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ABSTRACT—We present new records of chondrichthyans recovered from strata of Maastrichtian age of the López de
Bertodano Formation, Seymour (¼Marambio) Island, and from levels of latest Campanian age of the Santa Marta
Formation, James Ross Island, both located in the eastern Antarctic Peninsula. The material from Marambio Island
comprises an associated assemblage with the first records of an indeterminate odontaspidid different from Odontaspis, as
well as the genera Pristiophorus, Squatina, Paraorthacodus, and the species Chlamydoselachus tatere from the López de
Bertodano Formation. Also, the studied section provides a well-constrained age for several taxa already recognized in the
López de Bertodano Formation only by scattered samples of Maastrichtian age for the first time. The assemblage from
Marambio Island is representative of one of the latest environmental conditions during the end of the Cretaceous in the
coastal seas of the Larsen Basin before major changes that began after the K/P boundary. In addition, the finds from James
Ross Island comprise the southernmost records of the neoselachians Cretalamna sp., Centrophoroides sp., as well as the
holocephalans Callorhinchus sp. and an indeterminate rhinochimaerid, extending the occurrence of some of these taxa into
the late Campanian, being their oldest record of the Weddellian Biogeographic Province.

INTRODUCTION

UPPER CRETACEOUS cartilaginous fishes (Chondrichthyes) from
Antarctica have been described since the early twentieth

century. Records of chondrichthyans from late Maastrichtian
beds of the López de Bertodano Formation exposed on the
Seymour (¼Marambio) Island, west of Antarctic Peninsula,
started with Woodward (1906) who indicated the presence of
large vertebral centra referred with doubts to Ptychodus Agassiz
1835, discarded later by Welton and Zinsmeister (1980) and
then referred to as Lamniformes indet. by Kriwet et al. (2006).
Additional finds from Seymour Island include remains of the
genus Isurus Rafinesque, 1810 (Grande and Eastman, 1986),
emended by Richter and Ward (1990), who referred this to the
genus Sphenodus Agassiz, 1843. Also, the hexanchid Notida-
nodon dentatus (Woodward, 1886) was reported (Cione and
Medina, 1987; Grande and Chatterjee, 1987; Martin and Crame,
2006). Odontaspidid sharks were previously recognized by
Martin and Crame (2006) who identified the genus Odontaspis
Agassiz (1838) and cf. Odontaspis sp. In addition, callorhynchid
fishes (Elasmobranchii, Holocephali, Chimaeriformes) from late
Maastrichtian beds of Seymour Island include the presence of
endemic elements such Chimaera zangerli Stahl and Chatterjee,
1999 and Callorhinchus torresi Otero et al., 2013, as well as
other taxa within the group with widespread geographic and
stratigraphic distributions such as Ischyodus dolloi Leriche 1902
(Stahl and Chatterjee, 2002), and the genus Callorhinchus
Lacépède, 1798 (Martin and Crame, 2006). Most of these
previous records have been identified through scattered samples
and their general age was regarded unspecifically as Maas-
trichtian (Kriwet et al., 2006). The best age-constrained
materials were described by Martin and Crame (2006) with
two taxa (particularly, Callorhinchus sp. and N. dentatus) from

the López de Bertodano Formation, recovered near the well-
dated K/P boundary, thus, having a latest Maastrichtian age.

In addition to these records from Seymour Island, late
Campanian beds of the Santa Marta Formation exposed on
James Ross Island, Antarctica, have yielded specimens referable
to the species Chimaera zangerli Stahl and Chatterjee, 1999,
Notidanodon dentatus, Chlamydoselachus thompsoni Richter
and Ward, 1990, the genera Sphenodus Agassiz, 1843, Para-
orthacodus Glikman,1957, Squatina Dúmeril, 1906, Scapano-

rhynchus Davis, 1887, as well as indeterminate Lamniformes
(Cione and Medina, 1987; Grande and Eastman, 1986; Kriwet et
al., 2006; Richter and Ward, 1990; Stahl and Chatterjee, 1999;
Woodward, 1906).

The present paper describes two sets of findings. The first set
belongs to remains of different chondrichthyan taxa found
directly associated, which occurred all together in a single
section of the López de Bertodano Formation on Seymour
Island. These are significant by providing an assemblage with a
well-constrained age, representing a relatively rich diversity that
can be compared with possibly contemporary findings previ-
ously described from lower latitudes of the Weddellian
Biogeographic Province (WBP) (Zinsmeister, 1979). The
assemblage from Seymour Island allows us to recognize the
first records of an indeterminate odontaspidid different from the
genus Odontaspis, as well as the genera Pristiophorus Müller
and Henle, 1837, Squatina, Paraorthacodus, and Chlamydose-

lachus in upper levels of the López de Bertodano Formation
exposed on Seymour Island. The second set includes new
additions to the fossil diversity of chondrichthyans from the late
Campanian of the Santa Marta Formation of James Ross Island,
all consisting of isolated materials. Among these, there is the
first record of the species Cretalamna sp. Agassiz, 1843 and the
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genus Centrophoroides Davis, 1887 in Antarctica. Also, the first
records of the holocephalans Callorhinchus sp. and an
indeterminate rhinochimaerid from the Santa Marta Formation
are reported here.

LOCALITY AND GEOLOGIC SETTING

The two studied localities are situated in the western part of
the Antarctic Peninsula (Fig. 1). The materials recovered from
Seymour Island (S 64816 005 00, W 56842 038.8 00) were collected in
January 2011 by CSG, DRR, RAO, and RYY. The single fossil-
bearing bed is part of the López de Bertodano Formation
(Rinaldi et al., 1978). The materials from James Ross Island
were recovered in February 2012 by a second team (AVM,
DRR, RAO, RYY) from siltstone beds consistent with the upper
part of the Gamma Member (Lithofacies Association E, sensu
Scasso et al., 1991) of the Santa Marta Formation (Olivero et al.,
1986), and represent a shallow marine environment.

The López de Bertodano Formation (Rinaldi et al., 1978) is
exposed on the southwestern half of the Seymour Island. It
comprises a monotonous lithology, mainly friable sandy
siltstones of yellow to gray color, variable in hardness, but
relatively constant in grain size and mud percentage. It is
characterized by an upward increase in glauconite and a
volcanic component of the sand fraction (Macellari, 1988).
The age of this formation was assigned to the Maastrichtian–
Paleocene (Macellari, 1988), based on mollusks (Zinsmeister,
1979, 1982), microfossils (Huber, 1988) and palynomorphs
(Askin, 1989). Later, most of the levels of this formation were
constrained to the latest Maastrichtian based on different
stratigraphic criteria (Crame et al., 2004). The López de
Bertodano Formation is overlaid by an unconformity with the
Sobral Formation (Rinaldi, 1982; Macellari, 1984) and also the
La Meseta Formation (Elliot and Trautman, 1982). Its base is in
contact with the Snow Hill Island Formation (Pirrie et al., 1997)
through an unconformity contact. Following Macellari (1984,
1988) the López de Bertodano Formation is divided into 10

informal units, named from base to top as Klb1 to Klb9, and the
uppermost KTplb10, the six lower units being characterized by
the presence of distinctive beds with annelids (namely Rotularia
units of Macellari, 1984). The upper units 7 to 10 (molluscan
units) are characterized by abundant, well-preserved fossils of
ammonoids, bivalves, less frequent decapods and vertebrates
(Macellari, 1984). The materials were recovered from a single
siltstone level placed few meters below the boundary between
the Klb9 and KTplb10 units.

The single horizon where the studied material was collected is
placed few meters under distinctive levels of glauconite which
includes abundant fragments of disarticulated bony fishes near
its base. Such lithology, together with the kind of fossils and
preservation, was considered indicative of the K/T boundary
(Zinsmeister, 1998).

The studied section on James Ross Island is exposed near the
Santa Marta Cove, in the southeastern part of the island. The
geology consists of Cretaceous marine sediments assigned to the
Gustav Group and Marambio Group, part of the Larsen Basin
(Scasso et al., 1991; Hathway, 2000) intruded by the James Ross
Island Volcanic Group, a Neogene alkali volcanic sequence
composed mainly of lava-fed deltas of hyaloclastic breccias and
minor mantle xenoliths (Smellie, 1987; Bastı́as et al., 2012). The
material was recovered from siltstone beds consistent with the
upper part of the Gamma Member (Lithofacies Association E,
sensu Scasso et al., 1991) of the Santa Marta Formation, which
is the lower unit of the Marambio Group, and which is
interpreted as a shallow marine environment (Olivero et al.,
1986). Fossil vertebrates are represented by teeth of ichthyo-
dectiforms, as well as remains of plesiosaurs and occasional
remains of dinosaurs (Salgado and Gasparini, 2006; Cerda et al.,
2012). Invertebrates are frequent and represented by gastropods
(turritelids) and bivalves (mostly trigoniids). Driftwood remains
are also abundant. The age of the Santa Marta Formation was
assigned to the Santonian–Campanian based on fossil inverte-
brates and stratigraphic correlations (Olivero et al., 1986) while

FIGURE 1—Schematic map of the Antarctic Peninsula, indicating the Marambio and James Ross islands. The star indicates the localities where the studied
materials were recovered.
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the Gamma Member was constrained to the late Campanian
based on ammonoids (Olivero, 1992).

MATERIALS AND METHODS

Nearly 100 samples referable to vertebrate remains were
obtained from the studied strata on Seymour Island. These were
collected by direct picking over the fossil-bearing level. Sieving
was avoided because of the high humidity as well as frozen mud
that made very difficult the usage of this technique. The
recovered material includes frequent but non-informative bone
fragments of marine reptiles, elasmosaur teeth, mosasaur teeth
of at least four different morphotypes, as well as the assemblage
here studied. On the other hand, the material from James Ross
Island is comprised exclusively by specimens collected on
surface and was likely transported.

Institutional abbreviation—SGO.PV., Área Paleontologı́a,
Museo Nacional de Historia Natural, Santiago, Chile.

SYSTEMATIC PALEONTOLOGY

Class CHONDRICHTHYES Huxley, 1880
Subcohort NEOSELACHII Compagno, 1977

Order PRISTIOPHORIFORMES Berg, 1958
Family PRISTIOPHORIDAE Bleeker, 1859

Genus PRISTIOPHORUS Müller and Henle, 1837

Type species.—Pristis cirratus (Latham, 1793), Recent.

PRISTIOPHORUS sp.
Figure 2.1–2.5

Description.—The preserved teeth include two large and
fragmentary crowns with part of its peduncle and one isolated
peduncle, well preserved. Both preserved crowns display a
flattened shape, with both anterior and posterior margins having
smooth cutting edges. The enamel has profuse cracks. The
preserved peduncles display the typical convex shape of the basal
face (Cappetta, 1987), with abundant peripheral grooves and a
deep, central nutritive foramen in the middle of the base of the
root.

Material.—SGO.PV.6656, three incomplete rostral teeth.
Seymour Island, Antarctica. López de Bertodano Formation,
klb9 unit, late Maastrichtian.

Remarks.—Teeth of the genus Pristiophorus can be distin-
guished by their rostral spines with sharp, slender crown without
serration, and their respective peduncles with a strongly concave
basal surface (Latham, 1793). Also, despite the general similitude
of the studied material with the genus Ganopristis Arambourg,
1935, the presence of a deep central nutritive groove in the first is
a feature not observed in sclerorhynchids which usually have an
antero-posterior groove on the base. Because no complete crowns
were recovered, it is not possible to know the length of these
rostral teeth, thus being impossible to identify them to species
level. The new record of Pristiophorus represents its oldest record
in the Seymour Island. Previous records in the Eocene of La
Meseta Formation (Grande and Eastman, 1986) have been
referred to the species P. lanceolatus (Kriwet, 2005).

Order LAMNIFORMES Berg, 1958
Family ODONTASPIDIDAE Müller and Henle, 1839

ODONTASPIDIDAE indeterminate
Figure 2.6–2.17

Description.—Odontaspidid teeth with high and slender crown
with sigmoidal profile. Anterior teeth have a single lateral cusplet,
inferred by the basal section that can be observed in most of the
samples (e.g., Fig. 2.6), although the cusplet itself is absent. One
lateral tooth preserves one of the cusplets, which is broad and
short (Fig. 2.12). The lingual and labial face of the enameloid is

smooth, without folds or any ornamentation. Roots have a lingual
shelf, especially prominent in anterior teeth.

Material.—SGO.PV.6660, eight incomplete teeth. Seymour
Island, Antarctica. López de Bertodano Formation, klb9 unit, late
Maastrichtian.

Remarks.—Odontaspidid sharks have proven to be the most
abundant taxon present in shallow-water assemblages from the
Maastrichtian of the eastern Pacific (Cione et al., 2007; Suárez et
al., 2003; Otero and Suárez, 2009). Among them, teeth of
Carcharias can be recognized by having crowns with complete
cutting edges or else, edges that reach close to the root, a flat
labial face, absence of striations in the lingual surface, and
presence of one or two lateral cusplets (Capetta, 1987;
Compagno, 2001). Considering the record of the genus Odontas-
pis (Martin and Crame, 2006) from the late Maastrichtian of
Seymour Island, the studied samples differs from the latter in
having a more sigmoidal crown which is also less slender and not
highly triangular in outline. The lack of complete specimens
prevents any identification to genus level.

Superorder SQUATINOMORPHII Compagno, 1973
Order SQUATINIFORMES de Buen, 1926
Family SQUATINIDAE Bonaparte 1838

Genus SQUATINA Dúmeril, 1906

Type species.—‘Squalus’ (Squatina) squatina (Linnaeus,
1758), Recent.

SQUATINA sp.
Figure 2.18–2.20

Description.—Isolated tooth lacking one lateral end. It has a
complete cusp with smooth folds near the base. A bulk is noted
over the lingual projection of the root, while its basal face has
several nutritious foramina.

Material.—SGO.PV.6657, one isolated tooth. Seymour Island,
Antarctica. López de Bertodano Formation, klb9 unit, late
Maastrichtian.

Remarks.—Teeth of Squatina can be distinguished by their
small size, with a sharp crown with lateral heels and a smooth,
complete cutting edge, the presence of an apron in the base of the
crown, and a root with a prominent lingual bulk (Cappetta, 1987).
Previous occurrences from the Larsen Basin are known from the
Gamma member of the Santa Marta Formation (Olivero et al.,
1986), assigned to the late Campanian–?early Maastrichtian
(Kriwet et al., 2006). The genus is also known from the Eocene of
La Meseta Formation of Seymour Island (Welton and Zinsmeis-
ter, 1980; Grande and Eastman, 1986; Kriwet, 2005). The studied
material verifies the presence of the genus in the latest
Maastrichtian of Seymour Island, but does not allow a more
specific identification.

Order HEXANCHIFORMES de Buen, 1926
Suborder CHLAMYDOSELACHOIDEI Berg, 1958
Family CHLAMYDOSELACHIDAE Garman, 1884

Genus CHLAMYDOSELACHUS Garman, 1884
CHLAMYDOSELACHUS TATERE Consoli, 2008

Figure 2.21–2.23

Type species.—Chlamydoselachus tatere Consoli, 2008, Dan-
ian of New Zealand.

Description.—The material preserves only one of the three
cusps, which has a relatively thick and conical shape, not very
high, with some foldings near its base and soft striations. The root
is flat and broad, labiolingually short, having a notch over its
occlusal surface, surrounded by two small ridges. The tooth lacks
the prominent projections in lingual direction that are present in
the extant species C. anguineus, and no accessory intermediate
cusplets were present in the tooth, neither basal marks for them
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FIGURE 2—New chondrichthyans from late Maastrichtian levels of the López de Bertodano Formation, klb9 unit, on Seymour Island, Antarctica. 1–5,
SGO.PV.6656, Pristiophorus sp.: 1, isolated rostral tooth lacking the top of the crown in dorsoventral view; 2, same in anterior view; 3, fragmentary rostral spine
in dorsoventral view; 4, isolated peduncle of a rostral spine in dorsoventral view; 5, same in basal view; 6–17, SGO.PV.6660, Odontaspididae indet., anterior
teeth: 6, 9, labial views; 7, 10, profile views; 8, 11, lingual views; lateral teeth: 12, 14, 16, labial views; 13, 15, 17, lingual views; 18–20, SGO. PV.6657,
Squatina sp., isolated lateral tooth: 18, labial view; 19, occlusal view; 20, basal view; 21–23, SGO.PV.6658, Chlamydoselachus tatere Consoli, 2008, isolated
lateral tooth: 21, labial view; 22, occlusal view; 23, basal view; 24–26, SGO.PV.6659, Paraorthacodus sp., isolated lateral tooth: 24, labial view; 25, occlusal
view; 26, basal view. Scale bar¼10 mm.
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that could indicate their presence and posterior absence because
of the preservation.

Material.—SGO.PV.6658, one isolated tooth. Seymour Island,
Antarctica. López de Bertodano Formation, klb9 unit, late
Maastrichtian.

Remarks.—The morphologic features of the single tooth here
studied matches with the diagnostic characters of the species C.
tatere from Danian levels of New Zealand (Consoli, 2008). The
new record of Chlamydoselachus in the López de Bertodano
Formation is the first from the late Maastrichtian, and the third
record from the Larsen Basin. The first record of the genus in
Antarctica (C. thompsoni) is an endemic species recovered from
Campanian levels (?Beta Member) of the Santa Marta Formation,
on James Ross Island (Richter and Ward, 1990). Additional
material from older levels of the same formation (early–late
Campanian) were referred to the same species by Kriwet et al.
(2006). This new record of C. tatere extends the distribution of
the species into Antarctica as well as its stratigraphic occurrence
into the late Maastrichtian.

Order SYNECHODONTIFORMES Duffin and Ward, 1993
Family PALAEOSPINACIDAE Regan, 1906
Genus PARAORTHACODUS Glikman, 1957

Type species.—‘Sphenodus’ (Paraorthacodus) recurvus
Trautschold, 1877, Cenomanian of Russia.

PARAORTHACODUS sp.
Figure 2.24–2.26

Description.—Tooth preserving the complete root and the base
of the crown, which is massive and has several nutritive foramina
on the labial surface and several nutritive grooves on the base.
The crown only preserves its base and has several lateral cusplets
on each side. In the recovered specimen, one very small cusplet
remained on position on each side, having a total of four cusplets
on each flange. The enameloid folds are particularly strong,
covering all the preserved part of the crown. The root preserves
the typical nutritious grooves and flat base of the genus. The
isolated sample and its partial preservation do not allow
identifying it at species level.

Material.—SGO.PV.6659, one isolated tooth. Seymour Island,
Antarctica. López de Bertodano Formation, klb9 unit, late
Maastrichtian.

Remarks.—The genus Paraorthacodus is a distinctive taxon
having teeth with a massive, almost square root and a slender
main crown with several lateral cusplets (Siverson, 1992; Duffin
and Ward, 1993). The genus had a widespread distribution along
the WBP. It was reported in the Upper Cretaceous of Argentina,
and the species P. patagonicus (Ameghino, 1893), P. sulcatus
(Davis, 1888), and P. validus (Chapman, 1918) were mentioned
from the Upper Cretaceous of the Hamuri Bluff, New Zealand.
All these species need to be reviewed; nevertheless, their generic
determination appears to be reliable. The genus was also
reported in the Maastrichtian and the Paleocene of Chile
(Muñoz-Ramirez et al., 2007; Suárez et al., 2003). It is recorded
in Antarctica since the early Upper Cretaceous (Klug et al.,
2008), while younger records are reported from the Beta
Member of the Santa Marta Formation, James Ross Island
(Kriwet et al., 2006), assigned to the early to late Campanian
based on biostratigraphy and radiometric dating (Olivero et al.,
1992; Olivero and Medina, 2000). Klug et al. (2008) introduced
the species P. antarcticus, confined exclusively to the Santo-
nian–early Maastrichtian of the Santa Marta Formation. The
present find is the first in the latest Maastrichtian of the López de
Bertodano Formation and the youngest record of the genus in the
Larsen Basin. Regretfully, the incompleteness of the studied
specimen as well as the absence of additional samples avoid
identify it to species-level.

Family OTODONTIDAE Glikman 1964
Genus CRETALAMNA Glickman, 1958

Type species.—‘Lamna’ (Cretalamna) appendiculata Agassiz,
1843, Turonian of England.

CRETALAMNA sp.
Figure 3.1–3.3

Description.—Tooth with high and triangular crown, labiolin-
gually compressed, with complete cutting edges. One lateral
cusplet on each side of the crown, having a triangular shape, a
complete cutting edge, and also being labiolingually compressed.
The root has a medial constriction with squared and robust
branches. The anterior branch is missing.

Material.—SGO.PV.6661, one isolated lateral tooth. James
Ross Island, Antarctica. Santa Marta Formation, Beta member,
middle to late Campanian.

Remarks.—Teeth of Cretalamna are up to 3 cm high, with a
triangular crown broader in its base, one to three triangular lateral
cusplets, complete soft cutting edges, and a smooth enamel
(Cappetta, 1987). Southernmost records of the species Cretalam-
na are known from Upper Cretaceous strata of Argentina
(Ameghino, 1906; Arratia and Cione, 1996; Bogan and Agnolin,
2010). The present find in late Campanian levels of the James
Ross Island is the oldest record along the WBP and the
southernmost known record of the species.

Order SQUALIFORMES Goodrich, 1909
Family SQUALIDAE Bonaparte, 1834

Genus CENTROPHOROIDES Davis, 1887

Type species.—Centrophoroides latidens Davis, 1887, Santo-
nian of Lebanon.

CENTROPHOROIDES sp.
Figure 3.4

Description.—Cast preserving the labial surface of a small
tooth that is broader than high, having short crowns recurved
backwards, with complete cutting edges along the cusp and the
distal margin of the crown. The mesial portion of the cutting edge
bears irregular serrations. The labial face presents a broken apron.
The root is short, and narrower than the crown, having several
nutritious foramina.

Material.—SGO.PV.6662, one isolated tooth cast. James Ross
Island, Antarctica. Santa Marta Formation, Gamma member, late
Campanian.

Remarks.—Centrophoroides possesses teeth smaller than 7 mm
with a low, posteriorly recurved crown with an irregularly
serrated cutting edge, a low posterior heel with a smooth cutting
edge, a basal, apron-like small projection of the labial face of the
crown, and a root with two deep grooves (Cappetta, 1987).
Previous records of the genus Centrophoroides in the WBP
includes its occurrence in early Maastrichtian beds of central
Chile (Suárez et al., 2003) as well as in late Maastrichtian strata
of south-central Chile (Suárez et al., 2003). Also, it was recorded
in Maastrichtian levels of southernmost Chile (Otero and Suárez,
2009). The present finding in late Campanian beds of the James
Ross Island in Antarctica comprises its oldest record in the WBP
and southernmost known record of the genus.

Superorder HOLOCEPHALI Bonaparte, 1832
Order CHIMAERIFORMES Obruchev, 1953

Family RHINOCHIMAERIDAE Garman, 1901
RHINOCHIMAERIDAE indeterminate

Figure 3.5–3.8

Description.—Incomplete right palatine that preserves most of
its anterior portion, only lacking a small fragment of its anterior
midline. The plate is very thin and compressed dorsoventrally,
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being labiolingually recurved and having only two parallel tritors,
the medial one being larger and fading anteriorly, while the
second tritor is disposed almost in the midline. The symphyseal
margin is preserved by a small portion which is straight. In basal
view, no descending lamina is present, while the surface is
smooth and convex, without any line or ornamentation.

Material.—SGO.PV.6665, one incomplete right palatine.
James Ross Island, Antarctica. Santa Marta Formation, Gamma
member, late Campanian.

Remarks.—The absence of descending lamina allows discard-
ing the material as belonging to any callorhynchid (Stahl, 1999),
while the thin plate differs from the typically massive plates of
the Edaphodontinae (Stahl, 1999). Thin palatines without a
descending lamina are considered by Stahl (1999) as diagnostic of
the Rhinochimaeridae. The presence of only two parallel tritors
with one of them in the midline is similar to that described for the
rhinochimaerid genus Lebediodon from the Upper Cretaceous of
Russia (Nessov and Averianov, 1996; Stahl, 1999). The
fragmentary nature of the single specimen does not allow any
generic determination, although it represents the first Upper
Cretaceous rhinochimaerid from Antarctica and the southernmost
known occurrence of the family.

Family CALLORHYNCHIDAE Garman, 1901
Subfamily CALLORHYNCHINAE Stahl, 1999
Genus CALLORHINCHUS Lacépède, 1798

Type species.—Callorhinchus callorhynchus Linnaeus, 1758,
extant species of the Southern Hemisphere.

CALLORHINCHUS sp.
Figure 3.9

Description.—Incomplete palatine preserving most of the tritor
and part of the labial margin of the plate. The tritor has a
distinctive bifid shape towards the anterolabial margin.

Material.—SGO.PV.6663, an incomplete right palatine. James
Ross Island, Antarctica. Santa Marta Formation, Gamma member,
late Campanian.

Remarks.—The bifid tritor of the palatine is considered
diagnostic of the genus Callorhinchus (Kriwet and Gaździcki,
2003; Stahl, 1999). The recovered specimen has a palatine with
two massive branches that are very similar in outline. The outline
of the palatine appears intermediate between that of C. hectori
from the Cenomanian of New Zealand (Newton, 1876) and that of
C. torresi from the late Maastrichtian of Seymour Island,
Antarctica (Otero et al., 2013), suggesting an intermediate form
between both, which is consistent with its late Campanian age.
Due to the fragmentary nature of the material, no specific
determinations can be proposed. The present record is the oldest
record of the genus Callorhinchus in Antarctica.

DISCUSSION

Stratigraphic distribution of Upper Cretaceous condrichthyans
from Antarctica.—The synthesis of Upper Cretaceous Antarctic
diversity of chondrichtyans (Table 1) shows that several taxa
present continuity through the Campanian–Maastrichtian. The
genera Chlamydoselachus and Paraorthacodus are represented in
the late Campanian, remaining unreported in lower units of the
López de Bertodano Formation, and reappearing in the klb9, near
the K/P boundary. The only record from other locality of the
WBP comprise material recovered from Danian levels at
Chatham Islands, New Zealand (Consoli, 2008). The taxa
Squatina, Callorhinchus, and Chimaera zangerli are known in
the late Campanian (Beta Member) and in the klb9. All these

FIGURE 3—New chondrichthyans from late Campanian levels of the Santa Marta Formation, Gamma Member, on James Ross Island, Antarctica. 1–3,
SGO.PV.6661, Cretalamna sp. (Agassiz): 1, lateral tooth in labial view; 2, same in lingual view; 3, profile view; 4, SGO.PV.6662, Centrophoroides sp., cast of a
lateral tooth showing its lingual surface; 5–8, SGO.PV.6665, Rhinochimaeridae indet.: 5, right palatine in occlusal view; 6, same in basal view; 7, anterior view;
8, posterior view; 9, SGO.PV.6664, Chimaera zangerli Stahl and Chatterjee, right palatine in occlusal view; 10, SGO.PV.6663, Callorhinchus sp., right palatine
in occlusal view. Scale bar¼10 mm, except in 4 (5 mm).
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genera are probably present along the lower and middle levels of
the López de Bertodano Formation. In addition, Notidanodon
dentatus is one of the most abundant chondrichtyans and at the
moment seems to be the taxon with the most complete
stratigraphic distribution in the Campanian–Maastrichtian.

Several taxa remain exclusively known from the late
Campanian of the Santa Marta Formation, particularly, the
species Cretalamna appendiculata, the genera Centrophoroides,
Scapanorhynchus, and the present record of an indeterminate
rhinochimaerid. On the other hand, taxa exclusively constrained
to the late Maastrichtian of the López de Bertodano Formation
include the genera Odontaspis, Pristiophorus, as well as the
species Ischyodus dolloi and Callorhinchus torresi. Finally, the
genus Sphenodus seems to be present in both members of the
Santa Marta Formation and in undifferentiated levels of the López
de Bertodano Formation, although no records are known in the
upper units such as the klb9.

Associated vertebrates found in Seymour Island.—The assem-
blage from Seymour Island includes teeth of Notidanodon
dentatus, previously reported from the Maastrichtian of the
López de Bertodano Formation (Cione and Medina, 1987; Grande
and Chatterjee, 1987) and from the Beta and Gamma members of
the Santa Marta Formation, in the early Campanian–?early
Maastrichtian range (Richter and Ward, 1990). It was also
reported from the Maastrichtian of Argentinean Patagonia (Novas
et al., 2011). Additionally, remains of bony fishes are abundant in
the same levels, represented by frequent teeth of ichthyodecti-
formes, and less frequent indeterminate vertebrae. Identical teeth
have been recovered in late Maastrichtian beds of the López de
Bertodano Formation on Seymour Island, and from the early
Campanian–?early Maastrichtian of the Santa Marta Formation
(Kriwet et al., 2006), proving to be abundant in the Upper
Cretaceous of the Larsen Basin. On the other hand, remains of
marine reptiles were recovered from the same stratigraphic level
and are represented by isolated teeth of elasmosaurid plesiosaurs,
which are the most frequent group of reptiles recognized in the
Maastricthtian of the WBP (Gasparini and Goñi, 1985). Also,
recovered mosasauroids are represented by at least four different
dental morphotypes, all of them small-sized.

Paleoenvironment of the assemblage from Seymour Island.—
The recovered taxa were compared with closely related extant
representatives. Based on Didier (2002) and Compagno (2001),
the taxa included in the studied assemblage are consistent with a
continental shelf environment and temperate to tropical waters
(Table 2). The presence of small teeth of four different

morphotypes of mosasauroids strongly suggests co-inhabitance
with juvenile individuals. Jacobs et al. (2005) indicate that they
inhabited a range of environments from intertidal to shallow
marine waters, having tolerance of brackish as well as normal
marine salinities. Also, juvenile mosasauroids have been found
associated with shallow-water chondrichthyan assemblages in
other Upper Cretaceous localities of the WBP (Otero et al.,
2012a).

Associated vertebrates on James Ross Island.—In this locality,
associated vertebrates found during recent fieldwork (2011, 2012)
include isolated but relatively frequent teeth of N. dentatus,
Sphenodus sp., indeterminate ichthyodectiform fishes, a single
tooth of Squatina sp., and a right palatine of Chimaera zangerli,
all of them previously reported from the Santa Marta Formation
(Kriwet et al., 2006 and references therein). In addition, marine
reptiles found in the same levels are represented by associated
postcranial remains of plesiosaurs (currently under study by the
authors) and isolated vertebrae of mosasauroids. Also, the
northern part of the Santa Marta Cove has yielded the type
material of the mosasaurid Taniwhasaurus antarcticus (Novas et
al., 2002; Fernández and Martin, 2009). Records of continental
vertebrates, particularly dinosaurs, have been found in the Santa
Marta Cove and nearby, in strata also belonging to the Santa
Marta Formation. These finds comprise the ankylosaurid dinosaur
Antarctopelta oliveroi (Salgado and Gasparini, 2006), an vertebra
of an indeterminate titanosaurian sauropod (Cerda et al., 2012)
and most recently an ornithopod dinosaur (Coria et al., in press).

Paleoenvironment of the taxa recovered from James Ross
Island.—Although the studied taxa from James Ross Island do
not represent an associated assemblage, all of them are consistent
with an environment of temperate to cool, deep waters up to 1000
m deep (Table 2) based on extant representatives (Compagno,
2001; Didier, 2002). This is especially interesting since the
lithofacies of the Santa Marta Formation include planar cross-
bedding, wavy-planar lamination, bioturbation, and fossils of
ammonoids and bivalves as well as driftwood. Such sequences are
usually interpreted as representing deposition in shallow marine
shelf settings (Pirrie, 1990). Nevertheless, high energy currents,
turbidity currents and sedimentary structures associated to storm-
generated flow processes (Olivero et al., 1986; Pirrie, 1990)
provide a possible explanation for faunal elements of deeper
facies occurring in units characterized by a shallow-water
environment with inputs of continental fauna (dinosaurs) and
flora (driftwood).

Taphonomic aspects of the recovered material.—Although the

TABLE 1—Stratigraphic distribution of Upper Cretaceous chondrichthyans from Antarctica. Letters indicate the source of information as following: K¼Kriwet et
al., 2006; M¼Martin and Crame, 2006; O¼Otero et al., 2013; S¼Stahl and Chatterjee, 1999; SC¼Stahl and Chatterjee, 2002; T¼this study.

taxa

James Ross Island Marambio Island

Santa Marta Formation López de Bertodano Formation

Beta Member Gamma Member undifferentiated klb6 klb9

Chalmydoselachus thompsoni K K
Chlamydoselachus tatere T
Notidanodon dentatus K K K M, T
Sphenodus sp. K K K
Paraorthacodus sp. K K T
Squatina sp. K T
Scapanorhynchus sp. K
Odontaspis sp. M
Ischyodus dolloi SC
Callorhinchus torresi O
Chimaera zangerli K, T K S
Chimaeridae indet. M
Callorhinchus sp. T M
Pristiophorus sp. T
Carcharias sp. T
Cretalamna appendiculata T
Centrophoroides sp. T
Rhinochimaeridae indet. T
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assemblage from Seymour Island comprises broken teeth, these
do not reflect effects of transportation. The cutting edges of the
crowns are well preserved, as is the enameloid that only bears
stains due to their exposure to humid conditions. Also, all the
broken surfaces have sharp edges, indicating that the fragmen-
tation occurred recently and the material was not largely
transported (Cook, 1995). Lost fragments were removed by
effect of their exposure to the extreme climate conditions that
causes fractures on the exposed portions.

Regarding the materials from James Ross Island, several
samples were recovered inside concretionary nodules that helped
to preserve them, but also allowed the possibility of transportation
of the sample without suffering destructive effects. In this sense,
the most reliable samples are the in situ cast of Centrophoroides
(SGO.PV.6662) and the isolated tooth of C. appendiculata
(SGO.PV:6661) which are well preserved. Consistently, both
specimens represent tropical taxa that could inhabit shallower
waters.

Paleobiogeography.—The genera Chlamydoselachus and
Sphenodus are only known from Upper Cretaceous of Antarctica,
remaining unreported in contemporary levels exposed in lower
latitudes of the WBP. Also, Scapanorhynchus, Pristiophorus, and
Ischyodus dolloi are not known from northern Upper Cretaceous
units, although all of them have been recovered from Paleogene
levels of the WBP. Particularly, Pristiophorus and Ischyodus
dolloi are known in the Eocene of the La Meseta Formation at
Seymour Island (Kriwet, 2005) and in the late Eocene of
southernmost Chile (Otero et al., 2012b), while Scapanorhynchus
was reported in probable Paleocene levels in central Chile
(Muñoz-Ramirez et al., 2007). The taxa Odontaspis, Centrophor-
oides, Squatina, and Paraorthacodus are also relatively common
elements in the Maastrichtian of the Quiriquina Basin in central
Chile (Suárez et al., 2003). The three first taxa have been also
recorded in Maastrichtian beds of southernmost Chile (Otero and
Suárez, 2009), indicating a widespread distribution in the WBP
during the Upper Cretaceous.

Holocephalans seems to be the most diverse chondrichthyans in
the WBP, with several endemic species from different localities.
Among these are Edaphodon kawai from the Maastrichtian of
New Zealand (Consoli, 2006), and the Antarctic taxa Chimaera
zangerli Stahl and Chatterjee (1999) and Callorhinchus torresi

Otero et al. (2013) from the late Maastrichtian of Seymour Island.
Such diversity pattern suggests that Upper Cretaceous records
from South America are susceptible to endemism.

CONCLUSIONS

The new finds comprise the first associated occurrence of an
odontaspidid different from Odontaspis, as well as the genera
Pristiophorus, Squatina, Paraorthacodus, and the species
Chlamydoselachus tatere in Seymour Island, Antarctica. The
fossil-bearing strata are part of the klb9 unit of the López de
Bertodano Formation, thus having a latest Maastrichtian age
representing one of the youngest known Mesozoic assemblages
of cartilaginous fishes that inhabited temperate to tropical
shallow waters during the end of the Cretaceous in the coastal
seas of the Larsen Basin, before major changes that began after
the K/P boundary. In addition, the studied section provides a
better constraint for the age of several taxa previously
recognized in the López de Bertodano Formation only by
scattered samples in different units.

The materials recovered from James Ross Island include the
first records of the neoselachians Cretalamna sp. and Centro-
phoroides sp. in Antarctica. New holocephalans recovered are
represented by an indeterminate rhinochimaerid, and the first
record of Callorhinchus sp. in the Gamma Member of the Santa
Marta Formation of the James Ross Island, extending the
occurrence of these taxa to the late Campanian and being their
older records along the WBP. Although these taxa do not
comprise an associated assemblage, they are indicative for
deeper facies than those typically described from the Santa
Marta Formation, adding evidence to previous proposals on the
existence of high energy events and storm-generated flows.
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TABLE 2—List of the taxa recovered on each stratigraphic unit, with detail of the number of samples, paleoenvironment interpretation based on close extant
representatives, taphonomic mode of preservation, and taphonomic interpretation of provenance.

Taxa
Number of

samples Paleoenvironment interpretation Taphonomic mode
Taphonomic
interpretation References

López de Bertodano Formation, Klb9
Chlamydoselachus spp. 1 deep water, tropical to cool-

temperate
in situ, broken by

weathering
autochthonous Compagno, 2001

Notidanodon dentatus 3 unknown in situ, broken by
weathering

autochthonous

Paraorthacodus sp. 1 continental shelf in situ, broken by
weathering

autochthonous Compagno, 2001

Squatina sp. 1 continental shelf, warm-temperate to
tropical

in situ, broken by
weathering

autochthonous Compagno, 2001

Pristiophorus sp. 2 benthic, continental shelf, tropical in situ, broken by
weathering

autochthonous Compagno, 2001

Odontaspididae 8 continental shelf, tropical to cool-
temperate

in situ, broken by
weathering

autochthonous Compagno, 2001

Santa Marta Formation, Gamma Member
Chimaera zangerli 1 depths around 100 to 1000 m,

tempertate to cool
transported in concretion alochthonous Didier, 2002

Callorhinchus sp. 1 deep to shallow waters, temperate
to cool

transported in concretion alochthonous Didier, 1995

Rhinochimaeridae indet. 1 depths around 1000 to 2000 m,
temperate to cool

transported in concretion alochthonous Didier, 2002

Cretalamna sp. 1 littoral and epipelagic, depths until
1200 m, tropical to temperate

scarce transport, well
preserved

parautochthonous Didier, 2002

Centrophoroides sp. 1 depths around 500 to 1000 m, outer
continental shelf, tropical

cast in situ authochtonous Compagno, 2001

418 JOURNAL OF PALEONTOLOGY, V. 88, NO. 3, 2014

https://doi.org/10.1666/13-041 Published online by Cambridge University Press

https://doi.org/10.1666/13-041


The authors want to thank the crew of the Óscar Viel Icebreaker
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Antártico Argentino, Buenos Aires.

OLIVERO, E. B., R. A. SCASSO, AND C. A. RINALDI. 1986. Revision del Grupo
Marambio en la Isla James Ross, Antártida. Instituto Antártico Argentino,
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