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Abstract

New geological, structural, microstructural, and K-Ar biotite and illite geochronological data
of igneous-metamorphic rocks exposed in the Cuesta de Rahue Basement Inlier are presented
to reconstruct the Late Palaeozoic to Mesozoic tectonometamorphic and magmatic history of
northwestern Patagonia. This block comprises a medium-grade metasedimentary sequence
(Cuesta de Rahue Metamorphic Complex), Late Carboniferous granitoids and a low-grade
metavolcano-sedimentary unit (Arroyo Coloco Metamorphic Complex). The Cuesta de
Rahue Metamorphic Complex was deposited during the middle Palaeozoic and underwent
Devonian low-pressure regional metamorphism, succeeded by the intrusion of granitoids at
ca. 300 Ma. On the other hand, the Arroyo Coloco Metamorphic Complex record
deformation and metamorphism at epizonal conditions (> 300 °C), constrained at ca. 232-
199 Ma by K-Ar and XRD illite data. The Cuesta de Rahue Basement Inlier thus records a
protracted orogenic evolution, recording Devonian metamorphism, Late Carboniferous-
Permian Gondwanide tectonomagmatic processes, and Late Triassic deformation and
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metamorphism. Afterwards, this block was also affected by Mesozoic normal faulting and,
finally, by Miocene-Pliocene Andean deformation. The latter was intimately related to
reactivation of inherited basement fabrics, favouring a transpressional deformation regime.

Coupled metamorphic and magmatic processes in convergent margins are the main
triggers of continental crust growth, which ultimately leads to stabilization of continents
(Ernst 2010). In southwestern Gondwana, these processes are well-recorded along the proto-
Pacific margin, which underwent protracted Palaeozoic to Mesozoic subduction. In northern
Patagonia (southern Argentina and Chile), this complex orogenic evolution is documented
by high- to low-grade regional and high-pressure/low-temperature metamorphism, calc-
alkaline arc-related magmatism and sedimentary basins (e.g., Varela et al. 2005, 2015;
Pankhurst et al. 2006; Hervé et al. 2008, 2013; Suarez et al. 2019; Navarrete et al. 2019;

Oriolo et al. 2019).

In particular, middle to late Palaeozoic tectonometamorphic and magmatic events,
culminating with the Late Carboniferous-Permian Gondwanide Orogeny, controlled the early
orogenic construction of northwestern Patagonia between the North Patagonian Andes and
the western North Patagonian Massif (Fig. 1a; e.g., Varela et al. 2005, 2015; Pankhurst et al.
2006; Ramos 2008; Garcia-Sansegundo et al. 2009; Martinez et al. 2012; Garcia et al. 2018;
Oriolo et al. 2019; Renda et al. 2019; Serra-Varela et al. 2018, 2021; Gregori et al. 2020;
Marcos et al. 2020; Rapela et al. 2021). However, the Palaeozoic record north of 40 °S is
limited to scarce basement inliers (Cingolani et al. 2011 and references therein), where
detailed geological, structural, petrological and geochronological studies are scarce
(Franzese 1993, 1995; Zappettini et al. 2012; Giacosa et al. 2014; Urraza et al. 2015). This
region is particularly relevant, not only to disentangle the complex Palaeozoic evolution of

Patagonia but also to compare it with the tectonic history of regions located further north,
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such as the San Rafael Block and the Cordillera Frontal (e.g., Kleiman & Japas 2009; Heredia

et al. 2012; Garcia-Sansegundo et al. 2014; Sato et al. 2015).

Though the evolution of the igneous-metamorphic basement of northwestern
Patagonia has classically been considered as the result of Palaeozoic orogenic processes,
recent contributions also highlighted the existence of Mesozoic tectonometamorphic events
(Suérez & Gonzélez 2018; Oriolo et al. 2019; Urraza et al. 2019; Sosa et al. 2020). Their
tectonic significance and spatial distribution are, however, still uncertain. Nevertheless, they
might have played a major role in the pre-Andean crustal evolution of the region, as coeval
tectonothermal events are also documented in adjacent areas (Castro et al. 2011; Martinez

Dopico et al. 2017; Zaffarana et al. 2017; Riley et al. 2020; Suérez et al. 2021).

Located in the Southern Neuquén Precordillera, Argentina (Figs. 1a, b), the Cuesta
de Rahue Basement Inlier represents a key exposure of the igneous-metamorphic basement
of northwestern Patagonia. It has been considered a basement block made up of low-grade
metasedimentary rocks (Turner 1965; Cingolani et al. 2011), though Hervé et al. (2018) also
identified Pennsylvanian granitic dykes. Nevertheless, robust constraints on the evolution of
this area are nearly absent, being only limited to scarce U-Pb zircon data (Ramos et al. 2010;
Hervé et al. 2018). For these reasons, we present detailed geological, structural,
microstructural, and K-Ar biotite and illite geochronological data of igneous-metamorphic
rocks exposed in the Cuesta de Rahue Basement Inlier, in order to reconstruct its
tectonometamorphic and magmatic history. Data are also compared with those of adjacent
basement blocks, providing regional insights into the evolution of northwestern Patagonia in

the context of the Palaeozoic-Mesozoic orogenic construction of southwestern Gondwana.
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Regional setting

The Cuesta de Rahue Basement Inlier is located in the Southern Neuquén
Precordillera (Argentina), which is exposed between the North Patagonian Cordillera, the
Neuquén Basin and the North Patagonian Massif (Fig. 1). The Southern Neuquén
Precordillera constitutes a morphostructural unit characterized by west-verging Andean
deformation resulting from positive inversion of Mesozoic extensional structures (Garcia-
Morabito et al. 2011; Ramos et al. 2011). In the study area, basement exhumation has been

attributed to deformation along the NNW-SSE-striking Rahue Fault (Fig. 2).

Basement rocks of the Cuesta de Rahue Basement Inlier have commonly been
assigned to the Colohuincul Formation, comprising schists and phyllites (Turner 1965;
Cingolani et al. 2011). Alternatively, Franzese (1993, 1995) correlated these rocks with low-
grade metasedimentary sequences of the Piedra Santa Complex, exposed immediately to the
east (Fig. 2). U-Pb SHRIMP detrital zircon data of schists of the Cuesta de Rahue Basement
Inlier suggest a maximum depositional age of ca. 500-480 Ma, based on scarce Early
Palaeozoic grains (Ramos et al. 2010; Hervé et al. 2018). In addition, Herveé et al. (2018)
reported a U-Pb SHRIMP zircon age (weighted average) of 306 + 2 Ma for the crystallization
of an undeformed granodiorite dyke, thus constraining the minimum age for sedimentation

and subsequent metamorphism.

On the other hand, basement rocks at the Cuesta de Rahue are covered by Mesozoic
volcano-sedimentary sequences of the Neuquén Basin (Cucchi et al. 2005). Miocene-
Pliocene volcanoclastic deposits and basalts are exposed in the area as well (Fig. 2; Garcia-

Morabito et al. 2011).



Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

Methodology

Field mapping and structural analysis were applied in the Cuesta de Rahue Basement
Inlier (Fig. 2), where samples were also collected for microstructural and geochronological
analysis. Statistical analysis of structural data was carried out using Stereonet 10.0.6 and
Faultkin 7.5 (Marrett & Allmendinger 1990; Allmendinger et al. 2013; Cardozo &
Allmendinger 2013). In the case of kinematic data of the Rahue Fault, striae, P and R

structures were used for calculations (see Japas et al. 2013 and references therein).

On the other hand, two samples (RA 22-18 and RA 32-18) of phyllites were collected
for K-Ar and XRD fine-fraction analysis, which was carried out at the Geoscience Centre of
the Georg-August-Universitat Gottingen. One sample (AB-2) of biotite schists was also
obtained for K-Ar biotite geochronology at the Centro de Pesquisas Geocronologicas of the

Universidade de Sdo Paulo. Analytical procedures are detailed in Supplementary Material 1.

Results

Lithological units

Based on geological mapping, three basement units were recognized in the study area
(Fig. 2). Intercalations of low-grade phyllites, metasandstones, felsic
metavolcanic/metavolcaniclastic rocks and dacitic-andesitic metavolcanic breccias are
exposed in the footwall of the Rahue Fault. This sequence, defined as the Arroyo Coloco
Metamorphic Complex (nom. nov.), was first recognized herein. On the other hand,

paragneisses, schists and subordinate metasandstones are present in the hanging wall of the
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Rahue Fault and correspond to metasedimentary sequences previously assigned to the
Colohuincul Formation or the Piedra Santa Complex (Turner 1965; Franzese 1993, 1995;
Cingolani et al. 2011). However, due to differences in their age and metamorphic grade, they

are herein assigned to the Cuesta de Rahue Metamorphic Complex (nom. nov.).

Metasedimentary rocks of the Cuesta de Rahue Metamorphic Complex are intruded
by the Pennsylvanian Cuesta de Rahue Granodiorite, from which felsic dykes derived further
north. In the southern area, schists recording contact metamorphism and minor hornfels sensu
strictu are dominant due to pluton emplacement (Fig. 3a). They commonly exhibit biotite
porphyroblasts, though andalusite porphyroblasts are also locally observed. To the north,
evidence of contact metamorphism is not observed and schists are intercalated with
paragneisses. Biotite and andalusite are observed in some cases, exhibiting shape-preferred

orientation that defines a stretching lineation (Fig. 3b).

The Cuesta de Rahue pluton corresponds to a biotite-bearing granodiorite, which
intrudes metasedimentary rocks of the hanging wall and cross-cuts their folded metamorphic
foliation (Fig. 3c). Xenoliths of wall-rock are also observed. To the north of the contact,
granitic and pegmatitic dykes that derive from the pluton are observed, suggesting that they

represent felsic apophyses of the latter.

On the other hand, the Arroyo Coloco Metamorphic Complex footwall is
characterized by low-grade intercalations of phyllites, metasandstones and subordinate
metavolcanic/metavolcanoclastic rocks (Fig. 3d), which show no evidence of intrusive
magmatism and contact metamorphism. This evidence suggests that this low-grade sequence
is not only different from metasedimentary rocks of the hanging wall but also that it was not

intruded by late Palaeozoic magmas (see Discussion).
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Microstructures

Paragneisses and schists of the Cuesta de Rahue Metamorphic Complex are made up
of biotite + quartz + plagioclase + andalusite + cordierite £ muscovite. The metamorphic
foliation Sy is observed as either a gneissic layering or a continuous/disjunctive schistosity.
Synkinematic porphyroblasts of biotite £ andalusite exhibit strain shadows of S: planes,
defined by lepidoblastic biotite and muscovite, and granoblastic quartz and plagioclase (Fig.
4a). Cordierite is occasionally present as well in the matrix (Fig.4b), whereas tourmaline,
titanite and zircon are common accessory minerals. A mylonitic overprint is locally recorded
in schists, as documented by bookshelf and anti-bookshelf biotite porphyroclasts, shear bands
and mica fish. The mylonitic foliation lies parallel to S; and is commonly associated with
localized development of retrograde fine-grained white mica + chlorite aggregates in the

matrix and microboudinage of biotite porphyroclasts (Fig. 4c).

The Cuesta de Rahue Granodiorite is equigranular and comprises quartz, plagioclase,
K-feldspar, biotite and subordinate hornblende (Fig. 4d). Myrmekites are present and fine-
grained white mica, chlorite and epidote represent secondary minerals. Deformation is nearly

absent, being only documented by local chessboard extinction in quartz.

Metamorphic rocks of the Arroyo Coloco Complex are mainly constituted of quartz
+ plagioclase + white mica + chlorite + K-feldspar (possibly of detrital origin), whereas the
matrix of the volcanic metabreccias are made up of plagioclase (likely of volcanic origin) +
chlorite + pumpellyite + opaque minerals + clay minerals (Figs. 4e, f). Pre- to synkinematic

porphyroblasts of opaque minerals and chlorite stacks are frequent, particularly in phyllites.
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In the latter, the metamorphic foliation S; is essentially observed as a continuous cleavage,

whereas a disjunctive or continuous schistosity is recorded in coarser-grained lithologies.

Structure

Metasedimentary rocks of the Cuesta de Rahue Metamorphic Complex are
characterized by a S; metamorphic foliation, though relics of So bedding planes are observed
as well (Fig. 5). S represents an axial plane foliation of F; folds affecting So planes. Both Sg
and S; strike mainly WNW-ESE, with moderate dip towards NNE. A stretching lineation L1
defined by shape-preferred orientation of biotite and subordinate andalusite is associated with
S1, exhibiting moderate plunge towards NW. Locally, L1 is affected by F1 folds, which are
overturned, close to isoclinal and show gently NNW- to NW-plunging axis, with dominant
vergence towards S-SSW. In contrast, the orientation of felsic dykes intruding
metasedimentary rocks strike is dominated by NE-SW strike with moderate to steep dip

towards SE (Fig. 3e).

On the other hand, the S; metamorphic foliation of the Arroyo Coloco Metamorphic
Complex is also subparallel to So bedding planes, being both characterized by WNW-ENE
strike and moderate to steeply dip towards SSW (Fig. 5). A stretching lineation L1 defined
by fine-grained white mica is observed in some cases in S1 planes, showing moderate plunge
from dominantly NE to SW orientations, as it is affected by F1 folds. These folds are typically
overturned and show vergence towards the NNE, with moderately to gently plunging axes

towards W-NW. Locally, phyllites exhibit minor ENE-verging F. kink folds.
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Finally, metamorphic fabrics are overprinted by brittle structures. In the first place,
minor normal faults striking NW-SE to W-E crosscut schists and paragneisses. Local
crenulation associated with normal faulting is observed in schists, which develop F2 kink
drag folds. The Rahue Fault, which strikes NNW-SSE and shows gently to moderate dip
towards the ENE, overprints all aforementioned features. Kinematic data from this major
fault and associated minor faults reveal reverse dextral kinematics, suggesting a dextral

transpressional deformation regime (Fig. 6).

K-Ar and XRD illite data

Sample AB-2 of biotite schists of the Cuesta de Rahue Metamorphic Complex yielded
a K-Ar age of 368.4 = 4.8 Ma (Table 1). Due to the medium-grade conditions inferred based
on the presence of andalusite + cordierite and the relatively lower closure temperature
expected for Ar diffusion in biotite (Harrison et al. 1985; Grove & Harrison 1996), this age
is interpreted to represent cooling shortly after regional metamorphism. The relatively low
K20 content may either indicate biotite partial alteration or the presence of impurities, even
though that none of them were microscopically observed. Since geochronological data and
regional correlations (see Late Palaeozoic tectonometamorphic and magmatic evolution)
further support a Devonian age, the K-Ar age is therefore considered as a rough minimum

estimate for the timing of metamorphism.

On the other hand, samples RA 22-18 and RA 32-18 of phyllites of the Arroyo Coloco

Metamorphic Complex yielded nearly comparable K-Ar and XRD results. In the case of
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sample RA 22-18, ages of 231.6 £ 3.5 and 210.4 + 4.1 Ma were obtained for fractions of < 2
and < 0.2 um, respectively, whereas sample RA 32-18 showed ages of 215.4 + 4.6 and 199.4
+ 3.7 Ma for these grain size fractions. On the other hand, the Kubler Index is < 0.240 for all
studied fine fractions (Table 2), indicating epizonal conditions (> ca. 300 °C) for illite
growth. Similarities between air dry and glycolated Kubler Index values allow ruling out the
presence of mixed layer clays, which could potentially affect K-Ar ages. The ages of the <2
pum fractions are interpreted to constrain the timing of peak metamorphism or cooling shortly
afterwards, whereas ages of the fractions <0.2 um reflect later illite growth under retrograde
conditions, documented by higher Kibler Index values. The estimated epizonal conditions
(> ca. 300 °C), which are comparable to slightly higher than closure temperatures for Ar
diffusion in fine-grained white mica (Wemmer & Ahrendt 1997; Oriolo et al. 2018;
Sussenberger et al. 2018), indicate that ages constrain the timing of a low-grade metamorphic
event associated with ductile deformation during the Upper Triassic for the Arroyo Coloco

Metamorphic Complex.

Discussion
Basement stratigraphy

Previous contributions have considered basement rocks of the Cuesta de Rahue
Basement Inlier as equivalents of low-grade rocks of the Colohuincul Formation or the Piedra
Santa Complex (Turner 1965; Franzese 1993, 1995; Cingolani et al. 2011). The Colohuincul
Formation mainly comprises phyllites and schists in its type locality (Turner 1965), where

geochronological constraints are absent. However, different authors assigned contrasting



Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

ages between the early and late Palaeozoic for deposition of the Colohuincul
Formation/Complex based on U-Pb detrital zircon data, further supported by ages of
metamorphism and intrusive magmatism (e.g., Dalla Salda et al. 1991; Cingolani et al. 2020;
Serra-Varela et al. 2020). On the other hand, schists and phyllites of the Piedra Santa
Complex yielded late Devonian to Carboniferous whole-rock K-Ar ages (Franzese 1993,
1995), suggesting middle to late Palaeozoic metamorphism and early Palaeozoic protolith

deposition.

In contrast, new evidence indicates the presence of two metasedimentary sequences
at the Cuesta de Rahue Basement Inlier. The first sequence comprises medium-grade
paragneisses, schists and metasandstones, intruded by a granodioritic pluton and cogenetic
dykes that locally generate contact metamorphism. U-Pb SHRIMP detrital zircon data of
schists of the Cuesta de Rahue Basement Inlier suggest a maximum depositional age of ca.
500-480 Ma for this unit (Ramos et al. 2010; Hervé et al. 2018), whereas the K-Ar biotite
age of 368.4 £ 4.8 Ma constrains the timing of cooling shortly after Devonian regional
metamorphism. The latter is also in line with the U-Pb SHRIMP zircon age (weighted
average) of 306 = 2 Ma for an undeformed granodioritic dyke. Therefore, a Middle
Ordovician to Late Devonian age is inferred for the timing of deposition of sedimentary
protoliths. Due to the lack of spatial continuity of outcrops and differences with the
Colohuincul and Piedra Santa complexes, this unit is thus defined as the Cuesta de Rahue
Metamorphic Complex. Though correlations with adjacent metasedimentary sequences is
possible, further analytical data are required, for which a local name is therefore preferred

herein.
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In a similar way, low-grade metavolcano-sedimentary sequences of the Cuesta de
Rahue Basement Inlier are defined as the Arroyo Coloco Metamorphic Complex, which
records Late Triassic metamorphism (see K-Ar and XRD illite data). A pre-Late Triassic
deposition age is thus inferred for the protolith, which may be equivalent to Carboniferous
metavolcano-sedimentary sequences of the Andacollo Group of the Cordillera del Viento at
the Northern Neuquén Precordillera (Danieli et al. 2011; Zappettini et al. 2012; Cisterna Riba
2022). Alternatively, the Arroyo Coloco Metamorphic Complex may be comparable to
Permian to Triassic metavolcano-sedimentary sequences in northwestern Patagonia (Garcia
and Gonzélez 2019; Restelli et al. 2022). Nevertheless, further geochronological data are

required to establish regional correlations.

Late Palaeozoic tectonometamorphic and magmatic evolution

The tectonometamorphic and magmatic record of northwestern Patagonia are mainly
associated with Devonian and Late Carboniferous-Early Permian orogenic events (e.g.,
Varela et al. 2005, 2015; Pankhurst et al. 2006; Martinez et al. 2012; Oriolo et al. 2019;
Renda et al. 2019, 2020; Gregori et al. 2020; Marcos et al. 2020; Serra-Varela et al. 2020,
2021; Rapela et al. 2021), which are separated by a magmatic lull (Renda et al. 2021). Both
events seem to be recorded along the Southern Neuquén Precordillera and the Saficé High,
though robust geochronological and structural constraints are still scarce (Franzese 1993,

1995; Lucassen et al. 2004; Garcia et al. 2018; Hervé et al. 2018).

Mineralogical, structural and microstructural data of the Cuesta de Rahue

Metamorphic Complex suggests low-pressure medium-grade regional metamorphism, as
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indicated by the presence of synkinematic biotite and andalusite porphyroblasts with
subordinate cordierite in the matrix. These rocks are associated with WNW-ESE- to NW-
SE-striking fabrics, which might have resulted from inclined transpression, according to the
orientation of foliations, lineations and folds (sensu Jones et al. 2004). As previously
exposed, the timing of metamorphism and deformation is constrained at ca. 368 Ma by K-Ar
biotite data, and can thus be attributed to late Devonian tectonometamorphic events recorded
in adjacent areas (Fig. 7a; Franzese 1995; Lucassen et al. 2004; Varela et al. 2005; Rapela et
al. 2021). This correlation is further supported by low-pressure medium-grade conditions
estimated for the Cuesta de Rahue Metamorphic Complex, which'is in line with comparable
low-pressure medium- to high-grade conditions of Devonian metamorphism (Martinez et al.
2012; Serra-Varela et al. 2018). This low-pressure metamorphism was associated with the
development of a Devonian magmatic arc related to a retreating accretionary orogen (Rapela

et al. 2021 and references therein).

On the other hand, the Gondwanide record is supported by the presence of the late
Pennsylvanian Cuesta de Rahue Granodiorite and coeval dykes. Coeval late Pensylvanian
magmatism were reported for granitic intrusions of the Chachil Plutonic Complex (Romero
et al. 2019) and the N-S-striking Coastal Batholith located further northwest in Chile
(Deckart et al. 2014), indicating that the study area represents the transitional zone between
the latter and the Paleozoic Central Patagonian Igneous-Metamorphic Belt (Fig. 7b; Renda
et al. 2019). In the latter, Late Carboniferous to Early Permian granitoids with arc affinity

are widespread (Varela et al. 2005, 2015; Pankhurst et al. 2006; Renda et al. 2019, 2021).

Finally, deposition of volcano-sedimentary protoliths of the Arroyo Coloco Complex

prior to the Upper Triassic (see Basement stratigraphy). They may be coeval with
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Carboniferous metavolcano-sedimentary sequences of the Andacollo Group (Danieli et al.
2011; Zappettini et al. 2012; Cisterna Riba 2022) or volcano-sedimentary sequences of the
Cordillera del Viento Formation, exposed to the north in the Northern Neuquén Precordillera,
where Early Permian granitoids are also present (Llambias et al. 2007; Hervé et al. 2013).
These sequences may thus represent the southernmost exposures of the Choiyoi magmatism,
ubiquitously recorded in the San Rafael Block further north (e.g., Kleiman and Japas 2009;

Rocha-Campos et al. 2011; Sato et al. 2015).

Triassic metamorphism and deformation

In addition to Middle to Late Paleozoic tectonometamorphic processes, K-Ar illite
data of the Arroyo Coloco Metamorphic Complex demonstrate the existence of Late Triassic
low-grade metamorphism and NNE-vergent deformation in the Southern Neuquén
Precordillera, characterized by WNW-ESE regional metamorphic fabrics. Likewise, the Rb-
Sr whole-rock analysis (Cingolani et al. 1991) of the Cuesta de Rahue Granodiorite yielded
a recalculated age of 230 + 15 Ma (20, 8'Sr/®Sry = 0.70694 + 0.00024), thus providing a

rough constraint for the Late Triassic regional tectonothermal event in the hanging wall.

Comparable Late Triassic low-grade metamorphism and deformation associated with
NW-SE deformational fabrics were also reported along the western North Patagonian Massif
(von Gosen and Loske, 2004; Zaffarana et al. 2017; Gonzélez et al. 2021). In this region, U-
Pb LA-ICP-MS zircon overgrowth data constrain the timing of this tectonometamorphic
event at 226.7 + 4.4 Ma (Gonzélez et al. 2021), though widespread nearly coeval Late

Triassic magmatism at ca. 222-213 Ma is present as well (Rapela et al. 2005; Zaffarana et al.
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2014; Lagorio et al. 2015). Further northeast, Gregori et al. (2016) reported slightly younger
ages of ca. 206-193 Ma for the timing of shearing along a NW-SE-striking mylonitic belt,
according to U-Pb zircon ages obtained in the protolith and post-mylonitic intrusions. To the
southeast, Navarrete et al. (2019) reported Late Triassic folding in the eastern Deseado
Massif, which is constrained at ca. 220-207 Ma by U-Pb zircon ages of pre- and post-folding
magmatic units. Middle to late Triassic deformation of mélange sequences is also widespread

along the Pacific coast in Chile (Kato and Godoy, 2015).

Likewise, Late Triassic metamorphism was reported to the west of the study area in
the North Patagonian Andes, as revealed by a “°Ar/**Ar amphibole isochrone age of 212.7 +
9.6 Ma in an amphibolite with MORB composition (Urraza et al. 2019). These rocks also
recorded a counterclockwise path from ca. 1.9-3.9 kbar and 677-745 °C to P-T conditions of
ca. 6.4 kbar and 723 °C (Urraza et al. 2019). Assuming pure volume diffusion, the “°Ar/*°Ar
age can be correlated with the latter conditions, indicating regional medium-grade

metamorphism.

The existence of a regional low- to medium-grade metamorphic event in northwestern
Patagonia, which postdates Early Triassic extensional tectonics, has also been documented
in southern Patagonia and the Antarctic Peninsula, where they were attributed to the
Chonide/Peninsula orogenic event (Hervé et al. 2008; Suérez et al. 2019; Riley et al. 2020).
Late Triassic deformation and magmatism in southwesternmost Gondwana have been linked
to crustal shortening during flat-slab subduction, which promoted inland migration of arc
magmatism (Navarrete et al. 2019; Suérez et al. 2019, 2021). In this context, Late Triassic
deformation and metamorphism associated with coeval magmatism in northwestern

Patagonia are attributed to a NNW-SSE to NW-SE transpressional belt (Fig. 7c; Kato and
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Godoy, 2015; Zaffarana et al. 2017; Navarrete et al. 2019), which resulted from obligue flat-
slab subduction and was possibly controlled by inherited Late Palaeozoic Gondwanide

fabrics (Renda et al. 2019 and references therein).

Mesozoic and Cenozoic faulting

The observed W-E- to NW-SE-striking normal faults are comparable to Mesozoic
extensional structures related to the opening of the Neuquén Basin (e.g., Bechis et al. 2010,
2014), which are also documented elsewhere in coeval basins in Patagonia (Renda et al.
2019; Giacosa 2020). On a regional scale, the early stages of opening of the Neuguén Basin
partially overlap with the Late Triassic deformation and metamorphism of the Arroyo Coloco
Metamorphic Complex, which may imply that the former was slightly younger (i.e., Early

Jurassic) in the study area.

On the other hand, reverse-dextral deformation along the Rahue Fault can be
attributed to Miocene-Pliocene Andean deformation, though some kinematic differences are
observed when compared with faults in the Catan Lil depocenter, located immediately to the
south (Garcia Morabito et al. 2011). Kinematics thus indicate a partitioned dextral
transpressional regime for the Miocene, as documented elsewhere in northwestern Patagonia
(Diraison et al. 1998; Folguera et al. 2002), intimately related to reactivation of Palaeozoic
basement fabrics (Fig. 5; Giacosa 2020). Andean deformation along the Rahue Fault

controlled the final juxtaposition of the Cuesta de Rahue and Arroyo Coloco complexes.

Miocene deformation in the Southern Neuquén Precordillera has been commonly

linked to inversion of pre-existing Mesozoic extensional structures (Garcia Morabito et al.
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2011). The latter commonly resulted from reactivation of Palaeozoic basement fabrics
(Bechis et al. 2010, 2014; Giacosa 2020) and, though this is not clearly observed in the case
of the Rahue Fault, it is thus evident that they played a significant role in Andean orogenic
processes of the study area. In particular, the existence of NNW-SSE to WNW-ESE fabrics
might have been determinant for the documented dextral transpressional deformational

regime.

6. Conclusions

The Cuesta de Rahue Basement Inlier comprises a medium-grade metasedimentary
sequence (i.e., Cuesta de Rahue Metamorphic Complex), late Carboniferous granitoids and
a low-grade metavolcano-sedimentary unit (i.e., Arroyo Coloco Metamorphic Complex).
The Cuesta de Rahue Metamorphic Complex was possibly deposited during the middle
Palaeozoic and underwent Devonian low-pressure medium-grade metamorphism, which was
related to the development of a retreating accretionary orogen. Subsequently, late
Pennsylvanian granitoids linked with the Late Paleozoic Gondwanide Orogeny intruded at
ca. 300 Ma, suggesting a connection with coeval intrusions exposed further southeast along
the Palaeozoic Central Patagonian Igneous-Metamorphic Belt and the Coastal Batholith to
the northwest, indicating the presence of a continuous Gondwanide magmatic arc in the
region.

On the other hand, deformation and metamorphism of the Arroyo Coloco
Metamorphic Complex, deposited prior to the Upper Triassic, occurred at epizonal
conditions (> 300 °C) at ca. 232-199 Ma, as indicated by combined K-Ar and XRD illite

data. Comparable Late Triassic deformation and metamorphism is also recorded further
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southeast along a NNW-SSE to NW-SE-striking belt, associated with WNW-ESE- to NW-

SE metamorphic fabrics, thus suggesting a structural control of Gondwanide fabrics.
Finally, the Cuesta de Rahue Basement Inlier was affected by Mesozoic normal

faulting and Miocene-Pliocene Andean deformation. The latter was intimately related to

reactivation of inherited basement fabrics under a transpressional deformation regime.

Acknowledgements

The authors wish to thank Feng Cheng for the editorial work, and Mauricio Calderén and an
anonymous reviewer for constructive comments. Sebastian Oriolo thanks financial support
of the National Geographic Society (grant CP-123R-17), Agencia Nacional de Promocién
Cientifica y Tecnoldgica (PICT-2017-1092) and CONICET (PIP 11220200101662CO),
whereas Pablo Gonzélez thanks financial support of the Universidad Nacional de Rio Negro
(PI-UNRN-40-A-462) and Agencia Nacional de Promocion Cientifica y Tecnologica (PICT-

2015-0787).

References

Allmendinger, R.W., Cardozo, N.C., and Fisher, D. 2013. Structural geology algorithms:
Vectors & tensors. Cambridge University Press, Cambridge, England.

Bechis, F., Giambiagi, L., Garcia, V., Lanés, S., Cristallini, E., and Tunik, M. 2010.
Kinematic analysis of a transtensional fault system: The Atuel depocenter of the Neuquén
basin, southern Central Andes, Argentina. Journal of Structural Geology, 32, 886-899.

Bechis, F., Cristallini, E.O., Giambiagi, L.B., Yagupsky, D.L., Guzman, C.G., and Garcia,
V.H. 2014. Transtensional tectonics induced by oblique reactivation of previous lithospheric
anisotropies during the Late Triassic to Early Jurassic rifting in the Neuquén basin: insights
from analog models. Journal of Geodynamics, 79, 1-17.

Cardozo, N., and Allmendinger, R.W. 2013. Spherical projections with OSXStereonet.
Computers & Geosciences, 51, 193-205.



Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

Castro, A., Aragoén, E., Diaz-Alvarado, J., Blanco, I., Garcia-Casco, A., Vogt, K., and Liu,
D.-Y. 2011. Age and composition of granulite xenoliths from Paso de Indios, Chubut
province, Argentina. Journal of South American Earth Sciences, 32, 567-574.

Cingolani, C.A., Dalla Salda, L.H., Hervé, F., Munizaga, F., Pankhurst, R., Parada, M., and
Rapela, C. 1991. The magmatic evolution of northern Patagonia; New impressions of pre-
Andean and Andean tectonics. Geological Society of America Special Papers, 265, 29-44.

Cingolani, C.A., Zanettini, J.C.M., and Leanza, H.A. 2011. El basamento igneo y
metamorfico. In: Leanza, H.A., Arregui, C., Carbone, O. Danieli, J.C. and Vallés, J.M. (eds)
Relatorio del XVIII Congreso Geoldgico Argentino. Asociacion Geoldgica Argentina, 37-47.

Cisterna Riba, S. 2022. Geologia y estratigrafia de la Formacion Arroyo del Torreon al NE
de Varvarco, Cordillera del Viento, provincia del Neuquén. Trabajo Final de Licenciatura,
Universidad Nacional del Comahue.

Cucchi, R., Leanza, H., Repol, D., Escosteguy, L., Gonzélez, R., and Danieli, J. 2005. Hoja
Geoldgica 3972-1V, Junin de los Andes. Provincia del Neuquén. IGRM-SEGEMAR, 357,
Buenos Aires, Argentina.

Dalla Salda, L.H., Cingolani, C.A., and Varela, R. 1991. El basamento cristalino de la region
norpatagonica de los lagos Gutiérrez, Mascardi y Guillelmo, provincia de Rio Negro. Revista
de la Asociacién Geoldgica Argentina, 46, 263-276.

Danieli, J.C., Coppolecchia, M., and Elissondo, M. 2011. El Grupo Andacollo (Paleozoico
Tardio In: Leanza, H.A., Arregui, C., Carbone, O. Danieli, J.C. and Vallés, J.M. (eds)
Relatorio del XVIII Congreso Geologico Argentino. Asociacion Geoldgica Argentina, 49-53.

Diraison, M., Cobbold, P.R., Rossello, E.A., and Amos, A.J. 1998. Neogene dextral
transpression due to oblique convergence across the Andes of northwestern Patagonia,
Argentina. Journal of South American Earth Sciences, 11, 519-532.

Ernst, W.G. 2010. Subduction-zone metamorphism, calc-alkaline magmatism, and
convergent-margin crustal evolution. Gondwana Research, 18, 8-16.

Folguera, A., Ramos, V.A., and Melnick, D. 2002. Particion de la deformacion en la zona
del arco volcénico de los Andes neuquinos (36-39°S) en los Gltimos 30 millones de afios.
Revista Geoldgica de Chile, 29, 227-240.

Franzese, J.R. 1993. Deformacion preandina del basamento del Cord6n de la Piedra Santa,
Neuquén. Paper presented at X1 Congreso Geoldgico Argentino, Mendoza, Argentina.

Franzese, J.R. 1995. EI Complejo Piedra Santa (Neuquen, Argentina): parte de un cinturon
metamorfico neopaleozoico del Gondwana suroccidental. Revista Geologica de Chile, 22,
193-202.

Garcia, C.J., and Gonzélez, P.D. 2019. Estratigrafia del basamento igneo-metamérfico de
villa Pehuenia, Precordillera Neuquina Sur. Paper presented at IV PIMMA, Cordoba,
Argentina.



Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

Garcia, M.R., Bucher, J., Lopez, M., Funes, D.S., D'Elia, L., Bilmes, A., and Franzese, J.R.
2018. Analisis estructural y modelado digital de afloramiento del basamento austral de la
Cuenca Neuquina: evidencias de deformacion progresiva vinculada a cizalla ddctil. Revista
de la Asociacion Geolégica Argentina, 75, 507-517.

Garcia Morabito, E., Gotze, H.J., and Ramos, V.A. 2011. Tertiary tectonics of the Patagonian
Andes retro-arc area between 38°15’" and 40°S latitude. Tectonophysics, 499, 1-21.

Garcia-Sansegundo, J., Farias, P., Gallastegui, G., Giacosa, R.E., and Heredia, N. 2009.
Structure and metamorphism of the Gondwanan basement in the Bariloche region (North
Patagonian Argentine Andes). International Journal of Earth Sciences, 98, 1599-1608.

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

Giacosa, R.E. 2020. Basement control, sedimentary basin inception and early evolution of
the Mesozoic basins in the Patagonian foreland. Journal of South American Earth Sciences,
97, 102407.

Giacosa, R., Allard, J., Foix, N., and 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, 331-348.

Gonzélez, P.D., Giacosa, R.E., Lagorio, S., Ballivian Justiniano, C., Sato, A.M., Céabana,
M.C., Basei, M.A.S., Busteros, A., and Silva Nieto, D. 2021. U-Pb geochronology of the
meta-volcanic rocks from Sierra de Calcatapul: Implications for the middle Triassic syn-rift
volcanism and tectonic evolution of northern extra-Andean Patagonia. Journal of South
American Earth Sciences, 108, 103170.

Gregori, D.A., Saini-Eidukat, B., Benedini, L., Strazzere, L., Barros, M., and Kostadinoff, J.
2016. The Gondwana Orogeny in northern North Patagonian Massif: Evidences from the
Caita CO granite, La Sefia and Pangaré mylonites, Argentina. Geoscience Frontiers, 7, 621-
638.

Gregori, D.A., Strazzere, L., Barros, M., Benedini, L., Marcos, P., and Kostadinoff, J. 2020.
The Mencué Batholith: Permian episodic arc-related magmatism in the western North
Patagonian Massif, Argentina. International Geology Review.
https://doi.org/10.1080/00206814.2019.1710865

Grove, M., and Harrison, T.M. 1996. “°Ar* diffusion in Fe-rich biotite. American
Mineralogist, 81, 940-951.

Harrison, T.M., Duncan, I., and McDougall, I. 1985. Diffusion of “°Ar in biotite —
temperature, pressure and compositional effects. Geochimica et Cosmochimica Acta, 49,
2461-2468.


https://doi.org/10.1080/00206814.2019.1710865

Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

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

Hervé, F., Calderon, M., and Falndez, V. 2008. The metamorphic complexes of the
Patagonian and Fuegian Andes. Geologica Acta, 6, 43-53.

Hervé, F., Calderon, M., Fanning, C.M., Pankhurst, R.J., and Godoy, E. 2013. Provenance
variations in the Late Paleozoic accretionary complex of central Chile as indicated by detrital
zircons. Gondwana Research, 23, 1122-1135.

Hervé, F., Calderon, M., Fanning, C.M., Pankhurst, R.J., Rapela, C.W., and Quezada, P.
2018. The country rocks of Devonian magmatism in the North Patagonian Massif and
Chaitenia. Andean Geology, 45, 301-317.

Japas, M.S., Rubinstein, N.A., and Kleiman, L.E. 2013. Strain fabric analysis applied to
hydrothermal ore deposits emplaced during changing geodynamical conditions (Infiernillo
and Las Picazas, San Rafael Massif, Argentina). Ore Geology Reviews, 53, 357-372.

Jones, R.R., Holdsworth, R.E., Clegg, P., Tavarnelli, E., and McCaffrey, K.J.W. 2004.
Inclined Transpression. Journal of Structural Geology, 26, 1531-1548.

Kato, T.T., and Godoy, E. 2015. Middle to late Triassic mélange exhumation along a pre-
Andean transpressional fault system: coastal Chile (26°-42° S). International Geology
Review, 57, 606-628.

Kleiman, L.E., and Japas, M.S. 2009. The Choiyoi volcanic province at 34°S-36°S (San
Rafael, Mendoza, Argentina): Implications for the Late Palaeozoic evolution of the
southwestern margin of Gondwana. Tectonophysics, 473, 283-299.

Lagorio, S., Busteros, A., Silva, D., and Giacosa, R. 2015. Nuevas edades U-Pb SHRIMP en
granitoides del Batolito de la Patagonia Central, Gastre, Provincia del Chubut (Republica
Argentina). Paper presented at X1V Congreso Geoldgico Chileno, La Serena, Chile.

Llambias, E.J., Leanza, H.A., Carbone, O. 2007. Evolucion tectono-magmatica durante el
Pérmico al Jurésico temprano en la Cordillera del Viento (37°05°S -37°15’S): Nuevas
evidencias geoldgicas y geoquimicas del inicio de la Cuenca Neuquina. Revista de la
Asociacion Geologica Argentina, 62, 217-235.

Lucassen, F., Trumbull, R., Franz, G., Creixell, C., Vasquez, P., Romer, R. L., and Figueroa,
O. 2004. Distinguishing crustal recycling and juvenile additions at active continental
margins: the Paleozoic to recent compositional evolution of the Chilean Pacific margin (36—
41°S). Journal of South American Earth Sciences, 17, 103-119.

Marcos, P., Pivetta, C.P., Benedini, L., Gregori, D., Geraldes, M., Scivetti, N., Barros, M.,
Varela, M., and Costa dos Santos, A. 2020. Late Paleozoic geodynamic evolution of the
western North Patagonian Massif and its tectonic context along the southwestern Gondwana
margin. Lithos, 376, 105801.



Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

Marrett, R.A., and Allmendinger, R.W. 1990. Kinematic analysis of fault-slip data. Journal
of Structural Geology, 12, 973-986.

Martinez, J.C., Dristas, J.A., and Massonne, H.-J. 2012. Palaeozoic accretion of the
microcontinent Chilenia, North Patagonian Andes: high-pressure metamorphism and
subsequent thermal relaxation. International Geology Review, 54, 472-490.

Martinez Dopico, C.I., Tohver, E., Lopez de Luchi, M.G., Wemmer, K., Rapalini, A.E., and
Cawood, P.A. 2017. Jurassic cooling ages in Paleozoic to early Mesozoic granitoids of
northeastern Patagonia: “°Ar/**Ar, °K-*Ar mica and U-Pb zircon evidence. International
Journal of Earth Sciences, 106, 2343-2357.

Navarrete, C., Gianni, G., Encinas, A., Marquez, M., Kamerbeek, Y., Valle, M., and
Folguera, A. 2019. Triassic to Middle Jurassic geodynamic evolution of southwestern
Gondwana: From a large flat-slab to mantle plume suction in a rollback subduction setting.
Earth-Science Reviews, 194, 125-1509.

Oriolo, S., Wemmer, K., Oyhantcabal, P., Fossen, H., Schulz, B., and Siegesmund, S. 2018.
Geochronology of shear zones — A review. Earth-Science Reviews, 185, 665-683.

Oriolo, S., Schulz, B., Gonzalez, P.D., Bechis, F., Olaizola, E., Krause, J., Renda, E.M., and
Vizan, H. 2019. The Late Paleozoic tectonometamorphic evolution of Patagonia revisited:
Insights from the pressure-temperature-deformation-time (P-T-D-t) path of the Gondwanide
basement of the North Patagonian Cordillera (Argentina). Tectonics, 38, 2378-2400.

Pankhurst, R.J., Rapela, C.W., Fanning, C.M., and Marquez, M. 2006. Gondwanide
continental collision and the origin of the Patagonia. Earth-Science Reviews, 76, 235-257.

Ramos, V.A. 2008. Patagonia: a Paleozoic continent adrift?. Journal of South American
Earth Sciences, 26, 235-251.

Ramos, V.A., Garcia Morabito, E., Hervé, F., Fanning, C.M. 2010. Grenville-age source in
Cuesta de Rahue, northern Patagonia: Constraints from U-Pb SHRIMP ages from detrital
zircons. Bollettino di Geofisica Teorica e Applicata, 51, 42-45.

Ramos, V.A., Folguera, A., Garcia Morabito, E. 2011. Las provincias geoldgicas del
Neuquén. In: Leanza, H.A., Arregui, C., Carbone, O. Danieli, J.C. and Vallés, J.M. (eds)
Relatorio del XVIII Congreso Geoldgico Argentino. Asociacién Geoldgica Argentina, 317-
326.

Rapela, C.W., Pankhurst, R.J., Fanning, C.M., and Hervé, F. 2005. Pacific subduction coeval
with the Karoo mantle plume: The Early Jurassic Subcordilleran belt of northwestern
Patagonia. In: Vaughan, A.P.M., Leat, P.T., and Pankhurst, R.J. (eds.) Terrane processes at
the margins of Gondwana. Geological Society of London Special Publication 246, 217-239.

Rapela, C.W., Herve, F., Pankhurst, R.J., Calderdn, M., Fanning, C.M., Quezada, P., Poblete,
F., Palape, C., and Reyes, T. 2021. The Devonian accretionary orogen of the North
Patagonian cordillera. Gondwana Research, 96, 1-21.



Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

Renda, E.M., Alvarez, D., Prezzi, C., Oriolo, S., and Vizan, H. 2019. Inherited basement
structures and their influence in foreland evolution: A case study in Central Patagonia,
Argentina. Tectonophysics, 772, 228232.

Renda, E.M., Gonzélez, P.D., Vizan, H., Oriolo, S., Prezzi, C., Ruiz Gonzélez, V., Schulz,
B., Krause, J., and Basei, M. 2021. Igneous-metamorphic basement of Taquetrén Range,
Patagonia, Argentina: A key locality for the reconstruction of the Paleozoic evolution of
Patagonia. Journal of South American Earth Sciences, 106, 103045.

Restelli, F.B., Yoya, M.B., Oriolo, S., and Gonzalez, P.D. 2022. Geologia y estructura del
basamento metamorfico de bajo y alto grado del Cerro Challhuaco, Bariloche. Argentina.
Paper presented at XXI Congreso Geol6gico Argentino, Puerto Madryn, Argentina.

Riley, T.R., Flowerdew, M.J., Millar, I.L., and Whitehouse, M.J. 2020. Triassic magmatism
and metamorphism in the Antarctic Peninsula: ldentifying the extent and timing of the
Peninsula Orogeny. Journal of South American Earth Sciences, 103, 102732.

Rocha-Campos, A.C., Basei, M.A., Nutman, A.P., Kleiman, L.E., Varela, R., LIlambias, E.,
Canile, F.M., and Da Rosa, O.D.C. 2011. 30 million years of Permian volcanism recorded in
the Choiyoi igneous province (W Argentina) and their source for younger ash fall deposits
in the Parané Basin: SHRIMP U—Pb zircon geochronology evidence. Gondwana Research,
19, 509-523.

Romero, R., Barra, F., Leisen, M., Salazar, E., Gonzalez-Jiménez, J.M., and Reich, M. 2020.
Sedimentary provenance of the Late Paleozoic metamorphic basement, south-central Chile:
Implications for the evolution of the western margin of Gondwana. International Geology
Review, 62, 598-613.

Sato, A.M., Llambias, E.J., Basei, M.A., and Castro, C.E. 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., Gonzélez, P.D., Giacosa, R.E., Heredia, N., Pedreira, D., Martin-Gonzalez,
F., and Sato, A.M. 2018. The poly-orogenic Palaeozoic basement of the Northpatagonian
Andes in the San Martin de los Andes area (Neuquén, Argentina): Characteristics, age and
correlations. Andean Geology, 46, 102-130.

Serra-Varela, S., Heredia, N., Giacosa, R., Garcia-Sansegundo, J., and Farias, P. 2020.
Review of the polyorogenic Palaeozoic basement of the Argentinean North Patagonian
Andes: age, correlations, tectonostratigraphic interpretation and geodynamic evolution.
International Geology Review. https://doi.org/10.1080/00206814.2020.1839798

Serra-Varela, S., Heredia, N., Otamendi, J.,, and Giacosa, R. 2021. Petrology and
geochronology of the San Martin de los Andes batholith: Insights into the Devonian
magmatism of the North Patagonian Andes. Journal of South American Earth Sciences, 109,
103283.


https://doi.org/10.1080/00206814.2020.1839798

Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

Sosa, G., Oriolo, S., Van den Kerkhof, A., Gonzalez, P.D., Olaizola, E., and Bechis, F. 2020.
Ferropyrosmalite-bearing fluid inclusions in the North Patagonian Andes metasedimentary
basement, Argentina: A record of regional metasomatism. American Mineralogist.
https://doi.org/10.2138/am-2021-7525

Suérez, R.J., and Gonzalez, P.D. 2018. Caracterizacion geoldgica del metamorfismo
diastatermal mesozoico en la Cuenca Neuquina y su relacion con la anomalia térmica en el
sinrift. Revista de la Asociacion Geologica Argentina, 75, 457-472.

Suarez, R., Gonzaélez, P.D., and Ghiglione, M.C. 2019. A review on the tectonic evolution of
the Paleozoic-Triassic basins from Patagonia: Record of protracted westward migration of
the pre-Jurassic subduction zone. Journal of South American Earth Sciences, 95, 102256.

Suérez, R., Ghiglione, M.C., Sue, C., Quezada, P., Roy, S., Rojo, D., and Calderén, M. 2021.
Paleozoic-early Mesozoic structural evolution of the West Gondwana accretionary margin in
southern Patagonia, Argentina. Journal of South American Earth Sciences, 106, 103062.

Siissenberger, A., Wemmer, K., and Schmidt, S.T. 2018. The zone of incipient “°Ar* loss-
monitoring “°Ar* degassing behavior in a contact metamorphic setting. Applied Clay Science,
165, 52-63.

Turner, J.C.M. 1965. Estratigrafia de Aluminé y adyacencias (provincia del Neuquén).
Revista de la Asociacion Geoldgica Argentina, 20, 153-181.

Urraza, I.A., Grecco, L.E., Delpino, S.H., and Arrese, M.L. 2008. Determination of rock ages
by chemical analysis of Th, U, Pb in the mineral monazite (Ce, La, Th, REE, U)PO4 using
EPMA. Paper presented at Annual General Meeting and Research Day, Halifax, Canada.

Urraza, 1., Delpino, S., and Grecco, L. 2015. Counterclockwise post-emplacement evolution
of metatroctolites from Aluminé igneous-metamorphic Complex, Neuquén, Argentina.
Andean Geology, 42, 36-55.

Urraza, I.A., Delpino, S.H., and Grecco, L.E. 2019. MORB-derived amphibolites in the
Paleozoic basement of the Aluminé Igneous-Metamorphic Complex, Neuquén, Argentina:
Decoding its genesis, PT evolution and pre-Andean regional correlations. Geologica Acta,
17, 1-24.

Varela, R., Basei, M.A.S., Cingolani, C.A., Siga Jr, O., and Passarelli, C.R. 2005. El
basamento cristalino de los Andes norpatagdnicos en Argentina: geocronologia e
interpretacion tectonica. Revista Geoldgica de Chile, 32, 167-187.

Varela, R., Gregori, D.A., Gonzélez, P.D., and Basei, M.A.S. 2015. Caracterizacion
geoquimica del magmatismo de arco devénico y carbonifero-pérmico en el noroeste de
Patagonia, Argentina. Revista de la Asociacidén Geoldgica Argentina, 72, 419-432.

von Gosen, W., and 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.



Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

Wemmer, K., and Ahrendt, H. 1997. Comparative K-Ar and Rb-Sr age determinations of
retrograde processes on rocks from the KTB deep drilling project. Geologische Rundschau,
86, 272-285.

Zaffarana, C.B., Somoza, R., and Loépez de Luchi, M. 2014. The Late Triassic Central
Patagonian Batholith: Magma hybridization, “°Ar/*®*Ar ages and thermobarometry. Journal
of South American Earth Sciences 55, 94-122.

Zaffarana, C.B., Somoza, R., Orts, D.L., Mercader, R., Boltshauser, B., Gonzalez, V.R., and
Puigdomenech, C. 2017. Internal structure of the Late Triassic Central Patagonian batholith
at Gastre, southern Argentina: Implications for pluton emplacement and the Gastre fault
system. Geosphere, 13, 1973-1992.

Zappettini, E.O., Chernicoff, C.J., Santos, J.O.S., Dalponte, M., Belousova, E., and
McNaughton, N. 2012. Retrowedge-related Carboniferous units and coeval magmatism in
the northwestern Neuquén province, Argentina. International Journal of Earth Sciences, 101,
2083-2104.



Downloaded from https://www.lyellcollection.org by Sebastian Oriolo on Mar 30, 2023

Fig. 1. (a) Main morphostructural units of Patagonia (modified after Ramos et al. 2011). The
red rectangle shows the location of the map of Figure 1b. CP: Cordillera Principal, NNP:
Northern Neuquén Precordillera, NPC: North Patagonian Cordillera, SH: Safiico High, SNP:
Southern Neuquén Precordillera, SRB: San Rafael Block. (b) Sketch map showing
distribution of Palaeozoic igneous-metamorphic basement blocks of northern Patagonia
(modified after Pankhurst et al. 2006; Ramos 2008; Hervé et al. 2018; Renda et al. 2019;
Serra-Varela et al. 2021).

Fig. 2. Geological map of the Cuesta de Rahue Basement Inlier. The location of K-Ar
samples is included.

Fig. 3. (a) Porphyroblastic (biotite) hornfels of the Cuesta de Rahue Metamorphic Complex.
(b) Andalusite stretching lineation in paragneisses of the Cuesta de Rahue Metamorphic
Complex. (c) Intrusive contact between foliated metasedimentary rocks of the Cuesta de
Rahue Metamorphic Complex and the late Carboniferous granodiorite. (d) Intercalation of
phyllites (P) and metasandstones (M) of the Arroyo Coloco Metamorphic Complex. (e)
Felsic dykes cross-cutting foliated metasedimentary rocks of the Cuesta de Rahue
Metamorphic Complex. Both units are affected by a normal fault.

Fig. 4. Photomicrographs of representative rocks of basement units. Biotite porphyroblast (a)
and cordierite (b) in schists of the Cuesta de Rahue Metamorphic Complex. (c)
Mylonitization in schist of the Cuesta de Rahue Metamorphic Complex, giving rise to
microboudinage in biotite porphyroclast and a retrograde fine-grained mylonitic foliation
(arrows) that lies parallel to the metamorphic foliation Si. (d) Equigranular granodiorite. (e)
Metasandstone of the Arroyo Coloco Metamorphic Complex. Arrows indicate white mica
recrystallization in the matrix. (f) Volcanic metaconglomerate of the Arroyo Coloco
Metamorphic Complex, with plagioclase-rich clasts in a fine-grained andesitic matrix and
significantly replacement by chlorite, pumpellyite, and clay and opaque minerals.

Fig. 5. Schematic structural profile (see location in Fig. 2). Lower hemisphere equal area
projection of poles of structural elements are also shown. Contour intervals at 2% per 1%
area.

Fig. 6. Fault plane solution and P-T axes (blue and red, respectively) calculated for kinematic
data of the Rahue Fault and associated minor faults (n=14). Arrows indicate hanging wall
slip direction.
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Fig. 7. Regional Devonian to Triassic igneous-metamorphic record of northern Patagonia.
The study area is indicated with a yellow dot. (a) Devonian continental magmatic arc (yellow
area, modified after Serra-Varela et al. 2021). Ages of associated regional metamorphism are
indicated (1: K-Ar biotite, this work; 2: K-Ar whole-rock, Franzese 1995; 3: U-Pb titanite,
Lucassen et al. 2004; 4: U-Pb titanite, Varela et al. 2005; 5: EPMA Th-U-Pb monazite, Renda
etal.2021; 6: EPMA Th-U-Pb monazite, Martinez et al. 2012; 7: EPMA Th-U-Pb monazite,
Urraza et al. 2008). (b) Schematic position of the Late Carboniferous to Early Permian
Gondwanide magmatic arc (red area). U-Pb SHRIMP and LA-ICP-MS zircon ages of
granitoids are indicated (1: Hervé et al. 2018, 2: Deckart et al. 2014, 3: Pankhurst et al. 2006,
4: Renda et al. 2021, 5: Romero et al. 2019, 6: Oriolo et al. under review). The northern
segment corresponds to the Coastal Batholith (CB; Deckart et al. 2014 and references
therein), whereas the southern segment is recorded by the Palaeozoic Central Patagonian
Igneous-Metamorphic Belt (PCPIMB; Renda et al. 2019 and references therein). (c) Late
Triassic orogenic belt (violet area; modified after Navarrete et al. 2019). Ages correspond to
the timing of deformation and metamorphism (see text for further explanation; 1: Urraza et
al. 2019, 2: this work, 3: Gonzélez et al. 2021; 4: Gregori et al. 2016; 5: Navarrete et al.
2019). The inset shows S; (black dots) and L1 (red dots) structural data of the Arroyo Coloco
Metamorphic Complex (see Fig. 5 for comparison), showing similarities in local WNW-ESE
to NW-SE fabrics of the study area with the regional orientation of the belt. In turn, the latter
partially coincides with the orientation of the PCPIMB, suggesting that reactivated Late
Paleozoic fabrics might have played a major role in the Upper Triassic (Renda et al. 2019).

Table 1. K-Ar biotite analytical results of the Cuesta de Rahue Metamorphic Complex.

Table 2. K-Ar and illite crystallinity (Kubler Index) analytical results of the Arroyo Coloco
Metamorphic Complex.
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Figure 3
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Figure 4
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Figure 5
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Table 1

4OAY*

Sample Unit K (wt. %) 26 (%) (ccSTP/g 10°°)

OAr Atm (%) | Age (Ma) | 26 (Ma)

Cuesta de Rahue
AB-2 Metamorphic 5.2776 5.6540 69.56 23.93 368.4 4.8
Complex
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Table 2

Illite cristallinity (A°20 i

Sample Unit Grain size (um) | K20 (Wt. %) | “Ar* (%) | Age (Ma) | 26 (Ma) : ty (A°20) | Regional
Airdry | Glycolated | conditions

A 29.18 <« 3.70 85.21 231.6 35 0.172 0.174 Epizone
Arroyo Coloco <0.2 3.12 73.45 210.4 4.1 0.191 0.200 Epizone

Metamorphic <2 3.76 66.15 215.4 4.6 0.168 0.164 Epi
. . . . . . 1zone

RA 32-18 Complex p'
<0.2 3.20 62.11 199.4 37 0.205 0.200 Epizone






