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ABSTRACT:

The Cordillera Darwin is the highest mountain range in the Fuegian Andes and
exposes the oldest rocks of southernmost South America. This study presents new
evidence of Devonian magmatism and the sedimentary environment of the late
Paleozoic basement identified on the eastern margin of the Cordillera Darwin,
specifically the Svea_Granite and the Paso Las Lagunas Formation. The findings
indicate a crystallization age of ca. 375 Ma for the Svea Granite, constituting the first
documented occurrence of/date Devonian peraluminous magmatism in Tierra del
Fuego. The granite was subsequently cooled during the latest Devonian, as
indicated by a ca. 363 Ma “CAr/*°*Ar muscovite age. The Paso Las Lagunas
Formation comprises an ‘approximately 400 m thick succession of immature
sedimentary rocks of glacial to periglacial origin. Its depositional age is constrained
by U-Pb zircon ages of ca. 350 Ma from an andesite intercalated within the upper
section of the succession. The overlying sedimentary strata contain a youngest
detrital zircon U-Pb age peak at ca. 340 Ma, indicating that deposition of the
succession continued until at least this time in a periglacial environment. Together
with the age of the andesite, the duration of deposition of the Paso Las Lagunas
Formation is constrained to at least 10 Myr. These results suggest that the
exhumation of the Svea Granite and its country rocks began prior to the deposition

of the Paso Las Lagunas Formation. The study provides further support for the
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hypothesis that the Antarctic Peninsula may have been adjacent to Patagonia during
the Devonian. Correlations between the studied rocks and broadly coeval geological
units from Patagonia and the Antarctic Peninsula may indicate the existence of a

Devonian-Carboniferous magmatic arc between Patagonia and Antarctic

Keywords: Paleozoic basement, Svea Granite, Glaciation, Paso Las Lagunas Forma

©
&




RESUMEN:

La Cordillera Darwin es el corddbn montafioso mas alto de los Andes fueguinos y
expone las rocas mas antiguas del extremo austral de América del Sur. Este estudio
presenta nuevas evidencias de magmatismo devonico y del ambiente sedimentario
del basamento paleozoico tardio identificado en el flanco oriental de la Cordillera
Darwin, especificamente el Granito Svea y la Formacion Paso Las Lagunas: Los
resultados indican una edad de cristalizacion de ca. 375 Ma pararel Granito Svea,
lo que constituye la primera evidencia documentada de magmatismo peraluminoso
del Devonico Tardio en Tierra del Fuego. Posteriormente, el granito se enfrio
durante el Devénico mas tardio, como lo indica una edad de ca. 363 Ma obtenida
mediante “°Ar/3°Ar en muscovita. La Formacion/Paso Las Lagunas comprende una
sucesion de aproximadamente 400 m<de espesor compuesta por rocas
sedimentarias inmaduras de origen glaciar a periglaciar. La edad de depositacion
esta acotada por edades U-Pb en circones de ca. 350 Ma obtenidas de una andesita
intercalada en la seccion superior de la sucesion. Las unidades sedimentarias
suprayacentes presentan unipico de edad de.ca. 340 Ma en sus circones detriticos,
lo que indica que la depositacién de la sucesion continud hasta al menos ese tiempo
en un ambiente periglaciar. En conjunto, estos datos permiten establecer que la
depositacién deda Formacion Paso Las Lagunas se extendié durante al menos 10
millones de afios. Estos resultados sugieren que la exhumacion del Granito Svea y
de sus rocas encajantes comenzo6 antes de la depositacion de la Formacion Paso
Las Lagunas. Este estudio aporta evidencia adicional a la hipétesis de que la
Peninsula) Antartica pudo haber estado adyacente a la Patagonia durante el
Devonico. Las,correlaciones entre las rocas estudiadas y las unidades geologicas
aproximadamente, coetaneas de la Patagonia y la Peninsula Antartica podrian
indicar la existencia de un arco magmatico Devonico-Carbonifero entre la Patagonia

y la"Antartica.
Palabras clave: Basamento Paleozoico, Granito Svea, Glaciacion, Cordillera Darwin, Tierra del

Fuego.



1. Introduction

The Cordillera Darwin, initially described by Charles Darwin (Darwin, 1846), is a
massif located at the southern end of the main island of Tierra del Fuego, between
the Beagle Channel and the Seno Almirantazgo fjord in the Fuegian Andes of
southernmost South America (Fig. 1). It covers approximately 5,000 km?, including
the highest mountains (>2000 m a.s.l.) of the Fuegian Andes. Within ‘this_massif,
metamorphic rocks are grouped into the Cordillera Darwin Metamorphic Complex
(CDMC; Cunningham, 1995; Kohn et al., 1995). The CDMC comprises high-grade
metamorphic rocks with protoliths ranging in age from the Paleozoicto the Jurassic,
which record polyphase deformation (Hervé et al., 1979, 1981, 2010a; Nelson, 1982;
Kohn et al., 1993; Klepeis et al., 2010; Calderén et al., 2021; Betka et.al., 2022).
None of these regional works have documented primary sedimentary structures in
the Paleozoic basement of the Cordillera Darwindmassif. Thetobjective of this
contribution is to characterize the Paleozoic stratigraphic basement units, namely
the Svea Granite and the Paso Las Lagunas Formation, recognized on the
northeastern flank of the Cordillera Darwin (Fig..2). Specifically, we aim to describe
their lithologies and constrain the timing of crystallization, exhumation and
deposition. We further discuss their geodynamic settings and implications for the
southwestern margin of Gondwana during the late Paleozoic. This contribution
presents the results of fieldwork conducted between 2021 and 2022 by Sernageomin
along the northeastern flank of the Cordillera Darwin massif.

2. Geologic and geodynamic setting

In southern‘Patagonia, the Paleozoic basement comprises several units composed
predominantly. of metasedimentary rocks with subordinate plutonic bodies. These
units have been interpreted as magmatic belts and accretionary complexes (Hervé
et al., 2003, 2007a, 2008, 2016; Kohn et al., 1995; Sepulveda et al., 2008; Calderon
et al., 2016; Rojo et al., 2021a, b). In this work, we focus on five of these units: two
at the Tierra del Fuego latitude, two farther North (Patagonian Andes and Deseado
Massif), and one in the Antarctic Peninsula.



In Tierra del Fuego, the Paleozoic basement is represented by the Tierra del Fuego
Igneous Metamorphic Complex (TFIMC; Hervé et al., 2010b) and the CDMC. The
TFIMC forms the basement of the Magallanes-Austral Basin (Séllner et al., 2000;
Pankhurst et al., 2003; Hervé et al., 2010b), buried beneath thick successions of
Meso-Cenozoic sedimentary successions (Hervé et al., 2010b). The TFIMC includes
foliated, peraluminous, biotite-bearing granitoids and gneisses, some containing
cordierite and garnet; it comprises Cambrian granitoids affected by Permian
magmatism and metamorphism (Hervé et al., 2010b; Castillo et al., 2016).The
CDMC consists of Paleozoic metasedimentary protoliths, alongside metaplutonic
and metavolcanic protoliths of Jurassic-Early Cretaceous age (Barbeau et al., 2009;
Hervé et al., 2010a; Cao et al., 2022). These units experienced high- to.moderate-
grade metamorphism during the closure of the Rocas‘Verdes marginal back-arc
basin during the Late Jurassic-Early Cretaceous, producing a metamorphic zonation
defined by biotite, staurolite, kyanite, and. sillimanite zones<(Nelson et al., 1980;
Hervé et al., 1981, 2010a; Kohnet al., 1995; Maloney et.al., 2011).

In the southern Patagonian Andes; the Paleozoic basement is represented by the
Eastern Andean Metamorphic Complex (EAMC; Hervé et al., 2003). The EAMC
comprises two belts: the northeastern EAMC (nEAMC), which includes sedimentary
components deposited between the Late Devonian and the early Carboniferous
(Augustsson et al., 2006), and is correlated with the Bahia de la Lancha Formation,
interpreted as having a glacial origin (Riccardi, 1971; Poiré et al., 1999); and the
southwestern EAMC (sEAMC), deposited between the Permian and Triassic (Hervé
et al., 2003; Augustsson et al., 20006).

In the eastern sector of the Deseado Massif, plutonic rocks exposed along the
Atlantic margin record a protracted history of magmatism from the late Silurian to the
early Carboniferous (ca. 422, 395, and 346 Ma; Pankhurst et al., 2003; Guido et al.,
2005; Ballivian Justiniano et al., 2023). In the western sector of the Deseado Massif,
detrital zircon U-Pb data from metasedimentary rocks recovered from boreholes

yield a maximum depositional age of 37914 Ma (Permuy Vidal et al., 2014).



In the Antarctic Peninsula, the basement is represented by the Target Hill
Metamorphic Complex consisting of Devonian granitoids and early Carboniferous
gneisses (Milne and Millar, 1989). The gneisses have been interpreted as products
of partial melting of Devonian granitoids, together representing a Devonian
magmatic event and an early Carboniferous metamorphic/magmatic event (Millar et
al., 2002; Riley et al., 2023). The recognition of Devonian-Carboniferous. tectono-
magmatic events in Patagonia and the Antarctic Peninsula suggests these were
contiguous magmatic domains along the southwestern Gondwana margin
(Pankhurst et al., 2003, 2006; Elliot, 2013; Burton-Johnson and Riley, 2015; Castillo
etal., 2017).

Some authors associate the origin of these metamorphic and igneous complexes to
the accretionary evolution of the Terra Australis Orogen (e.gs;. Cawood, 2005;
Vaughan and Pankhurst, 2008; Bahlburg, 2022), others with the collision of the
Antarctic Peninsula with Patagonia (Devonian-Carboniferous) (e.g., Heredia et al.,
2018; Rojo et al., 2021b). Concurrently,.enhanced orogenic weathering during the
Late Devonian promoted atmospheric CO, drawdown, coupled with the
establishment of terrestrial forests with deep root systems, contributing to significant
paleoclimatic changes that culminated in the Famennian glaciation, characterized by
global regressions, harrowing of warm climatic belts, and widespread unconformities

(Isaacson et al., 2008).

3. Previous geochronology

The zircon"U-Pb ages reported at the TFIMC (Hervé et al., 2010b) display: 1)
Cambrian igneous zircons (ca. 549-522 Ma); 2) a Cambrian migmatitic gneiss with
a late Neoproterozoic peak of inherited igneous zircons; 3) Permian (ca. 270 Ma)
high-grade metamorphism. The TFIMC shows similar, contemporaneous crustal
anatectic processes as the western Antarctic Peninsula in Adie Inlet (cf. Hervé et al.,
2010b).



The ages at the CDMC are summarized as follows: 1) U-Pb zircon ages in rhyolitic
dykes and deformed granitoids (Darwin suite) at ca. 159-97 Ma (Mukasa and Dalziel,
1996; Hervé et al., 2010a; Klepeis et al., 2010); 2) °Ar/*%Ar ages in metamorphic
muscovite-amphibolite at ca. 90-70 Ma (Kohn et al., 1995); 3) U-Pb ages in zircons
in pre- and syntectonic granitoids at ca. 90-87 Ma (Klepeis et al., 2010);/4) U-Th-Pb
ages in S2 monazite indicate that staurolite and kyanite growth and thus ‘exhumation
was underway before 72.6£1.1 Ma (Maloney et al., 2011); 5) U-Pbrages in magmatic
zircons in post-deformation granitoids (Beagle suite) at ca. 65 Ma (Hervé et al., 1979;
Barbeau et al., 2009; Klepeis et al., 2010; Cerredo et al., 2011; Gonzalez-Guillot et
al., 2018; Torres Carbonell et al., 2020; Velasquez et al., 2023); 6) Detrital zircon U-
Pb ages in metasedimentary rocks yield younger age peaks,. which<constrain
maximum depositional ages, including: Early Cretaceous{(ca. 130 Ma), Late Jurassic
(ca. 160 Ma), Permian (ca. 290 Ma), Mississippian (ca. 355 Ma).and Devonian (ca.
385 and ca. 405 Ma) (Barbeau et al;, 2009; Herve et al., 2010a; Cao et al., 2022).
This suggests a heterogeneous sedimentary protolith..with diverse provenance

spanning from the Devoniandhrough theEarly. Cretaceous.

In the Patagonian Andes, metasediments of the nEAMC show detrital zircon U-Pb
age peaks in therange ca. 700-350 Ma, with maximum depositional ages at ca. 385-
350 Ma, ca. 330" Ma, and.ca. 290 Ma (Hervé et al., 2003; Augustsson et al., 2006;
Malkowski et al., 2016; Rojo et al., 2021a). The Bahia de la Lancha Formation shows
a youngest maximum depositional age of ca. 345 Ma (youngest peak; Augustsson
et al., 2006).

In“the Antarctic Peninsula, the Target Hill Metamorphic Complex comprises
orthogneisses and leucogranites with U-Pb ages of ca. 398-393 Ma (Devonian) and
ca. 327 Ma (Mississippian), interpreted as crystallization and metamorphic-

magmatic ages, respectively (Millar et al., 2002).

The Lapataia Formation, located closest to the southeast of the study zone in the

Argentinian Fuegian Andes, is a low-grade metamorphic unit, with preserved primary
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structures, interpreted as the basal unit of the Rocas Verdes Basin (Cao et al., 2022;
Torres Carbonell et al., 2026). Six samples yielded Paleozoic-age detrital zircons,
with maximum depositional ages of ca. 267, 349, 355, and 466 Ma. Additional age
peaks at ca. 540-650 Ma and 990-1000 Ma, some corresponding to inherited zircon
grains, indicate contributions from Cambrian and Precambrian to Paleozoic

sedimentary sources (Cao et al., 2022; Torres Carbonell et al., 2026).

4. Methodology

Field work, lithological descriptions and sample collection were carried out at several
outcrops to outdate the geological map of Mella et al. (2025) (Fig..1). Petrographic
thin sections of selected rocks allowed theddetermination of mineral assemblages
and textures. The whole-rock geochemical »analyses of a<granite (sample
MM100320-1Dd) and an andesite (sample.MM100320-4Ad) were conducted at the
Sernageomin laboratory following the methodology described by Velasquez et al.
(2023). Three U-Pb ages in magmatic..zircons (samples MM100320-1Cd,
MM100320-1Dd, and MM100320-4Ad) and six U-Pb ages in detrital zircons
(samples TFDQ-19d; MM100320-1Ad, MM060321-2Bd, MM070322-03Dd, TFDQ-
14d, and MM130221-4d) were performed by LA-ICP-MS at the Sernageomin
laboratory. One U-Pb age.n magmatic zircons (sample MM091222-03d) and two U-
Pb detrital zircon ages (samples MM091222-02d and MM160223-02d) were
perfarmed by LA-ICP-MS at ZirChron LLC, Tucson, Arizona. We handled the data
and calculated ages using Isoplot (Ludwig, 2012) and IsoplotR (Vermeesch, 2018).
Uncertainties \were given as 95% confidence limits (20 uncertainties) on all
calculated'weighted mean ages reported in this paper. Two “°Ar/3°Ar muscovite ages
were performed at the Sernageomin laboratory on a muscovite-biotite monzogranite
(sample. MM100320-1Dd) and a muscovite-bearing orthogneiss (sample
MM100320-1Cd). Methodological details and additional analytical data supporting
this study are available in Supplementary Material 1 and 2 and Supplementary
Tables 1 and 2. Results are shown in Table 1 and figures 3-5.



5. Results

5.1 Field relationships and stratigraphy of Paleozoic stratigraphic basement,

northeastern flank of Cordillera Darwin

The Svea Granite (Quensel, 1910), covering an area of approximately 4 km?, crops
out at Monte Svea (Figs. 1 and 2). It is a monzogranite with a medium- to, coarse-
grained equigranular texture, comprising muscovite and _biotite.. The granite
constitutes the core of a recumbent mesoscale fold with a north-northeastward
vergence (Fig. 1). This folding event is also associated \with the development of
mylonitic fabrics within the Paso Las Lagunas_Formation and Jurassic silicic
volcanoclastic successions (Tobifera Formation). On the northern flank‘of Monte
Svea, the granite is unconformably overlain by the Paso Las Lagunas Formation
(Fig. 2A, B). This interpretation is supported by 1)erosive fluvial channel contact and
load casts indicating inverse polarity between the Svea Granite and the Paso Las
Lagunas Formation (Fig. 2B);#2) fluvial arkoses containing clasts and detrital
minerals derived from the Svea Granite(see:Section 5.3.2 and figure 5); 3) glacial
diamictites, containing faceted clasts ' of the Svea Granite (Fig. 2C, 2C.1). The host
rock of the Svea Granite was not observed during fieldwork. On the eastern flank of
Monte Svea, an orthogneiss cobble clast, from the present-day end moraine,
composed of quartz, orthotlase, muscovite, and chloritized biotite, was analyzed.

ThePaso Las Lagunas Formation corresponds to a ~400 m thick succession of
immature clastic sedimentary rocks, exposed on the eastern slope of Monte Svea in
the Paso Las Lagunas sector, between the Glaciar Marinelli Thrust and the Paso
Las Lagunas Thrust (Fig. 1). The succession has a general attitude dipping south-
westward (So~N115-160°/15-55°), with a protomylonitic fabric with reverse shear-
sense indicators (north-eastward vergence) localized along fine-grained layers (S1~
N130°/20-55°; Figs. 1, 2A and 2C), whereas primary structures remain preserved in

poorly deformed domains (Fig. 2B, F).



Two stratigraphic sections were described in detail. At the Paso Las Lagunas sector,
the lower (basal) section overlies the Svea Granite across an unconformable contact
characterized by inverse stratigraphic polarity (Figs. 1 and 2B). It comprises ~100 m
of laminated, medium- to fine-grained arkosic sandstones and quartz sandstones
(Figs. 2B and 5), which grade upward into a ~50 m interval of paraconglomerates
and orthoconglomerates with minor sandstone intercalations. The upper._section
comprises ~250 m of pebbly shales grading into pebbly fine-grained sandstones,
characterized by a rhythmic alternation of laminated fine-grained wackestone‘and
organic mudstone (diamictite and varves; Fig. 2C, F), with subordinate strata of
sandstone, orthoconglomerate and paraconglomerate (Fig. 2D). Load clasts and
rhythmic fine-grained wacke sandstone and mudstone are observed. Thessection is
capped by a 3-4 m thick porphyritic andesite (Fig. 2E) whose contacts remain
undetermined owing to pervasive brecciation, possibly indicating.emplacement as a
lava flow; overlying the andesite occur pebbly shales, clast-bearing wackestones,

and paraconglomerates.

At Fiordo Parry, an ~100 m thick upper section consists of arkosic sandstones and
pebbly shales with “intrasparite  interbeds showing protomylonitic foliation
(S0~N120°/20°; 81~145°/15°; Fig. 1). The top of the succession at Paso Las Lagunas
and Fiordo Parry is.interrupted by a reverse, ~N145°/45° thrust fault (Paso Las
Lagunas Thrust), which defines the contact between this unit and the tectonically

underlying Tobifera Formation (Fig. 1).

At Monte Svea, the Paso Las Lagunas Formation defines a synformal anticline with
the Svea Granite exposed in its core (Figs. 1 and 2A). This geometry requires two
superimposed deformation phases, as indicated by several regional studies for the

Late Cretaceous in the zone (e.g., Klepeis et al., 2010; Torres Carbonell et al., 2026).
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5.2 Petrography

5.2.1 Plutonic rocks (Svea Granite; monzogranite and orthogneiss)

The Svea Granite (Fig. 3A) comprises a medium- to coarse-grained monzogranite
composed of quartz, plagioclase, and orthoclase (samples MM100320-1Dd and
MMO091222-03d; Fig. 2A, B). Orthoclase occurs as large anhedral crystals exhibiting
a perthitic texture. Interstitial muscovite (Ms1; ~15% of the total sample) and partially
chloritized biotite are also present. Accessory minerals such as apatite, titanite,
magnetite, zircon, as well as xenotime and allanite (as inclusions within chloritized
biotite) are often present. Secondary minerals, including chlorite, muscovite (Ms2)
and fine clay minerals overgrowth orthoclase. Some quartz crystals exhibit textures
such as grain boundary migration, bulging, and undulatory extinction, while
orthoclase displays diffuse microcline twinning; together, these microstructures
suggest low-temperature deformation'during the cooling stages of crystallization.

The orthogneiss cobble (Fig. 4A) is a.medium to coarse-grained rock showing
anisotropic fabric and granoblastic texture (sample MM100320-1Cd). It is composed
of elongated quartz(~50%) showing dynamic recrystallization textures (subgrain
rotation, bulgingsand undulatory extinetion), plagioclase (~15%) that is deformed
and replaced by sericite,/large and deformed orthoclase (~15%) with perthitic
textures, muscovite (=10%), and biotite (~10%). Accessory minerals include allanite,
titanite, ilmenite, apatite and zircon. Biotite is partially to fully replaced by chlorite
and epidote. The foliation is also defined by preferentially oriented laths of muscovite
and sericite. The preserved relict mineralogy indicates that the protolith was a

muscovite=-and biotite-bearing granite.

5.2.2 Sedimentary and volcanic rocks (Paso Las Lagunas Formation)

Arkosic sandstones (samples MM091222-02d and MM130321-4d; Fig. 2B) are
laminated, medium- to fine-grained, and well-sorted. They comprise alternating
layers containing subangular to angular clasts of quartz (~50%), orthoclase (~40%),
and plagioclase (~10%), with quartz and illite cement.
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Quartz-rich sandstones (sample TFDQ-19d; Fig. 2A) consist of ~90% quartz grains
and display a protomylonitic foliation. They contain subangular to slightly sigmoidal
quartz clasts with undulatory extinction (~50%; 0.1-0.5 mm) and larger quartz clasts
with undulatory extinction and bulging (~10%; 0.8-2.0 mm), together with orthoclase
(~10%), locally altered to illite, and plagioclase (<5%). The microcrystalline matrix
(~25%) consists of quartz, illite-chlorite, and muscovite. Accessory minerals include

zircon and rutile. Secondary pyrite is also present.

Pebbly shales or diamictites (sample TFDQ-14d; Fig. 2C.1) present~20% of cobble
and pebble clasts consisting of granite, sandstone (sample MM060321-2Bd), shale
and limestone dispersed in the matrix (70%, ~0.4 mm). They show alternating bands
of sericite, phyllosilicates and microcrystalline quartz (~10%) and plagioclase
(~10%) grains partially replaced by sericite-illite« Kerogen and load cast are

observed. The protomylonitic foliation is defined by oriented sericite (Fig. 2C).

Wackes (sample MM100320-1Ad; Fig.<2B).are_fine-grained rocks consisting of
subangular quartz clasts (~55%:;), with slight wavy extinction, and subangular lithics
(~20%) in a sericite-illite-chlorite “matrix (~25%), interstratified with laminated
mudstone with kerogen (10%), and iron hydroxide and syntaxial quartz cement.
Pyrite and chalcopyrite are also present. Load clasts and rhythmic fine-grained

wacke sandstone and mudstone are observed.

The hornblende andesite (sample MM100320-4Ad; Fig. 2D), from the upper section
of the Paso Las Lagunas Formation, has a porphyritic texture, with phenocrysts of
sericitized plagioclase (20%), euhedral quartz (5%), and chloritized hornblende (5%)
set.in a groundmass of chlorite and sericite. Accessory minerals include apatite,
titanite,. magnetite, and zircon. Secondary minerals include epidote, carbonate,

chlorite, and sericite.

Limestones (intrasparite; sample MM070322-03Dd) show pebble clasts (20%) of

granitoid, andesite, and quartz placed in a matrix (80%) of subangular quartz (30%)
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and feldspar (10%) ~30 pm sized surrounded by sparite (60%). This texture is
interpreted as indicative of a shallow subaqueous environment with low energy and

proximity to the sediment provenance.

Paraconglomerates (sample MM160223-02d) consist of pebble and cobble clasts
(60% of 1-10 cm) of granite, gneiss, tuffites, sandstone, and arkosic'sandstone,
embedded in a matrix (40%) with subangular and angular clasts«(<1.mm) of quartz

and plagioclase, with sericite, opaque ferric minerals, and subordinate kerogen:

5.3 Geochronology

For U-Pb zircon dating, agreement among independent concordant methods yields
the most defensible crystallization ages;  concordant zircon and TuffZirc age
(Lanphere and Baadsgaard, 2001) estimates establish robust crystallization
chronology (Supplementary Table«2). For “°Ar/*°Ar. dating;  plateau and inverse
isochron ages are reported with.concordant MSWD values (Mean Squared Weighted
Deviations) interpreted as very good to acceptable (MSWD<2.5-3.0), ensuring age
reliability (Supplementary Material 2). This integrated geochronological approach,
combining “°Ar/**Ar<and U-Pb. constraints, provides comprehensive and mutually

corroborating age determinations.

5.3.1.. Svea Granite

The Svea Granite contains a population of euhedral, prismatic zircons that display a
normal zoned, igneous internal structure and inherited cores, as shown by CL
imaging (Fig=3A). Two U-Pb ages (representative zircon mean) in the monzogranite
were concordant at ca. 375 Ma (375+2 Ma, MSWD=2.6, sample MM100320-1Dd;
375+1 Ma, MSWD=1.4, sample MM091222-03d) (Fig. 3C; Supplementary Table 2).
The orthogneiss cobble (sample MM100320-1Cd) shows a representative zircon
mean age of 387+3 Ma (n=5; MSWD=1.5), with a lower intercept age of 387+2 Ma
(n=8; MSWD=5) (Fig. 4C; Supplementary Table 2). We interpret these as the

crystallization ages of zoned igneous zircon from granite and the zircon core from
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the igneous protolith of the gneiss, respectively. In addition, two plateau “CAr/3°Ar
ages, with a concordant inverse isochron age, were obtained in muscovite:
363.4+1.3 Ma (primary muscovite, Ms1, in monzogranite sample MM100320-1Dd;
MSWD=0.72 based on 7/8 steps) and 345.5+1.5 Ma (secondary muscovite; Ms2, in
orthogneiss cobble sample MM100320-1Cd; MSWD=2.8 based on 6/8 steps) (Figs.
3B and 4B; Supplementary Material 2). We interpret these as cooling (Ms1) and
deformation (Ms2) ages, respectively. Consistent with this;=both the relative
probability plot of 2°°Pb/?*®U ages and the Tera-Wasserburg diagram show a slight
asymmetry toward younger ages, interpreted as reflecting radiogenic Pb loss (Fig.
3C; Supplementary Table 2). Likewise, the youngerages recorded at the outermost
rims of some larger zircon grains are interpreted as evidence of incipient Permian

metamorphic overgrowth (Fig. 3A).

5.3.2 Paso Las Lagunas Formation

The basal arkosic sandstones have similar detrital zircon age distribution patterns
(Fig. 5; Supplementary Table 2). Sample MM091222-02d shows a prominent peak
at ca. 376 Ma, with arepresentative zircon mean age of 376+2 Ma (n=8; MSWD=2.9)
and a TuffZirc age of 376+1/-4 Ma (n=28, 95% confidence). Sample MM130321-4d
likewise shows a major peak at ca. 382 Ma, with a representative zircon mean age
of 37712 Ma (n=10; MSWD=1.9) and a TuffZirc age of 376+4/-3 Ma (n=10, 95%
confidence). In both samples, subordinate group of zircon grains (n<3) falls within
the uncertainty of a younger peak at 33912 Ma and 35514 Ma, respectively. In the
Tera-Wasserburg diagram, these data define an array parallel to the x-axis, at nearly
constant 2°’Pb/?°®Pb, interpreted as recent Pb loss and comparable to the Pb-loss

trend recorded in the Svea Granite (Figs. 3C and 5).
Detrital zircon age distribution patterns in the sandstone TFDQ-19d display a

predominant peak at ca. 400 Ma (relative probability from 119 zircon grains); smaller
peaks are at ca. 570 Ma, ca. 740 Ma and ca. 1000 Ma, with a single Archaean grain
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(Fig. 5; Supplementary Table 2). Four grains with an igneous composition
(Th/U>0.2) determine the youngest peak at 372+2 Ma (MSWD=2.2).

The pebbly shales (sample TFDQ-14d) yield a range of detrital zircon ages, with
peaks spanning from 375+2 Ma (n=4; MSWD=13; maximum depositional age n=3)
to ca. 1000 Ma. The most prominent age peak occurs at ca. 570 Ma, with_smaller
peaks at ca. 1300 Ma and ca. 1600 Ma, and three Archaean:grains (Fig. 5;
Supplementary Table 2).

The laminated wacke sandstone MM100320-1Ad shows a more prominent peak at
ca. 540 Ma, with smaller peaks at ca. 350 Ma (younger peak) and ca. 1100 Ma (Fig.
5; Supplementary Table 2). There are five ages of mainly igneous grains (Th/U>0.2)
that fall within the uncertainty of the youngest peak at 364+3 Ma (MSWD=10).

The hornblende andesite (sample MM100320-4Ad) shows zircon U-Pb ages
(concordia age and weighted'mean 2°®Pb/?**U.ages) of 35012 (n=9; MSWD=0.3; best
age) and 35612 Ma (n=11; MSWD=1:8) respectively (Fig. 4D; Supplementary Table
2). These ages are.interpreted as the time of zoned igneous zircon crystallization

and constrain the rock crystallization age.

The sandstone clast (sample MM060321-2Bd) in the pebbly shales shows a main
peakiat ca. 470 Ma and smaller peaks around ca. 340 Ma (younger peak at 340+2
Ma; n=3; MSWD=0.7; maximum depositional age), ca. 560 Ma and ca. 1000 Ma,
besides two grains with Archean ages (Fig. 5; Supplementary Table 2).

The detrital zircons within the intrasparite (sample MM070322-03Dd) yield ages with
peaks spanning from 342+2 Ma (n=4; MSWD=0.19; maximum depositional age) to
ca. 1000 Ma. The most prominent age peak occurs at ca. 580 Ma, with a smaller
peak at ca. 1400 Ma, and two Archaean grains (Fig. 5; Supplementary Table 2).
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The paraconglomerate (sample MM160223-02d) yields a prominent peak at ca. 580
Ma, three ages within the uncertainty of the youngest peak at 345+2 Ma
(MSWD=1.1), other peaks at ca. 740 Ma and ca. 1000 Ma, and four grains with
Archean ages (Fig. 5; Supplementary Table 2).

In certain samples, a few individual zircon grains record anomalously young.ages,
best explained by localized Pb loss rather than a discretergeological event
(27Pb/2%6Pb>0,06; see figures 3-5 and Supplementary Table 2).

5.4 Geochemistry

The Svea Granite is a peraluminous monzogranite /(SiO,=73 wt%, A/CNK>1;
Supplementary Table 1) characterized by high.Kdand Rb contents (Rb/Sr~2.3),
pronounced enrichment in Large-lon Lithophile ‘Elements (LILE) relative to High
Field Strength Elements (HFSE) (Rb/Hf~300; Rb/Zr~2.3), and strong depletion in
chondrite-normalized Heavy Rare Earth-wElements (HREE) (La/Ybn~18.8;
Dy/Yb~4.1; Gd/Yb~6.6) (Fig. 6). The granite also displays a pronounced negative
Eu anomaly (Eu/Eu*=0.56), elevated Zr/Hf ratios (~127) and low to moderate Cr (10

ppm) and Ni (8 ppm) concentrations.

The hornblende andesite from the Paso Las Lagunas Formation (SiO,=57 wt%;
K,0=0.8 wt%) exhibits. echondrite-normalized LREE enrichment (La/Ybn~9;
Dy/Yb~2.1; Gd/Yb~2.6) (Fig. 6), no significant Eu anomaly (Eu/Eu*~1), and Sr
(Sr/'Y~29; Rb/Sr~0.04) and Zr (Zr/Hf~144) enrichment, together with low Cr (~7 ppm)

and Ni (<5 ppm) concentrations.

6. Discussion

6.1 Petrogenesis of the Svea granite

This work reports the first finding of Devonian magmatic rocks in Tierra del Fuego

within the Cordillera Darwin massif. From a geochemical perspective, the Svea
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Granite is a peraluminous monzogranite with a transitional tectonic affinity between
continental arc and collisional settings (Fig. 6A), displaying strong HREE depletion
and a negative Eu anomaly (Fig. 6B, C). This suggests the involvement of refractory
garnet-bearing residual assemblages in the magmatic source region (e.g4 Jung et
al.,, 2000) accompanied by fractionation of plagioclase and zircon during melt
evolution (Fig. 6C, D). These features are consistent with the geochemical signature
of silicic magmatism in subduction-related magmatic arcs andrift.systems (e.g.,
Rapela et al., 2021, 2024) and post-collisional magmatic settings (e.g., Guido et al;
2005; Rojo et al., 2021b). Consequently, we interpret these observations, together
with the inherited zircon cores, as evidence of crustal anatexis within a continental
arc to transitional (back-arc?) tectonic setting.in the extensional_ foreland domain
during the Middle to Late Devonian (ca. 393<377 Ma; Fig. 7).

6.2 Emplacement and exhumation of the Svea granite

The reported ages indicate thatthe Svea Granite crystallized at ca. 377 Ma and had
cooled to shallow crustal levels by the<Famennian, as recorded by a muscovite
“Ar/**Ar age of 363.4+1.3 Ma (Fig. 3B). Its exhumation is constrained to the
Mississippian by a ca. 355 Ma U-Pb crystallization age obtained from an andesite
within the upper‘section of the Paso Las Lagunas Formation. The host rock of the
Svea Granite remains unknown, as it was not observed during fieldwork. Inherited
zircon cores in the Svea Granite yield U-Pb ages from Precambrian (ca. 1074-595
Ma),Cambrian (ca. 516 Ma); Silurian (ca. 424 Ma), and Early Devonian (ca. 406 Ma)
sources (Fig. 3C; Supplementary Table 2). Furthermore, the U-Pb zircon age of
387+3 Ma obtained from the orthogneiss cobble is interpreted as the crystallization
age of a Middle Devonian plutonic protolith, consistent with the age reported for a
gneiss from Target Hill in the Antarctic Peninsula (393£1 Ma; Millar et al., 2002).
Taken together, these data suggest that magmatism developed from the Middle to
Late Devonian (Fig. 4C). These ages, together with the inherited zircon cores of the
Svea Granite and detrital zircon populations of the Paso Las Lagunas Formation
(Fig. 5; Supplementary Table 2), are consistent with reported ages for the TFIMC

(Hervé et al., 2010b; Fig. 5) and the Antarctic Peninsula basement (Millar et al.,
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2002), suggesting that these complexes may have constituted part of the basement

in the study area.

6.3 Devonian-Carboniferous glacial deposition and its regional implications

The lower section of the Paso Las Lagunas Formation is characterized by immature
sandstones and arkosic sandstones with a weighted mean **°Pb/?*®U age of the'main
zircon population and a concordia age of ca. 376 Ma (Fig. 5), suggesting a calm and
shallow subaqueous environment near the source area of the detritus: the Svea
Granite (Fig. 2A, B). We could not determine whether the succession was deposited

in @ marine or lacustrine environment.

The upper section of the Paso Las LagunasFormation comprises pebbly shales with
load clasts (dropstones), rhythmic fine-grained «wackestone;s and sandstone-
mudstone couplets (varves; Fig. 2C, F), all interpreted as glaciolacustrine or
glaciomarine in origin. The additional occurrence of paraconglomerates with a silty-
clayey matrix and sandstone interpreted as-glaciofluvial in origin is collectively
consistent with a glacial to periglacial depositional environment (e.g. Kennedy and
Eyles, 2025). Similar lithological associations are reported in Paleozoic glacigenic
deposits from South America (Isaacson etal., 2008), Patagonia (Bahia La Lancha
Formation; Riccardi, 197 1; Poiré et al., 1999), Antarctica (Pagoda Formation, Upper
Crashsite Group and Whiteout Conglomerate unit; Matsch and Ojakangas, 1992;
Curtis and Storey, 1996; Elliot et al., 2015), and Karoo Basin (Dwyka till, Fitzroy till,
Gale mud, and the Prince Albert Formation; Elliot et al., 2016).

T'he maximum: depositional age of the Paso Las Lagunas Formation postdates the
cooling age of the Svea Granite (ca. 363 Ma), while the deposition of the underlying
glacial succession must have begun before the crystallization of the intercalated
andesite at ca. 350 Ma. Therefore, the Paso Las Lagunas Formation represents the
first 'record of glacigenic rocks associated with the Devonian-Carboniferous
boundary glaciation (Isaacson et al., 2008; Lakin et al., 2016; Rosa and Isbell, 2020)

in Tierra del Fuego and Chilean Patagonia.
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The top of the Paso Las Lagunas Formation, overlying the andesite, is marked by
intrasparite, sandstone and paraconglomerates (Fig. 5) suggesting a warmer
shallow transitional marine environment, possibly marking the termination of a
glaciation (Isaacson et al., 2008). These strata yielded young detrital zircon age
peaks at 34012 Ma (three-grain peak from sandstone clast in a pebbly shale), 34212
Ma (four-grain peak from the intrasparite), and 34512 Ma (three-grain peak from the
paraconglomerate), indicating deposition that extended at least into the Middie
Mississippian.

The Paso Las Lagunas Formation shows detrital zircon age patterns with.significant
Devonian, Cambrian and Precambrian (ca.570-1000 Ma) peaks. The latter two are
comparable with peaks in the Crashsite Group and FitzGerald\ Bluffs quartzites
(Castillo et al., 2017; Riley et al., 2023), in.the Whiteout Conglomerate unit (Castillo
et al., 2017), as in the TFIMC (Hervé et al., 2010b) and.the nEAMC (Hervé et al.,
2003, 2008; Augustsson et al, 20064 2016; Rojo et al., 2021a) in southern
Patagonia.

Only one sandstone clast within a paraconglomerate yielded a zircon age distribution
dominated by the Famatinian magmatic arc (ca. 470 Ma; Rapela et al., 2018), a
signature not observed in any other sample from the Paso Las Lagunas Formation.
In southern Patagonia, ‘relics of Ordovician igneous rocks have been reported
exclusively, as clasts in Permian sediments exposed in the Deseado Massif
(Pankhurst'et al., 2003) and at the base of the Tobifera Formation in the Cordillera
Darwin (Hervé et al., 2010a); in the Antarctic Peninsula, clasts with Ordovician ages
have been documented in the conglomerates of View Point (Riley et al., 2023, and
references therein). Collectively, these data indicate a detrital zircon provenance
from Patagonia (Deseado Massif and Tierra del Fuego; Pankhurst et al., 2003; Hervé
et al, 2010b) and Antarctica (Target Hill and the Transantarctic Mountains; Burton-
Johnson and Riley, 2015; Castillo et al., 2017; Millar et al., 2002; Riley et al., 2023)

for the Paso Las Lagunas Formation.
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The southern extension of the Paso Las Lagunas Formation coincides with the
Lapataia Formation in Argentina (Cao et al., 2018, 2022). In addition, both units
share similar lithologies, maximum depositional ages and detrital zircon<sources
(e.g., samples LAPO1 and ENS108 from Cao et al., 2022; samples CD06 and CD12
from Torres Carbonell et al., 2026), suggesting a correlation between them.This
challenges the previously proposed Middle Jurassic rift-related.interpretation for the
Lapataia Formation (Cao et al., 2022; Torres Carbonell et al., 2026) and suppaorts.a
Late Devonian-early Carboniferous glacial and periglacial ‘origin.

6.4 Geodynamic implications

Detrital zircon ages from the Paso Las Lagunas Formation (this study), the CDMC
(Hervé et al., 2010a), and the nEAMC in Chile (Hervé et al., 2003,,2008; Augustsson
et al., 2006, 2016; Rojo et al., 2021a), together with those from the Lapataia
Formation in Argentina (Cao et‘al., 2022; Torres Carbonell et al., 2026), the View
Point conglomerate unit in the Antarctic Peninsula (Bradshaw et al., 2012), and
Devonian paleogeographic reconstructions of southwest Gondwana (Lawver et al.,
2018; Riley et al., 2023), indicate that Patagonia and the Antarctic Peninsula were
in proximity during the Late Devonian to Mississippian. This raises the possibility that
the Svea Granite is related to the Target Hill orthogneiss and associated granites,
which exhibit similar mineralogy, crystallization age (ca. 395 Ma) and metamorphism
age (ca. 327 Ma; Millar etal.;,2002); as well as to magmatism of the Deseado Massif,
including the El Laurel Tonalite (ca. 395 Ma, Pankhurst et al., 2003), the Laguna
Larga Granite (ca. 362 Ma., Ballivian Justiniano et al., 2023), and the Bahia Laura
Granite (ca. 393 Ma, Guido et al., 2005).

The geegraphical distribution of crystallization ages is consistent with a Devonian-
Carboniferous magmatic arc developed across continental blocks now preserved in
Patagonia and the Antarctic Peninsula (Pankhurst et al., 2003, 2006; Ramos, 2008;
Elliot et al., 2015). These include the Deseado Massif (Pankhurst et al., 2003;
Ballivian Justiniano et al., 2023; Guido et al., 2005) and the nEAMC (Hervé et al.,
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2003, 2007a; Pankhurst et al., 2003; Augustsson et al., 2006; Rojo et al., 2021b) in
southern Patagonia, the Target Hill Complex in the Antarctic Peninsula (Millar et al.,
2001, 2002; Riley et al., 2023), and the Fosdick Mountains and Thurston Island in
West Antarctica (Pankhurst et al., 1998; Korhonen et al., 2010; Elliot et al., 2015;
Riley et al., 2017).

The Svea Granite and Paso Las Lagunas Formation showwno evidence of
Cretaceous metamorphism, preserving a distinct Paleozoi¢ tectonothermal history:
The crystallization and cooling of the Svea Granite at shallow crustal levels were
followed by exhumation and erosion during the early Carboniferous, ultimately
leading to the deposition of the Paso Las lagunas Formation in a.glacial to
periglacial environment. This suggests a localized deformation and/or metamorphic
event of uncertain nature in the region, accompanied by glacial . denudation during
the early Carboniferous. In this context, the presence of zircon rims with Permian U-
Pb ages of ca. 272 Ma (Fig. 3A),;some of which may represent metamorphic growth,
suggests that the PaleozoicSvea Granite-Paso.Las Lagunas Formation basement
block may have been affected by aPermian thermal or tectonic event, potentially
related to its position‘within'‘or near a magmatic arc or rift zone, similar to the Permian
tectonothermal history recorded in the TFIMC (Hervé et al., 2010b; Castillo et al.,
2017).

In contrast, a back-arc basin floored by oceanic-type crust has been proposed for
the nEAMC during the Late Devonian-early Carboniferous, with closure occurring in
the early Carbeniferous (Rojo et al., 2021a, b). In the CDMC, however, there are no
reported ultramafic or mafic rocks interpreted as remnants or protoliths of Paleozoic
oceanic lithosphere (Nelson et al., 1980; Cao et al., 2018; Hervé et al., 2010a).
Within this geodynamic framework, the Svea Granite would have developed in an
arc to transitional, potentially back-arc, setting, followed by uplift and andesitic
magmatism in a continental-arc setting during the early Carboniferous (Fig. 7). The
data presented here do not provide conclusive evidence that the sedimentation and

magmatism in the study area occurred in a Late Devonian back-arc setting with

21



oceanic crust development, as proposed to the north of the study area in the nEAMC
(Rojo et al., 2021b) where metabasalts and local serpentinite bodies with MORB-
IAT-BABB affinities are exposed. If such a basin existed in the study area, it was
likely shallow and may have deepened northward in a scissor-like configuration, with
closure progressing from south to north during the early Carboniferous (Fig. 7).

Although the Svea Granite and Paso Las Lagunas Formation are presently exposed
within the CDMC, their tectonothermal history differs markedly from that which
experienced Cretaceous metamorphism associated with the Late Cretaceous
closure of the Rocas Verdes Basin (Hervé et al., 1981, 2010a; Dalziel and /Brown,
1989; Kohn et al., 1993; Cunningham, 1995; Suarez et al., 2000; Klepeis etal., 2010;
Calderon et al., 2012; Gallardo et al., 2019, 2022; Torres Carbonell et al., 2020;
Muller et al. 2021), and subsequent collision of the drifted island<arc. This collision
may have also contributed to the development of metamorphism and mylonitization
in the Cordillera Darwin region(Calderén et al., 2021; Torres Carbonell and Cao,
2022; Cao et al., 2023) (Fig.<7).

7. Conclusions
Field observations, petrographic studies'and geochronological data presented in this

study lead to the following«conclusions:

1. The Svea Granite; with a crystallization age of ca. 375 Ma, represents the
first documented occurrence of Late Devonian peraluminous magmatism
in_ Tierra del Fuego and the Cordillera Darwin. Its age and regional
distribution are consistent with a Devonian-Carboniferous magmatic arc
developed across continental blocks now preserved in Patagonia and the
Antarctic Peninsula. The granite subsequently underwent cooling and
exhumation, as indicated by a “°Ar/**Ar muscovite age of ca. 363 Ma,
followed by erosion and deposition of the Paso Las Lagunas Formation.
The ca. 350 Ma age of an intercalated andesite indicates that exhumation
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and erosion of the Svea Granite were broadly contemporaneous with
deposition of the succession in a glacial to periglacial environment.

2. The sedimentary facies of the Paso Las Lagunas Formation support a
glacial to periglacial depositional environment. The age of the lower part
of the succession is constrained by the ca. 363 Ma “°Ar/**Ar muscovite
age from the Svea Granite, whereas the overlying sedimentary.units
contain a youngest detrital zircon age peak of 340+2:Ma;.indicating that
deposition continued until at least this time. Together, these data constrain
deposition of the Paso Las Lagunas Formation to the.lLate Devonian-
Mississippian and indicate a minimum duration of 10 Myr. This represents
the first documented evidence of Devonian—Mississippian glaciation in
Tierra del Fuego.

3. These correlations suggest that the Paso Las Lagunas Formation may
represent a Late Devonian—early Carboniferous<glacial to periglacial
succession rather than exclusively reflecting® erosion of a Paleozoic

basement during the Middle Jurassic rifting of the Rocas Verdes Basin.
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Figure Captions

Fig. 1. Geology of the northea of Cordillera win (modified from Mella

et al., 2025). The section hig ns.and the ages obtained in this
study. Numbers in superseripts a weighted average younger detrital zircon age
or weighted avera atic zircon and (2) “°Ar/*°Ar plateau age. MFFZ:

Magallanes-Fa e. See Table 1 for sample locations.
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Fig. 2. A. Svea mount standing out in the core of the overturned anticline composed
of Svea Granite and the Paso Las Lagunas Formation, with a lower mylonite
interpreted as a detachment zone (view to the west). The synform is currently being
configured. B. Nonconformity between the Paso Las Lagunas Formation and the
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Svea Granite (view to the east), highlighting the ages and inverted polarity. C. Pebbly
shale with dispersed granite lithics (the arrow indicates a faceted block). C.1.
Detailed view of pebbles embedded in a mud matrix. D. Conglomerate rich in granite
lithics, arkoses and mudstones. E. Andesite of ca. 355 Ma. F. Rhythmic succession
of mudstones interpreted as varves. Numbers in superscripts in panels/A, B and D
are (1) weighted average younger detrital zircon age or weighted ‘average of

magmatic zircon and (2) “°Ar/3°Ar plateau age. See Table 1 for.sample locations.
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Fig. 3. Svea Granite, monzogranite. A. Zircon cathodoluminescence (CL) and
backscattered electron (BSE) images. B. Plateau “°Ar/*°Ar diagram. C. Tera-
Wasserburg diagrams showing ages vs probabilities, concordia ages, and weighted
mean 2°°Pb/?*¥U ages for igneous crystallization. Lost Pb shown for sample
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Fig. 4. Svea Granite, orthogneiss. A. Backscattered electron (BSE) image. B.
Plateau “°Ar/*°Ar diagram. C. Tera-Wasserburg diagrams, showing ages vs
probabilities, concordia ages and weighted mean 2°°Pb/*2U ages diagrams for
orthogneiss igneous crystallization. D. Paso Las Lagunas Formation, andesite age
data. Tera-Wasserburg diagrams, showing concordia ages and weighted mean
208pp/238) ages for andesite igneous crystallization. MSWD: Mean Squared
Weighted Deviation. Ab: albite; Bt: biotite; Chl: chlorite; Ep: epidote; [Im: lImenite;

Ms: muscovite; Or: orthoclase; Qtz: quartz; Ttn: titanite.
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Fig. 5. Pase Las Lagunas Formation. Generalized stratigraphic column and multiple
age histograms.and probability plots for dated samples. A Tera-Wasserburg diagram
was incorporated to the arkosic sandstone MM091222-02d, in which the data define
an array parallel to the x-axis at nearly constant 2°’Pb/?°¢Pb, interpreted as recent Pb
loss. For comparison with the TFIMC, a migmatitic granitoid is shown (Hervé et al.,
2010b). 1. Tierra del Fuego Igneous and Metamorphic Complex (TFIMC) and Ross
Orogen; 2. Svea Granite magmatic zircon population; 3. Andesite of the Paso Las
Formation. NP: MP: Mesoproterozoic; PP:

Lagunas Neoproterozoic;
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Paleoproterozoic. Ca: Carboniferous; De: Devonian; Si: Silurian; Or: Ordovician; Ca:
Cambrian. MSWD: Mean Squared Weighted Deviation.
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Fig. 6. A. Rb vs. Yb+Ta tectonic discrimination diagram (Pearce et al., 1984); WPG:
within=plate granites; VAG: volcanic arc granites; ORG: ocean ridge granites; syn-
COLG: syn-collisional granites. B. Chondrite-normalized REE diagram (Sun and
McDonough, 1989) for Svea Granite and hornblende andesite (Paso Las Lagunas
Formation); shaded area represents the range encompassing 80% of the samples
from the South Patagonian Batholith by Hervé et al. (2007b). C. Dy/Yb vs. SiO2
diagram showing the affinity of the Svea Granite for fractionation of a garnet-bearing
source, plotting outside the Mesozoic arc trend. The andesite of the Paso Las
Lagunas Formation, by contrast, falls within the arc trend. D. Dy/Yb vs. La/Ybn
diagram showing the depleted heavy-REE behavior of the Svea Granite, consistent

with fractionation of a garnet-bearing source.
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Fig. 7. Kinematic (GPlates) reconstruction for the‘Gondwana margin during the Late
Devonian-early Carboniferous, illustrating assubduction.zone in the southwestern
margin of Gondwana with an associated marginal basin (MB) or back-arc basin
(BAB). Numbers indicate occurrences.of magmatism and/or sedimentary sequences
(after Elliot et al., 2015; Rojo etal., 2021; Riley et al., 2023; Rapela et al., 2024).
Global plate reconstructions<after Merdith et al. (2021). TFIMC: Tierra del Fuego
Igneous Metamorphic Complex; SPT: South Patagonian Terrane; AP: Antarctic
Peninsula; Tl: Thurston Island; EWM:, Ellsworth-Whitmore Mountains; MBL: Marie
Byrd Land. 1: Svea Granite and Paso Las Lagunas Formation; 2: Target Hill granitic
orthogneiss; 3: Leones Pluton, Bahia de la Lancha Formation and serpentinites; 4:
Deseado massif (DM);®&: Chaitenia Island arc (Ch: Hervé et al., 2018); 6: Morgan
Inlet granodiorite gneiss; .7: Fosdick Mountains granitoids. Insets illustrate the
geodynamic setting and magmatism of Tierra del Fuego and the Antarctic Peninsula,
modified fram Pankhurst (1990) and Millar et al. (2001).
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Table 1. Summary of U-Pb zircon and 4°Ar/3°Ar ages.

UTM Coordinates Unit Lithology Mineral Age(Ma) Method Laboratoy
Sample Northing
Easting (m
gm
Paso Las . ;
MM160223-02d 517909 3944863 Paraconglomerate Zircon  345%2(3) U-Pb’  ZirChron LLC
Lagunas Fm.
Paso Las . . .
MM070322-03Dd 490275 3956464 Intrasparite Zircon  342x2(3) " U-Pb  Sernageomin
Lagunas Fm.
Paso Las Sandstone clast into . .
MM060321-2Bd 517030 3947251 Zircon  340%2(3) <U=Pb- Sernageomin
Lagunas Fm. pebbly shale
Paso Las . . .
MM100320-4Ad 511861 3950723 Andesite Zircon«" 3502 (2) . U-Pb  Sernageomin
Lagunas Fm.
Paso Las Fine-grained'wake ) .
MM100320-1Ad 515441 3946760 Zircon  364+3(3) U-Pb  Sernageomin
Lagunas Fm. and mudstone
Paso Las . .
TFDQ-14d 512078 3950495 Pebbly shale Zircon 375+2(3) U-Pb  Sernageomin
Lagunas Fm.
Paso Las . .
TFDQ-19d 515375 3946848 Quartz sandstone Zircon' » 372+2(3) U-Pb  Sernageomin
Lagunas Fm.
Paso Las . ; .
MM130221-4d 519487 3947644 Arkosic sandstone Zircon 377+2(3) U-Pb  Sernageomin
Lagunas Fm.
Pasolas . . .
MM091222-02d 514859 3947654 Arkosic sandstone Zircon  376+2(3) U-Pb  ZirChron LLC
Lagunas Fm.
. . .. 363,4+1,3 .
MM100320-1Dd 515163 3946958  Svea Granite Monzogranite Muscovite (1) 207 (/AT Sernageomin
MM100320-1Dd 515163 3946958 Svea Granite Monzogranite Zircon  375*2(2) U-Pb  Sernageomin
MM091222-03d 514807 3947539  Svea Granite Monzogranite Zircon  375x1(2) U-Pb  ZirChron LLC
MM100320-1Cd 515157 3946615 _Svea Granite Gneiss Muscovite 345691);1’5 w0p /A Sernageomin
MM100320-1Cd 515157 3946615  Svea Granite Gneiss Zircon  387x3(2) U-Pb  Sernageomin
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