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Chapter 5

The Pre-Andean phases of construction of the Southern
Andes basement in Neoproterozoic-Paleozoic times
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Abstract During the late Neoproterozoic and Paleozoic times, the Southern Andes of Argentina
and Chile (21°-55° S) formed part of the southwestern margin of Gondwana. During this period
of time, a set of continental fragments of variable extent and allochtony was successively
accreted to that margin, resulting in six Paleozoic orogenies of different temporal and spatial
extension: Pampean (Ediacaran-early Cambrian), Famatinian (Middle Ordovician-Silurian),
Ocloyic (Middle Ordovician-Devonian), Chanic (Middle Devonian-early Carboniferous),
Gondwanan (Middle Devonian-middle Permian) and Tabarin (late Permian-Triassic). All these
orogenies culminate with collisional events, with the exception of the Tabarin and a part of the

Gondwanan orogenies that are subduction-related.

Keywords Paleozoic, Southern Andes, Pampean orogen, Ocloyic orogen, Famatinian orogen,

Chanic orogen, Gondwanan orogen, Tabarin orogen.
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1 Introduction

In the southern part of the Andean Cordillera (21°-55° S, Fig. 1A) and nearby areas, there are
Neoproterozoic (Ediacaran)-Paleozoic basement relicts of variable extension. This basement has
been involved in orogenic events prior to the Andean orogeny, which is related to the current
configuration of the Andean chain (active since the Cretaceous).

The Paleozoic orogens were developed in the SW Gondwana paleomargin by the
docking of different continental fragments, named, from N to S: Antofalla, Chi-Cu, Eastern
Patagonia, Western Patagonia and Western Antarctica (Fig. 1A). These continental fragments
have different extension, lithology and origin (allochthonous and parautochthonous). Some of
them could be exotic and therefore considered as terranes: Chi-Cu and Western Antarctica. All
these different fragments were formed by Neoproterozoic rifting of the Rodinia supercontinent.
After separation, these fragments traveled forming part of lithospheric plates and subplates such
as Chilenia and Cuyania, included in Chi-Cu, and Atacama belonging to the Antofalla
continental fragment (Heredia et al. 2016). The Paleozoic orogens were formed, in some cases,
by a subduction event prior to collision (non-collisional type) and in other cases by direct
continental fragment/terrane collision with the SW Gondwana paleomargin (collisional type).
All these orogenic events were sequential in time, non-collisional followed by collisional ones,
or overlaped in space or time (Ramos et al. 1986; Ramos 1988a, b, 2009; Rapela et al. 2001;
Ramos and Naipauer 2014; Heredia et al. 2016; among others).

The orogenies that ended with a collision event were (Figs. 1 A and B): 1) “Pampean”
(Neoproterozoic-early Cambrian), produced by the accretion/collision of the Antofalla
continental fragment. 2) ‘“Ross” (late Cambrian-Early Ordovician), caused by the
accretion/collision of the Eastern Patagonia continental fragment. 3) “Famatinian” (Ordovician-
late Silurian), generated by the accretion/collision of two continental fragments at different
paleogeographic locations: Chi-Cu (Cuyania subplate) and Western Patagonia. 4) “Ocloyic”
(Middle Ordovician-Devonian), caused by a subduction/collision in the Atacama subplate. 5)
“Chanic” (Middle Devonian-early Carboniferous), formed by the accretion/collision of the
Chilenia subplate (western part of the Chi-Cu fragment). 6) “Gondwanan” or “San Rafael”
(Middle Devonian-middle Permian), produced by the accretion/collision of the Western
Antarctica fragment. This orogeny has a clear non-collisional part to the North of 38° S latitude,
where the Western Antarctica fragment would not have reached those latitudes. Apart from
these collisional events, Heredia et al. (2016) have recently proposed a new non-collisional type
orogen located in the Patagonia and the Antarctic Peninsula, which was named “Tabarin” (late
Permian-Triassic). It was formed by a subduction event underneath the SW margin of the

Pangea supercontinent, prior to its breakup. Among all of these orogenic events, we do not refer
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to the “Ross” orogeny, because it is not recognized in the cordilleran territory, but only in the
northtern part of the Atlantic Patagonian coast (Gonzalez et al. 2011; Ramos and Naipauer
2014).
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Fig. 1 A) Paleozoic terranes and continental fragments of South America and location of the Puna, Cuyo
and Patagonia sectors. Modified from Ramos (2009). The Western-Antarctica fragment is mainly
preserved in the Antarctic Peninsula. Lineaments: VAL- Valle Ancho, HL- Huincul. B) Sketch with the
time distribution of the Paleozoic Andean orogenies. Uncolored bars, orogenies outside the Andes:
Pampean in the Cuyo Sector and Ross in the Patagonia Sector. The small rectangles mark the beginning
of collisions.

2 Main features of the Paleozoic orogenies in the Southern Andes

The imprints of the different Paleozoic orogenies are not ubiquitous along the Argentinean-
Chilean Andes; only the Gondwanan orogeny had a widespread effect, although with significant
variations from North to South, both in age and type (ie. collisional or non-collisional) (Fig.
1B). These observations led Heredia et al. (2016) to separate three distinct sectors in the
Paleozoic basement of the Southern Andes, whose boundaries are approximately coincident
with important tectonic lineaments: the Valle Ancho lineament (28° S, VAL in Fig. 1A) (Ramos
1999) and the Huincul lineament (38° S, HL in Fig. 1A) (Ploszkiewicz et al. 1984). Therefore,
to the north of 28° S, the Puna Sector was affected by the Pampean, Ocloyic and Gondwanan

(non-collisional) orogenies. Then, between 28° and 38° S, the Cuyo Sector records the
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Famatinian, Chanic and Gondwanan (non-collisional) orogenies. Finally, south of 38° S the
Famatinian, Gondwanan (collisional) and Tabarin orogenies are identified in the Patagonia

Sector.

3 The Pampean orogeny

The Pampean orogeny has been a source of deep debate about its age, spatial distribution and
characteristics since its initial proposal (Acefiolaza and Toselli 1976). The key geological units
identifying the first order discordance that separate the Pampean orogeny of the following
tectonic or orogenic cycle (i.e. Ediacaran-lower Cambrian Puncoviscana Formation/Complex
and middle to upper Cambrian Mesén Group, characterized by Turner 1960; Turner and Mon
1979; Aceiolaza and Acefiolaza 2005) crop out extensively in the Eastern Cordillera and not in
the nearby Pampean Ranges (see discussion in Sureda and Omarini 1999). The main records of
the Pampean orogeny are broadly represented from the Argentina-Bolivia border (Puna and
Eastern Cordillera) up to the Pampean Ranges showing a progresive deepening of the exposed
cortical levels southward (Rapela et al. 1998; Ramos 2008). The Puncoviscana basin was
originally interpreted as a passive margin basin (Jezek et al. 1985) but lately it is interpreted as a
basin related to an active margin linked to variable geotectonic scenarios (Keppie and Bahlburg
1999; Zimmermann 2005; Escayola et al. 2011).

The subduction along this active margin followed by the collision of the Antofalla
continental fragment (Fig. 1A) against the western border of the Gondwana continent (Pampia
block, previously amalgamated to the Rio de la Plata craton) generated the complex structure of
the Puncoviscana Complex, showing superposed deformations with fold interferences and
related cleavages. The available data are abundant but not enough for getting an unequivocal
characterization of the structural evolution of the Puncoviscana Complex. Regional variations of
structural data, like vergence and fold plunge, gave place to proposals of internal unconformities
(e.g. Mon and Hongn 1991). Although recent studies on the age and provenance of detrital
zircons are also consistent with the existence of internal discontinuities in the Puncoviscana
Complex (Adams et al. 2011; Aparicio Gonzalez et al. 2014) there is no still consensus about
such internal unconformities. Lower to middle Cambrian granitoids, such as Cafiani and Tastil
batholiths, are part of the Pampean arc, although at least one of the facies of the Tastil batholith
postdated the deposition of the shelf clastic sedimentary sequences filling the early Cambrian-
Lower Ordovician basins (Hongn et al. 2010b).

Outcrops of units preserving the Pampean metamorphic and magmatic events at low
crustal levels are very sparse in the Puna and Eastern Cordillera. In contrast, they are largely

reperesented in the Pampean Ranges (Grissom et al. 1998; Rapela et al. 1998).
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4 The Ocloyic orogeny

The Ocloyic deformational phase was defined by Turner and Méndez (1975) for identifyng the
deformational events that generate the discontinuity between Ordovician and Silurian
successions in the Eastern Cordillera. New researches strongly improved the knowledge of the
Paleozoic rocks in NW Argentina by recognizing and characterizing deformational, magmatic,
metamorphic and stratigraphic features related to Paleozoic orogenic events. However, the
original definition of the Ocloyic phase has lost its identity and it was used in several senses in
order to define orogenies or deformational phases at different areas and times between the
Ordovician and the Devonian (Ramos 1986, 1988b, 1999; Mon and Hongn 1987; Bahlburg and
Hervé 1997; Astini and Davila 2004; Collo et al. 2008; Heredia et al. 2012; Moya 2015).

Here we describe the main events related to the Ocloyic orogeny in the sense of Heredia
et al. (2016). Based on the age, geotectonic evolution, paleogeographic situation and
deformational features, these authors propose to restrict the use of Ocloyic orogeny to the Puna
Sector. The Ocloyic orogeny started in the Middle Ordovician and ended in the Late Devonian
(Fig. 1B), however in this chapter we also describe ductile pre-orogenic extensional
deformations, developed in Early Ordovician times, which can be confused with some
contractional deformations related to subsequent orogenic processes.

After the accretion of the Antofalla terrane to the Gondwana continent during the early
Cambrian (Pampean orogeny), a subduction zone was installed along the new western
Gondwana margin. The western border of the Puna preserves the related magmatic arc (WP in
Fig. 2A), where the oldest components probably are of late Cambrian age (Moya 2015),
although the arc achieved its climax during the Early Ordovician (Tremadocian-Floian) (Coira
et al. 1999; Zimmermann et al. 2010, Niemeyer et al. 2014) reaching the middle Silurian (ca.
431 Ma) in the Chilean Andes (Vergara 1978) (see Chapter 6).

Changes in plate dynamics have led to major tectonomagmatic events in the Puna and
surrounding areas during the upper Tremadocian and lower Floian times. The thermal anomaly
related to the back-arc extension gave place to metamorphic, magmatic and deformation
processes well defined along the eastern border of the Puna (Hongn et al. 2014). Imprints of
these processes are well-preserved mainly in the Ordovician units northward of 24° S and also
in the Pampean basement southwards of this latitude. The Ordovician magmatic belt along the
eastern border of the Puna (EP in Fig. 2A) (Méndez et al. 1973) is currently thought as a result
of the back-arc thermal anomaly (Coira et al. 2009; Sola et al. 2010) in contrast to some
proposals interpreting these rocks as a magmatic arc related to a second subduction zone
(Ramos 2008). A high-T and low-P metamorphism transformed the Puncoviscana Complex in
schists, gneisses and migmatites, mainly in the eastern border of the southern Puna, the SW area

of the Eastern Cordillera (Sola et al. 2013; Hongn et al. 2014) and their southern prolongations
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in the Northern Pampean Ranges (Finch et al. 2015) (Fig. 2A). The Early Ordovician
metamorphic and magmatic complexes display well-defined structures, such as folds of several
orders with related minor structures (foliations and lineations) and mylonitic belts, at different
scales and with different kinematics (Hongn and Riller 2007; Hongn et al. 2014; Finch et al.
2015). Most of these structures are contemporary to the late Tremadocian-Floian magmatic-
metamorphic events according to most of the available ages.

The Early Ordovician extensional process resulted in a thinned continental crust under
the back-arc basin that allows individualizing the Atacama subplate, which approximately
coincides with the old Antofalla plate (Heredia et al. 2016).

In the westernmost Puna and the Eastern Cordillera, Hongn and Vaccari (2008) and
Moya (2015) describe internal unconformities between sedimentary successions of
Tremadocian and Floian ages that record the Early Ordovician deformation at shallower crustal
levels. Therefore, the intensity of the deformational, metamorphic and magmatic events of late
Tremadocian-Floian age decreased eastward and westward from the eastern border of the Puna.
Becchio et al. (1999) and Lucassen et al. (2000), among others, proposed that the early
Paleozoic events in the Puna could reflect processes of crustal reworking in a mobile belt related
to a protracted thermal anomaly.

The analysis of Ordovician deposits of the Puna and Eastern Cordillera, reveals changes
in the basin setting from extensional to compressional conditions in Middle Ordovician times
(Bahlburg 1990; Bahlburg and Hervé 1997; Astini and Davila 2004; Moya 2015) indicating the

start of the subduction-related Ocloyic orogeny.
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Fig. 2. Main geotectonic features in the Paleozoic basement of the Argentinean-Chilean Andes and their
foreland in: A) Early Carboniferous times. Sutures (little rectangles mark the upper plate): A- Pampean,
B- Famatinian, C- Chanic. D- Limits between the Paleozoic Andean sectors that coincide with Andean
lineaments: VAL- Valle Ancho, HL- Huincul. E- Vergences of Paleozoic structures (Pink: Pampean,
Orange: Ocloyic, Red: Famatinian, Purple: Chanic). F- Displacement sense of the proto-Pacific
lithosphere to Gondwana margin. Magmatic Arcs: G- Famatinian magmatic arcs: CFA- Cuyo Famatinian
arc (late Cambrian-Middle Ordovician), PFA- Patagonian Famatinian arc (Ordovician), H- Ocloyic
magmatic arcs: EP- Eastern Puna arc (Ordovician), WP- Western Puna arc (late Cambrian-middle
Silurian), I- Chanic magmatic arc (Devonian), J- Gondwanan magmatic arc of the Patagonia Sector (late
Silurian-late Carboniferous). K- Gondwanan subduction zone (Orange triangle: former Ocloyic
subduction in the Puna Sector). B) Late Permian times. Main Gondwanan rocks outcrops: A- Fore-arc
pre- and synorogenic rocks: 1- Eastern Andes metamorphic complex, 8 to 12- Eastern Series of the
Coastal Cordillera (same names as the Western Series described in L). B- Back-arc pre-orogenic rocks
and peripheral foreland basin synorogenic rocks: 2- Tecka-Tepuel, 3- Southern San Rafael, 4- Claromeco,
5- Northern San Rafael. C- Retrowedge pre-orogenic rocks and retroarc foreland basin synorogenic rocks:
6- Rio Blanco, 7- Paganzo. Pre-Gondwanan sutures: D- Pampean, E- Famatinian, F- Chanic. G-
Gondwanan suture (little black rectangles mark the upper plate). H- Vergences of Paleozoic structures
(Black- Gondwanan, Maroon- Tabarin). I- Limits between the Paleozoic Andean sectors that coincide
with Andean lineaments: VAL- Valle Ancho, HL- Huincul. J- Trace of Gondwanan structures. K-
Oceanic reliefs accreted to Gondwana. L- HP metamorphic rocks related to the Gondwanan basal
accretionary prism (Western Series) emplaced over the fore-arc basin (Eastern Series): 8- Puerto Montt-
Chilo¢, 9- Bariloche, 10- Pichilemu-Constituciéon, 11- Los Vilos, 12- Antofagasta. M- Gondwanan
magmatic arcs: PA- Gondwanan magmatic arc of the Patagonia Sector (late Silurian-late Carboniferous),
CCB- Coastal Cordillera batholith (late Carboniferous), HCB- High Cordillera batholiths (early Permian).
N- Tabarin magmatic arc (Triassic?). O- Southwestern margin of Pangea: triangles mark the position of
the Tabarin subduction. P- Displacement sense of the last proto-Pacific lithosphere to Pangea margin.
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This change in tectonic regime is imprinted at deeper crustal levels in the Cachi Dome
of the Eastern Cordillera (Tubia et al., 2012), where migmatite and granitoids allow precisely
date the extensional event at ca. 475 Ma, but not the subsequent shortening event (Hongn et al.
2014), which was dated by Ramos (1972) at ca. 465 Ma (age of the first Ocloyic synorogenic
deposits). The magmatic activity starts to vanish after this first compressional event.

The thick turbidites successions exposed in the central Puna were deposited in a
compressional setting, related to subduction, during the Middle Ordovician and early Silurian
times (Ramos 1986; Bahlburg and Hervé 1997; Heredia et al. 2016). These levels are strongly
folded and metamorphosed at very low-grade metamorphic conditions (Mon and Hongn 1987,
Astini 2008) during latter phases of the Ocloyic deformation.

The Ocloyic subduction probably ends in the middle Silurian (ca. 431 Ma), when the
magmatism was drastically reduced or disappeared and the inversion of the back-arc basin
starts, as a result of the approach and later collision of the Atacama subplate with Gondwana
(Heredia et al. 2016). This last orogenic episode finally forms a N-S and double-vergent
orogenic belt (Fig. 2A) with scarce internal zones and clear east-vergences in the Eastern
Cordillera (Alonso et al. 2012), to the east of the older Pampean suture (Fig. 2A). In the Puna
and the Chilean Andes (western branch of the Ocloyic orogen), the structures related to the
Ocloyic orogeny do not show a clear vergence in the late Ordovician levels. This allows
identifying two well-defined segments, the northern one without a clear generalized vergence
and a southern portion (Salta and Catamarca provinces) with a marked west-vergence (Fig. 2A).
These variations argue for models including superposed deformations (subduction- and
collision-related), structural systems with main and secondary vergences (retro-vergent
structures), transpression and, probably, a lack of systematic research. The Ocloyic orogeny
finished with the accretion of the Atacama subplate to Gondwana in the Late Devonian (Fig.
1B), although some authors, like Diaz-Martinez (1996), consider that reached the early
Carboniferous.

The dominant N-S structural trend of the Ocloyic structures enhaced their reactivation
during the following orogenies (Hongn et al. 2010a; Alonso et al. 2012). Thus, the Ocloyic
eastern front seems to coincide with the Eastern Cordillera Andean front and the western
orogenic front probably coincides with the eastern border of the Coastal Cordillera (Heredia et

al. 2016) (Fig. 2A).

5 The Famatinian orogeny

The Famatinian orogeny (Acefiolaza and Toselli 1973) can be recognized in the Cuyo and

Patagonia sectors (Fig. 1B) and in both areas it ends with a collisional event. This orogeny can
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be related to the accretion/collision of two fragments with a different paleogeographic and
allochthonous position: Chi-Cu and Western Patagonia (Fig. 1A). According to some authors,
the Chi-Cu continental fragment (Cuyo Sector) is an allochthonous fragment, a terrain with a
peri-Laurentic origin (Ramos et al. 1986; Dalla Salda et al. 1992; Astini et al. 1995; Keller
1999; Thomas and Astini 2003; Ramos 2004, among others). For some other authors, this same
fragment could not be considered a terrain but could be attributed to a peri-Gondwanic origin
(Baldis et al. 1989; Acefiolaza et al. 2002; Finney et al. 2003; Lopez and Gregori 2004; Finney
2007; Gonzalez-Menéndez et al. 2013). As regards the Western Patagonia (Patagonia Sector), it
seems to be a peri-Gondwanic fragment (Heredia et al. 2016).

Although this orogeny presents N-S variations in age, it could be considered as
Ordovician-Silurian (Fig. 1B). In the Cuyo Sector, east-vergent structures suggest a relationship
to a non-collisional orogen (Andean Type), generated in the Middle Ordovician (Fig. 1B) close
to the active margin of Gondwana (ca. 460 Ma) (Astini and Davila 2004), where the subduction
was already active since the late Cambrian (ca 500 Ma). The collision between Chi-Cu (Cuyania
subplate) and Gondwana took place from the Late Ordovician (ca. 460 Ma) (Astini et al. 1995;
Pankhurst et al. 1998) and extended up to the Silurian-Devonian limit (ca. 420 Ma) (Mulcahy et
al. 2011) (Fig. 1B). In the Patagonia Sector there is no evidence of precollisional contractional
deformation related to the subduction that was originated underneath the Gondwana margin.
The Famatinian deformation in Patagonia affects pre-orogenic granitoids related to the
Famatinian magmatic arc (PFA in Fig. 2A), which reach the Upper Ordovician (ca 452 Ma),
according Loske et al. (1999). Thus, the Famatinian orogeny was generated by the subsequent
collision of the Western Patagonia continental fragment in the Late Ordovician (Heredia et al.
2016) (Fig. 1B). This orogeny ends in this sector in the Wenlock (Middle Silurian, ca 430 Ma),
the age of the fossils from the postorogenic sequence (Miiller 1965; Mancefiido and

Damborenea 1984).

The Famatinian orogenic belt has an N-S trend that rotates towards NNW-SSE in its
northern part (Fig. 2A). This belt presents a double vergence, though only its western branch,
developed over Cuyania (Fig. 2A), developed on the surroundings of the Cordillera de los
Andes (Astini et al. 1995; Astini and Davila 2004). In this sense, Famatinian structures can be
recognized in the Cuyo Sector in a broad part of the northern border of the Precordillera range,
while towards the south, these structures are restricted to the Eastern Precordillera (Heredia et
al. 2016). Furthermore, no Famatinian structures can be seen in the San Rafael Block (Heredia
et al. 2016) (Fig. 2A), which constitutes the extension of the Precordillera towards the south. In
the Patagonia Sector, these structures can be recognized in most part of the Argentinean side of

the Patagonia.
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This orogen presents some quite well developed internal zones in which high-grade
metamorphic conditions can be seen, especially in the Patagonia Sector (Loske et al. 1999;
Giacosa et al. 2002, 2010; Serra-Varela et al. 2016) in which up to three penetrative cleavages
are developed (Serra-Varela et al. 2016; Heredia et al. 2016). These cleavages seem to be
related to both folds and shear zones. In the internal zones of the Cuyo Sector, close to the
Famatinian suture (northern Precordillera, Fig. 2A), the Grenvillian Mesoproterozoic basement
(Varela et al. 2011) and mid-crustal fragments of the Famatinian magmatic arc (CFA in Fig.
2A) are involved in the Famatinian deformation (Otamendi et al. 2009). However, in both areas,
scarce synorogenic granites were identified. As regards the external zones and foreland basins,

they are only well preserved in the western branch of the Cuyo Sector (Precordillera).

6 The Chanic orogeny

The Chanic orogeny (Ramos et al. 1986) has a Middle Devonian to early Carboniferous age
(Davis et al. 1999, 2000; Willner et al. 2011; Heredia et al. 2012, 2016; Colombo et al. 2014). It
is only recognized in the Cuyo Sector (Fig. 1B), where it has been related to the
accretion/collision of the westernmost Chi-Cu subplate (Chilenia) with Gondwana (Fig. 2A).
This orogeny shows different characteristics from N to S. In the north, due to the lack of
oceanic crust separating the Cuyania and Chilenia sub-plates, subduction was not required to
produce its collision (Gonzalez-Menéndez et al. 2013; Heredia et al. 2012, 2016). In the south,
related to the Devonian Chanic subduction, an incipient magmatic arc was developed (Fig. 2A)
and also pre-collisional contractional deformations took place in high-pressure metamorphic
conditions (Massonne and Calderon 2008; Willner et al. 2011; Garcia-Sansegundo et al. 2016).
This processes only affecting the eastern Chilenia margin in Devonian (Tickyj et al. 2011) and
Middle Devonian times (ca. 390 Ma, according to Willner et al. 2011). During the subsequent
collision of Chilenia with Gondwana (western margin of the previously accreted Cuyania
subplate) in Late Devonian times (ca. 374 Ma, according to Heredia et al., 2016), the high-
pressure rocks were exhumed and emplaced over Chilenia. Moreover, remains of the ancient
oceanic crust that separated the two sub-plates (ophiolitic klippes described by Davis et al.
2000) and some fragments of Chilenia were emplaced over the Gondwana margin (Giambiagi et
al. 2014; Farias et al. 2016), marking the Chanic suture (Fig. 2A). In this southern part of the
Chanic orogen the internal zones are well developed, mainly on the eastern Frontal Cordillera
and the western part of the Precordillera. In these zones the deformation is developed in
medium-grade metamorphic conditions, recognizing shear zones, up to two pervasive cleavages
related to folds and some synorogenic granites (Heredia et al. 2012; Giambiagi et al. 2014;
Giacosa et al. 2014; Garcia-Sansegundo et al. 2014b, 2016; Farias et al. 2016). By contrast, the

northern part of the Chanic orogen is produced by inversion of the rift that separated Cuyania
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and Chilenia (Fig. 2A), resulting in a marine basin developed over a thin continental crust. This
rift inversion produced a less intense deformation, which resulted in a narrower orogen with
barely internal zones, where a locally pervasive cleavage, associated with very low
metamorphic conditions (von Gosen 1997), has been developed. In this context, thrust and
related folds are the main structures, which form a well-preserved fold and thrust belt in the
eastern branch of the Chanic orogen, located on the Precordillera (Alvarez-Marrén et al. 2006).
The foreland areas of the Chanic orogen are only well preserved in this eastern branch (over
Cuyania/Gondwana), and their main synorogenic basins have been dated as Tournaisian-Visean
(Gallastegui et al. 2014; Colombo et al. 2014).

The Chanic orogenic belt trends N-S and shows a double vergence (Fig. 2A), to the east
in the eastern branch, developed on Cuyania, and to the west in the western one developed on
Chilenia. The western branch is recognized throughout the High Andes (Alta Cordillera de los
Andes) between 28°-38° S, while the structures associated with its eastern branch are recognized
in the Central Precordillera and in the San Rafael Block (Heredia et al. 2016). Both the Chilean
Coastal Cordillera and the Eastern Precordillera are not affected by this orogeny, which suggests
that the current western boundary of the High Cordillera (Alta Cordillera de los Andes) at this
latitude is a Chanic heritage and it can be correlated with the western limit of this Paleozoic

orogen.

7 The Gondwanan orogeny

The Gondwanan orogeny (Ramos 1988b) can be recognized in all the pre-Andean basement of
the Argentinean-Chilean Andes, but shows significant variations from N to S. In the Patagonia
Sector this orogeny is related to the accretion-collision of Western Antarctica with Gondwana
(Heredia et al. 2016) (Figs. 1B and 2B). In the Cuyo and Puna sectors it is related to subduction
developed under the Gondwanan margin (Figs. 1B and 2B), which started in the early
Carboniferous (Hervé 1988; Rebolledo and Charrier 1994), specifically in the Visean (ca. 337
Ma) (Heredia et al. 2016). In the Puna Sector the Gondwanan subduction is a reactivation of the
Ocloyic subduction. Therefore, in those sectors the Gondwanan orogeny took place from the
late Carboniferous to the middle Permian (Fig. 1B).

The Gondwanan orogen is very wide and shows an arcuate shape (Fig. 2B), so that in the
northern part it is oriented N-S and in the southern part almost E-W (Giacosa et al. 2012). In the
Patagonia Sector, the subduction process that allowed the accretion of Western Antarctica to
Gondwana began in the late Silurian and probably led to the development of an Andean-type
orogenic belt from the Middle Devonian (ca. 391 Ma) to the early Carboniferous (335 Ma) (Fig.
1B) as proposed by Heredia et al. (2016) based on a reinterpretation of data provided by
Pankhurst et al. (2006) and Martinez et al. (2012). This orogenic belt shows the characteristic
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double vergence of the collisional orogens. So, in the branch developed over the Gondwanan
margin, the vergence of the structures is to the internal (concave) part of the Gondwanan arc
(Fig. 2B), while the structures of the branch developed in the Western Antarctica (less
preserved) show a vergence pointing to the external (convex) arc. However, the entire
Patagonian region is located in the Gondwanan branch, as the branch developed on Western
Antarctica has moved to the south since the Mezosoic and it can be only recognized in the
Antarctic Peninsula (Fig. 1A).

The internal zones of this orogen show evidence of up to three deformational episodes;
two of them developed up to high-grade metamorphic conditions accompanied by shear zones
and anatectic synorogenic granites. In these zones, the remains of a basal accretionary prism,
previously deformed under HP-LT metamorphic conditions (Willner et al. 2004), are also
preserved (Fig. 2B). These rocks were thrusted and placed over the margin of Gondwana,
hundreds of kilometers away from the original subduction zone (Garcia-Sansegundo et al. 2009)
(Fig. 2B). In the Antarctic Peninsula (Western Antarctica plate), Loske et al. (1990) dated the
Gondwanan metamorphism as late Carboniferous-early Permian (ca. 315-291 Ma).

The external zones and foreland basins of the Gondwanan collisional orogen in the
Gondwanan branch are well preserved away from the Andean Cordillera, for all the Patagonian
territory, and the orogenic front is located close to the Sierra de la Ventana, to the north of the
Huincul lineament (38° S) (Fig. 2B), where the deformation would have a late early Permian
age (Lopez-Gamundi et al. 1995).

In the non-collisional part of the Gondwanan orogen (north of 38° S), three different
segments can be distinguished (Fig. 2B) according to (i) the variation of the subduction angle
through the time and (ii) the characteristics of the oceanic reliefs that reached the trench at the
end of the orogenic process. Thus, in the Puna Sector and in the southern part of the Cuyo
Sector the subduction angle remained fairly inclined during all the orogenic process, while in
the northern part of the Cuyo Sector the subduction was a flat-slab type (Ramos and Folguera
2009) during the late Carboniferous-early Permian (ca. 300-280 Ma) (Alonso et al. 2005, 2014;
Garcia-Sansegundo et al. 2014a). The development of the flat-slab subduction allowed
migration of the deformation, the arc magmatism (Parada 1990; Hervé et al. 2014; Sato et al.
2015) and the synorogenic retroarc depocenters (Busquets et al. 2005, 2013) to far more
eastwards positions than in the two other segments, so that the deformation reached the western
Pampean Ranges, nearby the Famatinian suture (Fig. 2B). In the flat-slab segment the
Gondwanan orogeny ended in the middle Permian (ca. 265 Ma, Fig. 1B) when an “oceanic
plateau” reached the Gondwana continental margin (Fig. 2B) and forced the migration of the
deformation to the trench (Garcia-Sansegundo et al. 2014a). The approach of this submarine
relief to the continent led to the steepening of the subduction slab and its final docking led to the

exhumation of the Gondwanan basal accretionary prism. This accretionary prism was thrusted
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for tens of kilometers over the fore-arc basin, reaching the vicinity of the volcanic arc (Garcia-

Sansegundo et al. 2014a).

In the southern part of the Cuyo Sector the Gondwanan orogeny ends earlier, in the early
Permian (ca. 280 Ma, Fig. 1B) (Ramos et al. 2011; Giacosa et al. 2014), with the arrival of
oceanic islands to the Gondwanan margin (Hyppolito et al. 2014) (Fig. 2B). This process also
led to the exhumation of the basal accretionary prism, although it is not placed so near of the arc
as in the central segment (Heredia et al. 2016) (Fig. 2B). The Gondwanan deformation in this
segment does not seem to have surpassed eastwards of the San Rafael Block.

In the Puna Sector, the Gondwanan deformation also ended in the middle Permian (Fig.
1B). Here the basal accretionary prism was also exhumed and placed far away from the old
margin (after Lucassen et al. 1999 and Tomlinson et al. 2012), suggesting that some sort of
oceanic relief could have docked to this region of the Gondwana margin. However, the
Gondwanan deformation is practically limited to the Chilean Andes (Fig. 1B), indicating that (i)
this subduction was the steepest of all of them, and/or (ii) the relief that approached the Puna
margin did not exist or was smaller than those accreted in the adjacent Cuyo Sector.
Furthermore, the late Carboniferous and Permian sediments of the eastern Argentinean Andes at
this latitude (Eastern Cordillera) have been related to extensional basins.

The internal zones of the Gondwanan subduction orogen (named Western Series by the
Chilean authors) are restricted to the exhumed remains of the basal accretionary prism, where
four deformation events can be recognized, mainly represented by tectonic foliations. The first
of these foliations developed in the basal accretionary prism under HP-LT metamorphic
conditions and is preserved as relictic into albite and/or garnet porphyroblasts (Willner et al.
2004). The other three, were developed in relation to the exhumation of the basal accretionary
prism (Garcia-Sansegundo et al. 2014a) and, excluding the last one, they are pervasive. As in all
the Andine-type orogens, this orogen shows a single vergence (Fig. 2B), in this case to the east,
although the presence of structures with an opposite vergence is common near the accretionary

prism zone.

8 The Tabarin orogeny

The Tabarin orogeny is only recognized in the Patagonia Sector and has been related to an early
Permian-Triassic subduction episode (Heredia et al. 2016). The subduction zone was located
along the western margin of the Western Antarctica continental fragment (Heredia et al. 2016),
previously accreted to Gondwana during the Gondwanan cycle, which is now part of the Pangea
supercontinent (Fig. 2B). The Tabarin orogeny is late Permian-Triassic in age (ca. 265-208 Ma)

(Hervé 1992; Heredia et al. 2016) and is best preserved in the Antarctic Peninsula. In this area,
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several authors reported compressive deformations of this age (Thomson 1975; Smellie 1991;
Hervé 1992, Muiioz et al. 1992; del Valle et al. 2007) as well as the presence of retroarc
synorogenic deposits, typical of subduction-related orogens (del Valle et al. 2007). In the
surroundings of the Antarctic Peninsula, the main structures related to the Tabarin orogeny are
folds and thrusts with NW-oriented trend and NE vergence (Fig. 2B), developed under very low
grade to non-metamorphic conditions (Mufioz et al. 1992; del Valle et al. 2007). However, these
structures and deposits were initially attributed to the Gondwanan orogeny.

Since the late Permian (ca. 265 My, Tickyj et al. 1997) and especially during the Triassic,
the entire Patagonian territory, including the Andes, changed from a post-Gondwanan
extensional regime to a new setting in which compressional stresses are transmitted from a new
subduction zone developed to the W and SW, underneath the margin of the new Pangea
supercontinent (Heredia et al. 2016) (Fig. 2B). In this context, probably transpressive, the
Tabarin orogeny resulted in several NW-SE sinistral shear zones (Coira et al. 1975; Proserpio
1978; Nullo 1978; Volkheimer and Lage 1981; Llambias et al. 1984; von Gosen 2003; von
Gosen and Loske 2004; Pankhurst et al. 2006, among others), which overlapped the subparallel
Gondwanan structures, affecting also some post-Gondwanan plutons with ages up to ca. 208 Ma

(Rapela et al. 1992).

Aknowledgements

This chapter shows the main results of the InverAndes (BTE2002-04316-C03), PaleoAndes I
(CGL2006-12415-CO3/BTE) PaleoAndes 1I (CGL2009-13706-CO3), TORANDES (CGL2012-
38396-C03) and projects supported by the I+D+i Spanish Plan and FEDER Founds of the UE.
We are especially grateful to Romina Sulla for reviewing the English text. Thank also due to P.

Gonzalez and M. Naipauer for their suggestions and valuable comments.

References

Acenolaza FG, Acefiolaza G (2005) La Formacion Puncoviscana y unidades estratigraficas
vinculadas en el Neoproterozoico-Cambrico Temprano del Noroeste Argentino. Latin
American Journal of Sedimentology and Basin Analysis 12: 65-87

Acefiolaza FG, Toselli AJ (1973) Consideraciones estratigraficas y tectonicas sobre el
Paleozoico inferior del Noroeste Argentino. Actas 2° Congreso Latinoamericano de
Geologia (Caracas) 2, pp 755-763

Acenolaza FG, Miller H, Toselli AJ (2002) Proterozoic-Early Paleozoic evolution in western
South America - a discussion. Tectonophysics 354: 121-137

Adams CJ, Miller H, Acefolaza FG, Toselli A, Griffin WL (2011) The Pacific Gondwana
margin in the late Neoproterozoic-early Paleozoic: Detrital zircon U-Pb ages from
metasediments in northwest Argentina reveal their maximum age, provenance and
tectonic setting. Gondwana Research 19: 71-83

146



147

Alonso JL, Gallastegui J, Rodriguez Fernandez, LR, Garcia-Sansegundo, J (2014) Stratigraphy
and structure of the Punta Negra Anticline. Implications on the structural evolution of
the Argentine Precordillera. Journal of Iberian Geology 40 (2): 283-292

Alonso JL, Rodriguez Fernandez LR, Garcia-Sansegundo J, Heredia N, Farias P and Gallastegui
J (2005) Gondwanic and Andean structure in the Argentine Central Precordillera: The
Rio San Juan section revisited. 6th Internacional Symposium on Andean Geodynamics.
IRD Editions, Paris, pp 36-39

Alonso, JL, Seggiaro R, Quintana L, Gallastegui J, Bulnes M, Poblet J, Heredia N, Rodriguez-
Fernandez LR (2012) Paleozoic deformations in the Eastern Cordillera of the Andes at
23° S (NW Argentina). Geo-Temas 13: 1844 -1847

Alvarez-Marrén J, Rodriguez-Fernandez LR, Heredia N, Busquets P, Colombo F, Brown D
(2006) Neogene structures overprinting Palaeozoic thrust systems in the Andean
Precordillera at 30° S latitude. Journal of the Geological Society of London 163: 949-
964

Aparicio Gonzalez PA, Pimentel MM, Hauser N, Moya MC (2014) U-Pb LA-ICP-MS
geochronology of detrital zircon grains from low-grade metasedimentary rocks
(Neoproterozoic-Cambrian) of the Mojotoro Range, northwest Argentina. Journal of
South American Earth Sciences 49: 39-59

Astini RA (2008) Sedimentacion, facies, discordancias y evolucion paleoambiental durante el
Cambrico-Ordovicico. (Coira, B. and E. Zappettini; eds.) Geologia y Recursos
Naturales de la Provincia de Jujuy. Relatorio 17th Congreso Geoldgico Argentino,
Asociacion Geologica Argentina, Jujuy, pp 50-73

Astini RA, Benedetto JL, Vaccari NE (1995) The early Paleozoic evolution of the Argentine
Precordillera as a Laurentia rifted, drifted and collided terrane: a geodynamic model.
Geological Society of America Bulletin 107: 253-273

Astini RA, Davila FM (2004) Ordovician back arc foreland and Ocloyic thrust belt development
on the western Gondwana margin as a response to Precordillera terrane accretion.
Tectonics 23: 1-19

Bahlburg H (1990) The Ordovician basin in the Puna of NW Argentina and N Chile:
geodynamic evolution from back-arc basin to foreland basin. Geotektonische
Forschungen 75: 1-107

Bahlburg H, Hervé F (1997) Geodynamic evolution and tectonostratigraphic terranes of
Northwestern Argentina and Northern Chile. Geological Society of America Bulletin
109 (7): 869-884

Baldis BA, Peralta S, Villegas R (1989) Esquematizaciones de una posible transcurrencia del
terrane de Precordillera como como fragmento continental procedente de 4areas
pampeano-bonaerenses. Instituto Superior de Correlacion Geologica 5: 81-100

Becchio R, Lucassen F, Franz G, Viramonte J, Wemmer K (1999) El basamento paleozoico
inferior del noroeste de Argentina (23°-27° S)-metamorfismo y geocronologia
(Gonzalez Bonorino, G, Omarini, R, and Viramonte, J., eds.), Geologia del Noroeste
Argentino, Relatorio 19th Congreso Geologico Argentino 1, pp 58-72

Busquets P, Colombo F, Heredia N, De Porta NS, Rodriguez-Fernandez LR, Alvarez Marrén J
(2005) Age and tectonostratigraphic significance of the Upper Carboniferous series in
the basement of the Andean Frontal Cordillera: Geodynamic implications.
Tectonophysics 399 (1-4): 181-194

Busquets P, Limarino CO, Cardo R, Méndez-Bedia I, Gallastegui G, Colombo F, Heredia N,
Césari SN (2013) The neopaleozoic of the Sierra de Castafio (Andean Cordillera
Frontal, San Juan, Argentina): Tectonic and paleoenviromental reconstruction. Andean
Geology 40 (1): 172-195

Coira B, Kay SM, Pérez B, Woll B, Hanning M, Flores P (1999) Magmatic sources and tectonic
setting of Gondwana margin Ordovician magmas, northern Puna of Argentina and Chile
(V.A. Ramos and J.D. Keppie, eds.), Laurentia-Gondwana Connections before Pangea.
Geological Society of America, Special Paper 336: 145-170

147



148

Coira B, Kirschbaum A, Hongn F, Pérez B, Menegatti N (2009) Basic magmatism in
northeastern Puna, Argentina: Chemical composition and tectonic setting in the
Ordovician back-arc. Journal of South American Earth Sciences 28: 374-382

Coira B, Nullo F, Proserpio C, Ramos VA (1975) Tectonica de basamento de la region
occidental del Macizo Nordpatagonico (Prov. de Rio Negro y Chubut) Republica
Argentina. Revista de la Asociacon Geologica Argentina 30 (3): 361-383

Collo G, Astini RA, Cardona A, do Campo MD, Cordani U (2008) Edades de metamorfismo en
las unidades con bajo grado de la region central del Famatina: la impronta del ciclo
orogénico ocloyico (Ordovicico). Revista Geologica de Chile 35 (2): 191-213

Colombo F, Limarino CO, Spalletti LA, Busquets P, Card6 R, Méndez-Bedia I, Heredia N
(2014) Late Palaeozoic lithostratigraphy of the Andean Precordillera revisited (San Juan
Province, Argentina). Journal of Iberian Geology 40 (2): 241-259

Dalla Salda LH, Cingolani C, Varela R (1992) Early Palaeozoic Orogenic belt of the Andes in
southwestern South-America - result of Laurentia-Gondwana collision. Geology 20 (7):
617-620

Davis JS, Roeske SM, McClelland WM, Kay SM (2000) Mafic and ultramafic crustal fragments
of the SW Precordillera terrane and their bearing on tectonic models of the early
Paleozoic in Western Argentina. Geology 28: 171-174

Davis JS, Roeske SM, McClelland WC, Snee LW (1999) Closing the ocean between the
Precordillera terrane and Chilenia: Early Devonian ophiolite emplacement and
deformation in the SW Precordillera (V.A. Ramos and J.D. Keppie, eds.), Laurentia-
Gondwana Connections before Pangea. Geological Society of America, Special Paper
336: 115-138

del Valle R, Heredia N, Montes M, Nozal F, Martin-Serrano A (2007) El Grupo Trinity
Peninsula en la Peninsula Tabarin, extrtemo norte de la Peninsula Antartica. Revista de
la Asociacion Geologica Argentina 62 (4): 498-505

Diaz-Martinez E (1996) Sintesis estratigrafica y geodinamica del Carbonifero de Bolivia.
Memorias del XII Congreso Geologico de Bolivia (Tarija, Bolivia), pp 355-367

Escayola MP, van Staal CR, Davis WJ (2011) The age and tectonic setting of the Puncoviscana
Formation in northwestern Argentina: an accretionary complex related to Early
Cambrian closure of the Puncoviscana Ocean and accretion of the Arequipa-Antofalla
block. Journal of South American Earth Sciences 32: 437-458

Farias P, Garcia-Sansegundo J, Rubio-Ordofiez A, Clariana P, Cingolani C, Heredia N (2016)
La deformacién Chanica en el Bloque San Rafael (Provincia de Mendoza, Argentina):
implicaciones tectonicas. Geo-Temas 16 (2): 411-414

Finch M, Weinberg R, Fuentes G, Hasalova P, Becchio R (2015) One kilometre-thick
ultramylonite, Sierra de Quilmes, Sierras Pampeanas, NW Argentina Journal of
Structural Geology 72: 33 - 54

Finney SC (2007) The parautochthonous Gondwanan origin of Cuyania (greater Precordillera)
terrane of Argentina: A reevaluation of evidence used to support an allochthonous
Laurentian origin. Geologica Acta 5: 127-158

Finney SC, Gleason JD, Gehrels GG, Peralta SH, Acefiolaza G (2003) Early Gondwanan
Connection for the Argentine Precordillera Terrane. Earth and Planetary Sciences
Letters 205: 349-359

Gallastegui G, Gonzalez-Menéndez L, Rubio-Ordofiez A, Cuesta A, Gerdes A (2014) Origin
and provenance of igneous clasts from late Palacozoic conglomerate formations (Del
Raton and El Planchon) in the Andean Precordillera of San Juan, Argentina. Journal of
Iberian Geology 40 (2): 261-282

Garcia-Sansegundo J, Farias P, Gallastegui G, Giacosa R, Heredia N (2009) Structure of the
North-Patagonian Gondwanic basement in the Bariloche area. International Journal of
Earth Sciences 98: 1599-1608

Garcia-Sansegundo J, Farias P, Heredia N, Gallastegui G, Charrier R, Rubio-Ordéiiez A, Cuesta
A (2014a) Structure of the Andean Palacozoic basement in the Chilean coast at 31° 30’
S: Geodynamic evolution of a subduction margin. Journal of Iberian Geology 40 (2):
293-308

148



149

Garcia-Sansegundo J, Farias P, Rubio-Ordoiiez A, Heredia N (2014b) The Palacozoic basement
of the Andean Frontal Cordillera at 34° S (Cordén del Carrizalito, Mendoza Province,
Argentina): Geotectonic implications. Journal of Iberian Geology 40 (2): 321-330

Garcia-Sansegundo J, Gallastegui G, Farias P, Rubio-Ordofiez A, Cuesta A, Heredia N,
Giambiagi L, Clariana P (2016) Evolucién tectono-metamorfica Chanica del Complejo
Guarguaraz, Cordillera Frontal de los Andes (Mendoza, Argentina). Geo-Temas 16 (2):
427-430

Giacosa R, Allard J, Foix N, Heredia N (2014) Stratigraphy, structure and geodynamic
evolution of the Paleozoic rocks in the Cordillera del Viento (37° S latitude, Andes of
Neuquén, Argentina). Journal of Iberian Geology 40 (2): 331-348

Giacosa R, Fracchia D, Heredia N (2012) Structure of the Southern Patagonian Andes at 49° S,
Argentina. Geologica Acta 10 (3): 265-282

Giambiagi LB, Mescua JF, Heredia N, Farias P, Garcia-Sansegundo J, Fernandez C, Stier S,
Pérez DJ, Bechis F, Moreiras SM, Lossada A (2014) Reactivation of Paleozoic
structures during Cenozoic deformation in the Cordon del Plata and Southern
Precordillera ranges (Mendoza, Argentina). Journal of Iberian Geology 40 (2): 309-320

Gonzalez PD, Tortello MF, Damborenea SE (2011) Early Cambrian archacocyathan limestone
blocks in low-grade meta-conglomerate from El Jagiielito Formation (Sierra Grande,
Rio Negro, Argentina). Geologica Acta 9 (2): 159-173

Gonzalez-Menéndez L, Gallastegui G, Cuesta A, Heredia N, Rubio-Ordofiez A (2013)
Petrogenesis of Early Paleozoic basalts and gabbros in the western Cuyania terrane:
Constraints on the tectonic setting of the southwestern Gondwana margin (Sierra del
Tigre, Andean Argentine Precordillera). Gondwana Research 24 (1): 359-376

Grissom G, Debari S, Snee L (1998) Geology of the Sierra de Fiambal4, nothwestern Argentina:
Implications for Early Paleozoic Andean tectonics. (Pankhurst, B. and Rapela, C. eds.),
The Proto Andean margin of Gondwana. Geological Society, Special Publication 142:
297-323

Heredia N, Farias P, Garcia-Sansegundo J, Giambiagi L (2012) The Basement of the Andean
Frontal Cordillera in the Cordon del Plata (Mendoza, Argentina): Geodynamic
Evolution. Andean Geology 39 (2): 242-257

Heredia N, Garcia-Sansegundo J, Gallastegui G, Farias P, Giacosa R, Alonso JL, Busquets P,
Charrier R, Clariana P, Colombo F, Cuesta A, Gallastegui J, Giambiagi L, Gonzalez-
Menéndez L, Limarino CO, Martin-Gonzalez F, Pedreira D, Quintana L, Rodriguez-
Fernandez LR, Rubio-Ordonez A, Seggiaro R, Serra-Varela S, Spalletti L, Card6 R,
Ramos VA (2016) Evolucion Geodinamica de los Andes de Argentina, Chile y la
Peninsula Antartica durante el Neoproterozoico superior y el Paleozoico. Trabajos de
Geologia 35: 000-000

Hervé F (1988) Late Palaecozoic subduction and accretion in Southern Chile. Episodes 11: 183-
188

Hervé F (1992) Estado actual del conocimiento del metamorfismo y plutonismo en la Peninsula
Antartica al norte de los 65° S y el archipié¢lago de las Shetlands del Sur: Revision y
problemas (J. Lopez-Martinez, ed.), Geologia de la Antartida Occidental. Simposios del
IIT Congreso Geolodgico de Espaifia y VIII Congreso Latinoamericano de Geologia 3, pp
19-31

Hervé F, Fanning M, Calderon MR, Mpodozis C (2014) Early Permian to Late Triassic
batholiths of the Chilean Frontal Cordillera (28°-31° S): SHRIMP U-Pb zircon ages and
Lu—Hf and O isotope systematics. Lithos 184-187: 436-446

Hongn F, Mon R, Petrinovic I, del Papa C, Powell J (2010a) Inversion y reactivacion tectonicas
cretacico-cenozoicas en el noroeste argentino: influencia de las heterogeneidades del
basamento neoproterozoico-paleozoico inferior. Revista de la Asociacion Geologica
Argentina 66: 38-53

Hongn F, Riller U (2007) Tectono-magmatic evolution of the western margin of Gondwana
inferred from syntectonic emplacement of Paleozoic granitoid plutons in NW-
Argentina. Journal of Geology 115: 163-180.

149



150

Hongn F, Tubia JM, Aranguren A, Vegas N, Mon R, Dunning G (2010b) Magmatism coeval
with lower paleozoic shelf basins in NW-Argentina (Tastil batholith): constraints on
current stratigraphic and tectonic interpretations. Journal of South American Earth
Sciences 29: 289-305

Hongn F, Tubia JM, Esteban JJ, Aranguren A, Vegas N, Sergeev S, Larionov A, Basei M
(2014) The Sierra de Cachi (Salta, NW Argentina): geological evidence about a
Famatinian back-arc at mid crustal levels. Journal of Iberian Geology 40 (2): 225-240

Hongn F, Vaccari NE (2008) La discordancia tremadociano superior-arenigiana inferior en vega
Pinato (Salta): Evidencia de deformacion intraordovicica en el borde occidental de la
Puna. Actas 17 Congreso Geoldgico Argentino III, pp 1299-1300

Hyppolito T, Juliani C, Garcia-Casco A, Meira VT, Bustamante A, Hervé F (2014) The nature
of the Palacozoic oceanic basin at the southwestern margin of Gondwana and
implications for the origin of the Chilenia terrane (Pichilemu region, central Chile).
International Geology Review 56 (9): 1097-1121

Jezek P, Wilner AP, Aceiolaza FG, Miller H (1985) The Puncoviscana trough-a large basin of
Late Precambrian to Early Cambrian age on the Pacific edge of the Brazilian shield.
Geologische Rundschau 4: 573-584

Keller M (1999) Argentine Precordillera: sedimentary and plate tectonic history of a Laurentia
crustal fragment in South America. Geological Society of America, Special Paper 341:
1-131

Keppie JD, Bahlburg H (1999) Puncoviscana formation of northwestern and central Argentina:
Passive margin or foreland basin deposit?. Geological Society of America, Special
Paper 336: 139-143

Llambias EJ, Llano JA, Rossa N, Castro CE, Puigdomenech HH (1984) Petrografia de la
Formacion Mamil Choique en la Sierra del Medio-Departamento Cushamen-Provincia
del Chubut. Actas IX Congreso Geologico Argentino (San Carlos de Bariloche/Rio
Negro) 2, pp 554-567

Lopez VL, Gregori DA (2004) Provenance and evolution of the Guarguaraz Complex,
Cordillera Frontal, Argentina. Gondwana Research 7: 1197-1208

Loépez-Gamundi OR, Conaghan PJ; Rosello EA, Cobbold PR (1995) The Tunas Formation
(Permian) in the Sierras Australes Fold belt, East-Central Argentina: evidence of
syntectonic sedimentation in a Varisican foreland basin. Journal of South American
Earth Sciences 8 (2): 129-142

Loske W, Marquez M, Giacosa R, Pezzuchi H, Fernandez MI (1999) U/Pb geochronology of
pre-Permian Basement Rocks in the Macizo del Deseado, Santa Cruz province,
Argentine Patagonia. Actas XV Congreso Geoldgico Argentino (Salta-Argentina), pp 1-
102

Loske W, Miller H, Milne A, Hervé F (1990) U-Pb zircon ages of xenoliths from Cape
Dubouzet, Antarctic Peninsula. Zentralblatt far Geologie und Paldaontologie 1 (1-2): 87-
95

Lucassen F, Franz G, Laber A (1999) Permian high pressure Rocks. The basement of the Sierra
de Lim6n Verde in northern Chile. Journal of South American Earth Sciences 12 (2):
183-199

Lucassen F, Becchio R, Wikle HG, Franz G, Thirlwall MF, Viramonte J, Wemmer K (2000)
Proterozoic—Paleozoic development of the basement of the Central Andes (18°-26° S)- a
mobile belt of the South American craton. Journal of South American Earth Sciences
13: 697-715

Mancefiido M, Damborenea S (1984) Megafaunas de invertebrados paleozoicos y mesozoicos
(Ramos, V.E., ed.), Relatorio del IX Congreso Geoldgico Argentino: Geologia y
recursos naturales de la provincia de Rio Negro (San Carlos de Bariloche-Argentina),
pp 413-466

Martinez JC, Dristas JA, Massonne HJ (2012) Palaecozoic accretion of the microcontinent
Chilenia, North Patagonian Andes: high-pressure metamorphism and subsequent
thermal relaxation. International Geology Review 54 (4): 472-490

150



151

Massonne HJ, Calderéon M (2008) P-T evolution of metapelites from the Guarguaraz Complex,
Argentina: evidence for Devonian crustal thickening close to the western Gondwana
margin. Revista Geologica de Chile 35 (2): 215-231

Meéndez V, Navarini A, Plaza D, Viera O (1973) Faja eruptiva de la Puna oriental. Actas 5°
Congreso Geoldgico Argentino (Buenos Aires) 4, pp 89-100

Mon R, Hongn F (1987) Estructura del Ordovicico de la Puna. Revista de la Asociacion
Geologica Argentina 42: 31-38

Mon R, Hongn F (1991) The structure of the Precambrian and Lower Paleozoic Basement of the
Central Andes between 22° and 32° S Lat. Geologische Rundschau 83: 745-758

Moya C (2015) La “Fase Ocldyica” (Ordovicico Superior) en el noroeste argentino.
Interpretacion histérica y evidencias en contrario. Serie Correlacion Geoldgica,
Contribuciones a la Geologia Argentina 31: 73-110

Mulcahy SR, Roeske S, McClelland WC, Jourdan F, Iriondo A, Renne PR, Vervoot JD,
Vujovich G (2011) Structural evolution of a composite middle to lower crustal section:
The Sierra de Pie de Palo, northwest Argentina. Tectonics 30 (1): TC1005

Miiller H (1965) Zur Alterfrage der eisenerzlagerstitte Sierra Grande / Rio Negro in
Nordpatagonien Aufgrund neuer Fossilfunde. Geologische Rundschau 54: 715-732

Muiioz JA, Sabat F, Pallas R (1992) Estructura pre-cretacica de la Peninsula Hurd, Isla
Livingston, Islas Shetland del Sur (J. Loépez-Martinez, ed.), Geologia de la Antartida
Occidental. Simposios del III Congreso Geoldgico de Espafia y VIII Congreso
Latinoamericano de Geologia 3, pp 127-140

Niemeyer H, Meffre S, Guerrero R (2014) Zircon U-Pb geochronology of granitic rocks of the
Cordon de Lila and Sierra de Almeida ranges, northern Chile: 30 m.y. of Ordovician
plutonism on the western border of Gondwana. Journal of South American Earth
Sciences 56: 228-241

Nullo FE (1978) Descripcion Geologica de la Hoja 41d, Lipetrén, Provincia de Rio Negro.
Boletiin del SEGEMAR 158: 1-88

Otamendi JE, Vujovich GI, de la Rosa JD, Tibaldi AM, Castro A, Martino RD, Pinotti LP
(2009) Geology and petrology of a deep crustal zone from the Famatinian paleo-arc,
Sierras de Valle Fértil and La Huerta, San Juan, Argentina. Journal of South American
Earth Sciences 27 (4): 258-279

Pankhurst RJ, Rapela CW, Fanning CM, Marquez M (2006) Gondwanide continental collision
and the origin of Patagonia. Earth-Science Reviews 7: 235-257.

Pankhurst RJ, Rapela CW, Saavedra J, Baldo E, Dahlquist J, Pascua I, Fanning CM (1998) The
Famatinian magmatic arc in the Central Sierras Pampeanas: An early to mid-Ordovician
continental arc on the Gondwana margin (R.J. Pankhurst and C.W. Rapela, eds.), The
Proto-Andean Margin of Gondwana. Geological Society of London, Special Publication
142: 343-367

Parada MA (1990) Granitoid plutonism in Central Chile and its geodynamic implications: a
review. Geological Society of America, Special Paper 241: 51-65

Ploszkiewicz JV, Orchuela IA, Vaillard JC, Vifies R (1984) Compresion y desplazamiento
lateral en la zona de la Falla Huincul, estructuras asociadas, Provincia del Neuquén.
Actas 9° Congreso Geologico Argentino (Bariloche) 2, pp 163-169.

Proserpio CA (1978) Descripcion Geoldgica de la Hoja 42d, Gastre, Provincia del Chubut.
Boletin del SEGEMAR 159: 1-75

Ramos VA (1972) El Ordovicico fosilifero de la Sierra de Lina. Provincia de Jujuy. Revista de
la Asociacion Geoldgica Argentina 27 (1): 84-94

Ramos VA (1986) El diastrofismo ocldyico: un ejemplo de tectonica de colision en el
Eopaleozoico del noroeste Argentino. Revista del Instituto de Ciencias Geologicas 6:
13-28

Ramos VA (1988a) Tectonics of the Late Proterozoic-early Paleozoic: A collisional history of
southern South America. Episodes 11 (3): 168-174

Ramos VA (1988b) The tectonics of the Central Andes; 30° to 33° S latitude (S. Clark and D.
Burchfiel, eds.), Processes in continental lithospheric deformation. Geological Society
of America, Special Paper 218: 31-54

151



152

Ramos VA (1999) Rasgos estructurales del territorio argentino (R. Caminos, ed.), Geologia de
Argentina. Servicio Geoldgico y Minero Argentino, Anales 29: 715-784

Ramos VA (2004) Cuyania, an exotic block to Gondwana: review of a historical success and the
present problems. Gondwana Research 7: 1009-1026

Ramos VA (2008) The Basement of the Central Andes: The Arequipa and Related Terranes.
Annual Review of Earth and Planetary Sciences 36: 289-324.

Ramos VA (2009) Anatomy and global context of the Andes: Main geologic features and the
Andean orogenic cycle (S.M. Kay, V.A. Ramos and W. Dickinson, eds.), Backbone of
the Americas: Shallow Subduction, Plateau Uplift, and Ridge and Terrane Collision.
Geological Society of America Memoirs 204: 31-65

Ramos VA, Folguera A (2009) Andean flat-slab subduction through time (B. Murphy, ed.),
Ancient Orogens and Modern Analogues. Geological Society London, Special
Publication 327: 31-54

Ramos VA, Jordan TE, Allmendinger RW, Mpodozis C, Kay SM, Cortés JM, Palma MA
(1986) Paleozoic Terranes of the Central Argentine-Chilean Andes. Tectonics 5 (6):
855-880.

Ramos VA, Mosquera A, Folguera A, Garcia Morabito E (2011) Evolucion tectonica de los
Andes y del engolfamiento neuquino adyacente (H. Leanza et al., eds.), Geologia y
Recursos Naturales de la Provincia del Neuquén. Relatorio 18° Congreso Geoldgico
Argentino (Neuquén), pp 335-344

Ramos VA, Naipauer M (2014) Patagonia: where does it come from? Journal of Iberian
Geology 40 (2): 367-379

Rapela CW, Casquet C, Baldo EGA, Dalquist J, Pankhurst RJ, Galindo C, Saavedra J (2001)
Las Orogénesis del Paleozoico Inferior en el margen proto-andino de América del Sur,
Sierras Pampeanas, Argentina. Journal of Iberian Geology 27: 23-41

Rapela CW, Pankhurst RJ, Casquet C, Baldo EGA, Saavedra J, Galindo C (1998) Early
evolution of the Proto-Andean margin of South America. Geology 26 (8): 707-710

Rapela CW, Pankhurst RJ, Harrison R (1992) Triassic Gondwanan granites of the Gastre
district, North Patagonian Massif. Transaction of the Royal Society of Edimburg, Earth
Sciences 83: 291-304

Rebolledo S, Charrier R (1994) Evolucion del basamento paleozoico en el area de Punta
Claditas, Region de Coquimbo, Chile (31°-32° S). Revista Geoldgica de Chile 21 (1):
55-69

Sato AM, Llambias EJ, Basei MAS, Castro CE (2015) Three stages in the Late Paleozoic to
Triassic magmatism of southwestern Gondwana, and the relationships with the
volcanogenic events in coeval basins. Journal of South American Earth Sciences 63: 48-
69

Serra-Varela S, Gonzalez PD, Giacosa R, Heredia N, Pedreira D, Martin-Gonzalez F (2016)
Geologia y geocronologia del basamento paleozoico de los Andes Norpatagonicos en el
area de San Martin de los Andes. Geo-Temas 16 (2): 431-434

Smellie J (1991) Stratigraphy, provenance and tectoning setting of Late-Paleozoic-Triassic
sedimentary sequences in northern Graham Land and South Scotia Ridge (M.R.A.
Thomson, J.A. Crame and J.W. Thomson, eds.), Geological Evolution of Antarctica.
Cambridge University Press, pp 411-417

Sola AM, Becchio RA, Pimentel MM (2010) Leucogranito Pumayaco: anatexis cortical durante
el ciclo orogénico Famatiniano en el extremo norte de la Sierra de Molinos, provincia
de Salta. Revista de la Asociacion Geologica Argentina 66: 206-224

Sola AM, Becchio RA, Pimentel MM (2013) Petrogenesis of migmatites and leucogranites from
Sierra de Molinos, Salta, Northwest Argentina: A petrologic and geochemical study.
Lithos 177: 470 — 491

Sureda RJ, Omarini R (1999) Evolucion geoldgica y nomenclatura pre-Gondwanica en el
Noroeste de Argentina (1800-160 Ma). Acta Geoldgica Hispanica 34 (2-3): 197-225

Thomas WA, Astini RA (2003) Ordovician accretion of the Argentine Precordillera terrane to
Gondwana: a review. Journal of South American Earth Sciences 16: 67-79

152



153

Thomson MRA (1975) New palaeontological, lithological observations on the Legoupil
Formation, northwest Antarctic Peninsula. British Antarctic Survey Bulletin 41-42: 169-
185

Tickyj H (2011) Granitoides calcoalcalinos tardio-Famatinianos en el Cordon del Carrizalito,
Cordillera Frontal, Mendoza. Actas 18 Congreso Geoldgico Argentino (Neuquén,
Argentina): Petrologia fgnea y Metamorfica, pp 1-2

Tickyj H, Dimieri LV, Llambias EJ, Sato AM (1997) Cerro de Los Viejos (38° 28' S-64° 26' O):
Cizallamiento ductil en el sudeste de La Pampa. Revista de la Asociacion Geoldgica
Argentina 52 (3): 311-321

Tomlinson AJ, Blanco N, Garcia M, Baeza L, Alcota H, Ladino M, Pérez de Arce C, Fanning
CM, Martin MW (2012) Permian Exhumation of Metamorphic Complexes in the
Calama Area: Evidence for Flat-Slab Subduction in Northern Chile During the San
Rafael Tectonic Phase and Origin of the Central Andean Gravity High. XIII Congreso
Geologico Chileno, Antofagasta, Electronic Expanded Abstracts, Thematic Session T2,
pp 209-211

Turner JCM (1960) Estratigrafia de la Sierra de Santa Victoria y adyacencias. Boletin de la
Academia Nacional de Ciencias de Cérdoba 41(2): 163-196

Turner JCM, Méndez V (1975) Geologia del sector oriental de los Departamentos de Santa
Victoria e Iruya, Provincia de Salta, Republica Argentina. Boletin de la Academia
Nacional de Ciencias de Cordoba 51 (1- 2): 11-24

Turner JCM, Mon R (1979) Cordillera Oriental. (Turner, J.C.M., ed.), Geologia Regional
Argentina, Academia Nacional de Ciencias de Cordoba, pp 57- 94

Varela R, Basei MAS, Gonzalez PD, Sato AM, Naipauer M, Campos Neto M, Cingolani CA,
Meira VT (2011) Accretion of Grenvillian terranes to the southwestern border of the
Rio de la Plata craton, western Argentina. International Journal of Earth Sciences 100:
243-272

Vergara H (1978) Carta Geologica de Chile a E. 1:50.000, Cuadrangulo Ujina, Region de
Tarapaca. Servicio Nacional de Geologia y Mineria, pp 1-33

Volkheimer W, Lage J (1981) Descripcion Geologica de la Hoja 42¢, Cerro Mirador, Provincia
del Chubut. Boletiin de]l SEGEMAR 181: 1-71

von Gosen W (1997) Early Paleozoic and Andean structural evolution in the Rio Jachal section
of the Argentine Precordillera. Journal of South American Earth Sciences 10: 361-388

von Gosen W (2003) Thrust tectonics in the North Patagonian massif (Argentina): implications
for a Patagonian plate. Tectonics 22 (1): 5-1 - 5-33

von Gosen W, Loske W (2004) Tectonic history of the Calcatapul Formation, Chubut province,
Argentina, and the ‘‘Gastre fault system’’. Journal of South American Earth Sciences
18: 73-88

Willner AP, Gerdes A, Massonne HJ, Schimidt A, Sudo M, Thomson SN, Vujovich G (2011)
The geodynamics of collision of a microplate (Chilenia) in Devonian times deduced by
the pressure-temperature time evolution within part of a collisional belt (Guarguaraz
Complex, W-Argentina). Contribution to Mineralogy and Petrology 162: 303-327

Willner AP, Glodny J, Gerya TV, Godoy E, Massonne HJ (2004) A counterclockwise PTt path
of high-pressure/low-temperature rocks from the Coastal Cordillera accretionary
complex of south-central Chile: constraints for the earliest stage of subduction mass
flow. Lithos 75: 283-310

Zimmermann U (2005) Provenance studies of very low-to low-grade metasedimentary rocks of
the Puncoviscana complex, northwest Argentina. (Vaughan, A.P., Leat, P.T. y
Pankhurst, R.J., eds.), Terrane Processes at the Margins of Gondwana. Geological
Society of London, Special Publications 246: 381-416

Zimmermann U, Niemeyer H, Meffre S (2010) Revealing the continental margin of Gondwana:
the Ordovician arc of the Cordén de Lila (northern Chile). International Journal of Earth
Sciences 99: 39-56

153



