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 This field-excursion guide has in part been adapted from the following sources:

Ramos, V., Giambiagi, L., Godoy, E., Tunik, M and Bechis, F. (2010) Sedimentation and tectonics across the Andes. In: del Papa, C. & Astini, R. 
(Eds.), Field Excursion Guidebook, 18th International Sedimentological Congress, Mendoza, Argentina, FE-B1, pp. 1- 43.

Moreiras, S.M. (2010) Geomorphological evolution of the Mendoza River Valley In: del Papa, C & Astini, R (Eds.), Field Excursion Guidebook, 18th 
International Sedimentological Congress, Mendoza, Argentina, FE-B2, pp. 1-21

Fig. 1 - Front cover illustration: Sketch-section of the Cumbre or Uspallata pass (Darwin, 1846).

Fig. 2 - Deformed rift-deposits of the Triassic Barreal Group at the Cerro el Alcázar site near the town of Barreal at the eastern margin 
of the Calingasta Basin. (Photograph by H. Wichura)

Itinerary
• Day 1 - Thu. 2-03-2017: Mendoza - Uspallata (Precordillera/Frontal Cordillera)
• Day 2 - Fri. 3-03-2017: Uspallata - Las Cuevas - Uspallata (Frontal & Main Cordillera)
• Day 3 - Sat. 4-03-2017: Uspallata - Calingasta - Rodeo (Uspallata/Calingasta/Iglesia Basin)
• Day 4 - Sun. 5-03-2017: Rodeo - Jáchal - Rodeo (Iglesia Basin/Precordillera)
• Day 5 - Mon. 6-03-2017: Rodeo - San Juan and Part I “Show & Tell Event” 
• Day 6 - Tue. 7-03-2017: Transfer to Mendoza and Part II “Show & Tell Event” 
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Field-school outline
This field trip provides the opportunity to examine the sedimentary and tectonic evolution of the Southern 

Central Andes, in one of its most classic sections. We will examine an active thrust front with progressive deforma-
tion and growth strata, distal and proximal synorogenic deposits, and provenance and source analyses in order to 
reconstruct the uplift history of the Andes. A second objective will be the examination of the Triassic rift sedimen-
tation and tectonics, with special emphasis in the tectonic inversion of the region. The third and final objective 
will be to examine the platform retroarc deposits of Mesozoic age, facies changes across the different thrust sheets 
and the interfingering with the volcanic arc products.

The route as chosen will show the different structural styles of the Precordillera thrust front, the Cordilleras 
Frontal and Principal as indicated on the field trip map (Fig. 3).

Fig. 3 - Digital elevation map of the southernmost Central Andes in NW Argentina. Numbers on field-trip route correspond with date 
and itinerary. Dashed rectangles outline the limits of geological maps attached in this field guide. Inset figure show the annual rainfall 
distribution in South America (Liebmann & Allured, 2005).
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Fig. 4 - Tectonic and geodynamic scenario of South America. Note the correlation of oceanic ridges, flat slab segments and the forma-
tion of inland topographies within the distal foreland. From Davila & Lithgow-Bertelloni (2013).
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Brief review of the history of geologic ex-
ploration and research

The geologic understanding of the Central Andes started 
with the pioneering explorations of Charles Darwin in 1835, who 
was the first to describe the marine Mesozoic deposits deformed 
by faults (see front cover image), both along the present road that 
crosses the High Andes as well as across the pass further south. We 
are going to have the opportunity to examine the profile described 
by Darwin, and the mountain shelters where he stayed crossing 
the main range. 

Several German naturalists were sent by the Academia Na-
cional de Ciencias and the Museo de La Plata, to geologically ex-
plore the High Andes of San Juan and Mendoza. According to the 
early observations of German Burmeister in 1857-1858, the struc-
ture outlined by Stelzner (1873), and the descriptions of Wherli 
& Burckhardt (1898), the Andes was a relatively simple mountain 
belt, which lacked the thrusts and overthrusts known in other 
mountain belts at that time. Later in 1906 and 1907, Walter Schil-
ler, a young geologist and mountain climber working in the Ar-
gentine Geological Survey conducted the first reconnaissance of 
the region. As a result of his work many structural complexities 
and important thrusting were recognized (Schiller, 1907, 1912).

At the same time, the Precordillera was also explored and its 
stratigraphy, structural geology and mineral resources was estab-
lished making this one of the best known regions at that time (e.g., 
Stelzner, 1885; Bodenbender, 1902; Stappenbeck, 1910; Keidel, 1921; 
Bracaccini, 1946). Over the last decades, many studies have pro-
vided a large volume of information on different aspects of the 
sedimentology, structure and geologic evolution of this part of the 
Central Andes (reviewed in Caminos, 2000).

Major geological provinces
This segment of the Central Andes (see Fig. 4) has been divid-

ed into a series of morphostructural units or geological provinces 
based on structural styles, geologic evolution, and morphological 
expression (Fig. 5-7). 

Sierras Pampeanas
The Sierras Pampeanas are characterized by a series of crystal-

line basement blocks of Precambrian- Early Paleozoic age, which 
were uplifted and tilted during Neogene-Quaternary Andean 
compression (González Bonorino, 1950) in association with an 
episode of shallow subduction (Jordan et al., 1983 a,b; Kay et al., 
1987; Ramos et al., 2002). The resulting structures closely resem-
ble those of the Laramide region in North America (Jordan & All-
mendinger, 1986).

The basement is composed of metamorphic and igneous 
rocks, which correspond to two distinct orogenic cycles. The old-
est Brasiliano or Pampean cycle is preserved along the eastern Si-
erras Pampeanas, and both its metamorphic facies as well as the 
related igneous rocks define a north-south trending belt of Late 
Proterozoic - Early Cambrian age (600-520 Ma). The younger 
cycle is characterized by outcrops along the western Sierras Pam-
peanas, which define the Famatinian orogen, an Early Paleozoic 
magmatic belt that reached its magmatic climax between 490 and 
460 Ma (reviewed in Pankhurst & Rapela, 1998; Ramos, 2004).

This metamorphic basement was partially covered by conti-
nental deposits from the Late Paleozoic Paganzo Group and Ter-
tiary synorogenic deposits in alluvial and fluvial facies related to 
the uplift of the Sierras Pampeanas. Triassic and Cretaceous con-
tinental sequences were additionally deposited along rift basins 
developed in the E and W margins of the Sierras Pampeanas.

Fig. 5 - Pampean flat-slab segment 
with indication of isobaths to the 
Nazca oceanic plate based on Cahill 
& Isacks (1992), main basement up-
lifts of Sierras Pampeanas (Jordan et 
al. 1989), and location of the Precor-
dillera fold and thrust belt (Ramos et 
al. 2002). For more information see 
Ramos & Folguera (2009).
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Precordillera

The Precordillera is an Andean fold-and-thrust belt with a 
typical thin-skinned structure developed in an early Paleozoic car-
bonate platform. The western edge of the Precordillera coincides 
with a longitudinal depression known as the Iglesia-Calingasta-
Uspallata valley. This tectonic trough is similar to the Canadian 
Rocky Mountain trench as the present morphology is controlled 
by the old Paleozoic continental margin (Price, 1981; Baldis et al., 
1984).

The Early Paleozoic history is represented by a carbonate plat-
form of Early Cambrian to Middle Ordovician age. A detailed bi-
ostratigraphic zonation has been defined in these highly fossilifer-
ous deposits (see review of Benedetto et al., 1999). Clastic marine 
Middle to Upper Ordovician rocks cover the platform deposits 
in the eastern and central sectors, while slope and oceanic facies 
occur to the west. This Early Paleozoic continental margin is un-
conformably covered by foreland basin deposits of Silurian to De-
vonian age. A major deformation, known as the Chanic orogeny, 
affected these Early Paleozoic rocks in the Mid-Late Devonian.

The previous slope facies were covered by continental Early 
Carboniferous alluvial deposits in the western Precordillera. Late 
Paleozoic rocks correspond mainly to littoral marine facies in the 
western Precordillera and to continental fluvial to alluvial depos-
its in the central and eastern Precordillera. Paganzo Group rocks 
overlap the eastern Precordillera. 

In well known localities such as Barreal and Rinconada, 
among others, excellent outcrops of Gondwana glacial deposits 
are preserved in both marine and continental facies (Keidel, 1921; 
Du Toit, 1927). Synorogenic Tertiary deposits permit the recon-
struction of the Precordillera thrust sequence, which began about 
18 Ma ago in the northwest and continues until the present in the 
eastern side.

Cordillera Frontal
The Cordillera Frontal is composed of units that formed dur-

ing the Gondwanide orogeny in the Late Paleozoic to Early Meso-
zoic. These units result from Andean type subduction, followed 
by generalized extension. Most of the rocks of this province are 
Late Paleozoic- Triassic andesitic to silicic magmatic rocks of the 
Choiyoi Group (Caminos, 1979). During the Andean deformation 
the Cordillera Frontal behaved as a rigid block, as shown by the 

presence of thick-skinned thrusts (Ramos et al., 1996 a,b). Vol-
canic activity started in the Middle Carboniferous with subduc-
tion related andesites, dacites and rhyolites. A subsequent period 
of generalized extension from Middle Permian up Early Triassic 
times resulted in the thick pile of Choiyoi rhyolites, and associated 
granites (Kay et al., 1989; Llambías & Sato, 1990). These volcanic 
rocks, which reach thickness of up to 2-4 km along the Río Men-
doza valley, unconformably overlie the older rocks. Deformation 
of the Carboniferous- Early Permian rocks occurred in the middle 
Permian San Rafael orogenic phase (Ramos, 1988a).

The boundary between the Cordillera Frontal and the Precor-
dillera was the locus of Triassic rifting associated with ≤2 km syn-
rift deposits, and scattered alkaline basalts (Ramos & Kay, 1991).

Cordillera Principal
The Cordillera Principal, or Main Andes, was the locus of the 

Andean orogeny during latest Mesozoic and Cenozoic times. Ju-
rassic and Cretaceous marine deposits were deformed in different 
styles depending on the extent of basement involvement in the 
deformation. In this sector thin-skinned structures such as the 
Aconcagua fold-and-thrust belt developed (Yrigoyen, 1976; Ra-
mos et al., 1996a,b). A thick sequence of marine Mesozoic deposits 
unconformably overlies the Carboniferous flysch and the Choiyoi 
volcanics of the Cordillera Frontal. Several sedimentary cycles are 
recognized from the Early Jurassic to the Early Cretaceous (Groe-
ber, 1946). These cycles begin with black shales, sandstones, and 
limestones and terminate with thick gypsum levels and continen-
tal red beds. Abundant ammonites permitted a biostratigraphic 
zonation of these deposits (Aguirre Urreta & Rawson, 1997).

Along the continental divide these sedimentary sequences in-
terfinger with volcanic and pyroclastic rocks of Late Jurassic-Early 
Cretaceous age. The volcanic pile which can be up to 6 km thick in 
the Chilean side has a burial metamorphism typical of that devel-
oped in a high thermal gradient during active subsidence (Levi et 
al., 1982). These volcanic sequences also occur along a western in-
ner arc developed in the Cordillera de la Costa. An intra-arc basin 
between the two arcs is filled with shallow marine and continental 
Mesozoic deposits north of this section (Charrier, 1973; Ramos et 
al., 1996a,b), which shift to an Eocene to Oligocene age southward.

Most of the Early and Middle Mesozoic was dominated by an 

Fig. 6 - The Aconcagua fold and thrust belt in 
the Central Andes at 32°S latitude with variations 
on shortening and propagation rates through 
time (after Ramos et al. 1996b and Hilley et al. 
2004) and the subsidence rates in the foreland 
basin after Irigoyen et al. (2002). From Ramos & 
Folguera (2009).



6

Fig. 7 - Regional structural units of the southern central Andes, with locations of the different crustal and structural cross sections of 
the central segment. In the Principal Cordillera the La Ramada, Aconcagua, and Malargüe belts are indicated (Based on Ramos et al., 
1996).
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extensional regime closely linked to a negative trench roll-back ve-
locity associated to the early stages of the South Atlantic opening 
(Ramos, 1999). Later, onset of the main drift phase in the Atlantic 
induced a positive overriding velocity to the South American Plate 
during the middle Cretaceous and the tectonic regime changed 
to the present Andean compressional stage. A series of volcanic 
arcs shifted from the Cordillera de la Costa in the Jurassic to the 
Cordillera Principal during the Neogene (Ramos, 1988a). The vol-
canic and volcaniclastic rocks interbedded with alluvial-fan facies 
record shallowing of the subduction zone during the Neogene un-
til the magmatic activity ceased in Sierra del Morro, 750 km away 
from the trench (Kay & Mpodozis, 2002). Glacial deposits from 
four different glaciations are widespread in the main valleys, rep-
resenting alpine type glaciations during Pliocene and Quaternary 
times.

Cordillera de La Costa
Along the present continental margin, a series of Late Paleo-

zoic metamorphic rock are preserved which represent pieces of an 
accretionary prism that developed in the Late Paleozoic (Hervé et 
al., 2000). Emplaced in this metamorphic basement, are a series 
of magmatic belts of Permian, Jurassic and Cretaceous age. Most 
of this region is suspected to have significant latitudinal displace-
ments (Forsythe et al., 1986; Mpodozis & Ramos, 1990). On the 
eastern flank of the Cordillera de la Costa, the Mesozoic marine 
sequences developed west of the Mesozoic volcanic rocks interfin-
ger with volcanic rocks and are associated with Manto-type cop-
per deposits.

Modern plate tectonic setting
This segment of the Central Andes between 28-33°S has a dis-

tinctive plate tectonic setting. The present convergence rate be-
tween the subducted Nazca plate and the South American plate 
averages about 9 cm per year (Fig. 4). Earthquake hypocenter loca-
tions delineate a Benioff zone that is gently dipping to the east, 
defining a shallow subduction zone (Fig. 5) (Cahill & Isacks, 1992; 
Pardo et al., 2002).

This flat subduction segment is characterized by an almost 
flat section at about 100 kilometers depth, and it is flanked to the 
north and south by steeper segments that dip about 30°E. A corre-
sponding tectonic segmentation exists in the plate above the Beni-
off zone. The most obvious and consistent correlation is between 
Quaternary volcanism and the dip of the subducted slab. Quater-
nary volcanism is absent in the subhorizontal segment.

The development of the Sierras Pampeanas geological prov-
ince is controlled by the flat subduction. Present tectonic shorten-
ing is principally concentrated along a narrow belt between this 
province and the Precordillera. Intraplate earthquake nests have 
been found in the basement of the eastern Precordillera and the 
western Sierras Pampeanas, in close coincidence with the super-
ficial neotectonic activity. Focal mechanisms indicate east-west 
contraction with minor to no strike-slip components (Chinn & 
Isacks, 1983; Pardo et al. 2002).

The origin of this flat subduction segment has been attributed 
to the approach and subduction of aseismic ridges at the Pacific 
continental margin (Pilger, 1981; Yañez et al. 2001); to changes in 
the age of the subducted oceanic crust (Wortel, 1984), and to the 
differential shortening of a previously weakened hot continental 
crust (Isacks, 1988; Cahill & Isacks, 1992). See recent review in Ra-
mos et al. (2002).

Terrane history
The existence of oceanic rocks separating the Cordillera Fron-

tal from Precordillera has attracted the attention of geologists 
since the early work of Borrello (1969). These oceanic rocks have 
been interpreted as indicating a suture between different conti-
nental terranes (Ramos et al., 1984, 1986), consequently, several 
other sutures have been identified (Ramos, 1984, 1988a,b; Mpo-
dozis & Ramos, 1990, Astini et al., 1995, 1996).

The first report of Borrello (1963) of North American olenel-
lid trilobites from Precordillera of west central Argentina, in Vil-
licum near San Juan, gave rise to assume a connections between 
Laurentia and Gondwana. The first attempt to explain the pres-
ence of these olenellids in South America was made by Ross (1975), 
who explained it as larval transfer by oceanic currents. The loca-
tion of this fauna, known outside of Laurentia, was intriguing 
mainly because it was only known in the ancestral North Ameri-
can craton that also included olenellid fauna of the northwestern 
British Isles (Peach et al., 1907).

Several years later, the striking coincidence in the subsidence 
curves of the Appalachians carbonates and the Precordillera car-
bonate platform, induced Bond et al. (1984) to suggest that both 
regions were conjugate margins and shared a common rift-drift 
transition. The shared carbonate platformal history and faunal 
provinciality between the Precordillera and the Laurentian mar-
gin of the Appalachians led Ramos et al. (1986), to propose that 
Precordillera was a far travelled terrane derived from northern 
Appalachians. This proposal was refined by Mpodozis & Ramos 
(1990), and Astini et al. (1995, 1996), within the tectonic frame-
work of the early Paleozoic basement of the Andes.

Two different models have been proposed to explain the ac-
cretion of the Precordillera to the protomargin of Gondwana. 
According to the first one, an independent microcontinent or mi-
croplate, detached from Laurentia during early Cambrian time, 
collided against Gondwana during middle to late Ordovician time 
(Ramos et al., 1986; Benedetto & Astini, 1993; Astini et al., 1995, 
1996). The second model favors a continent to continent collision 
between Laurentia and Gondwana during early to middle Ordo-
vician time from 487 to 467 Ma. Subsequently, during the late 
Ordovician the detachment of the two continents left behind the 
Precordillera terrane on the Gondwanan side, with the opening 
of an ocean on the western side of Precordillera (Dalla Salda et al. 
1992 a,b; Dalziel, 1992, 1993, 1997; Dalziel et al., 1994, 1996).

Both proposals required an active early Paleozoic margin in 
the Sierras Pampeanas, and explained the magmatism and the Or-
dovician deformation known as the Ocloyic event as result of a 
collisional orogeny (Ramos, 1986; Dalla Salda et al., 1992 a,b).

The microcontinent hypothesis required a second early Paleo-
zoic accretion to close the ocean that bounded the western Precor-
dillera. The accretion of the Chilenia microcontinent produced a 
second foreland basin and a shifting of the magmatic activity to 
the Pacific margin (Ramos et al., 1984). This collision occurred ei-
ther in late Devonian time (Ramos et al., 1986) or as proposed by 
Astini (1996) during the early Devonian. Sedimentologic studies 
of these foreland basins and geochronologic data of peak meta-
morphism and associated deformation suggest an early Devonian 
age for the beginning of accretion.

The challenging pre-Pangea SWEAT reconstruction of the 
late Proterozoic continents proposed by Moores (1991), comple-
mented by Dalziels’ 1991 Laurentian end run, provided a context 
for the transfer of the Precordillera. See recent reviews by Thomas 
& Astini (1999, 2003).
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Fig. 8 - Simplified geology of the southern Central Andes from the 1:3,000,000 geologic map of Argentina showing the major geologic 
provinces and elevation swath profile positions (white boxes) shown in the upper left panel. (Upper left panel) Calculated middle to 
late Miocene paleoelevations and their 2-sigma uncertainties plotted with swath profiles of the modern topography and the 1-sigma 
deviation from the mean topography calculated in each swath. Modified after Hoke et al. (2014).

Andean tectonics

The Cenozoic sedimentary history records the eastward mi-
gration of the orogenic front. Thick sequences of continental de-
posits (Santa María Conglomerates of Schiller, 1912) unconform-
ably overlie the Mesozoic rocks in the Cordillera Principal. The 
angular unconformity is clearly seen east of Cerro Aconcagua and 
west of Cerro Penitentes. Those conglomeratic deposits are inter-
preted as alluvial fan sediments interfingered with the volcanics 
of the Farellones Formation (25 to 10 Ma at this latitude, Muni-
zaga & Vicente, 1982). A minimun age of 8.6 Ma was obtained 
in the continental deposits based on K/Ar dating of pyroclastic 
rocks interbedded in the uppermost section of the Santa María 

Conglomerates (Ramos et al., 1996 b). The Neogene deposits fur-
ther east of the High Cordillera are represented by distal fluvial 
facies partially synchronous with the Santa María Conglomerate 
and the volcanism of the Farellones Formation. The Neogene ex-
tra Andean sequences at these latitudes (30-33°S) contain several 
tuff layers, which attest to the cordilleran volcanic activity at that 
time. An unconformity separates the La Pilona beds exposed in 
the Uspallata valley and the Cacheuta area from older Neogene 
beds. This unconformity was produced during the Late Miocene 
event that folded and thrusted the Santa María Conglomerates 
and Farellones volcanics about 10-8 Ma ago (Ramos et al., 1996 
a,b) and was also responsible for deformation in the Cordillera 
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Frontal. The Late Miocene and Pliocene deposits of the Uspal-
lata and Cacheuta regions were folded and thrusted at that time 
with the subsequent deposition of the alluvial fan deposits of the 
Mogotes Formation during the Plio-Pleistocene.

Therefore, the Neogene sedimentary facies show a migration 
of the coarse alluvial fan facies from (a) the inner area of Cerro 
Penitentes in the High Andes (20-10 Ma), to (b) the Uspallata 
valley and Cacheuta (10-5 Ma), and to (c) the outer foothills of 
Mendoza city (2 Ma and the Holocene active front). Even the Plio-
Pleistocene fanglomerates of the Mogotes Formation cropping 
out west of Mendoza city (Cerro La Gloria) and other younger 
alluvial fans have been deformed by neotectonic activity in the 
Mendoza region.

The seismic sections of the plains located eastward of the 
Precordillera clearly show that the present orogenic front is com-
posed of a set of imbricated thrusts. This structural style was cor-
roborated by drilling, and it has somewhat similar characteristics 
to the previous fronts. The thrust front in the eastern side of the 
Precordillera is still active. Intense compressive deformation as 
seen in Sierra de Las Peñas (see Cortés, 1990) and as inferred from 
earthquake focal mechanisms and escarpments on the alluvial 
fans, is continuing today. The Andean structure of the Central 
Andes is the result of a combination of several tectonic mecha-
nisms.

There is a striking coincidence between the increase of plate 
motion rates, the cessation of magmatism, and the compressive 
deformation at the orogenic fronts. Most of the Oligocene was 
quiescent with extension (Godoy et al., 1999), coincident with the 
volcanic rifting west of the Cordillera Principal. This extension 
ended at about 20 Ma north of the section of this field excursion, 
when volcanic activity of the Farellones Formation started (Muni-
zaga & Vicente, 1982). These interrelated tectonic features demon-
strate that change in the geometry of the Benioff zone followed:

a) Eastward migration of the subduction related magmatic foci 
from a position about 180 km from the trench at app. 25 Ma, to 
700 km away from the trench at 2 Ma up to the Central Sierras 
Pampeanas in the latest Pliocene (Ramos et al., 1991, Mpodozis 
& Kay, 2002).

b) Geochemical characteristics support thickening of the conti-
nental crust, between 18 Ma and the present, related to tectonic 
stacking of the Andean Cordillera (Kay et al., 1991).

c) Eastward shifting of the orogenic deformation during the last 
20 Ma: 275 km from the trench at 20-10 Ma, 325 km at 10-5 Ma, 
and 365 km at 2 Ma. This implies an average propagation rate of 
2.5 mm/a of the orogenic front since the last 20 Ma, although 
the shifting was probably episodic.

The causes of the change in the Benioff zone geometry and seg-
mentation are probably complex and multifacetic:

a) The break up of the Farellones plate into the Cocos and Nazca 
plates, which occurred at 25 Ma, starts a period of higher conver-
gence rates (Handschumacher, 1976). This age coincides with 
the initiation of Farellones magmatism and is a milestone in the 
geodynamic evolution of the area.

b) The increase in plate convergence from 25-26 Ma up to 10 Ma 
(defined by Pilger, 1984; Pardo Casas and Molnar, 1987) when 
the present deceleration began.

c) Several authors have explained the present segmentation of the 
subducted Nazca plate as controlled by the collision of aseismic 
ridges (Pilger, 1981). In his interpretation the buoyancy effects 
produced by subduction of those ridges, combined with the 
younger age of the subducted slab, would contribute to lower 
the subduction angle. The effects of the Juan Fernandez hot 
spot trace subduction began about 15 Ma ago according to Pilg-
er (1984). At the present latitudes evidence of shallowing of the 
subduction zone shows a similar trend of southward migration, 
which can be correlated with the southward shifting of the Juan 
Fernandez ridge collision along the trench (von Huene et al., 
1997; Yañez et al., 2001).

Although south of the region of flat subduction the slab is 
younger and shows a higher thermal gradient, its present angle of 
subduction is about 30° (Isacks et al., 1982). Isacks' model (1988) 
indicates that the present dip of the different slab segments is 
controlled by the upper plate width of previously weakened zone. 
This zone is related to the size of the asthenosphere wedge be-
tween the oceanic and the continental plates. A greater amount of 
shortening occurred in the central segment because the weakened 
area was the widest, as indicated by the extension of the magmatic 
activity in the Puna Altiplano. In the analysed segment (30-31°S) a 
relatively narrow weakened zone along the overriding of the Naz-
ca plate by the South American plate is associated with relatively 
minor shortening.

Fig. 9 - Late Cenozoic stages of Andean 
evolution associated with the shallowing of 
Nazca plate subduction. Geometries of the 
Wadati-Benioff zone are constrained by the 
location of the volcanic front.  (a) Normal 
subduction prior to Juan Fernandez Ridge 
collision;  (b) initial slab  flattening related to 
the beginning of ridge collision at 11 Ma;  (c) 
maximum deformation, thrust front propa-
gation, and arc migration during shallowing 
of the subduction zone; and  d) last arc mag-
matic activity prior to present-day cessation 
of magmatism. From Ramos et al. (2002).
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Present-day climatic setting
The Andes constitute a major orographic barrier to atmos-

pheric circulation, which (including precipitation amounts) is 
dominated by the westerlies in austral winter and by the subtropi-
cal high-pressure belt in austral summer (Bluestein, 1993). The 
central part of Chile is semiarid (~400 mm/a; Falvey & Garreaud, 
2007), whereas in central-western Argentina, climate conditions 
progress from arid (<200 mm/a) in the northwest to semiarid in 
the southeast (200–300 mm/a) (Hoffmann, 1992). 

During austral winter, the subtropical Pacific anticyclone 
weakens and is displaced northward, enhancing westerly flow 
across the Andes, producing a precipitation maximum over the 
western slopes (Saavedra & Foppiano, 1992). Little of this Pacific 
moisture reaches the E Andean flanks. In austral summer, inter-
action of semi-permanent low pressure in Argentina, and the 
subtropical South Atlantic anti-cyclone, generates a northeasterly 
flow over central regions of Argentina and a net moisture trans-
port from the Atlantic and southern Brazil (Barros et al., 1996). 
River discharge on both flanks of the Andes is strongly correlated 
with the amount of snowpack and exhibits remarkably similar in-
terannual variability, highlighting the existence of a clear regional 
hydrologic signal between 31-37°S (Fig. 10; Masiokas et al., 2006). 

 The transition between easterly and westerly winds has large 
annual and interannual variation with an average position of 
~32°S. The average position appears to have been stable since the 
Last Glacial Maximum (Haselton et al., 2002). Climatic studies 
in our area emphasize the strong effect of the Andes in altering 
climate across adjacent lowlands on both sides of the range (Ereño 
& Hoffmann, 1978; Viale & Nuñez, 2011). South of 30°S, Pacific-
sourced moisture is mainly discharged on the western flank of the 
Andes during austral winter. Spillover moisture from the west 
crosses the range and accounts for nearly all precipitation at eleva-
tions >2,400 m and is nearly absent at the foot of the mountains 
(Fig. 11B). Such an effect has been documented previously in river 
and rainfall in the Patagonian Andes (e.g., Smith & Evans, 2007; 
Stern & Blisniuk, 2002). Likewise, Atlantic-sourced moisture, 
largely from the low-level Andean jet (Fig. 10), condenses and pre-
cipitates on the eastern flank and foothills of the southern central 
Andes as summer convective storms. Only under certain atmos-
pheric conditions, such as low-level high-pressure moving along 
eastward over central Argentina or a midlevel trough just west of 
the Andes, does Atlantic-derived moisture penetrate into the core 
and western flanks of the range (Fig 11C). 

As a consequence of the southward migration of storm tracks, 
summer precipitation on the lowlands of Chile and the western 
flank of the Andes between 32.5 and 35.5 is minor (<50 mm). In 

contrast, winter precipitation reaches 300–400 mm in the low-
lands of Chile, increases to 700–800 mm in valleys over the wind-
ward slope of the range, and sharply decreases east of the crest. 
Precipitation amount decreases from 200–300 mm in river valleys 
immediately east of the crest to less than 50 mm in Uspallata Val-
ley and adjacent low lands of Argentina. On the eastern flank of 
the Frontal Cordillera, the Precordillera, and in the adjacent low-
lands of Argentina, the average summer precipitation regime of 
150–200 mm is typically produced by orogenic-synoptic convec-
tive storms, which are linked to northerly and easterly low-level 
winds that carry moisture from the Atlantic and Amazon Basin.

Fig. 10 - Seasonal climatology for South America from ERA-In-
terim reanalysis data (Dee et al., 2011). Climatological (1979–2013) 
mean 850 hPa winds (vectors, m/s) overlying vertically integrated 
column water (kg/m2) for (a) austral summer (DJF) and (b) win-
ter (JJA). Climatological (1979–2013) mean upper level (200 hPa) 
winds overlying anomalous 200 hPa geopotential height relative 
to the zonal average for (c) DJF and (d) JJA. Major features of DJF 
large-scale circulation drive increased moisture convergence to the 
central Andes like the South American Low-Level Jet and the Bo-
livian High. From Fiorella et al. (2015). 

Fig. 11 - (a) annual, 
(b) winter, and (c) 
summer precipita-
tion derived from 
using TRMM 
(Bookhagen & 
Strecker, 2008) over 
a 12-year period 
from 1998 to 2009. V 
- Valparaiso; U - Us-
pallata. From Hoke 
et al. (2013).
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Fig. 12 - Overview of the southern Precordillera (Google Earth)
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Day 1. 
Stop 1.1 Cerro de la Gloria: active deformation of the Precordil-
lera thrust front  (32.8886°S; 68.8885°W)

At our first stop, at the eastern foothills of the Precordillera in 
the outskirts of Mendoza city, an introduction to the upcoming 
field trip will be given.

Drive along the thrust front of the Precordillera
The field trip begins in the city of Mendoza, which is built 

along the trace of the Cerro La Cal fault. The fault scarp can be 
seen across Las Heras Avenue, a few meters west where it intersects 
Perú Street. The railroad seen here was built along the fault scarp, 
a few years after the 1861 earthquake that destroyed the city of 
Mendoza. Leaving Mendoza, highway 7 to Chile runs parallel to 
the orogenic front, which is defined at these latitudes by an imbri-
cate fan of thrust sheets with neotectonic activity that deformed 
and uplifted a complex system of terraces.

Drive across the southern end of the Precordillera
The road continues to the west and north. Along the northern 

side is the Sierra de Cacheuta, which limits the southernmost part 
the Precordillera range. The general south-plunging structure in 
this region is related to the southern boundary of the flat-slab seg-
ment. To the south, the Precordillera disappears and is replaced 

by the mildly structurally inverted Triassic Cuyo rift basin. The 
Sierra de Cacheuta is composed of Devonian sedimentary rocks 
that are intruded by Carboniferous to Early Permian diorites and 
granites. These sedimentary rocks, known as the Villavicencio 
Formation, correspond to gray- and greenwackes and mudstones 
with typical turbiditic arrangement. The sandstones show normal 
gradation with erosive base and tool marks and grade into mud-
stones. These deposits contain vegetal remains and trace fossils as-
signed to Nereites ichnofacies (Baldis & Peralta, 1999).

The sequence is unconformably overlain by Permo-Triassic 
Choiyoi volcanic rocks and Triassic rift deposits. Sedimentary se-
quences related to the passive eastern side of the Triassic rift can 
be seen on both sides of the road. These rocks are principally black 
shale that formed in the sag stage of the Triassic rift. They have 
an onlap relation with the Permo-Triassic Choiyoi volcanic rocks. 
Covering the Triassic sediments are the synorogenic deposits of 
the Miocene Marino Formation (14 to 9 Ma), which is associated 
with the main uplift of the Main Cordillera at these latitudes. 

The road continues west and crosses the Río Blanco valley, 
which coincides with an inverted normal fault that puts Trias-
sic sediments over Miocene deposits. Further west, the thick se-
quence of black shales is again the continental lacustrine deposits 
of the Triassic Cacheuta Formation, which is the main source rock 
for petroleum in the prolific Cuyo Basin.

Fig. 13 - Geological map highlighting the 
extend of Neogene synorogenic strata 
south of Mendoza.
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Stop 1.2 Inversion of the Triassic Cuyo basin and Neogene Ca-
cheuta basin (33.0648°S; 69.1594°W)

Upper Cenozoic clastic deposits occur in the Santa María 
basin, between the Cordilleras Principal and Frontal, the Uspal-
lata basin, between Cordillera Frontal and Precordillera, and in 
the Cacheuta basin (Figs 13 & 14). During the uplift of the Cor-
dillera Principal, these three basins were connected and received 
sediments from the volcanic-arc and the Mesozoic units of the 
cordilleras de la Costa and Principal. The foreland basin was bro-
ken by the uplift of the Cordillera Frontal, separating the proximal 
deposits cropping out in the Santa María basin from the distal de-
posits of the Cacheuta basin.

Distal deposits
Between 3,000 and 4,000 m of synorogenic deposits uncon-

formably overlay the Triassic and Paleogene rocks in the Cuyo 
basin. The oldest unit, the Mariño Formation, comprises 50 m of 
conglomerate and sandstone beds with predominance of volcanic 
clasts recording alluvial and fluvial setting, 180 m thick of cross-
bedded sandstones of eolian origin, and 800 m of alluvial sand-
stones and conglomerates derived from the Cordillera Principal. 

The La Pilona Formation unconformably overlies the Mariño 
Formation. It consists of 800 m of sandstones and conglomer-
ates recording fluvial deposition. A regionally extensive ash-rich 
unit within the synorogenic deposits (Tobas Angostura Forma-
tion) unconformably overlies La Pilona Formation and consists of 
tuffs, sandstones and conglomerates (Irigoyen et al., 2000). This 
unit is overlaid by the Río de los Pozos Formation, which consists 
of mudstones, sandstones and conglomerates. Provenance studies 
indicate the Cordón del Plata as a source area for this unit (Iri-
goyen, 1997; Chiaramonte et al., 2000). The Pliocene-Pleistocene 
Mogotes Formation consists of boulder conglomerates interbed-

ded with mudstones, sandstones and tuffaceous horizons, repre-
senting proximal alluvial-fan facies. The source area of this unit 
corresponds to both Cordillera Frontal and Precordillera. 

Magnetostratigraphy carried out by Irigoyen et al. (2000), in 
the area between 33° 00' and 33° 20'S, calibrated by 40Ar-39Ar dating 
of interbedded air-fall deposits, indicates an age of 15.7 Ma for the 
base of the Mariño Formation and 12.2 Ma for the top. Deposi-
tion of the La Pilona Formation started at or slightly before 11.7 
Ma and continued to 9 Ma in the Cacheuta-Tupungato area (33° to 
33°20'S; Irigoyen et al., 2000) . In the same area, the same authors 
dated the deposition of the Tobas Angostura Formation between 
8.9 and 8.7 Ma and deposition of the Río de los Pozos Formation 
between 8.7 and 5.8 Ma.

Proximal deposits
Synorogenic proximal facies correspond to the Santa María 

Conglomerates, firstly described by Schiller (1912) and Gonzalez 
Bonorino (1950), which will be seen at the stop at Cerro Penitentes. 
The upper part of this peak is formed by remnants of horizontal 
beds of conglomerates, lying unconformably on Mesozoic rocks. 
They are composed of conglomerates with unclear lamination. 
The size of the clasts varies from fine sand to boulders of 25 to 
30 cm, being the volcanic rock fragments the most common ones. 
The conglomerates were deposited in the Santa Maria foreland ba-
sin during the Early to Middle Miocene on a high-energy alluvial 
fan environment (Pérez & Ramos, 1996).

Neogene synorogenic deposits provide time constraints on the 
evolution of the Andes and indicate regional along-strike change 
in style and timing of deformation. North of 33°S significant de-
formation has occurred between 12 to 9 Ma with the uplift of 
the Cordillera del Tigre in the Cordillera Frontal, as indicated by 
paleocurrent data from the La Pilona Formation (Irigoyen, 1997). 

Fig. 14 - Geological map of the Neogene Cacheuta sub-basin located to the south of Mendoza (left). Structural profiles across the Ca-
cheuta sub-basin, revealing the inversion of Triassic normal faults. 

Geological map of the Neogene Cacheuta sub-basin located to the south of Mendoza (left). Structural profiles across the Ca
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South of 33°30'S the foreland basin continued to receive sediments 
from the Cordillera Principal (Giambiagi et al., 2003) . Therefore, 
it has been suggested that Cordillera del Tigre was uplifted first 
and then the Cordón del Plata and Cordon del Portillo followed 
between 9 and 6 Ma (Giambiagi et al., 2003). The last ranges to 
be uplifted were the southern part of the Cordón del Portillo, the 
Cordillera de las Llaretas and Precordillera, as registered by clast 
provenance of the Rio de los Pozos and Mogotes Formations.

Drive-by geology: Cordón del Plata, Rock glaciers & Neotectonics
This rather short trip provides a panoramic view (left) of the 

Cordón del Plata mountain range (Cordillera Frontal), where the 
Río Blanco is fed by a number of large rock glaciers. Early studies 
in this region determined at least four Quaternary glaciations in 
this region (Wayne & Corte, 1983). Later however, the genesis of 
these chaotic deposits was reconsidered to have been derived from 
debris flows (rather than being moraines) that were emplaced in 
the piedmont region of the Cordillera Frontal. These Quaternary 
alluvial fans overlie Pleistocene terraces of the Río Mendoza and 
are affected by the Carrera-Fault System (CFS) that was responsi-
ble for the Plio-Pleistocene uplift of the Cordillera Frontal (Polan-
ski, 1962, 1963; Cortés, 1993; Irigoyen, 1997, Irigoyen et al., 2000; 
Giambiagi et al., 2003). Evidence of neotectonic activity in the 
eastern sector of this fault system is documented by offset Quater-
nary alluvial fans along the Río Blanco and by steeply-dipping re-
verse faults that juxtapose Tertiary deposits with the Quaternary 
levels (Cortés et al., 1999; Fauqué et al., 2000; Folguera et al., 2001; 
Casa, 2005; García, 2004; García et al., 2005). More evidence for 
Quaternary activity of these faults comes from the clustering of 
several rock avalanches in the northern sector of the Cordón del 
Plata (Cortés et al., 1999; Fauqué et al., 2000; Moreiras, 2006a; 
2006b).

Stop 1.3 Triassic Cuyo basin (32.9355°S; 69.2165°W)
The overlap of Triassic rift basins in southern South America 

with the Permo-Triassic Choiyoi granite-rhyolite province sug-
gests a generic relation in an extensional regime (Figs 13 & 15). The 
Choiyoi rocks are crustal melts that formed in a trans-tensional set-
ting (Giambiagi & Martínez, 2008) in association with extensive 
basaltic underplating during a period of relatively slow motion of 
the Gondwana supercontinent over the underlying mantle. The 
Cuyo rift basin developed slightly east of the main Choiyoi mag-
matic belt and is partially coeval with the termination of the acidic 
magmatism. 

The margins of the Triassic basins follow first order tectonic 
boundaries with the hanging-walls following the suture zones of 
terranes that were accreted during the Paleozoic. Opposing polari-
ties of half-grabens developed a local trans-tensional regime with 
transfer zones linking rift segments. Brittle faulting that took 
place during the rift stage allowed basaltic magmas to penetrate 
the cooling, refractory crust (Ramos & Kay, 1991).  

The Cuyo basin is located to the east of an extensive sequence 
of Ordovician oceanic mafic magmatic rocks that mark the bound-
ary between the Cuyania terrane which includes the Precordillera, 
and the Chilenia terrane to the west. These terranes were most 
likely sutured together in the Late Devonian to the Early Car-
boniferous (Ramos et al., 1986). The western margin of the Cuyo 
basin parallels the proposed terrane suture for more than 700 kilo-
meters along the boundary of the upper plate. The Ischigualasto 
and the Beazley basins further east have a similar setting; in that 
they developed on the eastern side of the Cuyania terranes near its 
Late Ordovician to Early Silurian suture with the Pampia terrane, 

which incorporates the Sierras Pampeanas east of the Pie de Palo 
range (see Ramos, 2004). 

Middle Triassic (235 Ma) alkaline basalts interfinger with late 
synrift deposits. Relatively low degrees of melting (4-5 %) in the 
mantle are suggested for the basalts, consistent with the compara-
tively narrow width of the Cuyo basin and their eruption during 
the last stages of Choiyoi magmatism (Ramos & Kay, 1991). No 
evidence of volcanic activity is found in the Cuyo rift during most 
of the Late Triassic, as this period was dominated by a generalized 
subsidence related to the thermal decay and sedimentary load-
ing that characterizes sag phases. The upper crust became more 
brittle as silicic magmatism terminated allowing brittle fractur-
ing of the upper crust to create a pathway for relatively primitive 
basaltic magmas to reach the surface. The basalts could represent 
a late phase in the stationary supercontinent-related heating of 
the upper mantle. Subsequently, the Middle Jurassic Andean arc 
developed to the west contemporaneous with generalized backarc 
rifting associated with the early opening of the South Atlantic. 
Arc volcanism is mainly concentrated on the western slope of the 
Main Andes.

The synrift deposits of the Triassic Río Mendoza Formation 
fanglomerates are separated by a strong angular unconformity 
from the Early Paleozoic rocks of the Villavicencio Formation, 
and the volcanics of the Choiyoi Group. The conglomerates of the 
Río Mendoza Formation are composed by thick tabular and len-
ticular bodies of volcaniclastic, poorly mature conglomerates and 
agglomerates with a generalized fining upward stacking pattern 
They represent the alluvial fan deposits that form the basal synrift 

Fig. 15 - Triassic rift basins of central‐western Argentina and the 
main subbasins. From Stipanicic & Marsicano (2002).
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sequence of the Cuyo rift. The overlying Cerro de Las Cabras For-
mation is made up of two sections, the lower one is a mud-rich one 
with intercalated lenticular bodies of conglomerates and pebbly 
sandstones. The upper section is a fine-grained succession com-
posed of multicolored mudstones, tuffs and pyroclastic siltstones 
(Spalletti, et al., 2005, 2008).

Above these units, the rest of the sequence of the Triassic rift 
deposits in the Uspallata Group can be seen. The Potrerillos For-
mation is the thickest Triassic unit and is characterized by cyclic al-
ternations of gravel-, sand- and mud-rich intervals suggesting flu-
vial deposition. These formations constitute the first cycle of the 
Triassic rift sequence. These deposits are followed by a succession 
of lacustrine black shales of the Cacheuta Formation that indicates 
the synrift climax phase. The Triassic succession ends with the red 
beds of the Rio Blanco Formation representing the sag phase. The 
black shales of the Chacheuta Formation are the most important 
source rock of the oil fields of the Cuyo basin, southeast of the 
city of Mendoza. Concomitant of the Triassic synrift continental 
sedimentation and volcanism, WNW to NNW extensional faults 
developed, with fault-slip data indicating a NE stretching direc-
tion (Giambiagi et al., 2010).

Stop 1.4 Complex relationship between Frontal Cordillera and 
Precordillera thrust faults (32.8765°S; 69.2661°W)

The Las Carreras fault seen at this stop is the northern con-
tinuation of the Cordón del Plata thrust front (Fig. 16). In this 
location, the Permian Guido Granite is thrust over Ordovician 
(?) low-grade metamorphic rocks and the Choiyoi volcanic rocks. 
The fault was responsible for the late Miocene uplift of the Cordil-
lera Frontal and was active during late Miocene and early Pliocene 
times, as inferred from the synorogenic Tertiary deposits east of 
the Cordón del Plata just to the south (Ramos, 1993).

The volcanic rocks of the Choiyoi Group seen in this region 
can be separated into two sections. The lower section, which can 
be seen at km 1107 along highway 7, is formed by andesitic volcanic 
rocks that represent the pre-Choiyoi stage of subduction related 

magmatism. The upper sequence is dominated by rhyolites.

Drive-by geology: Tigre Dormido landslide (32.773°S 69.319°W)
The Tigre Dormido (TD) landslide was generated at the 

eastern slopes of the Cerro Minero (3,813 m asl) and descended 
through the Quebrada La Soltero into the Río Mendoza. Rem-
nants of this event are found along the valley walls and the Río 
Mendoza indicating a total volume of ~1.7 km3 (Fig. 17). A result-
ing landslide-dammed lake had a volume of ~1.6 km3 (Di Tom-
maso & Fauqué, 2005). Associated lake deposits have only been 
preserved in a strongly eroded 10-m thick sequence of reddish silt 
and clay. The monomictic TD deposit is composed of rhyolites. Its 
characteristic yellow color and some lamination with black layers 
of manganese oxide are mainly due to hydrothermal alteration in 
the source area. 

The TD landslide deposit can be correlated with two glacial 
outwash deposits from the Punta de Vacas and Uspallata gla-
ciations (Moreiras, 2006a; 2010a). Since the Uspallata outwash 
onlaps onto parts of the TD-rock avalanche and associated lake 
deposits, the rock avalanche must be older than the outwash. As 
the Uspallata glaciation was assigned an at least Early to Middle 
Pleistocene age (Espizúa & Bigazzi, 1998), the TD-rock avalanche 
must have occurred before or during this time period. Thus, OSL-
ages of ~10±3 ka, obtained from the lake sediments, must be an 
underestimation of the real age. In situ cosmogenic nuclide ex-
posure ages of landslide boulders, however, also reveal relatively 
young ages for the landslide of ~47±4 ka (Fauqué et al. 2008d). 
New OSL-dating of the lacustrine sediments confirms a late Pleis-
tocene age (~44±4 ka, Moreiras et al., 2015). 

Drive across the Cordillera Frontal
Route 7 continues west into the Cordillera Frontal, which 

is the locus of the Late Paleozoic tectonic activity that has been 
called the Gondwanian orogeny since the early work of Du Toit 
(1927). The Frontal Cordillera contains the early Permian subduc-
tion-related magmatic rocks as well as the subsequent widespread 

Fig. 16 - Balanced cross-sections 1 
and 2 (for locations see geological 
map of the southern Precordil-
lera in the attachment), showing 
the relationship between An-
dean (black lines), Permo-Tri-
assic (blue lines) and late Paleo-
zoic Gondwanan (red lines) and 
Chanic (green lines) structures. 
Modified from Giambiagi et al. 
(2014).
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Permo-Triassic rhyolitic magmatic rocks known as the Choiyoi 
Province (Kay et al., 1989).

These Late Paleozoic-Triassic batholiths and associated acidic 
volcanic rocks record the history of an important period of crustal 
growth on the margin of western Gondwana. These events follow 
a period of Middle to Late Paleozoic subduction that culminated 
with uplift and crustal thickening, followed by extensional col-
lapse of the orogen associated with extensive melting of the crust 
(Mpodozis & Kay, 1992). The formation of the Choiyoi province 
has been associated with a relatively stable period in the history 
of Gondwana during which underplated mantle basalts caused 
extensive crustal melting. There is no evidence for subduction 
of oceanic crust beneath the Cordillera Frontal during this time. 
There are syn-extensional faults in the Choiyoi group sequences. 
These events are related to the final assembly of the Gondwana 
continent and the first stages of its fragmentation.

Late Paleozoic subduction of the Protopacific Ocean along 
the new western border of Gondwana resulted in formation of 
the wide accretionary prism that is now exposed along the Chil-
ean coast and the plutonic and volcanic rocks known as the pre-
Choiyoi assemblage (Kay et al., 1989; Mpodozis & Kay, 1990) in 
the Cordillera Frontal. Synchronous intra-arc and back-arc sedi-
mentary basins forming in both Argentina and Chile were filled 
by several thousand meters of Devonian (?) to Lower Permian ma-
rine and continental sediments (Caminos, 1979; Polanski, 1970). 
The Late Permian to Triassic history of the Cordillera Frontal 
region is dominated by the extensive Choiyoi graniterhyolite prov-
ince whose formation precedes and in part overlaps the develop-
ment of Triassic rift basins just to the east (Ramos & Kay, 1991). 

The Choiyoi province extends for more than 2500 km from 
Collaguasi (22°S) in northern Chile to the Neuquén Basin and 
northern Patagonian Andes near 400S (Mpodozis & Kay, 1990). 
Particularly extensive sequences of rhyolitic ignimbrites (Cortes, 
1985) and granitic batholiths occur (e.g., Colangtiil and San Guill-
ermo batholiths; Llambias & Sato, 1990) occur in the San Rafael 
block in Argentina to the south (34°S) and in the Cordillera Fron-
tal (29°-33°S; Caminos, 1979). Volcanic calderas are still recogniz-

able in some places. 
A major lower Permian compressional deformation is recog-

nized in the Cordillera Frontal where a pronounced unconform-
ity separates folded and faulted Devonian and Carboniferous 
sediments from undeformed Middle to Upper Permian Choiyoi 
volcanic sequence. This deformational phase known as the San 
Rafael (Polanski, 1970) was also recognized as a period of low 
magmatic activity in western Argentina (Perez & Ramos, 1990). 
Further east, in the Carboniferous Paganzo basin, in the modern 
Precordillera and Sierras Pampeanas, no deformation is observed. 
At that time, a change occurs from deposition of active rifting of 
synrift facies to sag facies.

One possible explanation for compressional deformation and 
crustal thickening is that oblique collision of an exotic terrane oc-
curred along the coast at this time. This scenario is consistent with 
the work of Rapalini (1989) who used paleomagnetic evidence to 
suggest that pre-mid Permian rocks in Argentina are rotated as 
a consequence of oblique plate motion along the Pacific margin. 
Late Permian rocks are not rotated. The orientation and intensity 
of the mylonitic and cataclastic zones in the granitoids are also 
most easily explained by oblique motion (Mpodozis & Kay, 1990). 
Collision could also explain the apparent end of subduction relat-
ed magmatism. An alternative explanation was presented by Mar-
tínez et al. (2006), who related the San Rafael deformation and the 
cessation of arc related magmatism to a period of flat-subduction.

Between stops 3 and 4, post tectonic granitoids such as the 
Guido Granite can be seen in the western part of Precordillera. 
These granites were emplaced during the Late Paleozoic. They 
have an Early Permian age and could be subduction-related grani-
toids similar to the ones described in Chile further north (Mpo-
dozis & Kay, 1990). Mafic dikes were emplaced during the late epi-
sodes of crystallization.

The post-collisional granites and rhyolites typical of the Choi-
yoi province show chemical characteristics consistent with an 
ongm by crustal melting with heat provided by basaltic underplat-
ing. The Choiyoi province is only one of the granite-rhyolite prov-
inces that formed along the western border of Gondwana from 

Fig. 17 - Large landslides in the Uspallata re-
gion: (a) Tigre Dormido (TD); (b) Placetas 
Amarillas 1 (PA-1); (c) Placetas Amarillas 2 
(PA-2), c-Piedras Blancas 1 (PB-1); (d) Piedras 
Blancas 2 (PB-2); (e) Piedras Blancas 3 (PB-3), 
and (f) Burro (BU) (after Fauqué et al., 2000, 
2001). Pleistocene drifts identified in the area 
are the Uspallata terminal moraine (UM), Us-
pallata outwash (UO), and Punta de Vacas out-
wash (PO) (after Espizúa, 1993; Moreiras, 2003, 
2004b).
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the Upper Paleozoic to the Lower Jurassic (see Mpodozis & Kay, 
1990). Others include the "Mitu" province between Peru and Bo-
livia, the Choiyoi province discussed here, the Chon Aike province 
in Patagonia, the Antarctica Peninsula and Ellsworth-Witmore in 
Antarctica, and the New England fold belt in Australia. The com-
bined outcrops form a belt of more than 10,000 km, developed 
along the Pacific margin of Gondwana, preceding its rupture and 
dispersal. In most of these regions, Late Paleozoic calc-alkaline 
arc-related plutons are deformed and uplifted. These events are 
followed by the intrusion of high levels hypersilicic rhyolites and 
granites ranging in age from Upper Permian to Lower Jurassic. In 
all cases, these events represent the final amalgamation of Gond-
wana, the extensional collapse of compressional regimes and the 
initial stages of breakup of the supercontinent. The tectonic pro-
cesses occurring are those associated with subduction, terrane col-
lision, and extension. The large amounts of granite and rhyolite 
generated are the results of the focusing of these events during a 
short period of time, associated with the formation and break-up 
of a supercontinent.

Day 2. 
Drive into the Cordillera Principal: The High Andes

The Cordillera Principal or High Andes starts west of Punta 
de Vacas. Here the Gondwana evolutionary stage of the Cordillera 
is heavily overprinted by Mesozoic and Cenozoic events. The Mes-
ozoic to Cenozoic evolution is characterized by two stages: (1) the 
Jurassic to Early Cretaceous intra-arc development of a carbonatic 
sedimentary basin that is intermittently interrupted by volcanic 
activity; and (2) the formation of a Cenozoic fold and thrust belt 
(Figs 18 & 19). Neogene deformation and contraction started in 
Chile in the Paleogene at these latitudes with an extensional stage 
during the Oligocene (Godoy et al., 1999). The structures seen in 
the Aconcagua fold and thrust belt on the Argentine side of the 
Cordillera are mainly early Miocene to late Miocene in age.

One of the outstanding features of the first stage is the devel-
opment of many Mesozoic marine sequences that were controlled 
by transgressions and regressions from the Pacific side. Those se-
quences are grouped into four sedimentary cycles, which are sepa-
rated by regional first order unconformities. These sequences are 
clearly depicted in the Neuquén basin further to the south, where 
a well developed Liassic to Cenomanian marine retroarc basin de-
veloped behind the magmatic arc in the eastern foothills of the 
Cordillera. The Neuquén basin is linked to the north with the Ac-
oncagua basin which we are seeing here.

The Aconcagua Basin has a different paleogeography with a 
larger participation of volcanic rocks, but similar middle Jurassic 
to Cretaceous stratigraphic cycles. There are interesting parallels 
between the evolution of the basin and the magmatic arc history 
(Ramos, 1985a,b). The main periods of regional unconformities 
in the foreland are coincident periods when the magmatic arc 
migrated eastward. The intermittent nature of the magmatic ac-
tivity, as well as the spatial variation of the volcanic front in the 
Andes, are closely related to changes in plate motion controlled 
by variations in the spreading velocities of the Pacific and Atlan-
tic oceanic ridges. Removal of the continental margin by forearc 
subduction erosion can also be related to the migration of the arc 
volcanic fronts. Such processes seem to be associated with the shal-
lowing of the subduction zone at this latitude and just to the south 
in the last 10 Ma (see Kay et al., 2005).

Most of the Chilean and the westernmost Argentine Mesozoic 
basins of the Cordillera Principal are intra-arc basins controlled 
by the development of two distinctive arcs: an inner more active 

arc along the Cordillera de la Costa of Chile concentrates the main 
andesitic activity and an outer arc produces rock suites that are 
mainly of andesitic to bimodal composition. Several authors have 
proposed an extensional regime in the arc massif region mainly 
during the Early Cretaceous, which was responsible for the intra-
arc basin development. This process has been envisaged as an intra 
continental spreading which has controlled the rapid subsidence 
of the volcanic pile where burial metamorphism closely followed 
extrusion (Levi & Aguirre, 1981). This extensional regime in the 
arc has been attributed to a negative trench roll-back velocity prior 
to the opening of the South Atlantic Ocean of the Western Gond-
wana plate. The opening of the South Atlantic Ocean in the Neo-
comian (~ 125 Ma) changed the absolute motion of South America 
to a positive trench roll-back velocity and to a compressive regime 
in the arc (Ramos, 1999). 

The intermittent activity of the outer arc is closely related to 
periods of sea level lowstands in both the intra arc and the retro-
arc basins. These local sea level changes have been partially cor-
related with the world-wide eustatic onlap cycles. The intra-arc 
basins were active until Early Barremian times when an impor-
tant eastward migration of the main magmatic arc occurred, to-
gether with a low stand period in the retro-arc and intra-arc basins 
and the development of a single and expanded central arc. The 
retro-arc easternmost basin was exclusively continental from this 
time on, and the Pacific sea no longer reached the eastern side of 
the cordillera. This important paleogeographic change is closely 
linked with the beginning active spreading in the South Atlantic. 
Soon after the opening of the South Atlantic a new increase in 
plate motion started a compressive regime, which eliminated the 
intra-arc basins and the arc front moved toward the foreland. This 
second step is recognized in these latitudes at about 110 Ma when 
the Cristo Redentor and the Juncal Formations were deposited. 
The eastward expansion of the magmatic arc could be related to a 
decrease in the subduction angle of the slab, coeval with a higher 
convergence rate, combined by the tectonic erosion at the subduc-
tion zone.

The maximum sea floor spreading rate at the Pacific and the 
South Atlantic spreading centers was reached in the Late Creta-
ceous (ca. 80 Ma). A positive trench roll-back velocity at this time 
may be responsible for the development of a fold and thrust belt 
on the eastern flank of the Andean orogen. At the same time, a 
foreland basin formed at the leading edge of the deformational 
front in response to tectonic loading in the adjacent thrust belt. 
At the final stage of compression, several granitoid stocks were em-
placed in the arc massif.

Stop 2.1 Uspallata Neogene basin (32.6193°S; 69.4359°W)
The southern end of the Calingasta-Uspallata valley is seen at 

this stop. At these latitudes, the Cordillera Frontal is thrust over 
the Precordillera. A series of imbricate thrust put Choiyoi volcan-
ic rocks repeatedly on top of Miocene continental foreland basin 
strata.

Quaternary evolution
South of Río Mendoza, the Pampa de Tabolango (plain) 

merges with the Punta de Vacas outwash plain. The northern 
side is characterized by the Uspallata terminal moraine and its 
outwash deposits. Both are partially submerged in alluvial fan 
deposits, which have been grouped into the San Alberto Forma-
tion (Cortés, 1993). At the northern tip of the Cordón del Plata, 
multiple large-scale landslides were generated. Among them is the 
Piedras Blancas rock avalanche (PB) that likely initiated as a rota-
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Fig. 18 - (A) Geological map across the Andes at 33.5°S; (B,C) Regional and detailed structural cross sections.
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tional slide and then evolved into a large debris flow. Rock masses 
moved ca. 10 km northward, descending ~2,000 m into the Pampa 
de Tabolango. This event moved ~0.9 km3 of debris and subse-
quently covered an area of ~7.5 km2. Earlier landslides in this sec-
tor exist, but are hard to trace. The PB landslide did dam a lake, 
as is evidenced by a 30-m thick sequence of sands, silts, and clays 
in the Quebrada Cerro Minero, with an areal extent of ~0.75 km2 
with a maximum lake level at 2,677 m (the present-day local base 
level of the Río Mendoza at this location is about 1,750 m). Fossil-
ized mammal teeth from the lake sediments (Hippidion devillei, 
Cerdeño et al, 2008) suggest a Late Pliocene to Late Pleistocene 
age (Alberti & Prado, 2004).

Similar to the TD landslide, the PB landslide is covered by vol-
canic ash-bearing alluvial fans. Tephrochronological results sug-
gest a temporal correlation with samples of the middle ash level 
found in the area (Moreiras, 2010a). This landslide event has been 
assigned a Latest Pleistocene age, as a carbonate-cemented brec-
cia found in a block was dated to 15 ka BP (AMS14C, Fauqué et 
al., 2001). Later, CRN-dating suggested an age of ca. 109 – 208 ka 
(Fauqué et al. 2008d). According to more recent CRN ages, the 
occurrence of at least three isolated events separated by a certain 
amount of time is plausible (Moreiras et al., 2015). More recently, 
the middle ash layer was radiometrically dated (40Ar/39Ar), which 
gave an age of 350 ± 80 ka. The date suggests that, as the PA-1 rock 
avalanche is older than this ash level, the maximum age for the 
PA-1 rock avalanche should be Middle Pleistocene (Moreiras et al., 
2006).

At the northern tip of the Cordón del Plata, the Carrera-Fault 
System (CFS) comprises two major steeply westward dipping 
faults, juxtaposing intrusives and volcanic rocks with tertiary sedi-
ments: (a) the Placetas Amarillas fault; and (b) the Piedras Blancas 
fault (Cortes, 1993). Clustering of rock avalanches is linked to neo-
tectonic activity of these faults (e.g. Moreiras, 2010a). Epicenters of 
shallow crustal earthquakes with M>3.5 show a certain alignment 
with the CFS evidencing younger reactivations.

Stop 2.2 Permo-triassic extensional structures (32.7882°S; 
69.6456°W, 2230 m)

This stop provides a good example of the Gondwanian tecton-
ics. A normal fault pusts in contact the western facies of the Car-
boniferour deposits with the pyroclastic sequences of the Choiyoi 
Group. Along the fault trace a rhyolitic dike of Late Triassic age 
intruded, probably related to extensional movement of the fault. 
The well stratified pyroclastic deposits of the Choiyoi Group have 
been dated in 235-238 Ma by K-Ar (Pérez & Ramos, 1996), indicat-
ing a Middle Triassic age. 

The angular unconformity that separated the Late Carbonif-
erous-Early Permian marine deposts from the Choiyoi Group vol-
caniclastic deposits represents the San Rafael compressional phase 
of Middle Permian age. 

Stop 2.3 Aconcagua frontal thrusts and Santa Maria basin 
(32.8408°S; 69.8415°W)

This stop shows the thrust front of the Miocene Aconcagua 
fold and thrust belt. Middle to Late Jurassic limestones (La Manga 
Formation) thrust over thick early to middle Miocene Santa Ma-
ria conglomerates that in turn unconformably overlie marine and 
continental Jurassic strata. The east-verging Penitentes thrust dips 
at 5° to 22° to the west. The effects of erosion have led to the near 
formation of a klippe on the top of Cerro Visera further east. A 
thin blanket of Choiyoi volcanic rocks unconformably overlying 
Carboniferous deposits and Permian granitoids, where Late Per-
mian - Early Triassic extensional faults are preserved.

The La Manga Formation is a calcareous unit of 50 to 60 m 
on the Aconcagua area where three sections can be differentiated. 
The siliciclastic lower section is made of irregular massive sand-
stones or with cross stratification. They are covered by bindstones 
and rudstones but massive mudstones, wackestones and pack-
stones with oyster, ammonites and equinoderms outline on the 
middle section. The section ends with thick corallineous float-
stones overlaid by oolitic packstones and grainstones brecciated 
probably due to kastic phenomena. 

The La Manga Formation represents the onset of the sedimen-
tary infill of this basin their basal facies overlied the pre-Jurassic 
basement and lately evolved to marine deposits, mainly carbonatic 
ones. The siliciclastic facies has been interpreted as belonging to 
a fluvial system coming from the east that passes into a calcare-
ous platform. The development of several prograding sequences 
is interrupted by an important sea level fall registered by the expo-
sure of the platform (Lo Forte, 1992). The Auquilco Formation is 
reflecting the important marine restriction related to the sea level 
fall. This unit is made of laminar and nodular anhydrite with red 
sandstones and micritic mudstones subordinated. The interpret-
ed sedimentary environment is a shallow and hypersaline body 
related to clastic continental deposits to the continent that is rep 
laced by red and green sandstones of the Tordillo Formation (Lo 
Forte, 1999). The sedimentary environment of this unit is related 
to the interaction of the volcanic arc and the continental environ-
ment where braided rivers and sheet flood deposits are related to 
volcanic flows and lahars (Sanguinetti & Cegarra, 1991) . Isotopes 
analysis indicates the absence of significant contribution of con-
tinental waters or hydrothermal solutions for the gypsum in the 
study area (Lo Forte et al 2005).

The next sedimentary cycle, known as Mendoza Group 
(Weaver 1931), begins with an important sea level rise during the 
lower Tithonian. It is represented in the Aconcagua area by the 
deposition of the dark shales of the Vaca Muerta Formation and 
it evolved into the Quintuco Formation with platform related fa-
cies (Aguirre Urreta & Lo Forte, 1999). These black shales are seen 
over the red sandstones of the fluvial system or over the evaporites 
of the hypersaline lake and laterally pass to volcanic and clastic 

Fig. 19 - Structural cross section through the Cordillera Principal at ca. 32.75°S latitude.
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sediments near the active volcanic arc and also to a calcareous plat-
form. A series of marine restricted and fluvial environment is in-
stalled due to a new sea level fall known as the Mulichinco Forma-
tion. The Mendoza Group ends with the deposition of the Agrio 
Formation representing the greater expansion of the valanginian-
hauterivian sea on the Aconcagua basin.

Stop 2.4 Aconcagua FTB (32.8248°S; 69.9107°W)
This is the most classic section of the High Andes. Compare 

the evolution of the knowledge since Darwin with the present 
interpretation (Fig. 1 and 19). The section shows the autochthon, 
which is composed of Carboniferous hornfels, thin pyroclastic 
deposits of Choiyoi Group and Jurassic limestones and conglom-
erates of proximal facies and small outcrops of marine Early Creta-
ceous; the first thrust plate, which is composed of Middle to Late 
Jurassic marine and continental deposits and Early Cretaceous 
continental to transitional marine deposits; and the second thrust 
plate, which has Late Jurassic gypsum at the base and Titho-Neo-
comian continental and marine strata above. All these sequences 
are intruded by thick Miocene (15 Ma) trachytic dikes. Cretaceous 
basaltic and andesitic lenses that are interbedded in the sequence 
in the first thrust sheet become more abundant in the western-
most thrust sheets (Ramos, 1985a,b).

The Puente del Inca is a natural bridge formed during the last 
deglaciation, probably in the Late Pleistocene, as an ice bridge 
associated with an avalanche. The presence of thermal springs, 
controlled by the Penitentes thrust, cemented with sulphates and 
carbonates and an intense biogenic precipitation of the avalanche 
deposits (travertine-cemented landslide debris), leading the way to 
the present bridge (Ramos, 1993). 

Stop 2.5 Aconcagua from Horcones (32.8111°S; 69.9424°W)
At this stop, there is a magnificent view of the Pared Sur (south 

wall) of the Aconcagua (6,967 m asl., Fig. 20). The wall is formed 
by volcanic and breccia flows of andesitic composition of the Ac-
oncagua Volcanic Complex (15 to 8.9 Ma, Ramos & Yrigoyen, 

1987, Godoy et al., 1988; Kay et al., 1991). On the western side of 
the valley, there is an imbrication of Jurassic continental red beds 
and Early Cretaceous limestones. On the eastern side, the diapiric 
effects of the Late Jurassic gypsum of the Auquilco Formation 
produced the complex structure of Cerro Panta. To the south, the 
fault imbrications are visible from the second to the fourth thrust 
sheets repeating the different Titho-Neocomian units.

Stop 2.6 Cretaceous arc and back arc basin (32.814°S; 70.0499°W)
This stop shows that the westernmost thrust sheets are domi-

nated by volcanic and volcaniclastic rocks derived from the volcan-
ic arc. These Early Cretaceous (Neocomian) rocks have Valangin-
ian (137 to 132 Ma) ammonites, which corroborate the Neocomian 
age of the sequence. The thrusts formed an imbricate fan with the 
western and older thrusts rotated 25° to vertical and almost over-
turned.

In the northern margin, the Neocomian limestones override 
Late Jurassic-Early Cretaceous red beds. The thickness of these 
continental and volcaniclastic deposits exceeds several times the 
normal thickness of these units, indicating their proximity to the 
volcanic arc. A large rock avalanche was produced from one of the 
volcaniclastic members of the Mesozoic deposits.

Optional history stop
Depending on the time available and the weather an optional 

stop is to visit a colonial shelter built in 1765. The Spanish Royal 
Mail constructed those shelters to enable crossing the Andes dur-
ing the winter. At that time, Spaniards were at war with the Brit-
ish Empire, which reduced the likelihood of a safe passage through 
the Strait of Magellan.

Day 3. 
Optional stop - Darwin Triassic forest (32.4843°S; 69.1239°W)

This is the classic locality where in 1835 Darwin found the first 
fossil floras of southern South America (Brea et al., 2009). He re-
ported a fossil forest with vertical silicified stems of “Araucarites” 

Fig. 20 - 3D-view of the Cerro Aconcagua at Horcones (Google Earth).
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in life position near the Agua de la Zorra locality. Electronic 
microscopic studies performed by Brea (1997) confirms that the 
trunks belong to Araucarioxylon. At this locality, Darwin won-
dered about the processes that would cause the burial of the co-
nifer trunks, which he considered had happened in a marine sedi-
mentary environment. Now, it is interpreted that the forest was 
buried by pyroclastic flows in a Triassic rift depocenter (Poma et 
al., 2009). Synchronous alkaline basalts of Agua de la Zorra have 
been dated to 235 Ma. 

Stop 3.1 Río Blanco Triassic rift (31.4778°S; 69.3949°W)
This stop is located 17 km north of Barreal, near the locality 

of Hilario. It coincides with a small outcrop of Triassic deposits 
characterized by tuffs, reworked tuffs, siltstones and fine-grained, 
lacustrine and fluvial sandstones deposited in a rift-related depo-
center (Figs 2 & 21). The active margin is located to the east and it is 
characterized by coarse conglomerates and red sandstones.

The Precordillera fold-and-thrust belt. 
The Cenozoic Precordillera is a fold-and-thrust belt east of the 

main Andean Cordillera (Fig. 22). The best analogy for the tec-
tonic setting of the Precordillera (thin-skinned) and its neighbor-
ing reverse-fault bounded basement ranges of the Sierras Pampea-
nas (thick-skinned) in a similar geodynamic context, is the early 
Tertiary Wyoming-Colorado fold-and-thrust belt in the western 
US. The Precordillera and the Sierras Pampeanas are still actively 
deforming and uplifting and display numerous geomorphic and 
structural features related to active tectonism. In the area of the 
town of San Juan the Precordillera borders the Tulum Valley, 
which in turn is flanked by the actively deforming Sierra Pie de 
Palo basement uplift to the east. The Tulum Valley is filled with 
several kilometers of Miocene to Recent sediments derived from 
the uplift of the Precordillera and the High Andes; in contrast, 
the Iglesias Basin to the west of the Precordillera is a large-scale 
intermontane piggy-back basin which records repeated episodes 

Fig. 21 - Geological map of the Calingasta-Barreal region (Barredo, 2004).
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of thrusting and strike-slip faulting and superposed basin-filling 
and excavation episodes.

Geodynamic background
The flat subduction associated with the region of the Precor-

dillera and the Sierras Pampeanas has been inferred to be closely 
linked to the subduction of the Juan Fernández Ridge, which, 
because of a “dog-leg” shape in its now subducted trace, moved 
southward along the South American plate margin from 22 to 
10 Ma. However, since 10 Ma the segment entering the trench is 
nearly parallel to the convergence direction, resulting in a stable 
configuration since then (Yañez et al., 2002). The link between 
ridge subduction and the flat geometry appears to be supported by 
anomalously high frequency of seismicity in the subducted plate 
aligned with the ridge (Pardo et al., 2002; Gans et al., 2011). Pro-
gressive enrichment of arc magmatic rocks indicates that the main 
phase of shallowing of the subducted plate occurred between 
10 and 5 Ma (Kay & Abbruzzi, 1996), in broad agreement with 

the history of subduction of the Juan Fernández Ridge. Seafloor 
magnetic lineations, global plate circuits, and GPS geodesy has 
revealed that the convergence rate at the Chilean plate boundary 
has decreased by a factor of 2 in the past 15 m.y. (Pardo-Casas & 
Molnar, 1987; Somoza, 1998; Angermann et al., 1999; Kendrick et 
al., 2003). Currently, convergence is ~63 mm/yr toward 079.5° at 
the latitude of the Precordillera. This convergence produces GPS 
measurable displacements of ~10 mm/yr with respect to stable 
South America in the central Precordillera, which is thought to be 
due to elastic deformation from a combination of locking of the 
interplate subduction zone and locking of the Precordillera décol-
lement (Brooks et al., 2003). 

Tectonic and structural setting
The Precordillera thrust belt is built on a foundation of a 

Paleozoic terrane, Cuyania, accreted to South America prior to 
the start of the Jurassic to present Andean orogeny (Ramos et al., 
1986, 2002; Ramos, 2008). The central part of the Precordillera 

Fig. 22 - Shaded relief map of the Ar-
gentine Precordillera and western Si-
erras Pampeanas showing main struc-
tural sub-provinces and major regional 
structures (dotted lines refer to either 
inferred or buried faults). Arrows show 
compressional directions from inversion 
results of fault kinematic data (Siame et 
al. 2005). (top) Schematic regional cross-
section (CC') at about 31°30'S with seis-
micity after Régnier et al. (1992).
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has a layered sequence of Cambrian to Permian strata dominated 
by the Cambrian–Ordovician San Juan Limestone found at the 
base of many of the thrust plates. The remainder of the succession 
is composed of siliciclastic rocks. Several low-angle unconformi-
ties within the Paleozoic section occur throughout the belt, and 
pre-Andean deformation becomes increasingly important to the 
west. In the westernmost part of the Precordillera, the Ordovician 
changes facies to slope and basinal flysch with pillow basalts and 
ultramafic rocks that signal the allochthonous boundary between 
the Cuyania and Chilenia terranes (Ramos et al., 1986). South of 
~31°S, the Precordillera is influenced by the location of Triassic 
grabens (Ramos & Kay, 1991). To the east , the eastern sector of the 
Precordillera is composed of thick-skinned, west-verging struc-
tures. These structures are akin to the neighboring Sierras Pam-
peanas (Ortíz & Zambrano, 1981; Zapata & Allmendinger, 1996b). 
Deep crustal seismicity beneath the eastern Precordillera confirms 
its thick-skinned nature (Smalley et al., 1993). To the west, the Igle-
sia Basin (Fig. 22) has several structures with significant strike-slip 
components, including the well-known El Tigre fault (Bastías & 
Bastías, 1987; Siame et al., 1997, 2002) and local features visible on 
seismic reflection data that resemble flower structures (Alvarez-
Marrón et al., 2006). However, strike-slip faulting is not signifi-
cant farther east. Importantly, thrust timing in the Precordillera 
established by Jordan et al. (1993, 2001) shows that the Precordil-
lera thrust belt initiated between 21 and 19 Ma with progressive 
eastward migration of the thrust front through time. 

The Precordillera comprises four structural regions (Fig. 22):
 1) Villlicum-Zonda-Pedernal (eastern Precordillera). This part of 

the range extends along a NNE strike for >200 km. Thrusts dip 

to the east and probably involve basement units. Principal ex-
posed units are Cambrian/Lower Ordovician in age. 

2) Matagusanos Valley (intermontane Ullum-Zonda Valley). This 
valley is bounded on the east by the west-verging Zonda thrust 
and the easternmost, east-verging thrust of the central Precor-
dillera on the west. The valley hosts approximately 6 km of Ce-
nozoic strata that overlie Cambrian-Ordovician limestones. To 
the north the west-dipping Precordillera thrusts encounter east-
dipping basement thrusts of the Sierra Pampeanas. 

 3) Central thrust region (central Precordillera). Thrust faults in 
the central region dip to the west and involve Ordovician to 
Carboniferous strata. Miocene volcanic and sedimentary rocks 
are also present and deformed, and help to constrain the age of 
the thrusting.  

4) Western thrust region (western Precordillera). The thrust 
faults in the western Precordillera generally dip to the west. 
Lower Paleozoic outcrops are dominated by deeper water facies 
(shales). Permian and Triassic units are also involved in the de-
formation. Pillow lavas and other volcanic rocks occur in the 
Paleozoic sequence.

Geology of the Calingasta - Iglesia Basin
The Iglesia Basin developed between the Frontal Cordillera 

(western margin) and the Precordillera thin-skinned thrust belt 
(eastern margin). Translated passively on top of the westernmost 
(‘‘Las Trancas’’) thrust sheet (see below), the Iglesia Basin is clas-
sified as the wedge-top component to the more extensive Bermejo 
foredeep depozone (Fig. 22) preserved on the eastern side of the 
Precordillera (Allmendinger et al. 1990). Interpretation of basin-
scale 2D seismic profiles suggests the presence of at least eleven 

Fig. 23 - E-W reflection seismic profile immediately N of Rodeo (see inset, line 5323) depicting the nature of seismic sequence bounda-
ries and intrabasinal thrusting in the Tertiary Iglesia basin fill. Numbers depict sequences referred to below (Ruskin & Jordan, 2007). 
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stratigraphic sequences defined by reflector geometries (onlap, to-
plap, and truncation) within 3.5 km thickness of the mainly fluvial 
Mio–Pliocene Iglesia Group (Beer et al. 1990; Jordan et al., 1994). 

Because the eastern half of the basin fill is gently inclined, the 
seismic sequences identified by Beer et al. (1990) are exposed as 
surface outcrops (Fig. 23), permitting radiometric and magneto-
stratigraphic dating of surface strata to constrain the ages of the 
seismic sequences. To the W of the town of Rodeo the full dura-
tion of sequence deposition was approximately between 20.2 to 
4.3 Ma (Jordan et al. 1997). Overall, the sequence constitutes a 
terrestrial fining-upward succession punctuated by depositional 
hiatuses of varied outcrop expression. 

Overall basin geometry, a north-trending lens reaching 3.5 km 
in the basin center, was controlled by vertical motions on both 
tectonically controlled margins as well as out-of-sequence intra-
basinal thrusting. It has been suggested that the intra-basinal 
deformation is dominated by blind thrust faults related to the El 
Tigre fault system (26°–36°S, 69°10’W; Figs 22 and 24), which off-
set the strata at depth and divide the basin into at least six north-
trending structural sub-basins. The stratigraphic sequences are 
brought to surface levels by fault-propagation folds, some exhibit-
ing growth-strata relations in the subsurface. The prevalence of 
folds over faults facilitates tracing units among discontinuous 
outcrops and from seismic to outcrop. The basin broadened (in 
east to west dimension) during deposition of the lower seven se-
quences, followed by restriction of the youngest four sequences to 
the westernmost structural sub-basin. Some sequence boundaries 
correspond to enhanced rotation along their western margin, as-
sociated with Tertiary uplift of the Frontal Cordillera. Most expo-
sures are confined to longitudinal belts parallel to the structural 
trend and in axial positions, although well-exposed sections have 
also been measured and dated along the eastern margin.

Stop 3.2 El Tigre fault (30°52'13.33"S, 69°13'21.66"W) (Fig. 24) 
 This stop coincides with the intercept between the Provincial 

Road 425 and the NNE-striking El Tigre Fault. The area coincides 
with a stepover between two fault strands and the formation of 
sag ponds (Fig. 24).

The El Tigre Fault is a 120-km-long right-lateral strike-slip 
fault in the Calingasta-Iglesia Valley, which comprises at least sev-
en rupture segments that terminate in restraining and releasing 
stepovers; the trace of the fault manifests itself by numerous geo-
morphic features (alluvial-fan and stream offsets, pressure ridges, 
sag ponds) and surface disruptions, which provides unambiguous 
evidence for Quaternary tectonic activity along this structure (Si-
ame et al.  1997; Costa et al.  2000). The El Tigre Fault geometry 
and segmentation are closely coupled with the overall trend of the 
Precordillera. For example, slight variations in strike of the differ-
ent sectors of the Precordillera are parallel to the El Tigre Fault 
geometry and its discontinuities (Siame et al. 1997): the southern 
termination of the El Tigre Fault coincides with the Precordillera 
where it bends from N160°E to N10°E in the vicinity of the Río San 
Juan. In the north, the El Tigre Fault steps westward and forms a 
horsetail-termination, which again coincides with another change 
in orientation of the Precordillera. Siame et al. (1997) therefore 
suggested that the El Tigre Fault is a crustal-scale fault, which is 
intimately related to the structures of the Precordillera fold-and-
thrust belt. This interpretation is supported by the intra-basinal 
thrusts in the Rodeo area in the northern part of the valley, where 
E-verging thrusts in the Calingasta-Iglesia piggy-back basin have 
been interpreted to be rooted in the El Tigre fault plane (Beer et 
al., 1990). Thus, the Precordillera appears to be a transpressive sys-
tem and the kinematics of the El Tigre Fault is compatible with a 

system of partitioned deformation comprised of a dextral strike-
slip component, while the thrusts in the Precordillera and the 
adjacent reverse faults of the Sierras Pampeanas should accommo-
date N110°E-oriented shortening (Fig. 22). This direction corre-
sponds to the orientation of the σ

1
-axes computed from both focal 

mechanism (present-day) and fault kinematic (geologic) datasets 
from the Precordillera and the westernmost Sierras Pampeanas 
(Siame et al., 2006).

Especially the southern sector of the fault is geomorphically 
very well expressed due to the offset of extensive alluvial fan lev-
els that are younger than 0.7 Ma (Siame et al., 1997; Fazzito et al., 
2013). Here, the fault trace is also characterized by an east-facing 
steep slope, generally flanked by sag ponds on the eastern foot of 
the scarp, while beheaded streams characterize the sectors to the 
west of the fault (see on Page 25). These geomorphic markers pro-
vide good evidence for right-lateral displacements, with a maxi-
mum offset of 260 ± 20 m accrued during the Late Quaternary 
(Siame et al., 2006). Cosmic ray exposure dating of the abandoned 
fan surfaces allowed constraining a horizontal slip-rate for the El 
Tigre Fault of about 1 mm/yr. Along the central segment of the El 
Tigre Fault, a beheaded series of alluvial fans is uplifted by pres-
sure ridges formed within local fault strands. Cosmic ray exposure 
dating of these alluvial surfaces yielded a local vertical slip rate on 
the order of 0.3 mm/yr. The vertical and horizontal slip-rates es-
timated at roughly 0.3 and 1.0 mm/yr, respectively, yield a recon-
structed slip-rake of about 17° for the El Tigre Fault, similar to the 
fault-slip vector observed in a trench on the fault plane (fault plane 
azimuth: N17°E, dip: 78°E, striae pitch: 14°S).

Fig. 24 - Schematic inter-
pretation of the El Tigre 
Fault near our stop showing 
a complex stopover area with 
alternating releasing and re-
straining areas respectively 
expressed by releasing basins 
or sag ponds (R.B.) and pres-
sure ridges (P.R.). From Siame 
et al. (1997). For orientation 
see Fig. 22.
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Plate 1 - (Left) Shaded relief map and 
superposed mayor structures of the El 
Tigre Fault area (after Fazzito et al., 
2013). (Right) Areal photographs from 
the same region looking NNW. Note 
the sense of slip visible by offset alluvial 
fans and streams (photographs courtesy 
of Robin Lacassin, 2008). While the up-
per photograph shows the junction of 
the road with the fault (upper right), 
the lower photograph is from an area 
slightly off the map to the south.
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Stop 3.3 Ordovician pillow lavas (30.214°S; 69.0626°W)

The Ordovician slope facies are represented here by the Alca-
parrosa Formation. This Ordovician unit corresponds to slope 
and bathyal facies of the Early Paleozoic platform. These rocks 
host a series of olistoliths of several-hundred meters of Cambrian 
and Early Ordovician rocks. The olistoliths are mainly limestone 
blocks that were deposited by gravitational sliding from the car-
bonate platform located eastward. There are many of them along 
the platform edge of the Early Paleozoic platform. 

Day 4. 
Stop 4.1 (30°10'51.02"S,  69° 7'58.56"W).

To the NW of the town of Rodeo there is an outcrop of five 
depositional sequence members of the Iglesia group that are ex-
posed due to intra-basinal faulting (Fig. 25). All units dip west-

ward. The most detailed account of the sedimentological evolu-
tion of the units exposed in the greater Rodeo region has been 
published by Alonso (2011) and the reader is referred to that thor-
ough study. 

Here, we follow the simplified stratigraphic scheme and no-
menclature developed by Beer et al. (1990), who linked surface 
outcrops of Tertiary units to seismic-stratigraphic units. Sequence 
I constitutes a pink, pebbly sandstone composed of porphyritic 
volcanic clasts, probably derived from the Frontal Cordillera. The 
basal unit of Sequence II is a dark-green boulder conglomerate, 
with clasts occasionally 1 m in diameter. The clasts are derived 
from Devonian and Carboniferous silt- and sandstones that are 
exposed in the Cordillera Frontal and in the Precordillera. Howev-
er, clast imbrications suggest a transport from west to east. Trans-
port from the Frontal Cordillera is furthermore supported by the 

Fig. 25 - Stratigraphic section NW of Rodeo. Paleocurrent meas-
urements are from imbricated clasts, sandstones foresets, and flute 
marks: Number of measurements indicated (N). Si, siltstone; S, 
sandstone; PS, pebbly sandstone; Cg, conglomerate (Beer et al., 
1990).

Fig. 26 - (A) Oblique view of the northern Iglesia Valley with ap-
proximate location of the San Roque and Niquivil faults. (B,C)
Conceptual model for wedge-top evolution in the northern Igle-
sia Valley subsequent to deformation and incision of the Iglesia 
Group. Blue arrows show hypothesized flow direction of major 
drainages. The San Roque and Niquivil thrusts were active dur-
ing aggradation in the Iglesia Basin following internal basin de-
formation and erosion. The Médano (M) and San Guillermo (SG) 
surface remnants are indicated in the NW sector of the DEM (Val 
et al., 2016).
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Fig. 27 - Satellite image of the Precordillera at the latitude of Rodeo and Jáchal (Google Earth). 
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presence of granite boulders. The basal boulder conglomerate, 
which is interpreted as a coarse alluvial-fan facies, is superseded 
by a sandy, well-sorted and partly cross-bedded facies assemblage. 
The former depositional environment for this sequence is associ-
ated with a sand-flat setting in the peripheral sectors of an allu-
vial fan. This fining-upward trend is interpreted to result from 
a westward migration of facies. Above this unit sequences III to 
V similarly document a continued fining-upward trend with evi-
dence for pedogenic carbonate nodules. The deposition of these 
sequences is associated with an onlap onto Paleozoic basement, 
documenting the gradual filling of the Iglesia wedge-top basin. 
The younger sequences mainly comprise muddy facies assemblag-
es with interbedded mudstones and fine sandstone. Lithologies 
include claystones and siltstones, fine-grained sandstones and oc-
casional gypsum layers. Desiccation cracks and convolute bedding 
occur locally. These units are linked to deposition in an ephemeral 
lake environment that had developed as a result of severed drain-
age conditions and ultimately fluvial isolation.

Stop 4.2, Angualasto (30° 3'2.73"S, 69°10'11.69"W). 
From here the northern termination of the Iglesia Basin is 

visible. The wedge-top basin narrows to the north and exhibits a 
tall-standing, more than 100-m-thick, tan to reddish coarse con-
glomeratic fill unit that covers all previously deposited, deformed 
and eroded Neogene strata of the Iglesia group. This boulder con-
glomerate deposit documents that subsequent to the first filling of 
the wedge-top basin with the Iglesia group headward erosion or 
downcutting of rivers at the eastern basin margin must have re-es-
tablished fluvial connectivity with the foreland, which resulted in 
partial excavation and removal of the wedge-top sediments. Due 
to renewed severing of fluvial connectivity well after 4 Ma, how-
ever, this erosional episode was followed by renewed deposition 
of the boulder conglomerate. This second filling event may have 
been associated with thrusting in the Precordillera wedge during 
the Pliocene (Figs 26 & 28). Today, the Médano and San Guill-
ermo conglomeratic-fill surfaces represent the vestiges of this Plio-

Pleistocene(?) fill event, which in turn was followed by renewed 
incision during the re-establishment of fluvial connectivity with 
the foreland (Val et al., 2016). This sequence of events is illustrated 
in Figs 26 and 28.

In conclusion, the stratal geometries, fault relationships and 
sediment provenance indicate that the Iglesia Basin during the 
time of deposition of the Iglesia Group was a non-marine wedge-
top basin with internal drainage conditions. The basin was 
bounded by the Frontal Cordillera and the evolving Precordillera 
thrust belt. Severed drainage conditions resulted from thrusting 
activity in the Precordillera and the inability of fluvial systems to 
downcut and maintain fluvial connectivity with the foreland. In 
a regional context the Iglesia basin has been passively transported 
above a horizontal decollement that links mid-crustal deforma-
tion beneath the Frontal Cordillera with thrusts emerging in the 
Precordillera fold belt (Fig. 28, A-D). While several unconformi-
ties exist within the Iglesia Group, a major unconformity was de-
veloped after the deposition of the Iglesia sequence, when these 
units were folded, faulted and incised, and subsequently covered 
by the temporal and spatial equivalents of the Médanos and San 
Guillermo boulder conglomerates. In places, these units were also 
deformed by renewed tectonic activity and incised by headward 
erosion of the Rio Jáchal.

Geology of the Rio Jáchal transect across 
the Precordillera thrust belt

The main thin-skinned thrusts of the Precordillera along 
the Río Jáchal are, from east to west (foreland to hinterland): the 
Niquivil, San Roque, Blanquitos, Blanco, Caracol East, Caracol 
West, and Tranca thrust plates (Fig. 29).

Stop 4.3 Niquivil thrust (30°24'11.97"S,  68°40'32.91"W). 
The Niquivil thrust plate constitutes the leading edge of the 

thin-skinned belt at these latitudes and has been active for about 
the past 5 m.y. (Jordan et al., 1993, 2001). The thrust’s ongoing ac-

Fig. 28 - Possible scenario for sequence of events 
that caused severed, and ultimately internal 
drainage conditions in the Calingasta-Iglesia Ba-
sin due to protracted thrusting (A-B), followed 
by erosion and renewed aggradation during the 
deposition of the Iglesia Group (Beer et al., 1990). 
The youngest events after the deposition of the 
Iglesia Group are not shown.
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tivity is demonstrated by a 10 to 15-m-high fault scarp where its 
frontal trace is crossed by the Río Jáchal at the village of Niquivil 
(Figs 27 and 29). To the north, the thrust dies out into the Cuesta 
de Huaco fault-propagation fold and to the south it terminates 
at the Río Francia tear fault–transfer zone. Zapata & Allmend-
inger (1996b) reported that the Niquivil thrust plate is cut and 
deformed by the thick-skinned fault coring the Niquivil anticline 
that is just to the east, locally reversing the vergence of the Cuesta 
de Huaco anticline. The base of the Niquivil thrust plate contains 
the thickest exposures of the Ordovician San Juan Limestone of 
any thrust plate in this segment of the Precordillera. The thick-
ness of the remainder of the Paleozoic section is highly variable: at 
Cuesta de Huaco, no Silurian or Devonian strata are present and 
the Carboniferous and Permian are unconformable on the Ordo-
vician. Due east of the town of Jáchal, thin remnants of Silurian 
Los Espejos and Devonian Talacasto Formations appear beneath 
the late Paleozoic unconformity. At the south end of the Niquivil 
plate, just north of the Río Francia , Silurian strata are present but 
the Devonian section is missing. As described in the following, the 
Niquivil thrust is the only one crossed by YPF seismic lines (All-
mendinger et al., 1990; Zapata & Allmendinger, 1996b). Although 
the fault plane is not exposed anywhere, interpretation of the YPF 
seismic lines indicates that the 35° west-dipping thrust places Or-
dovician limestone over Miocene sandstone, with a stratigraphic 
throw of 12 to 15 km.

Stop 4.4 San Roque thrust (30°15'46.78"S, 68°41'34.55"W). 
The thrust trace of the San Roque plate is at least 120 km long; 

it probably extends from the Guandacol area in the north (outside 
the map area) to the Cienega de Gualilán in the south. It was active 
from 10 or 9 Ma to 3 or 2 Ma (Jordan et al., 1993, 2001). The fault 
has a significant lateral ramp just west of the village of Niquivil: to 
the north, the fault is within the San Juan Limestone but to the 
south it steps upsection to within the Silurian Los Espejos Forma-
tion. Both north and south of the hanging-wall lateral ramp, the 

footwall strata are Miocene sandstones. There is a duplex at the 
base of the thrust plate, 10 km south of the lateral ramp, and a thin 
sliver of Ordovician limestone is present at the base of the plate. 
The San Roque fault and its hanging wall experience an 80° bend 
and appear to have ~200 m of separation across the Río Francia 
tear fault, which dies out into the San Roque plate. This suggests 
that at least some movement on the Niquivil thrust postdates the 
San Roque thrust. The San Roque plate contains a thinner sec-
tion of San Juan Limestone than the Niquivil plate. North of the 
Río Jáchal, the rest of the lower Paleozoic section is missing and 
the upper Paleozoic directly overlies the limestone. To the south, a 
thicker Silurian and Devonian section overlie the limestone, with 
a thin upper Paleozoic sequence unconformably overlying the 
Devonian. On the western flank of the San Roque range proper, 
small thrusts and tight folds thicken the Silurian and Devonian 
section with minor involvement of the Carboniferous. Folding of 
the Devonian section is also prevalent farther south.

Stop 4.5 Blanquitos thrust (30°11'51.36"S,  68°49'7.55"W). 
The Blanquitos plate records a brief period of activity be-

tween 11.5 and 9.5 Ma (Jordan et al., 1993, 2001). Its surface trace is 
<50-km-long and along most of that length Devonian strata are at 
the base of the upper plate. At 30.37°S, there is a lateral ramp and 
the thrust cuts downsection northward to include a thin sliver of 
San Juan Limestone at the base of the upper plate, with Miocene 
sandstone in the lower plate. The Cerro Bayo anticline generated 
by this lateral ramp propagates across the entire upper plate and 
appears to plunge beneath the Blanco thrust to the west. Less than 
10 km north from where the limestone first appears at the base of 
the upper plate, it disappears in a north-plunging anticline. South 
of the lateral ramp, 1800–2700 m of Devonian Punta Negra For-
mation are overlain directly by a thin sequence of Cenozoic fore-
land basin strata, including a distinctive eolian cross-bedded sand-
stone, which overlies a redbed with a tuff dated as 21.6 ± 0.8 Ma, 
found through much of the region (Jordan et al., 1993; Milana, 

Fig. 29 - Digital elevation model of the Jachal transect visualized as a shaded relief block diagram with the Landsat enhanced thematic 
mapper image draped over it, looking north. Main structures of the Precordillera are shown in white.
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1993). To the north of the lateral ramp and Cerro Bayo anticline, 
the Silurian and Devonian strata form a broad expanse of folds at 
multiple wavelengths, including outcrop-scale kink folds exposed 
between Jáchal and Rodeo in the Iglesia Basin.

Stop 4.6 Blanco thrust (30°12'24.41"S,  68°52'8.18"W). 
The Blanco thrust was active from 13 to 9 Ma, overlapping ac-

tivity on the Blanquitos thrust (Jordan et al., 1993, 2001). Although 
the Blanco thrust dies out at ~30.3°S, it is one of most important 
thrust faults in the central Precordillera and can be traced south to 
the Río San Juan for a total length of ~120 km. Throughout most 
of that trace length, San Juan Limestone is found at the base of the 
plate. Between the Cienega de Gualilán and the Río Jáchal, the 
Blanco plate contains a tight syncline in Silurian and Devonian 
strata. On both limbs of the syncline, dips are steep, ranging from 
40° to 80°. It has been suggested that the youngest motion on the 
Blanco thrust is out of sequence and postdates the tilting of the 
strata in the Blanquitos plate. At the northern end of the Blanco 
plate, the Ordovician limestone and overlying Silurian and Devo-
nian sequence are deformed into an overturned fault-propagation 
fold. The forelimb of this fold is complexly imbricated with the 
limestone thrust over the Silurian–Devonian, which is in turn 
thrust over the Cenozoic strata of the Blanco valley. The Blanco 

fault ramps into the Devonian in the hanging wall and continues 
for another 8–10 km northward before dying out completely into 
an anticline separating two large synclines. The exposures of the 
Silurian and Devonian along the Río Jáchal belong to the com-
bined upper plate of the Blanquitos and Blanco thrusts.

Stop 4.7 Eastern Caracol thrust (30°13'35.08"S,  68°55'52.59"W). 
The E-Caracol Thrust tracks the western limb of the Mogo-

tes Quebraditas syncline. On the eastern side of the Caracol Val-
ley, thin, highly deformed slivers of San Juan Limestone crop out 
along the base of the thrust plate. Farther south in the Cordón 
del Peñon (see attached geological map) more extensive outcrops 
of limestone and overlying Silurian rocks are tightly folded into 
anti- and synclines with W-vergence. The upper plate of E-Caracol 
thrust is also the upper plate of the Blanco thrust, and the tight 
syncline between them  suggests that E-Caracol is a back thrust off 
the Blanco thrust. 

Stop 4.8 La Tranca valley I (30°12'50.68"S, 69° 0'45.51"W). 
Undeformed Holocene lacustrine facies in the footwall of 

the Tranca thrust. In the immediate vicinity of the Trancas fault 
and the road to Jachal there are up to 30-m-thick fluvio-lacustrine 
unites that are unconformable with respect to all other units in 

Fig. 30 - (A) Tectonic setting of the Argentine Precordillera and adjacent provinces in the southern Central Andes. White lines denote 
depth in km to the Wadati-Benioff zone (Cahill & Isacks, 1992). (B) Geologic map of the study area in the Precordillera with Cenozoic 
thrust faults and thermochronology sample locations. Black bar labeled Huaco section denotes location of detrital geochronology sam-
ple suite. Fault nomenclature modified after Jordan et al. (2001). (C) Geology and cross-section. From Fosdick et al. (2015). 
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Fig. 31 - Detailed geologic map and 
cross section of the La Tranca valley. 
Radiometric dating of detrital zir-
cons (U-Pb) for LT02/13 and LT03/13 
revealed maximum depositional ages 
of 8.3 ± 0.9 Ma and 11.4 ± 0.5 Ma, re-
spectively. From Suriano et al. (2017).

the area. The greyish fluvio-lacustrine strata document an episode 
of temporary impoundment of the Rio Jáchal. 14C-dated layers at 
the base and toward the top provide an age of 8930 ± 50 BP and 
6,497 ± 45 BP, respectively (Colombo et al., 2005). Unlike other re-
gions in the E Andes with landslide-related lacustrine sediments, 
the lacustrine units in the Tranca valley have been interpreted to 
be related to increased sedimentation and progradation of alluvi-
al-fan units that ultimately caused a temporary lake.

Stop 4.9 La Tranca valley II - Western Caracol thrust
The W-Caracol (30°13'1.70"S, 68°58'4.11"W) and Tranca thrusts 

(30°12'55.04"S,  69° 2'6.09"W) farther west appear to be a single en 
échelon system that carries the western deep-water facies of the 
Ordovician in its upper plate. The W-Caracol thrust dies out 
southward and the Tranca thrust dies out northward at the Río 
Jáchal with an overlap of ~22 km immediately S of the river. Along 
the Río Jáchal, a few highly deformed slivers of limestone are im-
bricated in the Yerba Loca Fm., but near the Cuesta del Viento 
(see attached geological map) the Ordovician strata are tightly de-
formed into pre-Andean west-verging overturned folds associated 
with mafic and ultramafic igneous rocks. The Tranca thrust had 
activity prior to 19 Ma, and the W-Caracol possibly had activity 
in the same time frame. Both members of the en échelon system 
display younger deformation; in the case of the Tranca thrust, 
it is a structure that placed ca. 21 Ma redbeds over the Chestnut 
Conglomerate of Jordan et al. (1993; 2001), and for the W-Caracol 
thrust, the outcrops near Río Jáchal are thrust over mid-Miocene 
eolian beds. Thus, initial motion on the Tranca and W-Caracol 
thrusts, which carry Ordovician Yerba Loca Formation in their 

upper plates, occurred ~6–7 m.y. earlier than at the other thrusts 
in this segment of the Precordillera. 

Day 5.
Structural setting of the Sierras Pampeanas 

The transition between the Precordillera and the Sierras Pam-
peans broken-foreland basement uplifts between San Juan and 
Mendoza is probably the most seismically active region in Argen-
tina. Indeed, many small to moderate (M<6.4) and several large 
(M>6.4) earthquakes have occurred during the last century, most 
notably the destructive Ms = 7.4, 1944 San Juan earthquake (Alva-
rado & Beck, 2006) and Mw = 7.4, 1977, Caucete earthquake (Ka-
dinsky-Cade et al., 1985) events. This seismic activity is produced 
by a number of active crustal faults and may result from the reac-
tivation of suture zones between Paleozoic terranes (Smalley et al., 
1993; Alvarado et al., 2005) and other types of anisotropies. From 
the comparison of both present-day and Neogene-Quaternary de-
formation structures and fault kinematics, the Andean back-arc 
of western Argentina can be regarded as a foreland region that 
accommodates oblique convergence, where deformation is parti-
tioned between strike-slip and thrust faulting, localized along the 
E-verging, thin-skinned Precordillera and the predominantly W-
verging, thick-skinned Sierras Pampeanas basement blocks (Fig. 
32), respectively (Siame et al., 2005).

The unifying characteristics of the Sierras Pampeanas prov-
ince are high-angle reverse fault-bounded mountain blocks that 
consist of Precambrian to early Paleozoic basement rocks. Sepa-
rated from each other by tectonic depressions that are filled with 
Tertiary and Quaternary sediments, the sometimes more than 
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5000-m-high ranges protrude out of the low-relief of the Argen-
tine Pampa and define a 450-km-wide amagmatic belt of Lara-
mide-type uplifts, whose tops or flanks expose a smooth polycy-
clic peneplain. As such, these ranges are very similar to the Eocene 
Laramide uplifts of the western US (Fig. 33). Active deformation 
in the Sierras Pampeanas province is associated with the subduc-
tion of the flat-slab segment of the Nazca Plate, which subducts 
nearly horizontally beneath the South American lithosphere for 
about 300 km at a depth of approximately 100 km (Jordan et al., 
1983; Cahill and Isacks 1992; Smalley et al., 1993). In the area that 
will be visited by STRATEGY, the flat-slab geometry is attributed 
to the subduction of the Juan Fernandez Ridge below the South 
American margin (Pilger 1981), and expressed at the magmatic arc 
by a change in the geochemistry properties of the Neogene vol-
canism and a cessation of activity roughly 10 Ma ago (Kay and 
Abbruzzi 1996). Enhanced plate coupling above a flat-subducting 
segment has long been suggested to be responsible for the regional 

Sierras Pampeanas basement uplifts (Jordan et al., 1983, Smalley 
et al.  1993). Alternatively, thermal weakness of the crust associ-
ated with eastward migration of arc magmatism has also been sug-
gested to be responsible for the thick-skinned basement uplifts of 
the Sierras Pampeanas (Ramos et al., 2002). 

The San Juan-Mendoza region constitutes the southwestern 
sector of the approximately N-S-oriented uplifts of the Sierras 
Pampeanas morphotectonic province, which spans the region 
between approximately 27°S and 33°S lat. Most of the Sierras 
Pampeanas blocks are asymmetric and are uplifted either on their 
western or eastern sides (e.g. Sierra de Maz, Sierra de Valle Fértil, 
Sierra de la Huerta), but range-bounding reverse faults also exist 
on eastern and western flanks of the ranges (Sierra de Aconquija). 
In other cases, the faults may not surface and the basement blocks 
host reverse faults that caused basement folding and regional up-
lift (Sierra Pie de Palo; Sierra de Quílmes). These faults may be 
rooted in large-scale décollements that are also linked with struc-

Fig. 32 - Simplified geological map 
of the Sierras Pampeanas. Dashed 
lines indicate inferred position of 
Precambrian to Paleozoic terrane 
boundaries. Also indicated are the 
individual Pampean basement-
block uplifts and associated bound-
ing faults. Major fault vergence 
based on González Bonorino (1950) 
and Jordan & Allmendinger (1986). 
From Bense et al. (2013).

Fig. 33 - Location of Sierras Pampeanas (Rocky Mountain Fore-
land Ranges) and their setting in a map of active (early Cenozoic) 
tectonic features of Central Andes (North American Cordillera). 
The region of flat subduction is shown by dashed pattern; areas to 
north and south have a steeper dipping subducted Nazca (Farallon) 
plate beneath them. (Names in parentheses refer to right hand side 
of diagram.) After Jordan et al. (1983a).
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Fig. 34 - (a) Geodynamic setting of Central Andes at 30°S. Red dots show the earthquake distribution (U.S. Geological Survey, National Earthquake Information Center; Preliminary Determination of 
Epicenter catalog, 1973 to 2014, depth ≤ 70 km, magnitude ≥ 4.0). Yellow solid triangles correspond to Plio-Quaternary and active volcanoes. Black and white arrows represent the relative convergence 
of the Nazca and South American Plates following NUVEL-1 [DeMets et al., 1990] and continuous GPS observation [Brooks et al., 2003], respectively. Numbers are given in mm/yr. Isodepth contours of 
the subducted Nazca Plate are shown after Cahill and Isacks [1992]. (b) Schematic regional structural map locating the Argentine Precordillera (AP) and the western Sierras Pampeanas (SP). White and 
red numbers (given in Ma) refer to inception of deformation [Jordan et al., 1993; Zapata and Allmendinger, 1996; Ramos et al., 2002]. (c) Structural regional map of AP and SP from SPOT and Landsat 
image analysis (modified after Siame et al. [2005]). Structures bounding the Sierra Pie de Palo (SPDP) are highlighted in red. Seismicity frequency grid derived from the Preliminary Determination Epi-
center catalog (100 × 112, 4 km large cells). Orange solid circles show the epicenter distribution of relocated seismic events [Engdahl and Villasen ̃or, 2002]. Black squares locate historical seismic events 
[Instituto Nacional de Prevencòn Sísmica (INPRES), 2014]. Light blue stars locate 15 January 1944 (Mw = 7.0) and 11 June 1952 (Mw = 6.8) earthquakes with focal mechanism solutions after Alvarado and 
Beck [2006]. Black solid stars locate foreshore and main shocks of the Caucete 23 November 1977 (Ms = 7.4) earthquake. (d) Close-up on the seismic activity of the SPDP. Large red solid circles locate the 
focal mechanism solutions. Lower left number indicates the focal depth (km). Lower right number indicates the Mw value. Red dots correspond to the seismicity recorded by Régnier et al. [1992]. Solid 
black stars locate the foreshock and the main shock of the 23 November 1977 Caucete earthquake [Langer and Hartzell, 1996]. Black solid squares locate the two main aftershocks [Kadinsky-Cade et al., 
1985]. A1 and A2 aftershocks correspond to the Harvard events 112877C and 120677A, respectively.  From Siame et al. (2015).

Fig. 35 - Cross-section of the Sierra Pie de Palo and the Precordillera. 
(a) From Vergés et al. (2007); (b) in Siame et al. (2015); and (c) Bellah-
sen et al. (2016). The asterisk near the star along the western crustal 
E-verging thrust represents an alternative solution for the 1944 fo-
cus. The 1977M earthquake focus has been translated 30 km W as sug-
gested in Regnier et al. (1992). From Bellahsen et al. (2016).
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tures that surface in other areas (Fig. 22). The region of the Sierra 
Pie de Palo and areas farther west may belong to such linked struc-
tures, where basement faults impinge on the gently dipping thrust 
faults of the Precordillera (Sierra Villicum – Chica de Zonda); sim-
ilar structural relationships can be observed in the area affected by 
the Salinas-Berro Faults between San Juan and Mendoza; Fig. 22).

Stop 5.1 Geology of the Sierra Pie de Palo (31.30363°S, 68.16803°W)
In the broken foreland at about 31°S, the Sierra Pie de Palo ap-

pears to play a key role in the partitioning of the Plio-Quaternary 
deformation in the back-arc. The Sierra Pie de Palo basement 
range is approximately NNE-oriented, 80-km-long, and 35 to 
40-km-wide; it reaches an elevation of 3162 m and constitutes an 
actively growing basement fold (e.g., Ramos et al., 2002) associat-
ed with pronounced seismotectonic activity (Figs 34-35). Evidence 
for active deformation is found along the eastern and northern 
flanks of the Sierra Pie de Palo as well as along the western flanks 
of Sierra de Valle Fértil and Sierra de la Huerta (Costa et al., 2000; 
Siame et al., 2002; Siame et al.  2005). With an arch-liked shape 
(Fig. 22), the topography of Sierra Pie de Palo is characterized by 
steep flanks on the eastern and northern sides and gently inclined 
western and southern flanks. The surface envelope of Sierra Pie de 
Palo corresponds to an inherited, Late Paleozoic erosional surface 
(Carignano et al.  1999) sculpted into Precambrian metamorphic 
rocks. Geologic evidence indicates that the range was covered by 

Late Pliocene distal synorogenic deposits derived from the Precor-
dillera (Ramos and Vujovich 2000) and deformation associated 
with the growth of the range may have started between 5 and 3 
Myr (Ramos et al., 2002). The eastern and western flanks of the 
Sierra Pie de Palo are characterized by east-dipping and west-dip-
ping Pliocene strata, respectively, supporting the interpretation 
that the surface structure of Pie de Palo is characterized by a base-
ment fold (Ramos et al., 2002). This basement structure folded 
the Pliocene strata and the unconformity between these strata 
and the basement rocks. Based on these relationships, Ramos et al. 
(2002) proposed that the structure of the range is controlled by a 
basement wedge detached at about 15-20 km depth (Fig. 35).

Drive to San Juan and Part I of the “Show & Tell Event”.

Day 6. 
Transition between the Sierras Pampeanas and Precordillera

The eastern sectors of the Precordillera already exhibit struc-
tural features that are determined by the involvement of high-
angle reverse faults. Often these faults and their deformation 
characteristics are known from seismic reflection, cross-section 
balancing based on field observations, and seismicity (Smalley 
et al., 1993). While deformation is ongoing in these sectors of the 
transition between the fold-and-thrust belt and the reverse-fault-
ed basement uplifts of the broken foreland, there is a pronounced 

Fig. 36 - W-E GPS velocity changes across the Andes; 
craton-fixed reference frame exhibits velocities that 
are generally E-directed. Largest velocities (~35 mm/
yr) are nearest the plate boundary and they decrease 
eastwards towards the craton; back-arc velocity vec-
tors tend to be rotated clockwise with respect to 
forearc vectors. From Brooks et al. (2003).
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Plate 2 - (upper left) Simplified geological map. (upper right) Detailed geological map of the Cerro Salinas area. (lower figures) Structural 
cross sections based on seismic line interpretations. For more information see Vergés et al. (2007).
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W-E gradient in deformation rates (Fig. 36) as determined by re-
peated GPS measurements. In this transition shortening rates 
of approximately 4.5mm/yr have been measured. High rates are 
also found in the area of the Sierra Pie de Palo and the western 
transition into the Precordillera. Those GPS-derived shortening 
estimates are thus slightly higher than the long-term geological 
and Quaternary rates. Moreover, north of 31°S, GPS data sug-
gest that only 2-3mm/yr are accommodated between the western 
Precordillera and the Sierra de Valle Fértil, with less than 1 mm/
yr within the Bermejo valley. GPS-data thus seem to confirm that 
most of the present-day tectonic activity is concentrated south of 
31°S, in the Sierra Pie de Palo area. Despite the overall lower de-
formation rates in the Sierras Pampeanas there is a well-expressed 
topography of compressional basins and ranges that exhibit active 
mountain fronts. In the vicinity of the Precordillera is the NNW-
oriented Bermejo Basin, which has been receiving sediments de-
rived from the Precorillera, Fronatl Cordillera and the Sierra de 

Valle Fértil. The basin strata are in reverse-fault contact on the E, 
while the western margin of the basin is characterized by an onlap 
onto basement. Here, the sedimentary strata have been deformed 
in a thin-skinned style.

Stop 6.1 The Cerro Salinas Anticline (30.2237°S; 68.4295°W)
The Cerro Salinas Anticline is a basement backthrust similar 

to basement structures of the Sierras Pampeanas (see Plate 2 on 
page 35). This structure impinges on the easternmost Precordillera 
structures and it highlights the neotectonic activity in the tran-
sition between the thick-skinned and thin-skinned back-arc sec-
tors. This structural style prevails northward along strike of the 
Precordillera and is responsible for the thin-skinned folding and 
faulting of foreland deposits between Valle Fértil and the region 
immediately east of Jachal (See geologic cross section in Fig. 30).
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Fig. 5

ſimplified geological map of the precordillera (after judge, 2012)






