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The physiognomy of Chile is dominated by the Andes, the longest terrestrial
mountain chain on Earth. In hindsight, given the vast exposures of stratified rocks across
the range, it is remarkable that the rich fossil record of mammals in Chile remained
virtually unrecognized until about 20 years ago. Our ongoing US-Chilean collaboration
continues to dramatically correct this oversight, the record of Tertiary mammals now
known from Chile being among the best in South America. In total we have recovered
more than 2,300 specimens from some two dozen localities, spanning some 30 degrees of
latitude and ranging in age from approximately 10 to 40 million years (late Eocene through
late Miocene, Casamayoran through ?Chasicoan South American Land Mammal “Ages” -
SALMAs; Fig. 1). Most of these specimens have been recovered from volcaniclastic
sediments of the Abanico (= Coya-Machali) Formation that were deposited as distal
ignimbrites or debris flows. Because of this unusual mode of preservation, these fossils
are generally exceptionally well-preserved in terms of completeness and anatomical detail.
We here provide an overview our fieldwork, highlighting some of our most significant past
and ongoing investigations.

Late Eocene (Casamayoran and Mustersan SALMAs)

One of the oldest Tertiary mammal faunas from Chile is that of Tapado, originating
from the Tinguiririca River Valley ca. 14 km northwest of localities that produced the
earliest Oligocene Tinguiririca Fauna (Flynn et al., 2005a; Hitz et al., 2006). No associated
radioisotopic dates have yet been reported for this locality, but samples are currently being
analyzed. Most of the several dozen specimens collected from this area have now been
prepared and only endemic ungulates have been identified. These include cf.
Ernestokokenia (a didolodontid “condylarth”), cf. Notonychops (potentially a basal
notoungulate), and four notoungulates: Notostylops sp. (Notostylopidae), Ignigena
minisculus, (Interatheriidae), Eohyrax sp. (Hegetotheria), and Pleurostylodon sp.
(Isotemnidae). These indicate a general correspondence to the Casamayoran SALMA,
suggesting a late Eocene age of at least 38 Ma and possibly substantially older, as the
extent of the Casamayoran is currently poorly constrained (Flynn y Swisher, 1995; Kay et
al., 1999; Flynn et al., 2003; Kohn et al., 2004). Numerous additional specimens that likely
pertain to the Tapado Fauna were recovered in 2006, ca. 1-2 km northwest of and slightly
higher stratigraphically than the localities originally producing this fauna.

An interatheriid notoungulate rostrum assignable to Antepithecus brachystephanus
was recovered from the Azufre River valley, a major northern tributary of the Tinguiririca, in
the 1990s (Flynn et al., 2005a; Hitz et al., 2006). This taxon otherwise is known only from
the Casamayoran of Argentina, suggesting that some Azufre strata temporally overlap
those from Tapado, at least in part. The recovery of many additional specimens from
several sites in the Azufre region in 2008 will permit a refined age assessment of this
newly identified fauna.

A remarkably thick and fossiliferous sequence occurs in the western reaches of Rio
Teno (the major drainage immediately south of Tinguiririca), with at least three
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Fig. 1. Ages of fossil mammal assemblages discussed in the text. SALMA sequence is based on
Flynn et al. (1995) as modified by Croft et al. (2008).

stratigraphically superposed faunas represented (Wyss et al., 2004). Although collected
only recently (and thus not yet studied), it is clear that the oldest of these faunas predates
the Tinguirirican SALMA, and thus too is Eocene in age.

Oligocene (Tinguirirican and Deseadan SALMASs)

One of the most important — and certainly the best known — Chilean fossil mammal
assemblage is the Tinguiririca Fauna from near Termas del Flaco (35° S, 70° W) (Flynn et
al., 2003; Wyss et al., 1994; Flynn, 2002; Croft et al., 2008). More than 350 specimens
have been collected from the locality since its discovery in 1988, representing two dozen
species of native ungulates, marsupials, xenarthrans, and rodents. The two rodent species
are noteworthy in being the earliest recorded members of that clade in South America
(Flynn et al., 2003; Wyss et al., 1994; Croft et al., 2008; Flynn and Wyss, 1998).
Approximately half of the species from this locality have been described in detail (Flynn
and Wyss, 1999; Hitz et al., 2000; Croft et al., 2003a; Reguero et al., 2003; McKenna et
al., 2006; Carlini et al., in review); current systematic efforts focus on the fauna’s four
notohippids, including two hypsodont (high crowned) and two brachydont (low crowned)
forms (Wyss et al., 2005).

The Tinguiririca Fauna differs dramatically from geologically older South American
faunas in its high proportion of hypsodont mammals; such a transition does not occur on
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other continents until 10-15 million years later (Flynn et al., 1995; Flynn and Wyss, 1998).
The well-preserved specimens from Tinguiririca have permitted a variety of analyses
focused on habitat inference, and these suggest that the mammals of Tinguiririca were
living in an environment with relatively few trees and abundant open areas (Flynn et al.,
2003; Croft et al., 2008; Croft, 2001).

Johnbell hatcheri, a recently described interatheriid notoungulate, occurs both at
Tinguiririca and in a fauna from the Rio Cachapoal, approximately 100 km to the north
(Hitz et al., 2006). The presence of the Tinguirirican archaeohyracids Archaeotypotherium
and Protarchaeohyrax (Croft et al.,2008), in addition to Johnbell hatcheri, suggests that the
fossils from Cachapoal are Tinguirirican in age — at least in part. Other taxa recorded at
Cachapoal include the marsupial Polydolops mckennai (Flynn and Wyss, 2004 ), additional
notoungulates, several xenarthrans, and at least one rodent. A trachytheriine mesotheriid
from Cachapoal — along with another from Rocas Bayas in Argentina — represents the
earliest record of this notoungulate clade (Croft et al., 2008).

Two assemblages from the Rio Maipo drainage (east of Santiago and north of Rio
Cachapoal) likely are Tinguirirican and/or Deseadan in age. The earlier discovered of
these includes the interatheriid Santiagorothia and an archaeohyracid. Few specimens
from the more recently discovered assemblage have been prepared, but it is clear that
typothere notoungulates and rodents predominate, and that armadillos are also present;
the abundance of rodents suggests a post-Tinguirirican age.

Miocene (Colhuehuapian, Santacrucian, and younger SALMASs)

More than two hundred specimens (mostly typothere notoungulates and rodents)
have been collected from the Las Lefas region, approximately 60 km north-northeast of
Termas del Flaco. Notable among these is the platyrrhine primate Chilecebus
carrascoensis, represented by a complete skull (Flynn et al., 1995). An associated
“OAr/*Ar radioisotopic date of 20.09 +/- 0.27 Ma indicates a Colhuehuapian age for
Chilecebus, making this specimen the oldest well-preserved and well-dated South
American primate cranium. Using new platyrrhine-specific equations, the body mass of
Chilecebus is now estimated to be slightly less than 600 g, giving Chilecebus an EQ of
1.11, smaller than any living anthropoid and indicating independent brain expansion for the
Old and New World anthropoid clades (Sears et al., 2008). The bulk of the Las Lefas
fauna is likely Colhuehuapian in age, although a component may be slightly older.

Colhuehuapian mammals also have been collected from several localities from the
Cura-Mallin Formation in the Laguna del Laja region of Biobio province (37.5° S, 71° W).
These are the oldest fossils from the area, with Santacrucian through ?Chasicoan taxa
having been recovered from younger levels. SALMA assignations for these faunas are
supported by a detailed stratigraphic framework (Herriott, 2006) and a series of “°Ar/*°Ar
dates spanning 20-9 Ma (Flynn et al., in press). In total, more than 250 specimens have
been collected from the nearly 2 km thick stratigraphic sequence. Laguna del Laja thus
records a nearly unparalleled succession of mammal faunas from a continuous
stratigraphic sequence spanning at least 4-5 SALMAs (Flynn et al., in press).

Among the mammals from Laguna del Laja, rodents have received the greatest
attention. They are notable for their high degree of endemism, with all twenty taxa
representing new species (Wertheim et al., 2006; Wertheim, 2007). Notoungulates are
also common, with four families represented: Hegetotheriidae (including both
Hegetotheriinae and Pachyrukhinae), Interatheriidae, Toxodontidae, and Leontiniidae.
Several dasypodid specimens have been collected, as well as a pair of mandibles of the
mylodontid sloth Nematherium. Marsupials are relatively rare, with only a sparassodont
(aff. Sipalocyon) and an abderitid identified thus far.

93



I SIMPOSIO - PALEONTOLOGIA EN CHILE - 2008

A small number of early Miocene mammals, birds, and other vertebrates have been
collected from the Cura-Mallin Formation about 100 km south of Laguna del Laja in the
area of Lonquimay (Croft et al., 2003b). The presence of Nesodon conspurcatus suggests
a Santacrucian age for fossils derived from the lower part of the Rio Pedregroso Member
(Croft et al., 2003b), and a radioisotopic date of 17.5 +/- 0.6 Ma just above the site where
this fossil was collected suggests an absolute age similar to that of Chucal (see below).
Other mammals from various localities across the region include an astrapothere
(?Astrapotherium (Marshall et al., 1990), the interatheriid Protypotherium, a glyptodontid,
and a macraucheniid litoptern (Suarez et al., 1990).

Pampa Castillo, our southernmost fossiliferous locality (47° S, 72-73° W), derives
from a thick sequence of fluvial beds in the southern Andes south of Lago General
Carrera. These strata contrast with the primarily volcaniclastic layers of the Abanico and
Cura-Mallin formations in central Chile, and in this regard the fauna is more similar to
classic mammal-bearing localities in Patagonian Argentina than to most other Chilean
faunas. The softer fossil-bearing sediments have allowed many of the nearly 300
specimens from there to be prepared, and 36 species have been identified (Flynn et al.,
2002a). The fauna is Santacrucian in age, and it is broadly similar to late early Miocene
faunas from the coast of Santa Cruz province, Argentina.

The Chucal Fauna from the Chilean Altiplano resembles that of Pampa Castillo in
being derived from fluvo-lacustrine rather than volcaniclastic strata (Charrier et al., 2005)
and in pertaining to the Santacrucian SALMA. It contrasts with Pampa Castillo in its high
degree of endemism; approximately 50% of species are new (Flynn et al., 2002b; Croft et
al., 2004; Croft et al., 2007). This endemism no doubt is partly attributable to its location in
extreme northern Chile (19° S, 69° W), more than 3,000 km north of Pampa Castillo and
classic Santacrucian localities. The fauna is bracketed by radioisotopic dates indicating an
age of between 17.5 and 18.8 Ma. Most of the 18 species present in the fauna now have
been described, including seven notoungulates (toxodontids, mesotheriids, and a
hegetotheriid), a litoptern (Theosodon), and three cingulate xenarthrans (a dasypodid, a
peltephilid, and a glyptodontid) (Croft et al., 2004; Croft et al., 2007; Bond and Garcia,
2002). The three mesotheriids and the glyptodontid (Parapropalaehoplophorus
Septentrionalis) are basal members of their respective clades, suggesting that the
intermediate latitudes might have been important centers of origin/diversification for these
groups (Croft et al., 2004; Croft et al., 2007). The rodents are currently under study, but
the most abundant species - a chinchilline chinchillid - extends the fossil record of this
subfamily back some 15 million years and also underscores this region as a center of
diversification for major groups (Flynn et al., 2002b).

Mesotheriids are the only Tertiary fossil mammals known from the Precordillera of
northernmost Chile, being represented by Caraguatypotherium munozi from the mid-late
Miocene (~10-12 Ma) Huaylas Formation near Caragua (Flynn et al., 2005b). Their rarity in
coeval higher latitude and tropical assemblages, but commonness in the Bolivian and
Chilean Altiplano, further emphasizes the biogeographic distinctiveness of this region.

Several faunas from the Abanico Formation south of Termas del Flaco may pertain
to the Colhuehuapian and/or Santacrucian SALMAs. Investigations are ongoing, but
preliminary study has revealed that small marsupials, several notoungulates clades, a
litoptern, several species of rodents, various armadillos, and sloths are present.

Summary

In the span of two decades, the Andean Main Range of Chile - once regarded as
barren of terrestrial vertebrate fossils - is now recognized as one of the continent’s
greatest archives of Cenozoic mammal evolution. Recent discoveries have filled numerous
geographic and temporal gaps in the South American mammal record, and have permitted
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the recognition of a new SALMA (the Tinguirirican). These paleontological discoveries also
have greatly clarified the chronology of the post-Neocomian Andean cover rock
sequences, thus illuminating the geologic history of this intensively studied mountain range
in the process. Moreover, the volcanic nature of these sequences provides an unparalleled
opportunity to calibrate the SALMA succession.
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