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Radiometric dating by the SHRIMP method on zircons
from the equivalent series of rocks in the nearby eastem
Andes metamorphic complex ((O'Higgins lake, Chile)
indicate an older sedimentation age of 354+10Ma, near the
Devenian-Carboniferous boundary (Sepdlveda and Hervé,
203003, In this series, a combination of U-Pb detrital zircon
ages and fission track data led Thomson and Hervé (2002}
to conclnde these sediments were metamorphosed before
the Late Permian under lower metamorphic conditions.
This basement crops out extensively throughout the
western sector of the study area and around San Martin
lake (Fig. 4). It was also recognized in the subsurface fo
the north of Tres Lagos, at a depth of 758m below sea level
(Giacosa and Mdrquez, 2002).

No evidence of melamorphism was found in the
basement rocks of the study area. This situation is unlike
that of the Paleczoic rocks located further north (Rio
Lécteo formation) and west (eastern Andes metamorphic
complex), where metamorphic conditions reached lower
greenschist facies (Giacosa and Franchi, 2001).

Al these latitndes subduction began on the Pacilic
margin in the Jurassic, marking the beginning of the Andean
orogenic cycle. The base of this cycle is represented by
extensive voleanic accumulations and interbedded clastic
sediments of the Middle to Upper Iurassic Hl Quemado
complex. This sequence iz interpreled as accumulating
during the syn-rift stage (intracontinental extension) in
grabens and half-grabens (Uliana &f al., 1982). As rifting
continued, the Rocas Verdes back-arc basin (a part of the
Austral basin) opened inthe SW part of the South American
continent (Dalziel ef al., 1974).

Dring the Berriasian-Valanginian and continuing
until the Albian, volcanic activity and extensional
faunlting decreased and a thick siliciclastic sequence
was deposited. The base of this sequence is composed
of conglomerates, sandstones, and black shales of the
Berriasian-Hauterivian Springhill Formation deposited
in a coastal environment. From the Barremian onwards,
shallow marine platform sediments of the Rio Mayer
formation alternated with dellaic deposits of the
Kachaike and Lago Viedma formations representing
the final infill of the Rocas Verdes basin (Biddle ef
al., 1986). The Rio Mayer, Kachaike and Lago Viedma
formations together with the Springhill Formation are
interpreted as a thermal subsidence sequence in a post-
rift (sag) stage (Kraemer and Riccardi, 1997; Arbe,
2002). The equivalent series south of lakeViedma (Cerro
Toro Formation) has a greater thickness suggesting this
sector was more tectonically active.

Towards the  Cretaceous-Paleogene  boundary
sedimentation reflects strong subsidence conditions related
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to tectonic loading (Biddle ef al, 1986). This loading
started the retroarc foreland basin syn-orogenic succession,
linked to the Andean Orogeny. Several units of the Upper
Cretaceous in the area, e.g. Piedra Clavada, Puesto Hl
Al amo, Mata Amarilla and Cardiel siliciclastic formations,
represent sedimentation during this stage (Figs. 3, 4). This
succession rests unconformably over the pre-orogenic
snccession.

During the Paleogene, foreland-basin sedimentation
cortinued and intrusions of alkaline basic rocks, such as
the Rio Carbdn Hssexite, were common in the southern
coast of San Martin lake (Riccardi, 1971}, The Cerro Fitz
Roy plutonic complex was emplaced in the Miocene
(Kosmal and Spikermann, 2002; Ramirez de Arellano ef
al., 2009) and includes four plutonic units of ultramafic,
mafic, tonalitic and granitic rocks. These units are cul
by micro-monzonitic and sub-volcanic dikes with ages
ranging from 19 to 16Ma (Ramirez de Arellano ef al.,
2009). At 14Ma the Chaltén Adakile intraded in the
Sub-Andean sector (Ramos ef al., 2004). From the Late
Miocene to Late Pliocene the Sirobel and La Siberia
Basalts (Ramos, 1982, Gorring ef ¢l., 1997) flowed along
a broad area (Iig. 4).

The Pliocene-Quaternary record is mainly represented
by four glacial evenis, including glacio-fluvial and glacio-
lacustrinie deposits.

STRUCTURAL FRAMEWORK

The first orogenic event observed in rocks of
the southern Patagonian Andes occurred during the
Permian, in the context of the Gondwanan orogeny
(Hervé, 1988). Later, between the Late Cretaceous and
the Early Tertiary, the structures related to the Andean
orogeny developed (Biddle ef ¢l., 1986; Ramos, 1989).
However, in the study area the Andean orogeny started
later, in the Cenozoic.

The Andes mountain belt developed to the south of
the Aysen Triple Junction (southern Patagonian Andes)
and was mainly uplifted starting in the late Miocene, as
a result of the collision of the Chile Ridge with the South
American plate (Ramos, 1989; Hervé ef al., 20007, during
the eastward subduction of the Antarctic plate.

Gondwanan Paleozoic structures

The structures deforming Paleozoic sedimentary rocks
are better exposed in the Sub-Andean zone, in the eastern
side of Bahfa de la Lancha of San Martin lake (Fig. 4). Here
the Paleozoic rocks crop out under the Jurassic volcanics of
the El Quemado complex (Fig. 5A) and consist of massive
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of N-8 trends, with different altitudes, topography and
structural patterns were identified in the study area
{(Fig. 2). The first of these zones is the Andean zone, to
the west. It is very rugged with heights over 2000m {Cerro
Chalién being the highest, of 3405m) and is characterized
by 2 to 4km wide mountain ranges, developed on hard
rocks of the Gondwanan Paleczoic basement and ignecus
rocks of the Mesozoic and Cenozoie. It was also named
Basement Domain by Kraemer (1991} and Ghiglione ef al.
{2009} and the inner fold and thunst belt by Kraemer ef gl
2002). The second morphostructural zone, to the east, is
the 75km wide Sub-Andean zone, with summits between
1500 and 2000m. Its northern part is characterized by some
mountain ridges, well defined by the abundance of hard
Mesozoic volcanic rocks, and its southern part by a gentle
morphology developed on Mesozoic sediments. The final
morphostructural zone is the Bxlra- Andean zone, east of
the 72°W meridian, with a fairly smooth topography and
heights less than 1500m. This zone only includes a few
outcrops of pre-Tertiary rocks. The Sub-Andean and
Hxtra-Andean zones correspond to the so-called outer
fold and thrust belt from Kraemer ef al (2002) (Fig. 6).
This subdivision is controlled by the Cenozoic structural
framework and there exists a correspondence between
the distribution of elevations in the Andean zone and the
dominant structural styles. As shown in Figare 6, this
sfructural zonation continues south of lake Viedma.

Structure of the Andean fold and thrust belt

I the study area the boundary between the inner and outer
fold and thrust belt les at the Cdondores thrust and to the south
of lake Viedma at the Musters and Huemul thrusts (Fig, 6).

Figures 6 and 7 show the main structures of the fold
and thrust belt (reverse faults and thrusts), triangle zones,
and first- and second-order folds. The latter are in the
Paleozoic rocks and also in the Rio Mayer and Lago Viedina
formations. Figure 6 also indicates the approximate eastern
boundary of the axial-plane cleavage and pencil lineation
front in the above-mentioned formations.

inner fold and thrust beft

To the north of lake Viedma and towards lake San
Martin (Figs. 4; 6]}, the imner fold and thrust bell extends
from the international border to the Céndores range in the
Hast. Towards the westem border of the belf the highest
point is Cerro Chaltén or Fitz Roy peak {3405m), while
sonth of ldke Viedma the highest point is in the Masters
range (2438m), located over the inner fold and thrust belt’s
eastern limit {Kraemer ef al., 2002},

From W io H, the inner fold and thrust belt is composed
of several east-vergent thrusts and two easternimost back-
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thrusts. Kilometer-sized folds are associated with the thrusts
(Figs. 4; 7). South of Viedma lake (Fig. 6) a similar geomelry
can be seen in the inner fold and thrust belt (Kraemer, 1991).
The siructures with an opposite vergence in the eastern
inner fold and thrust belt produced the Vueltas and Masters
Triangle zones, extending from north to south (Fig. 6). As
suggested by Krasmer (1991} and Kraemer of gl (2002) the
thrusts are possibly listric at depth and flatten at depth inte a
common basal thrust, slightly tilted to the west.

The structure of the Vueltas triangle zone varies from
N to S (Fig. 4). In the northem part it is formed by the
Vespignani syncline, a south-plinging open fold with a
subvertical axial-plane that deformed the Jurassic volcanic
rocks of the Bl Quemado complex (Figs. 4; 6). To the south,
the main structure in the triangle zone is a large recumbent
fold in the well-siratified sedimentary rocks of the Rio
Mayer Formation (Loma Pliegue Tumbado and Pizarras
synclines) (Figs. 6; 8A). These synclines are characterized
by an mtense ductile deformation in the limb closer to the
fault, produced during the tectonic inversion of a previous
normal fault that separates different thicknesses of the El
Quemado complex (Figs. 7C-C7; 8B). Along the Eléetrico
river, the hanging-wall of the Huemul-Hléctrico thrust is
made up of a large fold (Blécirico anticline) that deforms
the unconformity between the Paleozoic and Turassicrocks,

I the notth side of Polo hill, the trace of the Gondwanan
structures describe a gentle arc of antiformal geometry, which
is related to the hanging-wall of the Bosques-Polo Andean
fauit. Moreover, the superposition of Andean and Gondwanan
folds are very well exposed niear the fault trace of the Bosgues-
Polo Andean fault, at the Eléctrico river bridge (Fig. 10D

Cuter fold and thrust belf

The outer fold and thrust belt is characterized by the
presence of thrusts, with less displacement than in the
inner fold and thrust belt and associated folds, which are
dominant to the south of lake Viedma and in the eastern
part (Bxira-Andean zone).

The western outer fold and thrust belt {(Sub-Andean
zone)} has two well-differentiated sectors (Figs. 4; 6) and
the presence of axial-plane cleavage and pencil lineation
can still be recognized (Fig. 104, B, O).

MNorth of lake Viedma, W to SW of lake San Martin, there
are W-vergent thrusts that cut the Jurassic volcanic rocks.
These are interpreted as related to the partial inversion of the
normal faults of the furassic rift (Condor and Maipi thrusts,
Fig. 7A-A | B-B’). The western limb of the W-vergent thrust
related fold (100 meter scale) is characterized by a short and
very steep morphology, while the eastern limb is a gentle
east-dipping surface {approx. 20°). Locally, near the inner
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