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LATE TRIASSIC TO EARLY JURASSIC DEFORMATION IN
THE REGION

Claudia Beatriz ZAFFARANA"?, Teresita MONTENEGRO"? y Rubén SOMOZA"?

' Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET)
> Departamento de Ciencias Geoldgicas, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires

ABSTRACT

Small outcrops of biotitic-amphibolic schists and amphibolites found in two localities suggest that the Cushamen Formation
is host rock of the Central Patagonian Batholith in Gastre. The characteristics of these rocks were investigated using structu-
ral, petrographic, magnetic fabric, and garnet chemical-zonation studies. Garnet is observed as a late product of contact me-
tamorphism. Structural data from the studied area and from other localities in the region are in conflict with models that in-
voke the occurrence of uniform, large-scale dextral displacements along the Gastre lineament in Mesosoic times. Rather, the
data suggest that the Gastre granitoids record heterogeneous low-temperature deformation of likely Late Triassic age. This
low-temperature deformation appears as small, localized outcrops, and we suggest that it is related to the accommodation of
the successive magma batches that built the Central Patagonian Batholith.

Keywords: Gastre, Gastre Fault System, North-Patagonian Massif, Central Patagonian Batholith, basement rocks, garnet 3onation.

RESUMEN

La roca de caja del Batolito de la Patagonia Central en Gastre: nuevas evidencias sobre la deformacion del Tridsico tardio - Jurdsico temprano en
la region.

El hallazgo de dos pequefios afloramientos de esquistos biotitico-anfibolicos y de anfibolitas en dos localidades sugiere que la
Formacion Cushamen es roca de caja del Batolito de la Patagonia Central en Gastre. Las caracteristicas de estas rocas meta-
mérficas fueron analizadas mediante estudios petrograficos, microestructurales, de fabrica magnética y de zonacién quimica
de granates. Los resultados indican que el granate es producto tardio de metamorfismo de contacto. Los datos estructurales
en las localidades estudiadas y en otras areas de la region no condicen con los modelos de deformacion homogénea de trans-
currencia dextral propuestos para el sistema de Fallas de Gastre durante el Mesozoico. En cambio, los datos sugieren que la
deformacion en estado sélido que muestran los granitoides es local y heterogénea, y con posible edad tridsica tardfa. Nosotros
relacionamos esta deformacion de baja temperatura con el acomodamiento de los sucesivos pulsos magmaticos que constru-
yeron el Batolito de la Patagonia Central.

Palabras clave: Gastre, sistema de Fallas de Gastre, Macizo Norpataginico, Batolito de la Patagonia Central, rocas de basamento, onacion en
granate.

INTRODUCTION

The Central Patagonian Batholith (CPB,
Fig. 1) comprises a suite of NW-SE tren-
ding, Late Triassic granitoids attributed
to the early stages of arc-related magma-
tism in the Mesozoic-Cenozoic history
of the North Patagonian Massif (Rapela
et al. 1991, 1992, Rapela and Pankhurst
1992). Contrasting with the large area oc-

cupied by the batholith in the Sierra de
Calcatapul (Fig. 1), its unique recognized
metamorphic host rock, the Calcatapul
Formation (Proserpio 1978), is represen-
ted by rather small outcrops in two loca-
lities (Fig. 1, Fig, 2). The Calcatapul For-
mation consists of a metamorphic succes-
sion of various metavolcanic rocks along
with thin layers of phyllites and lenses of
metaconglomerates (von Gosen and Los-

ke 2004, Zaffarana ef al. 2010) and it also
shows signs of dynamic metamorphism.
In the northern sector of the Sierra del
Medio, several kilometers WINW from the
outcrops of the Calcatapul Formation
(Fig. 1), the granitoids of the Central Pa-
tagonian Batholith intrude the Mamil
Choique Granitoids (e.g; Rapela ez /. 1991,
1992), which represent the widespread,
Late Paleozoic plutonism in the North
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Patagonian Massif (e.g. Pankhurst ef al.
2000). Recently, von Gosen and Loske
(2004) reported an age of ~272 Ma (U/
Pb conventional method) for the Yanca-
mil granite, which intrudes the Calcata-
pul Formation at Estancia Yancamil (Fig.
1) and in turn is intruded by the Central
Patagonian Batholith. This granite was
previously mapped as part of the Central
Patagonian Batholith, suggesting the pos-
sibility that other outcrops of yet unre-
cognized Late Paleozoic plutons host the
Central Patagonian Batholith elsewhere.
In this contribution we report the charac-
teristics of newly found, small (not map-
pable) outcrops of host rock from the
Central Patagonian Batholith in, or very
close to the village of Gastre. These out-
crops are metasedimentary rocks which
appear as a xenolith in Puesto Jaramillo
(42° 10.662°S, 69° 24.864"W, Fig. 2) and
small septums of biotitic and amphibolic
schists and amphibolites in Puesto Reche-
ne (42°15.246°S, 69° 17.19°W, Fig. 2). We
assume that these rocks belong to the
Cushamen Formation (Volkheimer 1964).
In this contribution we named as xeno-
lith to an isolated piece of host rock that
could not have remained in place after
the intrusion. On the other hand, a sep-
tum (or raft, following Pignotta ez a/. 2010)
is considered as a host rock xenolith that
is surrounded by plutonic material and
where no discernable rotation and/or
translation (relative to in situ host rock)
of the enclave can be demonstrated. Sep-
tums are usually thin wall or roof pen-
dants, those that we saw are at least two
orders of magnitude larger than the xe-
noliths.

In order to have as complete as possible
information about the characteristics of
these previously unnoticed basement
rocks in Gastre, this report includes struc-
tural, petrographic, magnetic fabrics, and
garnet chemical-zonation analyses. Fach
of these items is presented with a brief
methodological introduction which is fo-
llowed by a presentation of the results.
Finally, the entire dataset is integrated in
order to enlarge as much as possible the
information on the newly discovered

outcrops of the host rock from the Cen-
tral Patagonian Batholith. In particular,
the structural information from this pa-
per together with structural information
from previous contributions is analyzed
in the context of the deformational pre-
dictions of the so-called Gastre Fault
System model. The structural, anisotropy
of the magnetic susceptibility (AMS) and
chemical data from the new outcrops are
listed in the appendix.

GEOLOGICAL OVERVIEW

A set of granitoids crops out in the area
of Gastre, in the central sector of the
North Patagonian Massif. These grani-
toids can be broadly divided in two
groups: an older one composed of bioti-
te and hornblende granodiorites, diorites,
monzodiorites, granites and monzogra-
nites, and a younger magmatic pulse
mostly represented by red-colored, fine-
grained biotitic granites. Proserpio (1978)
associated the older set of granitoids
with the Mamil Choique Formation (Ra-
vazzoli and Sesana 1977), or Mamil Choi-
que Granitoids (Dalla Salda ez a/ 1994)
and the younger ones with the Lipetrén
Formation, which was defined by Nullo
(1979) in the Sierra de Lipetrén, north of
Gastre. The type locality of the Mamil
Choique Granitoids is the Rio Chico-Ma-
mil Choique area (between 41° 40" and
41°55’S and 70° 00" and 70° 33"W), whe-
re they are composed of three peralumi-
nous facies: the biotite £ muscovite *
hornblende * epidote tonalite-granodio-
rite, biotite-muscovite monzogranites, as
well as by intrusive, partially porphyritic
biotite-muscovite monzogranites (Cerre-
do and Loépez de Luchi 1998, Lopez de
Luchi and Cerredo 2008). Their various
isotopic ages span from Late Devonian
to Permian (Linares ¢f al. 1997, Lépez de
Luchi et al. 2000, Varela ef al. 2005). The
emplacement of the two older facies has
been ascribed to deep- to mid-crustal pro-
cesses related with decompression after
the climax of regional metamorphism in
their hosting Cushamen Formation, whe-
reas the later monzongranite intrusion

could have occurred at upper crustal le-
vels (Cerredo and Lépez de Luchi 1998,
Lépez de Luchi and Cerredo 2008). In a
more regional view, the Mamil Choique
Granitoids are part of the extended Per-
mian magmatism of the North Patago-
nian Massif recently described by Pan-
khurst ez al. (20006).

The geochemical and geochronological
studies performed by Rapela e a/. (1991,
1992) revealed that most of the grani-
toids of the Gastre area comprise a ba-
tholith of predominantly Late Triassic age
(the Central Patagonian Batholith, CPB).
This batholith (Fig. 1) is composed of
the older Gastre Superunit (~220 Ma Rb/
Sr age, Rapela ez al. 1992), a younger Li-
petrén Superunit (~210 Ma Rb/st age,
Rapela ¢z al. 1992) plus a separated small
stock named Horqueta granodiorite pre-
viously thought to be Jurassic (Rb/St,
Rapela ¢ al. 1992) and from which we re-
cently obtained a ~214 Ma age (“Ar-*Ar,
biotite), and therefore include it into the
Lipetrén Superunit. In this new scheme,
the Paleozoic Mamil Choique granitoids
were restricted to the Sierra del Medio
arca and to the Laguna del Toro (Sierra
de Taquetrén) areas, which are located to
the west and south of Gastre, respecti-
vely, both nearby but out of the area en-
closed in Fig. 1. The Laguna del Toro
granitoids are tonalites and two-mica gra-
nitoids (Rapela ez a/. 1992), and the Sierra
del Medio granitoids are mostly tonalites
and granites (Llambias ez /. 1984).

The Late Triassic granitoids of the Cen-
tral Patagonian Batholith have a calc-al-
kaline I-type geochemistry, although
their initial ¥Sr/*Sr ratios and ENdt va-
lues point to “modified I-type” magmas
generated in a continental magmatic arc
setting (Rapela ez 2/ 1991, 1992, Rapela
and Pankhurst 1992). Their emplacement
would have been controlled by the acti-
vity of the Gastre Fault System, a set of
NW-SE subvertical lineaments which pass
through the Gastre area (Coira ez al. 1975).
Overlying the granitoids there is the Lon-
co Trapial Formation (Page and Page,
1993, Zaffarana and Somoza 2012), a
volcano-sedimentary unit from which we
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Figure 2: Detailed map of the study area extracted from Zaffarana ez a/. (2010). The foliation planes
drawn in this map represent field data in sites BITHB-R and LIPR-M4 and magnetic foliation data in
sites MET-R, LIPR-D1, LIPR-M1, LIPR-M2 and LIPR-M3 (see the text for further explanations).

recently obtained Karoo-like (Eatly Ju-
rassic) “Ar/*Ar ages. The Lonco Trapial
unit is not affected by the low-tempera-
ture deformation observed in the Central
Patagonian Batholith (Zaffarana ez al,
2010), placing an upper temporal bound
to the deformational event that affects
the Late Triassic granitoids.

Nearby the area enclosed in figure 1, the
older Paleozoic granitoids were restricted
to the Sierra del Medio area and to the
Laguna del Toro (Sierra de Taquetrén)
areas, which are located to the west and
south of Gastre, respectively. The Lagu-
na del Toro granitoids are tonalites and

two-mica granitoids (Rapela ez a/ 1992),
and the Sierra del Medio granitoids are
mostly tonalites and granites (Llambias ez
al. 1984).

The outcrops of metamorphic basement
in the North Patagonian Massif are grou-
ped into the Cushamen Formation (Vol-
kheimer 1964), which is well exposed in
the Comallo and Rio Chico areas. The
Cushamen Formation comprises phylli-
tes, quartzite layers, (injected) micaschists,
amphibolites, gneisses and migmatites
(Volkheimer 1964, Volkheimer and Lage
1981, Dalla Salda ¢z /. 1994, Duhatt ez al.
2002, Giacosa et al. 2004, among many

others). Cerredo and Lépez de Luchi
(1999) and Lépez de Luchi et al. (2002)
further report the presence of metavol-
canic rocks as dikes and very thin interca-
lations of lavas in the Cushamen Forma-
tion. The protolith ages of the Cusha-
men Formation could be Late Paleozoic
(Dubhart ef al. 2002) and in parts might be
older (Linares ef al. 1988, 1997, Ostera ez
al. 2001, Hervé e al. 2005). The meta-
morphism of the Cushamen Formation
is bracketed in time between the Visean
(335 Ma) and the Early Permian (Hervé
et al. 2005). Thin screens and xenoliths of
the Cushamen Formation are hosted by
the Mamil Choique Granitoids in the Rio
Chico area (Lopez de Luchi ez al. 2002,
Lépez de Luchi and Cerredo 2008).

In the Gastre area, the only known base-
ment rocks were grouped into the Calca-
tapul Formation (Proserpio 1978), which
consists of a metamorphic succession of
acid and basic metavolcanic rocks along
with thin intercalations of phyllites and
lenses of metaconglomerates and shows
signs of dynamic metamorphism (Pro-
serpio 1978, von Gosen and Loske 2004,
Zaffarana ez al. 2010). The Calcatapul For-
mation acquired its S; tectonic foliation at
a slightly lower metamorphic grade (gre-
enschist facies conditions) than the Cus-
hamen Formation, whose metamorphic
grade, though variable, reached upper am-
phibolite facies (Dalla Salda ez al. 1994,
Lépez de Luchi and Cerredo 1998). The
tectonic foliation S; of the Calcatapul
Formation is parallel to the magmatic to
solid-state foliation of the intruding gra-
nitoids at Estancia Yancamil (von Gosen
and Loske 2004, Zaffarana ez al. 2010),
suggesting that both lithologies acquired
their foliations simultanecously during
(and slightly after) the time of pluton em-
placement. No folds were found in the
Calcatapul Formation strata, neither at
Puesto Yancamil nor at Puesto Uribe.

FIELD AND PETROGRAPHIC
CHARACTERISTICS

The criteria of Paterson ez al. (1989, 1998)
were followed to distinguish between
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(Lipetrén Superunit,
CPB)

Basement

septum

Figure 3: Field appearance of the basement rocks in southern Puesto Rechene area (Fig. 2) a) Biotitic/amphibolic schists septums with NW-SE

subvertical orientation in the contact between two different facies of the Central Patagonian Batholith (CPB). b) Scheme of a. ¢) Superimposition
of two deformations in the basement rocks: S1 foliation planes with E-W subvertical orientation and S2 axial surface of NW-SE subvertical orien-
tation. d) Stromatitic migmatites within the basement rocks. CPB: Central Patagonian Batholith.

magmatic and tectonic foliations in gra-
nitoids. The in force of this methodology
is highlighted by its application in many
recent articles on petrology and structural
geology of igneous rocks (e.g Zik et al.
2005, 2006, 2007, Paterson 2009, Yoshi-
nobu ¢t al. 2009, Pignotta et al. 2010). Tem-
perature of acquisition of both fabrics and
microstructures was estimated according
to the extensive literature available on the
subject (see references within Passchier
and Trouw 2005 and Vernon 2004).

South of Puesto Rechene area
Metamorphic rocks: a small outcrop of dark-
coloured biotitic-amphibolic schists and
amphibolites appears as 10s of meters sca-
le septums interspersed between the gra-
nitoids of the Central Patagonian Batho-
lith in the area south of Puesto Rechene
(Figs. 1 and 2). The contacts between the
metamorphic rocks and the granitoids are
sharp and clear. The septums of meta-
morphic rocks are tabular and have a NW-
SE subvertical orientation (Fig, 3a, b).

Their main compositional metamorphic
foliation (S,) is subvertical and generally
trends NW-SE, although locally it bends
to ~ E-W strike defining cm- to dm-sca-
le folds. In the latter places, the superim-
position of a second foliation (S,) is ob-
served, defining very weak crenulation
folds (Fig. 3c) with NNE-SSW to NNW-
SSE subvertical axial planes. Local stro-
matitic migmatites (Mehnert 1968) show
cm-sized leucosome layers parallel to the
asymmetric folds of the S; of the meta-
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Biotitic granite
(Lipetrén Superunit, CPB)

= Quartzose veins

Biotitic-amphibolic schists

Figure 4: Brittle fracturing and intrusion of quartzose veins in the metamorphic rocks (southern Puesto Rechene area, Fig. 2). Note that the veins do not
intrude the biotitic granitoids (Lipetrén Superunit, Central Patagonian Batholith CPB).

morphic rocks (Fig. 3d). The leucosome
layers are composed of K-feldspar and
quartz and alternate with melanosome la-
yers which are mainly composed of am-
phibole and biotite.

The metamorphic rocks are intruded by
discordant quartz veins which do not in-
trude the granitoids of the Central Pata-
gonian Batholith. The vein in figure 4 has
a very clear, sharp contact with the meta-
morphic rocks, and appears locally dis-
placed by post-quartz fractures that do
not affect the granitoid, pointing thus to
a protracted stage of brittle deformation
before the intrusion of the granitoids.
Individual quartz grains in the vein defi-
ne a blocky texture.

The schists are composed of quartz, pla-
gioclase, biotite and microcline, accom-
panied by sillimanite, titanite, apatite and
zircon. They have a spaced cleavage defi-
ned by the parallel alignment of biotite
and quartz (Fig. 5a). The amphibolites are
composed mainly of plagioclase, quartz
and amphibole, and also have opaque mi-
nerals, biotite, titanite, quartz and zitcon.
They have nematoblastic texture (Fig, 5b).
The main foliation S, is defined by the
general alignment of biotite in the bioti-
tic schists or by hornblende and some
minor biotite in the amphibolites. The
mineral assemblage seems to have been
acquited during greenschist to amphibo-
lite facies conditions.

The local development of the S, folia-
tion is hardly seen in thin section becau-
se it is less penetrative, but it is suggested
by the re-alighment and recrystallization
of biotite along the axial planes of the
weak folds (Fig. 5b, ¢). This re-alignment
of biotite is what defines the weak crenu-
lation cleavage seen in the outcrop (Fig.
3c), where deformation partitions into
high- and low-strain domains (Vernon
2004). Quartz grains are also recrystallized
to clongated subgrains which are parallel
to the S, due to the processes of subgrain
rotation and pressure solution that took
place during plastic deformation.

Very small, red-coloured euhedral garnet
porphyroblasts (typically 2-5 mm across)
grew at the expense of the previous me-
tamorphic assemblage without distur-
bing it (Fig. 5e, f, g). Garnet porphyro-
blasts seem to appear only in the schists
bearing higher biotite/hornblende ratios.
They are poikiloblastic, showing inclu-
sions of quartz, plagioclase, biotite and
microcline (Fig. 5d, e).

A final retrograde metamorphic event
was recognized in the schists given by re-
trograded sillimanite into muscovite (Fig.
5¢, d) and by sericite and chlorite repla-
cing biotite and amphibole.

Granitoids: descriptions in this contribu-
tion correspond to rocks which surround
the metamorphic rocks and to some
neighbor sites located no more than 3

km away from the septum (Figs. 1 and 2).
Two different pulses of magmatic rocks
are observed, the oldest one is represen-
ted by biotite-hornblende granodiorites
and subordinate granites belonging to
the Gastre Superunit of the Central Pata-
gonian Batholith (Fig. 2, site BTHB-R).
The rocks are coarse grained, grey grano-
diorites with N'W-SE, subvertical mag-
matic foliation defined by the parallelism
of biotite, plagioclase, amphibole and
elongated mafic microgranular enclaves
(Fig. 6a). The foliation in site BTHB-R
(Fig. 2) becomes more intense close to
the contact with the septums of the me-
tamorphic rocks. These granodiorites ex-
perienced deformation at high-tempera-
ture conditions, as suggested by the pre-
sence of chessboard texture in quartz,
the inversion of orthoclase to microcli-
ne, and the development of myrmekites.
The biotitic granites of the Lipetrén Su-
perunit (Figs. 1 and 2) intrude the biotite
and hornblende granodiorites of the Gas-
tre Superunit. These younger intrusives
lack mafic microgranular enclaves and are
fine- to locally coarse-grained syeno- to
monzogranites. The Lipetrén Superunit
granites have clear intrusive contacts with
the host rocks, and can be neatly traced
in the area (Fig, 2). Several short and na-
rrow (meter- and centimeter- scale, res-
pectively) intra-unit mylonite strips (Fig.
6b, ¢) suggest that some low-temperature,
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Figure 5: Metamorphic
rocks from southern
Puesto Rechene area
(Fig. 2) in thin section;
the slides belong to ho-
rizontal surfaces per-
pendicular to the sub-
vertical foliation planes
a) Biotitic schist with
spaced cleavage. Biotite
crystals are slightly bent
defining crenulation
folds b) Nematoblastic
texture in amphibolite.
¢) and d) Sillimanite re-
trograded to muscovite
e) Schist with biotitic
bands of E-W subverti-
cal orientation (S1
orientation) slightly cre-
nulated defining weak
folds and S2 axial surfa-
ces (NW-SE subvertical
orientation). Garnet
porphyroblasts unevenly
scattered throughout
the rock. f) Poikiloblas-
tic garnet porphyro-
blasts with inclusions of
biotite, quartz and pla-
gioclase from the ma-
trix. ) Detail of biotite,
opaque minerals and
quartz inclusions in gar-
net. h) idem “g”, under
crossed polars Sil: Silli-
manite, Grt: garnet, Pl:
plagioclase, Op: opaque
minerals, Ms: muscovi-
te, Qtz: quartz, Bt: bio-
tite, Hbl: hornblende.



simple shear deformation took place at
the boundaries between adjacent blocks
of the pluton.

The biotitic granites show the evidence
of deformation during the transition from
magmatic to solid-state flow. These fa-
brics were acquired during the emplace-
ment and cooling process of the magma,
and have NW-SE subvertical orientation.
Magmatic flow is evidenced by the para-
llelism of the euhedral and undeformed
plagioclase crystals. The superimposition
of a high-temperature solid-state recrys-
tallization process is recognized by the
inversion of orthoclase to microcline (Fig;
6e), the lobate or irregular margins of
quartz and feldspars due to high-tempera-
ture grain-boundary migration recrystalli-
zation (Vernon 2004; Fig. Ge, ), the chess-
board texture present in quartz, and the
presence of myrmekites (Fig. 6f). Local
shear zones are developed on these grani-
tes, where low-temperature solid-state re-
crystallization is attested by the presence
of small quartz and feldspar subgrains
formed by bulging recrystallization. The
ductile foliation planes are defined by
recrystallized quartz and biotite aggrega-
tes. In these local shear zones a subverti-
cal lineation defined by the alignment of
quartz and biotite crystals was cleatly ob-
served.

Slight fracturing of the feldspars and the
presence of fine-grained phyllosilicates
that define C-type shear bands (Passchier
and Trouw 2005) affect the biotitic grani-
tes in sites LIPR-M2, .IPR-M3 and I.IPR-
M4 (Fig. 2). This low-temperature solid-
state deformation process generates a su-
perimposed NW-SE subvertical foliation
and a subvertical lineation (Fig. 6¢). Fine-
grained dikes intruding the biotitic grani-
toids appear sinistrally displaced in site
LIPR-M4 as a consequence of this final
deformation process (Fig. 6d).

Puesto Jaramillo locality

In Puesto Jaramillo we observed a ~5
metres wide xenolith of banded musco-
vitic schists in the biotite and hornblende
granodiorites of the Gastre Superunit.
The metamorphic compositional folia-

The host rock of the Central Patagonian Batholith...

rmekites

0,2 mm

Figure 6: Granitoids from southern Puesto Rechene area (Fig. 2). a) Biotite and hornblende grano-
diorites from the Gastre Superunit with magmatic foliation of NW-SE subvertical orientation with
solid-state deformation superimposed (site BTHB-R, Fig. 2). b) Biotite granites from the Lipetrén Su-
perunit (site LIPR-M1, Fig. 2). The diaclases are parallel to the general NW-SE subvertical trend of
the dikes. c) Stretching lineation that rakes 70° from the NE on the NW-SE subvertical foliation pla-
ne in site LIPR-M4 (Fig. 2). d) Sinistrally-displaced fine-grained leucocratic dikes intruding the bioti-
tic granites of Lipetrén Superunit in site LIPR-M4. (Fig. 2). e and f) Solid-state deformation in the
biotitic granitoids from Lipetrén Superunit in site LIPR-D1.
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tion of the schists is subvertical and stri-
kes from E-W to NE-SW (Fig, 7a, b). The-
se surfaces are defined by alternating light-
coloured bands composed of quartz, pla-
gioclase and microcline and dark bands
which are composed of coarse-grained
muscovite and opaque minerals (Fig, 7¢).
The mineral assemblage broadly suggests
that the schists reached greenschist to
amphibolite facies conditions.

A NW-SE, subvertical foliation is supe-
rimposed on the compositional foliation
of the schists (Fig. 7a, b). This younger
foliation is parallel to the NW-SE, sub-
vertical magmatic foliation observed in
the host granitoids (Zaffarana ez a/. 2010).
Microstructural observations indicate that
this NW-SE subvertical foliation in the
host has dominantly developed in mag-
matic and high-temperature solid-state
stages (Zaffarana ez a/. 2010). This sug-
gests that the subvertical folds with NW-
SE subvertical axial planes defined in the
former compositional surfaces of the
muscovitic schists (Fig. 7a) are drag folds
resulting from dextral shearing which
was likely coeval with the development of
the high-temperature solid-state parallel
foliation deformation in the host grani-
toid. Prolonged strain during cooling of
plutons must have led to the develop-
ment of the ~20 cm thick, dextral mylo-
nite strips produced from a granite pro-
tolith reported by von Gosen and Loske
(2004) for this locality.

ANISOTROPY OF THE
MAGNETIC SUSCEPTIBILITY

Anisotropy of the magnetic susceptibility
(AMS) measurements have been perfor-
med in order to further explore the inter-
nal structure of the studied rocks. AMS
is a widely accepted technique and a
number of studies have investigated the
relationship between AMS and strain
ellipsoids (e.g. Borradaile and Mothershill
1984, Rochette et al. 1992, Hrouda 1993,
Borradaile and Henry 1997). AMS is to-
day a standard technique for petrofabric
studies in granitoids (e.g. Archanjo e al.
1995, Borradaile and Jackson 2010 and

references therein), having outstanding
relevance in determination of magmatic
lineations, which are usually hard to me-
asure in the field as well as in the labora-
tory using the microscope.

The basic information is the bulk magne-
tic susceptibility (K) of the sample,
which is a scalar parameter with compo-
sitional significance. The spatial variation
of K, determines the AMS ellipsoid
which is represented by its three principal
axes (K12K22K3). These define a mag-
netic lineation (K1) and a magnetic folia-
tion (plane containing K1 and K2, with
K3 being the pole to foliation). Other
scalar information used in this paper
comprises the Jelinek’s mean anisotropy
degree (P)) and the shape parameter (T).
P; varies from 1 for isotropic material to
higher values representing increasing ani-
sotropy (i.e. 1.35 = 35% anisotropy). T
varies from 1 for perfectly oblate ellip-
soid (K1=K2) to -1 for petfectly prolate
ellipsoid (K2=K3). The common rela-
tionship between the AMS ellipsoid and
petrofabric shows the magnetic lineation
parallel to the structural lineation (stret-
ching or flow) and the magnetic foliation
parallel to the structural foliation (flatte-
ning or flow).

This study reports AMS results from 7 si-
tes (Table 1, Appendix), each of them
comprising several samples from a cer-
tain outcrop of a certain lithology. Two
sites belong to Puesto Jaramillo (site
MET-] is further divided in the subsites
MET-J1 and MET-]2, see Table 1 in the
Appendix) and five belong to south of
Puesto Rechene area. Whenever possible,
foliation plane attitudes were determined
in the field in order to compare with the
magnetic fabric. AMS measurements on
74 cylindrical specimens were performed
by using a MFK1-B Kappabridge suscep-
tibilimeter. AMS susceptibility ellipsoids
(with principal axes K1>K2>K3) were
calculated from a minimum of five speci-
mens per site using matrix averaging rou-
tines (Jelinek 1978) with the programs
ANISOFT 4.2 (Chadima and Jelinek 2009;

Www.agico.com).

South of Puesto Rechene area

Site MET-R out of five sites from south
of Puesto Rechene area belongs to the
metamorphic rocks in the sector of fol-
ded rocks bearing the two foliations S;
and S, (as in Fig. 3, see the previous sec-
tion). The remaining four sites belong to
the biotitic granites of the Lipetrén Su-
perunit, two of them around the meta-
morphic outcrops (sites LIPR-D1 and
LIPR-M1). Site LIPR-D1 represents a
ductile shear zone after granite, whereas
site LIPR-M1 belongs to granites with
magmatic fabric. The other two AMS si-
tes (LIPR-M3 and LIPR-M4) belong to
biotitic granites of the Lipetrén Superu-
nit bearing magmatic fabric located ne-
arby (Fig, 2).

The sampled metamorphic rocks have va-
riable bulk magnetic susceptibility (K,,)
defining two modes around two different
mean values of 0.78 x 10" ST and 9 x 10"
SI (Fig. 8a). Mean bulk susceptibility from
the ductilely deformed biotitic granites of
the Lipetrén Superunit is 8.17 x 10 SI.
In the Km versus Jelinek’s mean aniso-
tropy degree (P)) diagram (Fig 8a), the
metamorphic rock samples with higher
K., show a higher P}, suggesting that the
magnetite content may be influencing the
parameter of fabric intensity “P;” (Ar-
chanjo et al. 1995, Gregoire et al. 1995,
1998). A weak direct relationship of P
with K, is present in the granites with
magmatic fabric (sites LIPR-M1, LIPR-
M2 and LIPR-M3), pointing to the
amount of magnetite governing the PJ va-
lues. In contrast, the rather uniform and
high degree of magnetic anisotropy ob-
served in the granites with ductile defor-
mation (35%, from Pj=1.35) suggests that
there is a tectonic overprint on the origi-
nal magnetic fabric associated to magma-
tic flow.

The shape parameter (T) from all the si-
tes is greater than zero, reflecting that at
site level there is a good development of
the magnetic foliation, in agreement with
the dominance of planar fabrics obser-
ved in outcrops (Fig. 8b). The individual
samples from the sites have positive T
parameters, with the exception of some
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Figure 7: Banded muscovitic schists from Puesto Jaramillo (Fig. 1) a) Plan view of a dextral drag fold with subvertical NW-SE axial planes. b) Plan
view of the muscovitic schists having S1 foliation planes with E-W subvertical orientation and superimposed S2 foliation planes of NW-SE subver-
tical orientation. ¢) Thin section of the muscovitic schists showing a banded structure with lepidoblastic muscovitic domains and microlithons with
quartz, plagioclase and microcline. d) and e) Deformation microstructures in the schists: quartz and microcline porphyroclasts with undulose to
fragmentose extinction surrounded by aggregates of dynamically recrystallized quartz and foliated aggregates of neocrystallized micas.

samples from the biotitic granites with
magmatic fabric (sites LIPR-M1, LIPR-
M2 and LIPR-M3), whose T parameter is
negative or close to zero (Fig. 8b). As is
discussed in the following paragraphs,
the visual inspection of the obtained ani-
sotropy stereograms reveals that their
shape is triaxial in all the sites, so a direc-
tion of magnetic lineation can be obtai-
ned from them as well.

The tensorial data from the metamorphic
rocks tend to reflect two slightly different
magnetic fabrics, one of them for the
low-susceptibility samples and the other
one for the limited number (n=3) of
high-susceptibility samples (Fig. 8c). The
low-susceptibility samples (Km < 1 x 10°

SI) belong to the outcrop shown in Fig.
3¢ and define a triaxial ellipsoid with a
WNW-ESE, subvertical magnetic folia-
tion and a moderately NW-plunging
magnetic lineation (Fig. 8c). This folia-
tion is close (< 20° apart) to the compo-
sitional foliation shown by the S; in that
outcrop. The S, remains unnoticed by
AMS data. On the other hand, the three
high-susceptibility samples (Km ~ 10 x
10° SI) belong to rocks showing the NW-
SE-trending S; that characterizes the sep-
tum, and the samples define a NW-SE
subvertical magnetic foliation which is
concordant with the magnetic foliation
shown in the granitoids bearing both
magmatic and tectonic fabric. Some we-

ak contribution of this high- susceptibi-
lity ellipsoid could be responsible for the
very small clockwise rotation with res-
pect to field data that shows the magne-
tic anisotropy ellipsoid of the set of low-
susceptibility samples. The magnetic line-
ation from the high-susceptibility sam-
ples is not well defined, probably because
of the small number (n=3) of samples.

The ductilely deformed biotitic granites
of Lipetrén Superunit yielded a NNW-
SSE, subvertical magnetic foliation with
steeply NW-dipping magnetic lineation,
which is compatible with the observa-
tions made in the field. The magnetic fo-
liation is also parallel to the metamorphic
S, and S, foliations described in the me-
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Figure 8: Anisotropy of the magnetic susceptibility from all the sites taken in south of Puesto Rechene area (scalar and vectorial data, anisotropy of
the magnetic susceptibility stereograms are lower hemisphere equal area projections). a) Medium susceptibility versus Jelinek’s mean anisotropy degree
diagram (Km vs. P)). b) Jelinek’s corrected anisotropy degree (P)) versus shape factor (T) parameter diagram. c) Stereograms of the metamorphic rocks
(site MET-R) showing the presence of two fabrics: the samples with lower K define a triaxial ellipsoid with a WNW-ESE, subvertical magnetic folia-
tion and a moderately NW-plunging magnetic lineation, whereas the higher K samples record a NW-SE, subvertical magnetic foliation and have a less
defined magnetic lineation. d) Stereogram of the biotitic granites of the Lipetrén Superunit with magmatic to ductile solid-state deformation fabrics in
site LIPR-D1 (Fig. 5¢). e) Sterecogram of the biotitic granites of Lipetrén Superunit in site LIPR-M1; f) Stereogram of the biotitic granites of Lipetrén
Superunit in site LIPR-M2. g) Stereogram of the biotitic granites of Lipetrén Superunit in site LIPR-M3. The granites shown in e, f and g have brittle

joints superimposed on the magmatic fabric; their orientation was measured in the field and is included on the stereograms.



tamorphic septum.

NW-SE subvertical magnetic foliation
planes developed during the magmatic
stage were found in the three sites belon-
ging to the biotitic granites of the Lipe-
trén Superunit (Fig. 8e, f and g). Magne-
tic lineations are more variable, ranging
from subhorizontal in site LIPR-M1 (Fig;
8e), moderately SE-plunging in site
LIPR-M2 (Fig. 8f), and subvertical in site
LIPR-M3 (Fig, 8g).

Puesto Jaramillo area

The metamorphic rocks from this loca-
lity have a low K, (1.9 x 10* SI), sugges-
ting that paramagnetic minerals would
strongly influence the magnetic aniso-
tropy of the rock. The lack of correla-
tion between bulk magnetic susceptibility
and the intensity of the magnetic fabric
(Py vs. Km diagram, Fig. 9a) suggests that
P; may reflect fabric strength. The grani-
toids of this locality have a much higher
K., (21 x 10 SI) dominated by multido-
main magnetite (Zaffarana ¢ a/ 2010).
The positive correlation observed in the
P vs. K, diagram (Fig. 9b) strongly sug-
gests that in these samples Pj depends on
the amount of magnetite.

The magnetic fabric of the hosting bioti-
te and hornblende granodiorites from the
Gastre Superunit (BTHB-] site) is cha-
racterized by NW-SE, subvertical folia-
tion and horizontal lineation (Fig. 9e).
Samples from the embedded xenolith
(MET-] site) define two magnetic ellip-
soids, both showing the same magnetic
foliation than the observed in the grani-
toids (compare the pole to the magnetic
foliation -K3- position in Fig, 9d vs. ¢),
implying that the magnetic signal of the
compositional foliation of the xenolith
was mostly overprinted by a new magne-
tic foliation acquired when the magmatic
fabric of the host granitoid froze. In
contrast, two records of the magnetic li-
neation are observed here. A group of
samples (subsite MET-]J1, Fig, 9f) shows
a subvertical lineation that we interpret as
defined by the interception of the obser-
ved magnetic foliation and a weak relic of
the compositional metamorphic folia-

The host rock of the Central Patagonian Batholith...

tion of the xenolith. On the other hand,
four samples (subsite MET-]2, Fig, 9g)
show a subhorizontal magnetic lineation
that would be coeval with the observed
magnetic lineation in the host granitoid

(Fig. 9e).

GARNET
CHARACTERIZATION
AND ZONATION PATTERN

A rather peculiar characteristic of the
outcrops that we describe is the presence
of garnet porphyroblasts in the Cusha-
men Formation. We have performed
cight profiles of chemical analyzes from
core to rim along several of these crystals
in order to have a better insight about
their origin. It is widely acknowledged
that garnets show a cryptic zonation due
to the variation in contents of MnO,
FeO, CaO and MgO as a consequence of
the crystal growth process (Hollister
1966, Edmunds and Atherton 1971, Lo-
pez Ruiz and Garcfa Cacho 1974, Tucci-
llo ez al. 1990). For example, igneous and
metamorphic garnets show a decrease in
the content of MnO and CaO and an in-
crease in FeO and MgO towards the ed-
ge of the crystal (Atherton and Edmunds
1966, Edmunds and Atherton 1971). The
resulting bell-shaped zonation curves are
due to continuous growth during one
metamorphic event. In contrast, garnets
that have undergone retrogressive meta-
morphism show an inverse zonation;
where MnO concentration is relatively
higher at the margins than in the center
of the crystals (Grant and Weiben 1971,
Amit 1976). Zonation curves correspon-
ding to garnets originated by contact me-
tamorphism show complex symmetrical
or non-symmetrical forms which are due
to the non-continuous nature of growth
resulting from polyphase metamorphism,
and MnO and FeO tend to increase toge-
ther as a result of thermal growth (Ed-
munds and Atherton 1971).

Two samples of the metasedimentary
rocks of the south of Puesto Rechene area
(Fig. 1, Fig. 2) were selected for the gar-
net zonation studies. Chemical analyses

were performed in the Centro de Micros-
copias Avanzadas (CMA), Facultad de
Ciencias Exactas y Naturales, Universi-
dad de Buenos Aires (FCEN-UBA),
using an Energy Dispersive X-Ray Mi-
croanalysis Hardware (EDS), Inca Energy,
Oxford Instruments, coupled to a SEM
Zeiss Supra 40 scanning electron micros-
cope equipped with a field emission gun.
The images were taken with in-lens de-
tector and 5 kV acceleration voltage. The
applied standards were CaCOj for C, SiO,
for O and Si, Al,O5 for Al, wollastonite
for Ca, MgF2 for F and MgO for Mg.
Another profile was catried out in CITE-
FA (Laboratorio de Investigaciones Téc-
nicas de las Fuerzas Armadas), using an
Energy Dispersive X-Ray Microanalysis
Hardware (EDS), coupled to a Phillips
9100 scanning electron microscope. The
images were taken with in-lens detector
and 20 kV acceleration voltage, conven-
tional correction ZAF and TKOFE, 25.0°.
A 2 micron electron beam and a counting
time of 10 seconds were used. The maxi-
mum EDS average error is about 2.6%
wt. Metallic elements were used as blank
samples. The values obtained from the
two microprobes are very similar. The
measurements were carried out on diffe-
rent points of the core and the rim of
each crystal, and eight zonation profiles
wete obtained.

Eight profiles were constructed, four of
them belong to sample BAS1 (Fig. 10,
Table 2 in the Appendix) and the other
four belong to sample BAS2 (Fig. 11, Ta-
ble 3 in the Appendix). The average com-
position of the cores is Gro;,AlmySp,y
Pyr,s, and the average composition of
the rims is GrosAlmg, Sp,(Pyr; 5. Although
the composition of the garnets is highly
variable, the almandine component is the
most important, and almandine is the
most common species of garnet in meta-
sedimentary rocks (Deer ez al. 1997). The
garnets of Puesto Rechene area have
many fluid inclusions with negative
crystal morphology. These cavities also
host solid inclusions of octaedric opaque
minerals, probably magnetite.

Profiles 1 and 2 from sample BAS 1 we-
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Figure 9: Anisotropy of the magnetic susceptibility of Puesto Jaramillo locality (scalar and vectorial data, anisotropy of the magnetic susceptibility

stereograms are lower hemisphere equal area projections). a) Medium susceptibility versus Jelinek’s mean anisotropy degree diagram (K, vs. P)) for the
metamorphic rocks of site MET-J. b) K, vs. P; diagram for the biotite and hornblende granitoids, site BTHB-]. ¢) Jelinek’s corrected anisotropy degree
(P)) versus shape factor (T) parameter diagram. d) Stereograms of the metamorphic rocks, site MET-J. e) Stereogram of the intruding biotite and horn-
blende granitods (site BTHB-J, Gastre Superunit). f) Stereogram of the MET-]1 subsite. g) Stereogram of MET-J2 subsite.

re made on euhedral and unfractured
garnet crystals (Fig. 10a, ¢), whereas gar-
nets from profiles 3 and 4 are euhedral
but appear more fractured (Fig. 10e, g).
CaO and MgO have a uniform behavior
in all the analyzed sections. Profile 1
shows that FeO increases sharply to the
rims, whereas MnO is higher in the cen-

ter than in the rims, although MnO incre-
ases slightly next to the rim (Fig. 10b). In
profile 2 FeO and MnO tend to vary to-
gether defining a very asymmetric pat-
tern, which has a core with peaks and
troughs, and where FeO and MnO tend
to increase toward the rims (Fig. 10d). In
profile 3 (Fig. 10f) FeO and MnO vary

together, cleatly increasing to the bor-
ders. FeO and MnO are not affected by
the vicinity of the fracture, suggesting
that no diffusion loss has taken place
through it. Profile 4 (Fig. 10h) is similar
to profile 3, also depicting an increase of
FeO and MnO towatds the crystal rims.
In this case, though, FeO and MnO do
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not vary together as cleatly as in profiles
2 and 3.

Profiles 1 and 2 from sample BAS 2 we-
re made on slightly fractured crystals
(Fig. 11a, ¢), and profiles 3 and 4 belong
to small, sharp-edged and unfractured
crystals (Fig. 11e, g). As in sample BAST,
CaO and MgO show a uniform behavior

and FeO and MnO vary together. In pro-
file 1 (Fig. 11b) FeO and MnO increase
towards one of the rims. FeO and MnO
show an irregular distribution in profile 2
(Fig. 11d) and in profile 4 (Fig. 11h). One
of the points of profile 3, located next to
a fracture (point 2, Fig. 11f), has a very
high FeO and MnO content, suggesting

(biotitic/amphibolic schist).

that some diffusion may have taken place
through it.

DISCUSSION

Origin of the garnet porphyroblasts
The general zonation pattern of the analy-
zed garnets is highly asymmetrical, with a
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tendency of FeO and MnO to increase
together to the rims. With the exception
of the center of the garnet analyzed in
profile 1 from sample BAS1 (Fig. 10b),
the typical bell-shaped zonation pattern
produced by regional metamorphism,
where MnO and FeO vary in a comple-
mentary manner, has not been found he-
re. The increase of MnO and FeO toge-
ther may be due to an unusually low CaO
concentration available in the protolith.
The analyzed garnets from the schist of
southern Puesto Rechene area ate of small
size, and grew without disturbing the
previous schistosity, enclosing many
quartz, plagioclase, opaque minerals and
biotite crystals from the foliated matrix
(Fig. 5e-h). All these observations sug-
gest that garnet developed under a fast
growth rate, which is typical of contact
metamorphism. Besides, garnet porphy-
roblasts do not appear in all the schists,
but only in the biotitic ones, and neither
do they appear in the schists from Pues-
to Jaramillo area located nearby. This fact
also suggests that garnet formed as a re-
sult of a local process (as the heat input
from the intrusions) and not as a result
of a regional process.

Some authors have discovered that FeO
and MnO increase towards the rims of
garnets which have undergone retrogra-
de metamorphism (Grant and Weiblen
1971, Amit 19706), and thus this pattern is
not seen exclusively in the rims of gar-
nets formed by thermal metamorphism.
Garnets formed by regional followed by
retrograde metamorphism are usually
cracked, resorbed and have many embay-
ments which are filled with chlorite or
muscovite (Amit 1976, Wheeler ¢t al.
2004). Another characteristic of garnets
affected by retrogression is that MnO is
rich near the cracks in the crystal and de-
pleted as the distance from the cracks in-
creases (Amit 1976). The garnets from
southern Puesto Rechene area show cu-
hedral shapes, and no resorption has be-
en observed. Even though the schists ha-
ve endured some retrogression given by
the replacement of sillimanite by musco-
vite and by the presence of chlorite, the-

se minerals are not found in the vicinity
of the analyzed garnets. Except by one
example (Fig. 11e, f), no increase of FeO
and MnO towatrds the crystal’s cracks
was observed. We favor the hypothesis
that the highly asymmetrical FeO and
MnO zonation with a slight increase to
the rims which characterizes these gar-
nets is due to their origin through fast
crystallization during thermal metamor-
phism. Local diffusion along some of the
cracks could have taken place as a result
of superimposed retrograde metamor-
phism.

The high Si and Fe content of the gar-
nets (Tables 2 and 3, Appendix) could al-
so be explained by the occurrence of
strong metasomatism involving the addi-
tion of iron and silica (Deer ez al. 1997).
The high silica could have been provided
by the granitoids.

As a summary, garnet porphyroblasts
overprint the structures in the wall-rock
and their asymmetrical FeO and MnO
distribution together with their increase
towards the crystal rims are typical of
contact metamorphism. Thus, they have
likely been originated by static processes
triggered by the thermal input provided
by the intrusion.

Analysis of the deformation in the
basement rocks

Textural evidence and hornblende geo-
barometry indicate that the plutons of
the Central Patagonian Batholith were
emplaced in shallow crustal levels (Rape-
la et al. 1991, 1992). The internal structu-
re of these plutons is largely dominated
by magmatic strain. Low-temperature de-
formation is represented by sparse, short
and thin mylonite strips with non uni-
form kinematics (von Gosen and Loske
2004, Zatfarana e al. 2010).

The biotitic-amphibolic schists and am-
phibolites of southern Puesto Rechene
area (site Met-R, Fig. 1) show a composi-
tional, NW-SE trending and subvertical
S, foliation which is locally bent forming
cm- to dm-sized folds. Locally, the folded
areas show a very weak crenulation that
alternatively could be wavy surfaces sepa-

rating microlithons. Small patches of
migmatite were locally observed. The §,
in these biotitic-amphibolic schists and
amphibolites was possibly developed at
mid- to mid-lower crustal levels at am-
phibolite facies metamorphism. These
rather deep metamorphic rocks were la-
ter uplifted up to brittle conditions, whe-
re they were fractured and intruded by si-
lica-rich liquids forming the above des-
cribed veins (Fig. 4), which were further
displaced by later fracturing, The latter
epizone environmental conditions for the
basement probably continued until the
intrusion of the high-level granitoids of
the Central Patagonian Batholith. The
origin of limited anatexis that led to local
migmatization is more obscure. It pro-
bably occurred at deeper levels, preceding
the uplift and intrusion of the quartz
veins.

The shallow nature of the plutons, parti-
cularly the ambient pressure of ~1 kbar
during the intrusion of the subvolcanic
Lipetrén Superunit (Rapela e7 al 1991,
1992), suggests a high-strength rheology
for the basement during the intrusive sta-
ge. This makes it difficult to interpret the
development of the crenulations of the
compositional foliation in association with
the intrusive stage. In fact, this localized,
very small-scale folding in the basement
could have been produced during pro-
gressive deformation in an overall am-
phibolite-facies environment.

Magmatic fabric in the biotite and horn-
blende granodiorites from Puesto Jara-
millo persistently shows NW-SE subver-
tical foliation which is in turn parallel to
the magnetic foliation detected in these
rocks (Zaffarana ez al. 2010), strongly sug-
gesting that the associated, subhorizontal
magnetic lineation (Zaffarana ez a/. 2010)
is coincident with the elongation of the
magmatic strain ellipsoid. The xenolith
of Cushamen Formation at Puesto Jara-
millo shows a distinct, E-W compositio-
nal foliation (Fig. 7a, b) and a superimpo-
sed NW-SE foliation (Fig. 7b) that 1) is
parallel to the foliation in the hosting gra-
nodiorites and ii) locally displaces the
compositional foliation in the xenolith
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sample BAS 2 (biotitic/
amphibolic schist).

forming dextral drag folds (Fig. 7a). The
latter solid-state deformation could have
developed in high- and/or in low-tempe-
rature conditions. If this deformation was
coeval with the high-temperature solid-
state deformation in the granodiorite
host described above in Section 3.1, it oc-

curred mostly under high-temperature
conditions, but if it was coeval with the
development of dextral mylonite strips
found by von Gosen and Loske (2004) in
this locality and with the solid-state trans-
position of the magnetic fabric in mafic
dikes reported by Zaffarana ez a/. (2010)

also in this locality, then it occurred in
low-temperature conditions. Likewise,
the two magnetic lineations observed in
the xenolith record deformation that
postdates the magmatic state of the gra-
nodiorite host. The subvertical magnetic
lineation is likely reflecting the intersec-
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tion of the two xenolith foliations obser-
ved in the field (NW-SE and E-W, Fig.
7a, see above). The subhorizontal mag-
netic lineation likely corresponds to that
observed by AMS in the granitoids.
Thus, AMS in this locality allows us to at-
tribute the post-intrusion (i.e. Late Trias-
sic until perhaps earliest Jurassic) solid-
state deformation observed in the xeno-
lith, dikes and mylonite strips to the con-
solidation and cooling history of the gra-
nodiorites.

CONSIDERATIONS ABOUT
THE “SO-CALLED” GASTRE
FAULT SYSTEM

Newly found outcrops of the host rock of
the Central Patagonian Batholith (CPB) in
Gastre form an association of micas-
hcists, amphibolites and metaquartzites
with local migmatization that resembles
the general appearance of the Cushamen
Formation reported in other localities (e.g.
Dalla Salda e a/. 1994). This allows the
assertion that the plutons that compose
the Central Patagonian Batholith intru-
ded a pre-Triassic geology formed by at
least three units: the Cushamen, the Cal-

APENDIX

catapul and the Mamil Choique forma-
tions. The observed outcrops of the Cus-
hamen Formation at Gastre correspond
to biotitic-amphibolic schists and to am-
phibolites that suggest greenschist to am-
phibolite facies metamorphism. Garnet is
observed as a late product of contact
metamorphism.

The internal structure of the plutonic
rocks that enclose the Cushamen Forma-
tion outcrops is largely the product of
magmatic flow with NW-SE subvertical
foliation and wvariable lineation. Low-
temperature, solid-state deformation in
the Gastre region (Fig. 1) is represented
by only very small strips with no regional
kinematics significance (Zaffarana 2011).
For instance, the sinistral and almost dip-
slip, low-temperature deformation in the
granitoids from the south of Puesto Re-
chene area (Fig, 6¢c, d) contrast with the
dominant dextral strike-slip deformation
that is dominant in Puesto Jaramillo (Fig.
7a, see also von Gosen and Loske 2004),
as well as with the top-to-the-east rever-
sed mylonites found near the village of
Gastre (von Gosen and Loske 2004), and
with the dip-slip and sinistral shearing
observed at Estancia Yancamil (von Go-

TABLE 1: Anisotropy of the magnetic susceptibility (AMS) results.

Lithology

N Km SiDev F

(E™ Sl (E™ SI)
Puesto Jaramillo

sen and Loske 2004, Zaffarana ez a/. 2010).
Altogether, the integrated structural data
point to a picture of heterogeneous de-
formation in the Gastre region, which is
possibly related to local accommodations
related to the successive emplacement of
multiple magma batches that in amalga-
mation composed the Central Patago-
nian Batholith (e.g. Coleman ez al. 2004).
This heterogeneous deformation strongly
diminishes the rather homogeneous de-
formation required by the hypothesis of
a Gastre Fault System as a large, trans-
continental dextral shear zone passing
across the studied area (e.g. Marshall ez @,
1994, Martin et al. 2007 and references
therein).

AKNOWLEDGEMENTS

This work was partially supported by PIP
02828 and UBACyT X200. C.B.Z. ackno-
wledges Dra. Ménica Lépez de Luchi for
her early guidance in petrographic analy-
zes. An early version of the manuscript
was improved by comments from two
anonymous reviewers.

BTHBL-J Bt-Hbl Gr (Gastre Superunit) ~ Magmatic + Subsolidus 13 21 11.4  1.09 1.057 1.153 -0.215 1076 0,938 326,7 12 230,1 28,5
MET-J Metamorphic rocks (all samples) Metamorphic S1+S2 11 0.192 0.103 1.007 1.037 1.048 0.656 1.017 0.974 345 59.9 225.8 15.7
MET-J1 subsite Metamorphic rocks (6/11 samples) Metamorphic S1+S2 6 0.166 0.135 1.02 1.032 1.053 0.228 1.023 0.973 5.7 60.3 229.1 22.5

MET-J2 subsite Metamorphic rocks (5/11 samples)

Solid state S2

5 0.224 0.0377 1.007 1.04

1.05 0.709 1.017 0.972 3123 2.1 2221 47

South of Puesto Rechene area

MET-R Metamorphic rocks Metamorphic S1+S2 10 3,53 4.66 1.016 1.174 1.215 0.818 1.063 0.891 187 72.6 40.6 14.6
LIPR-D1 Bt Gr (Lipetrén Superunit) Magmatic + Subsolidus 11 817 2.76 1.063 1.258 1.358 0.582 1.116 0.835 314.2 66.3 67.1 9.7
LIPR-M1 Bt Gr (Lipetrén Superunit) Magmatic 10 1.96 228 1.024 1.093 1.126 0.586 1.045 0.934 327 20.3 64.5 19.2
LIPR-M2 Bt Gr (Lipetrén Superunit) Magmatic 10 202 149 1.032 1.098 1139 05 1.052 0.928 157.8 41.4 56.8 12.2
LIPR-M3 Bt Gr (Lipetrén Superunit) Magmatic 9 0287 0.246 1.021 1.035 1.057 0.244 1.057 0.97 132.582.9 2283 0.7

Km (St.Dev) is mean magnetic susceptibility (standard deviation), L is mean lineation, F is mean foliation, P' is corrected anisotropy degree (Jeli-
nek 1981), T is shape parameter (Jelinek 1981) where 0 < T < 1 indicates oblateness and 1 < T < 0 indicates prolateness, Dec and Inc are declina-
tion and inclination of downward direction. Bt-Hbl Gr: biotite - hornblende granodiorites, Bt Gr: biotitic granites.
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TABLE 2: Garnet analyses of sample BAS 1 (biotitic/amphibolic schist).

Sample BAS1 - Profile 1 Sample J13 - Profile 2

Oxides wt%) 1 4 5 6 4 9 6

Si0, 36.99 50.31 5049 40.71 46.85 52.30 53.33 31.04 4294 5031 43.83 48.08 51.84 4129 5337 4854 4433

ALO 5 2553 29.32 3048 2243 26.88 28.70 25.41 1287 25.03 27.16 2473 3123 2969 2195 3099 2733 25.02

Fe0 2578 1056 7.92 931 1015 8.38 10.63 36.18 20.63 1271 18.35 9.69  8.51 2152 634 1403 19.48

Mn0 805 492 7.08 1749 1226 6.26 566 13.71 7.47 523 829 687 552 1075 407 631  7.47

Mg0 227 343 191 7.06 159 259 299 206 236 323 301 235 296 181 343 252 250

Ca0 1.38 146 213 300 227 176 198 4.13 157 136 179 179 148 267 179 127 120

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
583 701 7.02 621 682 724 785 555 6.48 710 657 710 7.15 643 722 695 663

AI 474 482 500 403 461 468 441 271 446 452 437 543 483 403 494 461 44

Mn 107 058 083 226 151 073 1071 208 096 063 1.05 086 065 142 047 076  0.95

Mg 053 071 040 160 034 053 0.66 055 0.53 068 067 052 061 042 069 054 056

Ca 023 022 032 049 035 026 031 079 025 021 029 028 022 0.45 026 019 0.9
340 123 092 119 124 097 1.31 541 2.61 150 230 1.20  0.98 2.80 168  2.44
10.19  26.01 16.04 28.96 10.01 21.39 22.00 6.23 12.24 22,58 1559 18.11 24.81 8.27 3241 1691 13.48

Alm 64.86 44.85 37.33 21.42 3586 38.80 43.88 61.28 59.94 49.82 53.35 41.90 39.98 5510 3358 5289 5897

Gro 444 796 1284 886 1027 1044 1048 897 583 6.85 6.67 991 893 875 1216 6.13 466

Sp 20.51 21.18 3378 40.77 43.86 29.36 23.63 23.52 21.98 20.75 24.39 30.08 2629  27.87 21.84 2407 2289

Sample Sample BAST - Profile 3 Sample BAS1 - Profile 4

Oxides wit%) 3 4 5 6 c d

Si0, 4379 4671 4621 48.85 47.63 43.77 40.36 43.04 52.25 43.27 49.54 50.36 47.82 46.67

AlL0 5 2417 2632 3587 2779 2522 24.07 2042 2295 43.94 44.54 34.99 42.27 38.42 34.03

Fe0 20.48 1539 929 11.72 1529 18.95 24.52 21.47 2.58 4.91 6.65 0.35 7.58 11.33

MnQ 859 655 448 701 744 861 10.36 863 1.23 2.01 3.82 0.35 0.71 4.00

Mg0 182 321 302 270 264 284 218 236 0.00 5.27 5.00 6.68 5.47 3.97

Ca0 115 181 113 194 178 177 216 1.5 0.00 0.00 0.00 0.00 0.00 0.00

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100
6.62 679 641 695 694 659 6.39 658 6.76 5.80 6.71 6.50 6.42 6.50

AI 431 451 586 466 433 427 381 413 6.70 7.04 5.59 6.43 6.08 5.59

Mn 110 081 053 084 092 110 139 1.12 0.13 0.23 0.44 0.04 0.08 0.47

Mg 041 070 062 057 057 064 051 054 0.00 1.05 1.01 1.29 1.10 0.82

Ca 019 028 017 030 028 029 037 025 0.00 0.00 0.00 0.00 0.00 0.00
259 187 108 139 186 239 325 274 0.28 0.55 0.75 0.04 0.85 1.32
9.56  19.04 26.07 18.46 1577 1445 933 11.54 0.00 57.49 45.86 94.47 54.02 31.53

Alm 60.42 5117 4495 4485 5129 54.16 58.86 59.01 67.50 30.02 34.21 2.74 42.00 50.45

Gro 435 773 701 953 767 6.48 663 544 0.00 0.00 0.00 0.00 0.00 0.00

Sp 25.67 22.07 21.97 27.16 2527 24.92 2518 24.01 32.50 12.48 19.92 2.79 3.98 18.02

All Fe was assumed to be Fe*”. Formulae were calculated on the basis of 24 oxygens. Gr= grossular, Py= pyrope, Alm= almandine, Sp= spessartine.
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TABLE 3: Garnet analyses of sample BAS 2 (biotitic/amphibolic schist).
Sample BAS 2 - Profile 1

Sample BAS 2 - Profile 2

Oxides wt%) 1 3 4 5
Si0, 5010  50.62 4150 4522 4713 4885 4496 4663 4535 50.51 5126 5567 5280 47.69
Ti0, 0.00 0.00 1.29 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.0
ALLQ - 28.39 2996 2256  26.00  26.52 2715 26.08 2767  25.60 2855  28.89  30.62 3273 28.04
Fe0 12.26 1055 2042  18.88 1.09 1499 1828 1348  17.76 11.44 9.27 477 6.69  16.00
MnO 3.92 394 576 6.11 5.56 469  6.44 7.62 6.92 4.91 5.38 2.81 205 450
Mg0 3.59 3.82 433 2.74 2.76 335 3.8 2.38 3.09 3.38 3.51 4.59 480 290
K,0 1.74 111 0.88 1.06 16.95 0.98 1.17 2.22 1.27 1.21 1.69 1.54 0.94 087
Ca0 0.00 0.00 3.27 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100
702 7.01 637 6.67 6.84 6.97  6.64 6.75 6.69 7.07 7.11 7.41 708  6.84
AI 4.69 489 4.8 4.52 4,54 456 454 4.72 4.45 4.7 473 4.80 517 474
Ti 0.00 0.00 0.5 0.76 0.68 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Mn 0.47 0.46 075 0.60 0.60 057 0.80 0.93 0.87 0.58 0.63 0.32 023 055
Mg 0.75 079 0.99 0.17 2.06 0.71 0.68 0.51 0.68 0.71 0.73 0.91 096  0.62
Ca 0.26 0.16  0.14 2.33 0.17 015  0.18 0.34 0.20 0.18 0.25 0.22 013  0.13
Fe* 1.44 122 262 0.00 0.00 179 2.26 1.63 2.19 1.34 1.08 0.53 075 192
K 0.00 0.00 0.64 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00  0.00
2574 2992 2199 538 72.87 2213 1729 1501 17.29 2513 27.01  46.04 4623 19.27
AIm 4933  46.34 5819  0.00 0.00 5561 5751 4765  55.65 4769 4006 2684 3611 59.61
Gro 8.94 622 320 7519  6.02 464 470  10.07 5.09 6.44 9.38 1.1 6.47  4.16
Sp 1599 1752 16.62 1942  21.12 1762 2051 2727 2197 2074 2355 1601 1119 16.96
Sample BAS 2 - Profile 3 Sample BAS 2 - Profile 4
Oxides wt%) 3 5 6 2 3 4
Sio, 4034 1.76 4474 44.31 43.76 43.64 4588  35.11 45.48  53.33 38.61 53.90 43.66
Tio, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe0 2316 74.62 18.71 21.38 21.73 12.30 16.66 1711 2081 763 2493 601 2260
ALO , 2249  1.39 26.18 23.85 23.85 23.85 2629  17.02 23.00  24.24 2124 31.60 21.78
Mn0 11.67  21.65 5.77 6.60 6.67 3.86 5.30 2.75 6.47 2.39 4.41 2.57 8.41
Mg0 1.38 0.00 2.70 2.66 2.70 10.26 3.01 6.26 2.92 1.02 4.84 4.33 2.12
ca0 0.96 0.58 1.90 1.20 1.30 6.09 2.30 1.40 1.30 3.45 0.94 1.60 1.43
Na,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.94 0.00 0.00 0.00
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.56 1.34 0.00 0.00 3.98 0.00 0.00
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
634 0.48 6.61 6.67 6.61 6.78 6.72 6.55 6.81 7.49 6.11 7.23 6.69
AI 416 0.45 4.56 4.23 4.25 4.37 4.54 3.74 4.06 4.01 3.96 4.99 3.94
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00
Mn 1.55 5.04 0.72 0.84 0.85 0.51 0.66 0.43 0.82 0.28 0.59 0.29 1.09
Mg 0.32 0.00 060 0.60 0.61 2.38 066 1.74 0.65 0.21 1.14 0.86 0.48
Ca 0.16 0.17 0.30 0.19 0.21 1.01 0.36 0.28 0.21 0.52 0.16 0.23 0.24
Fe* 3.04 1715 2.31 2.69 2.74 1.60 2.04 2.67 2.61 0.90 3.30 0.67 2.90
K 0.00 0.00 0.00 0.00 0.00 0.00 011 032 000 000 08 000 000
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.16 0.00 0.00 0.00
Py 6.38 0.00 15.14 13.82 13.76 43.23 1770 33.97 1522 11.19 22.00  41.98 10.27
Alm 59.90  76.71 58.84 62.25 62.17 29.08 5492 5211 60.75  46.81 6355  32.69 61.54
Gro 3.17 0.76 7.65 4.47 4.75 18.44 9.69 5.44 4.91 27.14 3.07 11.16 4.99
Sp 3055 2253 18.37 19.46 19.31 9.25 17.68 8.47 1912 1485 11.38 1417 23.20

All Fe was assumed to be Fe*. Formulae were calculated on the basis of 24 oxygens. Gr= grossular, Py= pyrope, Alm= almandine, Sp= spessartine.
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