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Abstract: On the flat-slab segment of the Central Andes of Argentina, the southern portion
(31°30° — 33° SL) of the Precordillera is characterized by a singular Late Cenozoic tectonic style
related to the tectonic inversion of paleotectonic anisotropies. Different scale, neotectonic NW
trending deformation zones are described at this area. All these belts show the same structural
style, defined by an en échelon array of morphotectonic features which indicate a left-lateral com-
ponent of displacement under a transpressive regime. Oblique paleotectonic features seem to play
a major role in the geometry and kinematics of Late Cenozoic deformation of the northern Precor-
dillera Sur. In agreement with geological data, a tomography of electrical resistivity survey across
one of these zones suggests a Quaternary reverse reactivation of a NW trending extensional paleo-
tectonic fault.

Key words: Neotectonics, transpressive zones, paleotectonic controls, Precordillera sur, Central

Andes, tomography of electrical resistivity, Argentina

Introduction

The Precordillera of western Argentina constitutes a N-S
trending morphotectonic unit that extends along the
Pampean flat-slab subduction segment of the Nazca plate
(JOrRDAN et al. 1984), located between 28° and 33° S in
the Central Andes of Argentina. It is regionally com-
posed by an east-verging foreland fold and thrust belt
bounded by a Precambrian basement to the east (Sierras
Pampeanas) and the hinterland to the west (represented
by the Cordillera Frontal, Fig. 1 and 2).

The central region of the Precordillera (at San Juan
province, Fig. 1) is mostly formed by N-S parallel ranges
and longitudinal valleys of about 150 km length (Fig. 1).
The whole system is controlled by the contractional Late
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Cenozoic deformation and forms a thin-skinned fold and
thrust belt.

However, the southern region of the Precordillera
(31°30” — 33° SL) shows different morphotectonic char-
acteristics which are controlled mostly by older (i. e.
Triassic) extensional structures generated during the de-
velopment of the Cuyana basin (KozLowsKy et al. 1993;
CoRTEs et al. 2005a; Fig. 1). From its peculiar tectonic
behaviour this region has been considered as a separate
morphotectonic subunit, i. e. the Precordillera Sur (at the
southern end of Precordillera; CorTES et al. 2005a). A
geological and structural map of the central and southern
regions of the Precordillera including the Precordillera
Sur is shown in figure 2.
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Fig. 1. Location of the morphotectonic units of Precordillera, Precordillera Sur and Cordillera Frontal on a Digital
Elevation Model shaded relief. Black line = boundary of the Precordillera Sur. White line = boundaries of the Triassic
Cuyana basin.



Neotectonic transpressive zones in the Precordillera Sur, Central Andes of Argentina

105

Legend

B2 Preneogene rocks

Central region

B Precordillera
24 Neogene rocks

- Pre-neogene rocks
Precordillera
I:I Neogene rocks Sur

“iaiie] Uenr Ues

Quaternary rocks or
sediments

]

Cordillera Frontal

32°30 Sierras Pampeanas
_»-" Cenozoic fault
20km
}  Fold
33° —

Fig. 2. Geological map of the Precordillera and the Precordillera Sur. Adjacent morphotectonic units (Cordillera Frontal

and Sierras Pampeanas) are also shown.

The northern zone of the Precordillera Sur is char-
acterized by a left-stepping arrangement of mountainous
blocks which has been interpreted as a NW-trending left-
lateral transpressive shear zone that is known as the
Barreal-Las Pefias belt (CORrTES et al. 2006).

Morphotectonic analysis highlights the same geo-
metric and kinematic pattern at different scales within
the Barreal-Pefias belt, which has been interpreted as
evidence of the fractal nature of the Late Cenozoic
structures in this zone (following TURCOTTE 1992).The
aim of this article is to report the presence of Quaternary
sinistral transpressive belts of different sizes in the north-
ern region of the Precordillera Sur and to provide geoe-
lectrical interpretations of paleotectonic controls on pre-
sent-day compressive structures. The field investigation
of structures has been completed by both the morpho-

tectonic study of aerial photograph and a geoelectrical
survey across one of the Quaternary structures.

Tectonic framework

A brief overview of the tectonic history of the region is
necessary since the deformation zones, which are ana-
lyzed in the present contribution, seem to be controlled
by older structures.

The Central Andes ranges (including the Precordil-
lera) have been originated during the latest orogenic
cycle (Andean orogenic cycle) in Neogene times. How-
ever, at least two compressional and one extensional pre-
Neogene events have printed the characteristics of the
basement in which the Andes are built. The major pre-
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Andean deformation events are the following: 1. com-
pressive Early to Middle Paleozoic deformation (Devo-
nian, Chanic deformation), 2. compressive Late Paleo-
zoic deformation (Lower Permian, San Rafael phase),
and 3. Upper Permian to Triassic extension (Choiyoi
magmatic cycle and Cuyana basin development).

The western margin of South America has an earlier
collisional history (Ramos et al. 1986). The Precordil-
lera, considered as an allochthonous terrane derived from
SE Laurentia (ASTINI et al. 1996; ASTINI & THOMAS
1999; Ramos et al. 2001) has collided during the Early
Paleozoic against the southwestern margin of Gondwa-
na. As a result of such collision, the terrane has been
amalgamated leading to the Early Paleozoic basement in
which the following deformation stages were developed.

The first major deformation episode within the amal-
gamated terrane of the Precordillera took place during
Middle to Late Devonian times as a consequence of a
crustal shortening related to the collision of the Chilenia
terrane (Ramos et al. 1984, 1986) against the Gondwana
margin (Chanic deformation). Outcrops of mafic and
ultramafic rocks located along the western margin of
the Precordillera have been related to an ophiolite com-
plex and subsequently to a suture zone (HALLER &
Ramos 1984, 1993). Furthermore, the Chanic deforma-
tion is represented in the Early Paleozoic basement by
west-verging NW to NE trending metamorphic foliation
(voN GOSEN 1995).

Evidences of an Early Permian deformation (San
Rafael phase; Ramos & Ramos 1979) have been de-
scribed at the Precordillera Sur (voON GOSEN 1995;
CorTES et al. 1997, 1999; CorTEs & KLEIMAN 1999).
As a consequence of these movements, large scale N-S
to NNE-SSW running folds and thrusts associated with
NW strike-slips faults were developed (VON GOSEN
1995; CorTEs et al. 1997). The San Rafael deformation
phase was widely documented over the Central Andes, at
the Bloque de San Rafael (Azcuy & CamiNos 1987;
CorTES & KLEIMAN 1999; KLEIMAN & Japras 2002;
Jaras & KLEIMAN 2004), at the Cordillera Frontal and
Principal (Ramos 1988; LLAMBIAS et al. 1993), as well as
at the Barreal region in the north-western edge of Pre-
cordillera Sur (FURQUE & CUERDA 1984). The wide
distribution of this contractional event suggests that it
is not a local phenomenon but the result of a major
change along the subduction zone west of the Gondwana
margin (RaMos et al. 1984; Ramos 1988).

After a wide extensional magmatic cycle (Choiyoi
cycle), mostly developed during Middle to Upper Per-
mian times, an extensional Triassic phase built wide
scattered NNW trending rift basins all over the western
margin of Gondwana (ULIANA et al. 1989). The Barreal-
Las Pefas belt matches up with the northern end of one

of these Triassic rift basins, called Cuyana basin
(STRELKOV & ALVAREZ 1984; Fig. 1).

Different authors interpreted the Cuyana basin as a set
of distinctive depocenters with opposite polarity (Koko-
GIAN & MANCILLA 1989; RaMos & Kay 1991; LérPEZz
GAMUNDI 1994) and transtension areas located at the
transference zones between rift segments. From the
analysis of seismic lines, sedimentary facies and paleo-
currents, the Cuyana basin has been described as a linked
fault system with alternating polarities (LEGARRETA et al.
1993). STRELKOV & ALVAREZ’S (1984) maps show a
NNW striking Cuyana basin with NNW to NW and
NNE to NE trending normal faults. Microtectonic struc-
tures indicate a sinistral component during this exten-
sional event (JApAS et al. 2005).

The Neogene and Quaternary deformation is related
to the Andean contractional orogenic cycle. At the Cen-
tral Andes, the evolution of the flat slab subduction and
the crustal anisotropies have conditioned the Late Cen-
ozoic development of morphotectonic units during the
last 15 Ma. The Andean contractional deformation is
associated with the Cuyana basin inversion (RAMOS &
Kay 1991; KozLowsKI et al. 1993; LEGARRETA et al.
1993; CorTEs et al. 1997).

Oblique Paleozoic deformation zones in the Precor-
dillera Sur were reactivated during Triassic (CORTEs et
al. 1997; GiaMBIAGI & MARTINEZ 2005) and Neogene
times (CorTES 1998). The paleotectonic anisotropies
have probably played an important role in the geometry
and kinematics of the Neogene to Recent deformation
and the consequent morphotectonic segmentation of the
Precordillerean ranges. Usually, the Precordillera was
considered as a unique morphotectonic unit with a single
geologic history. However, it has been observed that its
deformation style changes longitudinally (Orriz &
ZAMBRANO 1981; BALDIS et al. 1982; BALDIS & VAca
1986). Whereas the central region of the Precordillera
(San Juan province) is a thin-skinned fold and thrust belt,
with longitudinal (N-S) ranges and intermontane basins,
the southern region shows evidence of tectonic inversion
of the Cuyana basin (Ramos & KAy 1991; KozLowski et
al. 1993; LEGARRETA et al. 1993; CorTEs et al. 1997;
Cortes et al. 2005a). Distinctive features of the southern
portion of Precordillera (in contrast with the central
region), such as its different structural style and mor-
photectonic design were used by CORTEs et al. (2005a) to
define a new morphotectonic unit called Precordillera
Sur. According to these authors, the Precordillera Sur is
characterized by shorter NNW to NNE blocks of up to
30 km length, restricted by high angle reverse faults
which sometimes are associated with oblique (NW)
and transverse (WNW) strike-slip structures. These ob-
lique and transverse structures are recognized as a dis-
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tinctive feature (CORTES et al. 2005b) which controls the
end and subsequently the segmentation of the mountain
fronts.

Different orders of transpressive shear
zones

Different orders of en échelon folds and reverse faults
related to oblique and transverse strike-slip faults within
the northern region of the Precordillera Sur are described
below. These structures, recognized from field work and
aerial photographs, were outlined in Digital Elevation
Model (DEM) images. All of them preserve evidence of
Quaternary to Recent deformation.
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Barreal-Las Pefas belt (15! order structure)

The whole northern region of the Precordillera Sur cor-
responds to the Barreal-Las Pefias belt (CORTES et al.
2005a). This is a 130 km long and 10 — 20 km wide belt
trending SE (130°). It is made up of five NNW trending
blocks with a left-stepping arrangement named, from
west to east, Barreal, Ansilta, Pefiasco, Santa Clara
and Las Pefias (Fig. 3a).

Each of these blocks reaches about 20-40 km length
and is integrated by one or more ranges. Each block is
laterally bounded by longitudinal (NNW- to N-S) reverse
or oblique-slip faults. Their northern and southern edges
are commonly marked by NW trending left-lateral
strike-slip faults or deformation zones. The longitudinal
faults are east- or west-verging. The NW oblique faults

References

Quaternary fault

Yeme Cenozoic fault
\\ Barreal - Las Pefias Belt
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Left-lateral component
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Fig. 3. The Barreal-Las Pefias belt (first-order structure). a. On a Digital Elevation Model shaded relief. B = Barreal
block; A = Ansilta block; P = Pefiasco block; SC = Santa Clara block; LP = Las Peifias block; PY = Pampa Yalguaraz.
b. Kinematic model, under a transpressive regime, for the Barreal-Las Pefias belt structures. R = Riedel shear; RF =
Reverse fault; F = Fold; SSF = Strike-slip fault; PDZ = Principal deformation zone.



108 C. M. Terrizzano et al.

work as left lateral transfer faults between some of the
adjacent blocks.

On the basis of their stratigraphical relations, as ob-
served in the field, it is interpreted that these structures
are of Neogene age and could even be Quaternary to
Recent in age (Fig. 3a).

The combination of these afore-mentioned structural
features has been interpreted as a sinistral transpressive
pattern (CorTEs et al. 2006). The Barreal-Las Pefias belt
corresponds to a first-order Neogene to Recent oblique
deformation zone in the interior of the Precordillera of
western Argentina.

Pampa de los Burros deformation zone
(2" order structure)

The Barreal block is situated at the north-western edge of
the Barreal-Las Pefas belt. Its western boundary is a 15
km long NW-trending deformation belt of Late Cenozoic
age. This last belt penetrates towards the SE into the
piedmont developing folds and a set of left stepping
structural highs of about 5-8 km length. The most im-
portant of these highs are called Lomas del Inca, Pampa
de los Burros and Lomitas Negras (Fig. 4). They have a
NNW or NNE trend and show evidence of neotectonic
deformation such as bending of Quaternary deposits,
uplifted alluvial levels and fault and fold limb scarps
developed in Quaternary sediments (CORTES & CEGARRA
2004).

The Lomas del Inca high shows a folded surface. Its
western uplift front is a west- verging fault propagation
fold which is related to smaller oblique folds. This
deformation involves Paleozoic and Cenozoic rocks (Ba-
SILE 2004; VALLEJO 2004). Along its western mountain
front the Quaternary alluvial deposits are tilted reaching
anomalous dips of up to 25° towards the west, whereas
Quaternary deposits of the eastern limb dip against their
original slope. The Pampa de los Burros high, located
close to the Lomas del Inca high, corresponds to a double
plunging anticline, slightly asymmetric to the west and
with a sigmoidal axial trace (Fig. 4), which suggests the
influence of a strike-slip component. At the surface, its
limbs show piedmont fault scarps and fold limb scarps.
The fold limbs show also growth strata (CORTES &
CEGARRA 2004) which can be considered as an evidence
of synchronous deformation and deposition.

The Lomitas Negras high is about 3.5 km long and is
situated towards the SE of the Pampa de los Burros
anticline. Although its core is formed almost entirely
by the Paleozoic bedrock, it preserves a Pleistocene
folded and faulted sedimentary cover. Like the Pampa
de los Burros anticline, the Quaternary deposits of the
Lomitas Negras high exhibit syntectonic growth strata.

Pampa de los Burros
deformation zone |

Los Avestruces |
deformation zone

32°00° S|

Fig. 4. Aerial photograph of the Pampa de los Burros and
the Los Avestruces deformation zones. LI = Lomas del
Inca high; PB = Pampa de los Burros high; LN = Lomit-
as Negras high.

Drainage anomalies at the north and south ends make it
possible to infer strain propagation in those directions
(TErRRIZZANO 2006).

This left-stepped arrangement of structures permit us
to infer a second order zone of Neogene to Recent age
within the Barreal-Las Pefias first order belt.

Los Avestruces deformation zone
(3" order structure)

Within the first order Barreal-Las Penas belt and towards
the SW of the second order Pampa de los Burros belt
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Fig. 5. Los Avestruces deformation zone. a. Structural highs, Los Avestruces bog and the location of the tomography
of electrical resistivity section on an aerial view. b. a geological and structural sketch.

(Fig. 4), a group of 1 to 2.5 km long, NNW-trending
Quaternary to Recent structural highs has been recog-
nized. These highs constitute a 5 km long, NW- trending
belt or zone which is developed in the Pleistocene sedi-
mentary cover. They have a left-stepping arrangement
and are associated with oblique and longitudinal fault
scarps (Fig. 5 a and b).

Close to the southernmost high and to the east lies the
Los Avestruces bog (Fig. 5 a). The fine bog sediments

were likely deposited there as a consequence of tectonic
damming of alluvial streams on the Precordillera pied-
mont. The southernmost Quaternary to Recent high
apparently works as an obstacle to the drainage in that
area.

Therefore, these left-stepped structural highs define a
narrow and small third-order structure called Los Aves-
truces deformation zone.
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Los Avestruces deformation zone:
geophysical observations

A pilot tomography of the electrical resistivity profile
was carried out across one of the Los Avestruces highs in
an E-W direction, in order to get information about the
subsurface geometry of the structures recognized in the
structural and geomorphic study of these pressure ridges.

A 470 m long Dipole-Dipole array (see TELFORD et al.
1990 for basic details on the methodology) was used in
this site, with 48 electrodes separated by 10 meters. 545
quadrupoles were determined with dipole lengths of 10
m (n =1 to 6) and 20 m (n = 3 to 12). A maximum
penetration of 60 m was modelled. Injection time was 1
s, and 2 to 6 repeated measurements were performed at
each quadrupole. The survey was carried out with a
Syscal Junior Resistivity meter (Iris Co.) that allows
automatic current input, voltage records and selection
of dipole pairs.

The resistivity survey aimed at determining and mod-
elling the distribution of electrical resistivity in the sub-
surface. This, in turn, can be interpreted in terms of
lithology, structure and fluid content. Application of this
kind of surveys to map active faults has proved success-
ful (e. g. Storz et al. 2000; DEMONET et al. 2001;
CoLELLA et al. 2004), although it has yet to be adopted
as a standard practice in neotectonic studies. Areas with
a high secondary porosity are frequently developed
around active faults, allowing the increase of fluid con-
tent which is generally accompanied by a significant
decrease in the electric resistivity.

One of the Los Avestruces ridges was selected for a
transverse tomography of the electrical resistivity profile
(Fig. 5 a). The profile crosscuts the westernmost edge of
the structural high in Pleistocene deposits, a fault scarp
facing to the east and a small outcrop of Paleozoic clastic
metasediments exposed at the pressure ridge. The profile
included the eastern edge of this ridge in order to decide
whether or not it was a structural boundary.

Tomography of electrical resistivity cross
section: results and interpretation

Figure 6a shows the selected inverse model for the sub-
surface resistivity. According to the obtained resistivity
values from the selected model, those of rocks and
alluvium (LokE 1996-2002) and in association with field
geological data, an interpreted geological cross section
was built for this site (Fig. 6b). The scarp has a small
topographic relief (less than 1 m) and is located at
distance 220 m, showing an uplifted western block.
The inverse model is consistent with the presence in
the field of Quaternary alluvial fans beds (p < 325

ohm.m) both to the west (d < 180 m) and to the east
(d > 330 m) of the scarp. Beds on the western and on the
eastern side apparently dip west and east respectively,
opposing the regional and original slope and suggesting
that the Quaternary infill has been tilted as a conse-
quence of compressional deformation.

A conspicuous resistivity discontinuity is evident in
the subsurface coincident with the location of the scarp.
This may suggest that the scarp is associated to a west-
dipping high-angle fault. Exposures of Paleozoic rocks
to the East of the scarp (d = 320 m) permit to assign the
high resistivity zones in the subsurface (p > 900 ohm.m)
to these rocks. A significant throw of around 25 m is
suggested by the resistivity distribution across the fault.
Since the distribution of the Paleozoic rocks indicates
that the hanging western block is downthrown, it must be
concluded that the fault worked as a normal fault after
the Paleozoic, most probably during the Triassic. This is
opposite to the reverse movement indicated by the Qua-
ternary sediments displaced along the scarp. A possible
reconciliation to these observations is to interpret this
fault as a likely previous extensional fault (Triassic,
associated to the development of the Cuyana basin?) that
has been reactivated and inverted in the Quaternary. The
significantly larger throw allowed us to depict the origi-
nal normal character of the fault. This small-scale survey
confirms the tectonic pattern of the area characterized by
the Andean reactivation of Late Paleozoic - Early Me-
sozoic structures (CORTES 1998).

As a secondary observation, no evidence is shown by
the electrical survey of a fault bounding the eastern limb
of the Avestruces high.

Discussion

At the northern portion of the Precordillera Sur, NW-
trending deformation zones at different scales are
pointed out. Within the major zone, called Barreal-Las
Peiias belt (130 km length), the Pampa de los Burros belt
(15 km length) and the Los Avestruces zone (5 km
length) were recognized. All these Late Cenozoic zones
show the same structural style, characterized by blocks,
structural highs, small basins and folds with a left-
stepped arrangement. The en échelon array of structural
elements and morphotectonic features indicates a left-
lateral component of displacement along these zones.

From theoretical and experimental basis (see SYLVE-
STER 1988 and WooDpcock & SCHUBERT 1994) en éche-
lon arrays of structural elements and morphotectonic
features in narrow elongate zones usually indicate a
lateral component of displacement along them.

The direction of the horizontal movement on the
strike-slip fault zone is revealed by the stepping direction
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of the folds and/or thrusts: Right-stepping folds form in
right slip; left-stepping folds form in left slip. The same
pattern is followed by the thrusts. Thus, from the geo-
metry of the strain pattern in simple shear, it is possibly
to deduce the slip direction of the strike-slip fault zone
(SYLVESTER 1988).

However, the presence of en échelon structural ele-
ments in a deformation zone is not only restricted to
strike-slip faulting (SYLVESTER 1988). A stepped ar-
rangement of folds or faults may also reflect the complex
influence of basement structures at depth, or they may
represent the superposition of differently oriented folds
in time and space (HARDING 1988). An example of en
échelon basement-involved folds, which work as oblique
structures predating strike-slip deformation, has been
described from the Death Valley area by CHRISTIE-BLICK
& BIDDLE (1985). But such kind of predating en échelon
structures have not been described in the pre-Cenozoic
substratum in the Precordillera Sur region. On the other
hand, evidence of Late Cenozoic strike-slip faulting in
northern Precordillera Sur was reported by CORTES et al.
(1997, 1999, 2006).

The neotectonic left-lateral deformation zones in the
northern region of Precordillera Sur are interpreted as
developed under a transpressive regime because their
complex en échelon design is characterized by a hor-
izontal strain ellipse which has its long axis (X axis in
Fig. 3b) at a lower angle (< 45°) with respect to the
principal displacement zone (PDZ) boundaries (Fig. 3b),
than in a simple strike-slip deformation (SANDERSON &
MARCHINT 1984).

In the central region of Precordillera, where the Low-
er Permian structures (San Rafael phase) and Triassic
extensional faults of Cuyana basin are absent, the Late
Cenozoic contractional deformation under oblique con-
vergence (Az 80°-85°) between the Nazca and the South
American plates has built an east-verging thin-skinned
belt with a general N-S trend of thrust sheets and inter-
montane basins. On the other hand, the Precordillera Sur,
where paleotectonic events and oblique structures have
been documented, shows a different tectonic style char-
acterized by tectonic inversion of Cuyana basin struc-
tures and by sets of oblique NW fractures which were
reactivated as simple or transpressive strike-slip faults or
fault zones (CorTEs et al. 2006). At the northern region
of the Precordillera Sur, Late Cenozoic to Recent NW-
running strike-slip fault zones have already been de-
scribed at the Barreal block (Yamin 2007) and the
Pampa Yalguaraz area (CorTEs et al. 1997; Fig. 3a).
Late Cenozoic to Recent strike-slip rejuvenation of
Palacozoic NW-running strike faults in this area was
also studied by CortEs (1998). Furthermore, the small
scale tomography of electrical resistivity survey at the

Los Avestruces deformation zone has proved the case of
older extensional structures being inverted as a reverse
fault by the Andean orogeny.

Conclusions

At the northern portion of the Precordillera Sur, NW-
trending deformation zones at different scales are
pointed out. In the interior of the major zone, called
Barreal-Las Pefias belt (130 km long), the Pampa de
los Burros belt (15 km long) and the Los Avestruces
zone (5 km long) were recognized. All these Late Ceno-
zoic to Recent deformation zones show the same struc-
tural style characterized by blocks, structural highs,
small basins and folds with a left-stepped arrangement.
The en échelon array of structural elements and mor-
photectonic features indicates a left-lateral component of
displacement along these zones. These neotectonic left-
lateral deformation zones are interpreted as having de-
veloped under a transpressive regime.

Oblique paleotectonic features seem to play a major
role in the geometry and kinematics of Late Cenozoic
deformation of the northern Precordillera Sur. In agree-
ment with geological data, a tomography of an electrical
resistivity profile in the Los Avestruces zone suggests the
presence of an NW extensional paleotectonic fault which
was reactivated as a reverse fault during the Quaternary.
The presence of Quaternary fan layers tilted against their
original slope, as suggested by the geophysical survey,
further confirms the important tectonic deformation af-
fecting the piedmont sediments of the western edge of
the Precordillera Sur.
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