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ARTICLE INFO ABSTRACT

Keywords: In this contribution, we present the stratigraphy of the igneous and metamorphic rocks of the Taquetrén Range, a
Patagonia sector located in the southernmost margin of the North Patagonian Massif (42°42'00” S - 69°30'00” W). Its
Paleozoic

igneous and metamorphic basement is composed of the newly defined “Lagunita Salada Igneous-Metamorphic
Complex” (LSIMC), “Paso del Sapo Plutonic Complex” (PSPC) and “Sierra de Taquetrén Plutonic Complex”
(STPC). The LSIMC comprises gneisses, schists, amphibolites and migmatites, which share a S;-Sy penetrative
foliation with a mean orientation of 300°-330°/40°-60° NE. Based on mineral paragenesis, metamorphic con-
ditions of these rocks are the result of Barrovian-type metamorphism in the upper amphibolite to granulite facies.
EPMA Th-U-Pb ages of monazites display two isochron main populations at 379 &+ 5 Ma and 323 + 5 Ma, which
suggest long-term high-temperature conditions for the region between Late Devonian and Carboniferous times.
The Complex is intruded by concordant tonalites, granodiorites, porphyric granites and minor pegmatites and
felsic dykes, which are grouped in the PSPC. Both the LSIMC and PSPC are intruded by unfoliated peraluminous
granitoids grouped in the STPC. Based on field and microstructural data, the pervasive foliation identified in the
PSPC was caused by processes ranging from magmatic flow to solid-state deformation, indicating a syntectonic
emplacement. Zircon U-Pb analysis by LA-ICP-MS in the PSPC shows two distinguishable groups with concordia
ages of 314.1 + 2.2 Ma and 302.8 + 2.2 Ma, interpreted as the crystallization and subsequent deformation age
respectively, related to protracted high-strain conditions. The outcrops in this area represent an almost full
tectonic cycle encompassing from medium-high grade metamorphic rocks and syn-tectonic intrusions to post-
tectonic intrusions, therefore configuring a key locality for the analysis of North Patagonian Paleozoic evolu-
tion. Moreover, based on the compilation of U-Pb zircon ages, a ~20 My magmatic gap period (360-340 Ma) is
recognized in the southwestern margin of the North Patagonian Massif coeval with amphibolite-granulite facies
metamorphism in different sectors of the Central Patagonian Igneous-Metamorphic Belt, presenting thus
important implications for the tectonic evolution of the area.
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U-Pb zircon
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1. Introduction

Convergent plate margins are the main tectonic setting where con-
tinental crustal growth occurs. The major contribution to crustal growth
in these areas is given by the underplating of basaltic magmas derived
from the mantle and the generation of granulite terranes in the upper
plate by crustal thickening and related metamorphism (Fountain and
Salisbury, 1981; Bohlen and Mezger, 1989; Yoshino and Okudaira,
2004). Therefore, assessing the tectonometamorphic evolution and
timing of thickening processes that occurred in ancient orogenic belts is
a crucial factor for understanding and reconstructing the crustal growth
history in a certain area.

In southern South America, a series of Paleozoic orogenic belts,
separating discrete crustal blocks, have been identified and assigned to
different collisional and accretional events that contributed to the
crustal growth and evolution of the South American plate. One of these
distinct blocks is the North Patagonian Massif, which has been alterna-
tively considered as part of the Gondwanan margin since Early Paleozoic
(Pankhurst et al., 2006; Rapalini et al., 2013; Pankhurst et al., 2014;
Vizan et al., 2017; Prezzi et al., 2018; Gonzalez et al., 2018, among
others) or since Late Paleozoic times (Ramos, 1984; Ramos, 2008;
Pangaro and Ramos, 2012; among others). Besides the paleogeographic
location of the North Patagonian Massif, its tectonic evolution during
the Paleozoic is still unclear.

In the last decades an orogenic belt, proposed as a potential suture
zone and formed by middle to late paleozoic plutonic and metamorphic
rocks, was defined in the southwestern boundary of the North Patago-
nian Massif showing a regional NW-SE structural trend (Pankhurst et al.,
2006; Ramos, 2008; Varela et al., 2015; Renda et al., 2019) which affects
the late geological evolution of the region (Giacosa and Heredia, 2004;
Figari, 2005; Bilmes et al., 2013; Echaurren et al., 2016; Zaffarana et al.,
2017; Bucher et al., 2019; Foix et al., 2020; Renda et al., 2019; Suarez
etal., 2019; Ruiz Gonzalez et al., 2020; Giacosa et al., 2020). In this area,
different basement lithologies are found; however, they have not been
studied in detail and geochronological data is only limited to specific

Journal of South American Earth Sciences 106 (2021) 103045

sectors, thereby limiting the understanding of the geological processes
that occurred along this potential paleozoic plate margin. In this sense,
the scarcity of robust constraints on the timing and characteristics of
deformational and metamorphic processes in the North Patagonian
Massif appears as a significant limitation for paleogeographic re-
constructions and for the assessment of the tectonometamorphic history
in this area.

Therefore, the aim of this paper is to present the stratigraphy of the
igneous and metamorphic basement rocks that crop out in Paso del Sapo
area (central area of the orogenic belt) and surroundings (Taquetrén
range), so far mostly unexplored, which belongs to the southernmost
margin of the North Patagonian Massif (42°42'00S-69°30'00"W, Chu-
but province, Fig. 1). Moreover, a chronologic sequence of deforma-
tional structures and associated metamorphic conditions from selected
key outcrops are also presented. Qualitative information about P-T
conditions of regional metamorphism is assessed by using mineral as-
semblages and reaction microstructures, whereas new U-Pb zircon and
monazite ages of igneous and metamorphic rocks respectively, were
obtained in order to constrain the timing of magmatic crystallization and
metamorphism-deformation. The obtained results are combined with
already published data in order to infer a schematic tectonometamor-
phic and magmatic evolution of the igneous-metamorphic belt extend-
ing along the southernmost margin of the North Patagonian Massif.

2. Regional geological setting

The North Patagonian Massif is a ~100.000 km? geological region
located in the northern part of Argentinean Patagonia (Fig. 1). In its
northeastern sector, a Cambro-Ordovician igneous-metamorphic base-
ment is overlain by Silurian orthoquartzites deposited in a passive
margin setting (Ramos, 1975; Caminos, 1983; Giacosa, 1987; Busteros
et al., 1998; Uriz et al., 2011; Greco et al., 2015; Gonzalez et al., 2018).
By contrast, the basement in the southwestern boundary of the North
Patagonian Massif is formed by Middle to Upper Paleozoic igneous and
metamorphic units (Varela et al., 2005, 2015; Pankhurst et al., 2006;

Fig. 1. Geological sketch map of the southwestern

area of the North Patagonian Massif (NPM) showing
the main paleozoic basement outcrops and the avail-

able U-Pb zircon crystallization ages of plutons (black
dots). The studied area (Taquetren range) is indi-
cated. Red dots represent K-Ar ages of basement rocks
obtained from drilling cores. Ages from 1. K-Ar ages

(Lesta, 1980; Linares and Gonzalez, 1990). U-Pb ages
from 2. Pankhurst et al. (2006), 3. Hervé et al. (2018),
4. Varela et al. (2005). NPM: North Patagonian
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Ramos, 2008), exposed along the Western Magmatic Arc (Ramos, 2008)
or the paleozoic Central Patagonian Igneous-Metamorphic Belt (Renda
et al., 2019, Fig. 1). This igneous-metamorphic belt is limited in its
western part by the Early Carboniferous-Permian marine-continental
Tepuel Basin (Limarino and Spalletti, 2006) and its sedimentary supply
was associated with a magmatic arc located either on the western area of
North Patagonian Massif or in the Chilean accretionary prism (Ciccioli
et al., 2020).

The studied area is located in the southwestern boundary of North
Patagonian Massif, in the Patagonides belt, which comprises a NW-SE
oriented mountain range with a mean altitude of 1200 m, located in
the central area of extra-Andean Patagonia (Ramos, 1999). This moun-
tain range is primarily developed by fault-controlled basement blocks
overlaid by inverted Mesozoic - Cenozoic depocenters, covered by ter-
tiary basalt plateaus (Folguera and Ramos, 2011; Bilmes et al., 2013).
Different names have been given to the Andean and extra-Andean
basement units. In the extra-Andean region, the metamorphic base-
ment and associated plutonic rocks have been classically grouped under
the medium-high metamorphic grade Cushamen Formation (Vol-
kheimer, 1964) and the plutonic Mamil Choique Formation (Ravazzoli
and Sesana, 1977), respectively. In the Andean region, near San Carlos
de Bariloche, metamorphic rocks have been assigned to the Colohuincul
Complex (reference 1 in Fig. 1) while associated plutonic rocks are
grouped in the Huechulafquen Formation (Turner, 1965). Nevertheless,
different igneous-metamorphic complexes have been defined in specific
sectors of the Central Patagonian Igneous-Metamorphic Belt, namely,
Rio Chico (Dalla Salda et al., 1994; reference 2 in Fig. 1) and Caceres
Igneous-Metamorphic Complexes (Giacosa et al., 2014; reference 3 in
Fig. 1). This approach is followed in this paper for the definition of the
new basement units located in the Taquetrén range, Chubut Province.

The Rio Chico Complex is located near the homonymous locality
(reference 2 in Fig. 1) and comprises medium-to high-grade schists,
gneisses, migmatites and minor mica-rich quartzites interlayered with
orthogneisses and minor intrusions (Dalla Salda et al., 1994; Cerredo
and Lopez de Luchi, 1998; Giacosa et al., 2004). The main metamorphic
foliation strikes ~ NW-SE and associated foliated granitoids include a
329 + 4 Ma hornblende-biotite granodiorite (Pankhurst et al., 2006), a
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foliated tonalite with 286 + 13 Ma and 295 + 2 Ma ages (Pankhurst
et al., 2006; Varela et al., 2005) and a foliated leucogranite of 302 + 39
Ma (Varela et al., 2005). On the other hand, the Caceres
Igneous-Metamorphic Complex includes high-grade schists, para-
gneisses, minor amphibolites and orthogneisses (reference 3 in Fig. 1,
Giacosa et al., 2014). Metamorphic rocks exhibit a main metamorphic
foliation striking NE-SW and are associated with syntectonic mylonitic
granites yielding a 371 + 2 Ma crystallization age, being intruded by
post-tectonic granites with a 294 + 2 Ma age (Pankhurst et al., 2006;
Giacosa et al., 2014).

Igneous-metamorphic basement rocks of Paso del Sapo study area
are pre-Jurassic and belong to the southernmost outcrops of the North
Patagonian Massif (Fig. 2). The syn-rift (Hettangian-Kimmeridgian) and
post-rift (Barremian-Danian) volcano-sedimentary mega-sequences of
the Canadén Asfalto basin (Figari et al., 2015 and references therein)
unconformably lie over the eroded basement rocks. Tertiary basalts and
volcaniclastic deposits overlie both the basement rocks and the
Jurassic-Cretaceous volcano-sedimentary cover. Regionally, the earliest
mentions of the igneous and metamorphic basement rocks were made by
Feruglio (1949, and references therein for a summary), whereas
Nakayama (1973) mentioned the gneisses and granitoids of the
Taquetrén range, as part of the Sierra de Taquetrén Formation, with no
precise definition of these units. The structural and magnetic fabric
studies of Paso del Sapo granodiorite (314 + 2 Ma; Pankhurst et al.,
2006) revealed a penetrative NW-SE-trending tectonic foliation dipping
mostly to the NE (Renda et al., 2017, 2019).

3. Geology of Taquetrén Range basement

The main stratigraphic features of the area are derived from our field
mapping since very few studies were previously carried out in the region
(Section 2). Based on field relations and new geochronological con-
straints presented below (Section 3, 4, and 5), the crystalline basement
of the Taquetrén Range was thus divided into three main complexes.
Sequentially, from older to younger units, they correspond to the
Lagunita Salada Igneous-Metamorphic Complex (LSIMC), Paso del Sapo
Plutonic Complex (PSPC), and Sierra de Taquetrén Plutonic complex

References |

Lithology

|:| Quaternary deposits

\:’ Cretaceous sedimentary units

|:| Jurassic vulcanites

e'gmatitic-apli't'i'(; granitic dyké.s";
:Sierra de Taquetrén

i Plutonic Complex
(Permian?)

Locality
EE@ Provincial gravel
roa

Local gravel road
-426

wo-mica granites

0 Lagunita Salada
—>

iotitic granodiorites H
feldspar porphyric granitesi ~ Paso del Sapo
Plutonic Complex
..................................... (~314 Ma)
-I Gneisses, amphibolites and migmatites
(Lagunita Salada Igneous-Metamorphic Complex)
(~ 323-379 Ma)

K=

R
(S \!\‘_ S

Structures

o428
Inverted
normal fault

‘4_ Thrust Fault

Sampile localities in Taquetrén Range

379 +5Ma
323 +5Ma

314 +2 Ma

X Magmatic-submagmatic foliation
S, Mylonitic foliation
\ S,-S, Metamorphic foliation

EPMA Th-U-Pb monazite
(Sample GASP-12, this work)

| LA-ICP-MS U-Pb zircon

303 +2 Ma (Sample G1, this work)

SHRIMP U-Pb zircon

g

(Sample SAP-210, Pankhurst et al., 2006)
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(STPC, Fig. 2). In this section, stratigraphic features are described for
each complex, from data collected in key selected outcrops. Mineral
abbreviations used in this work are based on Whitney and Evans (2010).

3.1. Lagunita Salada Igneous-metamorphic complex (LSIMC)

It comprises paragneisses, schists, amphibolites, minor orthog-
neisses, and migmatites. Its main outcrop area is located in the northern
sector of the Taquetrén range (Fig. 2). The complex is intruded by
tonalites and granodiorites of the Paso del Sapo Plutonic Complex
(PSPC), parallel to the main fabric of the metamorphic rocks. The
concordant intrusive contact is NW/SE-trending and dipping 35° to the
NE (Fig. 3a). Within the contact aureola, a fine-grained granoblastic
microstructure overprinted the previous gneissic foliation in
paragneisses.

The LSIMC is, in turn, intruded with a discordant contact relationship
by the granitoid plutons of the Sierra de Taquetrén Plutonic Complex
(Fig. 2, STPC). Close to the contact zone between LSIMC and STPC,
pegmatitic and aplitic granitic dykes of the STPC intrude with concor-
dant and discordant relationships the pre-existing foliation of the LSIMC
(Fig. 2).

The LSIMC is essentially composed of alternating medium to coarse-
grained sillimanite-garnet paragneisses and fine-grained garnet mica
schists (Fig. 3b). Paragneisses are grey-colored and show a well-
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developed S;-S; gneissic penetrative foliation with a mean value of S;.
2: N 315°/64° NE (Fig. 3b). Stretched biotite and sillimanite define a NE-
plunging, stretching lineation. Commonly, garnet is present as subhedral
and anhedral syntectonic porphyroblasts. In some sectors, near the
contact with the PSPC, the S;-S; foliation presents an approximate
curvilinear fabric, and asymmetric garnets show a sinistral (normal)
sense of shear (Fig. 3c and 3.d).

The schists show a well-developed S1-S; schistosity, parallel to the
gneissic foliation, and they commonly exhibit grayish to greenish color
due to retrograde chlorite formation at the expense of biotite (Fig. 3b).
Few bodies of fine-grained amphibolites, up to 3 m-thick and with
poorly developed S;-S; foliations, are interlayered with paragneisses
and schists. Migmatites are stromatic metatexites found in close asso-
ciation with paragneisses. The leucosomes are centimeter-thick tabular
layers alternating with well-foliated biotite-rich mesosomes and lying
parallel to the regional foliation S-S, (Fig. 3e). They are composed of
medium to coarse-grained granoblastic quartz + plagioclase, with
boudinaged structure (Fig. 3e).

3.1.1. Structures of the Lagunita Salada Igneous-Metamorphic complex
The complex is affected by three tectono-metamorphic events with
regional distribution in the Taquetrén range. During D;-Dy coaxial
events, pelite-psammite bedding Sy was folded around SW-verging,
overturned tight to isoclinal F;-Fy folds (Fig. 4a and b). The S;

Paso del Sapo
sPlutonic Complex

"“Lagunlta Salada_,
.Igneous Metamorphlc Complex

ENSH0F/35ENE

Fig. 3. a) Intrusive relationship between
Paso del Sapo Plutonic Complex and Lagu-
nita Salada Igneous-Metamorphic Complex.
The contact plane strikes N 310° and dips
35° to the NE. b) S;-S, metamorphic folia-
tion developed in paragneisses of the Lagu-
nita Salada Igneous-Metamorphic Complex.
Thin layers of schists are intercalated be-
tween the paragneisses. c¢) Detailed outcrop
view of the $;-S, gneissic foliation. Sub-
hedral garnets porphyroblasts are bordered
by biotite and sillimanite. d) Detail of garnet
porphyroblast within gneissic layering in
paragneisses of the Lagunita Salada Igneous-
Metamorphic Complex. The asymmetry of
garnets tails indicates a sinistral sense of
shearing. e) Metatexitic paragneisses. Bou-
dinage structures are developed in the
leucosomes.

42°41°'52.98"S
69°32°43.50"W
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Fig. 4. Structural elements of the LSIMC and PSPC. a) S;-S; gneissic foliation developed in paragneisses. b) Tight F; folds developed in paragneisses of LSIMC. c)
Type-3 interference pattern formed by the refolding of F; isoclinal folds. d) Penetrative crenulation Sz affecting S;-S, foliation. Asymmetric crenulation folds

are shown.

gneissic foliation defined by alternating dark and light-colored bands is
relict and preserved in isoclinal F; folds (Fig. 4c). F; folds are refolded by
F, folds (Type-3 interference pattern folds of Ramsay, 1967, Fig. 4c). F
folds are associated with a penetrative NW-SE trending axial plane
foliation S7.p: N315°-350°/30°-72°NE. Linear structures in the LSIMC
include fold axis, mineral stretching lineations, and boudin axis. F; fold
axes exhibit a mean orientation of Fy: N130°/40°. Mineral stretching
lineations (L;.) are defined by elongated biotites and sillimanites with
major axis oriented L;_o: N019°-004°/61°-41°. Boudinage of leucocratic
layers can be seen along the limbs of tight to isoclinal F folds (Fig. 4b
and c) or in individual leucosomes within the paragneisses.

Dj structures are represented by a crenulation cleavage Sg assocated
with centimetric, tight to close F3 asymmetric folds affecting S;-Sa
(Fig. 4d). F3 fold axis has a mean orientation of Eg: N 265°/43°. A
retrograde mineral association developed in the F3 hinge axis is defined
by chlorite-sericite-muscovite alignment.

3.1.2. Microstructure and metamorphism

At a microscopic scale, two leading mineral associations M;-Mj were
identified: (1) quartz-plagioclase-biotite-garnet-sillimanite, and (2)
quartz-plagioclase-biotite-garnet-kyanite-sillimanite-K/feldspar-rutile.
M; metamorphic association cannot be defined in the samples collected
as it is obliterated by Ms. The S;-S; foliation planes are marked by the
preferred orientation of fibrolitic sillimanite and biotite flakes, alter-
nating with quartz-feldspathic granoblastic micro-bands.

Reddish-brown biotite is typical to those from higher-metamorphic
grades, whereas garnets occur as euhedral to subhedral porphyro-
blasts, up to 1 mm in diameter, with inclusion trails of quartz, apatite,
and biotite, which are parallel to S$;-S, foliation planes of the matrix
(Fig. 5a). Granoblastic bands are composed of fine-to medium-grained

quartz + plagioclase with interlobate to polygonal contacts (Fig. 5b).
Some quartz grains exhibit undulose extinction and tapered twins in
plagioclase, associated probably with D3 event under low-grade meta-
morphic conditions. Fibrolitic sillimanite needles are parallel to biotite
in lepidoblastic bands or anastomosed around coarse-grained grano-
blastic bands (Fig. 5c and d).

In the southern sector of the Taquetrén range, quartz-plagioclase-
biotite-garnet-kyanite-sillimanite-K/feldspar-rutile mineral association
M;-M; in paragneisses marks the S;-S; foliation planes, closely related
with metatexitic migmatites. In kyanite-bearing paragneisses, relict S;
garnet porphyroblasts located within S;-S; bands are rimmed by fibrous
sillimanite (Fig. 5e). Fine-grained, sub-idiomorphic kyanite is replaced
by coronas of fibrous sillimanite (Fig. 5f). Prismatic sillimanite is
intergrown with K-feldspar and in close relationship with biotite, within
parallel oriented S;-Sz lepidoblastic bands (Fig. 5g).

Amphibolites are fine to medium-grained, with a well-developed
$1-S2 metamorphic foliation defined by alternating bands of nemato-
blastic hornblende and granoblastic plagioclase + clino-pyroxene +
orthopyroxene. Euhedral sphene forms coronas around opaque minerals
(Fig. 5h), and apatite + zircons are scarce. The M;-My mineral assem-
blage is then defined as plagioclase-amphibole-clinopyroxene-
orthopyroxene-sphene-opaque. Post-M;/M, retrogression led to the
development of chlorite around pyroxenes.

3.2. Paso del Sapo Plutonic Complex (PSPC)

The plutonic complex is mainly composed of biotite + amphibole-
bearing tonalites, biotite + amphibole-bearing granodiorites and
porphyritic granites. Its most prominent outcrop is located in the
western sector of the Taquetrén range, limited by the Rio Chubut Medio
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Fig. 5. Microscopic details of paragneisses
of the Lagunita Salada Igneous-Metamorphic
Complex. a) Subhedral garnet porphyroblast
with visible zonation and inclusions of bio-
tite, apatite and quartz. b) Quartz and
plagioclase showing granoblastic micro-
structures and polygonal contacts. ¢ and d)
Fibrous sillimanite along with quartz and
biotite. e) Garnet porphyroblast and fine-
grained kyanite partially replaced by
fibrous sillimanite. f) Individual kyanite
replaced by fibrous sillimanite. g) Prismatic
sillimanite, biotite and K-feldspar inter-
growth. h) Clinopyroxene and sphene within
plagioclase rich bands in amphibolites.

Fault-Taquetrén Thrust Front (RCMF-TTF in Fig. 2, Coira et al., 1975;
Renda et al., 2019), and in the northeastern sector, by the Taquetrén and
Ubledo lakes (Fig. 2). The PSPC presents an ovoid-shaped geometry,
elongated in a NW-SE direction, parallel to the regional structural trend.
Approximately 5 km to the northeast of the RCMF-TTF the complex
intrudes with sharp and structurally concordant contacts the LSIMC.
Although no field relations were found with the PSPC, the inclusions and
xenoliths of these rocks into the Sierra de Taquetrén Plutonic Complex
indicates that STPC intruded both already deformed complexes (see
Section 3.3).

In mesoscale of the tonalites and granodiorites, shape-preferred
biotite-amphibole-plagioclase orientation and recrystallized quartz ag-
gregates parallel to them, define a penetrative magmatic to sub-
magmatic foliation with a mean value of Sp: N 300°-330°/50° NE.
Meter-sized granitic sheets intrude the tonalites and granodiorites with
sharp to transitional contacts, and are parallel to the magmatic-
submagmatic foliation planes (Fig. 6a). Centimeter-to meter-sized
elongated and foliation-parallel metamorphic xenoliths of paragneisses
from the LSIMC are common within the granodiorites (Fig. 6b). Discrete,
meter-sized shear zones are well-defined within the plutonic complex
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S N326°746°NE |

Fig. 6. Outcrops of the Paso del Sapo Plutonic Complex (PSPC). a) Alternation of tonalites and tabular-shaped intrusions of mylonitic K-feldspar megacrystal
granites. I: igneous contacts between granodiorite and porphyric granite facies within the plutonic complex. S,: Magmatic/submagmatic foliation. S3: mylonitic
foliation b) Solid-state foliation of the tonalite/granodiorite of PSPC with visible parallel-elongated metamorphic xenoliths. ¢) Mylonitic fabric developed in the K-
feldspar megacrystal granites. The photograph points to the southeast and asymmetric K-feldspar crystals indicate a top-to-the-southwest tectonic transport direction.
d) S-C structures developed in a granodiorite of the PSCP, indicating a dextral shear sense within a mylonitic shear zone. e) Synmagmatic faulting displacing tabular

granitic intrusions.

and are visible at meso-scale. Within the shear zones, the NW-SE
magmatic foliation is overprinted by an S3 mylonitic foliation. Kine-
matic indicators, such as asymmetric o-type K-feldspar porphyroclasts
and S—-C shear bands indicate a top-to-the-southwest tectonic transport
direction (Fig. 6¢ and d). Synmagmatic deformation is represented by
intramagmatic faults and shear zones which locally displace tabular
granitic intrusions (Fig. 6e).

3.2.1. Microstructures

Tonalites are typically medium-grained, equigranular, with prefer-
ably oriented subhedral plagioclase, quartz aggregates, biotites, and
hornblende. Zircon, apatite, titanite, and magnetite are present as
accessory minerals. The granitoids developed a magmatic foliation (Sy)
evidenced in the preferred alignment of subhedral hornblende and
plagioclase crystals (Fig. 7a and b). Close to the mylonitic shear zones, a
tectonic banding due to the transposition of previous planar structures

resembles gneissose banding. In the mylonites, quartz occurs as me-
dium- to fine-grained polycrystalline aggregates with irregular grain
boundaries generated by grain boundary migration recrystallization
(Fig. 7c). Also chessboard extinction patterns is common within the
quartz aggregates, suggesting high-temperature solid-state deformation
conditions. The polycrystalline aggregates are elongated and define a
mylonitic foliation along with biotite flakes. Plagioclase (Anzg-Anyg) is
present as medium-grained, subhedral crystals, commonly fractured,
with irregular borders. Mylonitic granites show microcline porphyr-
oclasts with wormy myrmekite lobes along the margins parallel to S3
mylonitic foliation (Fig. 7d), suggesting a strain-controlled occurrence
(Simpson and  Wintsch, 1989), possibly related with
medium/high-temperature submagmatic to solid-state deformation
(Paterson et al., 1989; Simpson and Wintsch, 1989; Cisneros-Lazaro
et al., 2019).

Asymmetric K-feldspar porphyroclasts show undulose extinction and
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Fig. 7. Photomicrographs of the PSPC. a - b) S,
magmatic foliation defined by the alignment of hipi-
diomorphic hornblende and plagioclase, along with
biotite, titanite, epidote and magnetite. Plane polar-
ized light and under cross polarized light respectively.
c) Pollycristaline aggregates of recrystallized quartz
showing grain boundary migration and chessboard
extinction patterns d) Hipidiomorphic microcline
with myrmekites developed along grain margins
parallel to S3 mylonitic foliation. e) Allotriomorphic
microcline with recrystallization to aggregates of
quartz in “tail” region. The matrix consists of fine-
grained recrystallized quartz, k-feldspar and biotite.

-t

1000 Hrn

fine-grained recrystallized subgrains along boundaries. They are sur-
rounded by a fine-grained matrix composed of biotite, quartz, and
muscovite, and its major axis is parallel-oriented to Ss mylonitic folia-
tion (Fig. 7e). S-C shear bands related to S3 mylonitic foliation are
defined by mica-fish orientation of biotites and asymmetric recrystal-
lized quartz aggregates, both indicating a top-to-the-southwest tectonic
transport direction (Fig. 7f). Submagmatic microfractures (Bouchez
et al., 1992), sealed by magmatic quartz and epidote, are present within
plagioclase grains suggesting the presence of melt during late-stage
brittle deformation (Fig. 7g and h).

f) S-C shear bands in the mylonitic porphyric granite
of PSPC. g) Allotriomorphic plagioclase with fractures
and wedge-shaped deformation twins. h) Sub-
magmatic microfractures developed in an allo-
triomorphic plagioclase sealed by magmatic epidote
and quartz. Red arrow shows a reabsorbed embay-
ment within the fracture. (For interpretation of the
references to color in this figure legend, the reader is
referred to the Web version of this article.)

3.3. Sierra de Taquetrén Plutonic Complex (STPC)

The STPC consists of three main facies of biotitic granodiorite, two-
mica granites and pegmatites, and granitic dykes. The granitic facies was
previously referred to as the Sierra de Taquetrén Formation by
Nakayama (1973). Outcrops are typically rounded landforms of unde-
formed and non-foliated, light brown to grey, medium-grained grano-
diorites and granites, intruding the LSIMC with sharp and discordant
contacts (Fig. 8a). Close to contacts with the LSIMC, centimeter to
meter-sized pegmatite veins and granitic dykes are margin-parallel
oriented or intrude concordantly the metamorphic foliation of the
LSIMC (Fig. 8b). Roof pendants and stoped blocks of both the
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metamorphic rocks and the granodiorites of PSPC lie along the margins
of the body (Fig. 8c).

The STPC presents an irregular shape in the horizontal map section
(Fig. 2) and lacks macroscopic internal structures, except near the bor-
ders where a blurred, contact-parallel magmatic foliation is developed,
marked by elongated mafic microgranular enclaves with its major axis
parallel-oriented to the incipient magmatic foliation (Fig. 8d). Solid-
state deformation fabrics are present in the marginal zones of the
plutonic complex, evidenced by microstructures showing lobate grain
boundaries within quartz aggregates and recovery processes evidenced
in the formation of quartz subgrain domains (Fig. 8e and f). These
marginal zones are commonly altered, showing partial or total
replacement of biotite by chlorite and secondary muscovite.

The granodiorite facies is formed by light brown, medium-grained
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Fig. 8. Field and petrographic characteristics of the
STPC. a) Sharp and discordant contact between STPC
and LSIMC. The white scale is 30 cm long. b)
Pegmatitic dykes and veins parallel disposed to the
margins of the plutonic complex. ¢) Outcrop near the
northern margin of the plutonic complex where an
elongated mafic microgranular enclave is disposed
with its major axis parallel to a roughly-defined
magmatic foliation defined by the shape preferred
orientation of biotites, k-feldspar and plagioclase. d)
Stoped block of the PSPC within the STPC showing
rectangular borders. e — h) Microstructures and
petrography of the STPC. e) Solid state fabric showing
lobate contacts developed in parallel-oriented quartz
aggregates. f) Undulose extinction in quartz, show
sharp transitions defining parallel elongated sub-
grains. g) Textural aspect of medium grained, equi-
granular, hypidiomorphic biotitic granodiorite facies.
h) Plagioclase and K-feldspar intergrowth in the two-
mica granite facies of the STPC.

(1-5 mm in diameter), equigranular biotitic granodiorites displaying
an isotropic fabric (Fig. 8g). It is composed of quartz, plagioclase, K-
feldspar, and biotite with minor epidote, allanite, apatite, opaques, and
zircon. Quartz is present as anhedral, medium-grained -crystals
commonly fractured (Fig. 8g). Plagioclase is euhedral to subhedral,
medium to coarse-grained, with well-developed twins and exhibiting
zonation (Fig. 8g). Biotite is abundant, medium-grained, euhedral to
subhedral crystals, with dark-brown/light-brown strong pleochroism,
and numerous inclusions of zircons with pleochroic halos (Fig. 8g). K-
feldspar is rare andoccurs as anhedral to subhedral crystals partially
altered to sericite.

The granodioritic facies is mainly located in the western and south-
ern sector of the plutonic complex (Fig. 2), and presents transitional
contacts with the two-mica granite facies. The last consists of white to
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grey-colored, medium-to-coarse-grained, hetero-granular hypidiomor-
phic granites, showing an isotropic fabric (Fig. 8h). It is mainly
composed of quartz, K-feldspar, plagioclase, muscovite, and biotite.
Plagioclase is present as a medium to coarse-grained, subhedral to
euhedral crystals, with partial replacement of sericite and intergrowth
textures with anhedral to subhedral K-feldspar (Fig. 8h). Epidote,
apatite, zircon, and opaques are present as accessory minerals.

4. U-Pb geochronology
4.1. Samples and analytical techniques

Sample GASP-12 was obtained from a quartz-plagioclase-biotite-
garnet-sillimanite paragneiss from the LSIMC, located at 42°41'45.47"
$-69°32/37.3” W (Fig. 2). Automated mineralogical methods (e.g. Fan-
drich et al., 2007), based on the scanning electron microscope SEM
Quanta 650-FEG-MLA (FEI Company) and equipped with Bruker Dual
X-Flash energy dispersive spectrometers for EDX analyses, were used to
integrate with thin-section information of sample GASP-12 (see Sup-
plementary Material for further detail on methodology). The mineral
chemical analyses from sample GASP-12 were performed using a JEOL
JXA-8900-RL electron microprobe with beam conditions of 15 kV, 20
nA, and 2 pm, and ZAF correction procedures supplied by JEOL. EPMA
(Electron Probe Microanalysis) Th-U-Pb dating is based on the obser-
vation that common Pb in monazite (LREE, Th) POy is negligible when
compared to radiogenic Pb resulting from the decay of Th and U (Montel
et al., 1996). EPMA analysis of the bulk Th, U, and Pb concentrations in
monazite, at a constant 238U/2%°U, allows for the calculation of a
chemical model age (CHIME) with a considerable error (Montel et al.,
1996; Pyle et al., 2001; Suzuki and Kato, 2008; Spear et al., 2009).
Monazite analyses were performed with an electron microprobe JEOL
8530F at the Helmholtz Institute Freiberg for Resource Technology.

Sample G1 was obtained from a tonalite of PSPC, located at
42°43'48" S 69°34' W (Fig. 2). After obtaining grain fractions below 400
pm, the milled sample was processed using conventional isodynamic
techniques and zircons were separated from heavy mineral concen-
trates. Afterwards, zircons were mounted in epoxy resin discs and pol-
ished. Before analysis, cathodoluminescence and transmitted images
were obtained in order to select the best sites for performing the mea-
surements. These analyses were performed using a Neptune Multi-
collector Inductively Coupled Plasma Mass Spectrometer (ICP-MS) and
an Analyte G2 excimer Laser Ablation (LA) system at the Centro de
Pesquisas Geocronologicas of the Universidade de Sao Paulo (Brazil).
Table S1 provides the cup and ICP-MS configuration and the laser pa-
rameters used during the analysis. Supplementary material provides
detailed information on methodology. Analytical results are presented
in Table S3 of supporting information.
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4.2. Electron microprobe analysis and monazite dating

Monazites commonly show complex and patchy zonation patterns
and microfracturing revealed by backscattered electron microscopy
(Fig. 9a), which are attributed to coupled dissolution-reprecipitation
processes. Individual ages span mostly between the Devonian and
Early Permian but cannot be correlated with specific zonation patterns.
These ages can be grouped into two main populations of 379 + 5 and
323 £ 5 Ma (Fig. 9b), yet an alternative single age of 348 &+ 5 Ma can also
be calculated (Fig. S1). The presence of two main age groups seems,
however, more likely, and is further supported by minor compositional
differences and regional evidence (see Section 5.4). When compared
with Carboniferous to Permian ages, Devonian monazite ages commonly
show higher UOy contents (ca. 0.45-0.72 vs 0.50-0.30 wt %) and
generally higher (Th + U)/Si ratios.

4.3. U-Pb LA-ICP-MS zircon geochronology

Sample G1 from the PSPC consists of a mylonitic tonalite, located
near the SAP-210 sample, which yields a 314 + 2 Ma age (Pankhurst
et al., 2006). Zircons of sample G1 are typically euhedral and prismatic,
with occasionally rounded rims, and exhibit oscillatory zoning
(Fig. 10a). In 32 analyses Th/U values range from 0.05 to 0.39 with an
average of 0.22. Based on 29 out of 32 analyses, a Tera-Wasserburg
diagram was obtained in which two different concordia ages were
interpreted. Three analyses were discarded based on their high common
Pb or high error ellipses. The remaining 29 analyses are distributed
between 336 and 296 Ma (Fig. 10b). From this distribution, a cluster of
ten analyses defines a concordia age of 314.1 + 2.2 Ma (MSWD =
0.00056, probability of concordance = 0.98, Fig. 10c), which is inter-
preted as the crystallization age. Isolated older zircons present ages of
~336, ~327, ~323, ~319 and are considered as inherited zircon frac-
tions. A younger group of eleven analyses defines a concordia age of
302.8 + 2.2 Ma (MSWD = 0.13, probability of concordance = 0.72,
Fig. 10d), which probably reflects late deformation and re-opening of
the isotopic system shortly after emplacement. Samples of similar ages
reported by Pankhurst et al. (2006) show a systematic Pb loss, which
may reflect deformation conditions present at ~305-300 Ma. In this
way, the younger calculated concordia age for G1 sample is considered
as a result of mylonitization processes occurred after crystallization, due
to chemical variations in zircon crystals that affect U-Pb isotopic sys-
tems (Wayne and Sinha, 1988; Hoskin and Schaltegger, 2003). Quartz
aggregates showing chessboard extinction patterns, grain boundary
migration recrystallization and k-feldpar recrystallization in PSPC
(Section 3.2.1, Fig. 7) support high-temperature solid state deformation
conditions, and these features commonly occur in temperatures ranging
from 500 to 700 °C (Passchier and Trouw, 2005) which could facilitate
the re-opening of the isotopic system.

Fig. 9. a) Backscattered electron images

y=0.016x (BSE) of monazite showing single Th-U-Pb
R*=0.7391 [ ] ages (Ma, 20 error). b) Th-U-Pb chemical
,:\3A7SQV\4I-D5=|:£ [ model ages of monazite. Total ThO,* vs PbO
n;57 (wt. %) isochrones diagrams. ThOy* is
ThO,+UO, equivalents expressed as ThO,.
Regression lines with the coefficient of
y=2(_).0136x determination R® are forced through zero
MRS\7\?D7=600(754 (Montel et al., 1996; Suzuki et al., 2008).
323+ 5 Ma Weighted average ages (Ma) with MSWD
n=38 and minimal 2¢ error are calculated from
single analyses according to Ludwig (2001).
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Fig. 10. Cathodoluminescence image and zircon age for sample G1 of the PSPC. a) Cathodoluminescence showing oscillatory zoning in analyzed euhedral prismatic
zircons. b) Concordia diagram of zircon U-Pb dating for sample G1. c) Ten analysis defining a concordia age of 314.1 + 2.2 Ma d) Eleven analysis defining a

concordia age of 302.8 & 2.2 Ma. See text for interpretation.

5. Discussion
5.1. M;-My metamorphism and associated D1-Dy structures

The metamorphic basement of the Taquetrén range comprises a
high-grade Igneous-Metamorphic Complex denominated Lagunita Sal-
ada Igneous-Metamorphic Complex. A pervasive S;-S; metamorphic
foliation with a mean orientation of Sj.5: N300°-330°/40°-60°NE is
developed in paragneisses, schists and amphibolites, with Ly mineral
stretching lineations exhibiting a moderate plunge to the NE or NNE
(Section 3.1.1). Associated with S;-S, foliation, two different
sillimanite-bearing mineral assemblages occur among the paragneisses
in this Complex. In the northwestern sector, Qtz-Pl-Bt-Grt-Sil para-
gneisses and in the southern sector of Taquetrén range, garnet para-
gneisses with a Qtz-Pl-Bt-Grt-Ky-Sil-Kfs-Rt mineral assemblage both
exhibiting a well-developed S;-Ss fabric. Besides the metapelitic units,
amphibolites in the LSIMC show a high-grade mineral assemblage
defined by Pl-Amp-Cpx-Opx. Based on the mineral assemblage and
paragenesis, these rocks would be the result of a barrovian-type meta-
morphism in the upper amphibolite to granulite facies developed in
pelitic and in mafic protoliths. The absence of primary muscovite and
the presence of quartz, sillimanite, and K-feldspar suggest that P-T
conditions achieved the second sillimanite reaction-isograd. This is
further supported by the presence of orthopyroxene and clinopyroxene
along with plagioclase in the amphibolites mineral assemblage which is
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restricted to the low-pressure part of the granulite facies (Bucher and
Grapes, 2011). P-T conditions in a typical metapelitic rock associated
with melting have been calculated between 6 and 9 kbar and 750-800°
in a Bt-Sil-Kfs-Grt-P1 mineral paragenesis (White et al., 2001).

Electron microprobe Th-U-Pb ages of monazites located in the S;-S;
gneissic foliation, display two main populations at 379 + 5 Ma and 323
+ 5 Ma (Fig. 9b). The obtained spectrum of ages, zonation patterns and
the presence of individual monazites with either Devonian or Carbon-
iferous/Early Permian ages suggest long-term high-temperature condi-
tions for the region, mostly between the Late Devonian and
Carboniferous. Monazite along S;-S; is considered as stable in middle
amphibolite facies for an average pelite composition (Spear, 2009), and
is further supported by the presence of individual monazites with either
Devonian or Carboniferous/Early Permian ages (Fig. 9a and b).

5.2. Magmatic foliation in the PSPC and D3 structures in Taquetrén
Range

Paso del Sapo Plutonic Complex presents a penetrative NW-SE
magmatic/submagmatic foliation which is roughly parallel to the S;_»
structures previously described in the LSIMC. These structures (Sy,) are
developed in tonalites, granodiorites and K-feldspar porphyric granites.
In tonalites and granodiorites, the shape preferred orientation of pla-
gioclases, biotites, and amphiboles define a mean magmatic/sub-
magmatic foliation Sp,: N310°/44°NE. In the western part of the plutonic
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complex, porphyric K-feldspar granite intrusions are disposed parallel to
the penetrative magmatic/submagmatic foliation developed in the
granodiorites and tonalites. Shape-preferred orientation of euhedral to
subhedral K-feldspar define a Sp,: N 321°/40°NE show that S, magmatic
foliation is homogenously developed in the PSPC. Magmatic/sub-
magmatic structures include: a) shape-preferred alignment of horn-
blende and plagioclase crystals in tonalites and granodiorites and
microcline megacrystals in the porphyric granites (Fig. 7a and b), b)
submagmatic microfractures, indicating fracturing of plagioclase in the
presence of melt (Fig. 7g and h), developed under submagmatic condi-
tions (Bouchez et al., 1992) and c) development of late magmatic shear
zones formed in disrupted felsic intrusions (Fig. 6e).

A late deformational stage D3 affects the LSIMC and the PSPC. This
event is developed between D, deformational stage and the post-
orogenic magmatic intrusion STPC. In the LSIMC these structures are
expressed by F3 asymmetric crenulation folds with a mean fold axis
orientation of Eg: N 265°/43° which show a retrograde greenschist facies
mineral assemblage defined by Chl + Ser + Ms. In PSPC, D3 structures
are overprinting the described magmatic foliation and are expressed as a
pervasive mylonitic foliation developed within discrete shear zones
affecting porphyric k-feldspar granites, granodiorites and tonalites of
the PSPC. The mylonitic foliation (Sg) presents a mean orientation of S3:
N 321°/40°NE, subparallel to the magmatic/submagmatic foliation Sy,.
Analyzed microstructures show myrmekites located in the margins of
microcline crystal and parallel to S3 (Fig. 7d), chess-board extinction
and grain boundary recrystallization patterns in quartz (Fig. 7c),
development of S—C shear bands (Fig. 7f) and pervasive mylonitic fabric
(Fig. 7c-h). We consider that the overprinting of initial magmatic foli-
ations occurred by subsequent tectonic processes arisen at high-medium
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temperature during regional deformation (Paterson et al., 1989) and
shortening. This high-temperature solid-state deformation is localized
along discrete mylonitic zones developed in PSPC and in some sectors of
LSIMC, while low-grade regional metamorphism pervasely affected
LSIMC. The D3 deformational event is probably constrained by the
~303 Ma obtained in the U-Pb analysis (Fig. 10d and Section 5.3). This
younger age is interpreted as reflecting pervasive deformation condi-
tions and a re-opening of the isotopic system, in high-temperature
conditions, therefore justifying the younger U-Pb ages found in the
PSPC (Fig. 10d, Section 4.3; Wayne and Sinha, 1988; Hoskin and
Schaltegger, 2003).

5.3. Summary of deformation, magmatism and metamorphic events in the
Taquetrén Range

Fig. 11 shows a summary of the igneous, metamorphic and defor-
mational events recognized in the Taquetrén range basement. The
deposition of the protolith of LSIMC is considered as pre-379 Ma, based
on the calculated metamorphic age of 379 + 5 Ma in monazites of LSIMC
paragneiss (Fig. 9). Mineral assemblage in the paragneisses (Qtz-Pl-Bt-
Grt-Sil and Qtz-P1-Bt-Grt-Ky-Sil-Kfs-Rt) and amphibolites (P1-Amp-Cpx-
Opx) indicate high-grade Barrovian-type metamorphism, compatible
with amphibolite/lower granulite facies occurred during M;-M, meta-
morphism. Two different populations of monazites were defined in the
PbO-ThO; isochrone diagram, defining a 379 + 5 Ma and a 323 + 5 Ma
ages and suggest high temperature conditions for Late Devonian-
Carboniferous times, during M;-M; metamorphic event. Relict D;
structures are preserved in F; isoclinal folds, affected by a NW-SE
penetrative Sy foliation and tight to isoclinal F; folds.

Unit Event Structure Metamorphism Magmatism
Siarrade Non-penetr_atlve Magr_nat!c
5 : magmatic crystallization:
Taquetrén Post-orogenic _
: . . foliation parallel - post-303 Ma,
Plutonic Complex intrusion
to the pluton probably
STPC . :
margins Permian
Regional low-grade
. (greenschist facies) in
Ss crenulation .
. LSIMC; and discrete
NW-SE shear cleaveage in medium-srade shear
zones (affecting Ds-M; LSIMC & Ss e (afn i -
PSPC and LSIMC) mylonitic foliation 15 tamp
in PSPC facies) in PSPC and
LSIMC
ca. 303 Ma
NW-SE magmatic
Paso del Sapo Intertectonic & sub-magmatic Magmatic
Plutonic Complex emplacement foliations (Sm), - crystallization:
(PSPC) (post-D,/pre-Ds) parallel to S, 314 Ma

foliation planes

Penetrative; NW-
SE-trending S;

D;-M3 foliation & F, Medium to high-grade,
tight folds; SW- iboli
Isguriiia Salads ight fo 's amphlbqllte/lgwer )
leneous- verging granulite facies
& . Relictic; S1 379-323 Ma
Metamorphic . .
D1-M, gneissosity & F;
Complex isoclinal folds
(LSIMC) —
. So compositional
Protolith .
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foliations

Fig. 11. Interpretation of the magmatic, metamorphic and deformational events occurred in the Taquetrén range igneous and metamorphic basement.
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At Mid-Carboniferous times, the LSIMC was intruded by the PSPC
where a 314.1 £+ 2.2 Ma U-Pb (LA-ICP-MS) crystallization age was ob-
tained from a mylonitic tonalite and is interpreted as the age of devel-
opment of magmatic/submagmatic meso- and micro-scale structures
consisting mainly of NW-SE magmatic foliations (Sp) and intra-
magmatic faults (Figs. 6 and 7). After the intertectonic emplacement of
PSPC, a D3 deformational stage affects regionally the LSIMC and locally,
in discrete high-temperature mylonitic zones the PSPC at ca. 303 Ma,
based on a 302.8 + 2.2 U-Pb (LA-ICP-MS) age obtained in a mylonitic
tonalite of PSPC and interpreted as the re-opening of the isotopic system
and consequent Pb loss induced by the mylonitization process (Fig. 10,
Section 4.3). On the other hand, the pervasely Ds structures affecting
LSIMC consist primarily of assymetric crenulation folds affecting S1-So,
associated with a retrograde greenschist facies mineral assemblage
(Fig. 4d) and minor, discrete NW-SE mylonitic zones. In the PSPC the
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NW-SE shear zones are expressed in mylonitic k-feldspar granites,
tonalites and granodiorites with S-C structures and o-type k-feldspar
porphyroclasts indicating a top-to-the-southwest tectonic transport di-
rection (Fig. 6¢ and d; Fig. 7). These discrete reverse shear zones, unlike
the regional low-grade retrograde metamorphism developed during D3
in LSIMC, are affected by high temperature deformational processes,
which were described in Section 3.2.1 and these conditions probably re-
opened the isotopic system (Fig. 10). Both the low-grade retrograde
metamorphism observed in LSIMC and the discrete high-temperature
shear zones recognized in PSPC are not developed in the STPC. In this
way and after D3 deformational event, non-foliated granodiorites and
granites of STPC are emplaced with sharp and discordant contacts in the
LSIMC host rock. Stoped blocks of PSPC and the lack of deformation in
the STPC also suggest a post-Dg magmatic crystallization (Fig. 11).
Considering other non-foliated leucocratic granitoids in the area

Fig. 12. a) Distribution of Paleozoic lithol-
ogies in the region based on Varela et al.
(2005), Pankhurst et al. (2006), Ramos
(2008) and Hervé et al. (2016). Positive
Bouguer anomalies based on Renda et al.
(2019). b) Location of the Central Patago-
nian Igneous-Metamorphic Belt c¢) Histo-
gram with 2°6 Pb/23® U ages and Th/U ratios
of individual magmatic zircons measured in
the southwestern boundary of North Pata-
gonian Massif (based on Pankhurst et al.,
2006; Hervé et al., 2018 and this contribu-
tion). Metamorphic ages published by
different authors: 1. This work, 2. Gonzalez
et al., this contribution, 3. Martinez et al.
(2012), 4. Oriolo et al. (2019), 5. Pankhurst
et al. (2006), 6. Urraza et al. (2008), 7.
Varela et al. (2005), 8. Lucassen et al.
(2004).
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(Laguna del Toro granodiorite, La Potranca granite, see Pankhurst et al.,
2006) a probably Permian age is suggested for this plutonic complex.

5.4. Regional implications

In a regional framework, different igneous-msetamorphic complexes
and basement outcrops along the so called “Central Patagonian Igneous-
Metamorphic Belt” share strong similarities in their metamorphic min-
eral assemblages, protoliths, structures, ages of magmatism, and meta-
morphism. This belt is indicated with dashed line in Fig. 12b. The
igneous-metamorphic complexes are located along different high-
density basement blocks controlled by different regional-scale struc-
tures (e.g. RCMF-TTF in Fig. 12a, see Renda et al., 2019). Metamorphic
ages obtained along this belt range from Middle-Late Devonian to Late
Carboniferous (Fig. 12b and c). Based on a compilation of previously
published data from numerous authors, Fig. 12¢ shows metamorphic
ages and 2°°Pb/238U zircon ages plotted along with Th/U ratios for in-
dividual zircons, in order to establish regional correlations and to
identify possible tectonic regimes. In our work, a 379 + 5 Ma Th-U-Pb
monazite age was obtained in a paragneiss of Taquetrén Range. For the
western area of the North Patagonian Massif, two different Devonian
and Carboniferous-Permian igneous-metamorphic events were proposed
by Varela et al. (2005) and the ca. 379 Ma age is interpreted as part of
the older igneous-metamorphic cycle, which is present in Andean and
extra-Andean northern Patagonia. Similar Middle-Late Devonian meta-
morphic peak ages were obtained in Piedra del Aguila and in Bariloche
localities (Lucassen et al., 2004; Martinez et al., 2012; Herve et al., 2018,
Fig. 12b and c). Coeval magmatism in the North Patagonian Cordillera is
represented by the San Martin tonalite, the Lago Lolog granite (401 + 3
Ma and 395 + 4 Ma respectively, Pankhurst et al., 2006), the Lago Lolog
and Lago Curruhue Chico granodiorites (Hervé et al., 2016) and coeval
anatectic granites of ca. 423 Ma (Serra-Varela et al., 2019). In
extra-Andean Patagonia, this magmatism is represented by the Colan
Conhué and Céceres granites (394 + 4 Ma and 371 + 2 Ma respectively,
Pankhurst et al., 2006). Individual 2°®Pb/?38U zircon ages show a time
span for this magmatism ranging from ~420 to 360 Ma (Fig. 12c).

The Early-Late Devonian magmatism in southwestern North Pata-
gonian Massif ceased at ~360 Ma as is noted by the lack of 2°Pb/?*8U
zircon ages between 360 and 340 Ma (Fig. 12c). In this way, a ~20 Ma
magmatic gap is identified, notably agreeing with a widespread Late
Devonian-Early Carboniferous metamorphic event, evidenced in
Caceres (Gonzalez et al., this contribution), San Carlos de Bariloche
(Martinez et al., 2012), North Patagonian Cordillera (Urraza et al.,
2008) and probably Piedra del Aguila (Varela et al., 2005), as is noted in
Fig. 12c¢. It is important to note that in the latter area, a 348 = 11 Ma
foliated granite was dated by Varela et al. (2005). The presence of a
magmatic gap confirms previous proposals of a separation between a
Devonian and a Carboniferous-Permian igneous-metamorphic event,
denominated “Chanic” and “Gondwanic” respectively by Varela et al.
(2005; 2015), which could probably be related to different tectonic
settings (Pankhurst et al., 2006; Varela et al., 2015, Marcos et al., 2018).

The 323 + 5 Ma metamorphic age in Taquetrén range could be
correlated with the ca. 324 Ma obtained by Gonzdlez et al. (this
contribution) in the high-grade Caceres Igneous-Metamorphic Complex,
suggesting a ca. 330-320 regional metamorphism, coeval with syntec-
tonic magmatism (~330-300 Ma). The Carboniferous-Permian mag-
matism spanning from ~340 to 270 Ma is represented by I- and S-type
syntectonic granitoids spanning from ~330 to 300 Ma while
post-tectonic peraluminous magmatism spans from ~290 to 270 Ma
(Pankhurst et al., 2006). Based on the structural analysis presented in
this work, the syntectonic structural characteristic of the 314.1 4+ 2.2 Ma
tonalite in the Paso del Sapo Complex was confirmed and interpreted in
a context of crustal thickening and ~NE-SW tectonic contraction with a
top-to-the-southwest tectonic transport direction. Late Carboniferous
deformation is suggested by the 302.8 &+ 2 Ma calculated concordia age
for the PSPC, indicating the ongoing Late Carboniferous thickening
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process along the belt as it was previously proposed in Rio Chico (Herve
et al., 2005), Bariloche (Oriolo et al., 2019) and near Comallo (Marcos
et al., 2020) localities. In this sense, regional Th/U ratios of individual
zircons show a decreasing trend from the Early Carboniferous to the
Early Permian, from 1.2 to 1.4 to <0.8 (Fig. 12c). Shifts in zircon Th/U
values may reflect different tectonic conditions in magmatism, where
lower zircon Th/U values could indicate a contractional tectonic setting
(McKay et al., 2018 and references therein). This crustal thickening
process controlling part of the ~340-270 Ma magmatism is further
evidenced by Sr/Y ratios in granitoids associated with NW-SE Late
Carboniferous deformational fabrics in metamorphic rocks (Oriolo et al.,
2019) and was also suggested by different authors in the western part of
North Patagonian Massif (Dalla Salda et al., 1994; Cerredo and Lopez de
Luchi, 1998; Giacosa et al., 2004).

Previous geotectonic models propose a continuous Paleozoic
magmatic arc spanning from ~400 to 320 Ma in Central Patagonia,
denominated the “Western Magmatic Arc” (Ramos, 2008). However, the
compilation of magmatic and metamorphic ages (Fig. 12c) reveals, at
least, two different Paleozoic magmatic episodes present in Central
Patagonia, related with medium- to high-grade barrovian meta-
morphism: the Chanic magmatism spanning from ~400 to 360 Ma and
the Gondwanic magmatism spanning from ~330 to 270 Ma. A similar
appreciation was made by Varela et al. (2015) based on the geochemical
differentiation of both episodes. In the Gondwanic magmatic cycle,
syntectonic magmatism spans from ~330 to 300 Ma, whereas
post-tectonic Permian granitoids are still controlled by previous
inherited metamorphic fabrics but are emplaced in a waning orogenic to
post-orogenic tectonic context. In Taquetren Range, this is represented
by the Sierra de Taquetrén Plutonic Complex, consisting of per-
aluminous, structurally discordant intrusions.

A similar characterization of Gondwanic magmatism was made by
Pankhurst et al. (2006) based on geochemical data, though they propose
the collision of the Deseado Massif at 320-310 Ma, relating the 335-320
Ma I-type magmatism with a pre-collisional subduction stage. On the
other hand, the Antarctic Peninsula (Ramos, 2008) was also suggested as
a potential collisional block as it shares a common Permian-Triassic
tectono-magmatic evolution with Patagonia (Heredia et al.,, 2018;
Suarez et al., 2019). In recent years, a 385-360 Ma oceanic terrane
named “Chaitenia” was defined in the Chilean accretionary prism
(Hervé et al., 2016, 2018), immediately to the southwest of the so-called
“Central Patagonian Igneous-Metamorphic Belt” (metabasites in
Fig. 12a) and we consider it as a potential accreted terrain responsible of
widespread deformation in Middle-Late Paleozoic times in the Central
Patagonian Igneous-Metamorphic Belt, coeval with the metamorphism
and the associated magmatic gap described. Alternatively, the south-
western boundary of the North Patagonian Massif was considered as a
transcontinental deformation belt for Late Paleozoic times, related to an
intragondwanan weak lithospheric zone (Vizan et al., 2017). Besides the
geotectonic model proposed to explain the deformational belt located in
this area, future models should consider the magmatic gap of ~20 My
derived from U-Pb zircon ages (Fig. 12c¢) for Late Devonian - Early
Carboniferous times (360-340 Ma) and its correlation with medium-to
high-grade metamorphism (~350 Ma, Fig. 12¢). For such a model, a
crustal thickening process can be related to the interruption of conti-
nental magmatism, and a common geotectonic framework probably
triggers both phenomena. Following this magmatic gap, increased
crustal thickening due to stacking of crustal nappes and posterior ther-
mal relaxation would probably generate the anatexis of lower crustal
components tens of millions of years after the crustal thickening event,
which is a common occurrence in magmatism after thickened orogens
(England and Thompson, 1984; Nédélec and Bouchez, 2015). Part of the
I- and S-type Late Carboniferous syntectonic magmatism and subsequent
post-tectonic peraluminous granites (Pankhurst et al., 2006) could be
related to this process.
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6. Conclusions

Combined structural, microstructural and geochronological analyses
in the igneous-metamorphic basement of Taquetrén Range (Central
Patagonia, Argentina), allowed the definition of three new basement
units called the Lagunita Salada Igneous-Metamorphic Complex, Paso
del Sapo Plutonic Complex, and Sierra de Taquetrén Plutonic Complex.
The Lagunita Salada Igneous-Metamorphic Complex (LSIMC) is formed
by paragneisses, schists, migmatites, and minor bodies of amphibolites.
S1-S5 represents the main metamorphic foliation: N315°-350°/30°-
72°NE, associated with Qtz-P1-Bt-Grt-Sil and Qtz-P1-Bt-Grt-Ky-Sil-Kfs-Rt
mineral assemblages in paragneisses. Based on previously calculated P-T
conditions for average pelite compositions, possible metamorphic con-
ditions of 6-9 kbar and 650-800 °C, related with upper-amphibolite to
granulite facies metamorphism are suggested. The timing of peak upper
amphibolite to granulite conditions are constrained by an EPMA
Th-U-Pb monazite ages of 379 + 5 Ma and 323 + 5 Ma, which suggest
long-term high-temperature conditions for the region, mostly between
the Late Devonian and Carboniferous. These conditions are coherent
with the production of coeval or slightly younger anatexis of para-
gneisses forming the associated metatexites.

On the other hand, the Paso del Sapo Plutonic Complex (PSPC) in-
trudes the LSIMC and shows structural and microstructural evidence
that suggests an emplacement under regional contractional conditions.
Foliations and lineations show continuity within the wall rocks and the
granitoids of this Complex. An LA-ICP-MS U-Pb zircon age of 314.1 +
2.2 Ma was obtained in foliated tonalite of the PSPC, confirming a
previous ~314 Ma U-Pb zircon age obtained by Pankhurst et al. (2006)
in a close location. A second concordia age of 302.8 + 2.2 Ma was
interpreted as partial re-equilibration of zircons under high-temperature
deformation conditions, hence suggesting the persistence of relatively
high-strain until Late Carboniferous times. Differences in structural data
along Taquetrén range could be related with strain partitioning between
metamorphic rocks and related syntectonic intrusions. Besides minor
structural differences between LSIMC and PSPC, both units show a
well-developed NW-SE foliation with moderate to steep inclinations
towards the NE and the observed direction of tectonic transport is
top-to-the-SW.

Based on previously published U-Pb zircon ages, syntectonic Late
Paleozoic magmatism in Central Patagonia starts after a ~20 My
magmatic gap period (360-340 Ma), in which amphibolite-granulite
facies metamorphism is developed in different sectors of the so-called
Central Patagonian Igneous-Metamorphic Belt. While dissimilar tec-
tonic settings have been proposed for the Paleozoic igneous-
metamorphic belt in Central Patagonia, future models should consider
the ~350 Ma peak metamorphic conditions in upper amphibolite-
granulite facies, located in different sectors of the belt and its associa-
tion with the ~20 Ma magmatic gap distributed along the southwestern
margin of North Patagonian Massif.
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