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Dra matic tec tonic and sea level changes of the Cen tral Paratethys realm dur ing the Middle Mio cene re sulted in changes of
the coastal and sea bed mor phol ogy af fect ing the com po si tion of the ma rine as so ci a tion and the dis tri bu tion of the fa cies
along the coast. Three dif fer ent ep i sodes (ma rine-ter res trial-ma rine) in the en vi ron men tal evo lu tion are in ter preted. A lower
ma rine unit (Badenian; Lower Serravallian) re flects organodetrital sed i men ta tion on and around an al gal bioherm. Low
terrigenous in put maërl fa cies of typ i cal rhodalgal car bon ate fac tory type char ac ter ise the top of the al gal mound. On the
slopes, a rim of rhodechfor fa cies sep a rated the bioherm from the rest of the bot tom which had a sea grass cover. This
high-en ergy rhodechfor car bon ate fac tory is de scribed from the Cen tral Paratethys realm for the first time. It is com posed
mostly of coralline al gae (Mesophyllum, Lithothamnion, Spongites and Lithophyllum), ben thic foraminifers (Elphidium
crispum, Neoconorbina terquemi, Miniacina sp., Borelis melo), echinoids (cidaroid, spatangoid and diadematoid groups)
and bryo zoans. Up lift of the Malé Karpaty Mts. re sulted in tec tonic ac tiv ity in the vi cin ity, doc u mented by the pres ence of
clastic dikes and nor mal faults in the pro file stud ied. Sub se quent flu vial and ter res trial sed i men ta tion is rep re sented by
regolith, palaeosoil and chan nel body de pos its set dis cor dantly on the top of la goonal de pos its. Fi nally, the third ep i sode is
rep re sented by the Sarmatian transgressive ma rine se quence, which is characterized by coarse peb bly de posit eroded from
an up lifted pre-Neo gene base ment. The strata stud ied orig i nated in a warm tem per ate cli mate around the
Badenian–Sarmatian tran si tion.
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INTRODUCTION

Eco log i cal changes in the Cen tral Paratethys realm dur ing
the Middle Mio cene are re flected in the Vi enna Ba sin
tectono-sed i men tary re cord. Var i ous shal low-wa ter deposi -
tional en vi ron ments, de vel oped on the for mer coast, were af -
fected by sea level os cil la tions.

The Devínska Kobyla Hill, sit u ated in the Malé Karpaty
Moun tains (north ern Vi enna Ba sin), pro vides nu mer ous ac ces -
si ble ex po sures with dif fer ent lithofacies and fau nal as sem -
blages (Hyžný et al., 2012). The Mid dle Mio cene strata ex -
posed here doc u ment changes of mar ginal en vi ron ments dur -
ing this time while the over all cli mate was fairly uni form, re flect -
ing the sta ble sub trop i cal con di tions of the Mio cene Cli mate
Op ti mum (Kvaèek et al., 2006).

The “Me di eval Quarry” out crop, ac tive mostly in the Mid dle
Ages (Pivko, 2011), lies above the vil lage of Devín. It is sit u ated
on the SW hill side of the hill (Fig. 1) at an al ti tude of 295–325 m,
and has been noted by Koutek and Zoubek (1936) and Mišík
(1997). Petrographic and his tor i cal stud ies were made by Pivko 
(2011). This study fo cuses on de tailed sedimentological,
micropalaeontological  and palaeo eco logi cal as pects.

GEOLOGICAL SETTING

The strata stud ied in the “Me di eval Quarry” be long to the
Studienka Fm. which rep re sents the Up per Badenian de pos its
of the Vi enna Ba sin (Fig. 2; Polák et al., 2011a, b). Lithotypes
form ing the sec tion stud ied (brec cias, con glom er ates, sands,
sand stones and red al gal lime stones) of the Sandberg Mb.,
rep re sent mar ginal fa cies of the ba sin (Baráth et al., 1994). In
the cal car e ous basal con glom er ates of the Sandberg Mem ber
crop ping out on the west ern slopes of the Devínska Kobyla Hill,
the bioclasts of foraminifers, bryo zoans, molluscs, sea ur chins,
red al gae, ostracods and crus ta ceans have been found
(Koutek and Zoubek, 1936). In the over ly ing sand lay ers,
molluscs, foraminifers and frag ments of ver te brates have been
re cov ered (Holec and Sabol, 1996). The car bon ates are rep re -
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Fig. 1. Geological setting of the “Medieval Quarry”

Fig. 2. Stratigraphic correlation chart



sented by sandy organodetrital and biohermal lime stones.
Coralline al gae – Lithothamnion (as Lithothamnium), Meso -
phyllum and Lithophyllum (Schaleková, 1969; Schaleková in
Švagrovský, 1978) – pre dom i nate over bryo zoans, molluscs
and foraminifers. These lime stones are diachronous through -
out the Up per Badenian (Polák et al., 2011a, b). The di rect
base ment of the Mio cene de pos its, ac cord ing to the geo log i cal
map, is formed by the Guttenstein Lime stone and Ramsau Do -
lo mite for ma tions of Tri as sic age and brecciated lime stone of
the Pleš Brec cia Fm. of Ju ras sic age (Polák et al., 2011a, b).
The Lower Tri as sic quartzites of the Lúžna Fm., Lower Pa leo -
zoic phyllites and Perm ian siliciclastic de pos its are sit u ated
higher upslope on the Devínska Kobyla Hill. The Up per Pa leo -
zoic granitoid are sit u ated a lit tle fur ther away (Fig. 1).

Strata of the Studienka Fm. have been as so ci ated with a
Late Badenian age (e.g., Vass, 2002; Kováè et al., 2007). The
biostratigraphy of the Badenian de pos its (Fig. 2) and their up per 
bound ary are still sub ject to de bate (e.g., Harzhauser and Piller, 
2004a, b; Piller et al., 2007; Hohenegger et al., 2008, 2014;
Hudáèková and Zlinská, 2010; Gonera, 2013; Peryt, 2013).
Their  age was de ter mined on the ba sis of both foraminiferal as -
sem blages be long ing to the Bulimina/Bolivina Zone or CPN9
Velapertina Biozone (Cicha et al., 1975) and nannofossils of the 
NN6 Zone (Kováèová and Hudáèková, 2009; Jamrich and
Halásová, 2010; Hyžný et al., 2012). A nu mer i cal age of
~13.58 Ma, based on 86Sr/87Sr ra tios, were de rived from the
deep-wa ter pelites of the Devínska Nová Ves brickyard, placed
within the Studienka Fm. (Hudáèková et al., 2003; Kováèová
and Hudáèková, 2009) and 13.7–13.2 Ma from the Sandberg
lo cal ity (Fordinál et al., 2014). Sarmatian de pos its have been
iden ti fied in the vi cin ity of the Sandberg lo cal ity (Földes, 1960;
Polák et al., 2011a, b; Hyžný et al., 2012; Bitner et al., 2014).
The 86Sr/87Sr ra tio from the up per most part of the Sandberg
sec tion also in di cates a Sarmatian age of 12.7 Ma (Fordinál et
al., 2014). The age of the Sarmatian trans gres sion and re lated
fau nal as sem blage turn over (BSE) in the Cen tral Paratethys
have been treated by Harzhauser and Piller (2004a, b),
Filipescu (2004), Gebhardt et al. (2009), Tóth et al. (2010),
Koubová and Hudáèková (2010) and Filipescu et al. (2014), us -
ing var i ous ap proaches.

METHODS

This study mainly fo cuses on de pos its and their struc tures,
microfacies and petrographic anal y sis, coralline al gae, fora -
mini fera and echinoids. Due to their scar city, recrystallisation
and frag men ta tion, study of cal car e ous nannoplankton and
molluscs did not yield any rel e vant re sults, there fore they were
only par tially in cluded in the re search.

SEDIMENTOLOGY AND PETROGRAPHY

The aban doned “Me di eval Quarry” is about 100 m across.
Ex posed faces were stud ied in terms of grain size, sed i men tary
struc tures, petrographic and palaeontological com po si tions. In -
di vid ual pro files can be lat er ally linked to an ide al ized
lithostratigraphic log (Fig. 3). Twenty-five thin sec tions (Fig. 3)
were made through out the suc ces sion from the main
lithologies, par tic u larly of lime stones. Siliciclastic ma te rial such
as mono- and polycrystalline quartz, meta mor phic rocks with a
pre dom i nance of phyllosilicates, phyllosilicate flakes, feld spar
and feld spar-quartz rocks and other rocks and min er als, fur ther
car bon ate ma te rial such as micrite, microsparite and sparite

was dis tin guished us ing modal anal y sis. Coralline al gae,
molluscs, sea ur chins, foraminifers, ostracods, tube-worms and 
bryo zoans were also noted (Fig. 4).

Since the de pos its are com posed of mixed ma te rial, a ter -
nary di a gram for hy brid sand stones was used (Zuffa, 1980) with 
end mem bers: siliciclastic ma te rial of non-car bon ate
extrabasinal or i gin (NCE), older car bon ates of car bon ate
extrabasinal or i gin (CE), and fos sils and intraclasts of car bon -
ate intrabasinal or i gin (CI; Fig. 5). Extrabasinal ma te rial rep re -
sents sed i ment de rived from the pre-Neo gene base ment.
Siliciclastic and car bon ate extrabasinal ma te rial was stud ied
us ing the QFL and QmFLt ter nary di a grams for the geotectonic
clas si fi ca tion of sed i men tary grains (Dickinson et al., 1983).

MICROPALAEONTOLOGY

Coralline al gae and echinoids were stud ied in thin sec tions
us ing a Amplival Carl Zeiss Jena light mi cro scope. Coralline al -
gae sys tem at ics at the ge nus level fol lowed Braga et al. (1993)
and Hrabovský et al. (2015). De ter mi na tion at a higher tax o -
nomic lev els fol lowed Rösler et al. (2016). Palaeoclimatological
and palaeo eco logi cal in ter pre ta tions were made on the ba sis of 
the high-rank taxa used in the dis tri bu tional model pro posed by
Aguirre et al. (2000), where the Mastophoroideae (in clud ing
among oth ers, Spongites and Hydrolithon) com prise dif fer ent
gen era than the Masthoporoideae ac cord ing to Rösler et al.
(2016). More over, new subfamilies i.e. the Hydrolithoideae (in -
clud ing Hydrolithon) and the Neogoniolithoideae (with
Spongites) were es tab lished by Kato and Baba in Kato et al.
(2011) and Rösler et al. (2016).

For the pur pose of this work, gen era and higher level taxa
were used, with only Titanoderma pustulatum (Lamouroux)
Nägeli be ing de ter mined at a spe cies level. For the growth form
of spe cies and struc ture de ter mi na tion of rhodoliths, the works of
Woelkerling et al. (1993) and Bosence (1983) were fol lowed.
Echinoid sys tem at ics were based on Kroh and Nebelsick (2010).

For the study of the foraminiferal as sem blages, 200 g of
bulk sed i ment was di luted in 5% H2O2, and then sieved us ing
0.071 and 1 mm mesh sieves. Up to 250 ben thic foraminifera
spec i mens were col lected, de ter mined and pho to graphed us -
ing an Olym pus SZ61 bin oc u lar stereomicroscope and a
Quanta FEG250 SEM (Fig. 6). De ter mi na tion of foraminifera
was based on Loeblich and Tappan (1992), Cicha et al. (1998)
and Holbourn et al. (2013). Due to a lack of planktic
foraminifers, biostratigraphic in ter pre ta tions were based on Grill 
(1941) and Cicha et al. (1975); strati graphi cal ranges of the
foraminifers were se lected from the works of Papp (1959) and
Cicha et al. (1983, 1998). A cor re la tion be tween the Cen tral
Paratethys re gional stages and the Med i ter ra nean scale, as de -
fined by Piller et al. (2007), Kováè et al. (2007) and Hohenegger 
et al. (2014), was used (Fig. 2). For sam ples con tain ing at least
150 spec i mens of ben thic foraminifera, palaeo eco logi cal pa -
ram e ters were eval u ated on the ba sis of the pres ence and
dom i nance of eco log i cally sig nif i cant taxa (Fig. 4). Spe cies di -
ver sity in di ces and ter nary plots of trophic strat egy and wall
struc ture (sensu Murray, 1973, 2006) were used to in ter pret the 
raw data (Fig. 7A, B). The depth es ti ma tion roughly fol lows
Hohenegger´s (2005) co ex is tence method, us ing the en vi ron -
men tal de mands of ben thic foraminifers which were de rived
mostly from Boltovskoy (1976), Boltovskoy and Wright (1976),
Hohenegger (2005), Murray (2006) and Spezzaferri et al.
(2013). For sta tis ti cal anal y sis, PAST soft ware (Ham mer et al.
2001) was used. The taphonomy of the foraminiferal as sem -
blages was eval u ated ac cord ing to Holcová (1997, 1999).
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RESULTS

SEDIMENTOLOGY AND PETROGRAPHY

In the com pos ite log stud ied (Fig. 3), short dis tance lat eral
and ver ti cal changes in grain size and in the ra tio of siliciclastic
ma te rial, car bon ate ma te rial and fos sils were iden ti fied (Fig. 2).
The lower se quence (0–20.1 m; lo cally 21.1 m; Fig. 3E –
above the base of the com pos ite pro file) con sists of a yel low ish
me dium to fine-grained sand stone with lo cally scat tered peb -
bles up to 2 cm across. Con glom er atic lay ers with clasts up to 2
cm across (rarely up to 10 cm; Fig. 8A), and cream-col oured
lime stones com posed mostly of coralline al gae with var ied ad -
mix tures of clastic ma te rial are mi nor in this in ter val. The lime -
stones are formed by al gal, al gal-bryo zoan nod ules, bryo zoan
col o nies, car bon ate clasts cov ered by al gae or drilled by tube
worms, sponges and bi valves and al gal-tube worm nod ules

(Fig. 4A). In the en tire pro file, bi valve shells and moulds
(cardiids, scal lops, oys ters) are rarely pres ent.

Due to bioturbation, the con tacts be tween beds are of ten in -
dis tinct. Bioturbation is emphasised by se lec tive weath er ing of
more lithified trace fos sils and bur rows in the form of nod ules
and tubes with a di am e ter of 1.5 to 3 cm that oc cur 0–3 m and
11–20 m above the base of the com pos ite pro file (Fig. 8F). An
un even undulose con tact of lay ers can be seen (15.2 to 19 m) in 
cases where an over lay ing layer is pressed into an un der ly ing
one. A wed ge-shaped bed con tact was ob served be tween 16.2
and 18.6 m, where a 160 cm deep and 40 cm wide wedge with a 
NE–SW axis (Figs. 3D and 8B), and an other with a NW–SE ori -
en ta tion (Fig. 3E) was ob served. In the up per most part of the
se quence (20.1 m; Fig. 8C), a 1 cm rust-col oured sandy layer
oc curs.

The mid dle se quence (20.1 to 21.6 m above the base of
the com pos ite pro file) is weakly lithified and formed by bar ren
var ie gated siliciclastic sand and peb ble gravel with rusty
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Fig. 3. Composite profile
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Fig. 4A – fossil distribution within the section studied; B – foraminiferal groups distribution within the section studied 
(groups determined after Langer, 1993)



streaks. The se quence starts with a 10 cm thick layer of rusty
coarse sand to clay. The fol low ing 40 cm is formed of
beige-grey, mostly fine sand with coarser lay ers pos sess ing
rusty streaks. In this se quence, ir reg u lar, lo cally wavy or dis con -
tin u ous white laminae of micritic cal cite up to 1 cm thick and lo -
cally rhizoliths oc cur. Above that, a 100 to 130 cm thick set of ir -
reg u lar and dis con tin u ous sand and gravel beds was ob served
(Fig. 8D). The bot tom layer of this set is com posed of gravel
with a grain size of 1–4 cm. Gravel to sandy bod ies show am -
big u ous chan nel to pla nar cross-bed ding struc tures. The bot -
tom part of each body is char ac ter ised by a layer of gravel and
be comes finer to wards the top. The de posit is marked by stripes 
of pre cip i tated iron oxyhydroxides.

The up per se quence (21.6–27 m above the base of the
com pos ite pro file) is formed of light grey sand (from 21.6 to
21.9 m) with scat tered gran ules (2–3 mm), cal crete intraclasts,
bur rows, and lack ing macrofossils is ir reg u larly loaded into the
sand and gravel of the mid dle se quence (Fig. 8D, E). A layer of
con glom er ate to coarse grain sand stone (21.9–27 m above the
base of the com pos ite pro file) is sit u ated above the light grey
sand. The basal part of this con glom er ate (40 cm) is clast-sup -
ported and con tains the coars est ma te rial in the en tire quarry,
mostly from 2 to 7 cm across (up to 12 cm). In the layer above,
the size of the grains reaches from 0.5 to 2 cm (rarely up to
10 cm). Con glom er ate lay ers al ter nate with lime stones rich in
siliciclastic ma te rial. The top 3 metres of the pro file, close to the
Qua ter nary sur face, are strongly weath ered. In the up per most
part, a fri a ble cal crete with patches of the orig i nal rock is pres ent.

THIN SECTION ANALYSIS: PETROGRAPHY AND MICROFACIES

Through out the en tire log, the siliciclastic ma te rial is rep re -
sented by monocrystalline and polycrystalline quartz, of ten with
undulose ex tinc tion, with sub or di nate meta mor phic clasts of
two types – yel low to rusty fine-grained rock with a pre dom i -
nance of weath ered phyllosilicates with goethite, and the rock
with quartz, seri cite and rarely with bi o tite. In di vid ual min eral
grains are rep re sented by sep a rate goethite spots (weath ered
bi o tite), flakes of mus co vite and bi o tite, weath ered feld spar and
feld spar-quartz ag gre gates, po tas sium feld spar, plagioclase
and myrmekite. Car bon ate rocks are formed of sparite, rarely of 
microsparite with oc ca sional fo li a tion, micrite and cloudy sparite 
lo cally with quartz grains. In terms of car bon ate clas si fi ca tion
(Dun ham, 1962; Embry and Klovan, 1971), the de pos its stud ied 
are mostly packstones, fewer grainstones, rudstones and
boundstones. They be long to the biomicrite to biosparite cat e -
go ries (Folk, 1962).

Rusty sed i ment (20.1 to 20.2 m above the base of the com -
pos ite pro file) is col oured by Fe-hy drox ides of glob u lar form
(5–20 mm). In the over ly ing sand (20.2 to 20.6 m above the base 
of the com pos ite pro file), white laminae con tain ing micrite to
microsparite with siliciclastic grains, pel lets and oval holes, in
places coated by a thin sparite film (Fig. 9B). Microcodium
struc tures and larger grains coated by clay (skelsepic fab ric) are 
also doc u mented in this in ter val.

The dom i nant fos sils (Figs. 9–11) ob served in thin sec tions
are coralline al gae (46%), sea ur chins (13%), porcellaneous
foraminifera (7%), hyaline foraminifera (7%), bryo zoans (4%),
bi valves (2%), poly chaetes (2%), ostracods (1%) and ag glu ti -
nated foraminifera (0.2%).

Al gal abun dance ranges from <1% in sam ple 30 up to 87%
in sam ple 7 (al gal float stone to boundstone; Fig. 10). Sam ples
25–29 do not con tain any al gal frag ments. Frag mented
echinoid shells and spines are pres ent in the en tire pro file with
abun dance from 1 to 50% (Fig. 9G–J). In two sam ples (12, 24),
echinoids pre vail over al gae, while sam ples 25–28 con tain no
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Fig. 5. Sandstone classification ternary diagrams

A – main types of arenite, ac cord ing Zuffa (1980): NCE – siliciclastic
ma te rial of non-car bon ate extrabasinal or i gin, CE – older car bon -
ates of car bon ate extrabasinal or i gin, CI – fos sils and intraclasts of
car bon ate intrabasinal or i gin; B – QFL ter nary prov e nance dis crim i -
na tion di a gram of sand stones, ac cord ing to Dickinson (1983): Q –
quartz, F – feld spar, L – lithic frag ments; C – QmFLt ter nary prov e -
nance dis crim i na tion di a gram of sand stones, ac cord ing to
Dickinson (1983): Qm – quartz monocrystalline, F – feld spar, Lt –
lithic and com pos ite quartz
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Fig. 6. Foraminifera

A – Elphidium macellum (Fichtel and Moll, 1798), sam ple 3; B – E. fichtellianum (d’Orbigny, 1846), sam ple 14; C – E. crispum (Linnaeus,
1758), sam ple 32; D – E. sp. de Montfort, 1808, sam ple 32; E – Neoconorbina terquemi (Rzehak, 1888), sam ple 15; F – N. terquemi (Rzehak, 
1888), sam ple 3; G – N. terquemi (Rzehak, 1888), sam ple 4; H – N. terquemi (Rzehak, 1888), sam ple 3; I – Borelis melo (Fichtel and Moll,
1798), sam ple 4; J – B. melo (Fichtel and Moll, 1798), sam ple 4; K – Am mo nia parkinsoniana (d’Orbigny, 1839), sam ple 4; L – A.
parkinsoniana (d’Orbigny, 1839), sam ple 3; M – Miniacina miniacea (Pallas, 1766), sam ple 14; N – M. miniacea (Pallas, 1766), sam ple 15;
O – Sinzowella sp., sam ple 14; P – Textularia sp., sam ple 15



echinoids. The abun dance of echinoid bioclasts cor re lates pos -
i tively with the pre dom i nance of hyaline over porcellaneous
foraminifera. The spines (sensu Kroh and Nebelsick, 2010) are
mostly from the cidaroid group, with fewer from the spatangoid
and diadematoid groups. Sam ples 8, 9, 15 and 17 also con tain
rare cassiduloid, echinacean and echinoneoid spines.

The thin sec tions con tain many hyaline foraminiferal tests of 
the gen era Elphidium, Miniacina and Neoconorbina as well as
porcellaneous forms of Quinqueloculina and Borelis (Fig. 9A,
C–E). Within ag glu ti nated forms, only textulariids were rarely
ob served. Bryo zoans are rep re sented mainly by cheilostomes.
Oys ter frag ments were also ob served. Among the ostracods,
smooth valves (both thin and thick) pre vail, while sculp tured
ostracods are found only in the up per most sam ples (29, 30).
Dif fer ent types of worm tubes with lam i nated black or brown
walls were ob served (Fig. 9H). Micrite coat ings and nod ules as
well as green al gae oc cur in sam ple 31.

THIN SECTION ANALYSIS: CORALLINE ALGAE

Most al gal thalli do not pos sess well-pre served di ag nos tic
fea tures, mak ing the iden ti fi ca tion of gen era or even
subfamilies dif fi cult. All iden ti fied spe cies be long to the or der
Corallinales. The or der Sporolithales is not pres ent. The most
abun dant ge nus in al gal as sem blages is Mesophyllum, less fre -
quent are Lithothamnion, Lithophyllum and Spongites, while
thin encrustations of Titanoderma and Hydrolithon are rare.
Melobesioideae coralline al gae are a dom i nant subfamily, while 
the subfamilies Neogoniolithoideae, Lithophylloideae and
Hydrolithoideae are sub or di nate.

The coralline al gae ob served form sim ple un at tached pro tu -
ber ances with sin gle di chot o mous branch ing with out nu clei
(sam ple 7, 8, 32). Al though rhodoliths with a higher pro tu ber -
ance de gree (branch den sity sensu Bosence, 1983) were not
di rectly ob served, the anat omy of neigh bour ing pro tu ber ances

556 Daniel Pivko, Natália Hudáèková, Juraj Hrabovský, Imrich Sládek and Andrej Ruman

Fig. 7. Statistical analysis of benthic foraminiferal assemblages

A – cluster diagram, Wards method, groups at distance level 60; B – relationship between diversities Shannon H and Fisher alpha,
Murray´s (2006) interpretation was applied; C, D – ternary diagrams of wall structure ratio (hyaline, porcellaneous and agglutinated),

Murray’s (1973, 2006) interpretation was applied
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Fig. 8. Sedimentary structures in the “Medieval Quarry”

A – quarry face; B – clastic dike wedge of coarser sed i ment in cised into the un der ly ing finer sed i ment; B’ – in ter preted; C –  ter res trial sed i -
ment with cal crete ho ri zons (ar rowed) and re sid ual flu vial grav els; D – regolith with cal crete (b), flu vial gravel-sand sed i ment (d) with re sid ual
gravel (c) be tween ma rine sand stone (a) and sand (e) to con glom er ate (f); E – grey ma rine sand loaded into the flu vial sed i ment, ar row points 
to a bur row; F – crus ta cean bur rows in coarse sand stone
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Fig. 9. Thin sections – microfossils

A – hy brid sand stone with fos sils (e.g., Borelis sp., Quinqueloculina sp.), siliciclastic and car bon ate rock clasts, sam ple 13; B – cal crete with
rhizoliths, sam ple 26; C – Elphidium sp., sam ple 1; D – Neoconorbina sp., sam ple 7; E – Miniacina sp., sam ple 8; F – serpulid tube, sam ple
20; G – cidaroid spine, sam ple 8; H – diadematoid spine, sam ple 8; I – echinacean spine, sam ple 8; J – spatangoid spine, sam ple 17
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Fig. 10. Thin sections – algae

A – ac cu mu la tion of sim ple branched pro tu ber ances (ar rowed) – maërl, note lo cal higher ac cu mu la tion of muddy ma trix trapped in side the
con struc tion, sam ple 7; B – coralline al gae of the ge nus Lithothamnion Heydrich, sam ple 9; C – coralline al gae of the ge nus Mesophyllum
Lemoine, sam ple 7; D – coralline al gae of the ge nus Lithophyllum Philippi, sam ple 7; E – subrounded frag ments of com pact monospecific
rhodoliths – pra lines (ar row), note the nu clei in the top-left frag ment (ar rowed), muddy con tent is less com mon, sam ple 19; F – coralline al gae 
of the ge nus Spongites Kützing, sam ple 19; G – frag ment of large rhodolith with loose struc ture and pri mary voids – box-work type (ar rowed),
hooked struc ture is in left mar gin of the fig ure (ar rowed), sam ple 9; H – peb ble coated by a coralline al gae and serpulids (ar rowed), pro tu ber -
ance at the top sug gests di rec tion of growth, sam ple 13



does not com pletely ex clude them. The pro tu ber ances ob -
served are lumpy to fruticose and are formed by Mesophyllum
(Fig. 10C), Lithothamnion, and Lithophyllum (Fig. 10D). Larger
frag ments of com pact rhodoliths (pra line type sensu Basso,
1998) with warty pro tu ber ances are also pres ent (Fig. 10E;
sam ple 19). The pra line rhodoliths have a com pact in ter nal
struc ture and dis tinct nu clei which sep a rate them from non-nu -
cle ated maërl, mainly com posed of un at tached branches
(Bosence, 1976; Basso, 1998). The monospecific rhodoliths
are formed of Mesophyllum, Lithophyllum or Spongites
(Fig. 10C, F). A frag ment of a multi-spe cific rhodolith with loose
growth of thalli and com mon pri mary con struc tional voids
(“boxwork” sensu Bosence, 1983) was also ob served (Fig 10G; 
sam ple 9). This frag ment con sists of Lithothamnion (Fig. 10B),
un cer tain Melobesioideae, and encrustations of monostromatic 
thalli with fused cells most likely be long ing to the
Mastophoroideae or Hydrolithoideae. En crust ing growth forms

are non-pro tu ber ant. Peb bles coated by Lithothamnion and un -
cer tain thalli (Fig. 10H), and bryo zoan col o nies en crusted by
Mesophyllum were also iden ti fied. Loosely hooked struc tures
and al gal flakes (sensu Sola et al., 2013) were ob served in the
thin sec tions (Figs. 10G and 11C; sam ples 6, 7, 9, 17).

Small, an gu lar to subrounded clasts of all these al gal growth
forms are the most abun dant al gal el e ment in all the thin sec tions.

FORAMINIFERS

Forty-eight foraminiferal taxa were iden ti fied in the 22 sam -
ples stud ied (18 pos i tive). The pres er va tion level al lowed the
de ter mi na tion of 29 spe cies, while 19 taxa stay in open no men -
cla ture (Ap pen dix 1*). The ma jor de ter mi na tion ob sta cle was a
strong sec ond ary cal ci fi ca tion of tests which di rectly cov ered
the orig i nal or na men ta tion (Fig. 6). From a biostratigraphical
point of view, Sarmatian in dex taxa were iden ti fied in sam ples
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Fig. 11. Thin sections – algae

A – coralline al gae Titanoderma pustulatum (Lamouroux) Nägeli, sam ple 7; B – frag ments of subrounded – subangular coralline al gae, note
hooked struc ture at top of the fig ure (ar rowed), sam ple 19; C – maërl, ar row points to the hooked struc ture, sam ple 7; D – sam ple with de bris
of coralline al gae, higher con tent of coarse-grained ma trix and ab sence of mud is ev i dent, sam ple 17; E – bur row (ar rowed), sam ple 3; F –
cross-bed ding, di rec tions of bed ding are in di cated by ar rows, sam ple 1

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1357

https://gq.pgi.gov.pl/article/downloadSuppFile/25578/3060


32, 32a, 16, 3, 2 (Nodobaculariella sulcata), 32, 32a, 22
(Elphidium josephinum), 32, 10 (E. cf. reginum) and in sam ples
10, 14, 7, 4, 3, 2 (E. aff. josephinum).

In all sam ples stud ied, spec i mens of Elphidium are the most 
abun dant (Fig. 6A–D), which ex ceed 50% (sam ples 29a, 22,
16, 15, 14, 10, 9, 6, 4), and up to 88.2% (sam ple 31) in the as -
sem blages. The dom i nant spe cies is Elphidium crispum which
com prises around 52% (sam ples 15, 16) and up to 82.35%
(sam ple 31; Ap pen dix 1). Neoconorbina terquemi is the sec ond
most dom i nant spe cies and reaches from 0% (sam ples 33 and
32) to 38% (sam ple 3). In the lower part of the pro file (sam ples
1–14), a dom i nance of Neoconorbina terquemi is very con sis -
tent (25–38%) and up to 8% in sam ple 8. A de creas ing trend in
the pro por tion of Neoconorbina terquemi of up to 10–12%
(sam ples 15–32) and up to 41.9% (sam ple 33), was ob served.
The con tent of the dom i nant Elphidium crispum fluc tu ated sig -
nif i cantly. The eco log i cally im por tant spe cies Am mo nia
parkinsoniana forms from 1% (3) up to 24% (sam ple 29a).
Reussella spinulosa reaches al most 10% in sam ple 5 (Ap pen -
dix 1).

The porcellaneous foraminifers gen er ally do not ex ceed
15%. Small porcellaneous spe cies are very badly pre served in
all sam ples stud ied; there fore, they are de ter mined at ge neric
level only. A pos i tive cor re la tion be tween the high abun dance of 
Borelis melo (Fig. 6I, J) and small porcellaneous spe cies was
ob served (sam ples 16, 32, 32a).

The av er age of sim ple spe cies di ver sity (SSD) of the stud -
ied as sem blages is low (SSD 8.9) due to the prev a lence of the
low-di ver sity sam ples (SSD 4-18). The Shan non H and Fisher a
di ver sity in di ces also reach very low val ues (H = 0.5 to 2; Fa =
0.6–6.0; Fig. 7B). The wall struc ture ter nary di a gram (Fig. 7C,
D) re veals a very low por tion of ag glu ti nated foraminifers in all
sam ples stud ied (both in residua and in thin sec tions).

Depth es ti ma tion (sensu Hohenegger, 2005; Hohenegger,
pers. comm. 2009) shows a very shal low depth with a min i mum
of 7.5 m (sam ple 16) and a max i mum of 28 m (sam ple 5). Due to
the pres ence of ex tremely eurybathic taxa, a wide er ror in ter val in 
sev eral sam ples was ob tained (Ap pen dix 2). Clus ter anal y sis
based on the spe cies ab so lute abun dances shows four groups of 
sam ples at a sim i lar ity level of 60 (Fig. 7A).

Group A (Fig. 7A and Ta ble 1) com prises six sam ples (14,
22, 4, 7, 5, 33). The av er age con tent of Am mo nia parkinsoniana
(5.6%) and Elphidium sp. (42.5%) is the high est within all four
groups, while E. crispum is ab sent. The pro por tion of
Quinqueloculina sp. is about 2.7 from <1%.

Group B (Fig. 7A and Ta ble 1) com prises two sam ples (32,
29a). The pro por tion of Elphidium sp. is 31.4%, while
Neoconorbina terquemi (Fig. 6F–H) is ab sent.

Group C (Fig. 7A and Ta ble 1) com prises four sam ples (1,
2, 3, 10). The sam ples show the high est por tion of N. terquemi
(39.8%) within all groups, and con tain A. tepida (1.1%) which is
ab sent from the other groups. The pro por tion of the smaller
porcellaneous forms of Quinqueloculina and Triloculina gen era
is ~4.3%.

Group D (Fig. 7A and Ta ble 1) com prises 5 sam ples (31, 6,
32a, 15, 16). The av er age pro por tion of E. crispum is 53.3%
and N. terquemi is 14% in this group.

INTERPRETATION AND DISCUSSION

FOSSIL ASSEMBLAGES

The age of the de pos its based on ben thic foraminiferal as -
sem blages in di cates a Badenian to Sarmatian age (Fig. 2). The 
com mon oc cur rence of Badenian (Globigerina sp.) and
Sarmatian (Elphidium josephinum, E. reginum) spe cies points
to the re work ing of Badenian sed i ments into youn ger ones
(sam ples 22, 32). The oc cur rence of Titanoderma pustulatum
in di cates ma rine con nec tion with the East ern Paratethys dur ing 
the Early Serravallian (Bassi et al., 2009).

Coralline al gal growth forms were used as a tool for
palaeoenvironmental in ter pre ta tion. In this study, the growth
forms de ter mined are linked to those es tab lished by PérÀs and
Picard (1964) and dis cussed by Basso (1998) and Pergent et
al. (2007) from the Med i ter ra nean sublittoral en vi ron ments and
their sed i men tary fa cies. The pra line type of rhodoliths rep re -
sent the fos sil equiv a lents of infralittoral biocenoses of “coarse
sands and fine grav els mixed by waves” and “coarse sand and
fine grav els un der bot tom cur rents (SGCF)” and the circalittoral
biocenose of “coastal detritic” (DC). The pres ence of pra line
rhodoliths in sed i ment thus points to a sandy bot tom in flu enced
by waves or bot tom cur rents (Pergent et al., 2007) and to graz -
ers’ bioturbating ac tiv ity (Birkett et al., 1998). Sed i ment with un -
at tached pro tu ber ances called maërl (Fig. 10A) is typ i cal for a
sandy sea bed vari ably in flu enced by bot tom cur rents (SGCF
and DC; Pergent et al., 2007). Cur rent en ergy should be high
enough to pre vent thalli from ac cu mu lat ing mud coat ings and
low enough to pre vent me chan i cal de struc tion by abra sion
(Bosence, 1976; Basso and Tomaselli, 1994).

Ben thic foraminiferal as sem blages doc u ment sed i men ta -
tion in the shal low-wa ter of a mar ginal sea. Low as sem blage di -
ver si ties (Fig. 7B) al low us to spec u late about brack ish-nor mal
marsh or nor mal ma rine (sam ple 9, 8, 32) or hyperhaline (sam -
ple 13, 31) la goon en vi ron ments (Fig. 7B–D) sim i lar to those of
the Ara bian Gulf (Cherif et al., 1997). Ac cord ing to the ter nary
di a gram (Murray, 2006), shelf en vi ron ments cn be di vided into
the typ i cal and oc ca sional (Fig. 7C, D). In ter pre ta tion of the en -
vi ron ment could be bi ased by the in flu ence of taphonomic pro -
cesses. Synsedimentary dis so lu tion of the porcellaneous forms 
(Westphal, 1998), or dis in te gra tion of ag glu ti nated tests (Berke -
ley et al., 2009) re strict en vi ron men tal in ter pre ta tions.

The low er most part of the pro file stud ied (0–2 m above the
base of the com pos ite pro file), sim i lar to the up per part
(17–19.5 m and 23 m above the base of the com pos ite pro file),
doc u ment a shel tered la goon-to-shelf en vi ron ment of nor mal or 
high sa lin ity. This is also sup ported by the prev a lence of
porcellaneous forms with a dom i nance of Borelis melo. The
mid dle part of the pro file dis plays a more open en vi ron ment of
fluc tu at ing sa lin ity.

The dis tri bu tion of foraminiferal as sem blages was in flu -
enced pri mar ily by food avail abil ity, rather than by sub strate.
The prev a lence of epiphytic foraminifers (Fig. 4B) doc u ments a
sea bed col o nized by al gae and sea grass es (e.g., Langer,
1993; Murray, 2006). The dom i nant epiphytic taxa be long to
morphogroups B and C (sensu Langer, 1993), such as
Neoconorbina of the morphogroup B or keeled elphidiids of
morphogroup C. In some sam ples (5, 6), a high num ber of
arborescent foraminifera such as Miniacina miniacea of mor -
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Sim ple spe cies 

di ver sity Dom i nance Shan non
H Fisher a

Group A 6.8 0.32 0.67 2.39

Group B 4.5 0.30 0.70 0.97

Group C 14.0  0.26 0.73 4.60

Group D 6.8 0.38 0.61 1.70

T a  b l e  1

Clus ter anal y sis four main sam ple groups

https://gq.pgi.gov.pl/article/downloadSuppFile/25578/3060
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pho group A was ob served. M. miniacea is typ i cally at tached to
rhi zomes in shaded microhabitats of Posidonia (Gaglianone et
al., 2015) or onto the lower side of the cal car e ous red alga
Lithophyllum (as Pseudolithophyllum in Langer, 1993).

Due to the higher por tion of typ i cal reefal foraminifers
(Borelis melo, Peneroplis sp.; e.g., Thissen and Langer, 2014)
the prox im ity of a patch reef (see Baráth, 1992), or maërl can be 
as sumed in the low er most (sam ple 1, 4), mid dle (sam ple 16)
and up per most parts (sam ples 32, 32a, 33).

A more ag i tated rocky or coarse-grained sea bed (Kroh and
Harzhauser, 1999; Kroh and Nebelsick, 2010) can be in ferred
from the dom i nance of reg u lar sea ur chins over ir reg u lar, be -
cause spatangoids (be tween 7–17 m above the base of the
com pos ite pro file) pre fer a calmer sandy bot tom of shal low
sublittoral, even lower infralittoral type (Kroh and Harzhauser,
1999; Kroh and Nebelsick, 2010). There fore, we can as sume
post-mor tem mix ing of the echinoid rem nants of the dif fer ent
en vi ron ments. A ma ture eco sys tem with a wa ter depth of
~50–100 m was in ferred from the dom i nant pres ence of
cheilostomate bryo zoans (K. Zágoršek, pers. comm., 2016).

Most of the pro file cor re sponds to the rhodechfor as sem -
blage, as de scribed by Hayton et al. (1995) from the Mio cene of
New Zea land. Ac cord ing to Hayton et al. (1995) and Flügel
(2010), this is formed by the prev a lence of coralline al gae
(<80%), fewer sea ur chins, ben thic foraminifers and bryo zoans, 
apart from the terrigenous con tent. Rarely, echinoids ex ceed
coralline al gae. On the ba sis of the ben thic foraminifers, wa ter
depth was es ti mated at be tween 20 to 30 m. We re cog nise two
kinds of rhodechfor. The first forms a rim around the al gal
bioherm (rhodalgal) and the sec ond, with a high amount of
clastic ma te rial, forms a rim along the coast.

In the lower part of the pro file, a dif fer ent fos sil as so ci a tion
with a higher por tion of red al gae (>80%) cor re sponds to a
rhodalgal as sem blage (sensu Hayton et al., 1995). A sim i lar
set ting, de scribed by Hayton et al. (1995) from New Zea land,
shows a link be tween the light de mands of the rhodalgal
bioherm top and rhodechfor dwell ers of the deeper rim.

Red al gal reefs were com mon struc tures in the Mid dle Mio -
cene of the Paratethys Sea (Pisera, 1996; Górka et al., 2012;
Peryt and Jasionowski, 2012). While  rhodalgal as sem blages
were of ten iden ti fied in Mio cene de pos its (Hayton et al., 1995),
rhodechfor has rarely been de scribed (Pomoni-Papaioannou et 
al., 2002; Knörich and Mutti, 2003). A rhodechfor as sem blage
forms a sig nif i cant part of the Badenian po rous lime stones at
St. Margarethen in Aus tria (D. Pivko, per sonal ob ser va tion).

CLIMATE

Over all a warm-mod er ate cli mate can be in ferred from the fos -
sil rhodechfor and rhodalgal as sem blage eval u a tions.
Carrannante et al. (1988) de fined rhodalgal as a tran si tional
lithofacies be tween trop i cal chlorozoan and cool-tem per ate
molechfor. Rhodalgal fa cies of the Med i ter ra nean Sea are con sid -
ered as re cent an a logues of Mio cene lime stones (Carannante et
al., 1988; Basso, 1998, Studencki, 1999). Rhodalgal lithofacies of
the re cent Med i ter ra nean Sea are ex ten sive ac cu mu la tions of
rhodoliths or at tached hard sub strate bioconstructions formed by
coralline al gae (Basso, 1998; Basso et al., 2015). Ac cord ing to a
re cent clas si fi ca tion, sam ples iden ti fied with al gal pro tu ber ances
are cor re lated with maërl, de fined as a rhodolith bed com posed of
non-nu cle ated, un at tached growths of branch ing, twig-like
coralline al gae (Basso et al., 2015). Re cent maërl is known from
the Med i ter ra nean Sea (Basso, 1998; Basso et al., 2017), Por tu -
gal and North ern Spain (PeÔa and Bárbara, 2008; Pardo et al.,
2014), the west ern coasts of Scot land, Ire land, North ern Ire land

(Bosence, 1976; Birkett et al., 1998) and sub-Arc tic re gions of
north ern Nor way (Freiwald and Henrich, 1994).

Most rhodolith beds (~80%) in the Med i ter ra nean Sea lay
within the depth range of 30–75 m, ~18% formed be low this in ter -
val, while those from shal lower en vi ron ments are un com mon
(Basso et al., 2017). Shal low rhodolith beds (<25 m) are lo cated
for in stance in the north ern Adri atic Sea and Kuriat Is lands
(Basso et al., 2017). Neg li gi ble sed i men ta tion rates and dis tance
from sig nif i cant nu tri ent in flux are con sid ered as one of the com -
mon dis tri bu tion fea tures within the Med i ter ra nean Sea (Basso et 
al., 2017). In con trary, ac cu mu la tions of maërl on Eu ro pean
coasts of the At lan tic Ocean are in depth ranges from intertidal
(i.e. Ire land) to 60 m depth (Ca nary Is lands; Bosence, 1976;
PeÔa and Bárbara, 2008; PeÔa et al., 2011; Pardo et al., 2014).

Melobesioid coralline al gae were dom i nant lime stone-build -
ing coral lines dur ing the Badenian in the Cen tral Paratethys
(Schaleková, 1969, 1973; Pisera, 1985; Studencki, 1988;
Zdražílková, 1988; Pisera and Studencki, 1989; Bucur and
Filipescu, 1994; Hrabovský, 2013; Hrabovský et al., 2015;
Chelaru and Bucur, 2016). A sim i lar dom i nance is ob served as
well at the Devínska Kobyla lo cal i ties, al though the as sem blage 
com po si tion dif fers in some re spects from pub lished data. The
most ev i dent is the ab sence of Sporolithon spp. This ge nus was 
iden ti fied from the Lower Badenian of the Vývrat lo cal ity as well
as from Up per Badenian sites such as Sandberg (Schaleková,
1969). Un like in the Up per Badenian, the dom i nant
melobesioids are ac com pa nied by Sporolithon – a com mon and 
di verse as sem blage com po nent at the Lower Badenian sites
(Studencki, 1988; Pisera and Studencki, 1989; Hrabovský et
al., 2015; Chelaru and Bucur, 2016).

The ab sence of Sporolithon in the ma te rial stud ied, along
with the dom i nance of the Melobesioideae subfamily and the
sub or di nate amounts of Lithophylloideae and Mastophoroideae 
(sensu Aguirre et al., 2000) in di cate the mid dle to low lat i tude
warm tem per ate zone. More over, the as sem blage iden ti fied re -
flects cool ing af ter the Mi3b event (Gradstein et al., 2012) at the
Lower–Up per Badenian bound ary, af fect ing ben thic as sem -
blages in the Cen tral Paratethys (Pisera, 1996; Harzhauser and 
Piller, 2007).

PALAEOENVIRONMENTAL RECONSTRUCTION

Lower se quence (0–~20 m above the base of the com pos -
ite pro file) – ma rine en vi ron ment. The sed i ment of the lower
part of the se quence (0–6 m above the base of the com pos ite
pro file) was de pos ited in a sublittoral en vi ron ment un der the in -
flu ence of bot tom cur rents, waves, and storms. Wa ter dy nam ics 
was in suf fi cient to wash away all the car bon ate mud or to sort
clasts. Sud den ver ti cal changes in grain size in di cate changes
in dy nam ics, prob a bly caused by oc ca sional se vere storms.
Dur ing these events, coarse sed i ment was trans ported to the
deeper part of the shelf. This is also doc u mented by the oc ca -
sional in put of frag mented echinoids and coralline al gae from
the shal lower zone.

The hy brid sand, rich in car bon ate and siliciclastic frag -
ments, was de rived from the coastal cliffs formed by Me so zoic
car bon ates (Tri as sic lime stone and do lo mite and Ju ras sic brec -
cia with do lo mite ma trix of the Devín Unit; Polák et al., 2011a,
b). Weath ered Tri as sic quartz ite eroded from the main land ar -
eas by rain and rivers is also an im por tant de posit com po nent.
Pa leo zoic ma te rial (phyllites and granitoids, Perm ian con glom -
er ates and por phy roids; Wessely, 2006; Polák et al., 2011a, b)
was trans ported from the east, pos si bly by lat eral coastal cur -
rents (Figs. 1 and 10).
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A wa ter depth of 20 to 30 m is es ti mated from ben thic
foraminifers, al gae and sed i men tary char ac ters. Both rhodoliths 
and sea grass sug gest ac cu mu la tion within the photic zone.
How ever, the sea grass pres ent, im plied from epiphytic
foraminifera, could sur vive up to depths with light irradiance at a 
level of 11% of that at the sea sur face (Duarte, 1991).

The sandy sea bed cov ered with al gae and sea grass es was
pop u lated by foraminifera and sea ur chins, with a few serpulids,
bryo zoans and bi valves. The bot tom was bur rowed by crus ta -
ceans feed ing on sea grass de bris. The sed i ment was
bioturbated by Callianassidae crus ta ceans (see Hyžný, 2010;
Hyžný and Hudáèková, 2012); some bur rows re sem ble those of
the lob ster ge nus Nephrops (Gingras et al., 2000). Cross-bed -
ding (Fig. 11F; sam ple 1), cracks and bur rows (Fig. 11E) in side
the al gal growths also point to bioturbation and wave ac tion.

The al gal lime stone (6–9 m above the base of the com pos -
ite pro file) com posed mostly of or ganic frag ments (60–90%) in -
di cates tem po rary siliciclastic in put ces sa tion. The lime stone
orig i nated on an un der wa ter mound, where the wa ter depth
reached ap prox i mately 8 to 16 m (as in ferred from the
foraminifera). A mound top (Figs. 3A and 12) doc u mented in
pro file (7 m above the base of the com pos ite pro file) was built
by a rhodolith bed (sensu Basso et al., 2015) sim i lar to the
maërl sub type (rhodalgal as sem blage), which is com posed of
semi-con sol i dated al gal fruticose pro tu ber ances, pos si bly from
rhodoliths, with a small con tent of very fine siliciclastic ma te rial.
A sea bed cov ered by sea grass es and al gae is im plied from the
pres ence of epiphytic foraminifera and al gal hooked struc tures
(Figs. 11C and 10G; sensu Sola et al., 2013).

Fluc tu a tion of the clastic con tent in the lime stone in di cates
lat eral progradation of the mound. The mound slopes were cov -
ered by red al gae ac com pa nied by reg u lar and ir reg u lar
echinoids, foraminifers, bryo zoans, bi valves and ostracods of
the rhodechfor as sem blage.

To wards its foot, the mound was in hab ited by an abun -
dance of serpulids, bryo zoans and foraminifers (Am mo nia
parkinsoniana) point ing to a low-en ergy en vi ron ment. Lo cally,
the amount of hyaline foraminifers and ostracods in creased. A
frag ment of multi-spe cific “boxwork” rhodolith, with a typ i cally
loose in ter nal struc ture with fre quent con struc tional voids, was
iden ti fied in this in ter val. Such rhodoliths are com mon in en vi -
ron ments where hy drau lic en ergy is too low to move nod ules,
such as in the Tyrrhenian Sea at depths of ~90 m (Basso,
1998). It is pos si ble to find “boxwork” rhodoliths also in higher
en ergy en vi ron ments where bot tom mor phol ogy pro vides pro -
tec tion from cur rents.

The over ly ing sed i ment (9–19 m above the base of the com -
pos ite pro file) orig i nated un der sim i lar con di tions and was com -
posed of sim i lar ma te rial as in the bot tom part (0–6 m above the
base of the com pos ite pro file). We as sume a dy namic en vi ron -
ment  at wa ter depths of 20 to 30 m in flu enced by rare storms
trig ger ing the trans port of coarser ma te rial from the shal lower
zone. Lat eral changes (14–18 m above the base of the com -
pos ite pro file; Fig. 3B–D) from a zone with win nowed coarser
ma te rial (sam ple 17) to a zone of finer ma te rial with par tially
washed-out ma trix (sam ple 18) were ob served. Con sid er ing the 
com pos ite pro file length (100 m), this fact can im ply a vari able
coast line mor phol ogy or a ab so lute dis tance of each part of the
pro file from the for mer coast (Fig. 3).

Sed i ments fill ing wedge-shaped fis sures (16–19 m above
the base of the com pos ite pro file) can be in ter preted as clastic
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Fig. 12. Block diagrams

A, A’ – Upper Badenian shallow-marine environment; B – Upper
Badenian–Sarmatian lagoonal and terrestrial facies; C, C’ –

Sarmatian marine transgressive facies



dykes, which are one of the mass wast ing in di ca tors, pos si bly
trig gered by earth quakes.

Ter res trial clastic ma te rial forms 65 to 85% of the sed i ment.
Vari able amounts of fos sils points to un sta ble en vi ron men tal
con di tions. An echinofor skel e tal as sem blage with infaunal ir -
reg u lar echinoids (sensu Hayton et al., 1995) is iden ti fied in the
in ter val within the pro file (11–12 m above the base of the com -
pos ite pro file), where sea ur chins pre vail over coralline al gae
and bi valves. A fa cies change is re flected by the dom i nance of
the red al gae (55–75%) over sea ur chins and other fos sils. This
is typ i cal for the rhodechfor as sem blage (12–18 m above the
base of the com pos ite pro file) as so ci ated with sea grass es and
crus ta cean dwell ers.

Sed i ment oc cur ring 18.1–18.3 m above the base of the
com pos ite pro file (sam ple 19) with a large amount of pra line
rhodoliths, mastophoroidal incrustations, and col o nies of bryo -
zoan and serpulids (up to 3 cm) en crusted by red al gae, were
pos si bly de rived from the nearby bioherm formed in heated wa -
ter. An in creased amount of porcellaneous foraminifers, e.g.
Borelis melo (17–19 m above the base of the com pos ite pro -
file), may in di cate patch reefs or a hypersaline la goon in the vi -
cin ity. This ho ri zon can be cor re lated with the layer ob served in
quar ries be tween the Pfaffenberg and Hundsheimerberg in the
Hainburg hills (D. Pivko, per sonal ob ser va tion). There fore, we
can as sume sim i lar en vi ron men tal con di tions in these cur rently
dis tinct ar eas (8 km apart) along the for mer ar chi pel ago coast -
line dur ing the Serravallian (Leitha Lime stone; Wessely, 1961).

The over ly ing fine sandy sed i ment (~19–20 m above the
base of the com pos ite pro file), with a large pro por tion of micrite
ma trix, re fers to a quiet shal low-ma rine rhodechfor en vi ron ment
with a bot tom cov ered by sea grass. Pos si ble deep en ing (wa ter
depth around 30 m) is doc u mented by an echinofor as sem blage
(20 m above the base of the com pos ite pro file; sam ple 24). A fin -
ing-up wards pat tern and in crease in quartz con tent (up to 35%),
de rived from Tri as sic quartzites and Perm ian con glom er ates,
doc u ment a pos si ble rise in sea level (Figs. 1 and 12).

Mid dle se quence (~20–22 m above the base of the com pos -
ite pro file) – ter res trial en vi ron ment. Sands and grav els above
fine ma rine sand stones show con spic u ous signs of ter res trial sed -
i men ta tion, such as bar ren sed i ment, palaeosoil fea tures, flu vial
chan nel de pos its and the ab sence of cal cite ce ment. Ter res trial
sed i ment was de pos ited di rectly on the sublittoral sands, which
orig i nated in a wa ter depth of ~30 m. There fore, the rel a tive sea
level fall was at least tens of metres. Lithified sand stone with
diagenetic cal cite ce ment to gether with the lack of shal lower
(eulittoral) de pos its, in di cate deep ero sion prior to the de po si tion of 
the ter res trial sed i ment (Figs. 3F, 8D and 12).

This se quence be gins with sandy regolith (40 cm) and con -
sists of an gu lar siliciclastic ma te rial show ing signs of
redeposition in ferred from the dif fer ent ma te rial com po si tion as
in the un der ly ing sand stone. From the pres ence of framboidal
py rite, a re duc ing en vi ron ment in the bot tom part of the regolith
and up per part of the sand stone is in ferred. This may point to
con di tions of a wet meadow en vi ron ment. The py rite was sub -
se quently weath ered to goethite, which causes the rusty col our
of the rock.

The up per part of the regolith layer con tains loose white cal -
crete laminae in ter ca la tions which re flect stages of soil orig i na -
tion. The cal crete pre cip i tated from cal car e ous wa ter per co lat ing
through the sed i ment with the par tic i pa tion of the roots of plants
or fun gal fibres (iden ti fied as Microcodium). Traces of framboidal
py rite and skelsepic fab ric char ac ter is tic of soil pro cesses are
pres ent in the cal crete in ter ca la tions. The cal crete laminae were
folded and seg mented dur ing un even com pac tion.

Above the regolith, a river chan nel de posit with a max i mum
thick ness of 120 cm was found (Figs. 3F and 8D). Grad ual fill ing 
of the gen eral NE–SW ori ented chan nel in ci sion con tains
siliciclastic ma te rial de rived from the ex posed Malé Karpaty
Mts. The pro file be gins with re sid ual gravel fol lowed by slightly
dis tinct a trough to pla nar cross-bed ding. The de pos its con tain
grey and rusty streaks of dif fuse pre cip i ta tions of iron
oxyhydroxides due to the re dox con di tions in the river sed i ment, 
with pe ri odic flood ing and dry ing. It can be iden ti fied as a
stagnosol (Œwitoniak and Charzyñski, 2014).

Up per se quence (~22–27 m above the base of the com -
pos ite pro file) – ma rine en vi ron ment. A trans gres sion from the 
west led to par tial ero sion of the flu vial de pos its and cov ered
them with ma rine sand (up to 30 cm thick) de pos ited in a low en -
ergy hypersaline la goonal en vi ron ment. The sed i ment mostly
com prised re de pos ited siliciclastic ma te rial – win nowed regolith 
and cal crete. En vi ron men tal changes are re flected in vari able
fos sil as so ci a tions. There is a gen eral ab sence of red al gae,
abun dance of ostracods and crus ta cean bur rows.

The fol low ing trans gres sion se quence, with a thick ness of
5 m, is formed by peb ble con glom er ates. The clasts pre dom i -
nantly com prise rock frag ments (some en crusted), with sub or -
di nate oys ters, other bi valves and rhodoliths de pos ited by the
surf, which prob a bly broke through a bar rier of the la goon.

Very dy namic sed i men ta tion was in ter rupted sev eral times
by more quiet de po si tion. Lower-en ergy ep i sodes within the dy -
namic sed i men ta tion are doc u mented by finer-grained sed i -
ment with a pre dom i nance of bioclasts, prob a bly re worked
maërl, which was formed in a pro tected en vi ron ment.

A re corded sea level drop fol lowed by a rise can be cor re -
lated with the Ser 3 se quence bound ary of Hardenbol et al.
(1998) which was doc u mented in the Late Badenian to Early
Sarmatian tran si tional foraminiferal as sem blages (20–22 m
above the base of the com pos ite pro file). Ero sion as so ci ated
with this bound ary was also dis cussed by Harzhauser and Piller 
(2004a, b, 2007), Kováè et al. (2007), Piller at al. (2007),
Gebhardt at al. (2009) and Hohenegger et al. (2014). The
coars est transgressive clastic de pos its in the pro file re sem ble a
sim i lar suc ces sion ob served in the quar ries noted near
Hundsheim, where ma rine sed i men ta tion of finer de pos its took
place, with large bryo zoan nod ules and al gal rhodoliths gave
way to de po si tion of con glom er ates from the Sarmatian age
with an abun dant Badenian fauna (Wessely, 1961). Badenian
flu vial and limnic de pos its have been de scribed in the Vi enna
Ba sin (Wessely, 2006).

A re cent cal crete (~27 m above the base of the com pos ite
pro file) with nee dle-shaped cal cite and re mains of plant tis sues
was iden ti fied in the up per most part of the log, lo cated just be -
low the soil layer.

CONCLUSIONS

The “Me di eval Quarry” lo cated near the vil lage of Devín,
with rich fos sil as sem blages com posed mostly of coralline al -
gae and foraminifers, rep re sents a good ex am ple of
organodetrital car bon ate and siliciclastic sed i men ta tion. Its
sedimentological and pet ro graph i cal fea tures al lowed in ter pre -
ta tions of its age and palaeoenvironment.

Based on the ben thic foraminiferal as sem blages, the strata
were as signed to the Serravallian – Late Badenian and
Sarmatian ages of the Cen tral Paratethys with a con nec tion to
the East ern Paratethys, doc u mented by the pres ence of the
Titanoderma pustulatum (Lamouroux) Nägeli.
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Late Badenian sed i men ta tion was dom i nated by coarse-
 grained sandy car bon ate and siliciclastic de pos its de rived from
the crys tal line rocks and Me so zoic sed i men tary cover of the
Malé Karpaty Mts., which point to up lifted po si tion of the source
area. Still ac tive tec tonic move ment in the re gion is doc u mented 
by the pres ence of clastic dikes and nor mal faults. The de pos its
stud ied are thought to have ac cu mu lated mostly in the
sublittoral zone with a max i mum depth of 30 m un der the in flu -
ence of waves and cur rents in a la goon or shelf in a warm tem -
per ate cli ma tic zone where melobesioids were as so ci ated with
mastophoroids and lithophylloids. Chang ing wa ter dy nam ics
en abled the de vel op ment of maërl, pra lines and “boxwork”
rhodoliths to gether with sea grass beds in the vi cin ity. Oc ca -
sional storm events and wave ac tiv ity dis turbed the rhodoliths
and encrustations which re sulted in sig nif i cant de bris pro duc -
tion. Three dif fer ent types of organodetrital sed i ments were dis -
tin guished within the Badenian suc ces sion. A rhodechfor type is 
com posed mostly of coralline al gae (Mesophyllum, Lithotham -
nion, Spongites and Lithophyllum), ben thic foraminifers
(Elphidium crispum, Neoconorbina terquemi, Miniacina sp.,
Borelis melo), echinoids (cidaroid, diadematoid and spatangoid
groups) and bryo zoans. It de vel oped on a sea bed cov ered
partly by sea grass es and bioherm slopes. Tem po rary shallo -
wing of the en vi ron ment is doc u mented by a rhodalgal se -

quence with typ i cal maërl fa cies. This is fol lowed by al ter na tions 
of rhodechfor and rare echinofor fa cies. Lat eral al ter na tion at a
small spa tial scale re flects a di verse sed i men tary en vi ron ment.
Sed i men ta tion pro ceeded on the well-ox y gen ated sea bed,
which was bioturbated by crus ta ceans and in ter rupted by
low-ox y gen ep i sodes. The rhodechfor and echinofor en vi ron -
ments are de scribed from the Cen tral Paratethys realm for the
first time.

Flu vial and ter res trial sed i ments rep re sented by regolith,
palaeosoil and chan nel body de pos its rest dis cor dantly on top
of the ma rine de pos its.

The top most se quence characterized by a transgressive fa -
cies is formed of coarsest peb bly de pos its. Based on the ben -
thic foraminifera as so ci a tion, a Sarmatian age this unit is in -
ferred.
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