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ABSTRACT: A sequence of glacial deposits up to 4 m thick unconformably overlies the
Eocene La Meseta Formation on the Seymour Island plateau (meseta) and forms a litho−
stratigraphically distinct unit in the succession of the James Ross Basin, which is formally
named here as the Weddell Sea Formation. The formation is thus far known only from Sey−
mour Island. This is a terrestrial melt−out till which contains abundant erratics and also re−
worked Cretaceous–Tertiary micro− and macrofossils within a silty clay matrix. The terres−
trial origin of this till is shown by glacial striations at the base of the unit. The largest erratics
(up to 3 m in diameter) are composed of plutonic (granitoids) and metamorphic (gneiss and
crystalline schist) rocks of the Antarctic Peninsula provenance. Smaller in size and much
more numerous are erratics of volcanic rocks, represented by andesite, basalt and corre−
sponding pyroclastics of the James Ross Island Volcanic Group. Less common are erratics
of sedimentary rocks, sometimes bearing fossils derived from the underlying Tertiary and
Cretaceous strata. A few erratics from the top of the studied sequence are conglomerates of
the Cockburn Island Formation with a foraminifer fauna. These are the youngest clasts
within the Weddell Sea Formation. The presence of the Pliocene index fossil Ammo−
elphidiella antarctica Conato et Segre, 1974 indicates a lower age limit of latest Pliocene or
earliest Pleistocene age. The upper age limit of the formation has not been established. An
encrusting, unilamellar, colony of the bryozoan Escharella Gray, 1848 has been found on
the one of erratics from the Weddell Sea Formation. This is the first fossil record of this
genus in Antarctica.
Key wo r d s: Antarctica, Seymour (Marambio) Island, post−Late Pliocene glacial strata
(Weddell Sea Formation), Bryozoa.
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Fig. 1. Index map of Seymour (Marambio) Island. An asterisk indicates locality of the type section of
the Weddell Sea Formation, situated just north of the airstrip on the meseta (see Fig. 3).

Introduction
The main aim of this paper is to present data useful in formalizing the
lithostratigraphic position of the Weddell Sea Formation in the sedimentary suc−
cession of Seymour Island (Antarctic Peninsula).
An evenly thin veneer of glacial deposits covering sedimentary rocks of the La
Meseta Formation (Eocene) on the plateau of the permanently ice free Seymour
(Marambio) Island (Figs 1, 3, 8), has been informally referred to as the “Weddell
Formation” (Zinsmeister and de Vries 1983). According to Malagnino et al.
(1981), this is the glacio−marine diamictite of Quaternary age. The age was sug−
gested on the basis of foraminiferan assemblages found in matrix of the diamictite.
However, new evidence of pre−Quaternary glaciations found on the South Shet−
land Islands archipelago (Birkenmajer 1991), during deep−sea drilling of the ocean
sediments around Antarctic continent (Hambrey and Barrett 1993), and in geo−
physical high−resolution seismic profiles on the Antarctic shelf (Anderson 1999),
as well as the suggested deterioration of Antarctic climate at the end of the Eocene
(Zinsmeister and Camacho 1982; Webb 1990, 1991; Gaździcki et al. 1992) fol−
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Fig. 2. Northwestward view of the exposures of the Eocene La Meseta Formation on Seymour Island.
Lenses of rocks of the La Meseta Formation (in situ) with glacial striae on the surface (arrowed) indi−
cate the NW−SE direction of glacier movement (see Fig. 6 for close−up). James Ross and Cockburn
Islands are seen in the background. Hammer for scale is 30 cm long.
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Fig. 3. View of the north−west edge of the meseta. Arrow indicates the contact between the La Meseta
and the Weddell Sea Formations.

lowing global climatic changes (Frakes et al. 1992; Zachos et al. 2001), lead to a
suspicion that the Weddell Sea Formation could be much older.
The field work was carried out in the 1992 and 1994 austral summers during
the Argentine Antarctic Expeditions to Seymour Island with participation of the
Polish scientists A. Gaździcki and A. Tatur.

Geological setting
Glacial drift covers the plateau (meseta) built of Late Eocene sands of the La
Meseta Formation that dip gently to SE (Figs 1, 3). A thin, discontinuous veneer (ca.
4 m thick) of glacial drift adheres to the lower part by permafrost. Solifluction and
surface gravity flows during summer melting cause erosion that lead to exposure of
sandy bedrock at isolated places on the plateau. Outcrops along the NW edge of the
meseta are relatively well preserved and are not totally covered by muddy flows
(Figs 3, 4, 8). The top surface of the meseta, containing the glacial drift and the up−
permost part of the La Meseta Formation is cut in several places by a network of thin
(usually < 3 cm) fissures through the permafrost. The fissures filled initially by ice
after its melting, were later refilled by greenish−brown clay washed down from the
matrix of the overlying glacial drift. Several fissures are oriented horizontally within
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Fig. 4. A. Close−up of the contact between the La Meseta Formation and the glacial deposits of the
Weddell Sea Formation (arrowed). Hammer for scale is 30 cm long. B. Cryogenic perturbation and
deformations at the boundary between the La Meseta and Weddell Sea Formations.
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Fig. 5. The uppermost La Meseta–Weddell Sea Formations section.

the La Meseta Formation (up to 3 m beneath the lower boundary of the Weddell Sea
Formation), and may extend continuously for dozens of meters. Despite cryogenic
perturbations, the boundary between the La Meseta and the glacial drift is very well
exposed, providing evidence of dynamic processes proceeding during advance of
the glacier (Fig. 4A, B). Structures indicative of the eastward transport of sands by
the base of the moving glacier occur at several places. They may develop from
anundulating boundary sediment layer to form ripples, seams, flat lenses and even
continuous horizons composed of the La Meseta Formation sands within the
Weddell Sea Formation. Cryogenic perturbation and deformation along the bound−
ary also produced structures that appear as interfingerings of the two formations
(Fig. 4A, B). A summary of field observations is presented in Figs 3–5.
A moving glacier once slipped on the hard surface of shell−bearing calcareous
concretions that occurs at the top of the La Meseta sands (Fig. 4A). Glacial striae
have been observed in some places on the upper surface of shell conglomerates lo−
cated in situ at the NW edge of the plateau (Figs 2, 6). The orientation of striae sug−
gests eastward glacier movement from the ice cap of James Ross Island (Fig. 2).
Numerous striae found on surfaces of local calcareous erratics (concretions and
lithified boulders of marlstone) occurring within the glacial drift are usually
oriented in various directions.
The unconsolidated matrix of glacial drift is composed of dark−brown silty
clay to yellow sand with scattered macro− and microfossils. The sediment contains
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Fig. 6. Close−up of the parallel glacial striae on the Cucullaea shell bed of the uppermost part of the La
Meseta Formation (Telm7). Hammer for scale is 30 cm long.

erratics up to boulder size (Fig. 8). Most of the large erratics are of local origin. The
largest blocks (up to 3 m in diameter) are mainly granitoids and metamorphic
schists, dominated by dark grey gneiss showing porphyroblastic structure. Smaller
erratics are represented mainly by black to brown, often porous andesites and bas−
alts, as well as by related pyroclastic rocks. More than 90 per cent of the erratics
have direct affinities with igneous, metamorphic and volcanic rocks known from
the Antarctic Peninsula (Nelson 1975).
Erratics of sedimentary rocks form only a few per cent of the clasts. Among
these the most frequent are fossiliferous calcareous concretions containing bi−
valves of the genera Cucullaea and Eurhomalea. They were clearly derived from
the upper units of the Eocene La Meseta Formation. However, other fossiliferous
rocks derived from Paleocene and Mesozoic sedimentary and volcanogenic se−
quences also occur dispersed in the matrix. These include: (1) iron−rich calcareous
concretions displaying glacial striae, derived probably from the Telm2 of the
Eocene La Meseta Formation; (2) concretions from the Upper Cretaceous López
de Bertodano Formation with well preserved ammonites and serpulids (Rotu−
laria); (3) pebbles of bituminous shale resembling the Middle to Late Jurassic
Mount Flora Formation; (4) pale tuffites of the Jurassic–Lower Cretaceous Ant−
arctic Peninsula Volcanic Group; and green−grey greywackes of the Upper Perm−
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Fig. 7. Erratic boulder of the Pliocene Cockburn Island Formation on the meseta. Hammer for scale is
30 cm long.

ian–Triassic Trinity Peninsula Group. One of the erratics collected is a pale pink
quartz sandstone of unknown origin.
A few erratics of conglomerate (Fig. 7) composed of black basaltic clasts ce−
mented by yellow clay matrix were identified as derived from the Pliocene
Cockburn Island Formation (= Pecten Conglomerate of Andersson, 1906). This
formation is known from the adjacent Cockburn Island, a small island situated be−
tween James Ross and Seymour Islands (see Gaździcki and Webb 1996; Jonkers
1998, 2003). The matrix of the conglomerate (Fig. 7) contains characteristic cal−
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careous benthic foraminifera of the species Ammoelphidiella antarctica Conato et
Segre, 1974, along with representatives of the family Cassidulinidae d’Orbigny,
1839. The foraminifer A. antarctica, apparently a good Pliocene index fossil, has
not been hitherto reported from pre− or post−Pliocene strata of Antarctica (Conato
and Segre 1974; Webb 1988; Quilty et al. 1991; Ishman and Rieck 1992; Gaź−
dzicki and Webb 1996; Jonkers et al. 2002; Jonkers 2003).
One black erratic (metamorphic schist) of pebble size (12 cm across) is en−
crusted by a well preserved colony of the bryozoan Escharella sp. (Fig. 9). This is
the first paleontological record of the genus in Antarctica.

Formal lithostratigraphy
The Weddell Sea Formation, exposed today only at the top of the Seymour Is−
land meseta (Figs 3, 8), most probably represents a small relic of a much larger gla−
cial drift deposit that once covered most of the area. It was, and still is, highly af−
fected by erosion and modified by cryogenic processes.
Distribution: Shown on Figs 1, 3, 4.
Status of unit: Formal.
Synonyms and references: Depósitos glaciarios de la meseta (Malagnino et
al. 1981); described as glacial marine deposits by Zinsmeister and de Vries (1983),
informally referred to as the Weddell Formation.
Origin of name: After location close to the Weddell Sea.
Type section: NW tip of Seymour Island, close to the lighthouse (Figs 1, 3–5).
Overlying unit: None.
Underlying unit: Upper Eocene clastic sediments (Telm7) of the La Meseta
Formation (Fig. 2).
Thickness: Ca. 4 meters, reduced by on−going erosional processes.
Main lithologies: The clastic components were derived mainly from the James
Ross Basin. Most of the clastics (90%) come from rocks known from the Antarctic
Peninsula sector. Igneous and metamorphic rocks form boulders, whereas pebbles
are mainly represented by basalts and andesites. Less common (<10%) are blocks of
rock eroded directly from the substratum (calcareous concretions bearing Tertiary
and also Cretaceous fossils). A few fragments of typical but uncommon rocks occur−
ring in the Antarctic Peninsula were also recognized. The matrix of the glacial drift
was derived mainly from the underlying fossiliferous Tertiary and Cretaceous
sedimentary rocks.
Lower boundary definition: The lower boundary of the Weddell Sea Forma−
tion is defined by a distinct erosional surface that cuts the uppermost unit (= Unit
III of Elliot and Trautman 1982; Telm7 of Sadler 1988; Submeseta Allomember of
Marenssi 1995, Marenssi et al. 1988) of the La Meseta Formation (Figs 2, 4A).
Subdivision: None.
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Fig. 8. The Weddell Sea Formation exposed at the top of the meseta in the north
end of Seymour Island.

Age: Post−Late Pliocene.
Dating method: Foraminifera in the youngest erratics (Cockburn Island For−
mation) of the Weddell Sea Formation till.
Upper age limit: Marine terraces, as well as marine abrasion platforms undis−
turbed by glacial drift, occur up to an elevation of 270–250 meters on Cockburn Is−
land and 200 meters on Seymour Island (Zinsmeister 1980; Malagnino et al.
1981). They clearly post−date the Weddell glacial drift. Therefore, an Early Qua−
ternary or even the latest Pliocene age may be suggested for the Weddell Sea For−
mation diamictite, because sea level was much lower than the 200 m altitude dur−
ing the Middle–Late Pleistocene glaciations (Ishman and Rieck 1992, fig. 7, see
also Abreau and Anderson 1998). The Weddell Sea Formation was most probably
deposited during the first glaciation that affected the area after the Pliocene trans−
gression 2–3 Ma ago (see Hodell and Warnke 1991; Gaździcki and Webb 1996).
Lower age limit: The lower age limit is well determined by the occurrence of
boulders of the Pliocene Cockburn Island Formation (= Pecten Conglomerate)
within the Weddell Sea Formation (Fig. 7). This can be established by comparison
of the lithology and foraminifer assemblages in boulders with those ones occurring
in the Pecten Conglomerate on Cockburn Island (see Gaździcki and Webb 1996).
Boulders of the Pliocene Cockburn Island Formation represent the youngest rocks
within the Weddell Sea Formation recognized so far.
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Genesis: A glacio−marine origin for the diamictite, here named the Weddell Sea
Formation, was suggested by Malagnino et al. (1981). The assemblages of aggluti−
nated benthic foraminifera reported by Malagnino et al. (1981) and palynomorphs
are most probably reworked from the Cretaceous and Tertiary strata of the James
Ross Basin (see also Zinsmeister and de Vries 1983). No any other undoubtedly
autochthonous foraminifera that might prove a marine origin for the diamictite are
known from the Weddell Sea Formation. However, the occurrence of glacial drift on
the plateau elevated up to 200 m a.s.l. precludes its marine origin, at least for the
Early–Late Quaternary time. Moreover, striae on the concretions scattered on the
substratum surface (Figs 2, 6), structures at the contact line with underlying sedi−
ments (Fig. 4A, B) and the occurrence of rocks eroded from the lower part of the La
Meseta Formation, all suggest a terrestrial origin for the Weddell Sea Formation and
its morphology suggests inner−morainic deposition (see Menzies 2002).

Bryozoan colony from the Weddell Sea Formation
On one metamorphic erratic from the Weddell Sea Formation was found a sin−
gle well−preserved encrusting bryozoan colony belonging to Escharella Gray,
1848 (Fig. 9A, B).
The cheilostome bryozoan family Romancheinidae encomposses a relatively
large number of genera among which Escharella is particularly speciose. Since the
Neogene escharellids have been a common element of Southern Hemisphere
bryofaunas. They are represented in the western part of the South Pacific and
South Indian Ocean beyond the Antarctic Convergence.
Of about fifty−seven species of Escharella which have been described, only
two seem to be restricted to Antarctic waters and may be regarded as endemic Ant−
arctic species.
Hayward (1995) described Escharella watersi Hayward and Thorpe, 1989
which is distributed from South Georgia, through the Palmer Archipelago, to the
Ross Sea, and probably occurs throughout Antarctica. The second species, Escha−
rella mamillata Hayward and Thorpe, 1989 is presently known from Shag Rocks,
the South Shetland Islands, the South Sandwich Islands, and from the Ross Sea.
Specimens of Escharella fistula Brown, 1952 range in age from Middle Oligocene
to Pliocene and have been reported from New Zealand. Another New Zealand spe−
cies, Escharella spinosissima (Hincks, 1881) is known from the Recent as well as
from Pliocene of Hawkes Bay (New Zealand) and Bass Strait (southern Australia).
Escharella sp. from the post−Late Pliocene Weddell Sea Formation described
below represents the earliest stratigraphical occurrence of Escharella in Antarc−
tica. The earliest Southern Hemisphere escharellid is recorded from the Cretaceous
of Madagascar where the Escharella cretacea was described by Canu (1922). Ac−
cording to Crame (1999) both palaeontological and phylogenetic evidence suggest
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that a number of key benthic groups in southern high−latitudes at the present day
have a Late Cretaceous origin. However, representatives of the Romancheinidae
are extremely rare among the evolutionarily important La Meseta bryofauna with a
single exception of Escharoides (see Hara 2001). Escharellids are a significant
component of benthic bryozoan assemblages and vicariant species occur in cold
and cold temperate waters of both hemispheres. They colonize a wide range of
hard substrata (Hayward 1995).

Systematic paleontology
Suborder Ascophora Levinsen, 1909
Infraorder Umbonulomorpha Gordon, 1989
Superfamily Lepralielloidea Vigneaux, 1949
Family Romancheinidae Jullien, 1888
Genus Escharella Gray, 1848
Type species: Lepralia immersa Fleming, 1828
Escharella sp.
(Fig. 9 A–F)
Material. — ZPAL Br.9/1, one, small, unilaminar, fan−shaped colony, at−
tached to a rocky substratum. Colony well−preserved, slightly worn in the proxi−
mal part. Small, round holes and fractures are observed on the convex frontal wall
of some autozooecia.
Dimensions. — Colony 13 × 15 mm in size; autozooecial length 0.96–1.12
mm, autozooecial width 0.40–0.72 mm; orifice width 0.23–0.32 mm, orifice
lenght 0.14–0.20 mm; lyrula length 0.15–0.18 mm; length of ovicell 0.5 mm,
width of ovicell 0.42–0.48 mm.
Description. — Colony encrusting, unilaminar, fan−shaped (Fig. 9A, B).
Autozooecia with umbonuloid frontal shield, elongate, or sub−hexagonal in shape,
arranged in longitudinal rows, alternately, in somewhat radiating pattern, dis−
tinctly separated by marginal furrows on either side of which are areoral pores
(Fig. 9C, D). Primary orifice rectangular, immersed; lyrula well−developed, an−
vil−shaped, broad, low with a straight distal edge, occupying almost the whole
proximal border of orifice (Fig. 9E). Peristomial rim developed as a stout, median
proximal mucro (Fig. 9D, F). Distal peristomial rim in some autozooecia possesses
cervicorn processess resembling teeth. There are usually four oral spines in the dis−
tal part of the peristome but only the bases of spines are preserved. The spines are
not present in ovicellate zooecia. Frontal wall ventricose (convex), finely granular,
bordered by a single row of marginal areolae (Fig. 9C, D). Avicularia wanting.
Ovicell large, globular, imperforate, with a length of 0.5 mm and median width of
0.45 mm, slightly recumbent on succeeding zooecium, placed in the distal part of
zooecium; opening is hidden (Fig. 9D, F).
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Fig. 9. Escharella sp. A. Metamorphic boulder encrusted by the bryozoan colony, × 1. B. Encrusting,
unilamellar, oval to fan−shaped bryozoan colony with a worn proximal part, × 3. C. Pattern of ar−
rangement of elongate to sub−hexagonal autozooecia, × 12. D. Group of autozooecia with some
ovicellate ones, × 28. E. Group of autozooecia showing the proximal border of the primary orifice al−
most entirely occupied by the broad, low lyrula, × 45. F. Autozooecia with large, globular, imperfo−
rate ovicells, slightly recumbent on succeeding autozooecium; the primary orifice aperture is hidden
in the peristome, × 55. Seymour Island, Weddell Sea Formation (post−Late Pliocene).
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Remarks. — The figured specimen (Fig. 9A–F) shows all the characters of the
genus Escharella Gray, i.e. umbonuloid frontal wall with marginal areolae, orifice
with a well−developed lyrula and prominent, globular imperforate ovicell. The sin−
gle Weddell Sea Formation bryozoan colony is generally well−preserved, although
small holes or fractures in some frontal walls were observed (see Fig. 9 D–F). Only
in three autozooecia, the shape of these fractures may match the shape of avicu−
laria, which are usually directed midlaterally, however, the avicularia are usually
wanting but can be adventitiously present in Exochella. In the studied specimen
only the bases of spines are preserved, however, they are barely seen (Fig. 9E). In
some features the specimen studied resembles the Recent cold temperate species
Escharella watersi (Hayward and Thorpe, 1989) from the South Indian Ocean
which, however, differs in having smaller sized autozooecia and a narrower lyrula.
Another species, Escharella ventricosa (Hassall, 1842), shows similarities in the
general shape of the zooecia and the pattern of their arrangement. However, in re−
spect to morphometry, Escharella sp. differs from E. ventricosa in the larger size
of the autozooecia and in possessing a narrower lyrula.
In view of the sparse bryozoan material available from the Weddell Sea For−
mation specific determination is deferred.
Gordon (1989) included the genus Escharella in the Exochellidae Bassler,
1935 but later (Gordon 1997, 2001) showed that the autozooecial frontal wall in
the type species is of the umbonuloid type, and reassigned Escharella to the family
Romancheinidae Jullien, 1888. According to Hayward (1995) it is probable that all
species of Escharella apparently a remarkably homogenous genus, will be found
to display umbonuloid frontal wall ontogeny, but the majority of described species
have yet to be examined by SEM.
Occurrence. — Seymour Island (Antarctic Peninsula), Weddell Sea Forma−
tion, (post−Late Pliocene).
Acknowledgements. — The Instituto Antártico Argentino and Fuerza Aerea Argentina are
gratefully acknowledged for their logistic support of our field work in Antarctica. The review
comments of John B. Anderson (Houston), Michael J. Hambrey (Aberystwyth), Bert Jonkers
(De Krim), Paul D. Taylor (London) and Peter−Noel Webb (Columbus) as well as J. Alistair
Crame (Cambridge) and Krzysztof P. Krajewski (Warszawa) on the manuscript are highly ap−
preciated. We would like to extend our thanks to Janusz Błaszyk for assistance with SEM work,
and to Aleksandra Hołda−Michalska (both from the Institute of Paleobiology, Warszawa) for the
drawings.

References
ABREU V.S. and ANDERSON J.B. 1998. Glacial eustasy during the Cenozoic: sequence stratigraphic
implications. American Association of Petroleum Geologists Bulletin 82 (7): 1385–1400.
ANDERSON J.B. 1999. Antarctic Marine Geology. Cambridge University Press, Cambridge: 289 pp.

Post−Late Pliocene glacial deposits on Seymour Island

203

ANDERSSON J.G. 1906. On the geology of Graham Land. Bulletin of the Geological Institute, Univer−
sity of Upsala 7: 19–71.
BIRKENMAJER K. 1991. Tertiary glaciation in the South Shetland Islands, West Antarctica: evalua−
tion of data. In: M.R.A. Thomson, J.A. Crame and J.W. Thomson (eds) Geological Evolution of
Antarctica. Cambridge University Press, Cambridge: 629–632.
CANU F. 1922. Bryozoa in Fossiles Crétacés de la côte orientale, Paléontologie de Madagascar.
Annales de Paléontologie 11: 16–30.
CONATO V. and SEGRE A.G. 1974. Depositi marini Quaternari e nuovi foraminiferi dell Antartide
(Terre Victoria, Valle Wright). Atti della Societa Toscana di Scienze Naturali Resuidente in Pisa
A81: 6–23.
CRAME J.A. 1999. An evolutionary perspective on marine faunal connections between southernmost
South America and Antarctica. In: W.E. Arntz and C. Rios (eds). Magellan−Antarctic ecosys−
tems that drifted apart. Scientia Marina, 63 (1): 1–14.
ELLIOT D.H. and TRAUTMAN T.A. 1982. Lower Tertiary strata on Seymour. Island, Antarctic Penin−
sula. In: C. Craddock (ed.) Antarctic Geoscience. University of Wisconsin Press, Madison:
287–297.
FRAKES L.A., FRANCIS J.E. and SYKTUS J.I. 1992. Climate modes of the Phanerozoic. Cambridge
University Press, Cambridge: 274 pp.
GAŹDZICKI A. and WEBB P.−N. 1996. Foraminifera from the Pecten Conglomerate (Pliocene) of
Cockburn Island, Antarctic Peninsula. In: A. Gaździcki (ed.) Palaeontological Results of the
Polish Antarctic Expeditions. Part II. Palaeontologia Polonica 55: 147–174.
GAŹDZICKI A., GRUSZCZYŃSKI M., HOFFMAN A., MAŁKOWSKI K., MARENSSI S.A., HAŁAS S. and
TATUR A. 1992. Stable carbon and oxygen isotope record in the Paleogene La Meseta Forma−
tion, Seymour Island, Antarctica. Antarctic Science 4 (4): 461–468.
GORDON D.P. 1989. The marine fauna of New Zealand: Bryozoa: Gymnolaemata (Cheilostomida
Ascophorina) from the Western South Island continental shelf and slope. New Zealand Oceano−
graphic Institute Memoir 97: 1–157.
GORDON D.P. 1997. Genera and subgenera of Cheilostomatida. INTERIM Classification (Working
Classification for Treatise).
GORDON D.P. 2001. Genera and subgenera of Cheilostomata. INTERIM (Working Classification for
Treatise).
HAMBREY M.J. and BARRETT P.J. 1993. Cenozoic sedimentary and climatic record, Ross Sea region,
Antarctica. In: J.P. Kennett and D.A. Warnke (ed.) The Antarctic Paleoenvironment: a Perspec−
tive on Global Change. Part Two. Antarctic Research Series 60: 91–124.
HARA U. 2001. Bryozoans from the Eocene of Seymour Island, Antarctic Peninsula. In: A. Gaździcki
(ed.) Palaeontological Results of the Polish Antarctic Expeditions. Part III. Palaeontologia
Polonica 60: 33–156.
HAYWARD P.J. 1995. Antarctic Cheilostomatous Bryozoa. Oxford University Press. Oxford: 355 pp.
HAYWARD P.J. and TAYLOR P.D. 1984. Fossil and Recent Cheilostomata (Bryozoa) from the Ross
Sea, Antarctica. Journal of Natural History 18: 71–94.
HAYWARD P.J. and THORPE J.P. 1989. Systematic notes on some Antarctic Ascophora (Bryozoa,
Cheilostomata). Zoologica Scripta 18 (3): 365–374.
HODELL D.A. and WARNKE D.A. 1991. Climatic evolution of the Southern Ocean during the Plio−
cene epoch from 4.8 to 2.6 million years ago. Quaternary Science Reviews 10 (2/3): 205–214.
ISHMAN S.E. and RIECK H.J. 1992. A late Neogene Antarctic glacio−eustatic record, Victoria Land
Basin margin, Antarctica. In: J.P. Kennett and D.A. Warnke (ed.) The Antarctic Paleoenviron−
ment: a Perspective on Global Change. Part One. Antarctic Research Series 56: 327–347.
JONKERS H.A. 1998. The Cockburn Island Formation; Late Pliocene interglacial sedimentation in the
James Ross Basin, northern Antarctic Peninsula. Newsletters on Stratigraphy 36: 63–76.

204

Andrzej Gaździcki et al.

JONKERS H.A. 2003. Late Cenozoic–Recent Pectinidae (Mollusca: Bivalvia) of the Southern Ocean
and neighbouring regions. Monographs of Marine Mollusca No. 5. Backhuys Publishers BV,
Leiden, The Netherlands: 125 pp.
JONKERS H.A., LIRIO J.M., del VALLE R.A. and KELLEY S.P. 2002. Age and environment of Mio−
cene–Pliocene glaciomarine deposits, James Ross Island, Antarctica. Geological Magazine 139
(5): 577–594.
MALAGNINO E.C., OLIVERO E.B., RINALDI C.A. and SPIKERMANN Y.J.P. 1981. Aspectos geo−
mórfologicos de la isla Vicecomodoro Marambio, Antártida. VIII Congreso Geológico Argentino
(San Luis), Actas II: 883–896.
MARENSSI S.A. 1995. Sedimentologia y paleoambientes de sedimentación de la Formación La
Meseta, isla Marambio, Antártida. Tesis Doctoral, Universidad de Buenos Aires. Unpublished.
MARENSSI S.A., SANTILLANA S.N. and RINALDI C.A. 1998. Stratigraphy of the La Meseta Forma−
tion (Eocene) Marambio (Seymour) Island, Antarctica. Asociación Paleontológica Argentina.
Publicación Especial 5. Paleógeno de América del Sur y de la Península Antártica: 137–146.
MENZIES J. (ed.) 2002. Modern and Past Glacial Environments. Butterworth−Heinemann: 543 pp.
NELSON P.H.H. 1966. The James Ross Island Volcanic Group of north−east Graham Land. British
Antarctic Survey, Scientific Reports 54: 1–62.
QUILTY P.G., GILLIESON D., BURGESS J., GARDINER G., SPATE A. and PIDGEON R. 1991. Ammoel−
phidiella from the Pliocene of Larsemann Hills, East Antarctica. Journal of Foraminiferal Re−
search 20: 1–7.
SADLER P. 1988. Geometry and stratification of uppermost Cretaceous and Paleogene units of Seymour
Island, northern Antarctic Peninsula. In: R.M. Feldmann and M.O. Woodburne (eds), Geology and
Paleontology of Seymour Island, Antarctic Peninsula. Geological Society of America, Memoir
169: 303–320.
WEBB P.N. 1988. Upper Oligocene–Holocene foraminifera of the Ross Sea region. Revue de
Paléobiologie, Special Volume 2 (2): 589–603.
WEBB P.N. 1990. The Cenozoic history of Antarctica and its global impact. Antarctic Science 2 (1):
3–21.
WEBB P.N. 1991. A review of the Cenozoic stratigraphy and palaeontology of Antarctica. In: M.R.A.
Thomson, J.A. Crame and J.W. Thomson (eds) Geological Evolution of Antarctica. Cambridge
University Press, Cambridge: 599–607.
ZACHOS J., PAGANI M., SLOAN L., THOMAS E. and BILLUPS K. 2001. Trends, rhythms, and aberra−
tions in global climate 65 Ma to Present. Science 292: 686–693.
ZINSMEISTER W.J. 1980. Marine terraces of Seymour Island, Antarctic Peninsula. Antarctic Journal
of the United States 15 (5): 25–26.
ZINSMEISTER W.J. and CAMACHO H.H. 1982. Late Eocene (to possibly earliest Oligocene) mollus−
can fauna of the La Meseta Formation of Seymour Island, Antarctic Peninsula. In: C. Craddock
(ed.) Antarctic Geoscience. Madison, University of Wisconsin Press: 299–304.
ZINSMEISTER W.J. and DE VRIES T.J. 1983. Quaternary glacial marine deposits on Seymour Island.
Antarctic Journal of the United States 18 (5): 64–65.
Received 22 December 2003
Accepted 13 October 2004

