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ABSTRACT

Middle Miocene fluve-lacustrine strata of the Rio Pedregose Member of the Cura-Mallin Formation are broadly
axpogad to the east and south of tha town of Lonquimay, Chile. These strata accumulated in tha extensional Cura-Mallin
Basin, a basin which was subsequently inverted. The original depocenter is interpreted as a double hall-graben,
diachronic sub-basin system, A partial left mandible was collected from the Cura-Mallin Formation near the base of Cerro
Tallan along the west bank of the Ric Bicbio. Morphological and morphometric comparisons permit referral of the
spaciman to the toxadontid notoungulate Nesodan conspurcatus. This raprasents tha first rapor of Nesodon conspurcars
outside of Patagonia and one of the few well-documented occurrences of Nesodon outside of high latitude Argentina. The
widespread geographic range of Nesodon, combined with its restricted termporal range, suggestit may be one of the most
uzaeful indicator taxa for Santacrucian aga faunas. Tha absanca of MNagodon in tha typa Friasian assamblage at Rio Frias/
Cisnesin Chilaan Patagonia strengthens the case for a faunal distinction between the Santacrucian and Friasian SALMAs,

Key words: Cura-Mallin Formation, Tectonics, Andes. Early Miocene, Samacrucian, Notoungulata, Toxodontidas. Longuimay, Chile.
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RESUMEN

Un toxodonte (Mammalia: Notoungulata) del Mioceno de la serie sedimentaria de la Formacion
Cura-Mallin (Cuenca de Cura-Mallin, regidn de Lonquimay, Chile). Estratos fluvio-lacustres del Misceno
medio del Miembro Rio Pedregoso de la Formacion Cura-Mallin estan ampliamenle expuestos al este y al sur de la ciudad
de Lonquimay, Chile. Estos estratos se acumularon enla cuenca axtensional de Cura-Mallin, la cual postenionmente sulno
una inversion tectanica. En esta regidn esta cuenca se interprata coma un sistema de subcuancas diacrinice compuasto
por dos half-graben. En estratos de la Formacion Gura-Mallin expuestos en la ladera occidental del Cerro Talldn, en la
orilla oeste del rio Biobio se encontrd una mandibula izquierda incompleta de un notoungulado Woxoedontido. Compara
cionas morfolégicas y morfométricas indican que el ejemplar pertenece a Nesodon conspurcaius. Esle es el prumer
hallazgo de Nesodon conspurcatus que se realiza fuera de Patagonia y una de las pocas ocurrencias bien documeantadas
de Nesodonen regiones de allalatitud fuera de Argentina, La amplia distribucién geografica de Nesodon y su restringido
rango de distribucian temporal, sugieren que este laxdn podria ser uno de los indicadores mas utiles para las faunas
pertenacientes a la edad Mamifaro Santacrucensa. La ausancia da Nesodon en |a fauna tipo de la Edad Mamifero
Friasense en Rio Frias/Gisnes, enla Patagonia chilena, parece confirmar lo anterior y sugiera la posibilidad de establacer
una distincion faunistica entre la Edad Mamifero Santacrucense y el Friasonse.

Palabras claves: Formacion Cura-Mallin, Tecldnica, Andes, Mioceno lamprana, Santacrucense, Netoungulata, Toxodontidae. Longuimay.
Cohuiler,

INTRODUCTION

Only a single extensive pre-Holocene fossil
mammal fauna was known from Chile prior to about
15 years ago (Ric Frias/Cisnes, the lype sequence
of the Friasian SALMA; Raoth, 1908; Marshall and
Salinas, 1990; Flynn and Swisher, 1885), although
Cenozoic faunas have been discovered in several
parts of the Chilean Andes since then (Marshall et
al., 1880; Suarer et al, 1990; Wall af al., 1881;
Wyss el al.. 1993, 1994; Flynn et al., 1995, 1999,
2002a, 2002b, 2003, in press). The Longuimay
region, 600 km south of Santiago (Fig. 1), is one of
several parts of the country holding significant
promise of producing additional such fossils.
Aemains of a variety of vertebrates (including fishes,
mammals, and a bird) have been collected from
exposures of the Cura-Mallin Formation near
Lonquimay (Marshall et al, 1990; Suarez el al.,
1940: Wall et al., 1991: Rubilar, 1994; Azpelicueta
and Rubilar, 1998). Preliminary identification of
previously discovered mammal remains (Marshall
et al., 1980; Suarez of al,, 1990) suggested that the
fossils were referable to the Santacrucian South
American Land Mammal 'Age’ (late early Miocene,

17.5-16.3 Ma, sensu Flynn and Swisher, 1995).
Fosesil leaves and pellen collected from the region
suggest the area had a cool, wet climate at the time
of deposition (Falma-Heldl, 1983; Palma-Heldt and
Rondanealli, 1990),

In 2000, two of the authaors (PR, EZ) collectad a
large fossil mandible in the region of Cerro Tallon,
approximaltely 15 km scutheasl of the town of
Lonquimay. In March 2001, several of the authars
returned to prospect for additional fossil mammal
localities. Small collections were made from the Rio
PedregosoMember of the Cura-Mallin Formation at
several other sites, including: the east side of the
Rio Pedregose; the north/northeast flank of Cerro
Aucananco; and lhe southwest flank of Cerro Los
Tres Pinos. Preliminary identifications of the
unprepared specimens suggest the presence of at
least one rodent and one cingulate edentate, in
addition to the large notoungulate specimen collected
at Cerro Tallén described below, An updated
taxonomic list of the mammals known from the
Longuimay region is presented in table 1.
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FIG. 1 Map viaw of the locality of Nesodon conspurcarus irom Cerro Talldn. Shaded boxes represent insel maps, Stipple pattern in nght
insal represents surlace culcrops of Ihe Rio Pedieqoso Member of the Cura-Mallin Formation. Figura moditied from Azpelicueta
and Rubilar (1998) and Suarez and Emparan (1995).

TABLE 1. FOSSIL MAMMAL FAUNA OF THE RiQ PEDREGOSO
MEMBER OF THE CURA-MALLIN FORMATION NEAR
LONQUIMAY, CHILE.

Source

Taxon
| T 1
| Edentata |
I Glyptadantidas |
| gen. et sp. indet Suarez at al., 1990 |
| TRodeniia Suarez et al, 1980 |
| Motaungulata {
Inmeratheridae
| Prolypotherium sp. Sudrez el al., 1980
i TMeazothariidae Suarez el al.. 1990
[ Toxodontidae |
' Nesodon conspurcatus  Present study
Litapterna
‘ Macraucheniidae I
gen. el sp. indel, Sudrez efal, 1990
| Astrapotharia
| Astrapotheriidas
. Aslrapotherium sp. Marshall er af., 1990
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MATERIALS AND METHODS

Upper tooth loci are indicated by upper case
letters (e.qg., 11, P2, M1) and lower tooth loci by lower
case lﬂhﬂrs'[e.g.. i1, p2, m1). Terminology for
toxodontid molar marphology follows Madden
(1990}, Allmeasurements were laken to the nearest
0.1 mm using digital calipers. The coetficient of
variation (CV) for dental measurements was
calculated as: V=100 x (standard deviation/mean)
following Gingerich {1974).

Abbreviations - AMNH, American Museum of

Natural History, New York: FanH, The Field Museum,
Chicago: PU, Princeton University Collection (now
housed at Yale University, New Haven, Conneclicut);
SGOPY, vertebrate paleontology collections, Mu-
seo MNacional de Historia MNatural, Santiago; Ma,
megannum; mm, millimeter: cm, centimeter;, m,
meter; km, kilometar; 5.1, sensu lalto, 5.5, sensu
stricto; SALMA, South American Land Mammal'Age’,
an mformal bicchronologic unit used for
intracontinental correlation of fossil mammal launas.

GEOLOGIC CONTEXT

Thick late Eocene through early-middie Miocene
iWyss et al, 1993, 1994, 1986; Flynn et al, 1995,
Sudrez and Emparan, 1995; Charrier ef al., 1996)
volcanic, volcaniclastic, and sedimentary deposits
are widely exposed (spanning at least 32.5-43°5) in
the Andean Principal Cordillera and the Chilean
ecastern Central Depression, These deposits ac-
cumulated in extensional basins (probably trench-
parallel), which subsequently became invarted (Fig.
2. Elgueta, 1990; Vergara et al,, 1997, Jordan et al.,
2001; Charrier et al., 2002; Radic of al., 2002).

Middle-lale Cenoczeic strata infilling the Cura-
Mallin Basin between 36 and 3975 include the Cura-
Mallin, Trapa-Trapa, and Mitraugquén formations in
Chile (Gonzalez and Vergara, 1962, Niemeyer and
Munoz, 1983, Munoz and Miemeyer, 1384; Emparan
et al, 1992: Sudrez and Emparan, 1985, 1997).
Equivalent deposits on the Argentine side of the
Principal Cordillera include the Estratos del Estero
Tabanos and Estratos del Arroyo Carbon (Sarris,
1984). The basin is floored by the Jurassic Nacien-
les del Bio-Bio Formation (Suarez and Emparan,
1897), which correlates with the Cuyo Group of the
Meuquén Basin at this latitude (de la Cruz and
Suarez, 1997). Mid-late Cenozoic deposits make
up two essentially north-south oriented swaths,
separated by undeformed Plio-Pleistocene volcanic
rocks,

Two contemporaneous, interfingering lithosomes
arfacies comprige the Cura-Mallin Formation (Burns,
2001; Radic etal, 2002). The volcanic-volcaniclastic
facies (Guapitrio and Rio Queuco Members) consisl

of ashfall deposits, pyroclastics, and minor andesitic
lavas and hypabyssal bodies (Suarez and Emparan,
1995). The sedimentary facies (Malla-Malla and
Rio Pedregoso Members) are composed of fluviatile-
alluvial sandstones, conglomeratic sandstones and
conglomerates, as well as lacustrine siltstones,
sandstonas, limestonas, and coals (Suarez and
Emparan, 1995). Based on depositional features,
age, and inferred palecenvironments. Radic ef al.
(2002) suggested the probable existence of at least
two sedimentary half-grabens with opposite polar-
ities. These sub-basins, ane south of 3875 (with a
single depositional cycle, at least 2,600 m thick, 22-
8 Ma; Suarez and Emparan, 1895, 1997} and the
other north of 38°5 (two cycles, 400 m |western
margin] to 3,000 m [easterm border] thick, ~26-22
Ma), were tectonically inverted during the late
Miocenea (Burns and Jordan, 2000; Carpinelh, 2000
Radic ef al, 2000), and are separated by an
accommedalion zone that coincides with Pliocene
volcanic activity {Copahue and Callagui Volcanoes)
(Fig. 2). The mandible described here (SGOPV
5226), was collected from the western border of the
southern sub-basin of the Cura-Mallin Basin, within
the sedimentary facies of the Cura-Mallin Formation
(Rio Pedregoso Member). The sedimentary series
from which the new fogsil derives iz described below
{Fig. 3).

The lower part of the stratigraphic column
consists of a 500 m thick senes of flunatile-alluvial
sandstones, conglomeratic sandstones (with
argillaceous matnx), and water-deposited tuffs. The



[LA. Croft, JP. Radie, E. Zurita, R, Charrigr, J.J. Flynm amd AR, Wyss 189

NORTHERN SUB-BASIN SOUTHERN SUB-BASIN

m
o P P ekcanics
) Som (1.0 - 5.0 Ma)
4 1.0 = 5.0 Maj N
e Mirauguén Fm.
) ¢ (8.0 - 8.5 Ma)
1 Trapa-Traga Frn. o
1 (14.7 - 18.2 Ma)
Cura-Mallin Fm

{10.7 - 18.9 Maj

=3

Cura-Matlin Fm
[22.8 - 2446 Ma)

\ RARIM FALILT

Lo

Jurassic Sirala

Jurassic Straa
(] Anwvial  [] Lacustane B ria | REERE

FIG. 2, Tectono-sedimantary model of the north-south irending Oligo-Miocene extensional basin betwean 37 and 385 twe companments
are developed, separated by an obligue accommaodalion zone. Synthatic siratigraphic columns for each compartment an also
representod, The volcanic facies of the Cura-Mallin Formation (corresponding to the Guapitrio Membaer, Suaraz and Emparan.,
1905, 1097), that undarias and laterally imerfingers with the sedimentary lacies from the wesl, has been dated near ifs base at
20.3, 19.9 and 19.1 Ma. The bone symbol indicatas the stratigraphic position of the Nesodon mandible descrbed i this paper
(SGOPY 5226). The figure is based on Radic el al, 2002

Cura-Malin Facies:

volcanic composition of the clasts, and the argil-

{m} | MITRAUGQLUEN FM, laceous matrix, indicate that these sediments were
4% % |a— E0:03Matosss28Ma transported by moderate energy rivers draining a
w0 o O voleanic source aréa, The mandible was collected
| 1 o .-;;,'] near the top of this lower part of the section, ina 5
| 40 - O m thick series of green, fine lo coarse-grained,
5 o O CURAMALLIN FlL. mantmorillonite-rich sandstones, with thin wifaceous
| 2000 |Rio Pedregoso Member) . !
i 1Qe Do intercalations.

The middle part of the section is a 400 m thick
lacustrine sequence, consisting of a series of 15-20

FIG. 3. Stratigraphy of tha Rio Padragoeso Member of the Cura-
Mallin Formation based on exposures in ihe Rio Pedra-
quso Valley (the eastam flank of the nofh-south orlented
portion of the valley), and at Cerro Tallon (immedialely
narth of the exposures in the Rio Pedragoso Vallay).
Radiomealnc dates (K-Ar) are fram Sudrez and Emparan
(1995, 1997). Dates for the Mitravguén Formation
reprosent the range of dates reportad fof tha formation,
The bone symbel indicates the stratigraphic posiion ol
the Nesodon mandible described in this papar (SGOPY
BEPE). Keayta lithalogic symbols: (1) kava: (2)conglomerate:;
{3) sandstone; (4) siltstone; (8) cross-boedding, (6) paleo-
channed
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cm thick, gray mudstone layers, alternating with thin
tuffaceous, sandstone, and stromatolitic layers.
Some sandstones are tuffaceous, whereas others
are calcareous, bioclastic, stromatolitic, or oolitic
{theze latter sandstones contain brackish-water
ostracodes, pelecypods, and gastropods).

The upper part of the stratigraphic column is
1,600 m thick; it coarsens upward, and can ba
subdivided into three portions. The lower portion
consists of alternating sandstones and thin
calcareous mudstones with gastropod remans; itis
interpreted to have been deposited in a shallow
lacustrine environment and in deltaic fans. The
rmiddle portion consists of hihic sandstones, with
white vitroclastic tufts, and tuffaceous sandstone

intercalations. The sandslones arg cross-badded
and some horizons contain carbonized vegetation,
silicified logs, and gastropod fragments. The
depositional environment corresponds to a delta
prograding overlacustrine facies. The upper portion
contains cross-bedded sandstones, tuffaceous
breccias, twffs, and conglomeratic sandstones
{contaning andesitic, and minorangular tuff, clasts).
This interval was likely deposited in an alluvial
channel system.

The Rio Pedregoso Member is overlain (ap-
parently conformably) by the late Miocene
conglomeratic and volcanic Milrauguén Formation
{see Fig. 3).

SYSTEMATIC PALEONTOLOGY
Notoungulata Roth, 1903
Toxodontia Owen, 1853

Toxodontidae Gervais, 1847
Nesodontinae Murray, 1866
Nesodon Owen, 1846

Nesodon conspurcatus Ameghino, 1887

Material: SGoPy 5226, a partial left mandible
preserving the base aof the third incisor and nearly
complete p3-ma3 (Fig. 4).

FIG, 4. Photograph of left mandible of MNesodon conspurcatus
(SGEOPY 5228 m lnteral vicw, Scale bar coquals 5 om

Locality: the northern slope of Cerro Tallon, above
the western bank of the Biobio River, approximately
15 km southeast of Lonquimay (Fig. 1). Lower pan
of the Rio Pedregoso Member, Cura-Mallin
Formation, Cura-Mallin Basin, Chile. Santacrucian
SALMA (zee below)

Description: SGOPV 5226 consists of a partial left
mandible that has been partially prepared. Most of
the honzontal ramus is preserved in addition to part
of the ascending ramus. The alveolar and inferior
margins are roughly parallel, with the depth of the
mandible averaging approximately 75 mm. The
symphysis is short and unspecialized, bearing a
shallow digastric fossa.

In antarior view, i3 is plainly visible in cross
section (Fig. 5). It is a strongly procumbent,
hypselodont (ever-growing) tooth, sub-triangular in
shape. 1z longitudinal axis is nearly aligned with
that of the mandibular ramus. The greatest dimen-
sion of the tooth is 30 mm (as measured from the
venlromedial to the dorsolateral corner); it measures
16 mm perpendicular to this maximum dimension.
The mandible is expanded laterally at the base of
Ihe 13 lo accommodale the tooth's large size, and a



DA, Crofr, JP. Radic, E. Zurita, R. Charmier, J.J. Flynn and A R Wyss a0

FIG. 5 Camera lucida drawing of the root of I3 of Nescdon
conspurcals (SGOPY 5228) in anlersor view. Scale bar
aquals 5 mm.

large mental foramen is present just posterior to this
expansion. A smaller foramen is present directly
below the juncture of pd4 and m1 on the external
surface of the mandible.

Five cheek teeth are preserved, the last two
premaolars and all three molars (Fig, 6). Although

none is in perfect condition, most have lost only
small sections of the occlusal surface, allowing
occlusal cutlines to be interpreted clearly. All teeth
are fully erupted and have undergone moderate
wear, indicative of a fully malure animal. The leeth
are very hypsodont (Hypsodonty Index (HI = crown
height / crown length) for m1 = 2.2) with thick labial
enamel, thin to absent lingual enamel, and a very
thin layer of cementum iregularly covering all
external surfaces. Measurements are provided in
table 2.

The check teeth exhibit simplified occlusal
surfaces and prominent hypeflexids (buccal ename|
tfolds). A central fossa is present in p4 and m1, the
result of isolation of the lingual meta-entoconid fald.
This area is not preserved in p3 nor in m2 and the
fold is still patent in m3. A single talomd fossethd is
present in mi, the remnant of the lingual ento-
hypoconid fold. This fossettid and an additional
accessory fossettid (located more antenorly) are
presentinm?. Only the accessory fossethid is present
in m3, the broad ento-hypoconid fold showing no
indication of closure.

DISCUSSION

Basedonthe specimen's large size, procumbent
and tusk-like i3, vary high-crowned cheek teath,
limited cementum, and derived reduction of enamel
along the lingual portions of the molars, the specimen
can confidently be referred to the Toxodontidas
(Madden, 1990; Cifelli, 1993; Nasif et al., 2000). The
unspecialized morphology of the mandibular
symphysis and the presence of two lingual folds
plus an accessory fossettid in the lower molars
excludes the specimen from all traditional toxodontid
‘subfamilies’ otherthan the basal, likely paraphylelic,
Nesodontinae (Maddan, 1990, 1937; Nasif af al,
2000).

Three majortaxa are generally recognized within
the Nesodontinae: Froadinothenum, Adinotharium,
and Nesodon (Madden, 1990, 1997, Cifelli, 1993;
Masif et al, 2000}, The Cerro Talldn specimen
differs from Proadinothenum in having maore hy-
psodont cheek teeth (in Proadinotherium HI ranges
from 0.5 to 1.0). Additionally, it is comparable to
Nesodon, and differs from both Proadinotherium

and Adinotherium, in having a reduced enamel
hand along the labial face of m1 (comprising 58% of
crown length in the Tallén specimen versus more
than 65% crown length in Proadinotherium and
Adinotheriurm; Madden, 1990) and the external face
of m1 talonid flattened and sharply angled posteriary
(it is smoothly convex in Proadinotherium and
Adinotheriunm; Madden, 1990). Since both Proading-
therium and Adinothenum are small-bodied, the
relatively large size of the Cerro Talldn specimen
further supports its referral to Nesodon.

In s revision of Nesodon, Scotl (1912) rec-
agnized three species: N. imbricafus, N. comutus,
and N. conspurcalus. Nesodon imbricatus is the
mostcommaon of the three and numerous specimens
{including nearly complete skeletons) have heen
referred to it In contrast, N, comuius is known only
fromats holotype, a nearly complete skullwith heawily
damaged teeth. Itis distinguished from N. imbricatus
by its unusually high occiput and the possible pre-
sence of a dermal horn. N. conspurcalus was



FIG, 8. Photograph (above) and camera lucida drawing (below) of left p3-m3 of SGOPY 5226 in occlusal view. Antenar s to the nght. Scake

bar equals 1 cm.

TABLE 2. MEASURFEMENTS OF LOWER TOOTH DIMENSIONS FOR SELECTED SPECIMENS OF NESODON AND ADNNOTHERILIM
(TOXODONTIDAE: NESODONTINAE].

Specimen

SGOPY 52268 (Carro Talldn)  Unkn

FMBH F13065
FMNH P130759
FMNH P13084
FMMNH F130491
FMNH LC1330
P o492
PL 150
PU 15336

PL 15 lﬂ.'"
Acrotherium patagormicu’ =
MNaosodon

nepanT"

m elegens””
FMMH 12066

FMMH P13104

FRINH P13115

FRMMNH P 13229
PU15131°

PU 15136°

PLI 15003

AMNH 9532°

 Lkala Irom Sooll, 1812

canngrum™®

Taxon

I

N. imbricatus
N, imbricaius

canspurcalis
N, conspurcalus
A oo
A. avinum
A awvirrurm

s

A, avi

QI

reabesturn

** Daata from Merceral.

2156

18.0
18.0
16.0
1.8
LR ]

12.0

1891

pa

101
12.6

14
i4
T4

=

14,

L

1256
16
16

14

8.5
a0
12.0

211
22.1

75 1

227

259

E b o= B oA -

24.0
30.5
28.6
26,8
30.7
299 {

27

Pa B3 L3
o

o=

oo o

I oPa B

142
15.0
i J|- ::.u
158
14

16

145

1.9
15.7
153

16.7

16.1
15
168.5

15

m2

L W
(28.8) (12.2)
58 1813
K| 16.0
3549 17.4
35.3 158
Jh.4 10.f
a4 165
&8 17
34 15
36 13
385 195
3z 20

4.0

2.0 120
. 1.4
17.2 1
17.89 8.6
19.9 a.0
M4 106
18.5

(]

17
21

mi

49

HE

34.0

23.1

29.0
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originally described by Ameghino (1887) based an
a single specimen, a series of five maxillary leeth.
Subsequently, Scofit (1912) considered ten other
taxa junior synonyms of N, conspurcatus, significant-
Iy increasing lhe number of referred specimens,
This species is distinguished from N. imbricalus and
N. cornutus by its smaller size.

The question of how to distinguish sympatric
tossil species based solely on size has been a lopic
of significant controversy, and no standard by which
to do so has been generally recognized (Martin and
Andrews, 1993). Twocommoenly employed methods
are bivariate plots and the coefficient of vanation
(CV; Gingerich, 1974).

A bivariate plot of lower tooth dimensions for A
imbricatus, N. conspurcatus, and Adingthenuwm 12
presentedinfigure 7. Thefigure clearly demonstrates
that specimens of all three species plot in distinct,
non-overlapping cluslers, thereby supporting Scott's
recagnition of at least two species of Nesodon. No
tooth size data were available for the poaorly
preserved, single specimen of N. comutus, but
published descriptions suggest it to be similar to

smaller specimens of N. imbnicatus (Scott, 1812}
The Cerro Tallén specimen plots within the cluster
of specimens referred by Scott (1912) to N
conspurcatus, suggesting it pertains to thal species.

Recognition of at least two species of Nesodon
is further suggested by coefficients of variation
calculated for a combined sample of N. imbricatus
plus N. conspurcatus. Among madern taxa, single
species CV values for m1 length rarely exceed 8.0
(Plavcan, 1993) and dental CV values in genaral
rarely excead 10.0 (Gingenich, 1974; Cope, 1993;
Plavcan, 1993). The CVe computed for Nesodon
are 9.1 for m1 length and 17.7 for m1 width,
suggesting that the combined sample likely includes
at least two species. Although the presence of high
CVs at additional tooth positions would lend further
support to amultiple-species hypothesis for Nesodan
{Cope, 1983), the lack of necessary data for N.
conspurcatus precludes such calculations for a
combined sample. Based on the bivariate analysis
and CV data, the specimen from Cerro Talldn is
referred to N, conspurcatus.
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CONCLUSIONS

Nesodon i best known from the nch Santa-
crucian (late early Miocene) deposits along the
Atlantic coast of Patagonia (Fig. 8; Scott, 1912). The
laxon has also been lisled as occurring at Rio Frias
(= Rio Cisnes) in southem Chile (the type locality for
the ‘Friasian' SALMA, sensu stricte) and the Rio
Collon-Cura in Meuguén Province, Argentina
{Colloncuran SALMA) (Bondesio af al., 1980). In his
detailed revision of Palyeidedon and other early to
middle Miccene loxedontids, however, Madden
{1990) lists Nesodonas restnctedto the Santacrucian
SALMA, and Palyeidodon asrestricted ta the middle
Miocene Friasian' (sensu stricto; 716.5-715.5 Ma)
and Colloncuran (15.5 -14.0 Ma) SALMAS,

Apart fram the Chucal Fauna of northem Chile
(Charrier of al., 1994, 2000; Flynn &t al, 19399,
2002a; Crolt et &l in press), reports of Nesodon
outside of Patagonia are poorly substantialed.
Douglas (1914) collected a mandibular symphysis
from the Bolivian Alliplano that was later identified
by Dr. CW. Andrews as Nesodon, bul this frag-
mentary specimen was not figured and has not
been conclusively relocated (R. Madden, oral com-
munication, 2000). Schaub (1935) reported "7 Neso-
don spec.” from the 'La Vela Series’ near San Juan,
Venezuela, but the identification was based only on
the semilunar notch of an ulna. C. de Paula Couto
described Nesodan imbricatusfrom several localitics

along the Rio Jurua of Acre, Brazil based onisolated
incisors, a partial upper M2, a partial ulna, and a
portion of the occipital region of the skull {de Paula
Couto, 1981, 1982). However, the partial M2, likely
the mosl diagnostic of the specimens, differs
significantly from typical Nesodon imbricatus from
Patagonia; the malaris very narrow for s length (in
spile being from an mature individual) and exhibits
accessory fosseltes, a feature thal has not been
previously recorded in Nesoden. The unusual
morphology of M2 and the fragmentary nature of the
other specimens do not convincingly support their
assignment to Nasodon imbrncalus.

Within Chile, Nesodon has been reportad from
the Altiplane Chucal Fauna (see above) and the
Patagonian Pampa Caslillo Fauna from the Meseta
Guadal south of Lago General Carrera (Flynn ef al..
2002b), in addition to Cerro Tallon. All of these
occurrences appear to be Santacrucian in age. The
Chucal Fauna, in addition o including many typical
Santacrucian taxa. is constrained by radicisolopc
dates between approximately 21.56 and 17.5 Ma
{Bond and Garcia, 2002; Gharrier et al,, 2002; Croft
et al. in press); it thus likely represents an carly
Santacrucian fauna, potentially extanding the age
range of that SALMA. Pampa Castillo, whila not
constrained by radioisolopic dates, includes a
diverse mammal fauna (at least 36 species) permit-

FiG. 8. Aestoration of the skeleton of Nesodon imbricalus (Irom Scoll, 1912, Plate X11), a closea relative of Nesodon conspurcalus. In life,
e anmal would Ravie Deen approximately tha size of a domastic cow (Bos taurus).
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ting a confident biostratigraphic correlation with
Santacrucian faunas of Argentine Patagonia {Flynn
etal., 2002b). Fossil mammals previously collected
from a wvanely of levels within the Cura-Mallin
Formation near Lonquimay (e.q., Astrapotherium,
Marshall et al., 1950) also suggested the fauna is
referable to the Santacrucian SALMA.

Al Longuimay, the middle part of the Rio Pedre-
goso Member (ie., lacustrine association; Fig. 3)
rangesinage between 13 and 17.5Ma (Suarez and
Emparan, 1995, 1997). Although the base of the Rio
Pedregoso Member has not been dated directly,
interfingering of this unit with the Guapitric Member
{alaterally equivalent facies) suggests thatit extends
no older than approximately 20 Ma (Suarez and
Emparan, 1935, 1997). The Cerra Tallon spaciman
of Nesodon conspurcatus was collected from near
the top of the lower part of the Rie Pedregoso
Membar{ra., alluvial-fluval associalion), suggesting
an age slightly alderthan 17.5 Ma and younger than
20 Ma.

Flynn and Swisher {1995) estimated the Santa-
crucian SALMA to span approximately 17.5-16.0
Ma. The presence of Nesodon (a typical Santa-
crucian mammal; see below) in strata slightly older
than 17.5 Ma both at Cerro Tallon and at Chucal
suggests that the Santacrucian SALMA may extend
slightly older than previously believed (see also
Croft &t al, in press). Since no lerrestnal mammal
faunas have been shown to conformably underlie
Santacrucian faunas, this age revision is not sur-
prising.

Simpson (1980, p. 146} noted that Santacrucian
faunas, although extremely rich and well-presarvad,
were 'known only from a limited region in southern
FPatagonia’. The seres of new Chilean faunas greatly
axpands the geographic distribution and knowledge
of assemblages assigned to this SALMA. The re-
semblance of the Pampa Castillo Fauna of southem
Chile to traditional Santacrucian assemblages of
Argentina suggests a relatively homogenous habitat

across all of Patagonia in the late early Miocene; on
the cther hand, the unusual taxonomic composition
of the Chucal Fauna of northern Chile suggests that
significant South American provinciality had deve-
loped by this time (Flynn, 2002; Flynn et al., 2002a,
in press; Croft et al., in press).

Nesodan does not occur in the type Friasian
assemblage at Rio Frias/Cisnes in the Chilean
Patagonia; in contrast, Palyeidodeon is present in
both Friasian deposits in Chile and slightly younger
Colloncuran SALMA deposits in northwest Argenti-
na {Madden, 1990). The widespread geographic
distribution of Nesodon durnng the Santacrucian
SALMA (from 18 to 477 within Chile, and to higher
latitudes within Argenting Patagonia), its restricted
temporal range (Sanlacrucian SALMA only), and its
general abundance ('by far the commaones! [of San-
ta Cruz ungulates]; Scoft, 1912, p. 118) suggest
that Nesodon may be one of the maost usefulindicator
taxa for Santacrucian age faunas throughout much
of South America. Moreover, the contrasting tem-
poral occurrences of Nesodon (late early Miocana)
and Palyeidodon (middle Miocene) provide further
evidence for a faunal distinction between the
Santacrucian and Friasian SALMAs, suggested by
some workers (e.g., Marshall, 1980, Marshall and
Salinas, 1990) to be coeval. Although Bond and
Garcia (2002) reported 7 Palyerdodon sp. from the
Chucal Formation of northern Chile (Santacrucian
SALMA), the specimen they describe does not appear
to pertain to P. obtusumn, the only species of
Palyeidodon currently recognized (Maddan, 1990;
Bond and Garcia, 2002; Croft ef al, in press). Until
this specimen's specific identity and phylogenetic
relationship to P. obfusumara determined, its beaning
on the temporal range of Palyeidodon is uncertain

The Cerro Tallén specimen thus represents the
third report of Nesedoen from Chile (and second
definitive occurrence of the taxon outside of Pata-
gonia), and the firstidentification of N, conspurcatus
outside of high latitude Patagonia,
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