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The locality of Algarrobo in central Chile, has yielded a rich Late Cretaceous fossil assemblage that enriched the
knowledge of the vertebrate diversity in the context of the Weddellian Biogeographic Province, by providing mid-
latitude records comparable to coeval taxa found in subantarctic paleolatitudes. In this sense, Algarrobo represents
the northernmost Late Cretaceous available locality that can be included as part of the Weddellian Biogeographic
Province. Before this research, post-Cretaceous vertebrate records from Algarrobo were limited to the mention of
chondrichthyan teeth which remained undescribed, without detailed stratigraphic provenance, nor additional context.
Unusual high-energy tide conditions during 2024 caused the removal of most algae that permanently cover the fos-
siliferous sediments exposed in the coastal platform. This allowed the recovery of the first Paleogene chondrichthyan
assemblage from Algarrobo. Available material includes Abdounia beaugei, aff. Carcharhinus sp., Cretolamna sp.,
Xiphodolamia sp., Striatolamia macrota, Carcharias sp., Rhinoptera sp., and Sulcidens sulcidens. The combined
biochron of these taxa supports the occurrence of Ypresian levels in the studied unit, extending the age interval of the
fossil-bearing informal unit (Algarrobo Beds) to the lower—upper Eocene, thus, implying a hiatus of ca. 12—14 Ma with
respect to the Upper Cretaceous underlying levels. The paleogeographic distribution of the recognized taxa shows
affinities with Europe and north Africa. This interchange reinforces the hypothesis of a late Paleogene chondrich-
thyan turnover along the southeastern Pacific, based on upper Paleocene—lower Oligocene assemblages recognized
in southern localities of the Pacific margin. The studied fauna complements an emerging picture for the temporal and
geographical declination of the Weddellian Province, likely beginning during the late Paleocene, and acquiring a more
marked Atlantic influence during the Eocene—Oligocene.
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Introduction

The Weddellian Biogeographic Province (WBP) is a con-
cept that reunites several austral coeval localities as part
of an equivalent biogeographic realm extended along mid
latitudes (33—65°S) of the southern hemisphere, including
Antarctica, southern South America and New Zealand, in
a time span between the Late Cretaceous—Eocene (Zins-
meister 1979). The WBP was initially based on the taxo-
nomical affinities noted among invertebrate assemblages,
although, this was later shown to occur also among marine
vertebrates (Reguero et al. 2012).

Within this provincial context, chondrichthyan assem-
blages from the southeastern Pacific have been mostly docu-
mented in Upper Cretaceous units (Philippi 1887; Wilckens
1904; Wetzel 1930; Oliver-Schneider 1936; Gasparini 1979;
Suarez et al. 2003; Suarez 2015; Otero 2024). In the last
decades, growing evidence of Paleogene chondrichthyans
has been documented in several localities of central Chile
(Munoz-Ramirez et al. 2007; Groz and Palma-Heldt 2013;
Fernandez-Jiménez et al. 2018; Rodriguez et al. 2023), al-
lowing a more complete picture on the local evolution of the
group along this realm.

In particular, the locality of Algarrobo (33°21°S;
71°40°W) has yielded the richest Late Cretaceous (early
Maastrichtian) chondrichthyan diversity known in the
southeastern Pacific (Philippi 1887; Briiggen 1915; Tavera
1980; Suarez et al. 2003; Suarez 2015; Bogan et al. 2016;
Otero 2019b, 2024). On the contrary, the Paleogene chon-
drichthyan record from Algarrobo remained poorly known,
comprising to date the sole mention of material referred to
as indeterminate myliobatids from putative middle—upper
Eocene levels (Suarez and Marquardt 2003; Suarez 2015).

This contribution presents new local chondrichthyan re-
mains recently recovered during 2024, which were naturally
exposed due to unusual tide conditions that washed up the
fossil-bearing levels. The studied diversity helps to fill a
chronostratigraphic and latitudinal gap in the austral chon-
drichthyan fossil record. The implications of the new stud-
ied diversity studied are commented, pointing to a moment
and latitudinal segment for the declination of the WBP.

Institutional abbreviations—MUSA .PVERT., Coleccion
Paleontologica, Museo de Historia Natural e Historico de
San Antonio, Valparaiso Region, Chile.

Geological setting

Algarrobo is a coastal touristic town settled 120 km W from
Santiago, in central Chile (Fig. 1A). Along its shoreline, two
marine units crop out, mostly exposed during low tides.
These units are the Estratos de la Quebrada Municipalidad
(Quebrada Municipalidad Beds; Gana et al. 1996), of early
Maastrichtian age based on biostratigraphy (Briiggen 1915;
Tavera 1980) and a single St/Sr stable isotope data (Suarez
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and Marquardt 2003). The second unit is the Estratos de
Algarrobo (“Algarrobo Beds”; Gana et al. 1996). The exis-
tence of post-Cretaceous levels in Algarrobo was noted by
Briiggen (1915) who distinguished two different sedimentary
units in the coast of Algarrobo, one of them of “Tertiary”
age based on its invertebrate fauna. The latter author also
provided the first approach to the spatial distribution of fos-
siliferous beds in a sketched but detailed geological map with
sections Later, Tavera (1980) studied the invertebrate assem-
blage, constraining the unit to the middle—upper Eocene, and
moreover, correlating it to the Millongue Formation (Tavera
1942). Gana et al. (1996) referred to these levels as the
Algarrobo Beds, describing them as variably coarse, very
fossiliferous sandstones with abundant concretions, reaching
ca. 95 m thickness, and overlying through an erosive discor-
dant contact to the lower Maastrichtian older strata. The age
of the Algarrobo Beds was mostly based on the combined
biochron of the invertebrate assemblage studied by Tavera
(1980). Their outcrops are intermittently exposed during low
tides, but these are mostly covered by brown and green algae
rendering the fossil sampling difficult.

The unit (Fig. 1B) represents a shallow marine to coastal
environments, even reaching the backshore, as evidenced by
subordinated coquinas in the middle portion of the analysed
section. The direct supply of continental and terrigenous
materials, as tree trunks or organic matter, suggest a prox-
imity to a drainage mouth.

Material and methods

The studied material was collected in a single day. During
austral winter 2024, exceptional high-energy tides affected
the coast of Algarrobo. These events caused high erosion in
the sedimentary outcrops but also eroded the dense covering
of algae (Ulva spp.). This event allowed the recognition of an
unusually high number of in situ chondrichthyan teeth, as
well as remains of other vertebrates currently under study.
The early detection of this situation was notified by inhabi-
tants of Algarrobo, motivating a quick action for recovering
these samples under imminent risk of loss due to the ongoing
high tides. In a single day of field work during July 2024, the
samples studied were recovered together with their strati-
graphic context. The preparation of the specimens considered
sharp dental tools for mechanical removal of the hard matrix
and cleaning with isopropyl alcohol for removing humidity.

Despite the limited sampling time, the collected speci-
mens were recovered from several different horizons, repre-
senting an interesting diversity with only few taxonomically
redundant specimens. However, the reduced sampling time
should be considered limited and poorly representative of
the expected diversity present in the studied section. Due
to this, the collected specimens represent a first approach
to chondrichthyans and they allow the first comparisons
between the known subantarctic assemblages and those re-
covered in lower latitudes of the Pacific Ocean.
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Fig. 1. A. Map of Algarrobo, central Chile, with detail of the sedimentary units in its coast. There are exposed the Quebrada Municipalidad Beds and the
Algarrobo Beds, with the main trace of the sedimentary log. Base satellite image from ArcGIS Pro 3.4 repository. The cartography composes previous
large scale geological maps, satellite photointerpretation and field data. B. Scheme of the studied section, complemented with the previous collected ver-
tebrate materials. The total thickness reach ~57 m, comprising the lower two thirds of the unit.

Assessing reworked or transported material considered
preservation aspects as worn surfaces, loss of lateral cus-
plets, loss of sharp cutting edges, and consistent abrasion
over the crown and root of each tooth. Among the recovered
samples, three teeth show abraded crowns and roots, how-
ever, these also show a mineralization, color and general
aspect identical to those observed in well-preserved teeth.
Moreover, the chronostratigraphic distribution of the taxa
represented by abraded teeth does not conflict with that of
well-preserved samples (see Discussion). Under these crite-
ria, coeval transportation is interpreted as a primary driver
for the abraded teeth instead of reworking from older strata.

The stratigraphic section was measured during June
2025, being complemented with the registered occurrences
of the fossil material studied here. A measure tape was used
to directly record the apparent thickness. After several and
progressive measurements of the dip and strike of the levels
with a Brunton Compass, the effective dimension of each
stratum in the unit was calculated. The exposure is also cut
by the marine ravine surface, in assessing its disposition.
For each level, the fresh rock colour was taken using a
Munsell Rock Color chart. By visual inspection and mag-
nifiers, the grain sizes were noted, as well as sedimentary
structures. Later, the sedimentary log was digitalized using
Sedlog v3.1 and InkScape v1.2.

Systematic palaeontology

Chondrichthyes Huxley, 1880

Elasmobranchii Bonaparte, 1838

Neoselachii Compagno, 1977

Lamniformes Berg, 1958

Mitsukurinidae Jordan, 1898

Genus Striatolamia Glikman, 1964

Type species: Otodus macrotus Agassiz, 1843; Eocene, Paris Basin,
France.

Striatolamia macrota (Agassiz, 1843)

Fig. 2A-C.

Material —MUSA.PVERT.1752, anterior tooth from
lowest part of the Algarrobo Beds basal conglomerate,
briefly above the inferred K/Pg erosive conformable con-
tact; MUSA.PVERT.1764, large lateral tooth from up-
per levels of the Algarrobo Beds, middle—upper Eocene;

MUSA.PVERT.1756, small lateral tooth from sandstone
level overlying the basal conglomerate, Ypresian.

Description—Anterior tooth with high and slender cusp,
slightly sigmoidal in profile. A single, small, sharp and me-
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dially recurved cusplet is present on each flank of the crown.
The cusplet has a smooth labial face and a lingual face with
many strong striations. The root lobes are elongated and
divergent. Lateral teeth possess high triangular cups, with a
single, crenulated cusplet on each side. There are striations
over the crown lingual face, but these are comparatively
softer than those present in anterior teeth. The root lobes are
divergent but less extended than in anterior teeth.

Remarks.—In the Austral (= Magallanes) Basin, Striatola-
mia teeth have been found in association to teeth of the genus
Carcharias (Otero et al. 2012, 2013; Otero and Soto-Acuia
2015). However, the presence of Carcharias in higher lati-
tudes of Antarctica during the Eocene remains unreported
(see diversity summary in Kriwet 2005 and Reguero et al.
2012). Teeth of Striatolamia can be distinguished from those
of Carcharias by the presence of strong folds in the lingual
face and a comparatively less recurved profile, especially
in anterior teeth (Cappetta 1987, 2012; Cunningham 2000).
According to Cappetta (2012), the species Striatolamia
macrota can be recognized by the marked reduction of
the lateral cusplets in anterior teeth (a feature present in
MUSA.PVERT.1752) and by the pectinated aspect of the
cusplets in lateral teeth (as the posterior cusplet present
in MUSA.PVERT.1756 and 1764). Following these traits
and considering the widespread Weddellian occurrences of
Striatolamia macrota (Welton and Zinsmeister 1980; Long
1992; Reguero et al. 2012; Otero et al. 2012, 2013; Otero and
Soto-Acuiia 2015; and likely in Rodriguez et al. 2023), the
current records are here referred to this species.

Odontaspididae Miiller & Henle, 1839

Genus Carcharias Rafinesque, 1810

Type species: Carcharias taurus Rafinesque, 1810; Recent, Mediter-
ranean.

Carcharias sp.

Fig. 2D.

Material —MUSA PVERT.1753, slightly worn lateral tooth
from lowest part of the Algarrobo Beds basal conglomer-

ate, briefly above the K/Pg erosive conformable contact,
Ypresian.

Description—The available lateral tooth possesses a slen-
der, sigmoidal cusp with a single, triangular cusplet on each
flank. Root has divergent lobes with one of them broken. The
labial and lingual faces are both smooth, without striations.

Remarks.—Teeth of Carcharias are the most common ver-
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tebrate remains in the Upper Cretaceous deposits of cen-
tral Chile (Suarez et al. 2003; Suarez 2015; Otero 2024;
Caifiete et al. 2025). During the late Paleocene, the genus
was also reported in central Chile (Mufoz-Ramirez et al.
2007; Groz and Palma-Heldt 2013; Fernandez-Jiménez et al.
2016; Rodriguez et al. 2023), proving its local continuous
abundance throughout the K/Pg boundary and onwards. In
the Austral Basin, Carcharias teeth have been recognized
in several Eocene localities, being represented by a large
number of samples (Otero et al. 2012, 2013; Otero and Soto-
Acufia 2015). These are also abundant in the Paleocene of
New Zealand (Mannering and Hiller 2008). On the contrary,
Paleogene occurrences of the genus Carcharias in Antarctica
remain dubious. Most of the previously referred material has
been reassigned in later studies (e.g., “Carcharias™ macrota
in Long 1992, belongs to Striatolamia macrota).

The unique available specimen of this genus has a crown
and root surfaces abraded. but mineralization and general
preservation is much similar to most recovered samples,
thus, suggesting transportation.

Xiphodolamiidae Glikman, 1964
Genus Xiphodolamia Leidy, 1877

Type species: Xiphodolamia ensis Leidy, 1877; Eocene, New Jersey,
USA.

aff. Xiphodolamia sp.
Fig. 2E

Material —MUSA.PVERT.1754, lateral tooth from sand-
stone level overlying the basal conglomerate, Ypresian.

Description—Tooth with distinctive low and broad triangu-
lar cusp, without lateral cusplets. Its cutting edge is smooth.
The root is squared, without divergent lobes. The tooth is
labiolingually compressed.

Remarks.—The previous features plus its size under 3 cm co-
incide with the diagnostic traits for the genus Xiphodolamia
(see Cappetta 2012). However, this referral must be kept with
precaution, considering the previous report of other lamnids
in the Paleogene of central Chile, particularly, the species
Macrorhizodus praecursor (Leriche, 1905) that was prelim-
inary reported by Otero (2015). The posterior teeth of this
taxon could acquire a remarkably similar morphology to that
of MUSA.PVERT.1754 during the growth of lateral teeth.
On the contrary, mature lateral teeth of Macrorhizodus prae-
cursor are noticeably larger. Moreover, the available tooth
shows clear signs of abrasion, indicative of transportation.
MUSA.PVERT.1754 is conferred to the genus Xiphodolamia

Fig. 2. Lamniformes and Carcharhiniformes from the Ypresian (lower Eocene) of Algarrobo Beds, Algarrobo, central Chile. A—C. Striatolamia macrota
(Agassiz, 1843). A. MUSA.P.VERT.1752, anterior tooth in labial (A,), profile (A,), and lingual (A3) views. B. MUSA.P.VERT.1764, lateral tooth in labial
(B)) and lingual (B,) views. C. MUSA.P.VERT.1756, lateral tooth in labial (C;) and lingual (C,) views. D. Carcharias sp., MUSA .P.VERT.1753, lateral
tooth in labial (D; and lingual (D,) views. E. aff. Xiphodolamia sp. MUSA.P.VERT.1754, lateral tooth in labial (E;) and lingual (E,) views. F. Crefolamna
sp. MUSA.P.VERT.1757, lateral tooth in labial (F,) and lingual (F,) views. G. aff. Carcharhinus sp., MUSA.P.VERT.1765, lateral tooth in labial (G,) and
lingual (G,) views. H-J. Abdounia beaugei (Arambourg, 1935). H. MUSA.P.VERT.1750a, posterolateral tooth in labial (H;) and lingual (H,) views. L.
MUSA.P.VERT.1750b, lateral tooth in labial (I,), profile (I,), and lingual (I3) views. J. MUSA.P.VERT.1750c, lateral tooth in labial (J;), profile (J,), and

lingual (J3) views. Scale bar 10 mm.
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by the moment, awaiting additional specimens from Algarrobo
which could eventually confirm its taxonomical affiliation.
Previous known records of Xiphodolamia are restricted to
the lower Eocene—upper Eocene of North America, Europe,
north and west Africa, and India (Cappetta 2012).

Cretoxyrhinidae Glikman, 1958
Genus Cretolamna Glikman, 1958

Type species: Otodus appendiculatus Agassiz, 1838; Turonian, En-
gland, UK.

Cretolamna sp.
Fig. 2F.

Material —MUSA.PVERT.1757, one lateral tooth from
basal conglomerate of the Algarrobo Beds unit, Ypresian.

Description.—Small tooth lacking its anterior cusplet and
a fragment of the root, with triangular, posteriorly recurved
crown having complete, smooth cutting edges. The poste-
rior cusplet is broad, triangular and blunt, with complete,
smooth cutting edges, having a basal constriction in its con-
tact with the root, and clearly separated from the crown. The
root is squared, lingually prominent, and lacking divergent
lobes.

Remarks.—The presence of a squared (rectangular) root is
a trait commonly present in several advanced lamnids (e.g.,
Lamna nasus, Carcharodon carcharias) but otherwise, in-
distinctly present among lateral teeth of few Paleogene lam-
nids (e.g., “Isurolamna spp.”, Lethenia spp., Macrorhizodus
praecursor, Xiphodolamia spp., Cretolamna spp.). However,
the presence of a single, broad and triangular cusplet in
lateral teeth is informative. This trait is absent in the genera
“Isurolamna”, Lethenia, Macrorhizodus, and Xiphodolamia,
but indeed occurs in Cretolamna (= Cretalamna, following
the opinion of Cappetta 2012), although, in the latter genus
more than one cusplet is commonly present on lateral teeth.
Remarkably similar teeth referred to this genus have been
reported in the southern hemisphere, particularly in the upper
Campanian of Antarctica (“Cretalamna” in Otero et al. 2014:
fig. 3). Material referred to “Cretalamna” appendiculata
was also described from Maastrichtian units of Argentinean
Patagonia (Bogan and Agnolin 2010). The current new record
represents the first documented occurrence of Cretolamna in
the southeastern Pacific and its youngest austral occurrence.

Carcharhiniformes Compagno, 1973
Carcharhinidae Jordan & Evermann, 1896

Genus Carcharhinus de Blainville, 1816

Type species: Carcharias melanopterus Quoy & Gaimard, 1824; Re-
cent off Waigeo Island.
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aff. Carcharhinus sp.
Fig. 2G.

Material —MUSA PVERT.1765, lateral tooth from upper
levels of the Algarrobo Beds, middle—upper Eocene.

Description.—Tooth with high and narrow cusp strongly
recurved posteriorly, having a flat labial face and a convex
lingual face. The cusp has smooth cutting edges and is sep-
arated from the mesial and distal heels. Both heels have a
rough serration. The root lobes are divergent and medially
separated by a nutritious groove. The medial part of the root
extends occlusally beyond the heels level.

Remarks.—The lack of additional teeth of the same type
precludes by the moment assuring a generic affiliation.
However, the presence of smooth cutting edges in teeth
of Carcharinus was noted by Cappetta (2012) to occur
among pre-Neogene representatives. On the contrary, ser-
rated cutting edges are known to occur in all Neogene spe-
cies (Cappetta 2012: 301). The genus Carcharhinus can be
tracked back to the Lutetian (Cappetta 2012). The current
record could potentially represent the first occurrence of
Carcharhinus in the Paleogene of the south Pacific Ocean.

Genus Abdounia Cappetta, 1980
Type species: Eugaleus beaugei Arambourg, 1935; Ypresian, Morocco.

Abdounia beaugei (Arambourg, 1935)
Fig. 2H-J.

Material —MUSA.PVERT.1750a, posterolateral tooth;
MUSA.PVERT.1750b; MUSA.PVERT.1750c, d, two lateral
teeth. All from basal conglomerate level of the Algarrobo
Beds, Ypresian.

Description.—Small teeth characterized by the presence of
a triangular and sharp crown moderately broad on its base,
flanked by one or more triangular cusplets which are uninter-
rupted with the crown enameloid, having complete, smooth
cutting edges. The crown has a flat labial face with basal
folds, and a convex lingual surface, while the root has two
divergent branches and a lingual medial nutritious groove.

Remarks.—All the available specimens from the Algarrobo
Beds are indistinguishable from Abdounia beaugei, char-
acterized by two or mostly three triangular, straight lateral
cusplets (Cappetta 1980: fig. 4; Cappetta 2012: fig. 291).
Austral records of the genus Abdounia were previously
known in two upper Eocene localities of the Magallanes
Basin on southernmost Chile (Otero et al. 2012; 2013)
and in the Ypresian of Antarctica (Engelbrecht et al. 2017;
Charnelli et al. 2024), being represented by A. mesetae and
A. richteri (Engelbrecht et al. 2017). Moreover, the mate-

Fig. 3. Myliobatiformes from the Ypresian (lower Eocene) of Estratos de Algarrobo, Algarrobo, central Chile. A—C. Rhinoptera sp. A. MUSA.P.VERT.1758a,
worn symphyseal tooth in occlusal (A;) and basal (A,) views. B. MUSA.P.VERT.1758c, symphyseal tooth in axial (B;), occlusal (B,), and profile
(B3) views. C. MUSA.P.VERT.1758b, damaged symphyseal tooth in the matrix, in axial (C;), occlusal (C,), and profile (C3) views. D, E. Sulcidens
sulcidens (Dartevelle & Casier, 1943). D. MUSA.P.VERT.1751a, symphyseal tooth in occlusal (D,), basal (D,), axial (Ds), and profile (D4) views.
E. MUSA.P.VERT.1751b, associated symphyseal tooth in occlusal (E,), basal (E,), axial (E;), and profile (E,;) views. Scale bar 10 mm.
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rial from southernmost Chile likely belongs to these same
latter species. On the contrary, the current record from the
Algarrobo Beds represents the first Ypresian occurrence of
Abdounia in the Weddellian Province and the first record of
the species Abdounia beaugei in this realm.

Batomorphii Cappetta, 1980
Mpyliobatiformes Compagno, 1973
Genus Rhinoptera Cuvier, 1829

Type species: Myliobatis marginata Geoffroy-Saint-Hilaire, 1817; Re-
cent, Mediterranean.

Rhinoptera sp.
Fig. 3A-C.

Material —MUSA.PVERT.1758a, abraded symphyseal
tooth from sandstone level immediately above the basal
conglomerate of the Algarrobo Beds; MUSA.PVERT.1758b,
¢, two incomplete symphyseal tooth from 30 m (surface)
from the top of the basal conglomerate, mid-levels of the
Algarrobo Beds. All from Ypresian.

Description—Symphyseal teeth with soft surface and hex-
agonal occlusal contour, much broader than axially long. Its
root is characterized by an alternation of furrows and lami-
nae of very similar breadth.

Remarks.—Dental plates of indeterminate Myliobatiformes
from the Paleogene of Algarrobo have been reported previ-
ously, but these were not figured nor described (Suarez and
Marquardt 2003; Suérez 2015). In addition, coeval records
of Rhinoptera have been described in the Biobio Region of
central Chile (Mufioz-Ramirez et al. 2007) with additional
records mentioned by Groz and Palma-Heldt (2013). Further
austral records of the genus Rhinoptera are known from
Ypresian levels of Antarctica (Charnelli et al. 2024).

Incertae sedis
Genus Sulcidens Underwood et al., 2019

Type species: Myliobatis sulcidens Dartevelle & Casier, 1943; Paleo-
cene?, Angola.

Sulcidens sulcidens (Dartevelle & Casier, 1943)
Fig. 3D, E.

Material —MUSA .PVERT.1751a, b, two associated symphy-
seal teeth from mid-levels of the Algarrobo Beds, Ypresian.

Description.—Symphyseal teeth having a slight concave
occlusal surface. The latter also has axial parallel sulci and
a very fine granulose surface. The root base has alternated
furrows and laminae, the latter being almost twice broader
than the furrows.

Remarks.—Symphyseal teeth of Sulcidens sulcidens can be
recognized by their concave occlusal surface having axial
parallel sulci and possessing a very fine granulose surface
rarely removed by in life wear (Underwood et al. 2017).
Ahead this research, this species has been exclusively re-
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corded in the Paleocene of Angola (Dartevelle and Casier
1943) and in the Paleocene and Ypresian, lower Eocene of
Morocco (Arambourg 1952; Underwood et al. 2017). The
current material represents its first austral record.

Discussion

Age of the studied section.—The occurrence of Sulcidens
sulcidens in the Algarrobo Beds suggests the presence of
upper Paleocene—lower Eocene levels in the unit. Previous
known records of this species were restricted to the
Selandian—Ypresian of north Africa (Underwood et al. 2017
and historical references therein). In addition, the known
biochron of Cretolamna is restricted to the Albian—Ypresian
(Cappetta 2012), implying a fossil-bearing level age not
younger than the early Eocene. The eventual occurrence
of Xiphodolamia is also informative although this must be
considered with precaution due to the possible transportation
of the unique available specimen. This genus was restricted
to the Ypresian—Priabonian of Europe, North America, west
Indies, north and west Africa, Near East, and central Asia
(Cappetta 2012). Adnet et al. (2009) commented the even-
tual presence of Xiphodolamia in the Danian of Kazakhstan
(based on previous records referred to Eoxyphodolamia
mangislakensis by Glikman 1980). Moreover, records of
Abdounia beaugei are restricted to the Thanetian—lower
Ypresian of north Africa and the Lutetian of southern France
(Arambourg 1935; Cappetta 1980, 2012; Boulemia and Adnet
2023). On the contrary, known South American records of
Abdounia are restricted to the upper Eocene of southernmost
Chile (Otero et al. 2012, 2013; Cafiete et al. 2025), from geo-
logic units that are part of the former Austral (=Magallanes)
Basin that opened into the Atlantic realm. Finally, the local
presence of a single specimen referred to aff. Carcharhinus
in upper levels of the Algarrobo Beds, complements the
chronostratigraphic interpretation, considering that the latter
genus is known since the Lutetian and onwards (Cappetta
2012), thus, reinforcing an expectable age younger than the
Ypresian for the upper part of the Algarrobo Beds. The com-
bined biochron of the recognized taxa supports a lower age
closer to the Thanetian/Ypresian boundary for the studied
section (Table 1). Based on the new studied chondrichthyan
assemblage, the Algarrobo Beds sediments extend at least
from the lower Eocene to the upper Eocene, while its lower
section between the basal conglomerate until the Sulcidens
sulcidens fossil-bearing level (ca. 35 m on surface), is no
younger than the Ypresian. The upper boundary of the
Algarrobo Beds belongs to the middle—upper Eocene, based
on the biostratigraphy of the invertebrate assemblage (after
Briiggen 1915; Tavera 1980; Gana et al. 1996).

Taphonomic remarks.—The lowest part of the Algarrobo
Beds basal conglomerate has frequent in situ teeth of
carcharhinids (i.e., Abdounia beaugei) associated with
scarcer in situ material referred to Cretolamna sp. On the
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Table 1. Biochrons of each identified taxon (in dark grey) recovered from the Algarrobo Beds and described here. Records with tentative biochron
extension are indicated in light grey. The current age interpretation relies on well-preserved teeth without signs of transportation. Otherwise,
unique taxon samples with signs of abrasion are marked with an asterisk (in the case of Rhinoptera sp., only a single tooth shows abrasion, while

the remaining samples have good preservation).

Taxon

Maastrichtian
Danian
Selandian
Thanetian
Ypresian
Lutetian

References

Bartonian
Priabonian

Rupelian
Chattian

aff. Xiphodolamia sp.*

Cappetta 1987, 2012; Adnet et al. 2009

Cretolamna sp.

Cappetta 2012; Carlsen and Cuny 2014

Abdounia beaugei

Cappetta 2012

Carcharias sp.* Cappetta 2012
Striatolamia macrota Kriwet 2005; Cappetta 2012
Rhinoptera sp. Cappetta 2012

Sulcidens sulcidens Underwood et al. 2017; Solé et al. 2019
aff. Carcharhinus sp. Cappetta 2012

other hand, the upper part of this conglomerate includes in
situ material referred to Striatolamia macrota, as well as
likely transported teeth referred to aff. Xiphodolamia sp.
and Rhinoptera sp. Extant carcharhinids are the dominant
sharks in all warm and temperate seas, inhabiting tropi-
cal continental coastal and offshore waters, coral reefs and
oceanic islands while a few are truly oceanic and range
far into the great ocean basins (Compagno 1984). On the
contrary, extant species of Rhinoptera are characterized to
inhabit tropical to warm temperate coastal waters up to
100 m depth, preferring shallow bays, lagoons and estu-
aries (Ebert and Stehmann 2013). The frequent presence
of Rhinoptera (and secondarily, Sulcidens) in the overly-
ing levels, adds to frequent driftwood remains, gastropods
banks (“Turritella” landbecki), decapods, Ophiomorpha
isp. and Thalassinoides isp. (Tavera 1980; Schweitzer et al.
2006) directly associated in some cases, reinforcing the evi-
dence of shallow water environment with fluvial influence.
All these taxa and their stratigraphic occurrences suggest a
second or third order regressive local condition during the
accumulation of the studied unit.

Paleogeography.—Before this study, the species Abdounia
beaugei and Sulcidens sulcidens were both restricted to
North Africa and southern Europe (Cappetta 2012). The
new studied records are the first documented in the southern
hemisphere and in the Pacific realm. In addition, the previ-
ously known occurrences of Xiphodolamia were restricted
to several localities in the northern hemisphere, occurring
now in the southeastern Pacific. Moreover, the Eocene oc-
currences of Carcharhinus were previously described in
north Africa and North America (Cappetta 2012).

The studied material adds to an emerging picture for
a direct interchange with the northern Tethys, as previ-
ously noted by the presence of blochiid fishes both in the
Tethys and the southeastern Pacific (Fierstine and Monsch
2002; Otero 2019a). Previous records of Palaeogaleus,
Physogaleus, and Premontreia in central Chile (Rodriguez

et al. 2023) adds extra support for a direct connection with
the North Atlantic, considering that these three genera were
previously known in Europe, North America, north/west
Africa, and the Near East (Cappetta 2012). In addition, the
recent description of Lethenia carranzaensis in the Eocene—
Oligocene boundary of central Chile (Otero 2025), comple-
ments this scenario, considering that the genus Lethenia
was previously restricted to the lower Oligocene of Belgium
(Bault and Génault 1999). This biogeographic connection
likely began in the upper Paleocene (accounted by the re-
cords described by Rodriguez et al. 2023) and reached at
least the middle Eocene or even the lower Oligocene.

This faunal distribution hypothesis is consistent with
the proposed deflection of the circum-equatorial ocean cir-
culation from the Tethys through the Pacific, as proposed
by Lawver and Gahagan (2003: fig. 2). In this sense, the
Paleogene of central Chile shows a display of taxa with
widespread representation in the WBP, together with taxa
previously considered as typical of the northern Atlantic.

Algarrobo can be considered as the northernmost avail-
able Late Cretaceous locality with faunal assemblages typical
of the WBP. Its paleolatitude has remained stable during the
Late Cretaceous and onwards, being mostly affected by W-E
subduction that caused variations in the basin shape and a
successive uplift trend (Gianni et al. 2018). Considering this,
the marine vertebrate faunal turnover here disclosed occurred
in a paleolatitude of ca. 33°S (almost the same as today).
This implies that, at least during the late Paleocene, typical
Tethyan chondrichthyan fauna reached mid-latitudes of the
southeastern Pacific, a condition that remained at least until
the middle—late Eocene. On the contrary, the chondrichthyan
diversity known in austral high latitudes, show a clear dif-
ferent diversity with strong affinities between southernmost
South America (Otero et al. 2012, 2013; Otero and Soto-
Acuiia 2015; Agnolin et al. 2021), Antarctica (Welton and
Zinsmeister 1980; Long 1992; Kriwet 2005; Reguero et al.
2012; Otero et al. 2014; Engelbrecht et al. 2017; Charnelli et al.
2024) and even New Zealand (Mannering and Hiller 2008).
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These provincial-level affinities suggest that the Atlantic
chondrichthyan diversity had low interchange through aus-
tral seaways. In this sense, a more plausible explanation for
low-latitude Pacific localities such Algarrobo relies on a
seaway through the northern part of South America, where
the model of the Tethys Circumglobal Current (Bush 1997,
Cousin-Rittemard et al. 2002) is consistent. The Tethyan
Circumpolar Current was intermittent since the Jurassic, be-
ing functional during the Late Cretaceous and eventually
reaching the late Paleogene (Bush 1997). Interestingly, during
the Late Cretaceous, the functional Tethyan Circumpolar
Current had no major influence over the Weddellian nature
of the Algarrobo vertebrate assemblage. Thus, the drivers of
the Paleogene turnover hypothesis along central Chile could
be linked to other relevant austral paleogeographic changes
occurred during that time span. Among these, a plausible sce-
nario is the gradual appearance of the Antarctic Circumpolar
Current (Lawver and Gahagan 2003) beginning during the
early Eocene and initially linked to tectonics changes be-
tween Antarctica and Australia (in detriment of the former
strong current from Australia/Antarctica, previously transit-
ing the southern margin of the South Pacific and possibly
heading northward along the west coast of South America;
Lawver and Gahagan 2003: fig. 3), until a fully establish-
ment of the Antarctic Circumpolar Current during the Middle
Miocene linked to the expansion of the Antarctic Ice Sheet
(Evangelinos et al. 2023).

Conclusions

This contribution describes the first Paleogene chondrich-
thyan assemblage from Algarrobo, in central Chile. The
basal conglomerate of the Algarrobo Beds includes a diverse
assemblage comprising in situ teeth of Striatolamia mac-
rota, Cretolamna sp., Abdounia beaugei aff. Carcharhinus
sp., and Rhinoptera sp., plus transported and likely redepos-
ited teeth referred to Carcharias sp., and aff. Xiphodolamia
sp. Additional specimens referable to Rhinoptera sp. were
recovered in overlying levels, together with the first austral
record of the ray Sulcidens sulcidens. The occurrence of
the latter species is remarkable, because this was previ-
ously constrained to the Selandian—lower Ypresian of north
Africa. The new record represents its first occurrence in
the Pacific. The combined biochron of the recovered taxa
indicates that the lower part of the Algarrobo Beds was de-
posited during the Ypresian (lower Eocene).

Previous records of Palaecogaleus, Physogaleus, and Pre-
montreia in the upper Paleocene of central Chile already
shown that typical Atlantic taxa present in the Pacific during
that time span. The new diversity from the Ypresian of
Algarrobo adds to this emerging picture, with the presence of
former typical north African taxa represented by Sulcidens
sulcidens, Abdounia beaugei, aff. Carcharhinus sp., and
likely, the north Atlantic Xiphodolamia. The Atlantic-Pacific
faunal interchange pattern is also suggested to occur during
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the Eocene—lower Oligocene, based on the Atlantic-Pacific
known distribution of blochiid bilfishes.

The chondrichthyan assemblage accumulated to date in
the Paleogene of central Chile differs from the endemic
records that characterized the Weddellian Biogeographic
Province since the Late Cretaceous until the Paleogene.
The fauna from Algarrobo complements this scenario by
providing a first Ypresian assemblage with marked north
Atlantic influence, suggesting a temporal and geographical
declination of the Weddellian Biogeographic Province be-
gan between the 33-37°S, at least from the late Paleocene
until the early Oligocene, prior to the establishment of the
paleogeographic and environmental conditions that molded
the southeastern Pacific marine vertebrate fauna since the
Neogene and onwards.
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