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With noteworthy outcrops in the Angastaco Basin (Salta Province), the Palo Pintado Formation is perhaps one of
the most intensely studied late Miocene stratigraphical unit of northwestern Argentina from geological, paleo-
ecological, and paleobotanical approaches. In contrast, the mammals from this unit are scarcely known, most of
them lacking a precise stratigraphical and geochronological adjustment. In this contribution, we report new
caviomorph rodents from the Palo Pintado Fm, exposed at Calchaqui Valley (Eastern Cordillera, Angastaco
Basin). The stratigraphical and geochronological control of the new specimens indicate a time window ranging
from ~9.3 Ma to ~6.1 Ma. The first records of brachydont mammals of the Palo Pintado Fm, represented by the
caviomorph Erethizontidae (Erethizontidae sp. nov. cf. Microsteiromys sp.) and Echimyidae (cf. “Eumysops”
parodii, and cf. Thrichomys sp.), are described. Dinomyidae (cf. Ferigolomys sp.), small Caviidae (gen. and sp.
indet. A and B), and the abrocomid Protabrocoma paranensis are also identified. Caviomorphs from the Palo
Pintado Fm (containing the oldest and more recent taxa of different Neotropical linages) allow us to suggest
Angastaco Basin as “museum” and “cradle” of biodiversity during the Tortonian and Messinian ages. Our analysis
indicates that the late Miocene mammals of the Palo Pintado Fm are compatible with the occurrence of forested
environments developed under humid and warm conditions, in agreement with independent paleoenvironmental
and paleoclimatic proxies. A close biogeographic relationship between the area of the Calchaqui Valley, the
Brazilian Acre, and the Argentinian Mesopotamia during the late Miocene is also suggested.

1. Introduction

The late Miocene is recognized as a period of important climatic,
environmental, and geological changes, which greatly altered the di-
versity of the continental ecosystems (Cerling et al., 1993, 1997; Zachos,
2001; Rohrmann et al., 2016; Herbert et al., 2016; Amidon et al., 2017;
Carrapa et al., 2019). During the Tortonian age (11.6-7.25 Ma), with a
global warming characterized by a mean annual temperature higher
than present time, a warmer and wetter world is expected (Pound et al.,
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2011). Instead, during the Messinian age (7.25-5.33 Ma), a global late
Miocene cooling was coeval with the “Messinian Salinity Crisis”, the
spread of C4 photosynthesis pathway plants, and a remodeling of the
terrestrial faunas (e.g. Cerling et al., 1993, 1997; Zachos, 2001; Edwards
et al., 2010; Dupont et al., 2013; Herbert et al., 2016; Amidon et al.,
2017; Carrapa et al.,, 2019; Domingo et al., 2020). In the southern
central Andes at northwestern Argentina (NWA), active tectonic—oro-
graphic processes were synchronous with regional and global late
Miocene climatic changes (e.g. Kleinert and Strecker, 2001; Garzione
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et al., 2008; Hain et al., 2011; Hynek et al., 2012; Galli et al., 2014;
Pingel et al., 2016; Amidon et al., 2017; Carrapa et al., 2019). However,
the eco-evolutionary history of the late Miocene vertebrates of NWA and
their potential relationships with the Andean uplift and climate changes
has so far remained unclear. For example, it has not yet been assessed
whether the Tortonian warming has impacted the taxonomic and
ecological diversity of vertebrates in NWA, or whether the climatic
changes close to the Tortonian-Messinian boundary can be perceived as
variations of the faunal composition.

At the Calchaqui Valley (Salta Province, NWA), situated in the
southern part of  the Eastern Cordillera (between
25°41'34"S-66°03'31"W and 25°37'17"S-66°03'26"W), the late
Miocene age corresponding to Tortonian and Messinian is represented
by the Palo Pintado Fm (Grupo Payogastilla; Diaz and Malizzia, 1983),
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which was deposited in the Angastaco Basin (AB), from 10.29 + 0.11 Ma
(K/Ar) to 5.27 + 0.28 Ma (206 P b/238U; Coutand et al., 2006; Carrapa
et al., 2006; Galli et al., 2008, 2014). The Palo Pintado Fm (PPF) is
perhaps one of the most intensely studied late Miocene units of NWA,
with sedimentological, geochronological, isotopic, paleoecological,
faunistic, and paleobotanical studies (e.g. Anzotegui and Cuadrado,
1996; Morton, 1992; Anzétegui, 1998; Stark and Anzotegui, 2001; Hain
et al., 2011; Bywater-Reyes et al., 2010; Galli et al., 2011, 2014, 2019;
Carrapa et al., 2012, 2014; Reguero et al., 2015; Pingel et al., 2016;
Rohrmann et al., 2016; Garralla et al., 2016; Zimicz et al., 2018; Robledo
et al., 2020, in press). In contrast to the above mentioned evidence, and
compared with that of other late Miocene areas of Argentina (e.g. Entre
Rios, Catamarca, Buenos Aires, and La Pampa provinces; e.g. Esteban
et al., 2014; Montalvo et al., 2019; Prevosti et al., 2021; Schmidt et al.,
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Fig. 1. Geological map of the southern Calchaqui Valley, Salta Province, northwestern Argentina, showing the Angastaco Basin area and the fossil-bearing sites (red
star) of Palo Pintado Formation (modified from Galli et al., 2014).
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2020), the mammals from the PPF at the Calchaqui Valley are still
poorly known, most of them lacking a precise stratigraphic and
geochronological adjustment (Diaz et al., 1989; Starck and Anzotegui,
2001; Reguero et al., 2015).

Herein, we describe new caviomorph specimens recovered from the
PPF at the Calchaqui Valley. Based on recent geochronological analyses
and the knowledge of their stratigraphic provenance, the age of each
new specimen is provided. We studied their systematics and, combining
previously published mammal records from this unit, we scrutinized the
diversity and the evolutionary and biogeographic significance of the
mammals of the PPF, as well as their value as paleoenvironmental
proxies.

2. Geochronology and stratigraphical setting

The study area is located in the AB, in the southern part of the
Eastern Cordillera (NWA, Salta Province), at the Calchaqui Valley, from
25°42/55"” S to 66°10'44” W and 25°40'42" S to 66°05'30” W (Fig. 1).
The narrow, NS trending AB is located in the distal part of a formerly
contiguous Paleogene Retroarc Foreland basin (Jordan and Alonso,
1987). The AB includes >6 km of Eocene-Pliocene continental deposits
of the Payogastilla Group (Diaz and Malizzia, 1983; Starck and Vergani,
1996), comprising (from base to top) Los Colorados, Angastaco, Palo
Pintado and San Felipe formations. The AB is bounded to the west by the
Precambrian-early Cambrian metasedimentary Puncoviscana Forma-
tion over the Cenozoic basin strata, and to the east by the Cretaceous
rocks of the Sierra de Los Colorados and Sierra Leén Muerto (Galli et al.,
2014).

The new fossils were found at the PPF, in outcrops exposed along the
Calchaqui River (Galli et al., 2014), from Quebrada Los Colorados to
Quebrada Piedras Blancas, close to a left tributary of the Calchaqui River
(Fig. 1). Both at the top and base, the contacts of the PPF are transitional
and concordant with the San Felipe and Angastaco formations, respec-
tively. The PPF ranges from 10.29 + 0.11 Ma at the base (Galli et al.
2008, 2011) to 5.27 + 0.28 Ma (Coutand et al., 2006) - 5.98 + 0.32 Ma
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(Bywater-Reyes et al., 2010) at the top of the unit. Recently, two tuff
levels were dated in 6.3 + 0.08 Ma and 6.8 + 0.05 Ma in the PPF at
Quebrada El Estanque (Galli et al., 2014; Pingel et al., 2016). The PPF is
800 m thick at the Calchaqui River section and encompasses thickening
and coarsening-upward cycles, including matrix supported conglomer-
ates, fine to medium sandstone, and fine grained sublithic sandstones
that end in levels of green, brown, and gray siltstones beds. The PPF
lithofacies are characteristic of an intermediate stage between
low-sinuosity, multiple channel rivers (classic braided rivers) and
high-sinuosity, single channel rivers (classic meandering rivers; Galli
et al., 2011, 2014, 2019). In some sections, these rivers can develop a
simple channel, whereas in others, they develop multiple channels. This
fluvial system would have developed wide floodplains, which would
have been drained in the dry season, as it is evidenced by desiccation
cracks and gypsum levels pedogenetic features. The general character-
istics of the fluvial architecture indicates that the PPF was developed as a
sinuous sandy-gravel fluvial system with swamps and lagoons, under a
warm, humid, tropical to subtropical climate with a slight seasonality
(Starck and Anzotegui, 2001; Galli et al., 2011, 2014). This interpreta-
tion is supported by X-ray diffraction data from floodplain clay minerals
that revealed the presence of illite, smectite and kaolinite generated by
hydrolysis produced under a temperate and humid climate (Galli et al.
2011, 2014).

The lithofacies boundaries as well as the characteristics and geom-
etries of the architectural elements of the profile in the Calchaqui River
Section were analyzed in detail by Galli et al. (2011, 2014). A magne-
tostratigraphic study of the PPF was recently performed at this section
(Galli et al., 2014), notably around the site where the new fossils were
found, thereby allowing us to bracket the age of the mammal-bearing
sediments between ~9.3 Ma and ~6.1 Ma. In Fig. 2 the stratigraphic
provenance and the estimated age of the new specimens are indicated in
the PPF stratigraphic column, showing the local magnetostratigraphic
column vs. the stratigraphic level (Calchaqui River), and the Global
Magnetic Polarity Time Scale (following Galli et al., 2014).
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Fig. 2. (a) Stratigraphic column of Palo Pintado Formation at the Calchaqui River section, including provenance of caviomorph fossils (1, cf. Ferigolomys sp., S. Sal.
Scar.Paleo. 2012-055; 2, Erethizontidae sp. nov. cf. Microsteiromys sp., S. Sal.Scar.Paleo. 2012-044a-c; 3, cf. “Eumysops” parodii, S. Sal.Scar.Paleo. 2012-036; 4,
Caviidae Gen. et. sp. indet. A, S. Sal.Scar.Paleo. 2012-058; 5, Protabrocoma paranensis, S. Sal.Scar.Paleo. 2012-023; 6, cf. Thrichomys sp., S. Sal.Scar.Paleo. 2012-033;
7, Caviidae Gen. et. sp. indet. B, S. Sal.Scar.Paleo. 2012-034), and dated tuff beds (taken from a: Carrapa et al., 2006, and b: Galli et al., 2011); (b) correlation of local
magnetostratigraphy (taken from Galli et al., 2014) to the Global Magnetic Polarity Time Scale (GMPTS, Cande and Kent, 1995); (c) stable isotope compilation
(modified from Rohrmann et al., 2016) of leaf wax §Dwax (a function of plant transpiration), soil carbonate 5'80sc (a function of soil evaporation), stable isotopes of
leaf wax 613Cwax, and soil carbonate & *Csc (as proxies of C4/C3 vegetation type). Vienna Standard Mean Ocean Water (VSMOW). Pee Dee Belemnite (PDB).
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3. Materials and methods

The new specimens described below are housed in the vertebrate
paleontology collections of the Museum of San Carlos (S.Sal.Scar.Paleo),
Salta Province, Argentina. The whole new specimens were found in situ
in the sandy facies of the bearing horizon. The fossils were recovered by
direct collection from the sedimentary exposures. Each material, pre-
viously photographed, geo-referenced and recorded, was extracted with
part of the bearing sediment by using chisels. In the laboratory, each
sample was partially immersed in water for several hours to facilitate the
detachment of the hardened sandstone. Finally, the remaining sediment
adhered to the fossils was removed under a stereomicroscope. The
adhering matrix is a fine sandstone which was deposited by large sub-
aqueous dunes in fast-flowing confined channels. Further, the preser-
vation of all specimens indicates that they were no transported far, and
that there were no other potential source horizons in the immediate
vicinity.

Measurements were made to the nearest 0.1 mm using digital cali-
pers. Comparative data were obtained from research collections at the
Museo de Ciencias Naturales ‘Bernardino Rivadavia’ (MACN), Buenos
Aires, and Museo de La Plata (MLP), La Plata, Argentina. Specimens
were compared with materials of reference, mainly type specimens;
additional data used in comparative studies were gathered from pub-
lished sources. Information on the new specimens that justify their
proposed taxonomic assignments was provided. Only in those cases,
when a new species is proposed, detailed descriptions were given. The
use of open nomenclature follows the recommendations given by Mat-
thews (1973) and Bengtson (1988). Teeth growing terminology follows
Mones (1982). Hypsodont teeth are high-crowned, in contrast to
low-crowned brachydont teeth. Protohypsodonty refers to
high-crowned and limited growing teeth, and euhypsodonty, to
high-crowned and ever growing teeth.

3.1. Age of the fossil record

The record of the fossils has been located in the stratigraphic column
of the Calchaqui River (Galli et al., 2014) and then the stratigraphic
location of each one (GPS) was interpolated, with the local and inter-
national paleomagnetic column of Cande and Kent (1992) to obtain the
age of each of the records (Fig. 2). The age of the fossils was estimated
from magnetostratigraphical data reported by Galli et al. (2014) at PPF,
where a local paleomagnetical section and two absolute dates, one at the
base (10.29 4 0.11 Ma, Galli et al. 2011) and the other at the top (5.27 +
0.28 Ma, Carrapa et al. 2006) were obtained. The samples were collected
in siltstones or mudstones to increase the probability that the magnetic
minerals be sufficiently fine-grained to deliver a reliable magnetic
signal. A total of 97 sites were collected in a stratigraphical section 1730
mts thickness at PPF. Ninety three out of 97 sample sites studied by Galli
et al. (2014) were Class I sites, in which the mean orientation of the
samples produced statistically significant results using Watson’s criteria
(see Galli et al., 2014). Class II sites were only used to support adjacent
Class I sites of the same polarity; therefore, polarity zones were never
defined only by Class II sites. Galli et al. (2014) obtained a total of 22
reversals, which define 23 polarity zones. The fossils were found in
siltstones or claystones beds that correspond to the paleomagnetical
stations sampled; it is for this reason that we have a high degree of
confidence about the age of the deposits and therefore about the age of
the fossils.

3.2. Anatomical terminology and abbreviations

The terminology of cheek teeth structures of Chinchilloidea, Ere-
thizontidae, and Octodontoidea follows that proposed by Candela
(1999), and Rasia and Candela (2019) for the upper cheek teeth, and
Candela (2000, 2002), Candela and Rasia (2012), and Rasia et al. (2021)
for the lower ones (see also Boivin and Marivaux, 2020). The dental and
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mandibular terminology for Cavioidea follows Pérez (2010). M/m:
upper/lower molar; DP/dp: upper/lower deciduous premolar.

4. Results
4.1. Systematic paleontology

Class Mammalia Linnaeus, 1758.

Order Rodentia Bowdich, 1821.

Suborder Hystricognathi Tullberg, 1899.

Infraorder Caviomorpha Wood and Patterson in Wood (1955).

Superfamily Erethizontoidea Bonaparte, 1845.

Family Erethizontidae Bonaparte, 1845.

Erethizontidae sp. nov. cf. Microsteiromys sp.

Fig. 3a—c.

Referred material. S. Sal.Scar.Paleo. 2012-044a, left M1 or M2, S. Sal.
Scar.Paleo. 2012-044b, left M3 (a young individual), and S. Sal.Scar.
Paleo. 2012-044c, left dp4.

Description and comments. The new specimens were found together,
and, because of their compatible size and similar general molar
morphology, they are considered a single species. S. Sal.Scar.Paleo.
2012-044a is an upper molar (M1 or M2) with a longer than wide
occlusal outline and tetralophodont pattern. It has distinct labial (para-
and mesostyle) cusps, even with a moderate stage of wear, as observed
in several Paleogene caviomorphs (Arnal et al., 2020; Boivin et al.,
2017a,b, 2018), and the paraflexus, mesoflexus and posteroflexus still
open labially at this stage of wear. The posterior arm of the protoloph
(lingual protoloph) is represented by a short and low projection. The
protocone is relatively short mesiodistally. The protoloph is transverse
and connects to the paracone labially. The mure is short and slightly
oblique with respect to the mesiodistal axis of the molar. The mesoflexus
is slightly divergent labially in occlusal view (open labially). The mes-
olophule is transversely oriented, slightly sinuous (probably as a
consequence of the union of lingual and labial portions of this loph), and
connected with the mesostyle labially. The hypoflexus is narrow and
poorly penetrating in the occlusal outline. There is a constriction
immediately located posterodistally to the hypocone. The posteroloph is
convex distally and extends to the labial side of the molar without
connecting to the mesostyle.

The M3 (S.Sal.Scar.Paleo. 2012-044b), which is preserved at a very
early stage of wear (just erupted), also has a longer than wide occlusal
outline and is smaller than the M1 or M2 (Sal.Scar.Paleo. 2012-044a). As
in the M3s of erethizontids and other caviomorphs, the posterior portion
is narrower than the anterior one, and the hypocone is labially displaced
with respect to the protocone. Lophs show slight constrictions and
crenulations and a very low obliquity. The paracone is bulky and distinct
from the anteroloph and mesoflexus, and the mesostyle is well differ-
entiated but smaller than the paracone. The protoloph is transversely
oriented and connects to the paracone labially. The posterior arm of the
protoloph (lingual protoloph) is represented by a short and low pro-
jection, so that a connection, even though superficial, exists between the
paraflexus and hypoflexus. This trait expresses a pseudo-taeniodont
pattern.

As in S. Sal.Scar.Paleo. 2012-044a, the mure is short and slightly
oblique, the mesolophule is transversely oriented and connected with
the mesostyle, and the metaflexus is labially open. There is a constriction
posterodistally located to the hypocone that is deeper than in S. Sal.Scar.
Paleo. 2012-044a. The posteroloph extends mesiolabially until the dis-
tolabial wall of the tooth. As in others caviomorphs, it is possible that in
the M1 or M2 and M3, the metacone and the metaloph are subsumed
with the posteroloph in a posteroloph-metaloph-metacone complex.

The Sal. Scar.Paleo. 2012-044c is assigned to a dp4 because it has
similar proportions and general morphology to the deciduous teeth of
both extant and extinct porcupines, i.e., relatively longer than wide with
respect to the definitive premolars (Candela, 2000). The dp4 (Sal.Scar.
Paleo. 2012-044c) is longer than wide and tetralophodont, similar to
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Fig. 3. (a—c) Erethizontidae sp. nov. cf. Microsteiromys sp., S. Sal.Scar.Paleo. 2012-044a, left M1 or M2 in occlusal (a) and labial (a’) views; S. Sal.Scar.Paleo. 2012-
044b, left M3 in occlusal (b) and labial (b’) views; (c) S. Sal.Scar.Paleo. 2012-044c, left dp4 in occlusal view. (d) cf. Ferigolomys sp., S. Sal.Scar.Paleo. 2012-055, left

upper molariform in occlusal view. Scale bar 1 mm in a-c, 3 mm in d.

that of some extinct and extant porcupines, such as Hypsosteiromys
(Candela, 2002). Unlike the pentalophodont dp4s of erethizontids, as in
those of the extinct Branisamyopsis, Steironys and Eosteirontys (Candela,
2000, 2002, 2003), there is no evidence of mesolophid and mesostylid.
As in other erehtizontids, the dp4 has a shallow, wide, and closed (with
scarcely wear) anterofossettid, and a wide and nearly closed poster-
ofossettid. The entoconid is the only well-distinctive lingual cusp.

The size of the new dental specimens is compatible with that of the
teeth of the erethizontid Microsteiromys jacobsi Walton (1997) (from the
late middle Miocene of La Venta, Colombia; Walton, 1997), the smallest
known representative of New World porcupines, and to cf. Micro-
steiromys sp., recovered from the middle Miocene locality MD-67 (Madre
de Dios, Peruvian Amazonia; Antoine et al., 2013). Microsteiromys jacobsi
is known only by lower cheek teeth (Walton, 1997), while the specimens
form locality MD-67 are represented by two upper teeth, which are
comparable in size to those of M. jacobsi (Antoine et al., 2013). The small
size, the longer than wide occlusal outline of upper molars, the persis-
tence of the labial flexi, the low loph obliquity, the short lingual pro-
toloph, the narrow hypoflexus, the presence of the posterodistal
constriction posteriorly to the hypocone, and the low crowns suggest
that the new material is closely related to specimens from MD-67
assigned to cf. Microsteiromys sp. However, the S. Sal.Scar.Paleo.
2012-044ba-b differ from cf. Miocrosteiromys sp. (MD-67) in having
upper molars with a tetralophodont and pseudo-taeniodont outline.
Several features of the upper molars (the small size, brachydonty, longer
than wide upper molars, the presence of distinctive cusps, the poorly
penetrant and narrow hypoflexus) are shared with small stem Cavioidea
Palaeosteiromys amazonensis (from the late Oligocene of Peru; Boivin
et al., 2017b; Marivaux et al., 2020a). However, P. amazonensis mainly
differs from the S. Sal.Scar.Paleo. 2012-044ba-b in having pentalopho-
dont and non-taeniodont upper molars. S. Sal.Scar.Paleo. 2012-044a-b
are similar in size and in the presence of a tetralophodont pattern to
the erethizontid Plesiosteiromys newelli (from the late Oligocene of Peru;
Boivin et al., 2017b), known by just one upper molar. On the other hand,
this Peruvian species differs from S. Sal.Scar.Paleo. 2012-044a-b in
having a more transverse occlusal outline (displaying a longer and
curved anteroloph and posteroloph, respectively), a marked labiolingual

expansion of the hypoflexus, non-taeniodont occlusal pattern, and close
labial flexi. The S. Sal.Scar.Paleo. 2012-044a-b are similar to the ere-
thizontid Kichkasteiromys raimondii (based on a single tooth from the
early Oligocene of the Peruvian Amazonia; Boivin et al., 2018) in its
small size, brachydont molars, and the presence of a weak and short
lingual protoloph. However, the S. Sal.Scar.Paleo. 2012-044a-b differ
from Kichkasteiromys raimondii in having tetralophodont upper molars
longer than wide (less transverse).

Concerning to dp4, tetralophodont dp4s are also present in other
extinct caviomorphs (e.g. Candela, 2002), but the suite of characters of
the dp4 (S.Sal.Scar.Paleo. 2012-044c) indicates erethizontoid affinities.
The dp4 differs from M. jacobsi in having a simpler (tetralophodont)
pattern (Walton, 1997). Among Paleogene caviomorphs, the dp4 of
Mayomys confluens (from the early Oligocene of Peruvian Amazonia;
Boivin et al., 2018) is also tetralophodont with a wide and closed
anterofossetid, similar to that of S. Sal.Scar.Paleo. 2012-044c. However,
M. confluens mainly differs from the new materials in having a smaller
size, and closed labial flexi on the upper molars.

In sum, the new material is recognized as a small erethizontid, with a
particular character combination, which indicates that it represents a
new species, probably more closely related to cf. Microsteiromys sp. from
the middle Miocene of Peru. The new erethizontid is characterized by
the following combination of features: brachydont cheek teeth, upper
molars longer than wide, with moderate unilateral hypsodonty, tetra-
lophodont occlusal pattern, pseudo-taeniodonty, labial cusps (paracone
and mesostyle) well-distinct (mainly on M3), persistent paraflexus and
metaflexus, even with moderate wear (M1 or M2), narrow and scarcely
penetrant hypoflexus, and constriction posterodistally located with
respect to the hypoflexus; lower deciduous tooth (dp4) mesiodistally
elongated, with a tetralophodont pattern, having the anterofossetid
wide mediodistally, the mesoflexid narrow, and the posteroflexid wide
and shallow. Given the current uncertainty with respect to the generic
assignment, we prefer to leave the unnominated new species (in open
nomenclature) as Erethizontidae sp. nov. cf. Microsteiromys sp. Further
phylogenetic analyses of caviomorphs should help to resolve its closer
affinities and generic assignment.

Superfamily Chinchilloidea Kraglievich, 1940.
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Family Dinomyidae Alston, 1876.

cf. Ferigolomys sp.

Fig. 3d.

Referred material. S. Sal.Scar.Paleo. 2012-055, an isolated left upper
cheek tooth.

Description and comments. The tooth is pentalophodont, with all lophs
slightly curved, large, forming laminae, isolated from each other, and
with interlaminar cement. The enamel band of each laminar loph is
slightly wider in the leading edge than in the trailing edge. With more
wear, the last three laminar lophs will join lingually, as is observed in the
root apex of the tooth. The S. Sal.Scar.Paleo. 2012-055 is similar to
Ferigolomys pacarana from the late Miocene (Solimoes Formation) of
Brazil (Kerber et al., 2018), the only species of the genus, known only
through the holotype, because it has pentalophodont occlusal pattern,
with the last three lophs attached lingually (a feature seen towards the
base of the tooth). In upper teeth of Ferigolomys pacarana, the leading
and trailing edges of each lamina have similar thickness (Kerber et al.,
2018). In contrast on the upper teeth of other late Miocene dinomyids,
such as Arazamys, Tetrastylus, and Eumegamys (e.g. Rinderknecht et al.,
2011; Candela et al., 2013), the leading edge is wider and higher than
the trailing edge. In S. Sal.Scar.Paleo. 2012-055, the differences in
thickness and height between the leading and trailing edges are less
marked than in these genera, being more similar to the condition of
F. pacarana. As in the latter species, a small fossette on the last loph
indicates an additional distal loph, such as was inferred for an earlier
ontogenetic stage of this species. S. Sal.Scar.Paleo. 2012-055 is less
worn than the M1 of the holotype of F. pacarana, having the lingual and
labial flexi still open, as the M2 of this species. As in F. pacarana, the
laminar lophs have no crenulation and are less compressed than in
Potamarchus (Kerber et al., 2016a). S. Sal.Scar.Paleo. 2012-055 is
similar in size to the M1 of F. pacarana, but we were unable to attest its
degree of hypsodonty (protohypsodonty, like the holotype of
F. pacarana, or euhypsodonty, like the giant Eumegamyinae). In relation
to the systematics of Chinchilloidea, it was widely recognized that the
dinomyids change their molar morphology during the ontogenetic
development (e.g. Nasif and Abdala, 2016; Rinderknecht et al., 2018;
Rasia and Candela, 2019; Rasia et al., 2021), which, in principle, would
difficult the taxonomic assignment of an isolated molar. However, it is
also proved that extinct dinomyids acquire the final occlusal pattern of
the cheek teeth very early in their ontogenetic development (Rinder-
knecht et al., 2018). The traits of S. Sal.Scar.Paleo. 2012-055, evaluated
against the traits of juvenile and adult specimens of other dinomyids,
suggest its assignment as cf. Ferigolomys sp. This combination of features
and the scarcity of the material do not allow to reach a confident
determination of the new specimen at the generic and species level.
Consequently, we maintain the taxonomic assignment of S. Sal.Scar.
Paleo. 2012055 as cf. Ferigolomys sp. Further findings of more complete
specimens should help resolve its specific status and confirm the sug-
gested generic assignment.

Superfamily Octodontoidea Waterhouse, 1839.

cf. “Eumysops” parodii Kraglievich (1945).

Fig. 4b.

Referred material. S. Sal.Scar.Paleo. 2012-036, fragmentary right
maxilla with DP4-M3.

Description and comments. According to Olivares et al. (2012), the
generic designation of the species “Eumysops” parodii, known only
through the holotype (Kraglievich, 1945; Nasif et al., 2013, Fig. 4a),
reported in the “Mesopotamiense” (Ituzaing6 Formation, late Miocene;
Schmidt et al., 2020), remains to be formalized, because this species
does not belong to Eumysops. Thus, an open nomenclature for the
generic determination of this species is maintained in the present study
until transferred to another genus (Olivares et al., 2012). S. Sal.Scar.
Paleo. 2012-036 shares with the holotype of “E”. parodii the general size
of DP4-M3 (length P4-M3: 12.9 mm), an equivalent degree of hyp-
sodonty (having lower crowns than Eumysops species), a conspicuous
unilateral hypsodonty, a subquadrangular outline of the cheek teeth, a
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Fig. 4. (a)“Eumysops” parodii, MLP 41-XII-13-272 (holotype), anterior portion
of the skull with left DP4-M3 and right M1-M3 in ventral view; (b-b’) cf.
“Eumysops” parodii, S. Sal.Scar.Paleo. 2012-036, DP4-M3 in occlusal view (b)
right maxilla with DP4-M3 in ventral view (b’). Scale bar 2 mm.

tetralophodont occlusal pattern with a slight thickening in the last loph,
and a similar degree of persistence of the flexi (more persistent than any
species of Eumysops; Olivares et al., 2012). Thus, S. Sal.Scar.Paleo.
2012-036 has a combination of characters that indicates its greater af-
finity with “E”. parodii than with any other species of Octodontoidea,
sharing most of these features with this species. S. Sal.Scar.Paleo.
2012-036 differs from the type of “E”. parodii in having a more robust
ventral zygomatic root and a greater degree of divergence of the mes-
oflexid (with the mesolophule more posterolabially oriented). These
features suggest that the new specimen could represent a new species,
closely related to “E”. parodii. However, intraspecific and ontogenetic
variation within this species cannot be ruled out, considering that the
new specimen is more worn than the type of “E”. parodii (displaying the
hypoflexus still connected to the paraflexus in M3, and the paraflexus
open in all cheek teeth). Given the current uncertainty, we opt to refer S.
Sal.Scar.Paleo. 2012-036 (in open nomenclature) as cf. “E”. parodii.

Family Echimyidae Gray, 1825.

Subfamily Eumysopinae Rusconi, 1935.

cf. Thrichomys sp.

Fig. 5a-a'.

Referred material. S. Sal.Scar.Paleo. 2012-033, left mandibular
fragment with a portion of the incisor and dp4-m2.

Description and comments. S. Sal.Scar.Paleo. 2012-033 shares most of
its characters with the genus Thrichomys, known since the Pleistocene of
Brazil (Kerber et al., 2016b), and represented today by at least four valid
species: T. apereoides, T. inermis, T. laurentius, and T. pachyurus (Pessoa
etal., 2015). Some characters (see below) of S. Sal.Scar.Paleo. 2012-033
are shared with Ullumys Olivares et al. (2017), known by the species
U. intermedius (=Eumysops intermedius Rovereto, 1914, =Thrichomys
intermedius Bond, 1977) and U. pattoni Olivares et al. (2017), both from
the late Miocene of northwestern Argentina (Olivares et al., 2017). The
mandible of S. Sal.Scar.Paleo. 2012-033 is similar in size and
morphology to that of Thrichomys (the mandibular corpus is strong, the
notch for the tendon of the medial masseter muscle is located at the level
of dp4-m1 and continuous with the masseteric crest, the lateral crest is
oblique and starts at the level of m1, and the masseteric crest is markedly
projected from a deep masseteric fossa). The location of the lateral crest
and the depth of the masseteric fossa are traits also present in
U. intermedius (Olivares et al., 2017). With respect to the cheek teeth, S.
Sal.Scar.Paleo. 2012-033 has a combination of characters shared with
Thrichomys: the dp4 1is tetralophodont with a well-developed
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Fig. 5. (a-a’) cf. Thrichomys sp., S. Sal.Scar.Paleo. 2012-033, left mandible with
dp4-m2 in occlusal (a) and lateral (a’) views; (b—c) Caviidae; (b) Gen. et. sp.
indet. A, S. Sal.Scar.Paleo. 2012-058, right upper molar in occlusal view; (c)
Gen. et. sp. indet. B, S. Sal.Scar.Paleo. 2012-034, left maxilla with M1-M3 in
occlusal view. Scale bar 2 mm.

metalophulid II and a persistent metaflexid, the lower molars are trilo-
phodont, having the metaflexid clearly more persistent than the meso-
flexid in m1-m2 (Pessoa et al., 2015; Kerber et al., 2016b; Olivares et al.,
2017). The latter character allows us to distinguish S. Sal.Scar.Paleo.
2012-033 from Ullumys, in which the closure of the metaflexid and the
mesoflexid in the m1 is almost synchronous, a feature that was recog-
nized as diagnostic of this genus (Olivares et al., 2017). According to the
wear stage of the cheek teeth, S. Sal.Scar.Paleo. 2012-033 is an adult
(Neves and Pessoa, 2011), having lower crowns than those of adult
specimens of T. apereoides with a similar degree of wear. However, more
specimens at different ontogenetic stages are necessary to assess the
degree of crown height of the new specimen in the context of the extant
species of Thrichomys. Concerning the variability of the occlusal
morphology of Thrichomys, an exhaustive analysis throughout the
ontogeny of the extant T. laurentius, T. inermis and T. pachyurus indicated
that each species has a distinct ontogeny, showing different patterns of
wear of the cheek teeth, so that the occlusal wear occurred in different
ways among the three taxa (Neves and Pessoa, 2011). Significant vari-
ation was also found in the skull shape of species of Thrichomys (Car-
valhaes et al., 2019). In view of the observed variability in extant species
of Thrichomys, the occlusal pattern and crown height of S. Sal.Scar.Paleo.
2012-033 may fall within the variability limits of this genus. In S. Sal.
Scar.Paleo. 2012-033, the mesofossettid is broader in relation to the
thickness of the lophids than what occurs in Thrichomys, thereby
resembling Ullumys in this feature. Both species of Ullumys differ be-
tween them, among other features, in their degree of hypsodonty (Oli-
vares et al., 2017). So, the degree of hypsodonty coupled to the pattern
of tooth wear are variable traits in both Thrichomys and Ullumys.
Accordingly, a wider sample is necessary to evaluate crown high and
relative width of the fossettids in the new specimen.

In sum, this comparative study indicates that most of the characters
of S. Sal.Scar.Paleo. 2012-033 correspond to Thrichomys, but these are
not sufficiently informative to assign it to a specific level. On this basis,
we maintain the taxonomic identity of the S. Sal.Scar.Paleo. 2012-033
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as cf. Thrichomys sp. Further findings of more complete specimens
should help resolve its specific status and confirm the suggested generic
assignment. Nevertheless, this comparative study supports the inclusion
of S. Sal.Scar.Paleo. 2012-033 in the Ullumys-Thrichomys clade (Olivares
et al., 2017).

Family Abrocomidae Miller and Gidley, 1918.

Genus Protabrocoma Kraglievich, 1927.

Type species Protabrocoma paranensis Kraglievich (1927).

Protabrocoma paranensis Kraglievich (1927).

Fig. 6a-d.

Referred material. S. Sal.Scar.Paleo. 2012-023, right mandibular
fragment bearing dp4-ma2.

Description and comments: Kraglievich (1927) erected the extinct
genus Protabrocoma, based on the species P. paranensis Kraglievich 1927
known only through the holotype (MACN 9024, a left mandibular
fragment with dp4-m2), from the late Miocene (“Mesopotamiense”;
Ituzaing6 Formation) of Entre Rios Province (Kraglievich, 1927, 1940).
According to Kraglievich (1927, 1940), Protabrocoma differs from the
extant Abrocoma in having the anterior portion of dp4 narrower and
more rounded than that of Abrocoma, and less sharp edges of the lower
molars. S. Sal.Scar.Paleo. 2012-023 is very similar in size and general
morphology to the holotype of Protabrocoma paranensis (Kraglievich,
1940: fig. a); the notch for the tendon of the masseter muscle is rounded,
well distinctive, and located below half the height of the mandible. As in
the holotype of P. paranensis, S. Sal.Scar.Paleo. 2012-023 presents the
anterior portion of dp4 with its anterior margin rounded and the m1-2
with the lateral edges of the lophids less angular than in the extant
Abrocoma. In all teeth, the bottom of the hypoflexid is distally located

Fig. 6. (a—d) Protabrocoma paranensis, S. Sal.Scar.Paleo. 2012-023, right
mandibular fragment with dp4-m2; (a) dp4-m2 in occlusal view; (b-d)
mandible in occlusal (b), medial (c), and lateral (d) views. Scale bar 2 mm in a,
5 mm in b-d.
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with respect to the bottom of the anterior lingual flexi; consequently, the
bottom of the hypoflexid is located between the two lingual flexids, as in
the holotype of P. paranensis. This feature may change with wear, so, we
were unable to confirm its diagnostic value here. As the holotype of
P. paranensis, the lophids are wider mesiodistally with respect to the
flexid than those of Abrocoma (Verzi and Quintana, 2005). In sum,
shared characters of S. Sal.Scar.Paleo. 2012-023 and the holotype of
P. paranensis justify the specific determination of this new specimen.

Another abrocomid from the late Miocene of Argentina, Abrocoma
antiqua Rovereto (1914), was identified for the “Araucanense” of Cata-
marca Province. After its original description, Abrocoma antiqua was
included in the genus Protabrocoma (Marshall and Patterson, 1981; Verzi
and Quintana, 2005; Kihn, 2009). Protabrocoma is widely recorded in
the late Miocene. It was reported for the late Miocene of Catamarca
(Chiquimil and Andalhualéd formations; Marshall and Patterson, 1981;
Esteban et al., 2014), La Rioja (Toro Negro Formation; Rodriguez--
Brizuela and Tauber, 2006), La Pampa and Buenos Aires (Cerro Azul
Formation; Pascual, 1966; Kihn, 2009), Mendoza (“Guayquerias de San
Carlos”; Rovereto, 1914; Prevosti et al., 2021), and San Juan (Lomas de
las Tapias; Contreras et al., 2019) provinces. Protabrocoma was also re-
ported from the late Miocene of Muyu Huasi Bolivia (Villarroel and
Marshall, 1989). A study on abrocomids from the late Miocene of Cerro
Azul Formation proposed P. antiqua and P. paranensis as synonymous,
and considered that the variability identified in the late Miocene Pro-
tabrocoma specimens corresponds to ontogenetic and/or intraspecific
variation (Kihn, 2009). Pending future taxonomic analyses of extant and
living abrocomid, we retain here the validity of the extinct species
P. paranensis and P. antiqua. Abrocoma cf. A. boliviensis was recently
reported for the El Jarilla Member (Chiquimil Formation; Esteban et al.,
2014), being until now the oldest record of Abrocoma. Concerning the
extant Abrocoma boliviensis (Glanz and Anderson, 1990), Verzi and
Quintana (2005) assigned this species to the extant arboreal abrocomid
Cuscomys (Emmons, 1999), on the basis of similar features of cheek teeth
(broad anteroposterior lophs, as opposed to narrow anteroposterior
lophs of Abrocoma) and the relative size of the coronoid process (mod-
erate in Abrocoma, reduced in Cuscomys). Later, Patton and Emmons
(2015), retained boliviensis in Abrocoma, pending a phylogenetic anal-
ysis. Abrocoma boliviensis along with Cuscomys would be the morpho-
logically least specialized extant Abrocomidae (Emmons, 1999). As
mentioned above, S. Sal.Scar.Paleo. 2012-023 and the holotype of
Protobrocoma paranensis have lophids mesiodistally wider with respect
to the flexids than in most of the species of Abrocoma (Kraglievich, 1940:
fig. b; Pascual et al., 1966: lam 52F, 59B; Verzi and Quintana, 2005:
Fig. 6E). This occlusal pattern is more similar to those of Cuscomys
(Emmons, 1999: Fig. 7C and D) and A. boliviensis (Glanz and Anderson,
1990: Fig. 9; Verzi and Quintana, 2005).

Superfamily Cavioidea Fischer, 1817.

Family Caviidae Fischer, 1817.

Gen. et sp. indet. A.

Fig. 5b.

Referred material. S. Sal.Scar.Paleo. 2012-058, rigth isolated upper
molariform.

Description and comments. The upper tooth is euhypsodont and
bilobed, with a constriction in the apex of each lobe, being the posterior
one more pronounced. Both lobules are similar in size and have a crest in
the middle of each one. The fundamental internal flexus (= hypoflexus)
contains cement on its lingual portion and is funnel-shaped, with its
anterior border (= posterior border of the anterior lobule) slightly
sinuous and less divergent to the posterior one. The labial border of the
tooth is not enameled except in the labial flexus, which has a moderate
depth and is opposed to the bottom of the hypoflexus. There is no evi-
dence of the accesory labial primary and secundary fissures. The size and
general occlusal morphology of S. Sal.Scar.Paleo. 2012-058 are similar
to that of Microcavia, Orthomyctera, and Prodolichotis prisca (Quintana,
1996; Madozzo-Jaén, 2019), but smaller than the latter. The only tooth
known here described does not allow us to reach a determination at the
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generic and species levels.

Gen. and sp. indet. B.

Fig. 5c.

Referred material. S S. Sal.Scar.Paleo. 2012-034, left maxilar with
M1-M3 with the M2 partially complete.

Description and comments. As in other caviids, the molars are
euhypsodont and bilobed, with-heart-shaped lobes. As in S. Sal.Scar.
Paleo. 2012-058, the lobules are subequal in size, with a transverse
dentine crest in the middle of the occlusal surface of each lobe. There is
no accesory primary or secondary fissures on the labial border of the
lobule. The enamel is interrupted along the labial sides of the molars,
except in the labial flexus. The hypoflexus is funnel shaped, with cement
in the lingual portion.

Molars of S. Sal.Scar.Paleo. 2012-034 differ from S. Sal.Scar.Paleo.
2012-058 in having a larger size and shallower labial flexi, which is
somewhat more displaced towards the posterior lobe (not directly
opossed to the hypoflexus), although certain variability is observed in
this trait.

Since the alpha taxonomy of extinct caviids is currently under
intensive study, and revised diagnoses for most of the extinct genera and
species are still neccesary (Madozzo-Jaén et al., 2018; Madozzo-Jaén,
2019), we assigned S. Sal.Scar.Paleo. 2012-034 as gen. and sp. indet. On
the basis of the aforementioned differences, S. Sal.Scar.Paleo. 2012-034
and S. Sal.Scar.Paleo. 2012-058 are provisionally considered different
taxa, pending taxonomic studies of extinct caviids, including analyses of
intraspecific and ontogenetic variability.

4.2. Diversity and age

A recent paleomagnetic study at the Rio Calchaqui section on the PPF
(Galli et al., 2014), together with the stratigraphic provenance of each
studied specimen, allow us to date the fossil bearing sediments (Fig. 2).
On this basis, the age of the bearing sediments of the Dinomyid cf.
Ferigolomys sp. (S.Sal.Scar.Paleo. 2012-055) is estimated at 9.3 Ma, and
that of the Erethizontidae sp. nov. cf. Microsteiromys sp. (S.Sal.Scar.
Paleo. 2012-044a-c) at 8.86 Ma. The age of the echimyid cf. “Eumysops”
parodii (S.Sal.Scar.Paleo. 2012-036) is estimated at 7.43 Ma, and that of
the echimyid cf. Thrichomys sp. (S.Sal.Scar.Paleo. 2012-033) is esti-
mated at 6.5 Ma. The age of the abrocomid Protabrocoma paranensis (S.
Sal.Scar.Paleo. 2012-023) is estimated at 6.56 Ma, and those of the
caviids gen. et sp. indet. A (S.Sal.Scar.Paleo. 2012-058) at 6.9 Ma, and
gen. et sp. ifndet. B (S.Sal.Scar.Paleo. 2012-034) at 6.13 Ma. In addition,
the paleomagnetic data allow us to precise the age of Paedotherium kakai
-but see Seoane and Cerdeno (2019) with respect to the assignment of
this species to Pachyrukhos-reported at Quebrada Piedras Blancas at 8.8
Ma, coincidently with the previous estimated age for this species (Reg-
uero et al., 2015).

5. Discussion
5.1. Diversity and age of the vertebrates of the Palo Pintado Formation

The rodents cf. Thrichomys sp. and cf. “Eumysops” parodii are the first
echimyids described from the PPF. Late Miocene echimyids of NWA are
represented by the Eumysopinae Theridomysops parvulus Rovereto
(1914), Paralonchothrix ponderosus Pinero et al. (2021) (= Eumysops
ponderosus Rovereto, 1914; = Proechimys ponderosus Bond, 1977), and
the genus Ullumys Olivares et al. (2017), represented by U. intermedius,
from the Valle de Santa Maria (Catamarca Province; Rovereto, 1914),
and U. pattoni, from Lomas de las Tapias locality (San Juan Province;
Olivares et al. (2017). With the exception of U. pattoni, whose holotype
(the only known specimen) comes from a level below a tuff dated at 7.0
Ma, and P. ponderosus, recently recorded in this same locality, the
remaining late Miocene echimyids of NWA lack stratigraphic prove-
nance. Consequently, the new specimen identified as cf. Thrichomys sp.,
with an estimated age at 6.5 Ma, increases the late Miocene diversity of
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extinct echimyids of Argentina in a temporally controlled setting. In
addition, the echimyid cf. Thrichomys sp. reported in the PPF provides
the minimum age of divergence for the clade containing Ullumys and
Thrichomys. The late Miocene echimyid “Eumysops” parodii (Kraglievich,
1945) is known only by the holotype, which comes from the “con-
glomerado osifero” (= “Mesopotamiense”, Ituzaingé Formation, Entre
Rios Province). In the absence of geochronological dating, the age of the
Mesopotamian fauna was estimated evaluating the faunal relationship
between the “Mesopotamiense” and other Neogene units. On this basis,
it was proposed that the Mesopotamian fauna would have been depos-
ited during the end of the Tortonian or early Messinian (Schmidt et al.,
2020). cf. “Eumysops” parodii from the PPF, with an estimated age at
7.43 Ma, provides the first geochronological dating of this species,
indicating a late Tortonian age. So, the record of this echimyid in PPF is
biochronologically significant for the correlation with the bearing level
of the holotype of cf. “Eumysops” parodii reinforcing a late Tortonian age
for the Mesopotamian fauna.

The abrocomid Protobrocoma paranensis Kraglievich, 1927 is the first
record of this species described from the PPF. Until now, P. paranensis
was known only for the “Mesopotamiense” (Nasif et al., 2013); there-
fore, the record of this species in the PPF extends its geographic distri-
bution. The new specimen of P. paranensis (dated at 6.56 Ma) also
represents the first record of this species associated to geochronological
data.

The dinomyid cf. Ferigolomys sp. from the PPF constitutes the first
record of this family in the unit. The late Miocene dinomyids of
Argentina were widely distributed, with numerous genera and species
from La Pampa, Entre Rios, Catamarca, and Buenos Aires provinces
(Candela and Nasif, 2006; Nasif et al., 2013, 2019; Esteban et al., 2014;
Montalvo et al., 2019). In spite of their taxonomic diversity and wide
geographic distribution, many of the late Miocene dinomyids of
Argentina lack stratigraphical and geochronological data. The dino-
myids recovered from the Solimoes Formation (Brazilian Amazonia)
also show a high taxonomic diversity (Kerber et al., 2016a, 2018). The
species Ferigolomys pacarana was recorded in the upper levels (horizont
B) of the Solimoes Formation, at Niterdi locality (Kerber et al., 2018).
These levels were dated by U-Pb methods that revelead an age of 8.5 +
0.5 Ma (Bissaro-Junior et al., 2019).

Therefore, cf. Ferigolomys sp. from the PPF, with an absolute age at
9.3 Ma, is one of the few late Miocene dinomyids of Argentina associated
to geochronological data and, if its generic assignment was confirmed, it
would indicate that the temporal range of this dinomyid is restricted to
the Tortonian age.

The Erethizontidae sp. nov. cf. Microsteiromys sp. is the first porcu-
pine recovered from the PPF. Late Miocene erethizontids of Argentina
are represented by Neosteiromys bombifrons Rovereto, 1914, and
N. pattoni Candela, 2004, both species known only by their holotypes,
lacking stratigraphic information. Paradoxomys cancrivorus, another
erethizontid, was reported at the “Mesopotamiense” (Vucetich and
Candela, 2001). Consequently, the new erethizontid specimens here
reported, with an estimated age at 8.86 Ma, represent the only late
Miocene erethizontid with known stratigraphic provenance and
geochronological data associated with its bearing unit. The new Ere-
thizontidae sp. nov. cf. Miocrosteiromys sp. would represent the earliest
and southernmost distributed record of this small Miocene erethizontid,
if its generic assignment is confirmed, hitherto known from the late
middle Miocene of Colombia (Walton, 1997) and Peru (Antoine et al.,
2013; Marivaux et al., 2020b).

Small caviids are well represented in the late Miocene of Argentina
(Madozzo-Jaén and Pérez, 2017; Madozzo-Jaén, 2019) but, unlike those
here reported, most of them have scarce stratigraphic and geochrono-
logical associated information.

Among ungulates, Paedotherium kakai, reported in the PPF, with an
estimated age of 8.8 Ma, constitutes one of the few late Miocene rep-
resentatives of Paedotherium (Reguero et al., 2015) with precise strati-
graphic provenance and geochronological data.
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Recently, among vertebrates with known stratigraphic provenance, a
specimen of Caiman cf. latirostris (Alligatoridae, Caimaninae) was
recovered from upper levels of the PPF, situated above a tuff dated at
5.98 + 0.32 Ma, so that the specimen should be slightly younger than 6
Ma (Bona et al., 2014).

Diverse vertebrate taxa from the PPF were reported in previous
studies. Russo (1948, in Stark and Anzotegui, 2001) cited the xenarthran
Pleurolestodon avitus, Herbst et al. (1987) the presence of fish scales, and
Anzoétegui and Stark (2001), the Toxodontidae cf. Xotodon sp., Glypto-
dontidae, and turtle plates assigned to the family Chelidae. More
recently, Armella and Bonini (2020) identified the cingulates Macro-
euphractus morenoi, Chorobates villosissimus, Chasicotatus sp. and cf.
Paraeuphractus (Dasypodidae), and the notoungulate cf. Andinotoxodon
bolivarensis (Toxodontidae).

These records indicate a high vertebrate diversity for PPF. However,
neither of these taxa have been yet the subject of descriptions that
support their taxonomic determinations, nor have been reported their
precise stratigraphic provenances at PPF.

In this context, rodents from the PPF at Calchaqui Valley increase the
knowledge of the late Miocene mammal diversity from NWA in a
temporally controlled setting, and provide valuable data to correlate
their bearing sediments with other fossiliferous late Miocene sites of
South America. At Tonco Valley, from the lower levels of the PPF, the
Dasypodidae (Cingulata) Macrochorobates, Vetelia gandhi, Euphractini
gen et sp. indet. a and b, the ungulates Protypotherium minutum, Typo-
theriopsis, and the caviomorphs Procardiomys, Caviidae gen. et sp. indet.
Protabrocoma sp. and Lagostomus (Zimicz et al., 2018) were reported.
With respect to the chinchillids, Rasia et al. (2020) considered the record
of Prolagostomus from Tonco Valley (Zimicz et al., 2018) as Lagostomus
sp., because of the lacking of diagnostic features of Prolagostomus.

5.2. Mammals from Palo Pintado formation as paleoenvironmental
proxies

5.2.1. Brachydont mammals

The new specimens of Echimyidae and Erethizontidae represent the
first brachydont mammals of the PPF. Erethizontidae (porcupines or
coendds), are currently represented by numerous highly arboreal spe-
cies distributed from Mexico to northern Argentina and Uruguay. They
inhabit Amazonian rain-forests, the mountain forests and the Atlantic
Forest, but also the Bolivian and Paraguayan Chaco and the Brazilian
Cerrado and Caatinga (Voss, 2015). Echimyids (spiny rats, bamboo rats,
tree rats, coypus) include small to medium size taxa, currently repre-
sented by more than 20 genera and about 99 extant species, distributed
throughout all Neotropical forests (Amazonian, Andean, and Atlantic
forests; Emmons et al., 2015). Some echimyid species also occur in the
Paraguayan and Bolivian Chaco and the Brazilian Cerrado, and Caa-
tinga. Particularly, the echimyid Thrichomys includes five terrestrial
species that inhabit the Chaco, Pantanal, Cerrado and Caatinga ecor-
egions, ranging from northeastern, central, and southeastern Brazil to
Paraguay and Bolivia (Emmons et al., 2015). So, species of Thrichomys
occur in heterogenous habitats with different degree of development of
trees, shrubs, and grasses, where exist zones of transition between
arboreal and open areas.

Based on their mainly tropical distribution, the brachydont dental
morphology, and the arboreal habits (in the case of the neotropical
porcupines), the presence of erethizontids and echimyids in PPF is
compatible with forested environments under warm and mainly humid
climatic conditions. This inference is in line with the occurrence of
Caiman cf. latirostris recovered at Quebrada El Estanque (Bona et al.,
2014), which indicates that the climatic conditions during the late
Miocene at Calchaqui Valley were comparatively more warmer and
humid than today. The paleoenvironmental inference based on verte-
brates of the PPF is in turn strengthened with the sum of independent
data provided by the sedimentological and floristic studies. Paleoflora
from the PPF indicated the following paleo-communities: aquatic (e.g.
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floating aquatic Salvinia, and the submerged and rooted wetland plants
such as Mayaca aff. M. fluviatilis and Cabomba aff. C. caroliniana); marsh
(e.g. Equisetum sp., Acrostichum paleoaureum, Blechnum serrulatiformis);
riparian forests (e. g., Lycopodiella sp., and Reboulisporites sp. in the
cespitose strata; Nectandra saltensis, Ficus tressensii, Cedrella fissiliformis,
Sapium haematospermoides, the climbing lieane Ranunculodendron anzo-
teguiae, in the arboreal stratum, and Schinus herbstii in the shrub stra-
tum); montane forests with arboreal species (e.g. Podocarpidites
marwickii); and xeric communities (e.g. Caesalpinia stuckerti, an endemic
shrub species constituting xerophytic forests in the Western Chaco;
Anzotegui and Horn, 2011; Anzotegui et al., 2017). The paleoflora as a
whole has been developed under a humid subtropical climate, with a
relatively brief period of seasonality and scarce xeric representation
(Anzétegui and Cuadrado, 1996; Anzotegui, 1998; Starck and
Anzotegui, 2001; Anzoétegui and Horn, 2011; Galli et al., 2011; Garralla
et al., 2016). As noted above, sedimentological and mineralogical ana-
lyses indicated a river system with low and high sinuosity, and the
development of wide floodplains with lagoons and marshes developed
under a hot and humid climate (Stark and Anzotegui, 2001; Galli et al.,
2011, 2014). During a relatively short dry season, savannas and grass-
lands would have also developed. In the coasts of the lakes and marshes,
which intermingled with fluvial riverbeds, the gallery forests would
have been stable. Environments and climatic condition without signifi-
cant changes were inferred during the deposition period of the PPF
(Robledo et al., in press). Recently, isotopic data performed in the AB
indicated humid conditions and the predominance of C3 plants (Bywater
Reyes et al., 2010; Rohrmann et al., 2016; see below).

Therefore, the occurrence of echimyids, erethizontids, and Caiman
cf. latirostris during the late Miocene at Calchaqui Valley supports the
paleoenvironmental and climatic inferences provided by independent
and multidisciplinary approaches. The record of the echimyid cf.
Thrichomys sp. suggests that the PPF could have been deposited in an
overall setting similar to the present-day Chaco.

5.2.2. Hypsodont mammals

Euhypsodonty indicates high rates of tooth wear and is one of the
most intensively studied dental traits of mammals from a paleoecolog-
ical point of view (e.g. Janis, 1988; Damuth and Janis, 2011; Madden,
2015). The increasing number of hypsodont mammalian species regis-
tered during the late Miocene and Pliocene of Argentina was tradition-
ally related to the development of widespread plains and to the
expansion of grasslands in arid and open areas; a period commonly
known as Edad de las Planicies Australes” (“Age of the Austral Plains”;
Pascual and Bondesio, 1982; Ortiz Jaureguizar and Cladera, 2006).
However, it is now widely recognized that hypsodonty is not mainly or
exclusively related with the ingestion of grasses but also with the con-
sumption of grit or abrasive components in the diet (Janis, 1988; Wil-
liams and Kay, 2001; Mendoza and Palmqvist, 2008; Damuth and Janis,
2011; Domingo et al., 2020). Currently, the close relationship between
the advent and expansion of grasslands and the rise and evolution of
grazers continues under debate (e.g. Stromberg et al., 2013; Bellosi
et al., 2021).

Despite the relatively important diversity of the late Miocene hyp-
sodont mammals of Argentina (except for some recent contributions),
they remain poorly understood from a paleobiological point of view
(Candela et al., 2013; Reguero et al., 2015; Ercoli et al., 2021; Scarano
et al., 2021; Solorzano and Ntnez-Flores, 2021), and its paleoenvir-
onmental significance was not analyzed by contrasting it with inde-
pendent (geochemical, paleofloristic, sedimentological) data in a
stratigraphically controlled context. Following, we assess the paleo-
environmental significance of each of the hypsodont mammalian taxa
from the PPF (both those described here and those previously reported).

Abrocomids (chinchilla rats), known since the late Miocene, are
euhypsodont caviomorphs, today represented by the genera Abrocoma
and Cuscomys. Abrocoma includes eight living species: Abrocoma ben-
nettii, which is restricted to the Andean slopes of north-central Chile,
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Abrocoma boliviensis, from the east-central Andes of Bolivia, and six
species of the cinerea complex, which are distributed along the Andes
from southern Peru to central Argentina (Patton and Emmons, 2015).
The species of the cinerea complex are specialized for life in rocky cliffs
(Patton and Emmons, 2015). Cuscomys, the largest living abrocomid, is
instead the only adapted taxon for an arboreal lifestyle (Emmons, 1999).
Cuscomys ashaninka Emmons, 1999 was reported in the montane, wet,
mossy cloud forest of the Cordillera de Vilcabamba (Peru), whereas C.
oblativus occurs in the mountain forests of Machu Picchu (Peru; Ochoa
et al., 2020). Because living abrocomids inhabit at different habitats and
have dissimilar substrate preferences, the presence of abrocomids in the
fossil record cannot be directly associated with a particular type of
environment. As noted above, the molar morphology of Protabrocoma
paranensis shares an occlusal pattern more similar to that of Cuscomys
(both taxa having mesiodistally wide lophids with rounded border) than
that of Abrocoma species (Emmons, 1999; Verzi and Quintana, 2005).
These traits suggest that P. paranensis had a dietary habit more similar to
that of Cuscomys, which includes fruit as part of the diet (Emmons,
1999), than that of Abrocoma. It is also expected that P. paranensis would
have occupied mountain forests (perhaps like those conformed by
Podocarpidites marwickii), more similar to the high-altitude forests
inhabited by Cuscomys than to the arid and desert environments
inhabited by Abrocoma. Lower molars with narrower lophids and sharp
angulous borders of Abrocoma species can be related to the higher effi-
ciency of the enamel ridges to cut fibrous foods, such as leaves, stems,
twigs, roots or grasses (Schmidt-Kittler, 2002). This morphology could
be a specialization to a type of food associated to arid and desertic
conditions, like those detected with the global cooling and drying event
near the Plio-Pleistocene boundary (Verzi and Quintana, 2005; Prevosti
et al., 2021). Therefore, abrocomids from the late Miocene of the PPF do
not necessarily indicate arid or desert environments, suggesting instead
the presence of a similar habitat to that of the arboreal Cuscomys. The
adaptation to typical arid conditions would have arisen later during the
evolutionary history of abrocomids.

The lagostomine Lagostomus (vizcacha) was recorded at lower levels
of the PPF (Zimicz et al., 2018). The extant L. maximus inhabits lowland
areas from subtropical grasslands to dry scrublands in Argentina, Bolivia
and Paraguay. Lagostomus had a wider past distribution than at present
time, extending it to western Bolivia, Patagonia, and southern Brazil
(Rasia and Candela, 2019; Rasia et al., 2021), which suggests that this
chinchillid inhabited more heterogeneous environments. A previous
evolutionary analysis of Chinchillidae showed that the origin of
euhypsodonty was before the late Miocene, at least early Miocene (Rasia
et al., 2021). So, the presence of euhypsodont chinchillids in PPF cannot
be undoubtedly related to arid conditions or grassland-dominated
environments.

At present, the small caviids (cuises or cavies) inhabit a wide variety
of habitats, including open (mesic and xeric) grasslands, dry steppes,
forest edges, marsh and rocky mountainous areas (from see level to
5000 masl) (Dunnum, 2015). On this basis, small caviids of PPF suggest
the presence of heterogenous habitats, probably similar to present day
xerophytic forests.

Within Caviidae, the extinct Hydrochoerinae known as ‘car-
diomyines’ were medium-sized caviomorph rodents characterized by
ever-growing teeth. They were first known from the middle Miocene of
Patagonia, reaching their greatest taxonomic diversity during the late
Miocene-late Pliocene of Argentina (Pérez et al., 2017). “Cardiomyines”
are represented in the PPF by cf. Procardiomys sp. (Zimicz et al., 2018).
Considering that the paleoenvironments in which occurred ‘“car-
diomyines” were probably semiaquatic (Vucetich et al., 2015), the
presence of these caviids in PPF could be interpreted as compatible to
humid rather than to arid climatic conditions. It has been documented
that the origin of euhypsodonty in the Caviidae, including the “car-
diomyines”, occurred earlier than the late Miocene.

The Dinomyidae (pacaranas) are medium-sized to gigantic cav-
iomorphs, including the single living species, Dinomys branickii. This
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species inhabits forested areas of the eastern Andes of Brazil, Peru,
Ecuador, Bolivia, Venezuela and Colombia, spanning the western mar-
gins of lowland Amazonian rainforest to upper montane tropical forest
on the Andean slopes (Patton, 2015). The pacarana eats palm and other
fruits, tender stems, and leaves (Patton, 2015). Extinct dinomyids had a
rich record during the middle/late Miocene of the tropical latitudes of
South America (e.g. Nasif et al., 2013; Rinderknecht et al., 2011; Kerber
et al., 2016a; Kerber et al., 2018). As noted above, dinomyids from the
Solimoes Formation are particularly diverse. A massive wetland, similar
to the current environment of the modern ecosystem of Pantanal, with
rivers associated with megafan systems and lakes and marshes, the
presence of open environments, and gallery forests were inferred for the
uppermost levels of the Solimoes Formation with wet and humid con-
ditions (Kerber et al., 2016a). A paleobiological study of the late
Miocene Eumegamys paranensis, a dinomyid from the “Mesopotamiense”
(Entre Rios Province), suggested that soil consumption could explain the
high degree of hypsodonty in this species (Candela et al., 2013). The
crown complexity of E. paranensis indicated that this species would have
been a mixed feeder, consuming a variable diet obtained close to the
ground. This feeding behaviour is compatible with the heterogeneous
and forested environments inferred for the Mesopotamic area during the
late Miocene (Candela et al., 2013). The dinomyid cf. Ferigolomys sp. has
a complex molar morphology similar to that of Ferigolomys pacarana,
Dinomys or Eumegamys, and may have had similar habits to those of
these dinomyids. Therefore, the record of the dinomyid in the PPF is
compatible with forested and humid environments.

The ungulates reported in the PPF are exclusively represented by
euhypsodont species. They include the Hegetotheriidae Paedotherium
kakai, and P. minor, the Interatheriidae Protypotherium sp., and the
Mesotheriidae cf. Typotheriopsis (Reguero et al., 2015; Zimicz et al.,
2018). Paedotherium kakai would have been a mixed feeder, consuming
a variable diet obtained close to the ground (Reguero et al., 2015). A
recent paleobiological analysis indicated that the configuration of the
masticatory apparatus of pachyrukhines (Paedotherium and Tremacyllus)
is more compatible with hard and brittle or turgid fruit food consump-
tion than to specialized folivorous, and particularly grazing habits
(Ercoli et al., 2020). Protypotherium was likely a generalized terrestrial
ungulate, with a tendency toward cursoriality (Croft and Anderson,
2007). According to Munoz (2017), Protypotherium would have been
ambulatory with the ability to run but would also have had climbing
ability. Protypotherium cf. antiqus was reported in the Chiquimil For-
mation (ca. 9 Ma, Tortonian), at Cerro Pampa (Catamarca Province), in
sediments for which values of the isotope data (51 13C) indicate that C3
plants were the dominant (or exclusive) vegetation (Armella and Bonini,
2020). A decreasing tendency in the number of species of Protypotherium
throughout the Miocene to the beginning of the Pliocene was recog-
nized, probably correlated with a climatic deterioration (Scarano and
Vera, 2021), and the C3/C4 biomass change at the Tortonian-Messinian
boundary (Armella and Bonini, 2020).

Recently, Solorzano and Ntnez-Flores (2021) revealed that in the
evolution of Typotheria and Toxodontia there was an active trend of
increased hypsodonty through time, suggesting that these ungulates
reflect adaptive responses to the increased availability of volcanic or
other terrigenous particles, at the south of South America (south of
15°S). Andean growth was regarded as a more likely driver for the
long-term hypsodonty evolution in notoungulates than the development
of grasses, the increased availability of open environments, or the global
temperature change (Solorzano and Nunez-Flores, 2021). In this line, it
is possible to hypothesize that the building of the Central Andes and its
associated generation of volcaniclastic particles by the Tortonian and
Messinian ages, have influenced the evolution of the hypsodonty during
the late Miocene in the AB.

Studies on evolutionary trends of hypsodonty in the late Miocene
caviomorphs and ungulates of subtropical latitudes at the NWA, and
their probable drivers, as the Central Andes growth or the global cli-
matic deterioration throughout the late Miocene-Pliocene, are still
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needed.

In summary, the hypsodont ungulates and rodents from the PPF do
not indicate predominant arid and open grassland-dominated environ-
ments. Their records are compatible with forested habitats or hetero-
geneous environments, like today Western Chaco, developed under
mainly warm and humid climatic conditions, in agreement with inde-
pendent evidence.

5.3. The Angastaco Basin as “museum” and “cradle” of biodiversity
during the late Miocene

Several hypotheses to explain the global increase of species richness
toward the equator have been proposed (e.g. Mittelbach et al., 2007;
Wiens and Donoghue, 2004; Rolland et al., 2014). Some of them high-
light the higher net diversification rates as the main cause underlying
the tropical species richness: the “tropics as cradle” hypothesis empha-
sizes the role of high speciation rates, whereas the “tropics as museum”
hypothesis emphasizes the role of low tropical extinction rates (e.g. Arita
and Vazquez-Dominguez, 2008; Mittelbach et al., 2007). The “tropi-
cal-niche conservatism” hypothesis proposes that current tropical rich-
ness species can be explained by the evolutionarily conserved ancestral
tolerances of species to the warm environments in which most clades
originated (Wiens and Donoghue, 2004). In the latter hypothesis, line-
ages originate in the tropics and have difficulties to disperse and adapt
into temperate regions, so they were accumulating in tropical regions.
According to the “out-of-the-tropics hypothesis”, most species origi-
nated in the tropics then migrated to higher latitudes (Jablonski et al.,
2006; Jansson et al., 2013). Under both hypotheses, the origin of di-
versity is tropical. The proposal of Neotropics as a “sink” of diversity,
conversely, suggests high dispersal rates from other regions into the
Neotropics, thus acting as a “species attractor” (Meseguer et al., 2020).
The effect of these factors affecting the high tropical mammalian species
richness remains debated (Mittelbach et al., 2007; Wiens and Donoghue,
2004; Rolland et al., 2014; Boucher-Lalonde et al., 2015). Here, we use
the terms “cradles” (areas that present a particular set of characteristics
that maximize potential for the origination of new species) and “mu-
seums” (areas of environmental stability for a higher number of sur-
viving species from early radiations that persisted or dispersed there),
following the original concepts of Stebbins, 1974 (see Vasconcelos et al.,
in press for a discussion of these terms).

On this basis, we propose that during the Tortonian and at least the
onset of the Messinian, the AB was both a “cradle” and a “museum” of
mammalian diversity. The presence in the PPF of the erethizontid Ere-
thizontidae sp. nov. cf. Microsteiromys sp., with close affinities with the
late middle Miocene erethizontids of Colombia and Peru (Walton, 1997;
Antoine et al., 2013; Marivaux et al., 2020b), suggests that by the late
Miocene the AB can be recognized as a reservoir of the oldest tropical
lineages that were probably extinct in lower latitudes during the
Neogene of South America. Similarly, it was proposed that the Pliocene
San Gregorio assemblage (Venezuela) served as a reservoir for rodent
taxa that had already became extinct in southern South America
(Vucetich et al., 2010). These authors identified in the San Gregorio
fauna old lineages restricted to Intertropical South America.

Sedimentological studies indicate the presence of arid conditions
within the AB prior to the deposition of the PPF (Starck and Anzotegui,
2001). With the onset of the deposition of the PPF, ca. 10-9 Ma and up to
7.6 Ma, multi-proxy isotope data (6Dwax, & 180sc; Fig. 2) indicated a
trend towards wetter conditions and an enhanced orographic rainfall,
possibly as a result of topographic growth along the Eastern Cordillera
(Rohrmann et al., 2016). The presence of a C3 forest ecosystem in the AB
during this time is suggested by the & 13Cwax and 'Csc values (Bywater
Reyes et al., 2010; Rohrmann et al., 2016, Fig. 2), and the paleoflora
(Starck and Anzotegui, 2001; Garralla et al., 2016).

Between 7.6 and 6.5 Ma a large variability in isotope values of Dwax
and & '80sc records, reflecting changes in rainfall variability, indicates
the existence of a paleo South American Low-Level Jet, which would
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have facilitated Amazonian moisture transport into the AB (Rohrmann
et al., 2016, Fig. 2). The carbon isotope records of & 13Cwax and 5 '3Csc
of the PPF also reflect a C3 forest ecosystem (Bywater Reyes et al., 2010),
coincidently with the evidence provided by the pollen and paleoflora
(Starck and Anzotegui, 2001; Garralla et al., 2016; Robledo et al., in
press). Consequently, until ca 6.5 Ma, the eco-hydrological conditions
and landscape inferred for the PPF were suitable for the diversification
of erethizontids, echimyids, and dinomyids. The habitats associated
with the increased humidity, in a contiguous low-elevation open fore-
land (<500 m) (Starck and Anzotegui, 2001), would have allowed the
faunal dispersal from lower tropical latitudes. Dispersal events, or a
southern extension of Brazilian radiations, were suggested to explain the
presence of the late Miocene echimyids of Argentina (Olivares et al.,
2017). A forested corridor may have favored the dispersal from tropical
latitudes of adapted forest-dwelling species, to subtropical latitudes,
even as far as the Mesopotamian, after the withdrawal of the middle-late
Miocene Paranense Sea (Candela et al., 2013).

On the other hand, the record of the extant echimyid cf. Thrichomys
sp. in PPF allows us to propose the AB at ~7 Ma as a “cradle” of tropical
biodiversity. This is in line with the Neogene origin postulated for the
modern Amazon rainforests, which is supported by palynological and
paleobotanical data (Jaramillo et al., 2010). Molecular data suggested
that mammalian taxa that live today in the forest of Amazonia were
already present by the middle Miocene (or even earlier; Galewski et al.,
2005). Upham and Patterson (2015) dates the stem divergence leading
to Thrichomys at 15.5 Ma, and Nascimento et al. (2013) dated the
Thrichomys crown group to the late Miocene (~8.5 Ma). The phyloge-
netic analyses also suggest that the lineage of Thrichomys would have
differentiated at least during the late Miocene (Candela and Rasia, 2012;
Olivares et al., 2017). The new record of cf. Thrichomys sp. is in agree-
ment with these proposals.

The 8'3C and §'®0 values of the upper part of the PPF suggest a shift
from C3 photosynthetic pathway at the base to a greater proportion of
C4 plants at the top of this formation, supporting a progressive aridifi-
cation starting ca. 6 Ma, with sustained aridity by ca. 5 Ma (Bywater
Reyes et al., 2010), and the onset of coarse-grained fluvial-alluvial
deposition of the suprajacent San Felipe Formation. Coincidently,
isotope values (8Dwax, § 180sc, glass shards) of the AB revealed that the
humid conditions ended after 6.5 Ma, as a local orographic barrier uplift
farther east forcing cooler and drier conditions in the AB (Rohrmann
et al., 2016, Fig. 2). A sedimentation rate increased to 0.66 mm/year in
the upper third of the deposits to 4.9 Ma, close to the timing of the
transition from the PPF to the San Felipe Formation (ca. 5.2 Ma; Galli
et al., 2014).

The record of cf. Thrichomys sp., caviids, and abrocomids at 6.9-6.1
Ma in the AB (Fig. 2) could be linked with the starting of some degree of
aridification in the AB, and the global late Miocene cooling (Bywater
Reyes et al., 2010; Rohrmann et al., 2016; Herbert et al., 2016; Carrapa
et al., 2019). However, more information based on a wider mammalian
sample reported near of the Tortonian and Messinian boundary is
needed to support this hypothesis.

Concerning biogeographic relationships, the record of cf. “Eumysops”
parodii, cf. Ferigolomys sp. and Protabrocoma paranensis advocates close
biogeographic relationships between AB and the Mesopotamian area
during the late Miocene (Cozzuol, 2006; Kerber et al., 2016a). This is in
agreement with what was proposed by palynologic and paleofloristic
data of the PPF (Garralla et al., 2016). Relationships between PPF flora
and the phytogeographic Paranaense Province were detected, as well as
similarities with the current Paranaense flora of southwest Brazil (Starck
and Anzdétegui, 2001; Garralla et al., 2016; Anzétegui et al., 2017).

A debate exists on whether the topographically induced changes in
atmospheric circulation patterns or global climatic changes (e.g.
Bywater Reyes et al., 2010; Rohrmann et al., 2016) should be identified
as the controlling factors for environmental changes during the late
Miocene and Pliocene in the AB. In any case, global and/or local climatic
and topographical changes affecting the AB must have had an important
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impact on the evolution of the mammals in the AB. As other mountain
ranges, it is possible that the Andes in the NWA played a key role as both
“cradles” and “museums” of biodiversity due to the habitat complexity
created by the orogenic uplift (Hain et al., 2011; Garzione et al., 2008;
Galli et al., 2014).

6. Conclusions

The first record of brachydont mammals is reported for the PPF,
represented by the Echimyidae cf. “Eumysops” parodii and cf. Thrichomys
sp., and the Erethizontidae sp. nov. cf. Microsteiromys sp. The first record
of the dinomyid (cf. Ferigolomys sp.) and the abrocomid Protabrocoma
paranensis are also reported for this unit. Dinomyids, echimyids (cf. “E”.
parodii), and erethizontids of the PPF inhabited forested areas, devel-
oped under humid and warm climate, in agreement with the global
warning inferred for the Tortonian age. Near the Tortonian-Messinian
boundary, coincident with the onset of climatic changes in the AB,
echimyid cf. Thrichomys, abrocomids and small caviids are recorded.

The Angastaco Basin is suggested as a “museum” and “cradle” of
biodiversity during the late Miocene. A close biogeographic relationship
among the fauna of the PPF and those of the Amazonian (Acre) and the
Mesopotamian areas during the late Miocene is proposed.

Late Miocene mammals of the AB recorded over the last ~10 Ma,
represented by the oldest and more recent taxa of different linages, are
key to the understanding of the origin and the evolution of the modern
latitudinal diversity gradient in mammals. The faunas of the partially
correlated temporally Guanaco Formation (late Miocene-Pliocene; Hain
et al., 2011), as well as those of the more recent San Felipe and El
Piquete formations (Lerma Basin), should be scrutinized in an integrated
manner in futures works in order to understand the role of the Central
Andes in the evolution of the subtropical biodiversity during the
Neogene.

In summary, this contribution sheds light on the temporally cali-
brated mammalian diversity during the late Miocene in NWA, which is
intended to provide valuable evidence for future studies exploring how
the vertebrates of the AB respond to climatic, topographic, and floristic
changes in the southern-central Andes.
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