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ArtiC{e history: The early Miocene Santa Cruz Formation (SCF) in southern Patagonia hosts the Santacrucian South
Received 6 October 2015 American Land Mammal Age (SALMA), whose age is known mainly from exposures along the Atlantic
Received in revised form coast. Zircon U-Pb ages were obtained from intercalated tuffs from four inland sections of the SCF:
28 April 2016 17.36 + 0.63 Ma for the westernmost Rio Bote locality, and 17.04 + 0.55 Ma—16.32 + 0.62 Ma for central
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Available online 25 May 2016 Rio Santa Cruz localities. All ages agree with the bounding age of underlying marine units and with

equivalent strata in coastal exposures. New ages and available sedimentation rates imply time spans for
each section of ~18.2 to 17.36 Ma for Rio Bote and 17.45—15.63 Ma for central Rio Santa Cruz (Burdi-

Isﬁzﬂﬁiaﬂ galian). These estimates support the view that deposition of the SCF began at western localities ~1 Ma
Notohippidian earlier than at eastern localities, and that the central Rio Santa Cruz localities expose the youngest SCF in
Chronostratigraphy southern Santa Cruz Province. Associated vertebrate faunas are consistent with our geochronologic
Fossil mammals synthesis, showing older (Notohippidian) taxa in western localities and younger (Santacrucian) taxa in

central localities. The Notohippidian fauna (19.0—18.0 Ma) of the western localities is synchronous with
Pinturan faunas (19.0—18.0 Ma), but older than Santacrucian faunas of the Rio Santa Cruz (17.2—15.6 Ma)
and coastal localities (18.0—16.2 Ma). The Santacrucian faunas of the central Rio Santa Cruz localities
temporally overlap Colloncuran (15.7 Ma), Friasian (16.5 Ma), and eastern Santacrucian faunas.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction Basin in southern Patagonia (Fig. 1). It is one of the richest Cenozoic
vertebrate fossil units of South America upon which was based the

The early Miocene Santa Cruz Formation (SCF) is a terrestrial Santacrucian South American Land Mammal Age (SALMA) (e.g.
sedimentary unit, widely distributed in the Austral (or Magallanes) Simpson, 1940; Vizcaino et al., 2012, and references therein). The
SCF crops out in a large area within Santa Cruz Province (Fig. 1B),

including the northwest region of Lago Posadas and Lago Belgrano,

"+ Corresponding author. the central and southwest regions of Lago Cardiel and Lago
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com (J.C. Fernicola), mattkohn@boisestate.edu (MJ. Kohn), robintrayler@u. between Monte Ledn and the Rio Gallegos estuary (Fig. 1B). The first
boisestate.edu (R. Trayler), maxinaipauer@gl.fcen.uba.ar (M. Naipauer), msbargo@ geologic section and fossils of the SCF were described by Sulivan in
fenym.unlp.edu.ar (M.S. Bargo), richard.kay@duke.edu (R.F. Kay), vizcaino@fcnym. 1845 from the cliffs of the Rio Gallegos (Brinkman, 2003)‘ The
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Fig. 1. Location maps. A) Regional location of the study area. PI: Pilcaniyeu Ignimbrite; RC: Rio Cisnes; GB: Gran Barranca. B) The distribution of the SCF and equivalent terrestrial
Miocene units in the Santa Cruz Province is indicated (yellow). LPo: Lago Posadas; PSN: Portezuelo Sumich Norte; MBe: Meseta Belgrano; LCa: Lago Cardiel; RCh: Rio Chalia; LAr:
Lago Argentino; SBa: Sierra Baguales; RSC: Rio Santa Cruz; MLNP: Monte Le6n National Park; RCo: Rio Coyle; RGa: Rio Gallegos. C) Santacrucian localities in southern Patagonia
mentioned in this work. Red stars indicate study localities: RB: Rio Bote; YH: Yaten Huageno; SBB: Segundas Barrancas Blancas; BB: Primeras Barrancas Blancas. The green dashed
line indicates part of the trace of the cross-section of Fig. 8. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)

formation was intensively prospected along the Rio Santa Cruz and
Rio Bote in 1877 and 1887 by EP. Moreno and C. Ameghino,
respectively (Fig. 1). Another important expedition lead by S. Pozzi
and C. Onelli from the Museo de La Plata was launched to the same
area in 1888—1889, but its results were not formally published
(Brinkman and Vizcaino, 2014). The SCF beds along the Rio Santa
Cruz served as the basis for the definition of the Santacrucian Stage
sensu F. Ameghino (1889). Attention to these sections rapidly
declined after these early field expeditions due to the discovery of
exceptionally fossiliferous Atlantic coastal localities by C. Ameghino
in 1890. Certainly, in the southeastern region of the province, along
the Atlantic coastal zone between the Rio Santa Cruz and Rio Gal-
legos, the most extensive and continuous outcrops of the SCF are
superbly exposed. Consequently, most of the paleontologic, strati-
graphic and geochronologic research has focused on the coast (e.g.
Vizcaino et al., 2012 and references therein). Despite further spo-
radic visits by a few geologists and paleontologists during the 20th
and early 21st centuries, the Rio Santa Cruz and Rio Bote localities
originally visited by Moreno remained virtually forgotten
(Marshall, 1976). Recently Fernicola et al. (2014) revisited, relocated
and described these localities, reinitiating intensive geologic and

paleontologic studies.

Radiometric ages of the SCF were first provided by Marshall
et al. (1986) and Fleagle et al. (1995) for coastal (eastern) and An-
dean (western) localities. Blisniuk et al. (2005) published results for
the SCF for northwestern Andean region, and Perkins et al. (2012)
and Fleagle et al. (2012) more precisely constrained the ages of
numerous costal and Andean SCF localities by means of 3°Ar/*CAr
and provided a regional framework for correlation based on teph-
rochronology. No radiometric ages or tephrochronological
constraint for the SCF were available along the Rio Bote and Rio
Santa Cruz localities, however. To redress this deficiency, we pro-
vide four new laser ablation-inductively coupled plasma-mass
spectrometer (LA-ICP-MS) U-Pb zircon ages from tuff beds of the
SCF exposed at these localities. These ages allow us to integrate
these localities within the regional chronostratigraphy available for
the SCF across southern Patagonia. We also provide a preliminary
account of the fossil taxa collected at each locality and discuss the
significance of faunal differences in relation to age and geographic
distribution.



200 J.I Cuitifo et al. / Journal of South American Earth Sciences 70 (2016) 198—210

2. Geologic setting and study area

The SCF is part of the infill of the Austral (or Magallanes) Basin,
which is located in far-southern South America (Fig. 1). This basin
was formed on the foreland side of the Southern Patagonian Andes.
Two major phases of basin development are recognized (Biddle
et al., 1986): a rift stage during the Early Cretaceous and a fore-
land stage during the Late Cretaceous and Cenozoic. Flexural sub-
sidence during the foreland stage was related to the development
of a fold- and -thrust belt to the west. To the northeast, the basin is
limited by a major crustal block known as the Deseado Massif and
to the west by the Andean fold-and-thrust belt (Ramos, 1989),
which controlled and limited the development of depositional
areas, including those for the SCF. During Miocene times, a major
phase of uplift of the Andes created the accommodation space in
the foreland needed for the accumulation and preservation of thick
and widespread terrestrial and marine deposits (Blisniuk et al.,
2005; Fosdick et al., 2013; Cuitino et al., 2015). The marine de-
posits of this period are informally known as “Patagoniense”
transgression, and include the Monte Ledn (Bertels, 1970, 1980), the
Estancia 25 de Mayo (Cuitino and Scasso, 2010) and the El Chacay
(Chiesa and Camacho, 1995) formations. The terrestrial Miocene
deposits are known as the Santa Cruz Formation (Ameghino, 1889;
Furque and Camacho, 1972), Pinturas Formation (Bown and
Larriestra, 1990) and Rio Zeballos Group (Ugarte, 1956; Giacosa
and Franchi, 2001).

The outcrops of the SCF studied here are located in two different
structural domains: 1) the Rio Bote outcrops form part of a distal
frontal monocline associated with the Southern Patagonian fold-
and-thrust belt (Ghiglione et al., 2009) and show a gentle (less
than 5°) dip to the east; 2) the eastern outcrops along the Rio Santa
Cruz form part of extra-Andean Patagonia and are nearly horizontal
(Fig. 2).

The western fossiliferous locality lies in the eastern margin of
the Rio Bote valley, a tributary of the Rio Santa Cruz located to the
west of the study area (Fig. 2). At this location, the marine early
Miocene Estancia 25 de Mayo Formation underlies the SCF (Cuitino
and Scasso, 2010; Cuitino et al., 2012). The remaining three studied
outcrops are along the southern margin of the Rio Santa Cruz ().
This river drains to the east along a wide E-W incised valley that
begins at Lago Argentino to the west and empties into the Atlantic
Ocean to the east. This glacial-fluvial valley cuts deeply into the late
Cenozoic sedimentary cover of the Austral Basin. The lowest
exposed unit is the early Miocene Monte Leén Formation (MLF)
(Bertels, 1970; Parras et al., 2012), the outcrops of which are visible

to the east, near the valley floor (Fig. 2). Overlying the MLF is the
SCF, which is the best-exposed unit especially along the southern
margin of the valley. Our observations and sample collections were
made at three locations along the river. The four localities studied
here correspond to those previously located and described by
Fernicola et al. (2014) who revised the history of the pioneering
paleontological studies performed by Carlos Ameghino (C.
Ameghino, 1890) in these sites.

2.1. The Santa Cruz Formation in southern Santa Cruz Province

Stratigraphic, sedimentological and compositional data pub-
lished for the SCF focuses on the coastal localities of southeast Santa
Cruz Province, especially between the Rio Coyle and the Rio Gal-
legos estuaries (Fig. 1C). Ameghino (1906) and Feruglio (1949)
described the general stratigraphic features of this region and
pointed out a gentle tilt of the unit to the south. Feruglio (1949)
described fine-grained tuffs, mudstones and intercalated dark
sandstone levels for his Santacrucense (=SCF) beds in this region.
At two coastal localities north of Rio Coyle, Bown and Fleagle (1993)
described the SCF sedimentology, highlighting the elevated pro-
portion of pyroclastic material and the abundant pedogenetic
modifications of the sediments. Tauber (1994) provided the most
complete and detailed description for some sections to the south of
Rio Coyle. Based on lithological differences, he divided the SCF into
two members: a lower member (later called the Estancia La Costa
Member, Tauber, 1997) dominated by fine-grained pyroclastic and
epiclastic beds; and an upper member (later called the Estancia La
Angelina Member, Tauber, 1997), which is dominated by epiclastic
mudstones and sandstones. Recently, Matheos and Raigemborn
(2012) and Raigemborn et al. (2015) performed detailed sedimen-
tologic analysis for the lower part of the SCF and its transition to the
underlying MLF at the coastal localities south and north of Rio
Coyle, respectively. They interpreted the lower SCF beds as a low-
energy, floodplain-dominated fluvial system affected by pyroclas-
tic input with poorly developed paleosols. Kay et al. (2012a) inte-
grated sedimentologic and paleontologic data for coastal localities
and concluded that climate during the deposition of SCF was warm
temperate and exhibited high precipitation seasonality, with cool
wet winters and warm dry summers.

Away from the coastal localities, the SCF is poorly known. Early
general descriptions where provided by the Ameghino brothers (C.
Ameghino, 1890; F. Ameghino, 1889) who included descriptions for
the Rio Santa Cruz valley (Fernicola et al., 2014). Feruglio (1938,
1949) compiled a large number of detailed stratigraphic
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observations in the Austral Basin as a whole excepting only the Rio
Santa Cruz valley. Feruglio stressed the transitional relations be-
tween the underlying marine “Patagoniense” beds and his Santa-
cruciano (= SCF) beds. In the Lago Argentino region, Furque and
Camacho (1972) and Furque (1973) described a generalized sec-
tion of the SCF, measuring a total thickness of about 500 m.

3. Previous age determinations of the Santa Cruz Formation

K-Ar radiometric ages from tuffs of the SCF were first provided
by Marshall et al. (1986) who, with the aid of magnetostratigraphic
methods, calibrated the age of the unit for two coastal localities
(Monte Leén and Rincén del Buque) and one western locality near
Lago Argentino (Estancia La Laurita = Karaiken) (Fig. 1C), and
proposed a range of ages from 17.6 to 16.0 Ma for the unit as a
whole. Later, Bown and Fleagle (1993) and Fleagle et al. (1995)
provided “CAr/3%Ar ages of 16.59—16.18 Ma from plagioclase and
biotite separated from tuffs preserved in the lower beds of the SCF
at the coastal localities of Monte Leén and Monte Observacion (now
Cerro Observatorio, Fleagle et al.,, 2012), and reported an age of
19.33 Ma for the top of the underlying MLF. Based on these results,
these authors proposed an erosional disconformity between the
marine and continental deposits of the SCF and MLF, respectively,
which represented a prolonged hiatus of nearly 3 Ma. Blisniuk et al.
(2005) provided “CAr/*°Ar ages from tuffs of the SCF at Meseta
Belgrano, about 400 km north of our study area. These ages bracket
the SCF at this region between ~22 and 14 Ma. The oldest age
provided by Blisniuk et al. (2005) was questioned by Perkins et al.
(2012) who, based on a sediment accumulation curve, suggested
the SCF should not be older than ~19 Ma at Meseta Belgrano.
Recently, Cuitifo et al. (2015) provided eight 87Sr/36sSr ages for the
underlying marine Patagoniense deposits at Meseta Belgrano,
indicating that the lower beds of the SCF are not older than ~18 Ma.
The age of the SCF in southeastern Santa Cruz Province is con-
strained by 87Sr/%8Sr data of the underlying marine MLF which span
an age range between 22.12 and ~18 Ma (Parras et al., 2008, 2012).
The younger age (~18 Ma) represents levels located about 60 m
below the transition of the Monte Leén and Santa Cruz formations,
implying that the SCF must be younger than ~18 Ma. Perkins et al.
(2012) dated the lowermost part of the SCF in Monte Ledn at
17.71 Ma, which suggests no hiatus between deposition of the MLF
and SCF. Sedimentological evidence shows a continuous transition
between the sedimentary units (Feruglio, 1938; Raigemborn et al.,
2015). For the Lago Argentino region, Cuitino et al. (2012) pro-
vided a combination of 8’Sr/®6Sr ages from calcitic oyster shells and
U-Pb ages from tuff beds for the underlying Estancia 25 de Mayo
Formation, placing the base of the SCF at 18.85 Ma at Arroyo Los
Perros (Fig. 1C). An older age for the lower part of the SCF in
southwest Patagonia compared to coastal localities is also sup-
ported by U-Pb SHRIMP ages from detrital zircons in Sierra
Baguales, Chile (Bostelmann et al., 2013). Collectively, these ages
demonstrate that the transition from the underlying marine beds to
the SCF from western to eastern localities is diachronous by about
1 Ma. Perkins et al. (2012) and Fleagle et al. (2012) updated the age
of the SCF by means of step-heating “°Ar/3°Ar ages, and correlated
numerous coastal and western localities using chemical tephros-
tratigraphy. These authors concluded that the ages of the SCF span
the interval ~18—16 Ma for coastal localities. An individual
4OAr/39Ar age of 16.5 Ma provided by Tejedor et al. (2006) for the
Rio Gallegos estuary zone is in agreement with the chronostrati-
graphic framework provided by Perkins et al. (2012).

In summary, a well-calibrated chronostratigraphic scheme is
available for the coastal localities of the SCF. However, geochro-
nologic data for other inland localities are scarce. The study area
lacks published radiometric age control and its stratigraphic,

sedimentologic and paleontologic features are poorly known
outside of a general description of the geology of the Rio Santa Cruz
valley (Fernicola et al., 2014).

4. Materials and methods

The Rio Bote and Rio Santa Cruz sections are measured and
described. The elevation above sea level of base, top and tuff beds
for each section was measured with conventional GPS devices. The
localities are labeled after Fernicola et al. (2014) which from west to
east are (Figs. 1C and 2): Rio Bote, located in the southern margin of
the Rio Bote valley in the Estancia Maria Elisa; and three localities
along the southern margin of the Rio Santa Cruz: Yaten Huageno,
located at Estancia El Refugio; Segundas Barrancas Blancas, an
outcrop that includes parts of the Estancia Cordén Alto, Estancia El
Tordillo and Estancia Rincén Grande; and Barrancas Blancas, the
easternmost studied outcrop located in Estancia Aguada Grande
and Estancia Santa Lucia. Other localities with SCF exposures in the
Santa Cruz Province are labeled following Vizcaino et al. (2012)
(Fig. 1C).

Tuff sample selection in the field was based on stratigraphic
position, grain-size and degree of reworking by posteruptive sedi-
mentary processes. Twelve tuff samples distributed among all lo-
calities were collected at different stratigraphic levels for
geochronologic analysis. Petrographic examination of each sample
in the laboratory characterized grain-size, mineralogy, and possible
epiclastic contamination. Tuff grain-size categories follow the
proposal of White and Houghton (2006). Based on petrographic
indicators of reworking (e.g. abundance of non-volcanic lithic
particles), stratigraphic position, and geographic position, six of the
twelve samples were chosen for further preparation for dating. This
process involved crushing, sieving and subsequent heavy mineral
concentration by hydraulic methods. A Frantz Magnetic Separator
was used to remove the abundant magnetite, hornblende and py-
roxene grains. Finally, the zircon grains were hand-picked from the
heavy concentrate under a binocular microscope. Based on zircon
quantity and quality (e.g. lack of rounding; long-prismatic habit;
large size) four samples were chosen for final U-Pb dating. These
samples, from west to east, are (Fig. 2): RSC-27 from Rio Bote
(§50°21'52.9”; W71°50'18.9”), RSC-20 from Yaten Huageno
(S50°15'40.7”; W71°03'48.8"); CECA-2 from Estancia El Tordillo in
Segundas Barrancas Blancas (S50°16'43”; W70° 15’ 9.9”) and RSC-7
from Estancia Aguada Grande in Barrancas Blancas (S50°09'56.17;
W69°41'09.6”).

Age calculation for base, top and/or any specific interval of each
studied section of the SCF is based on the average sedimentation
rate of ~150 m/Ma obtained for several localities such as Cabo Buen
Tiempo, Puesto Estancia La Costa, Cerro Observatorio, Monte Ledn,
Rio Chalia and Karaiken (Perkins et al., 2012), and at Lago Posadas
(Blisniuk et al., 2005) (Fig 1). Ages derived from sedimentation rate
calculation are preceded by the symbol “~".

4.1. U-Pb geochronology methods

Prior to analysis, zircon grains were annealed at 900 °C for 60 h
in a muffle furnace, then mounted in epoxy and polished until their
centers were exposed. Cathodoluminescence (CL) images were
obtained with a JEOL JSM-1300 scanning electron microscope and
Gatan MiniCL. Analyses were performed using a Thermo Electron
X-Series II quadrupole ICPMS and New Wave Research UP-213
Nd:YAG UV (213 nm) laser ablation system, housed in the Bio-
Trace laboratory at Boise State University. In-house analytical pro-
tocols, standard materials, and data reduction software were used
to acquire and calibrate U-Pb dates and a suite of high field strength
elements (HFSE) and rare earth elements (REE). Zircon was ablated
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with 25—30 um diameter laser spots using fluence and pulse rates
of ~5 Jjem? and 10 Hz, respectively, during a 45 s analysis (15 s gas
blank, 30 s ablation) that excavated a pit ~25 um deep. Ablated
material was carried by a 1.2 L/min He gas stream to the nebulizer
flow of the plasma. Dwell times were 5 ms for Si and Zr, 200 ms for
49T} and 2%7Pb, 80 ms for 2°6Pb, 40 ms for 2OzHg, 204py, 208pp 2327,
and 228U and 10 ms for all other HFSE and REE. Background count
rates for each analyte were obtained prior to each spot analysis and
subtracted from raw count rates. Ablations pits that appeared to
have intersected glass or mineral inclusions were identified by
time-resolved data that showed large fluctuations in Ti or P. U-Pb
dates from these analyses were considered valid if the time-
resolved U-Pb ratios appeared to have been unaffected by the in-
clusions. Analyses that appeared contaminated by common Pb
were rejected based on an intensity of mass 204 above baseline.

For U-Pb dates, instrumental fractionation of the background-
subtracted ratios was corrected and dates were calibrated with
respect to interspersed measurements of the PleSovice zircon
standard (Slama et al., 2008). Two analyses of PleSovice were
collected after every 10 analyses of unknown zircon; a polynomial
fit to the standard analyses yields each sample-specific fraction-
ation factor. Signals at mass 204 were indistinguishable from zero
following subtraction of mercury backgrounds measured during
the gas blank (<1000 cps 2%?Hg), and thus dates are reported
without common Pb correction. Radiogenic isotope ratio and age
error propagation for all analyses includes uncertainty contribu-
tions from counting statistics and background subtraction. For
groups of analyses that were collectively interpreted from a
weighted mean date (i.e., igneous zircon analyses), a weighted
mean date was first calculated using Isoplot 3.0 (Ludwig, 2003)
using errors on individual dates that do not include a standard
calibration uncertainty. A standard calibration uncertainty was
then propagated independently into the error on the weighted
mean date. This calibration uncertainty includes the standard de-
viation of the time-varying U/Pb fractionation factor and the
standard error of the mean of the time-invariant, smaller
207pp296pp fractionation factor. Data were collected in two exper-
iments in November 2013. Standard calibration uncertainties for
206pp 238 dates were 3.23% and 2.66% (2a), respectively. Age in-
terpretations are based on 2°°Pb/?38U dates. Errors on the dates
from individual analyses are given at 20, as are the errors on the
weighted mean dates.

A zircon secondary reference material was treated as an un-
known to assess accuracy, interspersed as groups of two analyses
for every 20 unknown analyses. Weighted mean dates were
calculated using Isoplot 3.0 (Ludwig, 2003) from errors on indi-
vidual dates that do not include the standard calibration un-
certainties. However, errors on weighted mean dates include the
standard calibration uncertainties within each experiment and are
given at 2c. AUSZ2 zircon (38.9 Ma from unpublished chemical
abrasion thermal ionization mass spectrometry (CA-TIMS) data,
Boise State University) yielded a weighted mean 2°°Pb/?38U date of
37.91 + 1.36 Ma (MSWD = 0.7, n = 12), which is within the limits (c.
2.6%) of standardization accuracy.

4.2. Fossil sample

Fossil vertebrates were collected in the four localities at Rio Bote
and Rio Santa Cruz. The specimens are curated at the Museo
Regional Provincial Padre M. J. Molina of Rio Gallegos, Santa Cruz
Province. The material is still under study, so the identification of
the taxa listed for each locality provided in this contribution is
preliminary (including those mentioned by Fernicola et al., 2014).

5. Results
5.1. Stratigraphy of the dated sections

The dated tuff samples come from the four outcrops of the SCF
indicated in Figs. 1C and 2. Each outcrop was logged and tuffs
located within a stratigraphic context. Sedimentary logs for each
locality as well as the sedimentologic descriptions are provided by
Fernicola et al. (2014). Because exposures are isolated and sepa-
rated by tens of kilometers, and the absence of marker horizons,
physical stratigraphic correlations among sections are difficult in
most cases. One stratigraphic feature that can be used as a broad
marker for correlation is the marine-terrestrial transition between
the Estancia 25 de Mayo/Monte Le6n and Santa Cruz formations.
This transition is recognized in the field by the upward change from
estuarine to terrestrial deposits, evidenced by the upward disap-
pearance of the oyster shell beds, marine bioturbation, and tide-
influenced sedimentary structures.

The RSC-27 tuff is located at the top of the exposure of the SCFin
the eastern margin of the Rio Bote (Fig. 3A). The tuff is 120 m above
the base of the exposed section and about 170 m above the marine
to estuarine Estancia 25 de Mayo Formation (Fig. 4). Above the
main SCF outcrop where the RSC-27 tuff is located, several
discontinuous outcrops complete a stratigraphic column of about
400 m of SCF strata (Fig. 4). The RSC-27 tuff is 0.3 m thick and shows
a fining upward trend from fine to very fine tuff. It is intercalated
within tabular beds of mudstones and fine to medium grained
lenticular or tabular sandstones (Fig. 3A) deposited on a fluvial
floodplain. The tuff is composed mainly of glass shards, with a
minor component of angular crystal fragments, especially quartz
and plagioclase of volcanic origin, sparse biotite, magnetite, horn-
blende and volcanic lithic fragments (Fig. 5).

The RSC-20 tuff is located in the Yaten Huageno section at Es-
tancia El Refugio on the southern margin of the Rio Santa Cruz
valley (Figs. 1C and 2). There, an 85 m-thick exposure of the SCF
shows abundant tuffaceous deposits. Underlying marine deposits
are not exposed (Fig. 4). The analyzed tuff comes from the upper
third of the section and is interbedded with siltstones and chan-
nelized lenticular sandstones (Fig. 3B) deposited in a fluvial system.
It is a poorly sorted, 0.45 m-thick vitric tuff with a fining upward
trend (fine to very-fine grain-size). Vitric particles are poorly sorted
showing minute glass shards and pumice fragments up to coarse-
sand size particles, suggesting some reworking may have
occurred. Crystal fragments make up 15% of the rock, and are
dominated by quartz and plagioclase, with minor biotite, magnetite
and volcanic lithic fragments. Some calcite patches are observed,
probably of pedogenic origin.

The CECA-2 tuff comes from a small outcrop in Estancia El
Tordillo within the Segundas Barrancas Blancas outcrop belt
(Figs. 2, 3Cand 4). This is a 37 m-thick section (Fig. 3C) located 4 km
east of the thicker Estancia Cordon Alto section (Fig. 4) described by
Fernicola et al. (2014). The CECA-2 tuff bed correlates with the
lowermost portion of the Estancia Cordén Alto section. It is a fine-
grained tuffaceous composite bed 1.3 m in thickness. Fe-rich pa-
tinas and mottling impart orange to brownish coloration, and its
top is marked by carbonate-ferric concretions, features that can be
related to pedogenesis. The orange coloration allows the physical
correlation of this tuff over the whole Segundas Barrancas Blancas
outcrop belt. The sample is a fine vitric tuff, with up to 20% of
crystals and abundant vitric particles that are mainly pumice
fragments. Crystals are angular and are dominated by quartz and
plagioclase, with minor magnetite and pyroxene.

The RSC-7 tuff comes from the Estancia Aguada Grande section
within the Barrancas Blancas outcrop (Figs. 1C, 2 and 4). This lo-
cality shows laterally extensive exposures of the SCF. The whole



—

JL

Cuitino et al. / Journal of South American Earth Sciences 70 (2016) 198—210 203

Fig. 3. Field views of the tuff bearing sections. A) Upper part of the Rio Bote section showing the position of the dated sample RSC-27, located just at the top. B) View of the SCF at
the upper part of the section at Yaten Huageno where the dated tuff sample RSC-20 is located. C) View of the 37 m-thick exposure at Estancia El Tordillo within the Segundas
Barrancas Blancas outcrop, with the sample CECA-2 highlighted. D) Lower part of the section at Barrancas Blancas. The section begins at the level of the Rio Santa Cruz with
estuarine deposits of the MLF followed by terrestrial strata of the SCF where the dated tuff sample RSC-7 is located.

exposed thickness of the composite section is 150 m, with the
lowermost 25 m representing estuarine deposits of the Monte Leén
Formation (Fig. 3D). The sampled tuff bed is located at about 30 m
above the transition of the Monte Le6n and Santa Cruz formations
(Fig 3D). The tuff is a 3 m-thick massive bed with pale pink color-
ation and the sample comes from the base, where it is fine to
medium grained. The tuff is interbedded within mudstone and
siltstone floodplain deposits that show variable degrees of pedo-
genesis. The tuff contains in-situ vertebrate remains with rhizoliths
at its top. This section has some stratigraphic features that allow
correlation with coastal localities of the Monte Le6n National Park
(MLNP) sections, located about 55—60 km to the east (Figs. 1C, 2

and 4). In both regions the lowermost 40 m of the SCF are domi-
nated by pedogenically modified mudstones and some fine sand-
stones with abundant interbedded thick and laterally continuous
fine-grained tuff beds. The thickest tuff within this interval at the
MLNP (called the CO tuff by Perkins et al., 2012) is similarly pale
pink, and we tentatively correlate it with the RSC-7 tuff.

5.2. U-Pb ages and section correlations
The four analyzed samples yielded good-quality zircon pop-

ulations (Fig. 6). U-Pb ages vary from 1736 + 0.63 Ma to
16.32 + 0.62 Ma (Burdigalian), i.e. a 1.04 Ma age range (Table 1 and
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Fig. 4. Physical correlation among studied localities including other key adjacent localities. Each section is positioned in relation to meters above sea level (masl) and the strat-
igraphic position of the fossil collection is indicated. EQS: Estancia Quién Sabe; ALP: Arroyo Los Perros; RB: Rio Bote; YH: Yaten Huageno; SBB: Segundas Barrancas Blancas; ELBB:
Estancia La Barrancosa Borehole; BB: Barrancas Blancas; MLNP: Monte Le6n National Park.

Fig. 5. Microphotographs of a thin section for sample RSC-27. Plagioclase (Pl), quartz (Qz) and biotite (Bt) are part of the primary crystal fragments. Glass shards (Gs) and pumice
fragments (P) are partially recrystallized. Groundmass is formed by fine-grained clay mineral alteration after glass. A) Plane-parallel light; B) Crossed nicols.

Fig. 6. Different views of part of the zircon population of the sample CECA-2. A) View under a transmitted-light microscope; B) Cathodoluminescence image of cut and polished
grains. The size of the laser spot (30 um) is indicated.

Fig. 7). Note that calibration uncertainties would impart systematic 27 = 17.36 + 0.63 Ma) is at Rio Bote whereas the youngest age
offsets to the ages (i.e. a different standardization would preserve (sample CECA-2 = 16.32 + 0.62 Ma) is in the central part of the
the ~1.0 Ma age difference), and this difference in age exceeds study area at Segundas Barrancas Blancas (Fig. 1C). The other two
propagated age uncertainties. The oldest age (sample RSC- samples from the Rio Santa Cruz valley yielded similar ages (RSC-
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Table 1

U-Pb (LA-ICPMS) age results for the four analyzed zircon populations. MSWD: Mean Square Weighted Deviation.
Sample Age (Ma) Internal error (25) (Ma) Final error (Ma) MSWD Probability of fit n
CECA-20 16.32 0.32 0.62 2.6 0.0 30
RSC-27 17.36 0.26 0.63 1.7 0.003 41
RSC-07 17.04 0.30 0.55 1.0 0.48 20
RSC-20 16.88 0.47 0.65 1.7 0.009 34
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Fig. 7. Probability ages.

7 = 17.04 + 0.55 Ma and RSC-20 = 16.88 + 0.65 Ma).

A west-east cross-section was constructed for the dated sections
and other key nearby sections (Fig. 4), highlighting the topographic
position and correlation elements. This cross-section is divided into
three informal sectors: the western, central and eastern sectors.
The western sector includes the Rio Bote section and the nearby
Arroyo Los Perros section previously reported by Cuitino and Scasso
(2010) and Cuitino et al. (2012) (Fig. 4). The central sector includes
the Yaten Huageno and Segundas Barrancas Blancas sections and
the borehole Estancia La Barrancosa between the two. The eastern
sector comprises the Barrancas Blancas and the Monte Leén Na-
tional Park (MLNP) sections. Although a west to east sedimento-
logical change (e.g. eastward grain size reduction) is observed for
the SCF in the study area, we found no sedimentological attributes
that could be used for regional stratigraphic correlation, such as
well-developed paleosols, tuffs beds, major erosion surfaces or
breaks in the depositional style. This problem is enhanced by the
vertical sedimentological homogeneity of each section and exten-
sive covered areas between localities. For this reason the strati-
graphic correlation is based on topographic position and, when
available, key marker beds such as the marine-terrestrial transition
or (locally) laterally continuous tuff layers. The elevation of the
base, top, and key beds for each section was used to highlight the
altitude differences in the cross-section of Fig. 4. Western localities
lie at higher elevations (up to 750 masl) because they were uplifted

during the Neogene Andean orogeny as part of the frontal mono-
cline associated to the Andean fold-and-thrust belt (Ghiglione et al.,
2009). In the central sector, marker beds for regional correlation are
absent. There, the Estancia La Barrancosa borehole penetrated 62 m
below the Rio Santa Cruz valley floor without reaching the marine
deposits that underlie the SCF (Fig. 4). This implies that the base of
the outcrops of the SCF located at the margins of the Rio Santa Cruz
valley at this sector lie at least 62 m above the base of the unit. To
the east, altitude differences are minor and the presence of local
stratigraphic marker beds (e.g. thick tuffs) facilitates correlations.

The transition between the underlying marine deposits and the
terrestrial SCF can be used as a broad correlation marker. This
transition is defined in some cases by a change in sediment color-
ation (from gray/whitish to greenish/yellowish hue), and in some
localities (e.g. at Arroyo Los Perros in the west and Monte Leén
National Park in the east) it is marked by a monospecific oyster bed
of Crassostrea orbignyi. This correlation, although diachronic (see
below), is the only useful element since no other consistent marker
bed or surface was found between central or western localities. The
base of the SCF regionally crops out at eastern and western local-
ities, while at mid-sector localities it lies in the subsurface (Fig. 4).
The altitude differences of this transition is thought to be the result
of post-depositional tectonism with uplift in the western sector and
subsidence in the central sectors, while the eastern sector remained
more or less balanced.

Based on the available ages from the literature (Cuitino et al.,
2012; Parras et al., 2012; Perkins et al., 2012) and our new ages, a
chronostratigraphic correlation scheme was developed (Fig. 8)
which includes the studied localities as well as other early Miocene
mammal-bearing key localities (Marshall and Pascual, 1977;
Tauber, 1994; Tejedor et al., 2006; Perkins et al., 2012). The verti-
cal extension of each column represents time and is based on
average long-term sedimentation rates of ~150 m/Ma (Perkins
et al.,, 2012). This average is consistent for several localities in the
west and east of the Austral Basin, where local estimated sedi-
mentation rates do not deviate more than 47% from the regional
average (Perkins et al.,, 2012). Considering that long-term sedi-
mentation rates in foreland basins can readily vary between 50 and
1000 m/Ma (Einsele, 1992; Uba et al., 2007; Smith et al., 2015) but
that available sedimentation rates show no regional trend along the
basin, it seems reasonable to use this average 150 m/Ma rate as an
approximate guide for estimating stratigraphic ages in the study
area. The Estancia Quién Sabe, Arroyo Los Perros, and Rio Bote
sections (Fig. 4) in the western sector show the transitional passage
of marine to terrestrial deposits, which was dated at 18.85 Ma
(Cuitino et al., 2012). The tuff age of 17.36 Ma for the Rio Bote
section, located 200 m above the SCF base, supports claims that the
beginning of the deposition of sediments of the SCF in the western
localities occurred earlier than that of eastern localities (Perkins
et al., 2012; Bostelmann et al., 2013). The ages of mid-sector sec-
tions agree with their proposed higher stratigraphic positions,
although the lack of the exposure of the base of the SCF prevents a
definition of its basal chronostratigraphic extension.
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Fig. 8. Chronostratigraphic correlation scheme for the Santacrucian sections investigated in this study and nearby localities of southern Patagonia. The geographic location of each
site is indicated in Fig. 1. The trace of the scheme for localities in southern Santa Cruz is indicated in Fig. 1C. The vertical extension of the columns, calculated assuming an average
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5.3. Associated vertebrate faunas

A large number of fossil vertebrates were collected from Bar-
rancas Blancas and Segundas Barrancas Blancas, and fewer speci-
mens from Yaten Huageno and Rio Bote. Overall, about ~1000
taxonomically identifiable specimens were recorded, of which
most are mammals. Many of the samples are in preparation and
under study. The preliminary list of taxa used here was published
by Fernicola et al. (2014), which will be refined and expanded with
future collecting, preparation and systematic studies.

At the Rio Bote section, we recorded cingulates (Proeutatus sp.),
rodents (Perymis sp.), and notoungulates (Adinotherium sp. and
Notohippus sp.). All the specimens were collected from float at the
base of the exposure (Fig. 4), which is dated at its top at
17.36 + 0.63 Ma (RSC-27). The Yaten Huageno locality includes
cingulates (Cochlops sp., Proeutatus sp., Prozaedyus sp. and Sten-
otatus sp.), sloths (Hapalops sp., Nematherium sp.), rodents (Perymis
sp. and Neoreomys sp.), and notoungulates (Nesodon sp. and Inter-
atherium sp.). All the specimens from Yaten Huageno come from
levels located below the dated tuff (RSC-20, 16.88 + 0.65Ma).
Specimens from the Segundas Barrancas Blancas outcrop belt come
from levels located above the dated tuff (CECA-2, 16.32 + 0.62);
they include cingulates (Eucinepeltus sp., Cochlops sp., Prop-
alaehoplophorus sp., Proeutatus sp., Prozaedyus sp. and Stenotatus
sp.,), sloths (Hapalops sp.), rodents (Neoreomys sp., Perimys sp., and
Prolagostomus sp.), notoungulates (Nesodon sp., Adinotherium sp.,
and Interatherium sp.), litopterns (Thoatherium sp), astrapotheres

(Astrapotherium sp.), and marsupials (Palaeothentes sp. and Abder-
ites sp.). The specimens recovered from Barrancas Blancas come
from levels located above the dated tuff (RSC-7, 17.04 + 0.55 Ma).
Identified taxa include cingulates (Propalaehoplophorus sp., Pro-
eutatus sp, Prozaedyus sp. and Stenotatus sp.), sloths (Hapalops sp.),
rodents (Acaremys sp. and Neoreomys sp.), notoungulates (Nesodon
sp. and Adinotherium sp.), litopterns (Thoatherium sp.), astrapo-
theres (Astrapotherium sp.), marsupials (Palaeothentes sp.), and
primates (Homunculus sp.).

6. Discussion
6.1. Geochronology

The new results are consistent with previous estimated ages for
the SCF and adjacent units. In the western sector, at the Lago
Argentino region where the Rio Bote section is located, Cuitino et al.
(2012) dated the basal beds of the SCF at 18.85 + 0.3 Ma which is
consistent with our age of 17.36 Ma located about 170 m higher in
the section (Fig. 4). In the eastern sector, close to the coastal lo-
calities, our age of 17.04 + 0.55 Ma for the RSC-7 tuff at Barrancas
Blancas is consistent with the “°Ar/3°Ar 17.7—17.2 Ma ages reported
by Perkins et al. (2012) for the lower stratigraphic levels of the SCF
in Monte Leén (Fig. 8). We reiterate that standardization errors
could shift ages older or younger, but such systematic shifts would
not affect the relative age differences among localities. The U-Pb
dates indicate that the sedimentary succession of the SCF in the
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four localities that we studied range at least from 17.36 to 16.32 Ma.
Using the average sedimentation rate of 150 m/Ma to calculate
sedimentological ages above and below each dated tuff, the age
range of the SCF in the study area can be expanded, from ~18.20 to
~15.63 Ma. These ages allows us to discuss correlations among
them and with other localities outside the study area.

The Rio Bote section is bracketed between ~18.20 Ma and
17.36 Ma (Fig. 8). The basal/older part of this section is older than
the coastal and Rio Santa Cruz sections, synchronous with the
lower/basal parts of the Karaiken and Lago Posadas sections
(Perkins et al., 2012; Cuitino et al., 2015), and the lower section of
the Pinturas Formation in Estancia El Carmen locality, which was
dated at 17.99 Ma near its base (Perkins et al., 2012). In Chile, the
older part of the Rio Bote section would correlate with the 100 m-
thick section of the SCF in the Sierra Baguales (northeast of Torres
del Paine), whose upper levels have a maximum age of 18.23 Ma
(Bostelmann et al., 2013). The uppermost/younger part of the Rio
Bote section chronologically overlaps the lower part of the sections
from the Atlantic coast, and the lower part of the Karaiken and Lago
Posadas sections (Fig. 8).

In the Rio Santa Cruz, the sedimentary succession from Bar-
rancas Blancas extends from ~17.25 to ~16.49 Ma (Burdigalian),
which is likely synchronous with the succession at Yaten Huageno.
The Segundas Barrancas Blancas section appears younger, extend-
ing from 16.32 to ~15.63 Ma (late Burdigalian — early Langhian). The
integration of our chronological scheme with that proposed by
Perkins et al. (2012) shows that the successions from Barrancas
Blancas and Yaten Huageno were deposited approximately syn-
chronously with respect to those observed in the Atlantic region
between Monte Ledén and Rio Gallegos/Killik Aike Norte
(17.71—~15.90 Ma). The basal/older part of Barrancas Blancas and
Yaten Huageno chronologically overlaps the Portezuelo Sumich
Norte section of the Pinturas Formation in the northwest of the
Santa Cruz Province (Fig. 8). The succession of the SCF at Segundas
Barrancas Blancas chronologically overlaps the stratigraphically
higher portions of the SCF at Monte Ledn, Cerro Observatorio, Killik
Aike Norte, and Cabo Buen Tiempo sections to the east, as well as
the Karaiken section in the west. The uppermost part of the
Segundas Barrancas Blancas section is certainly younger than all
other dated exposures of the SCF in Santa Cruz Province, excepting
the Lago Posadas section which was dated at 14 Ma at its top
(Blisniuk et al., 2005). Beyond the Santa Cruz Province, the upper
parts of the Segundas Barrancas Blancas section may be equivalent
in age to, or slightly younger than, the Pilcaniyeu Ignimbrite of the
Collon Cura Formation in Rio Negro and Neuquén provinces
(Fig. 1A) (the latter dated by single-crystal Ar*’/Ar*® to 15.7 Ma,
Flynn and Swisher, 1995; Madden et al., 1997), and would correlate
with the Rio Frias Formation in the Alto Rio Cisnes (Aysén Region,
Chile; Fig. 1A), dated at 16.5 Ma at its base (Flynn and Swisher, 1995)
and with a fauna very similar to that of the Collén Cura Formation
(Bostelmann et al., 2012).

For the Segundas Barrancas Blancas and Yaten Huageno sections
there are no other stratigraphic or dated intervals within each
section or in neighbor areas that can be used for chronostrati-
graphic control. Instead, this control is available at the Rio Bote and
Barrancas Blancas sections. The age of the Rio Bote section
(17.36 Ma) is completely consistent with the estimated age for the
base of the SCF obtained for that region in Estancia Quién Sabe
(18.85 Ma; Cuitino et al., 2012), about 20 km west of Rio Bote, and
with the average sedimentation rate for the SCF (~150 m/Ma;
Perkins et al., 2012).

The age of 17.04 Ma obtained for the tuff RSC-7 at Barrancas
Blancas poses some chronologic inconsistencies because it lies only
30 m above the transition between the Monte Leén and Santa Cruz
formations (Fig. 4). Using the average sedimentation rate of 150 m/

Ma, the base of the SCF at Barrancas Blancas should be about
~17.25 Ma, whereas using the slowest sedimentation rate proposed
in the region (60—80 m/Ma for basal SCF; Perkins et al., 2012) the
age might be as old as ~17.45 Ma. Both limits are ~0.5—0.25 Ma,
respectively, younger than the 17.7 Ma age reported by Perkins et al.
(2012) for the Monte Le6n section. The basal SCF age at Monte Ledn
is coherent with 37Sr/86sr ages of about 18 Ma for marine levels
positioned at ~60 m below the transition between the Monte Ledn
and Santa Cruz formations (Parras et al., 2012). Barrancas Blancas is
located only about 60 km west of Monte Ledn, so age differences for
the marine/terrestrial transition between both sites are expected to
be small; no facies changes or important discontinuities were
found within this interval at Barrancas Blancas. Consequently, we
interpret the measured age for tuff RSC-7 to be slightly too young,
and that the true age is more likely ~17.4 Ma. This age is within our
analytical error, but implies an age for the basal SCF of ~17.7 Ma and
is more consistent with regional chronologies.

6.2. Vertebrate paleontology

6.2.1. Rio Bote

Fossils in situ from Rio Bote locality were collected in the lower
25 m of the sedimentary succession; therefore, their temporal
assignment would be between ~18.20 and ~18.00 Ma (Fig. 8). The
sparse faunal sample, prevents deep comparisons with other as-
semblages. However, the remarkable occurrence of the notoungu-
late Notohippus correlates the Rio Bote mammal assemblage to the
Notohippideen étage of Ameghino (1900—02, 1906). Ameghino
(1906) restricted this étage to the Karaiken region, located about
30 km to the north of the Rio Bote section (Fig. 1C); however,
Fernicola et al. (2014) provide convincing evidence that some of the
specimens assigned by Ameghino (1900—02, 1906) to the Noto-
hippidian most likely were collected in Rio Bote. At Karaiken,
Marshall and Pascual (1977) distinguished a Notohippidian fauna in
the lowest levels (~18.5 Ma; Fleagle et al., 2012), and a Santacrucian
fauna higher in the section (younger than 17.71 Ma; Fleagle et al.,
2012). According to Marshall and Pascual (1977), Ameghino's
specimens lack precise stratigraphic provenance and, therefore,
cannot be reliably assigned to either of these two faunal levels.
Marshall and Pascual (1977) also described a Notohippidian
assemblage from Cerro Centinela, situated 30 km southwest of the
Rio Bote section (Fig. 1C). There, the fossil specimens were recov-
ered from the lower 20 m of the continental sedimentary succes-
sion of the SCF that overlies the marine Centinela Formation
(=Estancia 25 de Mayo; Cuitino and Scasso, 2010). Considering that
the marine-terrestrial transition in this region was dated at about
18.85 Ma (Cuitino et al.,, 2012) together with the average sedi-
mentation rate used here (150 m/Ma), the Notohippidian assem-
blage of Cerro Centinela would be bracketed between 18.85 and
~18.70 Ma (Fig. 8). In summary, the known time interval for the
Notohippidian in western Santa Cruz Province should be bracketed
between ~18.85 and ~18.00 Ma (Table 2).

This temporal span provides evidence that the Notohippidian
assemblage is partially synchronous with the post-Colhuehuapian
and pre-Santacrucian fauna of Sierra Baguales (sensu Bostelmann
et al., 2013). The Notohippidian is also partially synchronous with
the Pinturan fauna as defined by Kramarz and Bellosi (2005) in the
lower and middle sections of the Pinturas Formation at Rio Pinturas
(northwest Santa Cruz Province), and by Kramarz et al. (2010) in the
upper part of the Colhue-Huapi Member of the Sarmiento Forma-
tion at Gran Barranca (southern Chubut Province). The upper limit
of the Colhue Huapi Member was bracketed between 19.04 and
18.62 Ma (Dunn et al., 2013); in Rio Pinturas the oldest beds of the
Pinturas Formation were placed at 17.99 Ma, while the age of the
youngest beds is uncertain (Perkins et al., 2012; Fleagle et al., 2012).
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Table 2

Chronology of the Miocene faunal assemblages of southern South America mentioned in the text.
Faunal assemblages Age (Ma) References
Colloncuran ~15.70 Vucetich et al. (1993); Madden et al. (1997)
Friasian ~16.50 Flynn and Swisher (1995)

~18.00 to ~15.60
~18.85 to ~18.00
~19.00 to ~18.00

Santacrucian
Notohippidian
Pinturan

Perkins et al. (2012); Fleagle et al. (2012); this paper
Perkins et al. (2012); Fleagle et al. (2012); this paper
Fleagle et al. (1995); Dunn et al. (2012)

That is, the temporal span for the Pinturan would be between 19
and as young as 18 Ma.

Although a detailed taxonomic reconciliation of the Noto-
hippidian, Pinturan and Santacrucian faunas exceeds the objective
of this work, some preliminary remarks are worthwhile. As
mentioned above, we used the presence of Notohippus to assign a
Notohippidian age to the fauna from Rio Bote. The fact that this
taxon has never been recorded in the Pinturan or the Santacrucian
faunal assemblages, together with the temporal scenario herein
proposed, is consistent with the view that the differences between
the Notohippidian and Pinturan faunal assemblages must reflect
ecological or geographic, rather than temporal, factors. In agree-
ment with Marshall et al. (1983 and references therein), the
Notohippidian and Pinturan faunas would represent chronologi-
cally earlier assemblages than the Santacrucian faunas of the Rio
Santa Cruz, along the Atlantic coast, and on the north shore of Rio
Gallegos. This view is consistent with the existence of a Santa-
crucian fauna in the upper levels of Karaiken (Marshall and Pascual,
1977) and the Pinturas Formation (Kramarz and Bellosi, 2005).

6.2.2. Rio Santa Cruz

Fossils from Yaten Huageno and Segundas Barrancas Blancas
were collected along the entire stratigraphic column, while in
Barrancas Blancas they were collected only above the dated tuff.
The time span of these sections (~17.45—~15.63 Ma) indicates that
the associated faunal assemblage is synchronous and partially
younger than the faunal assemblages of the eastern coastal and Rio
Gallegos localities, from Monte Ledn to Killik Aike Norte (Fig. 8). At
the genus level we have not detected differences between the
faunal assemblages of the three localities of the Rio Santa Cruz and
those from the eastern coastal exposures (Vizcaino et al., 2012 and
references therein). The taxa mentioned in section 5.3 were iden-
tified from the Rio Santa Cruz localities by Ameghino (1887, 1889),
excepting a new record of the primate Homunculus sp. (Fernicola
et al., 2014), described only for the eastern coastal exposures of
the Santa Cruz Province (Kay et al., 2012b and references therein).

The SCF also chronologically overlaps with other units external
to the Santa Cruz Province, such as the Collén Cura and Rio Frias
formations, which bear Colloncuran (Vucetich et al., 1993; Bond
and Kramarz, 2008; Gonzalez-Ruiz et al., 2013) and Friasian
(Marshall and Salinas, 1990a,b; Bostelmann et al., 2012) faunas
respectively. Taxonomic differences with the Santacrucian faunas (a
somewhat different rodent faunal composition - Vucetich et al.,
1993- and the presence of distinctive primates not found in the
Santa Cruz Formation — Kay et al., 1998), must therefore reflect
ecological or geographic, rather than temporal, differences.

Ongoing additional fieldwork, new collections and new
geochronologic data in poorly investigated areas of the Santa Cruz
Province will increase the number of fossil specimens with precise
chronostratigraphic control, especially localities in the western
(Andean) refion and north of Rio Santa Cruz (east of Lago Cardiel,
for example), to evaluate their faunal compositions and temporal
correlations. They will also provide data that can shed light on the
probable paleoenvironmental and paleobiogeographic scenarios.

7. Conclusions

New U-Pb geochronologic data are provided for fossil mammal-
bearing sections of the Santa Cruz Formation in southern Santa
Cruz Province, Patagonia. Four absolute ages as well as estimates of
sedimentation rates, and the stratigraphic position of the collected
faunas are provided for the Rio Bote and three localities of the Rio
Santa Cruz valley (from west to east, Yaten Huageno, Segundas
Barrancas Blancas and Barrancas Blancas). Taken together, these
sections span the temporal interval from ~18.20 to ~15.63 Ma
(Burdigalian), which is in agreement with the ages of the under-
lying “Patagoniense” marine deposits, and with other dated sec-
tions of the SCF to the east.

The Notohippidian fauna (~19.00—~18.00 Ma) of the western
localities (Rio Bote, Karaiken, and Cerro Centinela) is synchronous
with the Pinturan fauna (~19.00—~18.00 Ma) of the Rio Pinturas
localities, and both are older than the Santacucian faunas of the Rio
Santa Cruz (~17.22—~15.60 Ma) and eastern costal localities of the
Santa Cruz Province (~18.00—~16.20 Ma). Collectively, the Santa-
crucian localities of the Rio Santa Cruz valley have a temporal span
that is synchronous with the eastern coastal localities, the Friasian
fauna (~16.50 Ma) of the Aysén region of Chile and the Colloncuran
fauna (~15.70 Ma) of Rio Negro Province in northern Patagonia.
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