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The Exhumation of the Northern Patagonian
Massif Gondwana Planation Surface Due
to Uprising During the Oligocene

Eugenio Aragon, Emilia Y. Aguilera, Claudia E. Cavarozzi,
and Alejandro Ribot

Abstract The altiplano (or high plain) of the Northern Patagonian Massif is a large,
100,000 km? geomorphological unit that rose from sea level to at least 1,200 metres
above sea level (m a.s.l.) in Early Oligocene times, as a consequence of epeirogenic
uplift. This uniform tableland feature is essentially a Cretaceous planation surface
carved on Paleozoic igneous and metamorphic rocks of the Northern Patagonian
Massif. This planation surface had been preserved by a thin and scattered cover of
Maastrichtian-Danian marine sediments and Late Oligocene-Early Miocene basaltic
flows. Erosion since Middle Miocene times at this tableland has exposed much of
the Gondwana planation surface and developed numerous basaltic plateaus by relief
inversion.
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Introduction

A Gondwana planation surface is well preserved in the extra-Andean region of
Northern Patagonia, in the Northern Patagonian Massif, a tectono-morphological,
geological unit. The massif is composed of Proterozoic and Early Paleozoic meta-
morphic rocks, intruded by Ordovician, Carboniferous, and Permian igneous bodies,
followed by Triassic and Jurassic volcanic complexes. This massif was strongly
eroded from the Middle Jurassic to the Late Cretaceous (Rabassa 1978; Gonzalez
Diaz and Malagnino 1984; Franchi et al. 1984; Corbella 1984; Aguilera 2006;
Aragén et al. 2003, 2005, 2008, 2009, 2010, 2011), feeding its cover sediments
into the surrounding basins. These are the Neuquén Basin to the northwest, the
Colorado Basin to the northeast, the Nirihuau Basin to the west-southwest, and the
Cafiadon Asfalto Basin to the south (Fig. 1). A large Gondwana planation surface
was then exposed as the sediments covering it were modified. This planation surface
is finally covered and preserved by a thin sedimentary sequence of Late Cretaceous
and Early Tertiary (Fig. 2a) continental-marine sediments (Malumidn 1999) and
basalts of Oligocene—Early Miocene age (Ardolino 1981; Corbella 1984; Franchi
et al. 1984, and references therein).
In present times, the Northern Patagonian Massif shows a rather flat, topographic
surface at an average elevation of 1,200 meters above sea level (m a.s.l.) (Coira
1979; Nullo 1978) that stands 500-700 m above the surrounding country and
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Fig. 1 Main Cenozoic geological features of Northern Patagonia
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Fig. 2 Paleogeography of Patagonia, showing main Tertiary transgressions with respect to the
Northern Patagonian Massif uprise: (a) Maastrichtian-Danian; (b) Eocene; (¢) Oligocene; (d) Late

Oligocene-Early Miocene
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peripheral rivers (the Rio Chubut to the south and the Rio Negro to the north),
showing that this high-lying tableland is an “altiplano” or high plateau.

Exhumation of the Altiplano Due to the Uplift
of the Northern Patagonian Massif

The uplift of the Gondwana planation surface from near sea level positions to
1,200 m a.s.l. took place in the Early Oligocene (Fig. 2c), or even in the Late
Eocene (Aragén et al. 2011), as a result of epeirogenic uplift of a surface of
100,000 km? (Fig. 1), constrained by four major alignments: the Gastre alignment
to the southwest, the Chacays alignment to the southeast, the Gualicho alignment to
the northeast, and the Limay alignment to the northwest.

The epeirogenic nature of the uplift is demonstrated by the presence of unde-
formed Maastrichtian-Danian marine sediments (Fig. 2a) that kept a subhorizontal
position even at an average altitude of 1,100 m, scattered almost all over the
surface of the altiplano. Instead, the Maastrichtian-Danian marine sediments stand
at altitudes that range about 300-500 m and show deformation, at the altiplano
surrounding country rocks along the Rio Chubut to the south and the Rio Negro
to the north.

The age constrain to the uplift of the altiplano is set by the basalt flows above the
tableland. These basalts cover more than 15,000 km? from the central to the eastern
and southeastern boundaries of the altiplano (Figs. 1 and 3). The ages of these basalt
flows range from the Late Oligocene to the Early Miocene (Ardolino 1981), and at
the southeastern boundary of the altiplano, they spill from the altiplano edge down
to the surrounding country as a cascade descending more than 500 m, showing that
the altiplano had gained much of its altitude previous to the eruption of these lava
flows.

A second argument showing that the North Patagonian altiplano has remained
as such with respect to the surrounding country land since Late Oligocene times is
suggested from the fact that the Late Oligocene-Early Miocene transgression was
not able to flood the higher areas of the altiplano (Fig. 2d).

Erosion since the Middle Miocene at the altiplano of the Northern Patagonian
Massif has exposed much of the Gondwana planation surface and developed plateau
basalts by local relief inversion (Fig. 4).

Tectonic Setting

The Paleogene uplift history of Northern Patagonia is related to the major plate
convergence changes caused by the collision of the South America plate with
the Farallon-Aluk active ridge in the Late Paleocene (Cande and Leslie 1986).
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Fig. 3 Northern Patagonia 3D paleogeography and tectono-magmatic setting for the Late
Oligocene-Early Miocene

The highly oblique convergence of the Farallon-SAM plates in the Paleogene was
considered to have caused the development of oblique subduction (Rapela et al.
1987), but a more recent work suggests that the Aluk plate detached (Aragoén et al.
2011), and the Farallén-SAM plates developed a transform margin (Fig. 3). During
this time, extension has led to the development of the Nirihuau Basin (Gonzilez
Bonorino 1973; Rabassa 1978; Cazau et al. 1989).

In this transform plate margin setting (Fig. 3), a large slab window will develop
in time, leading first to regional mantle upwelling with the development of swelling,
crustal uplift (Fig. 2b), and extension, with small basins that begin to develop at the
former back-arc (Nirihuau Basin). Finally, as the thermal swelling effect diminishes
(Early Miocene), large transgressions from the Atlantic and Pacific oceans cover
most of Northern Patagonia (Figs. 2d and 3). Then the tectonic scenario for the
Northern Patagonian Massif uplift is extensional and coeval to the development of
the Nirihuau Basin at its southwestern side. The apex of uplift for this plateau must
have been reached in the Early Miocene, as the Northern Patagonian Massif plateau
was surrounded by the Atlantic and Pacific oceans transgressions (Figs. 5 and 6).
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Fig. 4 Gondwana planation surface on Permian granitoid rocks at the North Patagonian Massif.
A sector corresponding to the smoothly undulating, granitic plain with regolith cover. At the center
of the photograph, a residual landform of the strongly eroded dome type may be observed

Fig. 5 A slightly convex sector of the paleosurface, corresponding to the “whale-back” type, with
superficial development of severely eroded levels stressed by dominant horizontal fracturing over
a much less developed vertical fracturing
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Fig. 6 A detail of the severely eroded dome which occurs isolated in the granitic platform.
Rounded boulders or corestones may be also observed

Concluding Remarks

The surface morphology of Northern Patagonia has at least three well-preserved
nearly level surfaces: (a) the Gondwana planation surface caused by protracted
erosion from the Middle Jurassic to the Late Cretaceous times, (b) the surface of
the Maastrichtian-Danian marine sediments which flooded the Gondwana planation
surface, and (c) the Late Oligocene-Early Miocene basalt lava flows.

Much of the Gondwana planation surface in Northern Patagonia is now exposed
at the altiplano of the North Patagonian Massif. This is the reason for the nearly level
surface morphology of this uplifted cratonic area. The exhumation of the Gondwana
planation surface from sea level to the present altitude of 1,200 m a.s.l. could have
started in the Late Eocene, but the main uplift of the unit may be related to the
Oligocene extensional setting and mantle upwelling caused by the detachment of
the Aluk plate and the development of a large slab window (Fig. 3) (Aragén et al.
2011). It was not until the altiplano of the Northern Patagonian Massif had reached a
considerable altitude that the Late Oligocene-Early Miocene basalt flows (probably
related to decompression melting) covered part of the altiplano and spilled down
from its edges. Finally, Neogene erosion developed plateaus above the altiplano as a
consequence of relief inversion. The large extent of some of these basaltic plateaus
had erroneously led in the past to the conclusion that the altiplano of the North
Patagonian Massif was caused by relief inversion. The debate continued until it was
demonstrated that the basalt flows were younger than the uplift.
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