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1. Introduction

The Marifil Volcanic Complex is an extensive magmatic and
pyroclastic unit included in the Chon Aike Siliceous Large
Igneous Province (SLIP) (Malvicini and Llambías, 1974; Cort�es,
1981; Pankhurst et al., 1998). It was first considered as the
Jurassic thick rhyolitic plateau overlaying mesosilicic lava flows
(Malvicini and Llambías, 1974). Cort�es (1981) extended this unit
including the underlying possibly Triassic mesosilicic rocks, and
the epiclastic succession of the Puesto Piris Formation (Nú~nez
et al., 1975). Modern works increased the quality and amount
of the geochronological data of the Marfil volcanism using Rb-Sr
and Ar-Ar methods. Rapela and Pankhurst (1993), Pankhurst and
Rapela (1995), Pankhurst et al. (1998, 2000) and F�eraud et al.
(1999) establish a lapse between 188 and 165 Ma for the erup-
tion of the Marifil Volcanic Complex. Still, there are some Middle
Triassic K-Ar ages from the Marifil volcanism which differ from
the Jurassic Ar-Ar and Rb-Sr data (Fig. 1; Vall�es, 1978; Cort�es,
1981; Genovese, 1995). A U-Pb zircon crystallization age of a
mesosilicic dyke swarm opened the possibility for a major
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Triassic magmatic process (Gonz�alez et al., 2014b, 2016).
The dyke swarm has been linked to a postorogenic extension

related to changes in the subduction along the southwestern
margin of Gondwana (Uliana et al., 1985; Gonz�alez. et al., 2014b,
2016). On the contrary, the origin of the rhyolitic plateau of the
Marifil Volcanic Complex has been associated with the Karoo
within-plate magmatic event (Pankhurst et al., 1998, 2000; Riley
et al., 2001).

The mesosilicic rocks at the base of Marfifil Volcanic Complex
are trachytes (see section 3.3). As they cover Permian granitoids
and have a similar composition to the Triassic dyke swarm is
possible that the Marifil Volcanic Complex comprise two different
geotectonic and magmatic processes.

A section near Arroyo Ventanawhere the Monasa volcanic rocks
are well-exposed was selected to investigate the trachytic base of
the Marifil Volcanic Complex (Fig. 1; Franchi et al., 2001). A field
description and mapping of the outcropping units and a petro-
graphic characterization of the mesosilicic rocks were performed.
Additionally, a geochemical analysis and a geochronological study
were made over a trachyte from a lava flow. The characterization of
the mesosilicic rocks as well as the obtained U-Pb zircon age allow
us to separate the trachytes from the rhyolites. We extend the
Monasa Formation to include Triassic mesosilicic rocks and sepa-
rate it from the Marifil Volcanic Complex. Additionally we focus on
other areas of the North Patagonian Massif where temporally
equivalent rocks crop out and present similar stratigraphic re-
lations. The presence of similar rocks, temporally equivalent and
with analogous stratigraphic relations allow us to proposed the
existence of a magmatic process widespread in the North Patago-
nian Massif possible associated to a Triassic postorogenic exten-
sional regime.

2. Geologic setting

The studied area is close to Arroyo Ventana (41�38041.1000S; 66�
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Fig. 1. The outcrops of the Marifil Vocanic Complex in the eastern North Patagonian Massif showing known radimetric ages for each one. References, a: Nú~nez et al., 1975; b: Vall�es,
1978; c: Cort�es, 1981; d: Haller, 1981; e: Rapela and Pankhurst, 1993; f: Pankhurst and Rapela, 1995; g: Genovese, 1995; h: Busteros et al., 1998; i: F�eraud et al., 1999; j: Franchi et al.,
2001; k: Gonz�alez et al., 2014b; * this work. Map simplified from Busteros et al. (1998), Caminos (2001), Franchi et al. (2001), Haller (1981), Lizuaín et al. (1995).
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0059.2400W), 60 km west from Sierra Grande in the eastern North
Patagonian Massif (Fig. 1). The geology of the area was compiled
and summarized by Busteros et al. (1998) and Franchi et al. (2001).

The basement of the area is composed of Early Palaeozoic
igneous and metamorphic rocks. The Mina Gonzalito Complex and
El Jagüelito Formation metamorphic rocks (Ramos, 1975; Giacosa,
1987) are intruded by the Early-to-Middle Ordovician granitoids
of the Punta Sierra Plutonic Complex (Busteros et al., 1998). The
metamorphic units comprise metasedimentary rocks interbedded
with igneous mafic and felsic rocks (de Alba, 1964; Ramos, 1975;
Giacosa, 1987; Gonz�alez. et al., 2008a, 2008b, 2011a, 2013, 2014a).
The sedimentation of the protoliths as well as the crystallization
age of the pretectonic igneous rocks have been proposed as
Cambrian. This age is based on fossils, detrital zircon ages and
magmatic zircon ages (Gonz�alez et al., 2002, 2011b, 2013;
Pankhurst et al., 2006; Naipauer et al., 2010; Varela et al., 2011;
Greco et al., 2014).

The Permian Pailem�an Plutonic Complex intrudes the igneous
and metamorphic basement rocks (Giacosa, 1993). This unit com-
prises several plutons with crystallization ages between 291 and
261Ma (Grecco et al., 1994; Busteros et al., 1998; Varela et al., 2008;
Grecco and Gregori, 2011; García et al., 2014). Petrographical and
geochemical features of the plutons suggest affinities with calcal-
kaline series related to a subduction margin (Giacosa, 1993; Grecco
et al., 1994; Busteros et al., 1998; García et al., 2014). The Permian
plutonism in the North Patagonian Massif has been related to the
Gondwanide magmatic arc (Rapela and Llambías, 1985; Giacosa,
1993; Llambías and Sato, 2011; Sato et al., 2015). The Permian
intrusive rocks form a NWeSE-trending magmatic arc related to a
NE-SW compressive regime in the northern Patagonia (Ramos,
1984; Giacosa, 2001; Llambías et al., 2002; von Gosen, 2002,
2009; Gonz�alez et al., 2014b, 2016; Greco et al., 2015).

Ductile and fragile-ductile to fragile shear zones affect the
mentioned units (Giacosa, 2001; von Gosen, 2002). These shear
zones are considered as deformational structures of the Permian
Gondwanide orogeny (Giacosa, 2001; von Gosen, 2002). Major
faults, km-scale folds and brittle-ductile microstructures affecting a
Siluro-Devonian sedimentary cover in Sierra Grande area have also
been considered as deformational structures of the Gondwanide
orogeny (Japas, 2001; von Gosen, 2002).

A NW-SE trachytic dyke swarm cuts the brittle-to-ductile fabrics
of the basement rocks and the Permian La Verde and Laguna
Medina pluton from the Paileman Plutonic Complex (Vall�es, 1978;
Giacosa, 1993; Busteros et al., 1998; Giacosa and Paredes, 2001;
Gonz�alez. et al., 2008b; García et al., 2014; Gonz�alez. et al.,
2014b). The dyke swarm is parallel to the Permian orogenic axis
postulated by Ramos (1984) and Llambías et al. (2002). The
geochemical signature of the dykes relate them to a continental
magmatic arc (Gonz�alez. et al., 2016). The intrusion and crystalli-
zation of the swarm have been proposed as Anisian (243.6 ± 1.7 Ma
U-Pb zircon age in Gonz�alez. et al., 2014b).

The previously mentioned units are cover by the Marifil Volca-
nic Complex (Malvicini and Llambías, 1974; Cort�es, 1981). In the
study area, the Marifil Volcanic Complex has a mesosilicic base
(Monasa volcanic rocks) covered by a thick rhyolitic sequence
(Franchi et al., 2001). There are sedimentary beds under and
interlayered within the acidic volcanic sequence (Nú~nez et al.,
1975; Zanettini, 1980; Cort�es, 1981). The Marifil magmatism has
been dated by several radiometric methods (Rb-Sr, K-Ar, Ar-Ar and
U-Pb) and its age range between 221 Ma and 153 Ma (Fig. 1; Vall�es,
1978; Cort�es, 1981; Rapela and Pankhurst, 1993; Pankhurst et al.,
1998, 2000; F�eraud et al., 1999; Franchi et al., 2001; Riley et al.,
2001). Because of its overall rhyolitic composition and Jurassic
age, the Marifil Volcanic Complex has been included in the Chon
Aike SLIP (Pankhurst et al., 1998, 2000).
The stratigraphic succession finishes with upper Cretaceous
marine sediments and the Oligocene Somun Cura basalts.

3. Mesosilicic rocks from arroyo ventana

In the studied area, trachytic lava flows covering the Paileman
Plutonic Complex were considered as the base of the Marifil Vol-
canic Complex (Giacosa, 1993; Franchi et al., 2001). These rocks
appear in small and disperse outcrops in a 25 km-long NNW-SSE
trend from Los Berros to Arroyo Ventana (Fig. 2). They have been
mentioned as the Monasa volcanic rocks by Franchi et al. (2001).
The rocks are mostly trachytes, dark-grey to greenish dark even
purplish dark colour. The rocks textures vary from porphyritic to
aphyric and frommassive to rich-vesicle (Fig. 3aed). These textural
variations have been interpreted as a superposition of multiple lava
flows.

A decametric sequence of volcanogenic rocks (primary and
reworked tuff) and epiclastic sandstones have been recognized
covering the volcanic rocks. This sedimentary sequence plunges
10�e20� to the SE. Horizontal rhyodacitic pyroclastic flows cover
the lava flows and the mentioned sedimentary rocks. Rhyolitic
dykes cut the previously described sequence (Fig. 2). The volca-
nogenic rocks and the rhyolitic dykes also were considered as part
of the Marifil Volcanic Complex (Giacosa, 1993; Busteros et al.,
1998; Franchi et al., 2001).

3.1. Petrography

The trachytictic lava flows have a porphyritic texture whith
phenocrysts of plagioclase, pyroxene and biotite in an aphanitic,
dark grey groundmass (Fig. 3 e). In some cases, the presence of
vesicles and amygdales indicate subaerial cooling (Fig. 3 f).

The phenocrysts are strongly altered; clay minerals and car-
bonate pseudomorphically replace the plagioclase crystals. The
pyroxene crystals are completely replaced by carbonate and chlo-
rite while the biotite crystals are altered to sericite and iron oxides.
The groundmass is glassy (now devitrified to microspherulites)
with acicular microlites oriented by flow.

These rocks show strongly altered xenoliths. The xenoliths have
cumulate textures with cumulus olivine and intercumulus of ox-
ides. The olivine crystals exhibit a pseudomorphic serpentinization
(serpentine, bowlingite, chlorite, carbonate and oxides).

3.2. Age

In order to obtain U-Pb zircon age of the Monasa volcanic rocks,
zircons were separated from a trachytic lava flow located at 41� 380

56.1500 S and 65� 590 59,700 W (Fig. 2).
The reduction of the sampled rock and concentration of zircons

were performed in the Centro de Investigaciones Geol�ogicas
(UNLP-CONICET, Argentina). First, the sample was crushed and the
disaggregated material was separated by granulometry using
sieves. The fraction smaller than 180 mm was used to concentrate
heavy minerals by hydraulic methods. Then, these minerals were
separated by magnetic susceptibility techniques using neodymium
hand-magnet and Frantz. Finally, the zircons were separated over
nonmagnetic fraction under binocular microscope.

The U-Pb analyses were carried out in the Centro de Pes-
quisas Geocron�ologicas (CPGeo - Instituto de Instituto de Geo-
ciências - Universidade de S~ao Paulo, Brasil). The zircons were
set in an epoxy resin mount. The mount was polished and then
vacuum-coated with high-purity gold in order to perform elec-
tron photomicrographs by cathodoluminescence (CL) and sec-
ondary electrons (SE) with the Scanning electron microscope
(SEM). After CL and SE images acquisition, the gold was removed



Fig. 2. Detailed geological map of Arroyo Ventana area. The emphasis is put over the Permian and Early Mesozoic units. The SMG 49 is dated and geochemically analysed sample.
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and the mount was polished and photographed under binocular
microscope. The spots to be analysed were selected using all the
previously obtained images considering the internal structure of
the crystals and the fracturing degree of the crystals (McLaren
et al., 1994).

U-Pb analyses were executed using a Thermo-Fisher Neptune
laser-ablation multi-collector inductively coupled plasma mass
spectrometer (LA-MC-ICPMS) equipped with a 193 Photon laser
system following themethodology applied by Sato et al. (2010). The
laser spot used was 32 mm in diameter. The U-Pb data were rep-
resented in Concordia and Tera-Wasserbug diagrams performed
with the Isoplot/Ex software (Ludwig, 2008).

Ninety-three igneous crystals of zircon with euhedral prismatic
habit were separated. Their aspect ratios range between 1:2 to 1:4
and the length of the major axis is variable between 100 and
250 mm. The crystals are mostly limpid with scarce fluid inclusions.
In CL images, they show an oscillatory zoning structure typical of
magmatic zircons.

Twenty-five U-Pb analyses were performed in twenty-five
crystals. The Th/U ratio of the crystals ranges between 0.984 and
2.755 (Fig. 4). Individual ages range between 236 and 255 Ma.
Twenty-three results conform a cluster allowing to calculate a
Concordia age of 247.22 ± 0.46 Ma (MSWD ¼ 0.032; Fig. 5, table A.1
appendix A).

The oscillatory zoning structure and the Th/U ratio (>0.1) of the
analysed zircons are typical from magmatic crystals.
3.3. Whole-rock geochemistry

There are scarce geochemical data of the trachytic flows at the
base of the Marifil Volcanic Complex. Six geochemical analyses
have been published until now (Giacosa, 1993; Pankhurst and
Rapela, 1995; Busteros et al., 1998). We provide one new
geochemical data from the same sample analysed by the U-Pb
method (table A.2 appendix A).

Major and trace element concentrations were determined in
0.2 g of powder from the sample SGM 49 which was prepared by
alkaline fusion with lithium borate, diluted with acid digestion and
analysed in ICP-MS at ACME Analytical Laboratories S.A.

Using TAS diagram the sample has been chemically classified as
a trachyte (Fig. 6a, q ¼ 18.9; Le Maitre et al., 2002). It is below the
Irvine and Baragar (1971) curve in the field of the subalkaline rocks
(Fig. 6a).

The already published geochemical data of the mesosilicic lava
flows have been included in the TAS diagram. The trachyandesitic
dykes studied by Gonz�alez. et al. (2016) are similar in chemical
composition and age, and have been compared with themesosilicic
rocks at base of the Marifil Volcanic Complex (Giacosa, 1993;
Gonz�alez. et al., 2014b). The former samples from the basal rocks
from the Marifil Volcanic Complex are chemically classified as
basaltic andesites, andesites, basaltic trachyandesites and tra-
chyandesites (Fig. 6a; Giacosa, 1993; Pankhurst and Rapela, 1995;
Busteros et al., 1998). The scatter pattern of the samples in the
TAS diagram may respond to different analytical methods or to the



Fig. 3. Photographs of the mesosilicic rocks. a. outcrop of a porphyritic trachytic lava flow; b. porphyritic texture of the trachyte; c. vesicles in a trachytic rock; d. piroclastic and
volcanogenic laminated sequence; e. photomicrograph of a porphyritic trachyte; f. photomicrograph of trachyte with vesicles filled with carbonate. Symbols for minerals: Plg
(plagioclase), Bt (biotite), Px (pyroxene), Olv (Olivine).
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alteration degree of the samples.
Alumina saturation molar ratio (Shand, 1944) is 0.96 meanwhile

the alkalinity index is 0.69, indicating that the sample SGM49 is
metaluminous and sub-alkaline.

Incompatible element variation pattern is shown in Fig. 6b
(normalized to the primitive mantle after Sun and McDonough,
1989) The trachyte shows an inclined pattern (i.e., enrichment in
Large Ion Lithofile Elements eLILE- relative to High Field Strength
Elements -HFSE-) characterized by negative Sr, Nb, P, and Ti
anomalies (Fig. 6b). A relative enrichment in Ba, Rb and K is also
evident. The (Rb/Yb)N ratio is high, 132.065.

The Rare Earth Elements (REE) concentrations have been illus-
trated in the chondrite-normalized diagram (Fig. 6c; chondrite
normalized after Sun and McDonough, 1989). The REE distribution
diagrams show an inclined patternwith a high Light REE content as
opposed to a lower Heavy REE content. The (La/Lu)N ratio is 13.28.
The sample exhibit a negative Eu anomaly (Eu/Eu* ¼ 0.62).

In the Gorton and Schandl (2000) tectonic discrimination dia-
gram for mesosilicic rocks the sample SGM 49 plot on the line that
separated the active magmatic arc and the within plate volcanic
zone fields (Fig. 6d).

4. Discussion and interpretation

4.1. Implications of the new data for the Triassic magmatism in
eastern North Patagonian Massif

The Triassic lava flows in Arroyo Ventana - Los Berros area are
chemically trachytic. As the lava flows cover Permian granitoid (U-
Pb SHRIMP in García et al., 2014) and are covered by Jurassic



Fig. 5. U-Pb Tera - Wasserburg concordia diagram of LA-MC-ICPMS U-Pb zircon data.

Fig. 4. Cathodoluminescence images of magmatic zircons of the sample SGM 49
analysed by LA-MC-ICPMS. The spot number is shown for each grain.
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rhyodacitic volcanis rocks, the newU-Pb zircon age of 247.22 ± 0.46
Ma could be considered close to the effusion and crystallization age
of the lava flow.

As was previously mentioned, the Monasa volcanic rocks and
the dyke swarm from the eastern North Patagonian Massif, char-
acterized by Gonz�alez et al. (2014b, 2016), are similar in age and
composition. As is shown in Fig. 6aed, the presented geochemical
data from the trachyte lava has a similar pattern to the trachyan-
desitic dykes from the swarm. The geochemical and age similarities
in combinationwhit the geographic closeness might be interpreted
as a genetic relation between the dykes and the lava flows. The
dykes might be considered as the feeders of the volcanism.
4.2. Correlation with other areas of the North Patagonian Massif

The early Mesozoic volcanism has been registered in other areas
of the North Patagonian Massif. We are going to summarize the
Paleozoic e Mesozoic transition in four areas of the North Patago-
nian Massif in order to compare them with Arroyo Los Berros area
(Fig. 7).
In Cerros del Ingeniero, Haller (1981) has described three units
in the Paleozoic e Mesozoic transition. The La Irene granite is a
subcircular equigranular body intruded by aplitic dykes. The
granite is covered by ignimbrites of the Marifil Volcanic Complex
and has been dated in 240 ± 10 Ma (K-Ar whole rock). The La Irene
granite has been correlated with the Permian Paileman Plutonic
Complex. Porphyritic pinkish dacites from the Cerros del Ingeniero
Formation (237 ± 10 Ma K-Ar whole rock) are also covered by the
Marifil Volcanic.

In the Valcheta area the Triassice Early Jurassic Treneta Volcanic
and Plutonic Complex overlay the Permian Navarrete Plutonic
Complex (U-Pb zircon crystallization age of 281 Ma in Pankhurst
et al., 2006) and it is covered by the Jurassic Marifl Volcanic Com-
plex (Nú~nez et al., 1975; Caminos, 1983, 2001). The Triassic Treneta
volcanism contains andesitic and trachyandesitic lava flows as its
older component laying directly over the basement or intercalated
with volcaniclastic sediments. These rocks are dark to light grey
with vesicles and are scarce in the sequence. A thick acidic volcanic
and volcaniclastic sequence covered the older rocks and are
intruded by younger acidic plutons from the same complex (Flores
Granite - Rb-Sr age of 188 ± 3 in Pankhurst et al., 1993). The Treneta
Volcanic and Plutonic Complex shows ages between 290 and 172Ma
(K-Ar and Rb-Sr radiometric age in Caminos, 1983, 2001; Pankhurst
et al., 1992, 1993). Because of its similarity with Los Menucos
Complex, which contains Dicroidium flora (Artabe, 1985a, b), the
Treneta vulcanism has been proposed as Middle Triassic (Caminos,
2001). The basal mesosilicic volcanism from Treneta Volcanic and
Plutonic Complex has a comparable composition and similar strat-
igraphic position than the andesites from the Monasa Formation.

In the La Esperanza e Los Menucos area there are three
magmatic units from Permian to Early Mesozoic, La Esperanza
Plutonic Complex, Dos Lomas Volcanic e Plutonic Complex and Los
Menucos Complex (Llambías and Rapela, 1984; Cucchi et al., 2001;
Lema et al., 2008). The Dos Lomas Volcanic e Plutonic Complex
comprise shallow emplacement granites intruded in lava flows and
pyroclastic density currents. The plutonic rocks are the end-
members of the magmatic system and they are genetically
related to their volcanic country rocks (Llambías and Rapela, 1984).
The extrusive rocks overlay Permian granitoids from the La Esper-
anza Plutonic Complex (Llambías and Rapela,1984; Pankhurst et al.,
2006). The volcanic and pyroclastic rocks have been dated between
264 and 246 Ma whereas the intrusive member is 250 Ma (U-Pb
SHRIMP zircon data in Pankhurst et al., 2006). Southwards, El Piche
fault system separate the Dos Lomas Plutonic and Volcanic Com-
plex from Los Menucos Complex (Giacosa et al., 2007). The field
relation between these units has not been recognized but Los
Menucos Complex has been assigned to the Middle to Late Triassic
basis on Dicroidium Flora (Artabe, 1985a, b). Los Menucos Complex
is a volcanic and volcaniclastic thick sequence of acidic rocks
(Labudía and Bjerg, 2001). The volcaniclastic rocks include ash-fall
deposits and volcanogenic deposits with scarce pyroclastic density
currents, lava flows and domes. Vitrophyric domes and rhyolitic
lavas were dated by Rb-Sr whole rockmethod between 215 and 222
Ma (Rapela et al., 1996).

As was proposed by Caminos (2001) there are clear similarities
between Los Menucos Volcanic Complex and Treneta Volcanic and
Plutonic Complex. We found that this similarity should include the
Dos Lomas Volcanic e Plutonic Complex. We found that the
discontinuity between the Permian granitoids and the Early
Mesozoic mostly-volcanic cover could be used as a regional cor-
relation surface. Based on this criterion Fig. 7 was constructed to
clarify the similarities found between the previously described
units with the Monasa Formation.

The Early Triassic magmatism found in the study area could be
part of a major igneous event widespread all over the North



Fig. 6. Geochemistry diagrams for the analysed rock. a. TAS classification diagram (Le
Maitre et al., 2002) showing the Irvine and Baragar (1971) curve. Previous analysis
were taken from Giacosa (1993), Pankhurst and Rapela (1995), Busteros et al. (1998); b.
incompatible element variation pattern normalized to the primitive mantle after Sun
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Patagonian Massif. This magmatism is different in age and
composition to the Jurassic rhyolitic Marifil Volcanic Complex.
These two magmatic units represent different large-scale igneous
events in the evolution of Patagonia and they should be consider
separately. We consider the nameMonasa Formation (Franchi et al.,
2001) as the Early to Middle Triassic andesitic magmatic units in
the Arroyo Ventana e Sierra Grande area (including the volcanic
and subvolcanic products), temporally equivalent to the Cerro del
Ingeniero Formation, the lower andesitic Treneta volcanic rocks
and to the Dos Lomas Volcanic e Plutonic Complex. Further studies
should be focus on the spatial and temporal extension of this unit.
The presence of a Triassic sedimentary cover in the east of the North
Patagonian Massif is plausible considering the epiclastic rocks
covering the andesitic lava flows described in Section 3, compara-
ble to Vera Formation from Los Menucos Volcanic Complex.
4.3. Tectonic setting for the early Mesozoic magmatism

Some local geology aspects could be related to major geotec-
tonic processes allowing a geotectonic discrimination between the
Triassic and the Jurassic magmatism.

As was mentioned in the previous sections, the Monasa For-
mation covers an erosive surface carved over Permian granites.
These plutonic rocks were related to a magmatic arc associated
with the Gondwanide orogen (Giacosa, 1993, 1994; Grecco et al.,
1994; Busteros et al., 1998; García et al., 2014). The Permian plu-
tons were uplifted and exposed to erosion in a ca. 14 Ma lapse of
time, between their crystallization (as La Verde Pluton of 261 Ma in
García et al., 2014) and the eruption of the lavas from the Monasa
Formation (247 Ma). The postorogenic extension associated to the
emplacement of the dyke swarm (Gonz�alez et al., 2014b, 2016)
could be the responsible for the exhumation of the Permian
plutons.

The exhumation, caused by the postorogenic extension, could
lead to partial melting of the lower lithosphere by adiabatic
decompression (Gill, 2010; Winter 2014). Faults associated to the
extension of the lithosphere could allow the magma ascension and
emplacement. The ascending magma feed subvolcanic (dykes) and
volcanic systems. Thus, the Triassic extensional tectonics might by
responsible for the exhumation of the Permian plutons and the rise
and emplacement of the Triassic magmatic systems.

The geochemical signature of the trachyte lava flow is similar to
the dyke swarm from Gonz�alez et al. (2016) and reflects the in-
heritance of a continental magmatic-arc with transitional features
to post-collisional or anorogenic magmas (Fig. 6d). These
geochemical characteristics support the postorogenic extensional
tectonics origin for the Triassic mesosilicic magmatism with a
heritage from an active subduction zone.

The origin of the Jurassic rhyolitic plateau of the Marifil Volcanic
Complex has been related to a mantel plume activity (Pankhurst
et al., 1998, 2000; Riley et al., 2001). According to Pankhurst et al.
(2000) the Marifil Volcanic Complex represents the first burst of
volcanism in the Chon Aike Silicic Large Igenous Province (V1 be-
tween 178 and 188Ma). The rhyolitic ignimbrites have within-plate
affinities in the northeast Patagonia (Pankhurst et al., 2000). The
large volume of rhyolitic magma erupted has been related to upper
crustal magma chambers feeding large caldera volcanoes (Arag�on
et al., 1996; Pankhurst et al., 1998). The production of this large
and McDonough (1989); c. REE concentrations normalized to chondrite after Sun
and McDonough (1989); d. tectonic discrimination diagram for mesosilicic rocks af-
ter Gorton and Schandl (2000); OA ¼ oceanic arc, ACM ¼ active magmatic arc,
WPVZ ¼ within-plate volcanic zone, WPB ¼ within-plate basalt, MORB ¼ mid ocean
ridge basalt.



Fig. 7. Schematic stratigraphic columns of the three different localities from the North Patagonian Massif discuss in the text. Abreviations: MVC ¼ Marifil Volcanic Complex;
MF ¼ Monasa Formation; PPC¼Paileman Plutonic Complex; TVPC ¼ Treneta Volcanic and Plutonic Complex; NPC¼Navarrete Plutonic Complex; LMC ¼ Los Menucos Complex;
DLVPC ¼ Dos Lomas Volcanic e Plutonic Complex; CIF¼Cerro del Ingeniero Formation; LIG ¼ La Irene Granite.
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amount of rhyolitic magma has been proposed as consequence of a
multiple succession of crustal partial melting and fractional crys-
tallization (Pankhurst and Rapela, 1995; Pankhurst et al., 1998).
These magma reservoirs might occur as a consequence of the first
extensional stages of Gondwana break-up and the emplacement of
the Karoo e Ferrar basalt provinces (Pankhurst et al., 1998).

The geotectonic process proposed for the origin of the Triassic
trachytic (mesosilicic) rocks is dissimilar to the one considered for
the Jurassic acidic volcanism. The Triassic magmatism seems to be
related to an extensional tectonic setting after the Gondwanide
orogenesis. There are several possibilities to generate postorogenic
extension in an active subduction zone. Changes in the subduction
regimen (as delamination and/or slab break-off) could lead to
extension by orogenic collapse (Bird, 1979; Li�egeois and Black,
1987; Black and Liegeois, 1993; von Blanckenburg and Davies,
1995). Even a retreating orogen could produce an extensional tec-
tonic setting (Cawood and Buchan, 2007; Cawood et al., 2009).
Otherwise, the Jurassic magmatism has been related to a within-
plate tectonic process. The extensional setting and the magma
production for this rocks are related to the up-welling of themantle
in an incipient ocean, theWeddell Sea (Pankhurst et al., 2000; Riley
et al., 2001).
5. Conclusions

According to the characteristics of the trachytic lavas described
in the present work and the coeval magmatism widespread in the
North Patagonian Massif, we conclude that:

1. Two different Early Mesozoic magmatic processes can be
distinguished on petrological, geochemical and age basis in the
Eastern North Patagonia Massif: the Triassic postorogenic (post-
Gondwanide orogen) and the Jurassic within-plate magmatism.
They have a different composition and were originated by
different geotectonic processes. The Monasa Formation are the
Triassic, mesosilicic magmatic rocks that were considered until
now the base of the Marifil Volcanic Complex in the northeaster
Patagonia.

2. Because of its similarity (composition and age) with the dyke
swarm described by Gonz�alez et al. (2014b, 2016) we consider
that the Monasa formation is linked to the Gondwanic post-
orogenic extension.

3. There is a widespread Triassic magmatism in the North Pata-
gonia Massif cropping out in different areas under different
denominations: Cerro del Ingeniero Formation, Treneta Volcanic
and Plutonic Complex, Dos Lomas Volcanic e Plutonic Complex
and Monasa Formation. These units cover an erosive surface
carved over Permian granites. We consider this erosive surface
as a product of exhumation due to postorogenic extension
during the collapse of the Gondwanide orogen.
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