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[1] The Chile Triple Junction (CTJ) episodically
migrated northward during the past 14 Ma from 54� S
to its present-day position at 46� 30�S, as different
almost trench-parallel spreading segments entered in
subduction. This migration resulted in the opening of
an asthenospheric window below Patagonia, inducing
a disturbance in the regional mantle convection. On the
overriding plate, the middle Miocene time corresponds
to a major change in the central Patagonian basin
dynamics, with a transition from subsidence to
generalized uplift. The detailed mapping and the
morphological study of post-middle Miocene terraces
evidence regional-scale trench-parallel tilt histories that
differ depending on latitude. South of 46� 30�S, the
slopes of the fluvial terraces indicate a change from
northward to southward tilt during late Miocene.
Terraces younger than the early Pliocene do not show
any trench-parallel tilt. North of 46� 30�S, in contrast,
only northward tilt, active until the Pleistocene, is
recorded. We use a semianalytical model of dynamic
topography which suggests that the northward
migration of the Chile Triple Junction should be
accompanied by a dynamic uplift of the central
Patagonian basin. Uplift would cause both north
directed and south directed tilt, north and south of the
triple junction, respectively, with values of� 0.1–0.2%
500 km east of the trench. Tilt measured in the
southeastern part of the central Patagonian basin
(� 0.1%) is comparable to values predicted using the
semianalytical model. The dynamic topography
associated to the Chile ridge subduction may have
exerted a major control on the Neogene dynamics of
Patagonia.Citation: Guillaume, B., J. Martinod, L. Husson,
M. Roddaz, and R. Riquelme (2009), Neogene uplift of central
eastern Patagonia: Dynamic response to active spreading ridge

subduct ion?, Tecton ics, 28, TC2009, doi :10.1029/
2008TC002324.

1. Introduction
[2] Geologists often consider that the topography of the

Earth essentially results from isostasy, topographic highs
being balanced by crustal roots and/or hot lithospheric mantle
[Airy, 1855; Pratt, 1859; Froidevaux and Isacks, 1984;
Molnar et al., 1993;Garzione et al., 2006]. Mantle dynamics,
however, also induce forces that deflect the Earth topography.
Global numerical models predict associated vertical displace-
ments of several hundreds of meters [Hager and Clayton,
1989;Ricard et al., 1993;Le Stunff and Ricard, 1997;Cÿadek
and Fleitout, 2003] and, therefore, that the direct contribution
of mantle dynamics in the topography of the Earth is far from
being negligible. Dynamic topography reaches its maximum
amplitude above subduction zones, where mass anomalies
are large at depth [e.g.,Mitrovica et al., 1989;Gurnis, 1993;
Zhong and Gurnis, 1994;Husson, 2006].

[3] In continental domains, the dynamic component of
topography is difficult to discriminate because the altitude is
largely controlled by lithospheric loads and composition,
which are highly variable. Active continental margins are
nevertheless affected by long-wavelength surface deflec-
tions, and changes in the dynamics of subduction should be
accompanied by vertical movements that can be recorded by
the geological imprint [Mitrovica et al., 1989; Mitrovica
et al., 1996;Catuneanu et al., 1997;Pysklywec and Mitrovica,
2000;Lock et al., 2006]. For instance,Mitrovica et al.[1989]
showed that the process of subduction beneath western North
America during the Cretaceous resulted in large-scale vertical
deflection and tilting of the continental lithosphere that was
followed by a Tertiary uplift of the area.

[4] In this paper, we study the Neogene evolution of
central Patagonian, which was uplifted following the sub-
duction of the Chile Ridge below the Andes since the
middle Miocene. We focus our study on the mild deformed
central Patagonian basin (Figure 1), which extends in the
W-E direction from the eastern foothills of the Patagonian
Andes to the Atlantic coast and in the N-S direction from
the Sierra San Bernardo to the Deseado massif because this
area is poorly affected by post-middle Miocene tectonics.
Moreover, this region remained ice-free during glaciations.
It shows a pristine morphology preserved from the erasure
of glaciers that will be used to evidence its long-term
Neogene uplift. The central Patagonian basin, which almost
overlays the inland part of the San Jorge Gulf basin
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[Bianchi, 1981], is located at the latitude of the present-day
Chile Triple Junction (CTJ), where the Chile active spread-
ing ridge subducts beneath South America.

[5] During the past 14 Ma, the CTJ migrated northward,
from the latitude of 54� S to its present-day position at about
46� 30�S, west of the Taitao Peninsula, as different segments
of the Chile spreading ridge successively entered the sub-
duction zone [Cande and Leslie, 1986]. North of the CTJ,
the convergence rate between Nazca and South American
plates is 7.8 cm a� 1, whereas south of the CTJ, the con-
vergence rate between South America and the Antarctic
oceanic plate decreases to 2 cm a� 1 [De Mets et al., 1994],
leading to the opening of an asthenospheric window [Ramos
and Kay, 1992;Kay et al., 1993;Gorring et al., 1997, 2003;
DÕOrazio et al., 2000, 2001, 2003, 2005;Gorring and Kay,
2001;Guivel et al., 2003, 2006;Lagabrielle et al., 2004, 2007;
Espinoza et al., 2005;Breitsprecher and Thorkelson, 2008]
that disturbs mantle dynamics beneath the continent (Figure
1). In order to investigate the impact of the associated mantle
flow on the vertical surface motion, we synthesize published
data and analyze the evolution of sedimentation, erosion, and
tectonic features as well as evidence of deformation during
the Neogene. We produce a regional-scale map of the post-

middle Miocene system of terraces, and measure the tilting
affecting each of the terraces to characterize the uplift of the
central Patagonian basin. Then, we compare its evolution
with a semianalytical model of dynamic topography simu-
lating the geodynamic context of Patagonia.

2. Geological Setting of Central Patagonia
2.1. Late Oligocene to Early Middle Miocene: Marine
Transgression and Synorogenic Continental Molasse

[6] From late Oligocene to early Miocene, a widespread
transgression occurred in the Patagonian basin. This trans-
gression is marked by the deposition of nearshore marine
Centinela Formation and lateral equivalents (Figure 2). The
‘‘Patagonian transgression’’ covered most of southern Pata-
gonia [Malumia«n, 1999]. The epicontinental seaway was
largely open to the south, south of the Deseado massif, and
to the east, north of the Deseado massif [Malumia«n, 1999].
Close to the present-day Atlantic coast, the corresponding
marine series are the Chenque (San Jorge Gulf) and Monte
León formations. In Chile, marine series corresponding to
the Centinela Formation are assigned to the Guadal Forma-
tion [Sua«rez et al., 2000;De la Cruz and Sua«rez, 2006]. The
marine transgression extended to the west above part of the
present-day Cordillera, and Oligo-Miocene marine sediments
are preserved in the Cosmelli syncline [Flint et al., 1994;De
la Cruz and Sua«rez, 2006], south of the Buenos Aires–
General Carrera Lake. Although this locality is only 100 km
east of the Miocene outcrops of the Penas Gulf area on the
Pacific coast (Figure 1), the different macroinvertebrate fauna
suggest that the marine transgression that invaded Patagonia
from the Atlantic to the Guadal area was separated from the
Pacific Ocean by the continuous geographic barrier of the
Andean Cordillera [Frassinetti and Covacevich, 1999;Flynn
et al., 2002]. Marine series form an Oligocene to early
Miocene eastward prograding sequence of coarse conglom-
erates, sandstones, and shales containing shells and micro-
fossils [Ramos, 1989;Barreda and Caccavari, 1992;Bellosi
and Barreda, 1993; Frassinetti and Covacevich, 1999;
Malumia«n, 1999]. The thickness of the deposits reaches
500 m on the Atlantic coast [Bellosi and Barreda, 1993]. It
generally varies between 225 and 375 m in the Cordillera
foothills [Ramos, 1989], and in the Cosmelli syncline,
measured thicknesses range between 110 m [De la Cruz
and Sua«rez, 2006] and 650 m [Flynn et al., 2002].

[7] South of the CTJ, marine series are followed by
fluvial deposits of the Santa Cruz Formation and its lateral
equivalent (R�´o Zeballos Group) [Ramos, 1989;Sua«rez et al.,
2000; De la Cruz and Sua«rez, 2006] (Figure 2). This
synorogenic formation consists of sandstones and silts,
interbedded with conglomerate lenses that deposited in a
high-energy fluvial environment [Ramos, 1989;De la Cruz
and Sua«rez, 2006]. The Santa Cruz Formation thickness
locally reaches up to 1500 m, south of Buenos Aires–General
Carrera Lake [Ramos, 1989] and exhibits minimum thick-
nesses of 900–1000 m in the Cosmelli basin [De la Cruz and
Sua«rez, 2006]. These deposits have been dated using inter-
calated tuffs levels between 22 and 14 Ma [Blisniuk et al.,
2005]. North of the CTJ, the R�´o Frias Formation and lateral

Figure 1. Geodynamic setting of southern South America
displaying the different active segments and transform fault
zones (FZ) of the Chile Ridge (modified fromCande and
Leslie [1986]). Timing of ridge subduction is indicated by
bold black numbers [fromGorring et al., 1997] and relative
present-day convergence velocities [fromDe Mets et al.,
1994]. The Chile Triple Junction (CTJ) is currently located
west of the Taitao Peninsula. Neogene plateau basalts, in-
cluding the Meseta del Lago Buenos Aires (MLBA), are
displayed in black [fromPanza et al., 2003] and slab window
current projection at the surface in gray [fromBreitsprecher
and Thorkelson, 2008]. The central Patagonian basin (CPB)
and the Cosmelli basin (Co), south of the Buenos Aires–
General Carrera Lake (BAGC), are displayed in white. The
location of Figure 3 is indicated by the black box.
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equivalents (R�´o Mayo and Pedregoso formations) also
correspond to fluvial series that were deposited during the
middle Miocene [Marshall and Salinas, 1990]. The maxi-
mum outcropping thickness of the R�´o Frias formation is
about 250 m. Contractional tectonics during deposition of the
continental series are evidenced by synsedimentary struc-
tures. Growth folds and intraformational thrusts have been
reported in Chile in the Cosmelli syncline and south of the
region of R�´o Las Horquetas and Meseta del Guenguel [Flint
et al., 1994;Sua«rez and De la Cruz, 2000;Lagabrielle et al.,
2004].

[8] The Patagonian transgression and the deposition of
the overlying continental series are the result of a major
change in the Andean geodynamic context. At around 26 Ma,
the Farallon plate broke up [Lonsdale, 2005]. This period is
also marked by a change to a more trench-perpendicular and
faster convergence between the oceanic and South American
plates [Pardo-Casas and Molnar, 1987; Somoza, 1998;
Lonsdale, 2005]. Fission track analyses evidence an acceler-
ation of the denudation at the western margin of the Cordillera
during the late Oligocene [Thomson et al., 2001], coeval with
the deposition of the Oligo-Miocene series. Then, Oligocene
and Miocene series were deposited during a major contrac-
tional period of the Andes at the latitude of the central
Patagonian basin [Ramos, 1989;Lagabrielle et al., 2004].
Between 47� 30�S and 49� S, this shortening resulted in the
formation of a complex fold-and-thrust belt in which the
Tertiary molasse sequence (marine and continental) is in-
volved [Ramos, 1989]. Shortening varies between 45 and
22 km from the north (47� 40�S) to the south (49� S) of the
fold-and-thrust belt [Ramos, 1989] and is at least of 35 km
during the late Miocene in the fold belt at 50� S [Kraemer,
1998]. The segment of the Patagonian Andes located north

of the present-day triple junction is characterized by a weaker
Oligo-Miocene shortening, resulting in restricted areas of
foreland sedimentation that only accumulated about 100 m of
synorogenic deposits [Ramos and Kay, 1992].

2.2. Late Miocene to Holocene: Back-Arc Plateau
Basalts and Widespread Detrital Cover

[9] The Patagonian back-arc region has been the locus of
widespread volcanic activity during the entire Cenozoic.
South of 46� S, a magmatic pulse started� 13 Ma ago during
middle Miocene [Ramos and Kay, 1992; Gorring et al.,
1997;Guivel et al., 2006]. The late Miocene to Pleistocene
magmatism mainly consists of massive tholeiitic plateau
lavas covered by less voluminous alkalic postplateau lavas
[Gorring et al., 1997]. The emplacement of main plateau
lavas has been dated between 12.4 and 3.3 Ma at the Meseta
del Lago Buenos Aires and between 8.2 and 4.4 Ma at the
Meseta Chile Chico [Guivel et al., 2006]. South of 46� 30�S,
the main plateau lavas range between 12 and 7 Ma in the
western part of the back-arc region and between 5 to 2 Ma
in the eastern part of the Deseado massif [Gorring et al.,
1997]. The Plio-Pleistocene postplateau basalts have ages
from 3.4 to 0.125 Ma [Gorring et al., 2003] at the Meseta
del Lago Buenos Aires. Therefore, most of the plateau and
postplateau basalts postdate the deposition of the early to
middle Miocene continental molasses, and their emplace-
ment helps in dating the subsequent evolution of the region.
In the region of Buenos Aires–General Carrera Lake, pla-
teau basalts are emplaced on a planar surface gently tilted
toward the east, and seal the eastern thrust front of the Pa-
tagonian Andes [Ramos, 1989;Lagabrielle et al., 2004]. This
implies that the compressive tectonic activity in this part
of the orogen essentially ceased before 13 Ma [Lagabrielle et

Figure 2. Chronological table displaying the stratigraphy of (1) the southwestern, northwestern and
eastern sectors of the Santa Cruz province [Parras et al., 2008], (2) the San Jorge Gulf [Malumia«n, 1999],
(3) the south of the Buenos Aires–General Carrera (BAGC) Lake [De la Cruz and Sua«rez, 2006], and
(4) the Meseta del Lago Buenos Aires [Lagabrielle et al., 2007]. Continental formations are gray, and
marine formations are white. The main magmatic and tectonic events along with the global eustatic curve
[Haq et al., 1987] are also indicated.
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al., 2007]. The same observation has been done byCoutand
et al. [1999] at the latitude of Viedma lake (49� S), where
gently tilted early Pliocene basalts [Mercer et al., 1975]
unconformably overlie deformed Paleogene sediments.

[10] In northern Patagonia, in contrast, transpression is still
active. Oblique thrusting predominates outside the magmatic
arc, and dextral strike-slip shear zones develop within it [e.g.,
Lavenu and Cembrano, 1999;Cembrano et al., 2002]. The
transpressional dextral Liquin˜e-Ofqui fault, whose present-
day activity is demonstrated by seismic records [Lange et al.,
2008], is a more than 900-km-long structure that initiates
close to the current Chile Triple Junction.

[11] In central Patagonia, following the deposition of the
Santa Cruz Formation, the depositional environment dras-
tically changes. The Santa Cruz Formation is overlain by
late Cenozoic continental deposits, as the so-called ‘‘Roda-
dos Patagonicos,’’ which have formerly been accurately de-
scribed byFeruglio [1950]. These series correspond to
poorly consolidated conglomerates that are widespread from
the Andean foothills to the Atlantic coast and which thickness
often does not exceed 10 m. The pebbles generally have a
roughly constant size from the Andes to the Atlantic Ocean.
They form a piedmont mantle cover in which the activity of
fluvial systems elaborated a succession of fluvial terraces
(R�́o Senguerr, R�´o Deseado, Can˜adon Salado, Can˜adon del
Carril, R�́o Mayo) (seePanza[2002] for a review).

3. Post-Middle Miocene Landscape Evolution
[12] We mapped the conglomeratic surfaces, (piedmont

mantle cover and fluvial terraces), on the basis of the syn-
thesis ofPanza[2002], complemented by 1:250,000 scale
geological maps of the Servicio Geolo´gico Minero Argentino
[Dal Molin et al., 1998;Giacosa, 1998;Sciutto et al., 2000;
Cobos and Panza, 2001;Servicio Geolo«gico Minero Argentino,
2001;Ardolino et al., 2003;Escosteguy et al., 2003;Sciutto
et al., 2004;Panza and Genini, 2005] and observation of
Landsat images and SRTM digital elevation model, analyses
being confirmed by field observations (Figure 3). We will use
the different surfaces as geologic markers to infer the geo-
morphologic and tectonic evolution since middle Miocene.

3.1. Description of Piedmont Mantle Cover and Fluvial
Terrace Systems

[13] We distinguish three sectors in which piedmont
mantle cover deposits have been preserved (R�´o Guenguel
and Arroyo Verde areas to the west, and Pampa del Castillo
area to the east), extending from the Andes foothills to the
Atlantic coast (Figure 3). Piedmont mantle cover gently dips
eastward and results from the coalescence of alluvial cones
[Panza, 2002], that generally lie more or less conformably
on the Santa Cruz continental formation (early to middle
Miocene) in the western region, and on the marine Patago-
nia and Chenque formations (late Oligocene to early Mio-
cene) close to the Atlantic Ocean. The higher surface is
� 850 m above sea level (asl) in the R�´o Guenguel area and
is still remarkably high close to the Atlantic coast (� 750 m
asl in Pampa del Castillo, only 25 km NW of the coast).
Seven younger levels of piedmont surfaces (T2Gu to T8Gu,

see Figure 3) are preserved in the R�´o Guenguel area. The
difference in elevation between the first and last level is
roughly 200 m.

[14] Fluvial terrace levels correspond to more recent sys-
tems of terraces resulting from the activity of rivers flowing
from the Andes into the Atlantic Ocean. We distinguish
three main groups of terraces corresponding to different
fluvial systems: (1) the Can˜adon Salado-Can˜adon del Carril,
(2) the R�´o Senguerr, and (3) the R�´o Deseado. These fluvial
terraces result from the action of rivers whose flow has been
incomparably larger than that of the present-day rivers
going to the Atlantic Ocean. The semiarid climate of the
continent, east of the Cordillera, and the fact that the
present-day drainage divide between rivers flowing toward
the Atlantic Ocean versus rivers flowing toward the Pacific
Ocean is essentially located on the eastern and drier side of
the mountain belt explains the modest flow of these rivers at
present-day. In fact, the drainage divide shifted eastward
after Neogene glaciations remodeled the Andean land-
scape. Between 45� S and 47� 30�S, several major glacial
valleys crosscut the chain, the most striking example being
the valley occupied by the Buenos Aires–General Carrera
Lake and the R�´o Baker. Their formation resulted in the
capture of Andean rivers flowing eastward by the Pacific
side, subsequently starving rivers flowing into the Atlantic
Ocean. During cold periods, however, the ice cap covers the
Patagonian Andes, fills valleys in the Cordillera and the
eastward flowing drainage is reactivated [Feruglio, 1950;
Mercer, 1976;Turner et al., 2005]. This evolution of the
watershed system explains the presence of several major
fluvial terrace systems that do not correspond to the flow of
the present-day rivers.

[15] The Cañadon Salado–Can˜adon del Carril fluvial
system, located southwest and south of the R�´o Senguerr
system, is the oldest preserved fluvial system of the study
area. The Can˜adon Salado and Can˜adon del Carril are cur-
rently temporary rivers flowing into the R�´o Senguerr
(Figure 3). The second level of this fluvial system (T2Cs)
covers the Ruta 16 valley, indicating that the paleoriver
flowed out east of its present-day course before being cap-
tured by the paleo-R�´o Senguerr, that was flowing at that
time in the arc-shaped Hermoso valley (Figure 4). The cap-
ture of the Can˜adon Salado occurred before the emplace-
ment of the T3Cs deposits since the latter displays the same
spatial organization than the present-day river (Figure 4).

[16] The R�́o Senguerr is currently 395 km long, flowing
from Fontana Lake at an elevation of 925 m asl, into the
Musters and Colhue´-Huapi lakes at an elevation of 270 m
asl. Its main tributaries are the Arroyo Verde and the R�´o
Mayo. It produced a system of eight terraces, exposed from
Nueva Lubecka to the north to the abandoned Hermoso
valley. The presence of wide fluvial terraces north of 45� S
(northern extent of the present-day course of the R�´o
Senguerr) shows that during their formation, the major flow
was coming from the north. In the region of Los Monos, the
R�́o Senguerr abandoned the Hermoso valley during or after
the deposition of the terrace T7Se (Figure 4), resulting in the
present-day river flow toward the basin of the Musters and
Colhué-Huapi lakes.
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[17] R�́o Deseado is a major fluvial system of the Pata-
gonian foreland, located in the Santa Cruz province, in the
southern part of the study area. R�´o Deseado currently ori-
ginates from the region of Perito Moreno, east of the eastern
edge of the Buenos Aires–General Carrera Lake, and
flows on a length of 520 km to the Atlantic Ocean at Puerto
Deseado. The river produced a system of twelve terraces
(Figure 3). The course of the R�´o Deseado also changed
through time, abandoning in the Meseta Espinosa, the T1De
to T3De deposits tens of kilometers north of the present-day
river course.

[18] In fact, all regional major river courses changed
during the deposition of fluvial terrace systems. The courses
of the northern rivers (R�´o Senguerr, Can˜adon Salado) shifted
northward, while the R�´o Deseado valley moved to the south,
resulting in the present-day divergent hydrographic network.
The R�́o Deseado now joins the Atlantic Ocean� 160 km
south of the San Jorge Gulf, while the R�´o Senguerr flows
through the R�´o Chico valley to the northeast and reaches the
ocean� 300 km north of the San Jorge Gulf.

3.2. Age of Terraces

[19] Most of the ages proposed in the literature are rel-
ative ages based on stratigraphic relationships, which leads
to discrepancy between authors. Only radiometric ages of
basalt flows overlying some piedmont surfaces and fluvial
terraces give some absolute constraints.

[20] All the terraces overlie the deposits of the Santa
Cruz Formation and are consequently younger than
� 14 Ma. Levels of piedmont mantle cover are older than

the first level of each fluvial system (R�´o Senguerr, Can˜adon
Salado–Can˜adon del Carril, R�´o Deseado). From their
relative topographic position, we infer that T1Cs and
T2Cs are older than T3Se, and T3Cs is at least older than
T4Se and T1De.

[21] Five basalts crop out in the R�´o Senguerr valley. K/Ar
radiometric ages have been obtained byBruni [2007] in
the basalts of Cerro Chenques (2.26 ± 0.11 Ma and 2.49 ±
0.18 Ma), Cerro Grande (2.87 ± 0.68 Ma) and Monte Pedrero
(2.71 ± 0.10 Ma) (Figure 3). T3Se is covered by both the
Cerro Chenques and Cerro Grande basalts, T4Se is covered
by the Monte Pedrero basalts, and T5Se is covered by the
Cerro Grande basalts. Thus, T5Se and older terraces of the
R�́o Senguerr valley are older than 2.87 Ma and are at least
middle Pliocene in age. T7Se bypasses the Cerro Grande
basalts, suggesting that it formed following their emplace-
ment and would therefore be younger than 2.87 Ma.

[22] Some absolute constraints on the age of the R�´o
Deseado terrace system is also given by Ar/Ar radiometric
ages on basalts emplaced above terraces. Ages of 5.13 ±
0.11 Ma and 5.28 ± 0.11 Ma have been obtained byGorring
et al. [1997] in the Cerro Monjo´n and Cerro Negro basalts,
respectively. The Cerro Monjo´n basalts cover T5De, and the
Cerro Negro basalts also cover younger terraces (T6De to
T8De), indicating that the eight older terraces of the R�´o
Deseado fluvial system are older than 5.28 Ma, i.e., that they
are late Miocene. T9De, in contrast, is younger than 5.28 Ma
and appeared during Pliocene.

[23] Figure 5 summarizes our knowledge of the age of the
systems of terraces. Piedmont mantle terraces are middle to

Figure 4. Stream directions during the deposition of the fluvial terraces of the R�´o Senguerr and
Cañadon Salado–Can˜adon del Carril systems. Captures are marked by white circles. Can˜adon Salado and
Cañadon del Carril have been captured by the paleo-R�´o Senguerr before the deposition of T3Cs,
abandoning the Ruta 16 valley. Afterward, R�´o Senguerr has been captured by the Musters Lake during or
just after the deposition of T7Se, abandoning the Hermoso valley.
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late Miocene in age, and the fluvial terrace system began its
formation before Pliocene.

3.3. Local Tectonics

[24] As detailed above, the end of the deposition of the
Santa Cruz Formation corresponds to the end of the major
Oligo-Miocene shortening episode of the Cordillera. Farther
east, at about 150 km from the Cordilleran thrust front, in
the Sierra San Bernardo and farther south, mild deformation
is attested by the presence of gentle folds and reverse faults
that result from the reactivation of pre-Cretaceous exten-
sional fault systems [Barcat et al., 1989; Homovc et al.,
1995;Peroni et al., 1995;Chelotti, 1997]. The San Bernardo
fold belt, a 150-km-long and 50-km-wide NNW-SSE trend-
ing band, corresponds to the easternmost evidence of Andean
shortening.Rodriguez and Littke[2001] present a detailed
mapping of the folds affecting the top of the Lower Creta-
ceous Castillo Formation (Figure 6). Structures involve rocks
of ages up to early middle Miocene, belonging to the Super-
patagoniano succession, contemporaneous of the Santa Cruz
Formation [Peroni et al., 1995]. The San Bernardo fold belt is
still today marked in the geomorphology of that part of
Patagonia, locally reaching altitudes of 1500 m asl. The
R�́o Senguerr deviates its course to the south to bypass the
San Bernardo fold belt, approaching the Can˜adon Salado and
R�́o Deseado rivers.

[25] The San Bernardo folds do not deform the fluvial
terraces of the R�´o Senguerr, showing that shortening in the
Sierra San Bernardo is now inactive. However, older terrace
systems are uplifted above the San Bernardo fold belt. The
elevation of the piedmont cover terrace T4Gu and of the
older fluvial terraces of the Can˜adon Salado system (T1Cs
and T2Cs) locally increases eastward approaching the
western boundary of the fold belt (Figure 6). The elevation
of T4Gu increases by� 90 m, and that of T1Cs of� 50 m

over a distance of about 15 km. The� E-W oriented
Cañadon Salado valley is steep-sided within older piedmont
terraces, evidencing that the local west directed slope of its
oldest terraces does not result neither from lateral sediment
supply nor from flows coming from the east (Sierra San
Bernardo). Therefore, a modest-amplitude, large-wavelength
uplift of the San Bernardo fold belt posterior to the formation
of the Can˜adon Salado–Can˜adon del Carril terrace systems
must have occurred, and this uplift is almost not accompanied
by shortening.

3.4. Regional Tilt

[26] We studied the present-day slopes of terraces to
investigate a possible long-wavelength regional uplift. If
the initial downstream slope of terraces is difficult to con-
strain, it is reasonable to consider that terraces displayed
horizontal profiles in the direction perpendicular to the
paleovalleys. On the basis of this assumption, tilts would
correspond to any deviation from this horizontality. Topo-
graphic profiles through terraces have been obtained using
SRTM Digital Elevation Models.
3.4.1. South of the Current CTJ Position

[27] Figure 7 shows that at least the five older levels of
the R�́o Deseado terrace system (south of 46� 30�S) are
inclined toward the south. The fact that steep scarps separate
the different levels and that the southward slope of terrace
levels is similar on both sides of the present-day R�´o
Deseado valley shows that these slopes do not result from
lateral sediment supply. In fact, southward tilt resulting from
a larger regional uplift north of the terraces must have
occurred to explain the observed slopes. In the N-S direc-
tion, however, T1De exhibits a slight slope toward the south
(0.05 ± 0.01%) and appears locally subhorizontal. T2De and
T3De, which can be followed on large distances, present a
regional slope of 0.11 ± 0.01% and 0.10 ± 0.02% toward the

Figure 5. Age distribution of the piedmont mantle cover, fluvial terraces, and tectonic events north and
south of the Chile Triple Junction. Absolute ages of basalts covering terraces are fromGorring et al.
[1997] andBruni [2007].
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south, respectively, at the longitude of Koluel Kaike. The
southward slope of T4De is smaller (0.07 ± 0.01% north of
the Cerro Negro basalt and close to the mouth of the R�´o
Deseado), and that of T5De, west of the Cerro Negro basalts,
is even smaller (0.05 ± 0.01%). For comparison, these slopes
are comparable to the longitudinal WNW-ESE trending slope
of these terraces in the same area and to the present-day slope
of the R�́o Deseado (0.08%). Terraces T6De and T7De are not
extended enough to detect a potential tilt using SRTM data.
The younger levels of the R�´o Deseado system (T8De to
T12De) are not tilted. In fact, the present-day topography of
the R�́o Deseado terrace system suggests that a gentle
southward regional tilt occurred following the deposition of
T3De and before T6De (or T8De). It would have been pre-
ceded by a northward regional tilt between the deposition of
T1De and T2De, explaining why the present-day slope of
T1De toward the south (0.05 ± 0.01%) is smaller than that
of T2De (0.11 ± 0.01%). Figure 7 shows that the southward
tilt that occurred between the formation of T2De and T8De
resulted in the southward shift of the course of the R�´o
Deseado, leaving abandoned the valley that resulted in the
formation of T3De.

3.4.2. North of the Current CTJ Position
[28] In contrast, the analysis of the topography of terraces

located just north of 46� 30�S suggests that this region has
essentially been tilted toward the north. East of the San
Bernardo fold belt, T1Ca forms a wide planar surface that
extends over 400 km from the Pampa del Castillo, west of
Comodoro Rivadavia, to the R�´o Chico mouth to the north
(Figure 8). The topography of this surface is tilted toward
the northeast with a slope of 0.14 ± 0.05%. Clearly, part of
the present-day slope of T1Ca results from its genesis and
does not reflect subsequent tilt. However, paleocurrents ob-
served using psephites orientations [Beltramone and Meister,
1992], although controversial [Bellosi, 1996], indicate an
eastward flow direction in the Pampa del Castillo whereas the
corresponding terrace is tilted toward the northeast. In
addition, the present-day slope of this surface is more than
three times larger than the longitudinal profile of R�´o Chico
and larger than the longitudinal slope of other terraces that
have been preserved in the eastern part of the study area
(Hermoso valley, distal part of the R�´o Deseado terrace sys-
tem). Thus, we propose that the present-day observed slope

Figure 6. Topographic profiles of uplifted terraces (see map for location and Figure 3 for color legend).
Vertical exaggeration is 180. T1Cs and T2Cs are for level 1 and level 2 of the Can˜adon Salado–Can˜adon
del Carril terrace system, and T4Gu is for level 4 of the piedmont mantle cover of the R�´o Guenguel area.
The white triangles below the topographic profiles indicate the position of the anticlines axis at the top of
the Lower Cretaceous Castillo Formation [Rodriguez and Littke, 2001].
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of T1Ca would partly result from a postdepositional tilt
toward the north or northeast of that area.

[29] The northward tilt of the region located north of
46� 30�S is also suggested by the longitudinal profile of the
second terrace of the Can˜adon Salado system in the Ruta
16 valley. This terrace corresponds to an abandoned valley
incised within Oligo-Miocene sediments (Monte Leo´n and
Santa Cruz formations). Its upstream portion is WNW-ESE
oriented whereas the downstream part is directed toward
the NE (Figure 8). The valley-parallel profile AA’ in Figure
8 shows that the present-day longitudinal slope of that ter-
race is inverted toward the upstream direction in the upper
WNW-ESE oriented part of the valley, whereas it goes down
toward the NE in the lower part of the valley. In fact, again,
this change in the slope of the terrace suggests that the area
has been tilted northward. Tilting would have inverted the
longitudinal slope of the part of the valley flowing toward the
ESE and increased the slope of the lower part of the valley.
Another possibility could be that the activity of the Sierra San
Bernardo fold-and-thrust belt would have subsequently pro-
duced the uplift of the upper part of the valley and the ob-
served counterslope for T2Cs. However, the nearest known

tectonic structure along the course of T2Cs is the Perales
anticline [Homovc et al., 1995;Rodriguez and Littke, 2001]
and its location at depth does not fit the change of slope
observed in the Ruta 16 valley (Figure 8). Since T2Cs is not
involved in any tectonic structure and since the change in its
present-day slope coincides with the changing orientation of
the valley, we suggest that a regional northward tilt may have
caused this abnormal longitudinal profile.

[30] The longitudinal profiles of the seven terraces of the
R�́o Senguerr system suggest that the northward tilt of the
northern part of the study area pursued during their forma-
tion (Figure 9). The slope of each terrace is measured in the
direction parallel to the current valley and obtained values
are systematically smaller for the older terraces. For instance,
T6Se lies 85 m above the present-day R�´o Senguerr bed just
above the elbow of capture. Upstream, the difference in
elevation decreases to 35 m, south of Cerro Chenques. Close
to the capture, T2Se is 70 m above T6Se, while the two levels
are close together 35 km NE of Cerro Chenques (Figure 9).

[31] Clearly, the higher longitudinal slope of the present-
day R�́o Senguerr valley may also result from its capture by
the Musters Lake basin. But in fact this capture may also

Figure 7. Topographic profiles of R�´o Deseado terraces (see map for location and Figure 3 for color
legend) and values of N-S slope for each terrace. Numerical age of the Cerro Negro basalts is 5.28 Ma
[Gorring et al., 1997].
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