Marine Isotope Stage 3 (MIS 3) Versus
Marine Isotope Stage 5 (MIS 5)
Fossiliferous Marine Deposits

from Uruguay

Alejandra Rojas and Sergio Martinez

Abstract Uruguay has several marine deposits of undoubtedly Late Pleistocene
age, but there is conflicting evidence when comparing ages obtained by different
methods. While '*C datings suggest younger ages (related to Marine Isotope Stage
3—MIS 3), OSL, where available, indicate older times (related to Marine Isotope
Stage 5—MIS 5). The analysis of the abundant molluscan fauna and the presence of
extralimital warm water taxa points to a higher than present water temperature for
the Uruguayan coast. The referred discrepancies are discussed and a MIS 5 age is
preferred according to all available evidence.
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1 Introduction

The Pleistocene Epoch was a time of global climatic and sea level changes that had
a profound impact in the marine and continental realms, influencing the configu-
ration of our present-day biota. The information for the reconstruction of these
oscillations comes from different sources that include ice cores and a wide spectrum
of continental and marine records. It is widely recognized the existence throughout
the Pleistocene of numerous glacial-interglacial cycles characterized by cold (sta-
dials) and warm (interestadials) lapses (e.g., Emiliani 1955; Shackleton 1969;
Crowley and North 1991; Winograd et al. 1997). In recent years and especially for
the Late Pleistocene, a great improvement in the knowledge of the timing and
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magnitude of these climatic changes in both hemispheres comes from ice cores
from Greenland and Antarctica (e.g., Petit et al. 1999; North Greenland Ice Core
Project Members 2004; EPICA Community Members 2004, 2006; Jouzel et al.
2007; Orombelli et al. 2010). These high resolution sources of information allowed
the recognition of the pronounced and abrupt Dansgaard—Oeschger (D—O) warming
events in Greenland and the more gradual Antarctic Isotope Maxima (AIM) in
Antarctica (EPICA Community Members 2006; Huber et al. 2006) superimposed to
the traditional isotopic stages. These millenial-scale changes were also recognized
in other records (e.g., Barker et al. 2009).

The Marine Isotope Stage 5 (MIS 5) had an average duration between 130 and
71 ka B.P. and was a lapse of warm conditions with the warmest peak considered
to be the Last Interglacial or MIS Se (Zubakov and Borzenkova 1990; Winograd
et al. 1997, Petit et al. 1999; Shackleton et al. 2003; Jouzel et al. 2007). The Last
Interstadial or Marine Isotopic Stage 3 (MIS 3) had an average duration between 60
and 27 ka B.P. and was characterized by overall lower temperatures than present
and than MIS 5 and by the record of numerous D—O events (Huber et al. 2006; Van
Meerbeeck et al. 2009, 2011; Buiron et al. 2012; Long and Stoy 2013).

One of the sources of information that have contributed to the reconstruction of
the environmental changes occurred in our near past come from littoral fossiliferous
assemblages around the world. Pleistocene marine assemblages have been studied
from the Pacific coast of North America (e.g., Valentine and Jablonski 1993; Roy
et al. 1995; Powell et al. 2004), Mexico (De Diego-Forbis et al. 2004), Atlantic
islands at different latitudes (Muhs et al. 2002; Avila et al. 2009), Pacific Islands
(Muhs et al. 2002), Japan (Amano 1994; Kitamura and Ubukata 2003), Australasia
(Murray-Wallace and Belperio 1991; Murray-Wallace et al. 2000; Murray-Wallace
2002), Antarctica (Berkman et al. 1998), and Europe (Zazo et al. 2003; Nielsen
et al. 2006; Garilli 2011). In South America, Pleistocene marine deposits are known
from the Pacific coast (e.g., Ortlieb et al. 1990; Rivadeneira and Carmona 2008),
Beagle Channel (Rabassa et al. 2009) and Atlantic coast, mostly from Argentina
(see Aguirre and Whatley 1995; Isla et al. 2000; Aguirre 2003; Aguirre et al. 2011;
Gordillo and Isla 2011; Charo et al. 2013, 2014) and in a lesser extent from Brazil
(e.g., Lopes and Simone 2012; Lopes et al. 2013).

In Uruguay, undoubtedly Pleistocene fossil assemblages were first recognized by
Martinez et al. (2001) in the Puerto de Nueva Palmira (western Uruguay, Colonia
County) and La Coronilla (eastern Uruguay, Rocha County). Subsequently, Rojas
(2007) provided a new analysis of the molluscan content of these two assemblages
and included another one located at Zagarzazi (Colonia County). More recently,
Martinez et al. (2013) provided a biogeographic analysis of Pleistocene and
Holocene molluscan faunas of the Southwestern Atlantic, including Brazilian,
Argentinean, and Uruguayan data.

After the first characterization of the Pleistocene molluscan assemblages from
Uruguay provided by Martinez et al. (2001), new data on the faunal composition,
biogeographic inferences, and geochronological context have become available.
Thus, the aims of this contribution are (a) to update the paleontological content of
the Late Pleistocene fossil assemblages from Uruguay, (b) to provide a
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paleoecologic and biogeographic analysis of the faunal elements that are useful for
paleoenvironmental reconstruction, and (c) to discuss these results in the light of the
MIS 3 versus MIS 5 temporal and climatic scenario.

2 Geographical Setting

The Late Pleistocene fossiliferous deposits found so far in Uruguay are three, two of
them located in the western coast, and the remaining in the eastern coast (Fig. 1).
The Puerto de Nueva Palmira outcrop can nowadays be found in the area occupied
by the port of the city of Nueva Palmira. About 12 km to the south the Zagarzazli
site crops out in the abrasion platform of the beach. Finally, the La Coronilla fossil
assemblage crops out in the abrasion platform of the homonymous beach in the
Rocha County (eastern Uruguay). The Zagarzazi and La Coronilla deposits are
frequently covered by sand.

The study area comprises the Uruguayan coastal waters currently dominated by
the fluviomarine gradient of the Rio de la Plata and Atlantic Ocean. The Rio de la
Plata estuary between Argentina and Uruguay receives from the west, freshwater
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Fig. 1 Geographic location of the Late Pleistocene fossil assemblages of Puerto de Nueva
Palmira, Zagarzazu, and La Coronilla
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and sediment discharge coming from the Parand and Uruguay rivers and from the
east, the marine waters of the Atlantic Ocean (Urien 1972). It is divided by a
submerged shoal (Barra del Indio) into an inner fluvial system and an outer
mixohaline brackish system (Mianzan et al. 2001). The biogeography of the living
biota responds to this gradient with a west to east dominance of freshwater, estu-
arine, and marine taxa, respectively (Masello and Menafra 1998; Giberto et al.
2004; Giménez et al. 2005; Brazeiro et al. 2006). The Rio de la Plata estuary is a
highly variable environment at different timescales and the boundaries and position
of the salinity zones vary according to wind balance, river discharge, season, and
phenomena such as El Nifio Southern Oscillation (ENSO) (e.g., Guerrero et al.
1997; Acha et al. 2008; Mdller et al. 2008; Nagy et al. 2008).

The large-scale dynamics of the Southwestern Atlantic Ocean are dominated by
the northward flowing Malvinas (Falkland) Current and the southward flowing
Brazilian Current. The former transports cold subantarctic waters along the
Argentinean shelf whereas the latter carries tropical and subtropical waters along
the continental margin of South America (Olson et al. 1988; Piola et al. 2000;
Odebrecht and Castello 2001). Both currents meet approximately between 25° S
and 45° S at the Brazil-Malvinas Confluence Zone, producing a complex
oceanographic area with highly variable physicochemical and biological attributes
on the shelf and slope. The temperature gradient developed by these water masses
outline the current malacological provinces of the Southwestern Atlantic: the warm
water Brazilian Province, the confluence Argentinean Province, and the cold
Magallanic Province (e.g., Scarabino 1977; Briggs 1995; Martinez and del Rio
2002; Martinez et al. 2013). Studies in Brazil, Argentina, and Uruguay showed that
the faunal composition of the Argentinean Province includes a combination of
species of warm-temperate and cool-temperate affinities, besides endemic ones. In
this scenario, the Rio de la Plata and its freshwater discharge acts as an ecological
barrier and represents a broad ecotone between the southern and northern areas
(Masello and Menafra 1998; Scarabino et al. 2006a, b).

3 Geological Setting

The Quaternary marine deposits of Uruguay have their origin in the transgressive—
regressive events characteristic of this period of global-scale climatic oscillations.
The fossiliferous deposits have been correlated with adjacent Atlantic units from
Argentina and Brazil by various authors (Gofii and Hoffstetter 1964; Forti-Esteves
1974; Martinez 1990; Aguirre and Whatley 1995).

From the lithostratigraphic viewpoint they are included in the Chuy and/or Villa
Soriano formations (Gofii and Hoffstetter 1964; Goso 1972). The Villa Soriano
Formation represents the fossiliferous deposits that Caorsi and Goiii (1958) named
“Arcillas grises del Vizcaino” which were later formalized as a lithostratigraphic
unit by Goso (1972). These deposits crop out along a narrow stripe parallel to the
present coastline of Uruguay, from the Rio Negro to the Merin Lagoon margins.
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Lithologically, this unit has wide grain-size variability, from clay to medium sands
and occasionally gravel and pebbles (Preciozzi et al. 1988). Most authors consider
as a characteristic of this unit the abundant fossiliferous content (e.g., Serra 1943;
Caorsi and Goiii 1958); thus, in a sort of circular reasoning, most fossils have been
attributed to this unit. The age of the Villa Soriano Formation has been a matter of
discussion. Bossi (1966) and Preciozzi et al. (1988) considered it as of Late
Pleistocene—Holocene age, meanwhile Figueiras (1962), Bossi et al. (1975), and
Sprechmann (1978) considered it only of Holocene age. Martinez et al. (2006)
assigned to the Villa Soriano Formation the fossiliferous deposits radiocarbon dated
as Holocene. This unit has been correlated with the “Querandinense” deposits from
Argentina (Gofii and Hoffstetter 1964; Aguirre and Whatley 1995) and with the
Patos Group in Rio Grande do Sul State, Brazil (Martinez 1988).

The Chuy Formation was defined by Delaney (1963), although the first pub-
lished mention corresponds to Goiii and Hoffstetter (1964). This unit was originally
described as composed by yellow reddish medium sands. Later on, other litho-
logical types, not included in its definition, were added to its characterization.
According to Navarro (1990), the Chuy Formation extends from the Rio Santa
Lucia basin to the east of Uruguay. Its scarce fossil remains were reported from
wells by Sprechmann (1978). The stratigraphic relationships of this unit indicate
that it belongs to the Pleistocene (Goiii and Hoffstetter 1964; Goso 1972;
Sprechmann 1978).

The poor definition of these lithostratigraphic units, their wide and overlapping
lithological characterization, and the use of nonlithological criteria to recognize
them, hinders their identification in the field and consequently the placement of
fossil remains (see Martinez and Ubilla 2004; Martinez et al. 2013, for further
details). Thus, the assignment of the Late Pleistocene fossiliferous deposits studied
here to the Villa Soriano Formation or the Chuy Formation is problematic and not
useful for practical purposes at the moment.

4 Description of the Outcrops and Previous Work

4.1 Puerto de Nueva Palmira

The fossiliferous deposit is located at around 12 m of altitude and is approximately
2 m thick (Figs. 2 and 3a—c). The lithology is medium to coarse sand with
embedded clasts which maximum diameter can reach approximately 4 cm. Shells
are mostly randomly distributed and densely packed. Bivalves are frequently dis-
articulated, although specimens with articulated valves rarely occur. Abrasion and
fragmentation are very common, revealing some degree of local transport. The
assemblage likely represents the accumulation of shells in multiple high energy
events in a proximal environment influenced by waves (Martinez et al. 2001; Rojas
2007).
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Fig. 2 Stratigraphic sections of the studied deposits

The Puerto de Nueva Palmira fossil assemblage is one of the most mentioned in
the literature concerning the Quaternary marine deposits from Uruguay. Since the
first reports about this deposit, some physical changes in the area have occurred. For
example, the port was built with the consequent modification of the original
landscape. Teisseire (1927, 1928) reported the molluscan fauna of a deposit which
he refers as located on the cliff of the cemetery of Nueva Palmira (formerly nearby
the port) with an altitude of 7-10 m. This author mentions the presence of
Anomalocardia brasiliana, Bullia cochlidium, Cardium muricatum, Mactra is-
abelleana, Pitar rostratum, Thais haemastoma, Bullia deformis, and Fissuridea
patagonica. The present authors believe that this deposit studied by Teisseire and
subsequent authors may be equivalent to the deposit referred here, because
Teisseire (1927), Kraglievich (1928), and Fontana (1930) mentioned that in the cliff
of the cemetery a new port (a Free Trade Zone) was being constructed at that time.
The last author corrected the altitude assigned by Teisseire (1928) to 15 m and
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Fig. 3 Photographs of the fossiliferous Pleistocene outcrops. a—¢ Puerto de Nueva Palmira; d—
f Zagarzazu; g—i La Coronilla. Images (f) and (i) show Tagelus plebeius in life position

reported the presence, at approximately 6 m a.s.l.,, of varied fossil shells with
gastropods that needed to be studied. He also commented (as Kraglievich 1928:
Fig. 6) about the abundant representation of Corbula mactroide (sic). Both authors
based on this bivalve, correlated this deposit with the “Querandinense” units. After
that, Frenguelli (1930) referred to the deposit of the Puerto de Nueva Palmira,
which he assigned to the “Belgranense” stage (Pleistocene) based upon its nature,
position, aspect, and paleontological content. This author reported the presence of
Littoridina charruana, Bulla striata, Bittium varium, Purpura haemastoma, Bullia
globulosa, Ostrea spreta, Ostrea puelchana, A. brasiliana, and M. isabelleana.
Regarding the presence of Corbula mactroides in this deposit, Frenguelli (1930)
suggested that Kraglievich (1928) had misidentified this species with M. isabel-
leana which is very abundant there. But Kraglievich (1932) reaffirmed that the
species found was Corbula mactroides. Later on, Roselli (1939) mentioned this
deposit and commented on the diverse opinions regarding its assignment to the
“Belgranense” or “Querandinense” episodes. Serra (1943) presented a stratigraphic
section of the outcrop and made comments about the most abundant fossils,
M. isabelleana and Purpura haemastoma. Calcaterra (1971) expressed doubts on
the proposed age for this deposit based upon its elevation (more than 12 m a.s.l.)
and the thickness of the overlying sediments. He also listed the presence of
M. isabelleana, T. haemastoma, Arca sp., Crassostrea sp., and Buccinanops
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sp. Francis (1975) referred to the coastal cliff of Nueva Palmira and, besides listing
some molluscan species, he made reference to the historical controversy between
Kraglievich and Frenguelli on the presence or absence of Erodona mactroides in
this outcrop, which he was not able to find. He was surprised about the elevation of
the deposit in relation to others typically attributed to the “Querandinense”. Roselli
(1976) thoroughly described the deposit and stuck to the interpretation proposed by
Frenguelli (1930) concerning the Late Pleistocene age of the deposit. This author
provided a list of taxa that includes Mactra (Mactratoma) isabelleana, A. brasil-
iana, Thais (Stramonita) haemastoma, Buccinanops globulosus, Buccinanops
cochlidium, Buccinanops deformis, Plicatula spondyloidea, Ostrea spreta, Arca
bisulcata, Ostrea puelchana, Tagelus (Tagelus) gibbus, Diodora patagonica,
Urosalpinx rushi, Littoridina australis, Nassarium sp., Brachidontes dominguensis,
Trachycardium muricatum, Balanus sp., Pitar (Pitar) rostrata, Clamys sp.,
Glycymeris longior, Siphonaria (Pachysiphonaria) lessoni, Crepidula dilatada
jvar. patagonica?, Calliostoma sp., Erodona mactroides, Mactra sp.,
(Olivancillaria?, ;Chione?, Drupa (Drupa) necocheana, and two terrestrial gas-
tropods. Afterward, the paleontology, geochronology, and paleoenvironmental
conditions of the locality were studied by Martinez et al. (2001). Supplementary
information may be found in Rojas (2007).

4.2 Zagarzazu

This fossiliferous deposit is located in the abrasion platform of the Zagarzazu resort
approximately 0.5-1 m above mean sea level (a.m.s.l.; Figs. 2 and 3d-f). Its
exposure depends on the littoral dynamics, and sometimes it may be covered by
sand or water. It is composed of fine sands at the base and green clays at the
top. Fossil shells are present in both levels. The fossil preservation is variable, but
mostly good. Bivalve shells in life position are frequent (Fig. 3f) and complete,
whole specimens with delicate shells can be found, although disarticulated and
broken remains do occur as well. Few shells showing abrasion were found. The
depositional environment is inferred as proximal, under low energy conditions
(Rojas 2007).

The scientific knowledge of the Zagarzazli assemblage is very recent. Verde
(2003) and Rojas (2003) presented preliminary reports about the ichnofossils and
molluscan content. Rojas (2007) did a more extensive analysis of the molluscan
fauna, paleoenvironmental conditions, and available radiometric dating.

4.3 La Coronilla

This deposit is located at the abrasion platform of the La Coronilla beach, 0.5-1 m
a.s.l. (Figs. 2 and 3g—i). Similarly to the Zagarzazu locality, its exposure depends
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on the littoral dynamics as it is frequently covered by sand or water. It is litho-
logically composed of a greenish-grayish sandy claystone in which fossils are well
preserved. Taxa with delicate shells occur. It is frequent the preservation of shells in
life position (Fig. 3i). Fragmentation of the shells is common but not abrasion.
These features and the lack of shell size sorting suggest a predominantly auto-
chthonous—parautochthonous assemblage without significant transport (Rojas 2007;
Rojas et al. 2014). Shell fragmentation can be related to the activity of biological
agents. The depositional environment is inferred as proximal and mostly protected
from wave action.

Previous works regarding the La Coronilla fossil fauna can be found in Martinez
et al. (2001), who studied the paleontology, geochronology, and paleoenviron-
ments. Additional information can be found in Rojas (2007). Lorenzo and Verde
(2004) and Rojas et al. (2014) presented ichnological information, and Rojas and
Urteaga (2011) dealt with the record of chitons in this assemblage.

5 Absolute Ages

Bracco and Ures (1998), Martinez et al. (2001), Rojas (2007), and Rojas (2010)
published absolute dates for the Uruguayan Late Pleistocene assemblages, based
upon conventional '*C and OSL dating. These data are compiled in Table 1.

Table 1 Absolute ages available for the Late Pleistocene fossil assemblages from Uruguay

Locality Dating Lab. Taxon Age obtained Source
method number
Puerto de 4c LP-738 | Mactra 31,000 4 1200 | Martinez
Nueva Palmira | conventional isabelleana et al. (2001)
Puerto de l4c LP-730 Anomalocardia | 34,600 £ 2000 | Martinez
Nueva Palmira | conventional brasiliana et al. (2001)
La Coronilla 1 |**C LP-884 | Ostrea equestris | 29,500 + 600 | Martinez
conventional et al. (2001)
La Coronilla 2 | **C LP-824 | Mactra 35,500 & 1900 | Martinez
conventional isabelleana et al. (2001)
Zagarzazl 4c LP-1466 | Tagelus 35,500 & 1900 | Rojas (2007)
conventional plebeius
(life position)
Puerto de OSL UIC2632 | - 80,680 £ 5500 | Rojas (2010)
Nueva Palmira
(PNPLO1)
Zagarzazl OSL UIC2633 | - 88,355 £ 7070 | Rojas (2010)
(ZZZ101)
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5.1 ¢ Conventional

Bracco and Ures (1998) provided '*C conventional ages for the Nueva Palmira site
without locating the samples in a stratigraphic column or indicating the beds from
which they were collected; albeit they mentioned an elevation of 8—10 m a.s.l. They
mentioned two radiocarbon ages of 31,900 & 700 years B.P. (URU 0081) obtained
from nonidentified shells and another age of 35,300 £ 1,150 years B.P. (URU
0087) from carbonate clasts included in the deposit. Martinez et al. (2001) provided
14¢C conventional ages obtained from infaunal bivalves of 31,000 £ 1,200 years
B.P. (LP-738) on M. isabelleana and 34,600 £ 2,000 years B.P. (LP-730) on
A. brasiliana. The X-ray diffraction analyses applied to evaluate the consistency of
the samples gave reliable results for these ages.

For the La Coronilla deposit, Martinez et al. (2001) obtained ages of
29,500 +£ 600 years B.P. (LP-884) on Ostrea equestris and 35,500 £ 1,900 years
B.P. on M. isabelleana.

For Zagarzazii, Rojas (2007) obtained a '“C conventional age of
35,500 £ 1,900 years B.P. (LP-1466) on the infaunal bivalve Tagelus plebeius.
The specimens used for dating were collected in life position.

The datings reported by Martinez et al. (2001) and Rojas (2007) were performed
at the Laboratorio de Tritio y Carbono of the Universidad de La Plata (LATYR).
All these ages were considered as minimum ages; thus, fossil assemblages are
thought to be older than their measured radiocarbon age (Martinez et al. 2001;
Rojas 2007).

5.2 OSL Ages

In order to extend the temporal range of numerical dating and to obtain an inde-
pendent source of ages for the Pleistocene deposits, the present authors have applied
the Optically Stimulated Luminescense (OSL) dating technique to sandy fossilif-
erous deposits. As suitable deposits for this method, the Puerto de Nueva Palmira
and Zargarzazu beds were selected because of their sandy lithology. Although OSL
dating has been better developed in continental environments such as aeolian sed-
iments, this dating technique has also been used for littoral marine deposits (e.g.,
Mallinson et al. 2008; Simms et al. 2009; Suguio et al. 2011). From a method-
ological point of view, sampling was made using PVC tubes wrapped with thick
black tape in order to prevent light reaching the sample. Tubes were dug horizontally
into the profile and samples were then extracted. The extremes of each tube were
discarded in the laboratory to use only the central part of the sample. For each
sample, ages were obtained on quartz grains of 150-250 pm in the Luminescence
Dating Research Laboratory, Department of Earth and Environmental Sciences of
the University of Illinois at Chicago. Results were provided by Rojas (2010). Ages
of 80,680 + 5,500 years B.P. and 88,355 4+ 7,070 years B.P. were obtained for the
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Puerto de Nueva Palmira and Zagarzazu localities, respectively. Additional data of
the OSL ages can be found in Appendix.

6 Fossil Composition of the Late Pleistocene Assemblages

The Late Pleistocene fossil assemblages from Uruguay preserve a diverse and
abundant bivalve and gastropod fauna (Martinez et al. 2001; Rojas 2007). In
Tables 2 and 3 the present authors forwarded an update of these molluscan taxa
based upon the works of Martinez et al. (2001) and Rojas (2007), due to their
explicit description of sampling method employed and the availability of the
specimens collected.

Table 2 Gastropod taxa found in the Late Pleistocene fossil assemblages of Uruguay

Locality

Puerto de Zagarzazi La Coronilla
Nueva Palmira

Acteocina candei X X

Bittiolum varium X

Boonea jadisi

Boonea seminuda

Lol B I e

Bostrycapulus odites

Buccinanops globulosus X X

Bulla occidentalis

Costoanachis sertulariarum

Crepidula plana

Crepidula protea

Crepidula sp.
Cylichnella bidentata

Diodora patagonica

Epitonium albidum

Epitonium georgettinum X

Melanella sp.

Fargoa bushiana
Finella dubia
Heleobia sp. X X

Ll B I

Iselica anomala

Littoraria flava X

Lottia subrugosa X

Lucapinella henseli X

(continued)



260 A. Rojas and S. Martinez

Table 2 (continued)

Locality
Puerto de Zagarzazl La Coronilla
Nueva Palmira

Marshallora sp. X

Olivella tehuelcha

Olivella sp. X

Parvanachis spp. X

Siphonaria lessoni

Stramonita haemastoma X X

Tegula patagonica

Turbonilla multicostata

Turbonilla uruguayensis

Turbonilla spp. X

Urosalpinx haneti

Vitrinellidae indet.

Eo T T - I R e R

Zidona dufresnei

Table 3 Bivalve taxa found in the Late Pleistocene fossil assemblages of Uruguay

Locality

Puerto de Zagarzazii La Coronilla
Nueva Palmira

Abra uruguayensis

Adrana patagonica

Aegquipecten tehuelchus

Anatina anatina

Anomalocardia brasiliana X X

Atrina seminuda

Brachidontes sp. X

Bushia rushii

Cardiomya sp.

F I T e T B R e T R B B B R

Corbula caribaea X

Corbula lyoni

Crassinella lunulata

>

Cyclinella tenuis

Cyrtopleura sp. X

Donax sp.

Ennucula puelcha

Ennucula uruguayensis X

Erodona mactroides X X

Ervilia concentrica

Gastrochaena sp.

Gouldia cerina X X

(continued)
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Table 3 (continued)

Locality

Puerto de Zagarzazi La Coronilla
Nueva Palmira

Laevicardium sp.

Limaria sp.

Lunarca ovalis

>

Macoma constricta X

Macoma uruguayensis

Mactra isabelleana X

Merisca martinicensis

Musculus sp.
Mpytilus edulis

Chione subrostrata X

Noetia bisulcata

Nucula semiornata

Ostrea equestris

Phlyctiderma semiaspera

e R R I ]

Pitar rostratus

Pitar palmeri

Plicatula gibbosa X

Scapharca brasiliana

Semele proficua

Sphenia fragilis

Tagelus plebeius X X

Tellina gibber X

Trachycardium muricatum

ol T o B o B B T B B O o B B T B B R B B O B T B B B B B B B B B

Veneridae indet.

Other molluscs, such as polyplacophorans, have been recorded only for the La
Coronilla site (Rojas and Urteaga 2011). The chiton species found in this deposit
are Chaetopleura angulata, C. isabellei, C. asperrima, and Ischnochiton striolatus.

All specimens referenced in Martinez et al. (2001), Rojas (2007), and Rojas and
Urteaga (2011) are housed in the Coleccion Paleontologica at the Facultad de
Ciencias, Universidad de la Republica (FCDPI), Montevideo. Some of the speci-
mens listed by Martinez et al. (2001) and Rojas (2007) were revised in order to
improve their taxonomic assignment. For instance, specimens originally assigned to
Chrysallida gemmulosa are reclassified herein as Fargoa bushiana. Specimens
referenced as Turbonilla americana by Martinez et al. (2001) are reclassified as
Turbonilla multicostata and those classified as Heleobia australis are considered as
Heleobia sp., due to the difficult identification of the different species of this genus
using only their shells. Specimens assigned by Martinez et al. (2001) to Clausinella
gayi are now thought to be another yet unidentified venerid. Although the species
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Ennucula uruguayensis has been synonymized with E. puelcha, the present authors
maintained it as a valid species, based on the observations reported by Scarabino
et al. (2006b). Crepidula sp., listed by Martinez et al. (2001) from Puerto de Nueva
Palmira is herein identified as Bostrycapulus odites. Parvanachis isabellei from
Martinez et al. (2001) and Parvanachis paessleri from Rojas (2007) are presented
here as Parvanachis spp. because the assignment of these specimens to a particular
species of Parvanachis deserves caution and further comparisons.

In addition, occasional remains of other non-molluscan taxa such as balanids,
decapods, ostracods, bryozoans, serpulids, corals, echinoid, and fishes have been
found (Rojas 2007). Bioerosion traces on shells reported by Verde (2003) for the
Zagarzazu locality include Entobia isp., Gastrochaenolites 1isp., and
Meandropolydora isp. Lorenzo and Verde (2004) found Entobia isp., Caulostrepsis
taenicola, and Oichnus paraboloides on molluscan shells from Puerto de Nueva
Palmira and La Coronilla localities. Recently, Rojas et al. (2014) reported the first
gastropod drill hole on a fossil chiton plate. This corresponds to the ichnospecies
Oichnus simplex placed on an intermediate valve of C. angulata found in the La
Coronilla site. Verde (2003) recorded ichnofossils in soft sediments from the
Zagarzazu locality. These structures correspond to Ophiomorpha nodosa and
Thalassinoides isp., along with other yet unidentified bivalve ichnofossils.

7 Analysis of the Molluscan Fauna

A total of 85 molluscan taxa (36 gastropods, 45 bivalves, and 4 polyplacophorans)
have been recorded so far in the Late Pleistocene fossil assemblages of Uruguay.
Ongoing research suggests that the molluscan diversity is even higher. La Coronilla
locality has the richest assemblage, recording 70 molluscan taxa. It is followed by
the Puerto de Nueva Palmira and Zagarzazu deposits that record 32 taxa and 27
taxa, respectively.

According to the available information (Clavijo et al. 2005; Martinez et al. 2006;
Rojas 2007; Rojas and Urteaga 2011) the gastropods Bittiolum varium, Melanella
sp., F. bushiana, Iselica anomala, Littoraria flava, Lucapinella henseli, T. multi-
costata and the Vitrinellidae specimens, the bivalves Anatina anatina, Atrina
seminuda, Cardiomya sp., Cyclinella tenuis, E. uruguayensis, Ervilia concentrica,
Gastrochaena sp., Gouldia cerina, Laevicardium sp., Limaria sp., Macoma con-
stricta, Musculus sp., Pitar palmeri, and Merisca martinicensis have been exclu-
sively recorded in Pleistocene deposits and are absent from the Holocene molluscan
assemblages.

All recorded molluscs are extant and live along the western coast of the Atlantic
Ocean. Only Siphonaria lessoni is a cold water species influenced by the Malvinas
Current (Scarabino 1977) which represents approximately 1 % of the taxa recorded
in the Pleistocene assemblages. Meanwhile, in the recent Uruguayan coast
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Fig. 4 Extralimital warm water gastropods from the Pleistocene fossil assemblages from
Uruguay. a Littoraria flava (FCDPI 3948); b Bittiolum varium (FCDPI 6661); ¢ Fargoa bushiana
(FCDPI 4274); d Bulla occidentalis (FCDPI 3060). Scale bar a—¢ 1 mm; d 5 mm

approximately 19 % of the molluscan fauna are considered to be cold water species
(Sicardi 1967; Sprechmann 1978).

The molluscs found in the Late Pleistocene assemblages also record 17 taxa that
show a retraction in their recent biogeographic range (Figs. 4, 5, and 6). The
gastropods B. varium, Bulla occidentalis, F. bushiana, and L. flava, the bivalves
A. anatina, A. brasiliana, C. tenuis, E. concentrica, G. cerina, Laevicardium sp.,
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Fig. 5 Extralimital warm water bivalves from the Pleistocene fossil assemblages from Uruguay.
a Scapharca brasiliana (FCDPI 4202); b Ervilia concentrica (FCDPI 4217); ¢ Macoma constricta
(FCDPI 4145); d Limaria sp. (FCDPI 2881); e Laevicardium sp. (FCDPI 4204); f Pitar palmeri
(FCDPI 4222); Scale bar: a, ¢, e, f 5 mm; b, d 1 mm

Limaria sp., M. constricta, Chione subrostrata, P. palmeri, Scapharca brasiliana,
and M. martinicensis, and the chiton L striolatus have their southernmost boundary
of distribution in Brazilian waters. Most of these taxa were recorded exclusively at
the La Coronilla assemblage. From the precedent group, only A. brasiliana has
been recorded in all Pleistocene deposits studied. G. cerina, N. subrostrata, and
B. varium were recorded both at La Coronilla and Puerto de Nueva Palmira
localities. For the moment, B. occidentalis has been only recorded at Puerto de
Nueva Palmira, L. flava only in Zagarzazi and M. constricta is shared by Zagarzazu
and Puerto de Nueva Palmira localities.
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Fig. 6 Extralimital warm water bivalves from the Pleistocene assemblages from Uruguay.
a Anatina anatina (FCDPI 4192); b Gouldia cerina (FCDPI 4220); ¢ Chione subrostrata (FCDPI
4206); d Anomalocardia brasiliana (FCDPI 4205); e Cyclinella tenuis (FCDPI 4221); £ Merisca
martinicensis (FCDPI 4717);. Scale bar: a 10 mm; b 1 mm; ¢—f 5 mm

8 Discussion

Several lines of evidence must be considered in order to assign the Uruguayan Late
Pleistocene fossil assemblages either to MIS 3 or MIS 5. These lines are: (a) the
numerical ages obtained for the deposits, (b) sea level and deposit elevation above
mean sea level, (c) the environmental conditions inferred from the identified fossils.

(a) Numerical ages

The standard radiocarbon ages obtained for the three Pleistocene fossil assemblages
fall within the scope of MIS 3. These ages were considered by Martinez et al.
(2001) and Rojas (2007) as minimum ages. Due to the warmer water affinities of the
molluscan fauna, these authors considered that the real age of the assemblages
would fall within MIS 5e. In relation to the ages reported by Martinez et al. (2001),
Tonni et al. (2010) argued that the ages reported for the Puerto de Nueva Palmira
and the La Coronilla deposits were finite ages and statistically distinguishable from
the dating limit of the radiocarbon dating method. Thus, Tonni et al. (2010) based
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their opinion only on the numerical ages, but not taking into account the paleoe-
cological information, and considered that the Uruguayan Pleistocene deposits are
representative of the final period of MIS 3.

However, the OSL ages recently obtained for the Puerto de Nueva Palmira and
Zagarzazu localities are significantly older compared to those obtained by '*C,
falling within MIS 5a. The OSL ages, obtained from coastal deposits elsewhere,
have shown to be an accurate dating method (e.g., Mallinson et al. 2008; Simms
et al. 2009; Suguio et al. 2011) that indicates the time lapse occurred since the last
exposure of quartz sand to sunlight. In fact, for instance, Simms et al. (2009)
assigned on the basis of OSL dating to MIS 5a deposits from the northwestern Gulf
of Mexico which had previously radiocarbon dated as of MIS 3.

(b) Sea level and deposits elevation

During the Late Pleistocene, sea level above or at its present position has been
widely recognized for MIS 5e up to approximately 9 m a.s.l. (e.g., Stirling et al.
1998; McCulloch and Esat 2000; Shackleton 2000; Murray-Wallace 2002;
Waelbroeck et al. 2002; Hearty et al. 2007; Schellmann and Radtke 2004; Siddall
et al. 2007; Alley et al. 2010; Mubhs et al. 2011; Dutton and Lambeck 2012). Coastal
deposits of this substage usually crop out several meters above present sea level.

Regarding the MIS 5a substage, considerable controversy exists about the
position of sea level in that moment. The estimates for eustatic sea level altitude
range approximately from +3 (or even +6 and +10) to —30 m, relative to modern
sea level (Ludwig et al. 1996; Muhs et al. 2002; Potter and Lambeck 2003; Potter
et al. 2004; Wehmiller et al. 2004; Dorale et al. 2010; Abad et al. 2013;
Medina-Elizalde 2013). The elevation of the MIS 5a deposits is very variable
depending on the studied sites and their tectonic setting (see Coyne et al. 2007, and
references therein). Although they often represent submerged outcrops, for exam-
ple, Muhs et al. (2002) and Wehmiller et al. (2004) report MIS 5e and 5a deposits at
similar low elevations.

There is a certain consensus that MIS 3 interestadial sea level was well below its
present position, with estimates from approximately —80 to —20 m (Yokoyama et al.
2001; Murray-Wallace 2002; Siddall et al. 2003, 2008). The elevation of MIS 3
deposits around the world is variable, but they are mostly found below present sea
level although they have been also reported up to 8 m a.s.1. (see Hodgson et al. 2009).

Considering the sea level scenarios throughout the Late Pleistocene and taking
into account that the studied deposits are considered to be in a mostly tectonically
stable area, the Pleistocene assemblages from Uruguay are likely to have been
deposited during a sea level stand higher than the present one, such as the inferred
for MIS 5. Regarding the height of the Uruguayan deposits, the La Coronilla and
Zagarzazu deposits are located at about 0.5-1 m a.s.l., whereas the Puerto de Nueva
Palmira site is placed about 12-13 m a.s.l. (Martinez et al. 2001; Rojas 2007).
These elevation differences are notorious and deserve an explanation, especially
considering that the Puerto de Nueva Palmira and Zagarzaza deposits are separated
by only about 12 km.
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Taphonomy and biological indicators suggest that the Zagarzazi assemblage
was deposited in shallow waters protected from waves and probably close to the
coastline, due to the presence of the Thalassinoides—Ophiomorpha association (see
Verde 2003). The Puerto de Nueva Palmira assemblage reflects the deposition
during high energy events that could represent accumulation in the more proximal
foreshore. Thus, the water table could have been thicker in Zagarzazli and thinner in
Puerto de Nueva Palmira deposit, explaining at least in part the height difference
between both deposits. Like the Zagarzazli assemblage, the La Coronilla one is also
inferred to have been deposited in a shallower water environment protected from
waves. Thus the coastline at that time would have been situated inland, possibly
reducing the elevation difference of the deposits. However, even considering the
depth of deposition, the Puerto de Nueva Palmira assemblage is placed at an
important altitude. Although there is still no published reference to neotectonics in
the Uruguayan coast, Martinez et al. (2001) considered likely that neotectonics had
resulted in a local uplift of the Puerto de Nueva Palmira deposit, which remains to
be proved. Another possibility to take into account is that the Uruguayan
Pleistocene deposits have different ages, as suggested by the available datings.
Consequently, they may have been deposited during different sea-level position
scenarios. For instance, the Puerto de Nueva Palmira assemblage could have been
deposited during MIS 5e and the Zagarzaza deposit during MIS 5Sa.

(c) Paleoenvironmental inferences from the molluscan assemblages

Another line of evidence that should be considered in order to infer the most
probable age of the Late Pleistocene invertebrate assemblages from Uruguay is the
paleoenvironmental information provided by the fauna. As it has been mentioned
above, only one species (S. lessoni) recorded in the Puerto de Nueva Palmira
assemblage is considered to be a cold water taxon, which currently lives in rocky
shores of the Uruguayan coast (e.g., Scarabino et al. 2006a; Brazeiro et al. 2006).
However, the Late Pleistocene assemblages include 17 extralimital warm water
molluscan taxa that currently do not reach the Uruguayan coast (Fig. 7). These
molluscs represent 20 % of the taxa recorded providing a strong environmental
signal. The former presence of these taxa in the Uruguayan coast points to the
existence of higher temperatures than present (Martinez et al. 2001; Rojas 2007;
Rojas and Urteaga 2011). The majority of the warm water molluscs recorded has
their southernmost distribution boundary in Santa Catarina, Brazil. Thus, it can be
inferred that the temperature regime of the Uruguayan coast when these assem-
blages lived could have been similar to those found today in that region of the
Brazilian coast. Considering the Late Pleistocene period, the only time interval in
which similar or higher temperatures than present are inferred is the substage MIS
Se. For example, taking into account Southern Hemisphere data, temperatures about
3 °C (Petit et al. 1999) or +4 to +5 °C higher than present were reconstructed from
Antarctic ice cores (EPICA 2006; Jouzel et al. 2007). Bianchi and Gersonde (2002)
and Cortese and Abelmann (2002) inferred +2 to 4+3 °C higher than present tem-
peratures based on diatoms and radiolarians from marine sediment records in the
Atlantic sector of the Southern Ocean. Also, a global dataset of ice, marine, and
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terrestrial sequences suggests that global temperatures were on average 1.5 °C
higher than today, also showing a strong latitudinal temperature gradient with
greater warming at higher latitudes (Turney and Jones 2010).

Additionally, MIS 5e fossil assemblages worldwide commonly record
extralimital warm water species. This is the case for Pacific and western Atlantic
islands like Hawaii and Bermuda but also around North America and Greenland
(see Muhs et al. 2002), for Mediterranean and eastern Atlantic islands assemblages
(e.g., Zazo et al. 2003, 2013; Garilli 2011; Montesinos et al. 2014). Most studies
considering shifting geographic ranges of species invoke weaker cold currents and
stronger warm currents to explain biogeographic changes shown by calid water taxa
during the warmer MIS 5e (e.g., Muhs et al. 2002, among others). Similarly, a
stronger and southward reaching warm Brazilian Current has been invoked to
explain the presence of warm water molluscs in the Late Pleistocene deposits from
Uruguay (Martinez et al. 2001; Rojas 2007). Also, the same mechanism has been
proposed for the finding of northward displaced species in Holocene Argentinean
assemblages, especially those from the province of Buenos Aires (Aguirre 1991,
1993; Aguirre and Farinati 2000; Aguirre et al. 2005).

The environmental and paleobiogeographical information derived from the Late
Pleistocene fossil assemblages from Uruguay fits in the environmental scenario
reconstructed for MIS 5e from multiple lines of evidence. However, some issues
remain to be considered. For example, the La Coronilla assemblage contains 12
extralimital warm water molluscan taxa, whereas the Puerto de Nueva Palmira
records six taxa and the Zagarzazu assemblage records three taxa. As it was
explained before, different depositional conditions are inferred for these three
assemblages. Thus, taphonomic processes may have played a role in the preservation
potential of the fauna. Another variable that must be considered is salinity. The La
Coronilla assemblage is located in the Atlantic sector of the Uruguayan coast; thus,
fully marine conditions are to be expected. However, the Puerto de Nueva Palmira
and Zagarzaz deposits are in the western coast of Uruguay, where freshwater
environments develop today. Although the salinity requirements of the taxa recorded
in these assemblages suggest higher salinities in that area, a western freshwater
discharge was supposed to be already working then (e.g., Potter 1998; Iriondo 2004;
Veroslavsky and Ubilla 2007), lowering salinity to some extent. Thus, this difference
with the La Coronilla assemblage may be playing a role in the lower species richness
of the western deposits. There is still another possibility to consider. Maybe the three
assemblages are not coetaneous, as suggested by the available OSL ages, implying
deposition under rather different environmental conditions. Meanwhile the warmer
water character of the La Coronilla fossil assemblage probably represents a MIS Se
deposit, the Puerto de Nueva Palmira, and Zagarzazi assemblages may be likely
representing the occurrence of MIS 5a deposits.

Globally, there are fewer coastal records comprising MIS 5a and as mentioned
above, there is conflicting evidence about the sea-level position and temperature
regimes of this substage relative to the present conditions. Some studies of tec-
tonically stable areas from the Northern Hemisphere suggest that sea level during
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Fig. 7 Current southernmost limit of geographic distribution of the extralimital warm water
molluscs found in the Late Pleistocene assemblages from Uruguay. RG Rio Grande do Sul; SC
Santa Catarina; P Parana; SP Sdo Paulo. Biogeographic data were taken from Rios (1994, 2009),
Scarabino and Zaffaroni (2004), Amaral et al. (2006), Pimenta et al. (2009), Rosenberg (2009)

MIS 5a was above the present one, with temperature regimes similar to present
conditions explained by the increased melting of ice sheets (e.g., Ludwig et al.
1996; Muhs et al. 2002; Dorale et al. 2010). Some studies of pollen and diatoms
from Baffin Island, Canada, show that climate was warmer than the Holocene
around 80 ka B.P., implying the almost complete deglaciation of the Laurentide ice
sheet (Miller et al. 1999). Regarding the Southern Hemisphere data, controversies
are recorded by pollen and beetles (e.g., Burge and Shulmeister 2007; Fletcher and
Thomas 2010) from Tasmania and New Zealand.

Considering the OSL ages obtained for Puerto de Nueva Palmira and Zagarzazii
deposits and the fact that they record less extralimital warm water molluscs than the
fossil assemblage of La Coronilla, these western assemblages could represent
deposits of the less understood MIS 5a substage.

Ongoing research on the Late Pleistocene deposits from Uruguay suggests that
the knowledge of the molluscan composition of the assemblages can be improved
and richness seems to be higher than that reported by previous studies (Martinez
et al. 2001; Rojas 2007; Martinez et al. 2013). Along with the paleoecological
interpretations, new geochronological data including AMS and other dating
methods such as U/Th are needed to achieve a higher resolution in the timing of the
environmental and faunal changes occurred in the Uruguayan coast during the last
thousand years.
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9 Conclusions

Uruguay has three undoubtedly Late Pleistocene localities with marine fossiliferous
deposits; the western Puerto de Nueva Palmira, Zagarzaz assemblages and the
eastern La Coronilla assemblage. Conflicting ages were obtained from different
dating methods. Whereas standard radiocarbon ages are related to MIS 3, OSL
datings from the western deposits are older and related to MIS 5a. The paleoeco-
logical and biogeographical analyses of the abundant molluscan fauna point to a
higher than present water temperature for the Uruguayan coast, due to the presence
of a significant number of extralimital warm water taxa. These taxa that currently
live in Brazilian waters are well represented in the La Coronilla assemblage and
have a lesser representation in the Puerto de Nueva Palmira and Zagarzazu
assemblages. Higher temperatures than present and widespread biogeographic
changes of marine fauna have been widely recognized for MIS 5e (Last Interglacial)
assemblages. Thus, all available evidence suggest that the Late Pleistocene
assemblages from Uruguay were deposited during MIS 5, thus the radiocarbon
dating indicating MIS 3 times should be considered as minimum ages. The La
Coronilla assemblage most likely represents a MIS S5e assemblage, meanwhile
Puerto de Nueva Palmira and Zagarzazu deposits could have been originated during
the MIS 5a substage, as suggested by the available OSL ages and the lower rep-
resentation of extralimital northern molluscs.
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