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ABSTRACT:

JANSSEN, A.W., KROH, A. & AvILA, S.P. 2008. Early Pliocene heteropods and pteropods (Mollusca, Gastropoda)
from Santa Maria Island (Azores, Portugal): systematics and biostratigraphic implications. Acta Geologica Polonica,
58 (3), 355-369. Warszawa.

A holoplanktonic mollusc assemblage from Neogene sediments of the Azorean island Santa Maria is described and
analysed to determine the age of the sediments. Sixteen taxa are documented (three heteropods, thirteen pteropods),
fourteen of which are new records for the fossil fauna of Santa Maria Island. The composition of the heteropod and
pteropod assemblage indicates a Zanclean age, which contrasts with earlier age assignments to the Early, Middle or
Late Miocene based on benthic molluscs, but is in good agreement with more recent data based on foraminiferal and
geochemical evidence.

The pteropod Cavolinia marginata (BRONN, 1862) is re-described based on abundant topotypic material and a
neotype is designated. The species Cavolinia vendryesiana (Guppy, 1873) is considered to be a junior subjective syn-
onym of C. marginata. The temporal range of the pteropod Limacina trochiformis (D’ORBIGNY, 1836) is extended
to the Zanclean.

Key words: Mollusca, Heteropoda, Pteropoda, Pliocene, Biostratigraphy, Azores, North-
ern Atlantic.

INTRODUCTION (AWJ, AK, SA)

Holoplanktonic gastropods from the Azores (Santa
Maria Island, locality Cré¢) were first described by
BRONN (in REIss 1862, pp. 36, 37), who studied collec-
tions brought together by Georg HARTUNG (PINTO & Bou-
HEIRY 2007). BRONN recognised two pteropod species in

that material, which he named Hyalea (Diacria?) mar-
ginata sp.nov. and Triptera columnella. MAYER (1864,
pp- 232, 233) included the collections from the Azores
described by BRONN in a study of fossils from Madeira
and Porto Santo, mentioning the same two species. Al-
most a hundred years later ZBYSZEWSKI & DA VEIGA FER-
REIRA (1962) published the next paper on fossils from
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Santa Maria, in which they mentioned again the same two
pteropod species and introduced a new species, Cavolinia
mariae ZBYSZEWSKI & DA VEIGA FERREIRA, 1962, from
a different locality (Ponta do Norte) on the island of
Santa Maria. In each of these papers the age of the
Santa Maria fossils was considered to be Miocene.

New material collected within the course of the 3 and
4% workshops “Palaeontology in the Atlantic Islands™
(June 2006 and June 2007), from the Cré locality, yield-
ing no less than three heteropod and 13 pteropod species,
not only enlarged the holoplanktonic mollusc assemblage
considerably, but also enabled a more accurate age as-
signment.

LOCALITY (AK, SA)

Neogene deposits are absent from the young volcanic
Azorean Archipelago, Santa Maria, the south-easternmost
of the nine islands being an exception to this rule. Com-
posed of subaerial lavas ranging in age from 3.2 to, at least,
8.1 Ma (ABDEL-MONEM & al. 1975; FERAUD & al. 1980,
1984; SERRALHEIRO & MADEIRA 1990), Santa Maria is the
oldest of the nine islands. It is covered by a thin, dis-
continuous layer of shallow marine sediments, belong-
ing to the Touril Complex and the Facho-Pico Alto Com-
plex (SERRALHEIRO & al. 1987; SERRALHEIRO & MADEIRA
1990; SERRALHEIRO 2003). Additionally, Pleistocene
wave-cut platforms with sands and gravel occur occa-
sionally along the coast (GARCIA-TALAVERA 1990;
CALLAPEZ & SOARES 2000; AVILA & al. 2002; AviLa
2005).
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The study area lies in north-western Santa Maria,
close to the embayment of Baia da Cré (Text-fig. 1).
There the sediments of the Touril Complex are exposed
in the Lemos river valley, which cuts through the over-
lying pyroclastics of the basal Facho-Pico Alto Complex
(see SERRALHEIRO & al. 1987). Most of the area is cov-
ered by pastures and shrub, but a series of small outcrops
is exposed in road cuttings and disused quarries in the
area south and west of the abandoned house “Casa da
Cré” (GPS N 37°00°04, W 25° 08°10”). The section
studied lies along an old dirt road leading from “Casa
da Cré” to an old, overgrown quarry at the bottom of the
valley (N 37°00°02”, W 25°08°07"), which was used
for “limestone” extraction (DA VEIGA FERREIRA 1961).
Although there is no continuous outcrop we were able
to log most of the sequence with short overlapping sec-
tions (Text-fig. 2).

The base of the section is formed by a volcanic con-
glomerate, belonging to the underlying Anjos Complex.
A sequence of strongly bioturbated lithic sandstones over-
lies the erosive relief on top of the conglomerate. The oc-
currence of successive erosive hiatuses, pebble seams and
shell beds documents reworking and transport, probably
related to storms. The section ends with bioclastic, lith-
ic sandstone with rhodoliths, covered by a massive lay-
er of volcanoclastic conglomerate of the Facho-Pico Alto
Complex (a more detailed section and its correlation to
other outcrops on Santa Maria will be published else-
where).

The fossils described here were found in a bed of bio-
turbated, lithic sandstone, approximately 4 metres above
the erosive relief at the base of the section. They are ac-
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Fig. 1. Location of the outcrop studied. Inset (lower right) shows position of the study area on Santa Maria Island (Azores)
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Fig. 2. Sketch of the outcrop situation and general section of the sedimentary strata exposed at Cré, Santa Maria. A black arrow marks the bed with

holoplanktonic mollusc assemblage

cumulated in large Thalassinoides burrows, locally
forming extremely dense aggregations (Text-fig. 3).
Outside the burrows, pteropods are present too, but less
commonly. They are preserved as internal moulds, com-
posed of calcite fibres or matrix, as well as rare external
moulds. The reason for this extreme accumulation of
pteropods in burrows is unclear. Other outcrops studied
during the fieldwork yielded no heteropod/pteropod re-
mains, but probably represent even shallower, more prox-
imal environments. Remains of other pelagic animals, like
whales (ESTEVENS & AviLa 2007) and sharks, are also
more frequent at Cré.

Based on the detailed description of REIss (1862, pp.

12-13), it is clear that the locality “Bocca do cré” that yield-
ed the two pteropod species described by BRONN (in REISS
1862, pp. 36-37) is identical with the section studied here.
For more information on the historical outcrops on San-
ta Maria Island and the confusion of the area studied here
with a region along the southern coast in the Malbusca
Area see MADEIRA & al. (2007).

MATERIAL AND METHODS (AK, AWJ)

To study the holoplanktonic mollusc assemblage, in-
dividual pteropod specimens were collected in the field,
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Fig. 3. Mass accumulation of Cavolinia marginata (BRONN, 1862) in a crustacean burrow from the Lower Pliocene of Cré, Santa Maria (DBUA-
F431-1). Scale bar equals 10 mm

as well as from bulk rock samples containing fossil ptero-
pod accumulations. The bulk samples were carefully dis-
aggregated mechanically. The sediment containing the
holoplanktonic molluscs is poorly cemented, rich in lith-
ic fragments and bioclasts. Aragonitic shells are preserved
as moulds and casts only, their original shell having been
largely removed during diagenesis.

Samples collected in 2006 are indicated 2006/1-7,
those collected in 2007 are labelled CC07/1A-1E. The ma-
terial studied is deposited in the collections of the De-
partamento de Biologia, Universidade dos Agores, Por-
tugal (DBUA-F, registration numbers DBUA-F379,
DBUA-F431) and the Palaecontology Department, Na-
tionaal Natuurhistorisch Museum Naturalis, Leiden,
The Netherlands (RGM, registration numbers RGM 541
558 — 541 605).

SYSTEMATIC PART (AWJ)

Most of the species encountered are well-known and
do not need extensive synonymies or description. The first
valid description is given, supplemented by a selection
of some modern papers in which the species is described
and illustrated.

Superfamily Pterotracheoidea RAFINESQUE, 1814
Family Atlantidae RANG, 1829
Genus Atlanta LESUEUR, 1817

TYPE SPECIES: Atlanta peroni LESUEUR, 1817 (Recent).

Atlanta sp.
(PL 1, Fig. 1)

MATERIAL EXAMINED: One specimen in sample
CC07/1B (DBUA-F431-2), 2 in sample CC07/1D
(DBUA-F431-44) and five in CC07/1E (RGM 541 580
to 541 583), all poorly preserved.

DISCUSSION: The largest available specimen (diame-
ter ¢. 5 mm; sample CC07/1E) is split into an apical and
an umbilical half, preserved on two small slabs of ma-
trix. An artificial cast of the apical part reveals most charac-
ters. The number of whorls is 44, the initial whorls to-
gether form a low cone, the 4 whorl widens rapidly and
at the same time a relatively wide keel inserts between
the whorls, continuing on the body whorl to a short dis-
tance behind the apertural margin. These characters com-
pare well with those of the Recent species Atlanta
peroni LESUEUR, 1817, as illustrated e.g. by SEAPY (1990,
fig. 4) and reported from the recent malacofauna of the
Azores (DAUTZENBERG 1889). Nothing is known, how-
ever, about a possible ornament of the protoconch and,
furthermore, the separation of the whorls seems to be wider
in the fossil specimens and to start earlier.

Genus Oxygyrus BENSON, 1835
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TYPE SPECIES: Oxygyrus keraudreni (LESUEUR, 1817)
(Recent).

Oxygyrus keraudreni (LESUEUR, 1817)

1817. Atlante de Keraudren, A. Keraudreni; LESUEUR, p. 391.
1967. Oxygyrus keraudreni (LESUEUR); VAN DER SPOEL, p. 137,
figs 133, 224 (with extensive synonymy).
1998. Oxygyrus keraudreni (LESUEUR, 1817); JANSSEN, p. 98,
pl. 1, fig. 3a-b.
2007b. Oxygyrus keraudreni (LESUEUR, 1817); JANSSEN, p. 51,
pl. 1, figs 2, 3; pl. 16, figs 2-4 (with further synonymy).

MATERIAL EXAMINED: Two juvenile specimens
were found in sample CC07/1E (RGM 541 584).

DISCUSSION: This species is easily recognisable by its
completely involute shell. The two specimens are very
small (< I mm), poorly preserved and not worth illustrating.
Oxygyrus keraudreni is known from the Zanclean onwards.

Family Carinariidae BLAINVILLE, 1818
Genus incertae sedis

Carinariidae sp.
(PL 1, Fig. 2)

MATERIAL EXAMINED: A single juvenile specimen
(protoconch) from sample CC07/1E (RGM 541 585).

DISCUSSION: The specimen is easily recognisable as
belonging to the Carinariidae by the fact that the great-
est width of the shell lies above the horizontal midline.
As the specimen is preserved as an internal calcitic mould
its ornament has disappeared. It could belong either to the
genus Carinaria or to Pterosoma. Carinaria mediterranea
DE BLAINVILLE, 1825 (= C. lamarcki PERON & LESUEUR,
1810) was reported from the Recent fauna of the Azores
(SEGERS 2002).

Superfamily Limacinoidea GrAY, 1847
Family Limacinidaec GRAY, 1847
Genus Heliconoides D’ ORBIGNY, 1836

TYPE SPECIES: Heliconoides inflata (D’ORBIGNY,
1836) (Recent).

Heliconoides inflata (D’ORBIGNY, 1836)
(PL 1, Fig. 3a-d)

1836. Atlanta inflata, D’ORB.; D’ORBIGNY, p. 174, pl. 12, figs
16-19.

1967. Oxygyrus keraudreni (LESUEUR); VAN DER SPOEL, p. 50,
figs 17, 18 (with extensive synonymy).

2004. Heliconoides inflata (D’ORBIGNY, 1836) type A;
JANSSEN, p. 110, pl. 1, figs 1-3.

2007b. Oxygyrus keraudreni (LESUEUR, 1817); JANSSEN, p. 60,

pl. 2, figs 1-3; pl. 21, figs. 1-3 (with further synonymy).

MATERIAL EXAMINED: Thirteen specimens were
found in the samples collected in 2006 (DBUA-F379-1,
379-13), almost a hundred were present in the 2007 sam-
ples (DBUA-F431-3 to 431-6, 431-8,431-45; RGM 541
563, 541 586, 541 587).

DISCUSSION: All specimens are preserved as internal
moulds, filled either with matrix or calcite crystals. Many
specimens among the 2007 samples clearly show the pres-
ence of a subperipheral belt all over the body whorl, as
is typical of Heliconoides inflata type A, described by
JANSSEN (2004). A falciform thickening, typical of type
B specimens, could not be seen in any of the shells avail-
able. H. inflata is known from the early Miocene onwards,
occurring abundantly in the living fauna of tropical and
subtropical water masses, also reported from the D. Jodo
de Castro seamount (Azores), today (AVILA & al. 2004).

Genus Limacina Bosc, 1817

TYPE SPECIES: Limacina helicina (PHipps, 1774) (Re-
cent).

Limacina cf. bulimoides (D’ORBIGNY, 1836)
(PL 1, Fig. 4)

MATERIAL EXAMINED: A single internal calcitic
mould was found in sample CC07-1B (RGM 541 562).

DISCUSSION: The present specimen co-occurs with He-
liconoides inflata. It is a bit less slender than Recent spec-
imens of L. bulimoides examined and the tangents of the
spira are more convex. Compared to Limacina trochiformis
from the same location (see below), however, the shell
is distinctly more slender and its whorls are less convex.
In the absence of further material, the identification has
to remain uncertain. Limacina bulimoides is reported from
the Recent fauna of the Azores (SEGERS 2002).

Limacina trochiformis (D’ORBIGNY, 1836)
(PL 1, Fig. 5)
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1836. Atlanta (Heliconoides) trochiformis, D’ORB.; D’ORBIGNY,
p. 177, pl. 12, figs 29-31.
1977. Limacina trochiformis (D’ORBIGNY, 1836); BE &
GILMER, p. 745, fig. 15, pl. 3, fig. 2a-d.
2007a. Limacina trochiformis (D’ ORBIGNY, 1836); JANSSEN, .
152, pl. 15, figs 6-9; pl. 16, figs 1, 2.

MATERIAL EXAMINED: Four doubtful specimens in
the 2006 material (one in sample 1 and three in sample
7—-DBUA-F379-2, 379-20); three specimens in sample
CC07-1D (DBUA-F431-46) and 42 in sample CC07-1E
(RGM 541 589, 541 590).

DISCUSSION: All specimens are preserved as internal
moulds, agreeing fairly well with Recent specimens ex-
amined. L. trochiformis has not yet been reported from
deposits older than Quaternary.

Genus incertae sedis

Limacinidae sp.
(PL 1, Fig. 6)

MATERIAL EXAMINED: Three immature specimens
from sample CCO7-1E (RGM 541 588, 541 591).

DISCUSSION: The depressed conical shape of the shells
is reminiscent of the Quaternary to Recent species Li-
macina lesueuri (D’ORBIGNY, 1836), occurring worldwide
in tropical and subtropical waters, but the preservation
as internal calcitic moulds prevents observation of the
presence or absence of spiral ornament on the base of the
shell. A very similar shell form is seen in juvenile speci-
mens of Heliconoides sondaari JANSSEN, 2007b (p. 61,
pl. 1, fig. 7; pl. 21, figs 4-7; pl. 22, fig. 1), described from
the Pliocene (Piacenzian) of the Philippines. L. lesueuri
to date is exclusively known from much younger deposits
but, on the other hand, the juvenile specimens from the
present locality cannot be related with any degree of cer-
tainty to the Philippine species, which shows a reinforced
apertural margin when full grown. However, in view of
the Early Pliocene age of the present specimens, it seems
more likely that they belong to H. sondaari.

Also similar are four juvenile/defective specimens
recorded by JANSSEN (1998, p. 99, pl. 1, fig. 11), as Li-
macina sp. 1, from the Piacenzian Bowden Beds in Ja-
maica.

Superfamily Cavolinioidea GrAY, 1850
Family Creseidae CURRY, 1982
Genus Bowdenatheca COLLINS, 1934

TYPE SPECIES: Bowdenatheca jamaicensis COLLINS,
1934 (Pliocene).

Bowdenatheca jamaicensis COLLINS, 1934
(PL 1, Figs 7a-c, 8a-d)

1934. Bowdenatheca jamaicensis n. sp.; COLLINS, p. 221, pl.
13, figs 13-15.

1959. Bowdenatheca jamaicensis R.L. COLLINS; ZILCH, p. 51.
fig. 171.

1982. Bowdenatheca jamaicensis COLLINS; LOZOUET & MAES-
TRATL p. 184.

1982. Bowdenatheca jamaicensis COLLINS; BERNASCONI &
RoBBa, p. 218.

1983. Bowdenatheca jamaicensis COLLINS; SHIBATA, p. 80.

1995. Creseinae sp. ? nov.; JANSSEN, p. 30, pl. 2, fig. 3a-d.

1996? Bowdenatheca ? sp.; UIHARA, p. 781, fig. 5/43-49.

1997. Bowdenatheca jamaicensis COLLINS; ZORN, p. 35, pl. 4,
figs 1-4.

1998. Bowdenatheca jamaicensis COLLINS; JANSSEN, p. 100,
pl. 1, figs 14-15.

MATERIAL EXAMINED: A total of 45 more or less frag-
mentary specimens was found in samples CC07/1B to 1E
(DBUA-F431-11, DBUA-F431-47, RGM 541 564,
RGM 541 592, RGM 541 593).

DISCUSSION: Originally described from the Piacen-
zian of Jamaica, this species was later also recorded from
the Mediterranean Messinian and Zanclean. Further-
more, an unpublished occurrence is documented in the
RGM collections from Tortonian, or possibly Messin-
ian, marls at Pallagorio (Calabria, southern Italy;
leg./don. T.J. Bor). The Azores specimens connect the
Mediterranean occurrences nicely with the Caribbean
ones.

Bowdenatheca sp., recorded by SHIBATA (1980, p.
64) from the Yatsuo Formation (Miocene) of Japan, was
later described as Vaginella katoi SHIBATA (1983, p. 79),
a species that from the presence of lateral grooves (es-
pecially in its apical part) belongs in the genus
Edithinella.

Bowdenatheca ? sp., as described by UJIHARA (1996)
from the Japanese Miyazaki Group, Kawabaru Member
(Pliocene, Zanclean, zones N18-20) probably belongs to
the present species.

Genus Styliola Gray, 1850

TYPE SPECIES: Styliola subula (Quoy & GAIMARD,
1827) (Recent).
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Styliola subula (QUOY & GAIMARD, 1827)
(PL 1, Figs 9a-b, 10)

1827. Cleodora subula; Quoy & GAIMARD, p. 233, pl. 8D, figs
1-3.
1990a. Styliola subula (QUOY & GAIMARD, 1827); JANSSEN, .
32, pl. 5, figs 13-19; pl. 6, figs 1-9 (with extensive sy-
nonymy).
1999. Styliola subula (Quoy & GAIMARD, 1827); JANSSEN, p.
18, pl. 3, figs 7-9 (with neotype designation).

MATERIAL EXAMINED: Sample 2006/1 yielded two
fragments (DBUA-F379-3), from samples 2007/1B-1E
approximately 45 mainly fragmentary specimens were iso-
lated (DBUA-F431-16,431-48,431-49; RGM 541 565,
541 566, 541 594 to 541 596).

DISCUSSION: This well-known species appears to
be quite common in the Santa Maria deposit. Isolat-
ed specimens in the form of internal moulds are eas-
ily recognisable by the presence of an oblique dor-
sal furrow in the shell. Specimens in matrix may be
more difficult to identify when the sulcus is hidden
in the sediment (P1. 1, Fig. 9a). Bowdenatheca spec-
imens in particular may look quite similar, but these
have a somewhat flattened shell. Styliola subula is
now known to occur during the Late Oligocene to Re-
cent interval, also occurring in the Azores today
(SEGERS 2002).

Family Cuvierinidae VAN DER SPOEL, 1967
Genus Cuvierina Boas, 1886
Subgenus Urceolarica JANSSEN, 2006
(= Urceolaria JANSSEN, 2005 non LAMARCK, 1801)

TYPE SPECIES: Cuvierina (Urceolarica) urceolaris
(MORCH, 1850) (Recent).

Cuvierina (Urceolarica) intermedia (BELLARDI, 1873)
(PL. 1, Fig. 11a-c)

1862. Triptera columnella; BRONN, in REIsS, p. 37, pl. 1, fig. 15
(non columnella RANG).

1873. Cuvieria intermedia BELL.; BELLARDL, p. 36, pl. 3, fig. 20.

1995. Cuvierina intermedia (BELLARDI, 1873); JANSSEN, p. 39,
pl. 3, figs 5-6 (with further synonymy and lectotype desi-
gnation).

MATERIAL EXAMINED: Six specimens in samples
CC07/1B-1E (DBUA-F431-17, 431-50, 431-51; RGM
541 567, 541 597).

DISCUSSION: The newly collected specimens make it
clear that the Cuvierina specimens described from San-
ta Maria in the older literature do not belong to C. colum-
nella (RANG, 1827). In spite of the impossibility of ob-
serving the presence or absence of surface micro-orna-
ment, C. intermedia can easily be recognised by the slight-
ly convex shape of the shell. This species is known from
the Tortonian-Piacenzian time interval.

Family Cliidae JEFFREYS, 1869
Genus Clio LINNE, 1967

TYPE SPECIES: Clio (Clio) pyramidata LINNE, 1767
(Recent).

Subgenus Balantium BELLARDI, 1873

TYPE SPECIES: Clio (Balantium) recurva (CHILDREN,
1823) (Recent).

Clio (Balantium) sp. nov.
(PL 1, Figs 12, 13a-b)

MATERIAL EXAMINED: One external mould from
sample CC07/1B (DBUA-F431-12) and two fragmentary
internal moulds from sample CC07/1C (RGM 541 568),
all poorly preserved.

DESCRIPTION: The shell is triangular in shape with slight-
ly flexuous sidelines in its near-apical part (P1. 1, Fig. 12).
Initially its apical angle is approximately 30°, increasing
to c. 60° towards the aperture. The dorsal side is convex
and bears comparatively coarse transverse ribs, strongly
curved adaperturally and separated by somewhat wider in-
terspaces. These ribs do not reach the sides of the shell.
The ventral side is flat and has a single flattened central
radial rib, occupying one third of the shell’s width. The
lateral carinae are squareish in transverse section. Apical
shell part with protoconch and aperture are not preserved.

DISCUSSION: In spite of the poor state of the three
available specimens, the characteristic features of this
species are clear. Its dorsal side at first glance resem-
bles the Miocene Clio (Balantium) pedemontana
(MAYER, 1867), but that species has a narrower apical
angle and both the dorsal and the ventral side have a
similar ornament of curved transverse ribs. Also in that
species the transverse ornament is less coarse, and the
sides are not flexuous. The ventral side (P1. 1, Fig. 13b),
with a single wide longitudinal rib agrees with most oth-
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er Clio (Balantium) species, but the dorsal side in all
such species has additional radial ornament (only
lacking in C. pedemontana). This leads to the conclu-
sion that the present three specimens represent a
species unknown to science. I refrain, however, from
introducing a new taxon, because of the poor state of
the specimens.

Subgenus Bellardiclio JANSSEN, 2004

TYPE SPECIES: Clio (Bellardiclio) cuspidata (Bosc,
1802) (Recent).

Clio (Bellardiclio) braidensis (BELLARDI, 1873)
(PL 1, Fig. 14a-c)

1873. Balantium (Flabellulum) braidense BELL.; BELLARDI,
p-32,pl. 3, fig. 12.

1878. Balantium braidense BELLARDI; TIBERL, p. 73.

1880. Balantium braidense BELLARDI; TIBERL, p. 34.

1897. Clio braidense BELLARDI sp.; AUDENINO, p. 103.

1898. Balantium braidense BELLARDI; BORTOLOTTI, p. 56.

1904. Balantium (Flabellulum) braidense BELL.; SACCO, p. 14,
15.

1905. Cleodora pyramidata var. Braidense, BELLARDI sp.; BEL-
LINL, p. 36, fig. 27.

1958. Euclio cf. braidense (BELLARDI); ERUNAL-ERENTOZ, p.
129, 202, pl. 21, figs 6-10.

1977. Clio braidensis (BELLARDI, 1873); ROBBA, p. 594, pl. 19,
fig. 6; pl. 20, figs 2-3.

1982. Clio braidensis (BELLARDI, 1873); BERNASCONI &
RoBBa, p. 217.

1983. Balantium braidense BELLARDI; FERRERO MORTARA &
al,p.28,pl. 1, fig. 2.

1990b. Clio braidensis (BELLARDI, 1873); JANSSEN, p. 88.

1995. Clio braidensis (BELLARDI, 1873); JANSSEN, p. 62, pl.

5, figs 3-5.

MATERIAL EXAMINED: One fragment in sample
CC07-1C (RGM 541 569), one specimen (internal and
external mould) in sample CCO07-1E (RGM 541
598).

DISCUSSION: This easily recognisable species, char-
acterised by its curved transverse riblets on both sides of
the shell and three central radial ribs on the dorsal side
is only known with certainty from Mediterranean Zan-
clean sediments. Doubtful specimens were recorded from
the Jamaican Bowden Beds (Piacenzian) by JANSSEN
(1998, p. 101), which differ considerably in their reduced
ornamentation.

Subgenus Clio s. str.
Clio (Clio) pyramidata LINNE, 1767

For extensive synonymy see JANSSEN (1995, p. 83; 2007b,
p. 81).

MATERIAL EXAMINED: Sample CC07-1B (two spe-
cimens — DBUA-F431-13, DBUA-F431-18), CC07-1C
(four specimens — RGM 541 570), CC07-1D (three spe-
cimens — DBUA-F431-52), CC07-1E (eight specimens
—RGM 541 599). All specimens are no more than frag-
ments and poorly preserved.

DISCUSSION: The state of preservation of the avail-
able specimens makes it impossible to decide whether
or not they belong to the forma lanceolata (LESUEUR,
1813), which is at least probable, as it is the only form
known from Neogene (from Serravallian onwards) de-
posits. Typical C. pyramidata is exclusively known from
Holocene and Recent deposits. The specimens are too
poorly preserved to illustrate. This species is also re-
ported from the Recent malacofauna of the Azores
(SEGERS 2002).

Family Cavoliniidae GRAY, 1850
Genus Cavolinia ABILDGAARD, 1791
(emend. PHILIPPI, 1853)

TYPE SPECIES: Cavolinia tridentata (NIEBUHR, 1775)
(Recent).

Cavolinia grandis (BELLARDI, 1873)
(PL 1, Fig, 15)

1992. Cavolinia tridentata (NIEBUHR, 1775 ex FORSKAL m.s.);
CAVALLO & REPETTO, p. 170, fig. 495 [non NIEBUHR].

1995. Cavolinia grandis (BELLARDI, 1873); JANSSEN, p. 97, pl.
8, fig. 8 [see for description and earlier synonymy].

1996. Cavolinia rattonei SIMONELLI, 1896; UJHARA, p. 783, figs
7.10-7.14.

1999. Cavolinia cf. tridentata (NIEBUHR, 1775); JANSSEN, p. 25,
pl. 5, fig. 1 [non NIEBUHR].

2000. Cavolinia grandis (BELLARDI, 1873); JANSSEN, p. 45, figs
10-11.

MATERIAL EXAMINED: Four specimens are available
in the 2006 material [one in sample 1 (RGM 541 558) and
three in sample 6 (DBUA-F379-14)]. In 2007 c. six spec-
imens were collected, ¢. five in sample CC07-1B
(DBUA-F431-19,431-21,431-22,431-24,431-25) and
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two in sample CC07-1C (RGM 541 571). Most specimens
are either fragments or severely damaged.

DISCUSSION: An internal mould of the dorsal side from
sample 2006/1 (PL. 1, Fig. 15) clearly demonstrates the
most typical character of this species, viz. the oblique trans-
verse folds on the dorsal part of the shell. In other spec-
imens, this feature is not developed and it is invisible in
the fragmentary specimens, which therefore resemble the
species Cavolinia tridentata. However, in that species the
lateral ribs on the dorsal side are doubled (JANSSEN 2004,
pl. 4, fig, 2a), which is not the case in the present spec-
imens. Furthermore, in C. grandis the transverse ornament
is sometimes present only on parts of the dorsal part of
the shell. Therefore all specimens are identified as C. gran-
dis. An internal mould of the ventral side does not show
any feature enabling a distinction between C. tridentata
and C. grandis, but the co-occurrence of these species is
taken as an indication of conspecificity.

Cavolinia marginata (BRONN, 1862)
(PL 1, Figs 16a-c, 17a-b; Text-figs 3, 4, 5D)

1862. Hyalea (Diacria ?) marginata n. sp.; BRONN, in REISS, p.
36, fig. 15a-c.

1864. Hyala marginata BRONN; MAYER, p. 232, pl. 4, fig. 36a-c.

1873. Hyalaea (Diacria) vendryesiana n. sp.; GUPPY, p. 74, pl.
2, fig. 2b [non fig. 2a = Diacria digitata].

1943. Cavolina limatula spec. nov.; BEETS, p. 305, pl. 29, figs
117-119.

1962. Hyala (Diacria) marginata BRONN; ZBYSZEWSKI & DA
VEIGA FERREIRA, p. 284.

1996. Cavolinia vendryesiana hyugaensis new subspecies; Ull-
HARA, p. 785, figs 7.18-7.30.

2004. Cavolinia vendryesiana (GuppY, 1873) f. pliomediterranea
f. nov.; JANSSEN, p. 118, pl. 4, fig. 4a-c [further synony-
my herein].

DESCRIPTION: All specimens are preserved as inter-
nal or (rarely) external moulds, with parts of the apical
and apertural shell parts missing. The shell is moderate-
ly large (height c. 8 mm, width c. 5 mm), with a convex
ventral and a flatter dorsal part of the shell. The apical spine
is distinctly curved dorsally (PL 1, Fig. 18 right), not shed
in adult specimens (but usually broken). The ventral part
of the shell is especially convex in its apertural half and
has a recurved apertural margin. The dorsal part of the shell
is higher and has a distinct marginal rim, in front of which
an apertural lip is developed (P1. 1, Fig. 18 left).

MATERIAL EXAMINED: This species occurs abun-
dantly in all available samples. Hundreds of specimens

were counted (DBUA-F379-4,379-9 to 379-12, 379-15,
379-16,379-19,431-1,431-9,431-14, 431-26 to 431-28,
431-53t0431-55; RGM 541 559 to 541 561, 541 572 to
541 577, 541 600 to 541 602, 605).

NEOTYPE DESIGNATION: MAYER (1864, p. 183), in
revising the fossil collection from the Azores earlier stud-
ied by BRONN (in REISs 1862), referred to collections re-
ceived on loan from the ‘Heidelberger geologische
Sammlungen’, which material indeed included the two
pteropod species, ‘Triptera columnella® and ‘Hyalea mar-
ginata’, already referred to by BRONN. Unfortunately, to
date these samples, including syntypes of Hyalea mar-
ginata, cannot be traced in the BRONN collection, housed
in the Geologisch-Paldontologisches Institut, Heidelberg
University (Germany) (Mrs Dr Johanna KONTNY, in litt.,
2006). Following suggestions, the responsible curators of
the Palaecontology Department of the Natural History Mu-
seum, London (UK), both the malacological and palacon-
tological departments of the Muséum nationale d’Histoire
naturelle, (Paris, France), and the Musée Océanographique
de Monaco (Monaco), were also consulted. In none of
these collections are syntypes available. Moreover, the
specimens apparently did not remain in the MAYER col-
lection, which for a long time was housed in the Eid-
genossisch Technische Hochschule in Ziirich, but nowa-
days is kept in the Naturhistorisches Museum, Basel
(Switzerland). ZorN (1995) studied the pteropods in the
MAYER collection, but did not refer to any specimen from
the Azores. Likewise, a recently published historical ac-
count of George HARTUNG's travels (PINTO & BOUHEIRY
2007) provided no further clues to the whereabouts of the
original specimens.

In view of the confusion with C. vendryesiana (see
Discussion) it seems necessary to designate a neotype here
for H. marginata, for which one of the presently avail-
able specimens from the type locality (PI. 1, Fig. 16a-c;
RGM 541 561) is chosen.

DISCUSSION: With the new Santa Maria material at
hand it was quite a surprise to find out that Cavolinia
marginata must be considered an earlier synonym of C.
vendryesiana, which was introduced for a form from the
Pliocene (Piacenzian) Bowden Beds of Jamaica. C. mar-
ginata had so far only been recorded under that name
from Santa Maria, Azores, and the original illustrations
are quite poor. That, and the lack of topotypical speci-
mens, explains why the identity of these two taxa was
never noted. The numerous specimens available now in-
dicate beyond doubt that the Azores Cavolinia belongs
to the same species as the Jamaican C. vendryesiana,
which taxon therefore becomes a junior subjective syn-
onym of C. marginata.
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Fig. 4. SEM images of an internal mould of Cavolinia marginata
(BRONN, 1862) from the Lower Pliocene of Cré, Santa Maria (RGM
541 559)

The main features of C. marginata (Text-fig. 4; PIL. 1,
Figs 16-18) agree with those of typical C. vendryesiana.
Both, to some extent, resemble the Recent C. inflexa
(LESUEUR, 1813), but differ in the presence of an obvi-
ous reinforcement rim along the anterior margin of the
dorsal part of the shell, which is absent in C. inflexa. In
the latter species radial folds, reaching the apertural mar-
gin, are present on the dorsal side, which do not occur in
the other two taxa, or are only very vaguely indicated in
some specimens of C. vendryesiana.

Compared, however, to topotypical material of C.
vendryesiana from Bowden, Jamaica, there are also dif-
ferences between the two fossil forms, which are here in-
terpreted as infrasubspecific. Specimens from the Azores
reach a larger size and are more convex, especially the
ventral part of the shell. In the Jamaican form, the great-
est width of the shell is situated at the lateral spines, but
lies above these spines in the Azores specimens. It might
be that these differences (apart from size) are influenced
by preservation: the Bowden specimens are in shell preser-
vation; those from the Azores are internal moulds with
parts of the lateral and apical spines and apertural lip miss-
ing in almost all specimens.

Furthermore, these differences may have an eco-
logical and/or evolutionary cause: the Bowden Beds were
deposited in a more or less restricted basin (Caribbean

Fig. 5. Formae of Cavolinia marginata (BRONN, 1862). A — forma
vendryesiana (GuppY, 1873), Piacenzian, Bowden, Jamaica; B — for-
ma pliomediterranea JANSSEN, 2004, Piacenzian, Spain; C — forma /yu-
gaensis UJIHARA, 1996, Piacenzian, Philippines; D — forma margina-
ta (BRONN, 1862), Zanclean, Santa Maria, Azores; E — forma limatu-
la (BEETS, 1943), Tortonian/Messinian, Sulawesi, Indonesia. Left — dor-
sal views, middle — lateral views, right — ventral views. Bar length equals

1 mm for all figures

Name Age Known distribution Fig.
C. marginata f. vendryesiana Piacenzian Jamaica (Bowden) S5A
C. marginata f. pliomediterranea Piacenzian Spain (Estepona) 5B
C. marginata f. hyugaensis Zanclean/Piacenzian Japan, Philippines 5C
C. marginata s. str. Zanclean Azores (Sta Maria) 5D
C. marginata f. limatula Tortonian/Messinian Indonesia (Sulawesi) SE

Table 1. Age and distribution of Cavolinia marginata formae
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Sea), whereas the Santa Maria beds are fully open-ocean-
ic. The Bowden material is younger, Piacenzian in age,
the Santa Maria specimens are Zanclean (see below).

The various morphs described for C. vendryesiana
now have to be considered formae of C. marginata (see
Table 1). See also the discussion of C. vendryesiana for-
mae in JANSSEN (2004, p. 118). Drawings of the five for-
mae now recognised are presented in Text-fig. 5.

NOTE: The name “Hyalea marginata D’ORB.” (in DE-
SHAYES 1849) predates H. marginata BRONN, 1862, but
is here considered to be a lapsus calami for H. limbata
D’ORBIGNY, 1836 and hence not available. The Latin
words marginata and limbata have the same meaning
“with a border” (= “bordé¢” in French). DESHAYES er-
roneously used the name H. marginata in the explanation
of pl. 17 fig. 4 (“Hyale bordée”), as is clear from the
plate itself, where the name “Hyalea limbata D’ORB.”
is printed for fig. 4. A name H. marginata had never been
introduced by D’ORBIGNY. Therefore H. marginata DE-
SHAYES (1849, explanation of pl. 17, fig. 4) is here cor-
rected to H. limbata.

Genus Diacria GRAY, 1847

TYPE SPECIES: Diacria trispinosa (BLAINVILLE, 1821)
(Recent).

Diacria trispinosa (BLAINVILLE, 1821)
(PL 1, Fig. 19)

1821. Hyalcea trispinosa, LESUEUR; BLAINVILLE, p. 82.
2004. Diacria trispinosa (BLAINVILLE, 1821); JANSSEN, p. 120,
pl. 3, figs 5, 6.

MATERIAL EXAMINED: Five damaged specimens and
six fragments in samples CC07/1C-1E (DBUA-F431-56,
431-57; RGM 541 578, 541 579, 541 603, 541 604)

DISCUSSION: All specimens are fragmentary and
poorly preserved. Diacria trispinosa is known to oc-
cur from the Tortonian onwards, and is still present in
the living fauna, occurring also in the Azores (AviLa
& AzeVEDO 1997). For a discussion of the various taxa
separated from this taxon in recent years, see JANSSEN
(2004).

BIOSTRATIGRAPHY (AW, AK)

The age of the Santa Maria deposits has been a
matter of debate for a long time. Initially they were

correlated with the Swiss “Helvetien” (BRONN in HAR-
TUNG 1860; REISS 1862; MAYER 1864; COTTER 1892),
which (in the type area) corresponds to the Early Bur-
digalian nowadays (HARZHAUSER & al. 2003, p.
325). Later workers assumed a younger, Middle to ear-
ly Late Miocene age (DA VEIGA FERREIRA 1952, 1955;
ZBYSZEWSKY & DA VEIGA FERREIRA 1962: “vindobo-
nienne”), based on benthic molluscs. CoLoM (in KRE-
JCI-GRAF & al. 1958), however, proposed a Late
Miocene to Pliocene age based on foraminiferal ev-
idence from the south coast of Santa Maria. The same
is true for K-Ar dates of the volcanics below and
above, as well as within the Touril Complex (ABDEL-
MoONEM & al. 1975; FERAUD & al. 1980, 1984; but see
SERRALHEIRO & MADEIRA 1990 for discussion). Re-
cent data obtained from Strontium stable isotope
analysis (KIRBY & al. 2007) yielded compatible age
estimates for the “Pedra-que-Pica” sections on the
south-eastern coast of the island.

The holoplanktonic mollusc assemblage de-
scribed above gives new, independent age estimates
for the marine sediments of the Touril Complex.
Though some of the species found are very long rang-
ing, such as Heliconoides inflata (Early Miocene—Re-
cent) and Styliola subula (Late Oligocene—Recent),
many holoplanktonic molluscs are excellent index fos-
sils, having wide spatial, but limited temporal dis-
tributions.

Oxygyrus keraudreni is recorded from the Zanclean
onwards, still occurring in the living fauna. Bowde-
natheca jamaicensis was recorded from the Messinian
to the Piacenzian. Cuvierina intermedia ranges from the
Tortonian to the Piacenzian. Clio braidensis and
Cavolinia grandis are restricted to the Early Pliocene
(Zanclean). C. grandis is the forerunner species of the
Piacenzian to Recent species C. tridentata (NIEBUHR,
1775). Clio pyramidata and Diacria trispinosa appear
during the Middle/Late Miocene and still occur in the
present-day fauna. Cavolinia marginata, including the
various formae (Text-fig. 5) as mentioned above, is
known to occur from the Late Miocene (Torton-
ian/Messinian) to Middle Pliocene (Piacenzian). The
present record extends the range of the pteropod Li-
macina trochiformis, which was only known from Qua-
ternary deposits before.

The assemblage of heteropods and pteropods en-
countered at Cré therefore convincingly supports an age
assignment of Early Pliocene (Zanclean), based on the oc-
currence of Clio braidensis and Cavolinia grandis, and
the overlapping ranges of several other species. This age
assignment is thus in good agreement with the micro-
palacontological and geochemical data discussed
above (Text-fig. 6).
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PLATE 1

Camera-lucida drawing of heteropods and pteropods from the Early Pliocene of Cré
(Santa Maria, Azores)

1 — Atlanta sp.; apical view (RGM 541 580).
2 — Carinariidae sp.; ventral view (protoconch; RGM 541 585).
3a-d — Heliconoides inflata (D’ORBIGNY, 1836); a— ventral, b—apical, ¢ —dor-
sal, d —umbilical view (RGM 541 586).
4 — Limacina cf. bulimoides (D’ ORBIGNY, 1836); ventral view (RGM 541
562).
5 — Limacina trochiformis (D’ORBIGNY, 1836); ventral view (RGM 541 589).
6 — Limacinidae incertae sedis; ventral view (RGM 541 591).
7a-c, 8a-d — Bowdenatheca jamaicensis COLLINS, 1934; 7a— apertural, 7b — ventral,
7c — left lateral view; 8a — apertural, 8b — dorsal or ventral, 8c — api-
cal, 8d — lateral view (RGM 541 592).
9a-b, 10 — Styliola subula (QuOY & GAIMARD, 1827); 9a— ventral view, 9b — pro-
toconch enlarged; 10 — dorsal view (RGM 541 594).
11a-c — Cuvierina (Urceolarica) intermedia (BELLARDI, 1873); a—apertural, b
— ventral, ¢ — left lateral view (RGM 541 597).
12, 13a-b — Clio (Balantium) sp. nov.; 12 and 13a— dorsal view, 13b — ventral view
(RGM 541 568).
14a-c — Clio (Bellardiclio) braidensis (BELLARDI, 1873); a—apertutral, b — dor-
sal, ¢ — ventral view (RGM 541 598).
15 — Cavolinia grandis (BELLARDI, 1873); dorsal view (RGM 541 558).
16a-c, 17a-b, 18 — Cavolinia marginata (BRONN, 1862); 16a — dorsal, 16b — left lateral,
16¢ —ventral view; 17a— dorsal, 17b —right lateral view, 18 — two spec-
imens, left one in dorsal, right one in ventral view (16 —neotype, RGM
541 561; 17 —RGM 541 560; 18 — RGM 541 575).
19 — Diacria trispinosa (BLAINVILLE, 1821); dorsal view (RGM 541 579).

Scale bars equal 1 mm
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