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ximately perpendicular in respect to the Lanterna unit B 
expos ed along the crest of the island, suggesting a sharp 
angul ar unconformity.

3.3.1. Biostratigraphy and depositional environment 
of the Salamandrija unit
Study of thin sections of the Salamandrija biocalcarenite 
(samples Pal–10 and Pal–13, location 6 on Fig. 2) confi rmed 
the presence of some microfossils reported by BOŽIČEVIĆ 
et al. (1965). Within recrystallized bioclastic-skeletal-litho-
clastic grainstones (Fig. 10) biogenic debris mostly made up 
of bioclasts of sea urchins, red algae, mollusc shells and tests 
of benthic foraminifera was discovered. Among the latter, 
the most abundant are Elphidium sp. (including Elphidium 
crispum), followed by Asterigerinata sp., Melonis sp., Het-
erolepa sp., Gyroidinoides sp., Ammonia sp., Neoeponides 
sp., etc). E. crispum occurs, in the Mediterranean region, in 
Miocene sediments (AGIP, 1982).

In a preliminary study of the fossil content of the Sala-
mandrija unit, BOŽIČEVIĆ et al. (1965) reported, besides 
casts and fragments of molluscs, fragments of calcareous al-
gae, and recrystallized globigerinids, a number of benthic fo-
raminifera including Robulus sp., Amphistegina sp., Nonion 
granosum, N. soldanii, Rotalia beccarii, Elphidium cripum 
and ostracod species Cythereis tricostata. According to BOŽI-
ČE VIĆ et al. (1965), this fossil assemblage indicates a general 
Neogene age, similar to a marine Pliocene assemblage found 
in southern Apulia. However, the abundance of Elphidium sp. 
is suggestive of a Miocene age, and, in any case, as a detrital 
limestone made up of reworked bio- and lithoclasts, the fossil 
assemblage of the Salamandrija unit is not conducive to pre-
cise age determination.

The foraminiferal association indicates an inner shelf 
environment (cf.  BOLTOVSKOY & WRIGHT, 1976). BOŽI-
ČEVIĆ et al. (1965) suggest a coastal sedimentary environ-

ment based on the abundance of Amphistegina sp. Undefi ned 
subangular lithoclasts of older rocks are also present, includ-
ing micritic limestones containing calpionellids (tintinnids). 
These redeposited subangular lithoclasts suggest that older 
rocks (including Mesozoic deeper-water micritic limestones) 
were deformed and exposed during sedimentation of the Sal-
amandrija unit.

3.3.2. Strontium isotopes of the Salamandrija unit
As an independent method to determinate age for the Sala-
mandrija unit, the 87Sr/86Sr composition of a bulk biocal-
carenite sample from the Salamandrija quarry pit were ana-
lysed. (location 6 on Fig. 2), along with the shells of two 
modern intertidal gastropods, Natica millepunctata and Pa-
tella coerulea, col lect ed at the island of Hvar and representing 
the present stron tium isotopic composition of Adriatic seawa-
ter. In addition, a sample of pelagosite, which represents a bio-
aragonite related to the cyanobacterial activity in the supra-
tidal zone (see section 4.3.), and a sample of dolomite from 
the Lanterna unit A were also analysed. Analysis was under-
taken at the Berkeley Institute for Isotope Geochemistry, us-
ing sample preparation and an analytical procedure similar to 
that described by DePAOLO & INGRAM (1985).

The results are shown in Table 2, and plotted in Fig. 11 
against the curve of seawater strontium composition from 
the Permian to Recent (McARTHUR et al., 2001). The com-
position of the Lanterna unit A dolomite resulted in an am-
biguous age determination, because of strong diagenetic al-
teration of the parent rock. The 87Sr/86Sr value of 0.709072 
from the Salamandrija biocalcarenites provides a minimum 
age of about 9 Ma (i.e. lower Tortonian).

3.3.3. Age of the Salamandrija unit
Salamandrija biocalcarenites contain a wealth of microfo-
ssils and skeletal fragments of shallow-marine benthic fora-

Fi gu re 10: Microfacies and microfossils in the 
Miocene biocalcarenite of the Salamandrija 
unit (sample Pal–13, location 6 on Fig. 2). Scale 
bar 0.5 mm.
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minifera, which indicate a broadly Neogene age (section 
3.3.1., Fig. 10). Combining the biostratigraphic data with the 
chemostratigraphy (section 3.3.2.; Fig. 11) a broadly Mio-
cene age is proposed here for the Salamandrija unit.

3.4. Talus units and rock falls

The stratigraphic succession making up the bedrock of Ve-
lika Palagruža is covered, particularly in the central part of 
the island, by loose or locally cemented talus, including brec-
cia, rock-fall boulders, and soil. In the area of Stara Vlaka, 
a wedge of dip-slope, coarse, poorly cemented detritus cov-
ers up the dolomites of the Lanterna unit B. A cross section 
of the wedge and the underlying bedrock is exposed in the 
Stara Vlaka cove (Fig. 6A), offering the opportunity to de-
termine the relationship between the cover and the underly-
ing bedrock. Here, the dolomitic breccias of the Lanterna 
unit B are strongly tectonized, and displaced by the WNW–
ESE striking oblique-slip fault, which puts them in contact 
with the equally tectonized Žalo unit (Fig. 6B). The fault as 
well as the contact between the Žalo unit and the Lanterna 
unit A is capped by the detrital wedge, which clearly dips 

downslope toward the NE. The wedge is composed of lay-
ers of poorly cemented dolomite breccia resting on top of 
fi ner, reddish debris, probably representing a lateritic soil.

Near the contact with the underlying dolomite bedrock, 
at 13 m asl, a deposit of rounded pebbles suspended in a red-
dish sandy matrix (Fig. 12A) occurs. In between the pebbles, 
rare fragments of bivalve shells and pebbles showing the 
typical superfi cial texture produced by perforating algae sug-
gest a palaeobeach depositional environment. One pebble 
we collected is perforated by a lithodomus burrow, which 
still contains the original bivalve shell (Fig. 12B).

Fi gu re 11: Plot of the 87Sr/86Sr composition of samples from the Lanterna 
unit A (dolomite), the Salamandrija unit (biocalcarenite), pelagosite (bio-
aragonite), and modern Adriatic gastropod shells compared to the Permi-
an to Present seawater 87Sr/86Sr curve of McARTHUR et al., 2001.

TABLE 2: Strontium isotope ratios of the Palagruža (PLG) samples: Lanterna unit A dolomite (cliff  near Picokare, Fig. 2), Salamandrija unit biocalcarenite 
(locality 6 on Fig. 2) and Pelagosite sample (cliff  near Picokare, Fig. 2) compared with modern mollusc shells from the Adriatic Sea (island of Hvar – HVA)

Sample Material Formation Age 87Sr/86Sr Error ±

PLG/05-4 D dolomite Lanterna unit A Late Triassic (?) 0.707490 0.000008

PLG/05-10 L limestone Salamandrija unit Late Miocene 0.709072 0.000010

PLG/05-4 P aragonite Pelagosite Holocene 0.709232 0.000010

HVA/07 NAT calcite Natica shell Present 0.709221 0.000009

HVA/07 PAT calcite Patella shell Present 0.709235 0.000008

Fi gu re 12: A) Outcrop of the pebbly palaeobeach of Stara Vlaka: B) a 
rounded pebble showing the surface perforated by burrowing algae and 
Lithodomus.
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It is uncertain whether this deposit represents the rem-
nant of a Quaternary palaeobeach or an older deposit formed 
during a Miocene transgression or Pliocene(?) to Quaternary 
marine regressions (i.e., during the emergence of the island). 
As for the bedded talus, it appears that it formed in recent 
times after the emersion of the island, and it does not repre-
sent a sedimentary continuation of the Salamandrija unit.

A similar talus exposure, which suggests a post-Mioce ne, 
post-deformational talus deposit, is observed on the west side 
of the Picokare ravine (see Fig. 4A). Here the poorly cement-
 ed breccia layers dip south, thus representing a talus slope 
with a bedding direction essentially perpendicular to the Sal-
amandrija unit and the Stara Vlaka talus wedge. It is worth 
mentioning that just below the saddle between Salamandrija 
and the lighthouse peak, at about 50 m asl at the head of the 
Picokare ravine, we found some sparse ro und ed pebbles, 
which may represent yet another, older paleobeach deposit.

The slope on the south side of Salamandija, between 
Žalo and Picokare, is littered by loose rock waste and boul-
ders, some of which are so large that they may in fact repre-
sent bedrock remnants of a strongly eroded cliff topography. 
It is also to be noted that, it has been reported that cata-
strophic rock falls occurred in very recent times (FOREN-
BAHER & KAISER, 2005).

4. NEOTECTONICS AND RELATED FEATURES

The island of Velika Palagruža can be described as a vertical 
topographic feature, in which the bedrock has been emerging 
from the sea in response to active tectonics, and is affected by 
marine erosion. In Section 2 we reviewed the present seismo-
tectonic situation of the central Adriatic, which places Pala-
gruža near the emergence of a large, seismically active thrust 
fault (BENNETT et al. 2008), and/or in an area where wrench 
tectonics and salt diapirism causes uplifting (e.g. GRANDIĆ 
et al., 2002; GELETTI et al., 2008). While surveying the island 
in recent years, several features were discovered, which testify 
to the recent uplifting of the island. These are fl at areas (marine 
straths), palaeobeach deposits, and pelagosite, all occurring at 
different elevations throughout the island.

4.1. Marine straths

There are only few places where the topography is fl at at 
Palagruža, which contrasts with the otherwise vertical to-
pography of the island. These areas may represent marine 
straths (see Fig. 2 for locations). Of course, in this tiny island 
there are no extensive fl at surfaces that may strictly be de-
fi ned as a marine strath or peneplain. Thus, we use here the 
term of marine strath in a general sense, indicating a fl at and 
nearly horizontal erosional surface cutting across steeply 
dipping bedrock layers.

One such marine strath is found at about 75 m asl, just 
above the Biljovka cove (Figs. 6A and 13A). Another pos-
sible case of marine strath is represented by Salamandrija, 
which is the largest fl at area of the island at about 60 m asl, 
and, in fact, this has been the site of human settlements since 
the Early Neolithic (FORENBAHER & KAISER, 2005). 

Similarly, the archaeological site of Jonkova Njiva (about 50 
m asl) on the eastern end of the island, and a small fl at area 
at about the same elevation on the westernmost point of the 
island may also be considered remnants of fl at erosional sur-
faces. Finally, the rocky promontory composed of dolomite 
breccia of the Lanterna unit B, which delimits the northern 
side of Stara Vlaka cove, is also cut by a fl at and nearly hor-
izontal surface, at about 13 m asl (Fig. 13B). This plateau is 
now covered in part by large rock-fall boulders, but in its 
inland part is overlain by the palaeobeach deposit.

4.2. Palaeobeach deposits

One palaeobeach deposit made up of rounded pebbles is de-
scribed in Section 3.4. (Fig. 12A). A relatively conspicuous 
beach deposit is found at the western foot of the Picokare 
ravine resting at about 6 m asl, and consisting of rounded 
pebbles, cobbles, and boulders (up to 40 cm in diameter) free 
of any matrix (Fig. 14). Some pebbles exhibit a perforated 
surface possibly caused by burrowing algae or lithophagous 
bivalves, but no shells, nor encrusting algal remains have 
been found so far. A deposit of rounded pebbles was observed 
fi lling a ledge on the vertical sea cliff just above the palaeo-
beach deposit of Picokare, at about 13 m asl (Fig. 14).

Although the boulders could be deposited 6 m asl from 
the recent shoreline by gigantic waves under specifi c hydro-

Fi gu re 13: Marine straths A) at 75 m above sea level above the Biljovka 
cove, and B) making up the northern spur of Stara Vlaka cove.
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dynamic regimes, the deposit was still interpreted as a remnant 
of a palaeobeach, since in the footwall of the cliff pebbly beach 
deposits have not been observed. Thus, the pala eobeach also 
indicates recent uplifting of the island.

Unfortunately there are no means to determine an age for 
these palaeobeach deposits due to the absence of fossil re-
mains. A more thorough survey of the cliffs around the light-
house peak may reveal other deposits of this kind at different 
elevations, and chances are that fossil remains of sea molluscs 
can be found, providing material for radioisotopic dating.

4.3. Pelagosite

Further evidence for the recent tectonic uplifting of Palagruža 
comes from black mineral incrustations with a vitreous lu-
stre resembling tar, which covers, in irregular patches, the 
rocky coast of the island from just above the tide line up to 
13 m asl (Fig. 15A). This strange substance was fi rst reported 
by MARCHESETTI (1876), and, one year later, it was nam ed 
“pelagosite” (from Pelagosa, the Latin name of Palagruža) 
by STOSSICH (1877).

The reports by Marchesetti and Stossich were followed 
by 50 years of debate in the international scientifi c community 
about the nature and origin of this strange mineral (e.g. CLOËZ, 
1878; SQUINABOL & ONGARO, 1901; CLERICI, 1920). 
Finally, ONORATO (1926) published a comprehensive paper 
on the morphological, mineralogical, physical, chemical, and 
microbiological characteristics of pelagosite samples from the 
Tremiti islands, which are located some 75 km southwest of 
Palagruža. Pelagosite turned out to be pisolitic aragonite. It 
consists of pearl or mamellon-shaped objects with a concen-
tric ring internal structure “similar to tree rings”, made of a 
pure aragonite, and solidly attached to the rocky substratum. 
According to ONORATO (1926), pelagosite is produced by 
“blue-green algae” (i.e., cyanobacteria) where the supralitto-
ral rock is frequently wetted by sea aerosol.

Optical microscopy by MONTANARI et al. (2007) con-
fi rmed the pisolitic structure of pelagosite, as originally ob-

served by ONORATO (1926), and showed that 2–3 μm thick 
alternating dark-light laminae are arranged rhythmically 
through mm-thick sections of pelagosite crusts (Fig. 15B). 
Thicker laminae contain submicron-size inclusions of or-
ganic matter (Fig. 15C), including fragments of cyanobacte-
rial cells (Fig. 15D) similar to those observed by ONORATO 
(1926) in the Tremiti pelagosite. By assuming that these lam-
inae represent yearly accretions (just like the rings in a tree 
trunk), MONTANARI et al. (2007) determined that their ar-
rangement bears cyclicity with frequencies comparable to 
those of the periodic climate changes controlled by El Nińo 
and the North Atlantic Oscillation (i.e., dry-wet/cold-warm 
meteorologic conditions alternating approximately every 3, 
8, and 12 years).

In a recent microbiological study of pelagosite samples 
from Palagruža, MACALADY et al. (2008) confi rmed Ono-
rato’s conclusion of a biogenic origin for this aragonite and, 
through DNA analysis of the organic fraction, they deter-
mined the presence of cells belonging to Xenococcus (Fig. 
15D), a rare genus of cyanobacteria, and apparently a new 
species never described before.

The fact that pelagosite apparently forms within a cou-
ple of metres above tide line, but today is found up to 13 m 
above sea level, suggests that Palagruža is currently uplift-
ing. The uplifting rate of the Gargano promontory (Apulia 
domain, Fig. 1), estimated by MASTRONUZZI & SANSÒ 
(2002) from U/Th dating of bioherms and other paleo-sea 
level indicators, is 1.5 mm yr–1. In contrast, the coastal areas 
of NE Adriatic (Croatia) are presently under a regime of sub-
sidence (BENAC et al., 2004; ANTONIOLI et al., 2007).

The preliminary U/Th dating of pelagosite from Velika 
Palagruža by MONTANARI et al. (2007), yielded ages around 
2200 years for samples collected between 3 and 4 m above 
sea level at Picokare, and 6500 years for a sample from 6 m 
above sea level, suggesting that Palagruža is uplifting at a 
rate comparable with the uplifting rate of the Gargano prom-
ontory estimated by MASTRONUZZI & SANSÒ (2002). 
This encourage further work to better evaluate the potential 
of this biomineral for assessing vertical tectonic movements 
of littoral environments.

5. SUMMARY AND CONCLUSIONS

The tiny islands of the Palagruža archipelago represent the only 
pieces of dry land exposed in the middle of the central Adriatic 
Sea. The outcrops offer the unique opportunity to study Meso-
zoic and Cenozoic deposits in the central part (Mid-Adriatic 
ridge) of the common Adriatic foreland of the Apenninic and 
Dinaridic orogenic domains. Our geological reconnaissance of 
the island of Velika Palagruža, the largest in the archipelago, 
allows us to assess some stratigraphic and tectonostructural 
characteristics, which were never described in the few geologi-
cal reports available in accessible literature.

Velika Palagruža is composed of four main sedimentary 
units. However, evidence that these units are in stratigraphic 
continuity is lacking, as they are all bounded by faults and 
discordances.

Fi gu re 14: Subvertical bedding of the dolomites of the Lanterna unit A 
exposed along the littoral cliff  of Picokare. Pebbly palaeobeach deposits at 
the bottom of the Picokare ravine (at about 6 m asl) and in a ledge of the 
cliff  at about 13 m asl.
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The oldest unit recognized is formed of highly deformed 
siliciclastic (silt and clay) deposits containing gypsum and 
thin layers of stromatolitic limestones capped by a package 
of thin-bedded dolomite layers. Palynomorphs contained in 
the clay at the base of this succession indicate a Middle Tri-
assic age (Ladinian). This unit, named Žalo, represents a tran-
sitional fl uvial-to-shallow marine, occasionally evaporitic 
environment, typical of the Middle Triassic rifting phase of 
the Adriatic microplate.

The Žalo unit is in discordant relationship with the young-
 er Lanterna unit of thick to medium-thick bedded dolomite 
and dolomite breccia, with or without chert. Palynomorphs 
in a sample from the Lanterna unit indicate a Late Triassic 
age. The Lanterna unit is actually made up of two subunits 
recognizable for their different bedding thickness and style. 
Unit A is characterized by thick and medium-thick layers of 
dolomite with chert, and unit B is characterized by massive 
dolomite breccia and thin- to medium-thick dolomite layers 
devoid of chert. These two subunits are separated by a WNW –
ESE striking, subvertical, oblique-slip fault, which crosses 
the entire length of the island. The presence of well-bedded 
dolomite with chert and massive bodies of dolomite breccia 
suggests a transitional platform-to-basin depositional setting 
of an evolving Adriatic Basin domain.

The Lanterna unit dolomites are capped by biocalcareni-
tes of the Salamandrija unit, containing abundant microfos-

sils, which, along with strontium isotope data, indicate a 
broadly Miocene age. The biocalcarenites bedding alignment 
is highly discordant in respect to the underlying Lanterna 
unit, although the actual contact between the two units is not 
visible because it is covered by talus. Talus, landslide depo-
sits, and humic soil make up the cover of the bedrock sedi-
mentary succession of the island, and they represent the ul-
timate phase of emergence of the island, which probably 
occurred during Pliocene? to Quaternary times.

The bedrock units of  Velika Palagruža, each one displaced 
by faults and/or in diapiric contact to each other, and therefore 
not in stratigraphic continuity, represent just a few pieces of a 
large and complicated puzzle depicting the tectono-sedimen-
tary evolution of the central Adriatic basin. The almost per-
pendicular discordance (unconformity?) separating the Sala-
mandrija unit from the underlying Triassic dolomites suggests 
a deformational phase preceding Miocene marine deposition, 
perhaps a marine transgression over an already deformed and 
eroded dolomite massif. The WNW–ESE striking subvertical 
oblique-slip fault that crosses the entire length of the island is 
probably still active. Soft and strongly deformed Ladinian sil-
iciclastic-evaporitic Žalo unit deposits occur along the fault, 
and may be related to diapirism.

The central Adriatic area is under an active seismic re-
gime. Recent uplifting of Velika Palagruža is shown by rem-
nants of pebbly palaeobeach deposits, marine (erosional) 

Fi gu re 15: A) Pelagosite encrustations on the cliff  near Picokare at about 4 m above sea level; B) polished section of a pelagosite crust; C) thin section 
microphotograph (transmitted plain light) of a pelagosite crust from Picokare showing a rhythmic microlaminar arrangement; D) a cell of cyanobacte-
rium Xenococcus extracted from pelagosite.
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straths, and cyanobacterial supratidal encrustations (pela-
gosite) today found at various elevations above mean sea 
level. Further detailed research on the structural geology, 
stratigraphy, micropalaeontology, and radioisotope geo-
chronology will hopefully add detailed constraints in a more 
accurate reconstruction of the geologic and tectonic history 
of the Palagruža archipelago.
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APPENDIX 1. 
LIST OF AUTOCHTHONOUS LADINIAN 
PALYNOMORPHS FROM THE ŽALO UNIT  
CLAYSTONES (SAMPLE PAL–6, LOCATION 1 
ON FIG. 2)

Spores

Calamospora tener (LESCHIK, 1955) MÄDLER, 1964a – 0.6%
Calamospora keuperiana MÄDLER, 1964a – 0.6%
Todisporites minor COUPER, 1958 – 0.2%
Todisporites major COUPER, 1958 – 0.2%
Todisporites cinctus (MALJAWKINA, 1964) ORŁOWSKA-

ZWOLIŃSKA, 1971 – 0.4%
Deltoidospora minor (COUPER, 1953) POCOCK, 1970 – 0.2%
Concavisporites toralis (LESCHIK, 1955) NILSSON, 1958 – 0.8%
Concavisporites crassexinius NILSSON, 1958 – 0.4%
Osmundacidites wellmanii COUPER, 1953 – 0.2%
Verrucosisporites morulae KLAUS, 1960 – 0.2%
Uvaesporites gadensis PRAEHAUSER-ENZENBERG, 1970 – 1.2%
Porcellispora longdonensis (CLARKE, 1965) SCHEURING, 1970 – 0.4%
Anapiculatisporites spiniger (LESCHIK, 1955) REINHARDT, 1961 

– 1.4%
Sellaspora rugoverrucata VAN DER EEM, 1983 – 0.2%
Kyrtomisporis ervei VAN DER EEM, 1983 – 1.4% (Fig. 7/1)
Aratrisporites fi mbriatus (KLAUS, 1960) MÄDLER, 1964a – 0.4%
Leschikisporis aduncus (LESCHIK, 1955) POTONIÉ, 1958 emend. 

BHARADWAJ & SINGH, 1964 – 0.4%

Pollen

Enzonalasporites sp.
Patinasporites sp.
Heliosaccus dimorphus MÄDLER, 1964b – 0.4% (Fig. 7/4)
Cannanoropollis scheuringii BRUGMAN, 1986 – 1.4% (Fig. 7/3)
Kuglerina meieri SCHEURING, 1978 – 0.8%
Doubingerispora fi lamentosa SCHEURING, 1978 – 0.2% (Fig. 7/2)
Infernopollenites sulcatus (PAUTSCH, 1958), SCHEURING, 1970 – 

0.4%
Lunatisporites acutus LESCHIK, 1955 emend. SCHEURING, 1970 – 

4.2% (Fig. 7/5)
Striatoabieites aytugii VISSCHER, 1966 emend. SCHEURING,1970 

– 0.8% (Fig. 7/6)
Striatoabieites balmei KLAUS, 1964 emend. SCHEURING, 1978 – 

4.6%
Triadispora plicata KLAUS, 1964 – 0.4% (Fig. 7/7)
Triadispora crassa KLAUS, 1964 – 0.4%
Triadispora stabilis SCHEURING, 1970 emend. SCHEURING, 1978 

– 0.4%

Triadispora verrucata (SCHULZ, 1966) SCHEURING, 1970 – 1.2%
Podosporites amicus SCHEURING, 1970 emend. SCHEURING, 1978 

– 1.2%
Brachysaccus neomundanus MÄDLER, 1964a – 3.8%
Samaropollenites speciosus GOUBIN, 1965 – 3.8%
Ovalipollis pseudoalatus (THIERGART, 1949) SCHUURMAN, 1976 – 

24.8% (Fig. 7/8)
Staurosaccites quadrifi dus DOLBY, 1976 in DOLBY & BALME, 1976 

– 1.8% (Fig. 7/9)
Vitreisporites pallidus (REISSINGER, 1950) NILSSON, 1958 – 1.2%
Alisporites opii DAUGHERTY, 1941 emend. JANSONIUS, 1971 – 

2.4%
Falcisporites stabilis BALME, 1970 – 0.8%
Sulcatisporites kraeuseli MÄDLER, 1964a – 1.8%
Microcachryidites fastidioides (JANSONIUS, 1962) KLAUS, 1964 – 7.4%
Haberkornia gudati SCHEURING, 1978 – 0.4% (Fig. 7/10)
Haberkornia parva SCHEURING, 1978 – 0.4%
Praecirculina granifer (LESCHIK, 1955) KLAUS, 1960 – 0.6%
Partitisporites verrucosa (PRAEHAUSER-ENZENBERG, 1970) VAN 

DER EEM, 1983 – 0.8%
Duplicisporites granulatus LESCHIK, 1955 – 0.4%
Duplicisporites verrucosus LESCHIK, 1955 – 0.4% (Fig. 7/11)
Camerosporites secatus LESCHIK, 1955 emend. SCHEURING, 1978 

– 15.8% (Fig. 7/12)
Ephedripites primus KLAUS, 1963 – 0.4%
Cycadopites follicularis WILSON & WEBSTER, 1946 – 0.8%
Aulisporites astigmosus (LESCHIK, 1955) KLAUS, 1960 – 1.4% 

(Fig. 7/13)

Prasynophycean algae

Leiosphaeridia sp. div. – 3.6%

Acritarcha

Veryhachium sp. 0.4% (Fig. 7/14)
Micrhystridium sp. – 0.4%
Dictyotidium tenuiornatum EISENACK, 1955 – 1.2%

Coenobial chlorophycean alga (Chlorococcales)

Plaesiodictyon mosellanum WILLE, 1970 – 0.2%
Botryococcus sp. 0.2%
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APPENDIX 3. 
LIST OF PALYNOMORPH GROUPS ACCORDING 
TO THEIR BOTANICAL AFFINITY AND 
ECOLOGICAL SENSITIVITY

A Leschikisporis aduncus
B Calamospora spp., Todisporites spp.
C Deltoidospora spp., Concavisporites spp.
D Osmundacidites spp., Verrucosisporites spp., 

Anapiculatisporites spp.
E Uvaesporites spp., Sellaspora spp.
F Kyrtomisporis ervei
G Aratrisporites spp.
H Cycadopites spp., Aulisporites astigmosus, 

Ephedripites primus
I Porcellispora longdonensis
J Vitreisporites pallidus, Alisporites spp.,
K Brachysaccus neomundanus, Falcisporites stabilis, Sulcatispo-

rites kraeuseli, Microcachryidites fastidioides, Podosporites 
amicus, Samaropollenites speciosus

L Ovalipollis pseudoalatus, Staurosaccites quadrifi dus
M Infernopollenites spp., Lunatisporites spp., 

Striatoabi eites spp.
N Triadispora spp.
O Heliosaccus dimorphus, Cannanoropollis scheuringii, 

Kuglerina meieri, Doubingerispora fi lamentosa
P Haberkornia gudati, Haberkornia parva, 

Praecirculina granifer, Partitisporites spp., 
Duplicisporites spp., Camerosporites secatus

Q Leiosphaeridia spp.,
R Plaesiodictyon mosellanum, Botryococcus spp.
S Veryhachium spp., Micrhystridium spp., 

Dictyotidium tenuiornatum

APPENDIX 2. 
LIST OF REWORKED PERMIAN AND LOWER 
TRIASSIC PALYNOMORPHS FROM THE ŽALO 
UNIT CLAYSTONES 
(SAMPLE PAL–6, LOCATION 1 ON FIG. 2)

Spores

Cyclotriletes sp.
Endosporites papillatus JANSONIUS, 1962 (Fig. 7/17)
Densoisporites nejburgii (SCHULZ, 1964) BALME, 1970 (Fig. 7/16)
Lundbladispora sp.
Kraeuselisporites sp.

Pollen

cf. Nuskoisporites sp.
Limitisporites sp.
cf. Lueckisporites virrkiae

Acritarcha

Micrhystridium sp.


