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This is the first Paratethyan re cord of a min ute scal lop spe cies Parvamussium fenestratum (Forbes, 1844). The spe cies was found in Mid -
dle Mio cene (Up per Badenian) clayey de pos its in the Surzha bore hole, the Ukrai nian Carpathian Foredeep Ba sin. Ex am i na tion of other
Parvamussium spec i mens stored in the Mu seum of the Earth in War saw and in the Hun gar ian Nat u ral His tory Mu seum in Bu da pest re -
vealed fur ther Paratethyan re cords of Parvamussium fenestratum. These spec i mens, pre vi ously re ferred to Parvamussium felsineum
(Foresti, 1893), were iden ti fied in the Mid dle Mio cene fau nas of Po land (Monastyrz and D³ugi Goraj, Roztocze Hills) and Hun gary
(Makkoshotyka, Tokaj Mts.). In the Med i ter ra nean Neo gene this ex tremely rare spe cies has been re ported from the Lower Mio cene (up -
per most Burdigalian) of It aly and from the Lower Plio cene (Zanclean) of Spain. Re search on the Oligocene–Mio cene suc ces sion in the
Paratethys has shown rep re sen ta tives of Parvamussium Sacco, 1897 to be mod er ately abun dant in clayey fa cies in dif fer ent bas ins and
the ge nus is re garded as biostratigraphically im por tant. Data on the dis tri bu tion of other Paratethyan and Neo gene Med i ter ra nean
Parvamussium spe cies viz., Parvamussium bronni (Mayer, 1861), P. duodecimlamellatum (Bronn, 1831), P. felsineum (Foresti, 1893)
and P. miopliocenicum (Ruggieri, 1949) are re ported. Fi nally, palaeo bio logi cal and palaeobiogeographical char ac ter is tics on the ge nus
Parvamussium Sacco, 1897 the Early Cre ta ceous to Re cent time span are de scribed. 
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INTRODUCTION

Bi valve fos sil as sem blages from the Up per Badenian de -
pos its of the Volhynian–Podolian re gion were the first Ukrai -
nian Mio cene fau nas that at tracted the at ten tion of
palaeontologists at the be gin ning of the 19th cen tury. Pi o -
neering de scrip tions were made by Eichwald (1829, 1830,
1850, 1853), Andrzejowski (1830, 1833), du Bois de
Montpéreux (1831) and Pusch (1837). The bi valve con tent of
the Up per Badenian near-shore as sem blages from the
siliciclastic (mainly sandy) fa cies of the shal low Fore land Ba -
sin over the Podolian Mas sif in Ukraine is well known through
de scrip tions by Hilber (1882), NiedŸwiedzki (1889), Friedberg 
(1932, 1934–1936, 1938), Kazakova (1952) and Nevesskaja et
al. (1993). Most of the hith erto de scribed Ukrai nian bi valves
were re cently re viewed and listed by Studencka et al. (1998).
Much less em pha sis was given to bi valves from the Up per
Badenian coralline al gae-vermetid reefs, wide spread in

Ukraine, with the no ta ble ex cep tions of Teisseyre (1895),
Kudrin (1966), and Studencka and Jasionowski (2011). 

In con trast to the at ten tion fo cused on the Badenian bi -
valves from sandy and reefal car bon ate fa cies in Ukraine, 
knowl edge of bi valves from offshore siliciclastic fa cies
(mainly clayey) of the Carpathian Foredeep Ba sin bor der ing
the Carpathian arch along its pe riph ery is patchy and full of
gaps as re gards sys tem atic and tax o nomic de tail. Be sides the
pa per by Zhizhchenko (1953), a lim ited num ber of bi valve as -
sem blages from the Up per Badenian have been de scribed and
il lus trated. Most prob a bly, this is the con se quence of the con -
sid er able thick ness of Sarmatian strata over lay ing the Up per
Badenian. The thick ness of the Sarmatian in the Ukrai nian part
of the Carpathian Foredeep Ba sin ranges from a few hun dred to 
more than 5000 m (Andreyeva-Grigorovich et al., 1997;
Kurovets et al., 2004).

The pres ent bi valve study has been per formed on sam ples
from the Surzha bore hole (Fig. 1) and pro vides the first fos sil
re cord of Parvamussium fenestratum (Forbes, 1844) in the



Cen tral Paratethys. The bi valve fauna de tected in cores rep re -
sents only a small and ran dom part of the en tire fos sil com mu -
nity, nev er the less, as in for ma tion on the rep re sen ta tives of the
ge nus Parvamussium Sacco, 1897 from the Paratethys is
scarce, even a few spec i mens can pro vide im por tant in for ma -
tion on the dis tri bu tion and palaeogeographic oc cur rence of its
con sti tu tive spe cies.

GEOLOGICAL CONTEXT

The bore hole No 40 lo cated in the vi cin ity of the Surzha
vil lage (10 km W of Kamianets Podilskyi) was drilled west of
the Medobory reefs in Ukraine (Fig. 1). It reached a depth of
93 m and ended in sed i men tary rocks of Si lu rian age (Fig. 2).
The core was sam pled in 1979 by Dr. V. I. Didkowski for
foraminifers, by Dr. Y. B. Ljul’ev for ostracods, and by Dr.
S. A. Ljul’eva for cal car e ous nannoplankton (all re sults un pub -
lished). Eval u a tion of the sam ple ma te rial has been re stricted to 
in ter nal re ports of the In sti tute of Geo log i cal Sci ences, Acad -
emy of Sci ences of the USSR, Kiev. A brief sum mary of the
lithological de scrip tion pre sented be low has been ab stracted
from these un pub lished re ports. 

The Badenian–Sarmatian se quence is bi par tite:
coralline-al gae marly lime stones, 6 m thick, at the base, are
over lain by a thick (about 87 m), very ho mo ge neous suc ces -
sion of fine-grained and mid-grained grey, grey-green and
grey-brown claystones to siltstones with sandy and sandy lime -
stone in ter ca la tions.

The base of the pro file is con sti tuted by the Ternopil Beds
unit. It is rep re sented by a 6 m thick suc ces sion of coralline-al -
gae marly lime stones which over lies the pre-Neo gene base -
ment with a con sid er able hi a tus. In the lower part of the lime -
stones two thin grey ish-blue fine-grained sandy-silty in ter ca la -
tions with a mol lus can fauna have been ob served. De po si tion
of these lime stones has been linked with the Late Badenian

trans gres sion (cf. Gedl and Peryt, 2011) and the de vel op ment
of the Medobory reefs lo cated to the east (shorewards). The
over ly ing Up per Badenian Kosiv For ma tion (Prut Beds) con -
sists of 7 m of pre dom i nantly lam i nated grey-green or
grey-blue clayey silt with oc ca sional sandy lime stone units
con tain ing a mol lus can fauna. 

The Prut Beds unit is fol lowed by a suc ces sion about 80 m
thick, com posed pre dom i nantly of green-grey ish clays with an
ad mix ture of sand stones, dis tin guished as the Sarmatian
Dashava For ma tion. The strati graphic suc ces sion of the
Dashava For ma tion shows three dis tinct in ter vals. The lower
in ter val, Kuzhora Beds, about 37 m thick, con sists at the base of 
grey ish-green lam i nated or mas sive clays in ter ca lated with
sands con tain ing un iden ti fi able macrofloral and mol lus can re -
mains; the de posit changes up wards into green-grey lam i nated
clays interbedded with very thin tuffite and ben ton ite laminae
and sandy lime stones with abun dant ma rine bi valves. Some
clay lay ers ob served in the mid dle part of this in ter val
(61.0–61.8 m) yielded shells of ter res trial snails. The next in ter -
val, the Zbruch Beds, up to 28 m thick, is a mo not o nous suc ces -
sion of grey ish-green or green finely lam i nated clays with very
thin tuffite laminae at the bot tom and sec ond ary gyp sum at the
top of the suc ces sion. The up per in ter val, the Novomoskovs’k
Beds, about 15 m thick, is rep re sented by green-grey lam i nated
clays (5.0–15.0 m) and lumpy clays at the top. The Dashava
For ma tion to gether with the clastic Up per Badenian suc ces sion 
in di cate pro gres sively shallowing fa cies de pos ited in a ba sin
that was slowly de salted as re flected by a sig nif i cant change in
mol lus can fauna (Andreyeva-Grigorovich et al., 1997).

BIOSTRATIGRAPHY

The fol low ing data re fer ex clu sively to im por tant or
stratigraphically sig nif i cant foraminifera and cal car e ous
nannoplankton re corded in the Surzha core. 
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Fig. 1. Lo ca tion of the bore hole No 40 in Ukraine

A – map of Mid dle Mio cene de pos its in the Carpathian Foredeep Ba sin in Po land and Ukraine (reefal de pos its solid shad ing); 
B – map of Ukraine show ing dis tri bu tion of the Up per Badenian de pos its dur ing the max i mum phase of trans gres sion; 

the as ter isk marks lo ca tion of the bore hole No 40; mod i fied af ter Maslov and Utrobin (1958)



FORAMINIFERAL DATA

Only a few sam ples turned out to be use ful for biostratigraphic 
and/or palaeobathymetric pur poses. Ben thic foraminifers in grey -
ish-blue fine-grained sandy-silty in ter ca la tions ob served within
the Ternopil Beds (91.15–91.20 m; 90.6–90.8 m) are dom i nated
by taxa typ i cal of the Bulimina–Bolivina Zone. They have also
been de tected in the Prut Beds that al lows es tab lished a Late
Badenian age for this unit. 

The ben thic foraminiferal as sem blage in the mid dle part of the
Dashava For ma tion (Zbruch Beds) yielded Elphidium macellum
(Fichtel et Molle), E. aculeatum (d’Orbigny), Porosononion
martcobi Bogdanowicz, Quinqueloculina consobrina d’Orbigny
and Articulina problema Bogdanowicz sug gest ing the Early
Sarmatian. The oc cur rence of Quinqeloculina problema Bogda -
nowicz, Q. consobrina (d’Orbigny), Q. reussi (Bogdanowicz), Q.
voloschinovae Bogdanowicz and Bolivina sarmatica Didkowski
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Fig. 2. Gen er al ized sedimentological pro file of Up per Badenian–Sarmatian de pos its from the Surzha bore hole
with the po si tion of the level with Parvamussium fenestratum and sam ples for cal car e ous nannofossils



in the up per most part of the Badenian–Sarmatian suc ces sion
(5.0–15.0 m) sug gests a Mid dle Sarmatian age (comp. Didkowski
et al., 1981).

CALCAREOUS NANNOPLANKTON DATA

Nannofossils were stud ied in 19 sam ples col lected be tween 
7.0 and 91.2 m. Cal car e ous nannoplankton as sem blages of me -
dium di ver sity and abun dance oc curred in 17 sam ples. In to tal,

40 taxa have been de ter mined (Ta ble 1). Most abun dantly rep -
re sented are: Coccolithus pelagicus (Wallich), Reticulofenestra 
haquii Backman, Calcidiscus ex gr. leptoporus (Murray et
Blackman), Helicosphaera carteri (Wallich), Sphenolithus
neoabies Bukry et Bramlette, and Rhabdosphaera pannonica
Báldi-Beke.

The ge nus Discoaster was found spo rad i cally while a few
spec i mens of D. exilis Mar tini et Bramlette, D. adamanteus
Bramlette et Wilcoxon, D. braarudii Bukry, D. brouweri
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Num ber of sam ple 174 172 171 170 169 168 167 166 165 164 163 162 161 160 158 157 156

Spe cies
Depth [m]

91.2 82.1 81.7 80.0 79.0 78.5 74.2 72.4 65.0 57.3 49.0 42.0 38.0 31.3 18.0 13.0 7.0

Coccolithus pelagicus • • • • • • • • • • • • • + • • •

C. miopelagicus + + + + + + +

Reticulofenestra haqii • • • • • + • + + + +

R. pseudoumbilica + + + + + + + + +

Calcidiscus premacintaryei + +

Ca. macintaryei • + + + + + •

Ca. leptoporus + + + + + • • •

Cyclicargolithus floridianus + + + • • + • • + • • • + +

Coronocyclus nitescens + + +

Geminilithella rotula + + + + + +

Helicosphaera carteri • • • • • • • • • + + + + + + +

H. intermedia + + +

H. walbersdorfensis + + + + +

H. spp. + + + +

Sphenolithus abies + • + + + + + + + + + +

Sph. neoabies + + • • • + + + +

Sph. moriformis + + + + + + + + + + +

Rhabdosphaera pannonica + + • + • + + + + + + +

Discotithina multipora • + + + + + + + + + +

Syracosphaera lunaria + + +

Braarudosphaera bigelowi • + + • + + + + + + • • •

Holodiscolithus macroporus + + + + + + + + +

Lithostromation perdurum + +

Thoracosphaera albatrosina + + + + + + + + + •

Th. heimi + + +

Scyphosphaera globulata +

Sc. recurvata +

Sc. am phora +

Triquetrorhabdulus sp. • + +

Pseudotriquetrorhabdulus sp. + + + + +

Discoaster exilis + + + + + +

D. variabilis + + + +

D. braarudii +

D. extensus + + + +

D. adamanteus + + + + +

D. cf. bollii + +

D. deflandrei + + + + + + +

D. brouweri + +

Scapholithus fossilis +

Perfocalcinella gr. fusiformis + + + + + + + + + + + + + + + + +

Rel a tive abun dance: • – rare; + – com mon

T a  b l e  1

Dis tri bu tion and abun dance of autochthonous cal car e ous nannofossils in the Surzha bore hole



(Tan), D. deflandrei Bramlette et Riedel, and D. variabilis
Mar tini et Bramlette have been de tected in sam ples from both
the Up per Badenian and Sarmatian de pos its. Oc ca sional oc cur -
rences of Discoaster exilis along with the ab sence of
Sphenolithus hetromorphus Deflandre and Discoaster kugleri
Mar tini et Bramlette in di cate that ma jor part of the Sarmatian
Dashava For ma tion can be de ter mined as the NN6 Zone (cf.
Andreyeva-Grigorovich et al., 1997; Peryt, 1999; Garecka and
Olszewska, 2011). In the sam ples stud ied Discoaster kugleri,
the in dex spe cies for NN7 Zone, has not been iden ti fied but its
oc cur rence was doc u mented within the Zbruch Beds in the
same re gion of Ukraine (Lyulyeva, 2009). In some sam ples, a 
sig nif i cant num ber of cal car e ous nannoplankton tests re -
worked from older de pos its was ob served, Cre ta ceous taxa be -
ing dom i nant. In sam ples 163–166, 168 and 171, how ever,
apart from Paleogene and Mio cene re worked spec i mens of
Sphenolithus heteromorphus, in dex spe cies for the NN5 Zone
are com mon.

MOLLUSCAN RECORD

Ex cept for two thin grey ish-blue fine-grained sandy-silty
in ter ca la tions (91.15–91.20 m; 90.6–90.8 m), the Ternopil
Beds prac ti cally lack fauna. Gas tro pods in these in ter ca la tions
are al most ex clu sively rep re sented by Bittium cf. deforme
(Eichwald), naticids and small trochids. The bi valve fau nas are
of low di ver sity and are dom i nated by two spe cies:
Pseudamussium lilli (Pusch) and Parvamussium fenestratum
(Forbes), whereas Nucula (Nucula) nu cleus (Linnaeus),
Nuculana (Saccella) fragilis (Chemnitz), Anadara (Anadara)
cf. diluvii (Lamarck), Modiolus sp. and Parvicardium sp. are
rare. In ad di tion, in ter me di ate valves of the chiton spe cies
Acanthochitona faluniensis (Rochebrunne) are found. The
scal lop spe cies Parvamussium fenestratum (Forbes, 1844), be -
ing the fo cus of this study, is de scribed in the chap ter “Sys tem -
atic de scrip tion”. In sandy lime stones of the Up per Badenian
Prut Beds (83.0–83.1 m) small trochids were doc u mented. Of
great im por tance is the oc cur rence in the Prut Beds
(81.5–83.0 m) of rep re sen ta tives of the op por tu nis tic bi valve
spe cies Obsoletiforma cf. lithopodolica (du Bois), Abra
(Syndosmya) reflexa (Eichwald) and Ervilia podolica
(Eichawald) char ac ter is tic of the Early Sarmatian. These taxa
are rec og nized as in di ca tors of a stressed en vi ron ment with
fluc tu at ing sa lin ity (comp. Studencka and Jasionowski, 2011).

In sandy in ter ca la tions within the low er most part of the
Lower Sarmatian Kuzhora Beds (77.1–77.5, 67.9–68.0 and
63.9–64.0 m) cerithid shells along with Ervilia podolica
(Eichwald) and Ervilia trigonula (Sokolov) are ubiq ui tous.
Some lay ers with coarse ma te rial and shell con cen tra tions of
Ervilia podolica (Eichwald) and Obsoletiforma lithopodolica
(du Bois) were ob served in the mid dle part of the Kuzhora
Beds (61.0–61.8 m). Thin clayey in ter ca la tions oc cur ring
within this bi valve co quina con tain ei ther shells of the ter res -
trial snails Pupilla sp., Gastrocopta fissidens (Sandberger),
Gastrocopta ex gr. serotina Lozek, Microstele sp., Oxychilus
sp. and Ceptaea sp., or bi valve shells of the ma rine spe cies
Inaequicostata pia (Zhizhchenko) and Abra (Syndosmya)
reflexa (Eichwald).

In the Zbruch Beds (15.0–42.7 m) the mol lus can fauna is al -
most ex clu sively rep re sented by the bi valve ge nus Inaequi -
costata Kojumdgieva but lo cally scat tered shells of Mactra
(Sarmatimactra) eichwaldi (Laskarew), Obsoletiforma lithopo -
dolica (du Bois) and Venerupis sp. oc cur. In the up per unit of the
Dashava For ma tion (5.0–15.0 m) im prints of shells of Obsoleti -
forma cf. obsoleta (Eichwald) only were doc u mented.

SYSTEMATIC DESCRIPTION

Pre vi ous re search on the Mid dle Mio cene suc ces sion in the
Carpathian Foredeep Ba sin has shown the min ute scal lop ge -
nus Parvamussium Sacco to be rarely en coun tered (Zhizh -
chenko, 1953; Krach and Nowak, 1956; Krach, 1957; Jaku -
bowski and Musia³, 1977). Among the rar est bi valves de tected
in the core of the Surzha bore hole is Parvamussium fene -
stratum (Forbes, 1844). This is the first Paratethyan re cord of
this spe cies that jus ti fies the need of its de tailed tax o nomic
study. The Ukrai nian spec i mens of P. fenestratum doc u mented
herein are de pos ited in the Pol ish Acad emy of Sci ences Mu -
seum of the Earth in War saw (abbr. MZ), un der the in ven tory
num bers MZ VIII Ml-3863.

Sys tem atic ar range ment of Pectinoida is here adopted ac -
cord ing to Bieler et al. (2010).

Or der PECTINOIDA Gray, 1854
Superfamily PECTINOIDEA Rafinesque, 1815

(with fam ily-level con tent fol low ing Waller, 2006)
Fam ily PROPEAMUSSIIDAE Abbott, 1954

 Parvamussium Sacco, 1897
Type spe cies: Pecten (Pleuronectes) duodecimlamellatus

Bronn, 1831 (by orig i nal des ig na tion)

C o m  m e n t s. – The spe cies Pecten (Pleuronectes)
duodecimlamellatus was cre ated by Bronn (1831, p. 116) on
the ba sis of ma te rial found at Tabbiano near Piacenza in the
Plio cene of Emilia-Romagna, It aly. The orig i nal de scrip tion
was merely a short note with out fig ures. The Ital ian spec i mens
were il lus trated by Sacco (1897, pl. 14, figs. 2–6) but none of
them come from the type lo cal ity. Re cently, the shell from
Tabbiano stored in the Naturhistorisches Mu seum in Basel,
Swit zer land was il lus trated by Löffler (1999, pl. 28, figs. 1–4).
The shell il lus trated (height 16 mm) is ob long in out line (higher 
than wider) and al most equivalved. Right valve with closely
spaced, reg u larly ar range ment commarginal lamellae, weakly
ex pressed in the early growth stage. Left valve is smooth.
Hinge line straight. In ter nal sur face has eleven prom i nent ra dial 
ribs ex tend ing to the ven tral mar gin.

The first brief de scrip tion by Bronn (1831) was fol lowed by
a more com pre hen sive de scrip tion by Deperet and Ro man
(1928, p. 180–182). They were the first who noted that the shape
of P. duodecimlamellatum changes with size. Small shells (up to
5–7 mm high) de rived from Tortonian at Sant’Agata in
Piedmont, It aly, are al most cir cu lar in out line, with a larger api cal 
an gle and in ter nal riblets show ing flabellate ar range ment. By
con trast, larger shells from the same lo cal ity, more than 9 mm in
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height, are ob long in out line, with a smaller api cal an gle (ca.
85 degrees) and with straight in ter nal riblets ex tend ing to the
ven tral mar gin (Deperet and Ro man, 1928, pl. 27, fig. 4, 4a). Fi -
nally, spec i mens of P. duodecimlamellatum (10 mm high) from
Sant’Agata were il lus trated by Robba (1968, pl. 37, figs. 4a–5b), 
and a small spec i men (6 mm high) from the col lec tions of the
Claude Ber nard Uni ver sity in Lyon, France, orig i nally il lus trated 
by Deperet and Ro man (1928, pl. 27, fig. 6a, b) was re pro duced
by Hertlein (1969, N350, fig. C73. 2a, b). 

For a spec i men from Plio cene de pos its at Pon ti cel lo in the
Val Savena near Bo lo gna (19 mm high) Foresti (1893, p. 381)
pro posed the va ri ety name gigantea. The larg est spec i men, 30
mm high, was found at Bordighera in the Mid dle Plio cene of It -
aly (Sacco, 1897, pl. 14, fig. 4). 

Parvamussium fenestratum (Forbes, 1844)
(Figs. 3–5)

1897 Variamussium cf. fenestratum (Forb.); Sacco, p. 50, pl. 14, fig. 24.

1939 Chlamys fenestrata Forbes; Roger, p. 220, 221.

part. 1960 Amussium felsineum Foresti; Csepreghy-Meznerics, p. 18, 19,
pl. 35, figs. 13–15.

1966 Amussium felsineum For.; Csepreghy-Meznerics, pl. 2, figs. 1, 2. 

part. 1977 Propeamussium (Parvamussium) felsineum (Foresti, 1895);
Jakubowski, p. 91–92, pl. 5, figs. 11–13, pl. 6, figs. 1, 2.

1990 Propeamussium fenestratum (Forbes, 1844); Smriglio and Mariotti -
ni, p. 5, 6, pl. 1, fig. 4a–d.

1993 Propeamussium fenestratum (Forbes); Poppe and Goto, p. 70, pl. 10,
fig. 5.

1995 Propeamussium fenestratum (Forbes, 1844); Vera-Peláez et al.,
p. 100.

1997 Parvamussium fenestratum (Forbes, 1844); Lozano-Fran cisco,
p. 315–317, pl. 33, figs. 1–11.

2002 Parvamussium fenestratum (Forbes, 1844); Dijkstra and Goud,
p. 36–38, figs.  5–12.

2004 Parvamussium fenestratum (Forbes, 1844); Dijkstra and Gofas, p.
39–42, figs. 4, 5.

T y p e  m a t e r i a l. – The holotype was orig i nally not
de signed. Syntypes are stored in the Na tional Mu se um of Scot -
land in Ed in burgh, un der the in ven tory num bers RSM
1976.5.31902, 3. Type lo cal ity not de signed (see Dijkstra and
Gofas, 2004). 

S t r a t i  g r a p h i c  r a n g e  a n d  g e o  -
g r a p h i c  d i s t r i b u t i o n. – Early Mio cene to Re cent;
pre vi ous fos sil re cords are re stricted to the Med i ter ra nean. This 
ex traor di narily rare spe cies has been re ported in the Lower
Mio cene only from Burdigalian strata, at Sciolze, It aly (Sacco,
1897). Its oc cur rence in the Plio cene has been con firmed in the
Estapona Ba sin, Spain by Vera-Peláez et al. (1995) and
Lozano-Fran cisco (1997, 1998). It is note wor thy that through
the Med i ter ra nean the pres ent-day P. fenestratum seems to be
scarce (Smriglio and Mariottini, 1990; Poppe and Goto, 1993).
Re cently, liv ing spec i mens have been found only in a few lo -
cal i ties on the muddy bot toms around the scleractinian coral
banks at 530 m depth in the Ionian Sea off Apulia, It aly
(Mastrototaro et al., 2010) and its pres ence off Capo Corso in
the Corsica from 300 m depth was com mu ni cated to the se nior
au thor by B. Dell’Angelo in 2011. On the other hand, mod ern
P. fenestratum is wide spread through out the north east ern At -
lan tic and is dis trib uted from Ice land along the Brit ish Isles, on

the Galician Bank, on the Lusi ta nian seamounts, south to Por -
tu gal, the Azores, Ma deira, Ca nary Is lands and the Cape Verde
Is lands (Poppe and Goto, 1993; Dijkstra and Goud, 2002;
Dijkstra and Gofas, 2004; Dijkstra et al., 2009). 

M a t e r i a l. – Four right valves and frag ments of two left 
valves em bed ded in sed i ment (MZ VIII Ml-3863; Ta ble 2). 

O t h e r  m a  t e  r i a l  e x  a m  i n e d. – Two right
valves and two left valves and nu mer ous disc frag ments (MZ
VIII Ml-681) from Monastyrz (Roztocze Hills, Po land); two
right valves and ten disc frag ments (MZ VIII Ml-682) from
D³ugi Goraj (Roztocze Hills, Po land); two right valves and two
left valves (M63/3026, M63/5155 and M65/1042) from
Makkoshotyka (Tokay Mts., Hun gary) housed in the Hun gar -
ian Nat u ral His tory Mu seum in Bu da pest (abbr. HNHM); two
right valves and two left valves from Valerín-carretera near
Estapona (Spain) stored in the Fac ulty of Sci ences, Uni ver sity
of Malaga (abbr. DGEM, L-F/1997). 

D e  s c r i p  t i o n  o f  t h e  U k r a i  n i a n  s p e c  i  -
m e n s. – Only two right valves from the Surzha bore hole are
well-pre served. Shell thin, small, ap prox i mately 9 mm long,
nearly cir cu lar in out line, weakly in flated. The ex ter nal sculp -
ture of the right and the left valve is dif fer ent. 

Right valve with un equal au ri cles: the an te rior slightly
larger than the pos te rior one, sep a rated from the disc by a
well-de vel oped small byssal notch; no ctenolium. The small,
orthogyrate beak is slightly pro jected. Hinge line is straight,
weakly denticulate, its length ap proach ing 85% of to tal disc
length. Umbonal an gle ca. 95 de grees. Whole ex ter nal sur face
of the disc is cov ered by nu mer ous, closely set, reg u larly ar -
ranged commarginal lamellae (11 lamellae per mm in the cen -
tral part of the disc). Grooves are as wide as lamellae. Growth
stages are in vis i ble. An te rior au ri cle more prom i nently sculp -
tured than the pos te rior one, with commarginal lamellae and
dis tinct ra dial ribs. In ter nal sur face with 18–20 ra dial ribs ter -
mi nat ing at some dis tance from the smooth ven tral mar gin. 

Left valves are par tially frag mented and au ri cles are miss -
ing. Ex ter nal sur face of the left disc sculp tured with ir reg u larly
spaced commarginal lamellae (less closely spaced than on the
disc of right valve) and ra dial lirae; del i cate re tic u late sculp ture
is formed by their in ter sec tion. Growth stages are in vis i ble. In -
te rior sur face of the left valve could not be ob served.
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Spec i mens No Length Height

RV, MZ VIII Ml-3863/1 2.2 2.0

RV, MZ VIII Ml-3863/2 6.0 5.2

RV, MZ VIII Ml-3863/3 9.0 8.0

LV, MZ VIII Ml-681 6.5 6.0

RV, MZ VIII Ml-682/1 8.1 7.0

RV, MZ VIII Ml-682/2 6.8 6.0

RV, HNHM M63/3026 8.1 7.1

LV, HNHM M63/3026 7.7 7.5

RV, DGEM, L-F/1997/1 4.2 4.0

LV, DGEM, L-F/1997/2 6.8 6.0

LV, DGEM, L-F/1997/3 7.0 6.8

T a  b l e  2

Mea sure ments [mm]
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Fig. 3. Parvamussium fenestratum (Forbes, 1844)

A–E – Surzha, Ukraine, Mid dle Mio cene (Up per Badenian),  F, G – Makkoshotyka in the Tokay Mts., Hun gary, Mid dle Mio cene (Up per
Badenian); A – im print of left valve ex te rior (MZ VIII Ml-3863/4); B – im print of right valve ex te rior (MZ VIII Ml-3863/5); C – im print of 
right valve ex te rior (MZ VIII Ml-3863/1); D – in te rior view of right valve (MZ VIII Ml-3863/2); E – in te rior of right valve (MZ VIII
Ml-3863/3); F – im print of right valve ex te rior (HNHM M63/3026); G – mould of in te rior left valve (HNHM M63/3026); scale bars 1 mm
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Fig. 4. Parvamussium fenestratum (Forbes, 1844) fromValerín-carretera near Estapona, 
Spain, Lower Plio cene (Zenclean)

A1, A2 – ex te rior and in te rior views of left valve (DGEM, L-F/1997/3); B1, B2 – ex te rior and in te rior views of left
valve (DGEM, L-F/1997/2); C1, C2 – ex te rior and in te rior views of right valve (DGEM, L-F/1997/1); scale bars 1 mm

Fig. 5. Parvamussium fenestratum (Forbes, 1844) from the Roztocze Hills, 
Po land, Mid dle Mio cene (Up per Badenian)

A1, A2 – ex te rior and in te rior views of left valve, Monastyrz (MZ VIII Ml-681); B1, B2 – ex te rior and in te rior
views of right valve, D³ugi Goraj (RV, MZ VIII Ml-682/1); C1, C2 – ex te rior and in te rior views of right valve,

D³ugi Goraj (RV, MZ VIII Ml-682/2); scale bars 1 mm



V a r i  a  t i o n  o f  o r n a m e n t a t i o n. – The spe -
cies dis cussed is char ac ter ized by dif fer ent ex ter nal sculp tures
on two valves. As noted by Poppe and Goto (1993, p. 70),
Forbes (1844) used dif fer ent names for the left and the right
valve, viz. Pecten fenestratum and Pecten concentricus, re -
spec tively. The et y mol ogy of its youn ger synonyme, Pecten
inaequisculptum Tiberi, 1855, does ad e quate jus tice to these
mor pho log i cal char ac ters as well. In con trast to the gen er ally
con stant ex ter nal sculp ture of the right valve, the or na men ta -
tion of the left one is quite vari able. As dem on strated by
Dijkstra and Goud (2002), and Dijkstra and Gofas (2004) mor -
pho log i cal vari a tion of the left valve is ex pressed by the prom i -
nence of ra dial lirae, and by the ir reg u lar de vel op ment of sec -
ond and third or der lirae which are some times ab sent. Most
spec i mens col lected in the tem per ate to trop i cal east ern At lan -
tic (be tween 50 to 14°N) are char ac ter ized by strongly clathrate 
sculp ture: a ra dial sculp ture of 8–10 ir reg u larly spaced, larger
ra dial lirae with in ter ca lated smaller lirae of sec ond and third
or der, cross ing commarginal lamellae (Dijkstra and Gofas,
2004, fig. 4D). Sim i lar or na men ta tion of the left valve has been
ob served on both Re cent Med i ter ra nean (Smriglio and
Mariottini, 1990, pl. 1, fig. 4a) and Mid dle Mio cene (Late
Badenian) Paratethyan spec i mens (Csepreghy-Meznerics,
1966, pl. 2, fig. 1).

Some At lan tic spec i mens are, how ever, par tially smooth:
the re tic u late sculp ture is ab sent on the cen tral part of the disc,
or even on the ma jor part of the left valve ex cept an te rior and
pos te rior mar gins (Dijkstra and Gofas, 2004, fig. 4E). Some -
times, re tic u late sculp ture is formed by un equal ra dial lirae (any 
of sec ond- and third-or der lirae can be ob served) crossed by
prom i nent commarginal lamellae. This kind of or na men ta tion,
pres ent on spec i mens from the Cape Verde Is lands (Dijkstra
and Goud, 2002, figs. 5–7), con forms very well to what is ob -
served on Med i ter ra nean Plio cene (Lozano-Fran cisco, 1997,
pl. 33, figs. 2, 5, 9) and on Mid dle Mio cene (Late Badenian)
Paratethyan spec i mens (Jakubowski and Musia³, 1977, pl. 5,
fig. 11). 

R e  m a r k s. – The shape, the num ber of in ner riblets, and
the or na men ta tion of the right valve of the Ukrai nian spec i -
mens in ves ti gated are in dis tin guish able from the Mid dle Mio -
cene Hun gar ian spec i mens found at Makkoshotyka in the
Tokaj Moun tains, which Csepreghy-Meznerics (1960,
p. 18–19) as signed to Amussium felsineum Foresti, in spite of
dis tinct dif fer ences in num ber of in ter nal riblets. The spec i -
mens fig ured by Csepreghy-Meznerics (1960, pl. 35, fig. 15;
1966, pl. 2, fig. 2) have 16 and 18 riblets, re spec tively, while
the shell of P. felsineum bears 10 riblets ex tend ing to four-fifths 
of the valve height. Hence, some of the Hun gar ian spec i mens
pre vi ously at trib uted to A. felsineum un doubt edly be long to P.
fenestratum. Con se quently, the Hun gar ian spec i mens rep re sent 
also new re cords of P. fenestratum for the Mid dle Mio cene of
Paratethys (Fig. 3F and G). 

The Ukrai nian ma te rial con forms well to the Early Plio cene 
(Zanclean) spec i mens col lected by Lozano-Fran cisco at
Parque Antena and Valerín, Spain (1997, pl. 33, figs. 1–5, 8, 9), 
left valves of which are sculp tured with rather reg u larly spaced
ra dial ribs mak ing clathrate or na men ta tion with prom i nent
over run ning commarginal lamellae (Fig. 4). The Ukrai nian
ma te rial is also in dis tin guish able from spec i mens as sem bled by 

Jakubowski and Musia³ (1977) from the Up per Badenian lime -
stones in Monastyrz and D³ugi Goraj (Roztocze Hills). Pre vi -
ously as signed to Propeamussium (Parvamussium) felsineum
(Foresti, 1893), these have now been prop erly iden ti fied as
P. fenestratum and rep re sent a new re cord for the Mid dle Mio -
cene of Paratethys. These spec i mens are very frag ile, par tially
frag mented, their au ri cles are miss ing. The left valve with al -
most reg u larly re tic u lated sculp ture is slightly more con vex
than the right valve. Del i cate commarginal lamellae or na ment -
ing the left valve are more widely spaced than those on the right 
disc (Fig. 5). 

A f f i n i t i e s. – The spe cies P. fenestratum is some what 
sim i lar to the type spe cies, P. duodecimlamellatum (Bronn,
1831), known from the Early Mio cene to the Pleis to cene of the
Med i ter ra nean (Deperet and Ro man, 1928, p. 180–182, pl. 27,
figs. 2–4, 6; Erünal-Erentöz, 1958, p. 162, pl. 28, figs. 3–5;
Robba, 1968, p. 488–489, pl. 37, figs. 4a–5b; Löffler, 1999,
pl. 28, figs. 1–4). The sim i lar i ties re fer to the lamellar sculp ture
on the right valve but other char ac ters dif fer strongly. In di vid u -
als of P. fenestratum have a shell al most cir cu lar in shape, ap -
prox i mately 8 mm in hight with a lon ger an te rior au ri cle of the
right valve sculp tured with more coarse ra dial ribs, and a prom -
i nent clathrate sculp ture on the left valve, while the shell of
P. duodecimlamellatum is more elon gated (higher than wide,
es pe cially in larger spec i mens), aproximatelly 30 mm in height, 
with an en tirely smooth and glossy left valve. More over, the
two spe cies dif fer in the num ber of in ter nal riblets. The internal
sur face of P. duodecimlamellatum bears 10–12 riblets ex tend -
ing to the ven tral mar gin whereas in ter nal sur face of
P. fenestratum is dec o rated with 14–20 or even 24 riblets (ob -
served on Span ish spec i mens), com menc ing in later growth
stages (spec i mens less than 3 mm in height lack in ter nal riblets) 
and ter mi nat ing at some dis tance from the ven tral mar gin
(comp. Dijkstra and Gofas, 2004, p. 39–42). 

PARVAMUSSIUM SPECIES FROM THE PARATETHYS
AND NEOGENE OF THE MEDITERRANEAN

PROVINCE

Ex am i na tion of the taxon Parvamussium Sacco, 1897 led
the se nior au thor to the opin ion that re vi sion of its Paratethyan
rep re sen ta tives is ur gently needed, but this is be yond the scope
of this pa per. On the one hand, his tor i cal mono graphs suf fer
from in suf fi cient de scrip tions of spe cies. In ad di tion, Bronn’s
spe cies duodecimlamellatum and Foresti’s spe cies felsineum
are based on de scrip tions only. On the other hand, due to the in -
suf fi cient de scrip tion and very poor il lus tra tions the iden ti fi ca -
tion of many Paratethyan spec i mens is un clear and they re main
to be in ves ti gated.

Re search on the Oligocene–Mio cene suc ces sion in the
Paratethys has shown the rep re sen ta tives of Parvamussium to
be mod er ately abun dant in clayey fa cies in var i ous bas ins and
the ge nus has been rec og nized as biostratigraphically im por -
tant. Based on ex tent lit er a ture (Hörnes, 1867; Kautsky, 1928;
Meznerics, 1936; Zhizhchenko, 1953; Krach, 1957;
Csepreghy-Meznerics, 1960, 1966; Kojumdgieva, 1960, 1969;
Jakubowski  and Musia³, 1977; Báldi, 1986; Bohn-Havas et al., 
1987; Löffler, 1999; Schultz, 2001; Popov et al., 2009;
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Harzhauser et al., 2011), an over view of re cent knowl edge on
rep re sen ta tives of Parvamussium is given be low. 

At least five spe cies oc curred in both West ern and Cen tral
Paratethys since the Early Oligocene (early Kiscellian) up to
the Mid dle Mio cene (Late Badenian) viz., Parvamussium
bronni (Mayer, 1861), P. duodecimlamellatum (Bronn, 1831),
P. felsineum (Foresti, 1893), P. fenestratum (Forbes, 1844),
and P. miopliocenicum (Ruggieri, 1949). So far no rep re sen ta -
tives of Parvamussium have been de tected in the East ern
Paratethys (Nevesskaja et al., 1993; Popov et al., 1993). None
of the Paratethyan Parvamussium spe cies sur vived the wa ter
chem is try cri sis that oc curred in this area around the
Badenian/Sarmatian bound ary. 

In the Med i ter ra nean Neo gene Prov ince Parvamussium
spe cies are re corded from the Early Mio cene (lat est
Burdigalian) onwards, with the ex cep tion of bronni. Only one,
P. fenestratum, is still alive in the Med i ter ra nean Sea. 

PARVAMUSSIUM BRONNI (MAYER, 1861)

In the Paratethys Oligocene the ge nus Parvamussium is
rep re sented by the spe cies P. bronni re ported from Aus tria, the
Czech Re pub lic, Hun gary and Ukraine. The spe cies P. bronni
is dis tin guished from all other spe cies of Paratethyan
Parvamussium by the ab sence of any ra dial sculp ture and by
the pres ence of coarse commarginal lamellae on both left and
right valves (see Löffler, 1999, p. 121–123, pl. 27, figs. 1–5).
The main dif fer ence be tween P. bronni and P.
duodecimlamellatum, as pointed out by Mayer (1861 fide
Löffler, 1999), is the pres ence of commarginal lamellae on the
left valve and more dis tinct, al ways straight in ter nal riblets in
the lat ter spe cies. The ear li est re cord of P. bronni is that from
the Zementmergel For ma tion at Bad Häring in Tyrol, Aus tria.
Based on its cal car e ous nannofloral con tent, in dic a tive of the
NP22 Zone, the Zementmergel For ma tion is as signed to the
lower Kiscellian (Lower Oligocene; Löffler, 1999). The geo -
graph i cally clos est oc cur rence of P. bronni was noted by
Oppenheim (1922, p. 20, pl. 3, figs. 14, 20) from Pouzdøany in
the Lower Oligocene of Moravia, Czech Re pub lic. 

The oc cur rence of P. bronni is well-doc u mented in var i ous
lo cal i ties of the Kiscell Clay For ma tion in Hun gary. By means
of an in te grated study of planktic foraminifera and cal car e ous
nannofossils (lower part of the NP24 Zone), a late Kiscellian
(Late Oligocene) age is in di cated for the Kiscell Clay For ma -
tion (Báldi, 1986). This es sen tially Paratethyan spe cies was
also found in the Skyba Unit of the Ukrai nian Carpathians. A
few poorly pre served spec i mens of P. bronni were de rived
from the Mid dle Menilite Subformation ex posed along the
Chechva River (Popov et al., 2009). Dark micaceous argillite
shales crop ping out at Spas yielded a cal car e ous
nannoplankton as sem blage that in di cates the Oligocene/Mio -
cene bound ary (the bound ary be tween the NP25/NN1 zones).

PARVAMUSSIUM DUODECIMLAMELLATUM (BRONN, 1831)

Amongst Parvamussium spe cies re cog nized within the
Mio cene Paratethyan fauna, P. duodecimlamellatum is rel a -
tively common. Ac cord ing to Sacco (1897), it is cer tainly a di -
rect de scen dent of the Oligocene P. bronni. In the Paratethys its 

old est spec i mens come from the Puntok Schlier For ma tion in
Hun gary and were re garded as biostratigraphically im por tant.
Based on the cal car e ous nannofloral con tent, in dic a tive of the
NN2 Zone, the Puntok Schlier For ma tion is as signed to the
Eggenburgian (Lower Mio cene; Hámor et al., 1987). Fol low -
ing Bohn-Havas et al. (1987) P. duodecimlamellatum and
Lentipecten denudatus (Reuss) are char ac ter is tic scal lop spe -
cies in ba sin fa cies of the Eggenburgian within two pectinid
zones i.e. the Chlamys gigas as sem blage Zone and Chlamys
palmata–Chlamys crestensis as sem blage Zone. 

It seems that Hun gar ian re cords are the old est ev i dence of
this Mio cene to Pleis to cene spe cies. Up to now
P. duodecimlamellatum was un known from strata older than
the lower Eggenburgian (base of the Lower Mio cene). In the
Med i ter ra nean area it was re ported from the up per most
Burdigalian (up per most Lower Mio cene) of It aly (Sacco,
1897). Its pres ence in the Chattian (Up per Oligocene) in the
east ern At lan tic (Lusi ta nian Prov ince) was only pre sumed: in
the opin ion of Deperet and Ro man (1928, p. 180, 181), spec i -
mens from the French At lan tic coast il lus trated and de scribed
by Cossmann and Peyrot (1914, pl. 13, figs. 3–7, pl. 15, fig. 24)
as Variamussium cf. felsineum Foresti doubt lessly rep re sent
duodecimlamellatum. This was also stated by Erünal-Erentöz
(1958) and Robba (1968). An entirely dif fer ent opin ion was ex -
pressed by Kautsky (1928), Meznerics (1936), Krach (1957)
and Csepreghy-Meznerics (1960) who ac cepted the des ig na -
tion by Cossmann and Peyrot (1914). Thus, only re-study of the 
French ma te rial may al low its re li able iden ti fi ca tion. 

The spe cies P. duodecimlamellatum is re garded to be char -
ac ter is tic in the ba sin fa cies of the Lower Badenian (Baden
Clay For ma tion) in Hun gary (Bohn-Havas et al., 1987). Its oc -
cur rence to gether with Costellamussium cristatus badense
(Fontannes) in di cates the lower part of the Flabellipecten
besseri as sem blage Zone. The avail able ev i dence sug gests that
in other parts of the Cen tral Paratethys P. duodecimlamellatum
is rarely en coun tered. No spec i men was de tected by
Kowalewski (1966) within bi valve ma te rial from more then
100 bore holes drilled through the Mid dle Mio cene se quence in
the Carpathian Foredeep Ba sin in Po land. In di vid ual spec i -
mens of P. duodecimlamellatum are pres ent in Lower
Badenian clays in north west ern Bul garia (Kojumdgieva 1960,
p. 73, 74, pl. 25, figs. 9, 10). 

Al though Deperet and Ro man (1928, p. 180–182) be lieved
that Bronn’s spe cies is ad e quately de fined, it has been fre -
quently mis iden ti fied with P. felsineum from which it dif fers in
its ex ter nal ornamentaion of the left valve (see dis cus sion in
Deperet and Ro man, 1928; Kautsky, 1928; Meznerics, 1936;
Harzhauser et al., 2011). Kautsky’s (1928, p. 254) claim that
the ma jor ity of spec i mens from Baden and Steinebrunn in Aus -
tria as well as those from Lapugy in Ro ma nia as cribed by
Hörnes (1867, p. 420, 421) to duodecimlamellatum rep re sent
typ i cal felsineum was ac cepted by Deperet and Ro man (1928,
p. 183, pl. 27, figs. 12, 12a, 13, 13a) and more re cently by
Schultz (2001, p. 162–164, pl. 15, figs. 10a, b, 11a, b) who con -
sid ered spec i mens from the up per most Lower Badenian at
Baden iden ti cal to Foresti’s spe cies felsineum. Fi nally, due to
the in suf fi cient de scrip tion and very poor il lus tra tions the iden -
ti fi ca tion of many Paratethyan spec i mens as signed to both
duodecimlamellatum (e.g., Nicorici, 1977, p. 130, 131) and to
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felsineum (e.g., Stancu et al., 1971, pl. 4, figs. 3, 4) is un clear
and they still re main to be in ves ti gated.

It is es tab lished that P. duodecimlamellatum in hab ited the
Med i ter ra nean Prov ince at least since the late Burdigalian
(Early Mio cene) and per sisted up to the Early Pleis to cene. So
far its old est re cord through out the Med i ter ra nean is from the
up per Burdigalian at Sciolze in the Tu rin Hills (Sacco, 1897, p.
48, 49) whilst its youn gest re cord is in the Lower Pleis to cene
strata near Grammichele in Sic ily (Malatesta, 1960, p. 238). Its
pres ence is well-doc u mented in the cen tral and east ern Med i -
ter ra nean: in nu mer ous, es pe cially Plio cene out crops in It aly
(Sacco, 1897; Deperet and Ro man, 1928; Ruggieri, 1950,
1957; Malatesta, 1960; Glibert and Van de Poel, 1965; Robba,
1968; Caprotti, 1974; Ceregato et al., 2007), south ern Tur key
(Erünal-Erentöz, 1958), and in Syria (Roger, 1939). In con -
trast, there are scarce data about its pres ence in the west ern
Med i ter ra nean, and its Plio cene oc cur rences in Spain and
France (Lozano-Fran cisco, 1997) need con fir ma tion, the more
so as, as in the se nior au thor's opin ion, nu mer ous Plio cene
spec i mens from both the Var Ba sin in south ern France and the
Estapona Ba sin in Spain which are re ferred to as P. duodeci -
mlamellatum by Lozano-Fran cisco (1997, p. 313–315, pl. 32,
figs. 1–10) are ac tu ally closer to P. felsineum. 

PARVAMUSSIUM FELSINEUM (FORESTI, 1893)

Parvamussium shells from the Cen tral Paratethys bear ing ra -
dial sculp ture on the left valve were for merly al ways iden ti fied
as P. felsineum. Ac cord ing to the num ber of in ter nal riblets they
cer tainly be long to at least two spe cies, viz., P. fenestratum
(14–24) and P. miopliocenicum (10–12) or P. felsineum
(10–12). The lat ter spe cies was in tro duced by Foresti (1893,
p. 381, 382) on the ba sis of the Plio cene ma te rial found at Pon ti -
cel lo in the Val Savena near Bo lo gna. Ac cord ing to the orig i nal
de scrip tion, the frag ile shell (up to ca. 10 mm high) is oval in
out line (wider than high), with re tic u late sculp ture: very nu mer -
ous and eas ily vis i ble thread-like ra dial riblets cut ting less prom i -
nent and more loose commarginal lamellae form el e gant
reticulae, mainly near the beak. The in ter nal sur face bears ten to
twelve ra dial riblets,  some times with a few ru di men tary in ter sti -
tial ones, ter mi nat ing at some dis tance from the ven tral mar gin.
From the end of the in ter nal riblets to the ven tral mar gin, the
shell is very thin, trans par ent and finely stri ated. Un for tu nately,
no type ma te rial of felsineum was fig ured by Foresti. Only in for -
ma tion that both or na men ta tion and ar range ment of in ter nal
riblets in felsineum is sim i lar to that in Amussium cancellatum
Smith, 1885 may jus tify the pre sump tion that re tic u late sculp ture 
is pres ent on the left valve whilst the right valve is or na mented
with closely spaced commarginal lamellae. 

The spe cies P. felsineum seems to be scarcely sparsely
within the Med i ter ra nean area. It is re ported from the Plio cene
of It aly (Foresti, 1893; Ruggieri, 1950). Its sup posed oc cur -
rence in the east ern Mid dle Mio cene Med i ter ra nean is based on 
Roger’s (1939) re cord from Syria. Un for tu nately, no il lus tra -
tions of the Med i ter ra nean felsineum were pro vided.

The oc cur rence of P. felsineum in the Oligocene of the
Paratethys was only pre sumed (Báldi, 1986). A well-doc u -
mented re cord ap par ently be gins with the Karpatian (Early
Mio cene) of Slovenia and Slovakia (Meznerics, 1936;
Harzhauser et al., 2011, re spec tively). The Paratethyan spec i -

mens of P. felsineum ap pear to con form in many im por tant re -
spects to the typ i cal form de scribed from the Plio cene of It aly;
al though Paratethyan spec i mens are some what elon gated and
slightly pos te ri orly oblique (the type spec i mens are al most cir -
cu lar in shape, some what wider than high). Their left valves
bear a re tic u late sculp ture pro duced by in ter sect ing nu mer ous
(about 30 at cen tral disc por tion) prom i nent ra dial ribs and del i -
cate commarginal growth lines in early to me dium growth
stages, and with prom i nent commarginal sculp ture in late
growth stages (while the type spec i mens show much weaker
but more reg u lar re tic u late sculp ture). In ter sti tial riblets in side
left valves are not ob served. There fore, Meznerics (1936,
p. 124, 125) pro posed the name Amussium (Variamussium)
felsineum Foresti var. styriaca for spec i mens with prom i nent
re tic u late sculp ture on the left valve.

In the Paratethys this morphotype of P. felsineum with
strongly ra dial sculp ture is re ported from the Lower Mio cene
clayey de pos its (Karpatian) of Slovenia and Slovakia, and from 
the Mid dle Mio cene (Lower Badenian) of Po land (Meznerics,
1936, pl. 1, figs. 1–6; Harzhauser et al., 2011, fig. 11.1–4;
Krach 1957, pl. 1, figs. 1, 18, re spec tively). 

More over, the pres ence of P. felsineum is doc u mented in
sev eral out crops of the Lower Badenian in the north-west ern
Bul garia (Kojumdgieva, 1969, 86, pl. 2, figs. 3–11) and in the
Lower-Mid dle Mio cene of the Vi enna Ba sin in Aus tria
(Deperet and Ro man, 1928, pl. 27, figs. 12, 12a, 13, 13a;
Schultz, 2001, 162–164, pl. 15, figs. 10, 10a, 11, 11a).

The con sid ered morphotype styriaca re sem bles very close -
ly P. fallax (Korobkov, 1936) wide spread in Up per Eocene
strata in Cau ca sus, Rus sia and Geor gia (Korobkov, 1936, p. 70, 
71, pl. 1, figs. 1–13, pl. 2, figs. 1–3; Korobkov, 1954, pl. 73,
figs. 3–5), west wards to Hun gary (Báldi, 1986, pl. 1, fig. 1).
The two spe cies are some what elon gated and slightly pos te ri -
orly oblique in shape with sim i lar re tic u late sculp ture vis i ble on 
the left valve. More over, they have the same shape and num ber
of in ter nal riblets re stricted to the prox i mal four-fifths of the
height and lack of in ter sti tial riblets. In the opin ion of the se nior 
au thor, these mor pho log i cal shell fea tures sug gest that P.
felsineum might be a di rect de scen dent of the Eocene P. fallax.

PARVAMUSSIUM FENESTRATUM (FORBES, 1844)

This spe cies, ex tremely rare in the Neo gene Med i ter ra nean
Prov ince has been re ported from the Lower Mio cene
(Burdigalian) in It aly (Sacco, 1897) and from the Lower Plio -
cene (Zanclean) in Spain (Vera-Peláez et al., 1995;
Lozano-Fran cisco, 1997, 1998). Re cently it is also re corded as
sparsely dis trib uted through the Med i ter ra nean Sea (Smriglio
and Mariottini, 1990; Poppe and Goto, 1993; Dijkstra and
Gofas, 2004; Mastrototaro et. al., 2010). Its Paratethyan re cord
is ap par ently re stricted to the Mid dle Mio cene (Up per
Badenian) and the first re cord is pre sented in this pa per. 

PARVAMUSSIUM KOSLOVI (ZHIZHCHENKO, 1953)

Zhizhchenko (1953, p. 238, 239) erected the spe cies koslovi
on the ba sis of Mid dle Mio cene ma te rial de rived from the
Lower Badenian de pos its in the Bilche–Volytsia Zone of the
Carpathian Foredeep Ba sin in Ukraine. Ac cord ing to the orig i -
nal de scrip tion, Amussium (Variamussium) koslovi shares
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many fea tures in com mon with P. bronni. The two spe cies have 
the left valve or na mented with nu mer ous commarginal
lamellae and both have the same num ber of in ter nal ribs. For an 
un known rea son Zhizhchenko de signed as a holotype a right
valve of which the ex ter nal char ac ter was not known to him
(Zhizhchenko, 1953, pl. 2, fig. 1). The orig i nal fig ure of koslovi 
(Zhizhchenko, 1953, pl. 2, figs. 1, 2) sug gests that it may be
more ap pro pri ately at trib uted to P. duodecimlamellatum, with
which it shares the same shape and num ber of in ter nal ribs
(Deperet and Ro man, 1928, pl. 27, fig. 6a, b; Kojumdgieva,
1960, pl. 25, fig. 9b; Hertlein, 1969, N350, fig. C73. 2a, b). 

Un for tu nately, the type spec i mens of koslovi have not been
found and the char ac ter of the ex ter nal right valve is not
known, and thus the va lid ity of this spe cies must re main un cer -
tain. No ma te rial apart from that de scribed by Zhizhchenko is
known. Thus, a re-study of the type (ap par ently lost) or more
ma te rial is needed for a better founded in ter pre ta tion of this
taxon. At pres ent Parvamussium koslovi is con sid ered as a
nomen nudum. It may pos si bly rep re sent a dis tinct spe cies, but
could also be re garded as conspecific with P. bronni or P.
duodecimlamellatum. 

PARVAMUSSIUM MIOPLIOCENICUM (RUGGIERI, 1949)

Parvamussium miopliocenicum is a new name in tro duced
by Ruggieri for the Mid dle Plio cene (Piazenzian) spec i mens at -
trib uted by Sacco (1897) and by Deperet and Ro man (1928) to
P. felsineum. Un doubt edly, lack of il lus tra tions of the
felsineum type spec i mens caused Sacco (1897, p. 49, pl. 14,
figs. 7–22) to as sume in cor rectly that Parvamussium spec i -
mens from Bordighera were iden ti cal to Foresti’s spe cies
felsineum. Ac cord ing to Ruggieri (1950, p. 79), the orig i nal de -
scrip tion of felsineum by Foresti (1893, p. 381, 382) leaves no
doubt that Sacco’s fig ures of felsineum from Bordighera as
well as ma te rial il lus trated by Deperet and Ro man (1928,
p. 182, 183, pl. 27, figs. 7–11) from Sant’Agata and Bordi ghera 
un der the name Amussium felsineum have noth ing in com mon
with Foresti’s spe cies felsineum. They clearly rep re sent dif fer -
ent spe cies as rec og nized by the pres ence of re tic u late sculp ture 
on the left valve and prom i nent but ir reg u larly spaced ra dial
lirea on the right valve. For this spe cies Ruggieri pro posed the
name Amussium (Propeamussium) mioplio cenicum, and des -
ig nated as a holotype the spec i men fig ured by Deperet and Ro -
man (1928, pl. 27, figs. 9, 9a). Ruggieri stated Bordighera in
Piedmont as the type lo cal ity of this spe cies. This state ment
was con firmed by Robba (1968, p. 489, 490), but un for tu nately 
it has been ig nored by other au thors. 

The sep a ra tion of miopliocenicum from felsineum is based
on the ex ter nal sculp ture of the right valve which in the lat ter
spe cies bears only very closely spaced con cen tric lamellae
whereas in the for mer spe cies dis tinctly finer and weaker, more
spaced con cen tric lamellae over run ir reg u larly spaced, del i cate
(8 to 12) very nar row ra dial lirae, pro ject ing scales at the in ter -
sec tion with lamellae (Deperet and Ro man, 1928, pl. 27, figs. 9a, 
10a; Robba, 1968, pl 37, figs. 6a, 7a). In sev eral right valves
from Bordighera a set of commarginal lamellae closer to the
ven tral mar gin have a rag ged ap pear ance due to pro jec tions at
their in ter sec tions with nu mer ous, fine ra dial lines (Deperet and

Ro man, 1929, pl. 27, fig. 7a). These spec i mens were re pro duced
by Hertlein as left valves [sic!] of P. felsineum (1969, N350, fig.
C73. 2c).

So far, this Parvamussium spe cies, highly vari able in sculp -
ture, has been re corded from Up per Mio cene (Tortonian) de -
pos its in Piedmont (Deperet and Ro man, 1928; Robba, 1968),
and from the Mid dle Plio cene of both North ern It aly (Sacco,
1897; Deperet and Ro man, 1928; Ceregato et al., 2007) and
Calabria (Ruggieri, 1950). 

In con trast, there are no data about its pres ence in the
Paratethys. But in re spect to the tax o nomic con cept of Ruggieri
(1950) it is ques tion able whether all spec i mens de pos ited in
var i ous mu se ums, orig i nally re ferred to felsineum, rep re sent
this spe cies. It seems likely that some of the Bul gar ian spec i -
mens sculp tured with faint but dis tinct ra dial, 8 to 10 very nar -
row ir reg u larly spaced ribs on the right valve (Kojumdgieva,
1969, p. 86) are ac tu ally closer to P. miopliocenicum. 

ECOLOGICAL REQUIREMENTS 
OF THE GENUS PARVAMUSSIUM 

Mod ern Parvamussium is a di verse, cos mo pol i tan ge nus
in clud ing more than fifty spe cies (del Rio et al., 2008 with ref -
er ences; Dijkstra and Maestrati, 2008, 2010). The abun dance
and di ver sity of Parvamussium re flects its pref er ence for a tem -
per ate and warm Pa cific: re searches by Dijkstra and Maestrati
(2008, 2010) have re vealed 22 spe cies of Parvamussium from
the South Pa cific that are re stricted to, or are most com mon in,
the bathyal zone. 

Few data con cern ing en vi ron men tal re quire ments are avail -
able for the fos sil rep re sen ta tives of Parvamussium. Nev er the -
less, palaeontological find ings sug gest a sim i lar geo graph ical
pref er ence to that in the pres ent day. Ac cord ing to the re cords the 
ear li est oc cur rence of Parvamussium ap par ently be gins in the
Early Cre ta ceous within circum-Pa cific area (Sundberg, 1989
with ref er ences). At least six spe cies are re ported from the Lower 
Cre ta ceous of Kyushu, Ja pan, Sarawak and Bor neo (Tamura,
1973 fide Sundberg, 1989). Three other spe cies are rel a tively
com mon in the Up per Cre ta ceous deeper wa ter mudstones in
south ern Cal i for nia, North Amer ica (Sundberg, 1989). 

So far no spe cies of Parvamussium is re corded from the
Up per Cre ta ceous of South ern Hemi sphere but since the
Paleogene, Parvamussium has been noted from New Zea land,
south ern Aus tra lia and south ern South Amer ica (del Rio et al.,
2008). These find ings should be com ple mented with at least six 
spe cies re corded from the Eocene de pos its of the north ern Cau -
ca sus (Korobkov, 1936). Con trary to Cre ta ceous re cords from
the North ern Hemi sphere, the old est palaeontological data of
Parvamussium from the South ern Hemi sphere seem to sug gest
that at least dur ing the Early Paleogene, Parvamussium in hab -
ited shal low en vi ron ments (del Rio et al., 2008). Its oc cur rence
was de tected in the shal low ma rine (lit to ral) car bon ate se -
quence within Paleocene (Danian) for ma tions in Patagonia,
Ar gen tina. In the opin ion of del Rio et al. (2008),
Parvamussium has dras ti cally changed its eco log i cal re quire -
ments dur ing the Late Oligocene to Mid dle Mio cene. Ac cord -
ing to Beu and Maxwell (1990), its oc cur rence in the Mio cene
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of New Zea land was rec og nized within bathyal mol lus can as -
so ci a tions that seemed to have lived in the up per part of the
zone (ca. 200–800 m). 

At pres ent, only the fam ily Propeamussiidae Abbott of the
sub class Pteriomorphia, in creases its di ver sity with in creas ing
wa ter depth (Beu and Maxwell, 1990). Very frag ile,
thin-shelled, usu ally small (2 to 15 mm high) mod ern rep re sen -
ta tives of Parvamussium are mostly adapted to life in the
bathyal zone and they are in fre quent in depths of less than
60 m. Pre vi ous stud ies sug gest that only two spe cies, viz.
P. scitulum (Smith, 1885) and P. pauciliratum (Smith, 1903)
in habit lit to ral and sublittoral zones (Dijkstra, 1991). The lat ter
spe cies was sam pled from sublittoral depths (27–45 m) in the
In do ne sian Ar chi pel ago (Dijkstra, 1995) but sub se quent re -
search doc u ments its oc cur rence deeper than pre vi ously
known. It in hab its the bathyal zone (509–522 m) near the Sol o -
mon Is lands (Dijkstra and Maestrati, 2008). 

Lit tle bathymetric in for ma tion is pro vided for the
Paratethyan Parvamussium spe cies. The bi valve fauna re corded
by Báldi (1986) from the Oligocene Kiscell Clay For ma tion in
Hun gary in cludes the “mud pecten” Parvamussium bronni
(Mayer) [orig i nally iden ti fied as a sub spe cies of Propeamus -
siumi (Parvamussium) duodecimlamellatum], one of the most
com mon molluscs. The depositional en vi ron ment is re ferred to
the up per part of the bathyal zone (depth 200–1000 m), which is
sup ported by the pres ence of the as so ci ated ben thic foraminifera, 
the bar na cle ge nus Scalpellum Leach, the lob ster ge nus
Thaumastocheles Bate and the nautiloid ge nus Aturia Bronn
(Baldi, 1986). A sim i lar bathymetric re quire ment for P. bronni
was es ti mated by Löffler (1999).

Apart from P. bronni, the spe cies P. felsineum (Foresti) is
known to oc cur in the up per part of the bathyal zone. Re cently,
it was rec og nized within the Karpatian mol lus can as sem blages
from the Slo vak Re pub lic (Harzhauser et al., 2011). Along
with P. duodecimlamellatum (Bronn), it has also been re ported

from Lower Badenian shal low clayey fa cies in north west ern
Bul garia (Kojumdgieva, 1960, 1969).

The only spe cies of the Paratethyan Parvamussium that is
ex tant is P. fenestratum (Forbes), char ac ter ized by a wide
bathymetric range, ex tend ing from 99 to 2600 m. It is one of
four Parvamussium spe cies in hab it ing the north east ern At lan -
tic viz. P. fenestratum (Forbes, 1844), P. intuslaevis Dijkstra et
Gofas, 2004, P. permirum (Dautzenberg, 1925), and
P. propinquum (Smith, 1885) (Dijkstra and Gofas, 2004;
Olabarria, 2005). Out of these spe cies only P. fenestratum
(Forbes, 1844) in hab its the Med i ter ra nean Sea (Poppe and
Goto, 1993), liv ing on muddy bot toms be tween scleractinian
coral banks at 300–530 m depth (Mastrototaro et al., 2010).
Thus, its scarce ness in the Paratethys can be ex plained by the
ab sence of fa vour able en vi ron ments. The spe cies was de -
scribed from Up per Badenian sublittoral fa cies in the Roztocze
Hills, Po land rep re sented by coralline-al gal marly lime stones
(Jakubowski  and Musia³, 1977). Based on phys i cal and
palaeontological ev i dences Maslov and Utrobin (1958) pos tu -
lated that the Ternopil Beds (con tain ing the P. fenestratum
shells) were de pos ited at a depth of a few tens of metres, be low
fair-weather wave base. 
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