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Abstract

The structural and topographic evolution of orogenic plateaus is an important research topic because
of its impact on atmospheric circulation patterns, the amount and distribution of rainfall, and resulting
changes in surface processes. The Puna region in the north-western Argentina (between 13°S and
27°S) is part of the Andean Plateau, which is the world’s second largest orogenic plateau. In order to
investigate the deformational events responsible for the initial growth of this part of the Andean
plateau, we carried out structural and stratigraphic investigations within the present-day transition
zone between the northern Puna and the adjacent Eastern Cordillera to the east. This transition zone is
characterized by ubiquitous exposures of continental middle Eocene redbeds of the Casa Grande
Formation. Our structural mapping, together with a sedimentological analysis of these units and their
relationships with the adjacent mountain ranges, has revealed growth structures and unconformities
that are indicative of syntectonic deposition. These findings support the notion that tectonic
shortening in this part of the Central Andes was already active during the middle Paleogene, and that
early Cenozoic deformation in the region that now constitutes the Puna occurred in a spatially
irregular manner. The patterns of Paleogene deformation and uplift along the eastern margin of the
present-day plateau correspond to an approximately north-south oriented swath of reactivated
basement heterogeneities (i.e. zones of mechanical weakness) stemming from regional Paleozoic

mountain building that may have led to local concentration of deformation belts.

Keywords: Eocene deformation; southern Central Andes; Andean Plateau; northern Puna; Eastern

Cordillera; growth structures; north-western Argentina

1. Introduction

The southern Central Andes in north-western Argentina and southern Bolivia are an integral
part of the largest Cenozoic non-collisional mountain belt on Earth. Its structural and topographic
evolution has been the subject of controversial discussion over the last 25 years, resulting in a number
of different models for the uplift of the Andean Plateau and adjacent morphotectonic provinces
(Jordan et al., 1983; Allmendinger et al., 1997; Oncken et al., 2006; Garzione et al., 2017). In this

study, we address some of the issues concerning the spatiotemporal evolution of deformation in north-
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western Argentina and focus on tectono-sedimentary patterns exposed within the transition zone
between the present-day Andean Plateau and the Eastern Cordillera, in order to assess two possible
scenarios, one (a) involving systematic eastward-directed plateau growth, and the second (b)
involving more diachronous and spatially irregular patterns of uplift and sedimentation for the

mountain ranges and basins that compass the present-day plateau region.

The Andean Plateau (between latitudes 13°S and 27°S; Isacks, 1988) is a largely internally
drained region in the interior of the Andean orogen (Fig. 1a), with an average elevation between 3.5 -
4 km asl, which is bordered by the Eastern and Western cordilleras (Fig. 1a). The Argentine sector of
the plateau in particular (Fig. 1b), i.e. the Puna (Turner, 1972), is characterized by numerous basins,
some of which are isolated, with intervening reverse-fault-bounded mountain ranges and volcanic
edifices that reach elevations of 5 to 7 km asl (Turner, 1972; Isacks, 1988; Allmendinger et al., 1997).
A set of related research questions currently under discussion is whether the present-day elevation of
this sector of the Andes was achieved during the Paleogene (e.g. Canavan et al., 2014; Quade et al.,
2015), as a result of large-scale surface uplift much later during the Neogene (e.g. Garzione et al.,
2008; Ghosh et al., 2006), or a result of episodic growth (e.g. Reiners et al., 2015; Pingel et al., 2020).
Other discussions have focused on whether early Cenozoic mountain building was characterized by
an eastward-directed younging of deformation (DeCelles et al., 2011; Carrapa & DeCelles, 2015;
Reiners et al., 2015), or whether deformation and uplift were spatially distributed across the entire
region that now constitutes the Andean Plateau and Eastern Cordillera during the Paleogene (e.g.

Hongn et al., 2007; del Papa et al., 2013; Aramayo et al., 2017).

Previous investigations have demonstrated the existence of two Eocene-Oligocene deformation
belts coinciding with the present-day Western and Eastern cordilleras that border the proto-Altiplano
in Bolivia, and that deformation propagated from these belts toward the interior of the Altiplano
(Lamb & Hoke, 1997; Elger et al., 2005; Oncken et al., 2006; Ege et al., 2007). For our investigations
we focused on the region of the southern continuation of the eastern Bolivian deformation belt into
north-western Argentina. Compared to the well-documented Paleogene deformation in the Altiplano,
the isolated outcrops of syntectonic sedimentation along the western and eastern borders of the Puna

have yielded relatively little information about the early history along its margins (Mpodozis et al.,
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2005; Hongn et al., 2007; del Papa et al., 2013), and within the interior of the Puna (Kraemer et al.,
1999; Jordan & Mpodozis, 2006; Carrapa et al., 2005; Carrapa & DeCelles, 2008). Despite the limited
data available, a number of hypotheses have been proposed for the structural and topographic
evolution of the area during the Paleogene. Canavan et al. (2014) and Quade et al. (2015), for
example, suggested on the basis of stable isotope palacoaltimetry that a plateau of about 4 km asl
elevation already existed during the late Eocene. Other authors have, in contrast, suggested the
existence of a broad, low-elevation plain in the region of the present-day Puna during the Paleogene
that was interrupted by uplifts of isolated mountain ranges with generally subdued topography (e.g.
Adelmann, 2001; Carrapa et al., 2005; DeCelles et al., 2007; Pingel et al., 2019, 2020).

Some of the best evidence for the first manifestations of crustal shortening during Eocene-
Oligocene times has been preserved in the transition zone between the Puna and the Eastern
Cordillera, south of 24.5°S (e.g. Hongn et al., 2007; Payrola Bosio et al., 2009). This evidence
comprises syntectonic sedimentation features such as growth strata, progressive unconformities, and
intraformational unconformities, located along structures that delimit irregularly distributed basins
with internal drainage (e.g. del Papa et al., 2013). There is, however, a gap in the records of Paleogene
deformation and associated sedimentation in the transition zone between the Puna and the Eastern
Cordillera, between 22°S and 24.5°S (Figs. 1b and Ic), with most of the evidence of Eocene-
Oligocene tectonism coming from areas within the Puna (Montero-Lopez et al., 2018 and references

therein).

In this study we highlight the importance of the southern continuation into the Eastern
Cordillera of NW Argentina of the Paleozoic eastern Bolivian deformation belt in controlling regional
Cenozoic deformation in the transition zone between the Puna and the Eastern Cordillera. This region
of transition zone corresponds to the Sierra Alta mountain range (between approximately 23°S and
24°S), which marks the present-day morphological border between the Puna and the Eastern
Cordillera (Figs. 1b and 1c). Inherited Paleozoic structures and Cretaceous normal faults in the Sierra
Alta (Rodriguez-Fernandez et al., 1998; Monaldi et al., 2008) were reactivated during the Cenozoic
Andean orogeny (e.g. Kley et al., 2005; Barrabino et al., 2017), as can also be commonly observed at

many other locations in north-western Argentina.
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