la data della consultazione del sito (vedi l’ultimo tra gli 
esempi di citazione riportati di seguito).

 Esempi:
 Bosellini A. & Hardie A. L., 1973: Depositional theme of a 

marginal evaporite. Sedimentology, 20: 5–27.
 Wopfner H. & Farrokh F., 1988: Palaeosols and heavy 

mineral distribution in the Groeden Sandstone of the Dolo-
mites. In: Cassinis G. (ed.), Permian and Permian-Triassic 
boundary in the South-alpine segment of the western Tethys 
and additional regional reports. Memorie della Società Geo-
logica Italiana, 34: 161–173.

 Wissmann H. L. & Münster G. Graf von, 1841: Beiträge 
zur Geognosie und Petrefactenkunde des südöstlichen Tirol’s 
vorzüglich der Schichten von St. Cassian. Buchner’sche 
Buchhandlung, Bayreuth, 152 pp.

 Balme B. E., 1995: Fossil in situ spores and pollen grains: an 
annotated catalogue. Review of Palaeobotany and Palyno-
logy, 87(2–4): 81–323.

 Benton M. J., 2015: Vertebrate Palaeontology. 4th edition. 
Wiley Blackwell, West Sussex, 480 pp.

 Gianolla P., Morelli C., Cucato M. & Siorpaes C., 2018: 
Note Illustrative - Foglio 016 Dobbiaco, Carta Geologica d’Ita-
lia alla Scala 1:50.000. ISPRA, Roma.

 Goldenberg G., 2001: Bronzezeitlicher Kupferbergbau in 
Nordtirol. url: https://www.archaeologie-online.de/artikel/ 
2001/thema-montanarchaeologie/bronzezeitlicher-kupferberg 
bau-in-tirol/ (consultato il 12/2/2021)

• Le immagini devono essere presentate come file .jpg, come 
PDF o in formato TIFF. Occorre accertarsi che la dimensione 
dei caratteri nelle immagini e nei grafici sia appropriata, in 
modo che siano ancora leggibili, nel caso di eventuali ridu-
zioni di dimensione necessarie al momento della stampa. I 
motivi a maglie fini dovrebbero essere evitati a causa del 
possibile effetto Moirè. Risoluzione minima richiesta: 300 
dpi (nel formato di stampa) o 600 dpi per le illustrazioni gra-
fiche. Le immagini devono avere larghezza pari a una 
colonna (84 mm) o due colonne (173 mm) e lunghezza pari a 
251 mm al massimo. Indicare la scala delle carte con barre di 
misurazione.

• In presenza di tavole illustrate le singole immagini devono 
essere contrassegnate con una lettera in maiuscolo in basso 
a destra e ciascuna deve essere presentata separatamente 
(Proposte di Layout sono ben accette). Il montaggio finale 
viene eseguito dal “layouter”. La lettura parte dall’alto a sini-
stra verso il basso a destra. Le barre di misurazione sono da 
inserire nell’originale e verranno ridotte o ingrandite dalle 
eventuali variazioni di formato.

• Le tabelle devono essere presentate come file separati Word 
o Excel.

• Il manoscritto deve essere consegnato nella versione digi-
tale completa. Ciò significa che deve comprendere tutte le 
tabelle, i grafici, i disegni, foto e relative legende inseriti nel 
testo dove gli autori vogliono che siano collocati. Questi 
devono comunque essere collocati entro i limiti dell’area di 
stampa (formato del volume DIN A4) (colonna singola, 
colonna doppia, pagina intera o su doppia pagina). Inoltre 
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essi vanno consegnati separatamente come file originali 
(comprese le foto con risoluzione originale). Tabelle piegate 
non verranno accettate.

• Saranno presi in considerazione solo i manoscritti conse-
gnati in modo completo e in formato corretto.

ACCET TAZIONE DEL MANOSCRIT TO

I manoscritti possono essere inviati in qualsiasi momento 
all’indirizzo geo.alp@naturmuseum.it; la scadenza editoriale 
per il rispettivo volume annuale è la fine del mese di settembre 
dell’anno corrente. Il comitato editoriale decide sull’ accetta-
zione del manoscritto in seguito a una valutazione scientifica 
con la collaborazione di un revisore esterno (peer-reviewing). 
Gli autori verranno informati riguardo all’accettazione o il 
rifiuto del loro manoscritto. Le proposte di correzione verranno 
inviate agli autori. Il manoscritto revisionato deve essere 
inviato al section editor il prima possibile (geo.alp@naturmu-
seum.it). Gli autori riceveranno una bozza per le ultime corre-
zioni formali finali (di lieve entità!) prima della stampa. 

DIRIT T I D’AUTORE

Con l’accettazione del manoscritto il diritto di pubblicazione 
passa all’editore.

COPIE OMAGGIO

I lavori pubblicati verranno messi sulla homepage del Museo di 
Scienze Naturali dell’Alto Adige (www.natura.museum) come 
file pdf, dove potranno essere scaricati. Gli autori riceveranno 
gratuitamente una copia stampata del volume.

EDITORE

Museo di Scienze Naturali dell’Alto Adige
Via Bottai 1
39100 Bolzano
Italia
Tel. +39 0471 412960
geo.Alp@naturmuseum.it
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AUTHOR GUIDELINES (MARCH 2022)

TOPICS

Original studies from the overall field of geology of the Alpine 
region with a regional focus on the area of historic Tyrol; geol-
ogy in a broad sense, including regional petrography, mineral-
ogy, paleontology, tectonics, deposit science, hydrogeology, 
engineering geology up to the history of geology and archaeo-
logical-geological issues.

L ANGUAGE

Articles can be submitted in English, German or Italian. In case 
of German or Italian text, an English abstract and additional 
English captions are required.

FORMAL REQUIREMENTS

• The manuscript should be of an appropriate size for the 
topic but may be illustrated with abundant visual material 
and supplemented by tables and maps in a maximum dou-
ble-page booklet format. 

• The recommended outline is as follows: title (always Ger-
man or Italian and English), author(s), address (or affiliation) 
of the authors, abstract (English), keywords, 1. introduction, 
2. study area, 3. material and methods, 4. results (if necessary 
deeper hierarchy or intermediate chapters), 5. discussion; 
summary, acknowledgements, references.

• The abstract (with English title) should not exceed 200 
words.

• Keywords are placed after the abstract and written in Eng-
lish. A maximum of 6 keywords is recommended. Words that 
already appear in the title should not be used.

• Text format: Word (.docx or .odt), Times New Roman, font 
size 12, flat type. Other formatting (especially paragraph for-
matting, underlining of text) should be avoided. Exceptions 
are species names, which are written in italics, and author 
names, which are written in Capitals.

• All figures, maps, tables, etc., must be labeled in the orig-
inal language of the article and in English.

• References: Journals may be abbreviated (standard interna-
tional abbreviations) or written out (is up to the author but 
should be consistent within the paper). 

 Citations from Internet sites must be traceable or conform to 
the citation mode suggested in these pages. The date on 
which the page was accessed must also be given (see last 
citation example below).

 Examples:
 Bosellini A. & Hardie A. L., 1973: Depositional theme of a 

marginal evaporite. Sedimentology, 20: 5–27.
 Wopfner H. & Farrokh F., 1988: Palaeosols and heavy min-

eral distribution in the Groeden Sandstone of the Dolomites. 
In: Cassinis G. (ed.), Permian and Permian-Triassic boundary 
in the South-alpine segment of the western Tethys and addi-
tional regional reports. Memorie della Società Geologica 
Italiana, 34: 161–173.

 Wissmann H. L. & Münster G. Graf von, 1841: Beiträge 
zur Geognosie und Petrefactenkunde des südöstlichen Tirol’s 
vorzüglich der Schichten von St. Cassian. Buchner’sche 
Buchhandlung, Bayreuth, 152 pp.

 Balme B. E., 1995: Fossil in situ spores and pollen grains: an 
annotated catalogue. Review of Palaeobotany and Palynology, 
87(2–4): 81–323.

 Benton, M. J., 2015: Vertebrate Palaeontology. 4th edition. 
Wiley Blackwell, West Sussex, 480 pp.

 Gianolla P., Morelli C., Cucato M. & Siorpaes C., 2018: 
Note Illustrative - Foglio 016 Dobbiaco, Carta Geologica d’Ita-
lia alla Scala 1:50.000. ISPRA, Roma.

 Goldenberg G., 2001: Bronzezeitlicher Kupferbergbau in 
Nordtirol. url: https://www.archaeologie-online.de/artikel/ 
2001/thema-montanarchaeologie/bronzezeitlicher-kupfer 
bergbau-in-tirol/ (accessed on 12.2.2021)

• Figures should be submitted as .jpg files, as PDF or in TIFF 
format. Attention should be paid to an appropriate font size 
in the images and graphics so that they are still easily legible 
if the originals are reduced in size. Fine mesh patterns 
should be avoided due to possible moiré effects. Required 
minimum resolution: 300 dpi (in print size) or 600 dpi for 
line graphics. Illustrations may be one column (84 mm) or 
two columns (172 mm) wide and a maximum of 251 mm long. 
Please mark map scales with measuring bars.

• In the case of image plates, the individual images should be 
marked with capital letters at the bottom right and each sub-
mitted separately (suggestions for layout are welcome). The 
final assembly is, however, done by the designer. Reading 
from top left to bottom right. Scale bars should be inserted 
into the original, so they are reduced or enlarged when the 
format is changed. 

• Tables should be provided as separate Word or Excel files.
• The manuscript must be submitted as a complete digital 

version. This means that it contains all tables, graphs, draw-
ings, photos and corresponding captions placed where the 
authors prefer. These must be oriented to the type area (DIN 
A4) (single-column, double-column, full- or double-sided); 
they must also be submitted as separate original files 
(including photos with original resolution). Folded plates will 
not be accepted. 

 Only complete and correctly formatted manuscripts will be 
processed.
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MANUSCRIPT ACCEPTANCE

Manuscripts can be submitted on an ongoing basis to geo.alp@
naturmuseum.it. The editorial deadline for the respective 
annual volume is the end of September of the current year. The 
editorial board decides on the acceptance of the manuscript 
after professional examination and with the help of external 
reviewers (peer-reviewing). The author will be informed about 
the acceptance or rejection of the manuscript. Suggestions for 
corrections provided by the reviewers are sent to the author. 
 The revised manuscript must be sent to the Editor (geo.alp@
naturmuseum.it) as soon as possible. The author will receive a 
galley proof for final corrections (of minor extent!) before print-
ing.

COPYRIGHT

With the acceptance of the manuscript, the one-time publica-
tion right is transferred to the editor.

FREE COPIES

The Geo.Alp articles will be placed as pdf-document on the 
homepage of the Museum of Nature South Tyrol (www.natura.
museum) and can be downloaded. Authors will receive a free 
copy of the printed volume.

PUBLISHER

Museum of Nature South Tyrol
Bindergasse 1
39100 Bolzano
Italy
Tel. +39 0471 412960
geo.Alp@naturmuseum.it
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