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New radiometric U—Pb ages obtained on zircon crystals from Early Jurassic ash layers found within beds
of the Chachil Limestone at its type locality in the Chachil depocentre (southern Neuquén Basin) confirm
a Pliensbachian age (186.0 + 0.4 Ma). Additionally, two ash layers found in limestone beds in Chacay
Melehue at the Cordillera del Viento depocentre (central Neuquén Basin) gave Early Pliensbachian
(185.7 & 0.4 Ma) and earliest Toarcian (182.3 & 0.4 Ma) U—Pb zircon ages. Based on these new datings
and regional geological observations, we propose that the limestones cropping out at Chacay Melehue
are correlatable with the Chachil Limestone. Recent data by other authors from limestones at Serrucho
creek in the upper Puesto Araya Formation (Valenciana depocentre, southern Mendoza) reveal ages of
182.16 + 0.6 Ma. Based on these new evidences, we consider the Chachil Limestone an important Early
Jurassic stratigraphic marker, representing an almost instantaneous widespread flooding episode in
western Gondwana. The unit marks the initiation in the Neuquén Basin of the Cuyo Group, followed by
widespread black shale deposition. Accordingly, these limestones can be regarded as the natural seal of
the Late Triassic —earliest Jurassic Precuyano Cycle, which represents the infill of halfgrabens and/or
grabens related to a strong extensional regime. Paleontological evidence supports that during
Pliensbachian—earliest Toarcian times these limestones were deposited in western Gondwana in marine
warm water environments.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

The Neuquén Basin is located in the foothills of the Andes
between parallels 32° and 42° S and is exposed in the Cordillera
Principal as a narrow N—S belt that broadens out south of parallel
36° S into the eastern foreland where it is termed the Neuquén
Embayment (Ramos, 1999, 2009; Arregui et al., 2011). The basin
was formed during fragmentation of Gondwana and the subse-
quent opening of the South Atlantic Ocean. In the Triassic and Early
Jurassic a series of halfgrabens trending NNW—ESE were developed
and filled by volcanic and sedimentary sequences (the Precuyano
Cycle) at separate depocentres, some of them cropping out and
others detected only in subsurface (Fig. 1A). The rifting stage was
followed by an Early Jurassic widespread marine transgression
from the Panthalassic Ocean, thus changing from localized rifting to
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a generalized subsidence (Legarreta and Gulisano, 1989; Legarreta
and Uliana, 1999; Vergani et al., 1995; Franzese and Spalletti,
2001). As a result, these depocentres, located to the east of the
arc and trench system, became progressively inter-connected, and
were integrated during Pliensbachian times into an extensive area
of marine sediment deposition located between the volcanic arc to
the west and the South American foreland to the east. The expan-
sion of a broader basin coincided with the initiation of a long-term
stage of subsidence, during which a number of marine units
ascribed to the Cuyo Group were deposited (Groeber, 1946;
Gulisano, 1981; Gulisano and Pando, 1981; Gulisano et al., 1984;
Leanza, 2009; Arregui et al., 2011). Although intensive research on
the Precuyano Cycle has been undertaken in recent years in the
Neuquén Basin (Franzese and Spalletti, 2001; Pangaro et al., 2002a,
2002b, 2009; Franzese et al., 2006, 2007; Muravchik et al., 2008,
2011; Schiuma and Llambias, 2008; Cristallini et al., 2009; D’Elia
et al., 2012a,b), until now its upper limit remained uncertain. As
a matter of fact, the first marine sediments interbedded within
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Fig. 1. A) Main Late Triassic—Early Jurassic synrift deposits of the Neuquén Basin in western Neuquén and southern Mendoza provinces, Argentina, based on Bechis (2009), Garcia
Morabito (2010) and Carbone et al. (2011) showing the location of the Chachil, Cordillera del Viento and Valenciana depocentres. Asterisks (*) indicate subsurface limestones
equivalent to the Chachil Limestone at Anticlinal Campamento (AC) and Cupén Mahuida (CM) oil fields. In the right column sample localities (stars) and geographic details of B)

Valenciana, C) Cordillera del Viento, and D) Chachil depocentres.

volcanic materials were included into the Cuyo Group, although
they are forming part of a synrift context.

The aim of this paper is to investigate the possibility that the
Early Jurassic limestones of the Cuyo Group outcropping at the
Chachil, Cordillera del Viento and Valenciana depocentres (Fig. 1A)
can be chronologically correlated to a single event affecting a large
area. For this purpose we present new zircons isotopic U—Pb
dating and field observations which shed light on the age, distri-
bution and paleogeography of the first widespread marine trans-
gression from the Panthalassic Ocean on western Gondwana.
According to recent paleogeographic maps, the Early Jurassic
(Pliensbachian—earliest Toarcian) marine transgression penetrated
into the Neuquén Basin in southern Mendoza through the Cur-
epto—Atuel seaway (Vicente, 2005; Arregui et al., 2011). As it will
be demonstrated in this paper, the significance of the timing of
these Early Jurassic thin bedded and highly silicified limestones
(“Chachil Limestones”) is not only relevant with regard to previous
paleogeographic designs, but its occurrence also sheds light on the
controversial upper limit of the Precuyano Cycle. Finally, the

meaning of these limestones as a paleoclimatic event of regional
significance is also highlighted.

2. Geological framework

The Neuquén Basin is part of an extensional system which was
developed in a retroarc context along the active margin of South
America. Its history has been controlled by a changing tectonic
setting of the western margin of Gondwana. It contains Late Triassic
to Early Paleogene marine and continental sequences several
thousand meters thick accumulated in a variety of conditions,
mostly as a result of important marine transgressions from the
Panthalassic Ocean (Legarreta and Gulisano, 1989; Legarreta and
Uliana, 1991). It is bounded to the NE by the San Rafael Block and
to the SE by the Nord Patagonian massif. The western margin of the
Basin is defined by an almost continuous volcanic arc.

During the Triassic to Early Jurassic, many NNW—ESE trending
halfgrabens (Fig. 1A) were generated (Uliana and Biddle, 1988;
Uliana et al., 1989, 1995) and filled up by volcanic and sedimentary
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sequences, mostly grouped in the Precuyano Cycle (Gulisano, 1981),
Precuyo Mesosequence (Legarreta and Gulisano, 1989) or Saiiicé
Subsynthem (Riccardi and Gulisano, 1993) with variable thickness
ranging from zero up to a few thousand meters (Legarreta and
Gulisano, 1989; Gulisano, 1993; Riccardi et al, 1992; Vergani
et al., 1995). The rifting stage was followed by the Early Jurassic
marine ingression of the Cuyo Group, thus changing from localized
rifting to a generalized subsidence (Legarreta and Gulisano, 1989;
Legarreta and Uliana, 1999; Pangaro et al., 2009).

The Neuquén Basin maintained an almost continuous subsi-
dence rate until the Late Cretaceous, which is represented by syn-
orogenic deposits of the Neuquén Group that define the beginning
of the flexural subsidence and the establishment of the Neuquén
foreland basin (Ramos et al., 2011b). The next stage corresponds to
the first Atlantic transgression into the basin represented by the
Malargiie Group displaying a regional change in the foreland slope
associated with a eustatic sea level rise (Barrio, 1990). After that,
a stage of uplift and non-deposition (Eocene hiatus) was followed
by compressional tectonics during the Oligocene to the Late
Miocene, until the basin reached its current structural configura-
tion (Ramos, 1999, 2009; Cobbold and Rosello, 2003; Ramos et al.,
2011a).

2.1. The Chachil Limestone: history, regional distribution and
correlations

The term “Chachil Limestone” was introduced by Weaver (1942)
to identify regularly bedded and highly silicified fossiliferous
micritic limestones cropping out in the southern slope of the
Chachil range. However, as stated by Mancefiido and Leanza (1993),
this term remained unused in the geological literature for many
years, until it was restored by Leanza (1985, 1992), during geolog-
ical mapping of the Chachil region. At the time Weaver (1942)
introduced the name, this unit was still considered of Triassic age
based on the finding by Groeber (1924) of a species of the bivalve
genus Myophoria supposedly similar to those present in the
German Muschelkalk (e.g. Myophoria neuquensis Groeber, 1924).
Later on, Leanza (1948) noted that the Groeber’s species was found
in association with Early Jurassic bivalves and therefore its Triassic
age was discarded. Ammonites in this unit were first recorded by
Leanza and Blasco (1991) at the Nireco creek (S 39° 04’ 09”—W 70°
30’ 10”), in the eastern flank of the Chachil range, and later on they
were grouped in the Austromorphites behrendseni Assemblage Zone
(=Davoei Standard Zone) of late Early Pliensbachian age (Riccardi,
2008; Riccardi et al., 2011).

Apart from its original record at the southern extremity of the
Chachil range (Weaver, 1942; Leanza, 1992; Cucchi and Leanza,
2006), the Chachil Limestone was found in the eastern flank of
the cited range at Nireco creek (Leanza and Blasco, 1991), as well as
in the La Atravesada hill (S 35° 57" 08"—W 70° 38’ 03”), where it
occurs interfingering with the Sierra Chacaico Formation in asso-
ciation with manganese deposits (Leanza et al., 1990; Zanettini
et al., 2010; Zappettini et al., 2011a).

In subsurface, in the Anticlinal Campamento oil field (S 38° 58’
41"—W 69° 43’ 46") around the Dorsal de Huincul area in southern
Neuquén Basin (Fig. 1A), Schiuma and Llambias (2008) described
Pliensbachian limestones interfingering with coarse conglomer-
ates, whereas Pangaro et al. (2009) also mentioned that these
limestones were excellent reflectors in seismic lines. Other
subsurface limestones at the base of the Los Molles Formation were
recently reported (Schiuma et al., 2011) from the Cupen Mahuida
oil field (S 38° 44’ 43"—W 68° 55’ 20”) located in the eastern region
of the Neuquén Basin (Fig. 1A). These limestones, overlying a thick
volcanic sequence, may be correlated with the Chachil Limestone
suggesting their widespread distribution throughout out the basin.

In the northwestern flank of the Cordillera del Viento range,
Algoma type deposits of jaspilites developing Banded Iron Forma-
tion (BIF) were described in the Colomichicé Formation (Zappettini
and Dalponte, 2009) with U—Pb SHRIMP ages of 185.2 + 1.9 Ma and
185.7 &+ 2.3 Ma (Zappettini et al., 2011b). Although these Algoma
type deposits were almost coeval with the here described lime-
stones, they were ascribed by those authors to the Precuyano Cycle,
as they still occur in a synrift context.

3. Description of the Chachil Limestone in its stratigraphic
context

In order to highlight the significance of the Chachil Limestone
during the Late Triassic—Early Jurassic evolution of the Neuquén
Basin, a brief description of the Chachil, Cordillera del Viento and
Valenciana depocentres, in which new U—Pb ages were obtained,
is given below (for location see Fig. 1A).

3.1. The Chachil depocentre

Mapping of the Chachil region (Fig. 1D) was carried out by
Lambert (1946, 1948, 1956), Leanza (1985, 1992), Cucchi and Leanza
(2006) and Garcia Morabito and Ramos (2011), while consider-
ations regarding its infill were made by Leanza et al. (2005),
Franzese and Spalletti (2001), Franzese et al. (2006, 2007),
Muravchik et al. (2008) and Carbone et al. (2011). Studies related to
the main rift-related faults systems of this depocentre were made
by Franzese et al. (2006) and Garcia Morabito and Ramos (2011).
Here the Precuyano Cycle is represented by volcanic and conti-
nental sedimentary infill comprised between the Huarpican and
Rioatuelican unconformities (Leanza, 2009). A brief description of
the units which constitute the infill of this depocentre is given
below (Fig. 2).

3.1.1. Precuyano Cycle

3.1.1.1. Nireco Formation (Leanza et al, 2005). This name replaces
the former Choiyoi Formation (sensu Groeber, 1946) and its type
locality is at the heads of the Nireco creek (S 39° 02’ 44”—W 70° 32/
29”), where it attains 867 m in thickness. Together with the Lapa
Formation, it is considered part of the synrift succession of the
Precuyano Cycle (Gulisano et al., 1984; Franzese and Spalletti, 2001;
Leanza et al., 2005; Schiuma and Llambias, 2008). It consists of an
alternation of andesitic and andesitic—dacitic flows with intense
violet color, together with dacitic and rhyodacitic tuffs, as well as
breccias and lithic tuffs with porphyritic texture. Basic lavas are
extremely rare. Its lowermost portion contains gray siltstones with
fossil wood. It unconformably overlies the Chachil Plutonic
Complex of Permian age, actually considered to form part of the
Choiyoi Group (sensu Llambias et al.,, 2007; Llambias and Sato,
2011). It is covered, also unconformably, by the Lapa Formation
(Upper Triassic), or by the Chachil Limestone (Fig. 3a) where the
former unit is absent.

3.1.1.2. Lapa Formation (Groeber, 1958). This unit includes sedi-
mentary and volcanic rocks first described by Lambert (1946). Its
type locality is at the northern slope of the Lapa hill (S 39° 23’
59”—W 70° 26’ 32"), where it attains 290 m in thickness (Leanza,
1992). It consists of fanglomerates, conglomerates, sandstones
and tuffaceous sandstones, interbedded with sporadic basaltic
flows. The unit ends with thick tuff layers of ignimbritic nature. It is
unconformably covered (Rioatuelican unconformity) by the Chachil
Limestone. This unit is considered to form the upper part of the
synrift suite of the Precuyano Cycle. On the basis of floristic remains
of Telemachus elongatus Anderson and Pagiophylum sp. its age is
ascribed to the Late Triassic (Spalletti et al., 1992).
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3.1.2. Cuyo Group limestones, with yellowish-pink weathering surfaces, displaying
3.1.2.1. Chachil Limestone (Weaver, 1942). In this region it consti- a maximum thickness of 50 m (Leanza, 1992; Mancefiido and
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Fig. 3. The Chachil Limestone at the Chachil depocentre, Neuquén Basin. a) Panorama of the Chachil range showing inverted Triassic synrift deposits covered by the Pliensbachian
Chachil Limestone from the Mirador del Chachil site. The lower arrow indicates an intraprecuyan unconformity and the upper one the Rioatuelican unconformity; b) The Chachil
Limestone lapping on Permian plutonic rocks (Chachil Plutonic Complex) and Late Triassic synrift deposits (Lapa Formation) at provincial route 46, showing a detail of tuff layer
isotopically dated (samples C-09-1 and 2; 186.0 + 0.4 Ma). Arrows indicate the Huarpican and Rioatuelican unconformities, respectively.
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(Lapa Formation) and is covered by anoxic black shales of Los
Molles Formation (Fig. 3b). It contains a diverse invertebrate fauna
consisting mostly of marine bivalves as the trigoniids Groeberella
neuquensis (Groeber) and Frenguelliela tapiai (Lambert), together
with Weyla (W.) bodenbenderi (Behr.), Entolium cf. lunare (Roemer)
and Chlamys textoria (Schl.), in association with abundant solitary
corals indicative of temperate waters (Leanza, 1992, 1993).
Ammonites recorded in the Chachil Limestone by Leanza and
Blasco (1991) in the Nireco creek area, on the eastern flank of the
Chachil range, were grouped by Riccardi (2008) in the Austro-
morphites behrendseni Assemblage Zone (=Davoei Standard Zone)
of late Early Pliensbachian age. Two samples (C-09-1 and C-09-2)
were collected for U-Pb dating from a tuff layer located 2.5 m
above the base of the unit (Fig. 3b); the results are reported below.

3.1.2.2. Los Molles Formation (Weaver, 1931). Its type locality was
established by Volkheimer (1973) along the Maihuén creek (S 39°
24/ 37"—W 70° 25’ 39”) in the Estancia Charahuilla region, where it
attains more than 1000 m in thickness (Leanza and Hugo, 1997). It
lies between the Chachil Limestone and/or the Sierra Chacaicé
Formation (Volkheimer, 1973) and is covered by prograding near-
shore sandstones of the Lajas Formation (Weaver, 1931). It is
mainly composed by black and gray shales mostly deposited in an
anoxic environment in a lowstand context of a turbiditic regime. Its
age is considered to range from the Pliensbachian to the late Early
Bajocian (Giebeli Standard Zone) (see Riccardi, 2008). In the Bajo de
Lapa area (S 39° 22’ 34”"—W 70° 28’ 41"), Gébmez Pérez (2001) re-
ported stromatolitic buildups related with volcanic venting
through boundary faults related to synrift depocentres.

3.2. The Cordillera del Viento depocentre

Important regional mapping of the Cordillera del Viento region
(Fig. 1C) was carried out by Zollner and Amos (1973) and Rovere
et al. (2004). Interpretations of the infill of this depocentre were
later completed by Leanza et al. (2005), Llambias et al. (2007) and
Carbone et al. (2011). As in the case of the Chachil depocentre, here
the Precuyano Cycle consists of volcanic, continental and shallow
marine sedimentary infill comprised between the Huarpican and
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Rioatuelican unconformities (Leanza, 2009), including the Cordil-
lera del Viento, Milla Michicé and La Primavera Formations (Fig. 4).
A brief description of the units that constitute the infill of this
depocentre, unconformably above the Huingancé Plutonic—
Volcanic Complex (Llambias et al., 2007), is given below.

3.2.1. Precuyano Cycle

3.2.1.1. Cordillera del Viento Formation (Leanza et al., 2005). This
name replaces the former “Choiyoilitense” (Groeber, 1946) previ-
ously known as “Serie Porfiritica Supratriasica” (Groeber, 1929). The
type locality is the Cordillera del Vento region, where it attains
1300 m in thickness, made up by volcanic extrusive silicic and
mesosilicic rocks in association with dikes and subvolcanic bodies
(Llambias, 1999), and with well-developed fluvial conglomerates at
its base (Z6llner and Amos, 1973). Its age ranges from Middle to Late
Triassic (Llambias et al., 2007). It unconformably overlies Carbon-
iferous sediments (Andacollo Group) and Lower Permian granites
(Huingancé Granite), actually interpreted as a part of the Choiyoi
Group (sensu Rolleri and Criado, 1970; Llambias and Stipanicic,
2002; Llambias et al., 2007; Llambias and Sato, 2011).

3.2.1.2. Milla Michic6 Formation (Freytes, in Digregorio, 1972). The
type locality of this unit is at the southern slope of the Cordillera del
Viento range along the Milla Michicé creek (S 37° 16’ 13"—W 70°
38’ 21”) and the Biga hill (S 37° 16’ 18”"—W 70° 39’ 23”) area. It
varies in thickness from 0 to 200 m (Leanza et al., 2005), uncon-
formably overlies the Cordillera del Viento Formation, and consists
of mesosilicic and basic volcanics, displaying a bimodal character. It
is unconformably overlain by La Primavera Formation. No radio-
metric age or fossils were found in the Milla Michic6 Formation.
However, considering that this unit is bounded by similar uncon-
formities present at the Chachil depocentre (Leanza et al., 2005),
the correlation with the Lapa Formation is sustained, and its age is
considered to be Late Triassic to possibly earliest Jurassic (Llambias
et al., 2007).

3.2.1.3. La Primavera Formation (Sudrez and De la Cruz, 1997). This
unit occurs at the southern slope of the Cordillera del Viento, where
it attains nearly 400 m in thickness. It was previously described as
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Fig. 4. Generalized stratigraphic column of the Cordillera del Viento depocentre.
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“Liasico tobaceo” (Zollner and Amos, 1973), “Unnamed Unit”
(Gulisano and Gutiérrez Pleimling, 1995) or Lista Blanca Formation
(Iglesia Llano and Riccardi, 2000). The La Primavera Formation is
fairly well exposed to the north of the gas pumping Rajapalo station
(S 37° 16/ 36"—W 70° 34’ 30”) (Fig. 5a), and consists of a volcani-
clastic succession interbedded with marine deposits with inverte-
brate fossils (bivalves, brachiopods, gastropods, corals) and fossil
wood. It unconformably overlies the Milla Michicé Formation and is
covered, across a sharp contact, by the Chachil Limestone. The base
of the unit exhibits basaltic flows parallel to the stratification
planes, whereas in its medium to higher levels it consists of silicic
explosive volcanic rocks (volcanogenic sandstones and breccias)
interbedded with marine fossiliferous beds, high density flow
deposits and well-laminated ignimbrites (Fig. 5b). The pyroclastic
input was probably generated by subaerial to subaqueous volca-
noes — likely great calderas — located near the shore-line (Suarez
and De la Cruz, 1997). The bimodal volcanism in marine waters
suggests that sedimentation was still severely influenced by an
extensional tectonic regime. On the basis of its faunal content it was

roughly ascribed to the Pliensbachian/Toarcian (Damborenea and
Manceiiido, in Gulisano and Gutiérrez Pleimling, 1995). Sudrez et al.
(2008) provided an SHRIMP age of 183 4 1.3 Ma for La Primavera
Formation, but without specifying the horizon in which the sample
was taken.

3.2.2. Cuyo Group

3.2.2.1. Chachil Limestone (Weaver, 1942). It overlies La Primavera
Formation and is covered by anoxic black shales of the Los Molles
Formation (Fig. 5c). The unit is fairly well exposed at Chacay
Melehue creek in Vega del Tero (S 37° 15’ 09”"—W 70° 30’ 25”")
where it attains 29.5 m in thickness. It consists of regularly thin-
bedded gray limestones, with yellowish-pink weathering surface
(Fig. 6a). Some tuff layers were sampled in between the stratifica-
tion planes, and zircon ages are reported below for a tuff layer 9 m
above the base of the unit (Fig. 6b) and a further tuff layer 4.5 m
below the top of the unit (Fig. 6¢). The obtained ages confirm that
the Chachil Limestone developed through the Pliensbachian/Toar-
cian boundary. Other outcrops of this limestone with similar

Fig. 5. The Chachil Limestone at the Cordillera del Viento depocentre, Rajapalo area, Neuquén Basin. a) Aspect of La Primavera Fm. indicating the position of the Chachil Limestone
(arrow); b) La Primavera Fm. showing well-laminated ignimbrites interbedded with marine fossiliferous beds (Weyla sp.) and high density flow deposits; c) uppermost beds of La
Primavera Fm. and the sharp boundary (Rioatuelican unconformity) with the Chachil Limestone (see detail) followed by Los Molles Fm. up to the Lotenican (Intracallovian)

unconformity.
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Fig. 6. The Chachil Limestone at the Cordillera del Viento depocentre, Chacay Melehue area, Neuquén Basin. a) Outcrop aspect of the Chachil Limestone at Vega del Tero section; b)
tuff layer nearly at the stream level of the Chacay Melehue creek isotopically dated (sample ARO8VT-14; 185.7 + 0.4 Ma); c¢) topmost tuff layer within the Chachil Limestone

isotopically dated (sample ARO8VT-56; 182.3 + 0.4 Ma).

stratigraphic relationships occur just north of the Rajapalo station,
where it attains 12 m in thickness. At this locality the base of the
Chachil Limestone overlies through a sharp surface, the ignimbrites
and the high density flow deposits of the La Primavera Formation
(Fig. 5¢). Other important outcrops of this unit occur at the top hill
(S37°16' 22"—W 70° 36’ 39”) located 1.3 km to the southwest of La
Primavera pass in direction to Andacollo, where it attains 18 m in
thickness.

3.2.2.2. Los Molles Formation (Weaver, 1931). In the Chacay Mele-
hue area this unit attains more than 800 m in thickness, and is
confined between the Chachil Limestone and the Tabanos Forma-
tion (Stipanicic, 1966). Where this unit is eroded (Rajapalo area), it
is unconformably overlain by the prograding fluvial conglomerates
of the Lotena Formation. It mainly consists of black shales, with
a high content of organic matter, deposited in a turbiditic regime.
Based on its ammonite content, its age is regarded as Early Toarcian
(Tenuicostatum Standard Zone) to Early Callovian (Proximum

Standard Zone) (Riccardi, 1993; Gulisano and Gutiérrez Pleimling,
1995; Riccardi, 2008). At the Toarcian/Aalenian boundary there
are andesitic lahars intercalated within black shales, thus indicating
that volcanism, although of andesitic nature, was still active at that
time (Llambias and Leanza, 2005).

3.3. The Atuel and Valenciana depocentres

In recent years detailed structural and sedimentological studies
of the Late Triassic—Early Jurassic infill of the Atuel depocentre
(Fig. 1A) have been carried out by several authors (Lanés, 2005;
Lanés et al., 2008; Giambiagi et al., 2005, 2008; Bechis et al., 2005).
It includes, from base to top, mixed marine and non-marine
deposits of the Arroyo Malo, El Freno, Puesto Araya and Tres
Esquinas Formations. The oldest deposits of the Arroyo Malo
Formation in the western part of the Atuel depocentre include the
Triassic—Jurassic boundary in marine facies (Riccardi et al., 1997)
followed by the fluvial El Freno Formation. The Puesto Araya
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Formation was divided by Giambiagi et al. (2005, 2008) into a lower
and an upper section, the first one related to synrift processes,
whilst the uppermost one evolved to a carbonate-rich content in
relationship with the initiation of the sag stage in the basin, fol-
lowed by widespread black shale deposition. According to recent
paleogeographic maps, the Early Jurassic (Pliensbachian—earliest
Toarcian) marine transgression is thought to penetrate into the
basin in southern Mendoza through the Curepto—Atuel seaway
(Vicente, 2005; Arregui et al., 2011).

The infill of the Valenciana depocentre (Fig. 7a and b), located
nearly 70 km to the south of the Atuel depocentre (Fig. 1D), was
studied in detail by Gulisano and Gutiérrez Pleimling (1995). Of
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concern for the present paper, the Serrucho (S 35° 26’ 32”"—W 69°
54’ 12”) and Calabozo (S 35° 29’ 16"—W 69° 54’ 48") creeks
composite section presented by the cited authors reveals that the
depth of this depocentre is much less than the Atuel depocentre.
The oldest unit in the Serrucho creek area is represented by nearly
120 m of coarse fluvial conglomerates of the El Freno Formation,
whose base above the Choiyoi Group can only by observed 60 km to
the north-west in the Portezuelo Ancho section (S 35° 05’ 23"—W
70° 07" 40”) (see Fig. 25 in Gulisano and Gutiérrez Pleimling,
1995). The succession is interpreted to continue with nearly
150 m of the upper Puesto Araya Formation, followed up the 350 m
of the Tres Esquinas Formation mostly composed of black shales
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Fig. 7. a) Generalized stratigraphic column of the Valenciana depocentre, southern Mendoza, Neuquén Basin; b) outcrop aspect of the uppermost beds of the Puesto Araya
Formation in contact with the Tres Esquinas Formation at Serrucho creek, where Mazzini et al. (2010) calculated its age as Early Toarcian (182.16 + 0.6 Ma).
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and sandstones, displaying just at its base the Toarcian Oceanic
Anoxic Event (TOAE) recently described by Mazzini et al. (2010).

4. Methods and results
4.1. Field work

Field work was undertaken by the authors in the Neuquén Basin
during March—April 2008 to conduct regional studies and
sampling. One of the crucial goals was to identify tuff layers in the
logged sections for dating by the U-Pb method. Sampling was done
at the type locality of the Chachil Limestone (Chachil depocentre)
and Chacay Melehue creek (Vega del Tero) and Rajapalo localities
(Cordillera del Viento depocentre) (Fig. 1A, C and D). Further
observations and U—Pb ages were also obtained at the Serrucho
creek locality (Valenciana depocentre) in southern Mendoza
(Fig. 1A and B), with results already published by Mazzini et al.
(2010).

4.2. Zircon dating

Dating was carried out by the ID-TIMS U—Pb method on zircon.
The initial tuff material was nearly unconsolidated, in part clay-rich
and generally friable. It was therefore comminuted using a mortar
and pestle, with subsequent flotation and progressive decanting of
the light minerals, followed by sieving and enrichments by
magnetic and heavy liquid methods. The further steps of the
procedures follow essentially Krogh (1973) with modifications
described in detail in Corfu (2004). Decay constants are those of
Jaffey et al. (1971). Data plotting and calculations were done using
the program ‘Isoplot’ (Ludwig, 2003).

The zircon grains were selected under a binocular microscope,
primarily trying to separate crystals formed during the volcanic
event from potential xenocrystic ones, the main criteria being sharp
euhedral and ideally prismatic shapes together with the identifi-
cation of one main coherent type. The final verification of the val-
idity of the ages is based on the reproducibility of the individual
ages. The identification was very successful in sample ARO8VT-14 (S
37° 15 09”—W 70° 30’ 25"), which comprises one main homoge-
nous population (Fig. 8a), and, with one exception, in sample
ARO8VT-56 (S 37° 15’ 11”—W 70° 29’ 58”), which comprises both
short- and long-prismatic crystals (Fig. 8b), but it did not work very
well with the other two samples, whose populations are dominated
by xenocrystic zircon grains (see below).

The second task was to eliminate the effects of Pb loss before
analyzing the zircons. This turned out to be rather difficult with
sample ARO8VT-14, where a first selection of the dominant pris-
matic zircons (Fig. 8a) was subjected to mechanical abrasion
(Krogh, 1982). The resulting analyses of single grains (8—11) are all
clustered together (Table 1; Fig. 9a) but distinctly discordant. In
a second step, zircon grains from this sample were annealed at
900 °C for 3 days, followed by partial dissolution in HF at 194 °C
overnight before final selection, based on the ‘chemical abrasion’
technique of Mattinson (2005). This approach was much more
successful in removing domains affected by Pb loss, and more
efficient at isolating pure zircon by mining out the many inclusions
that characterize the population. Analysis 4 (Table 1), representing
one of the solutions removed after the overnight partial dissolution
step, shows that the more soluble zircon underwent a much higher
degree of Pb loss and was also much more rich in common Pb than
the residue. The analyses obtained by chemical abrasion are
distinctly older than those obtained after mechanical abrasion,
although some dispersion in the U—Pb ratios remains (Fig. 9a). The
age that we report (185.7 & 0.4 Ma) is based on the two oldest and
most precise analyses (2—3) deemed to be free of Pb loss. Analysis 1

t"\ AR08VT-14
\ L

Fig. 8. a) Zircon crystals from sample ARO8VT-14 displaying the characteristic long-
prismatic shape of the population, generally with well defined crystal faces and with
numerous inclusions of other minerals; b) two main types of zircon crystals, long
prismatic and equant, in sample ARO8VT-56; c) selection of zircon from sample C-09-1,
all euhedral but displaying a variety of shapes. Picture was taken after annealing at
900 °C, hence the local rust. The numbers correspond to those in Table 1 and Fig. 9c
and d.

is yet somewhat older, but much less precise because of high
common Pb level, either from accidental contamination or some
residual Pb-rich inclusion. This analysis was obtained from two
short-prismatic grains, and it is suspected that they contained
a xenocrystic component.

For sample AR08-VT56 there was no obvious distinction
between grains treated by chemical or mechanical abrasion, with
five analyses (13—17) clustered together, giving a concordia age of
182.3 + 0.4 Ma (Fig. 9b). Just one grain (18) yields a younger age,
reflecting Pb loss, whereas a second fraction (12) has an older age
likely due to an inherited component.

Zircon grains in the two samples from the Chachil Limestone
(C-09-1 and 2; S 39° 13’ 17"—W 70° 33’ 37”) did not seem to be
affected so strongly by Pb loss as those from ARO8VT-14. In this case
the grains were treated directly with chemical abrasion. The main
problem with these populations, however, turned out to be the
identification of the youngest, volcanic zircon component. The
tested grains (Fig. 8c; Table 1) provide a wide range of apparent
ages from the Mesoproterozoic to the Jurassic. The two oldest ages



Table 1

U—Pb data for zircon.
No. Zircon Weight® UP Th/u¢  Pbc? 206pp204ppe  207pp235yf  42g [abs]  205Pb/?38Uf  +2¢ [abs] Rho  297Pb/2%°pbf 424 [abs] 29°Pb/Z38Uf[Ma] 420  207PbPPUf 426

characteristics® [ug] [ppm] [pg] [abs] [Ma] [abs]

Tuff, 9 m above base of Chachil Limestone; Vega del Tero, Chacay Melehue (ARO8VT-14)
1 sp in CA [2] 8 66 1.03 22,6 62 0.2094 0.0146 0.02963 0.00025 0.10 0.0513 0.0036 188.2 1.6 193 12
2 Ip in CA [4] 27% 878 0.78 3.2 1345 0.2011 0.0012 0.02929 0.00009 0.62 0.04978 0.00023 186.1 0.6 186.0 1.0
3 Ipin CA[5] RES 208 7685 0.86 3.1 910 0.2007 0.0012 0.02918 0.00008 0.46  0.04987 0.00027 185.4 0.5 185.7 1.0
4 Ip in CA [5] DISS 63 2.50 510.3 20 0.1202 0.1423 0.0069 0.0024 0.01 013 0.16 45 15 115 122
5 tip in CA [1] 3 94 0.91 2.5 227 0.2022 0.0058 0.02905 0.00012 0.46 0.0505 0.0014 184.6 0.7 186.9 49
6 Ip in CA [3] 12 77 1.11 29 597 0.1992 0.0020 0.02887 0.00009 0.46  0.05006 0.00045 1834 0.6 184.5 1.7
7 Ip CA [2] 258 1038 117 4.9 971 0.1977 0.0010 0.02880 0.00009 0.55 0.04979 0.00022 183.1 0.6 183.2 0.9
8 IpinAJ[1] 7 83 0.97 2.3 457 0.1879 0.0028 0.02722 0.00009 043  0.05007 0.00069 1731 0.6 1749 24
9 IpA[1] 1 165 1.01 0.9 337 0.1879 0.0045 0.02720 0.00013 040 0.0501 0.0011 173.0 0.8 174.8 3.8
10 IpA[1] 1 365 1.00 0.8 763 0.1861 0.0021 0.02692 0.00013 0.51 0.05014 0.00049 1713 0.8 1733 1.8
11 IpinA[1] 3 323 1.30 0.9 1852 0.1860 0.0063 0.02686 0.00090 0.99 0.05022 0.00023 170.9 5.6 173.2 53
Tuff, 4.5 m below top of Chachil Limestone; Vega del Tero, Chacay Melehue (ARO8VT-56)
12 'lp-fr CA[5] 18 4638 0.82 0.87 1048 0.2131 0.0019 0.03074 0.00014 0.55 0.05027 0.00037 195.2 0.9 196.1 1.6
13 ’'spA[l] 1 164 1.33 1.69 194 0.2010 0.0083 0.02890 0.00017 044 0.0504 0.0020 183.7 1.1 185.9 7.0
14  spbi-in CA[1] 18 2858 0.58 2.14 257 0.1954 0.0057 0.02860 0.00014 042 0.0496 0.0014 181.8 0.9 181.2 4.8
15 spCA[3] 68 1508 0.99 1.09 1516 0.1982 0.0018 0.02874 0.00019 0.57 0.05003 0.00038 182.6 1.2 183.6 1.5
16  'lp-frin CA [8] 82 1028 0.92 1.00 1490 0.1961 0.0012 0.02866 0.00008 0.58  0.04962 0.00025 182.2 0.5 181.8 1.0
17  spA[l] 1 65 1.00 0.88 149 0.1906 0.0115 0.02846 0.00028 041 0.0486 0.0028 180.9 1.8 1771 9.7
18 spinA|[l] 1 237 0.87 0.77 555 0.1956 0.0036 0.02780 0.00022 048 0.05103 0.00082 176.7 14 1814 3.0
Tuff in Chachil limestone, Mirador del Chachil — Neuquén, Cuyo Group (C-09-1)
19 spcdCA[1] 1 778 0.28 0.6 4532 0.5756 0.0026 0.05991 0.00022 091 0.06968 0.00013 375.1 14 461.6 1.7
20 IpCA[1] 1 151 0.50 1.9 259 0.3535 0.0099 0.04769 0.00022 047 0.0538 0.0014 300.3 14 307.3 7.4
21 tip in CA [1] 1 860 0.52 1.6 1660 0.3441 0.0022 0.04759 0.00017 0.68 0.05244 0.00024 299.7 1.1 300.3 1.6
22 IpCA[1] 1 428 0.55 1.6 520 0.2097 0.0040 0.03001 0.00017 044 0.05068 0.00089 190.6 1.1 193.3 34
23 spCA[1] 1 119 0.95 0.5 430 0.2012 0.0041 0.02966 0.00013 044  0.04921 0.00092 188.4 0.8 186.2 34
24  IpCA[1] 1 125 0.82 1.8 146 0.1977 0.0121 0.02937 0.00023 047 0.0488 0.0028 186.6 14 183 10
25 IpCA[1] 1 177 0.89 0.8 442 0.2029 0.0037 0.02931 0.00011 045 0.05022 0.00084 186.2 0.7 187.6 3.1
26 IpCA[1] 1 288 0.41 0.7 797 0.2017 0.0022 0.02929 0.00012 0.51  0.04996 0.00048 186.1 0.8 186.6 1.9
27 IpCA[1] 1 260 1.12 1.1 446 0.2024 0.0038 0.02912 0.00017 047 0.05042 0.00085 185.0 1.1 187.2 32
Tuff in Chachil limestone, Mirador del Chachil — Neuquén, Cuyo Group (C-09-2)
28 IpCA[1] 1 523 0.18 0.6 2935 04115 0.0021 0.05565 0.00020 0.76  0.05363 0.00018 349.1 1.2 350.0 1.5
29 IpCA[1] 2 238 0.48 0.6 2300 0.3388 0.0019 0.04708 0.00018 0.74 0.05219 0.00020 296.5 1.1 296.2 1.5
30 IpCA[1] 1 77 0.67 4.6 62 0.3466 0.0252 0.04163 0.00053 0.37 0.0604 0.0042 262.9 33 302 19
31 Ip CA[1] 1 132 0.81 0.5 489 0.2081 0.0036 0.03015 0.00017 047  0.05006 0.00077 191.5 1.1 192.0 3.0
32 tipCA[1] 1 268 0.65 1.0 497 0.2029 0.0033 0.02926 0.00012 045 0.05029 0.00074 185.9 0.7 187.6 2.7

@ Zircon: sp = short prismatic (I/w = 2—4); Ip = long prismatic (I/w = >4); in = inclusions; bi = biotite; cld = cloudy interior; A = mechanical abrasion; CA = chemical abrasion; [1] = number of grains in fraction; DISS,
RES = dissolved zircon and residue after partial dissolution.

b Weight and concentrations are known to better than 10%, except for those near and below the ca. 1 pg limit of resolution of the balance.

€ Th/U model ratio inferred from 208/206 ratio and age of sample.

4 Pbc = total common Pb in sample (initial + blank).

¢ Raw data corrected for fractionation.

f Corrected for fractionation, spike, blank and initial common Pb; error calculated by propagating the main sources of uncertainty.

& Weights before partial dissolution step, thus exact U-concentration is uncertain.
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Fig. 9. Concordia diagrams with zircon analyses of the four tuff samples; (d) is an
enlargement of a small part of (c). Ellipses indicate the 2¢ uncertainty.

are extrapolations from discordant analyses, whereas the other
data are concordant indicating ages of 350 Ma (28), 300—296 Ma
(20, 21, 29), and 192—188 Ma (22, 23, 31; Fig. 9c and d). Four of
the grains from sample C-09-1 (24—27) and one from C-09-2 (32)
plot in a tight cluster at the bottom of the dispersed array, yielding
concordia ages of 186.0 4+ 0.5 Ma and 185.9 + 0.7 Ma, respectively
(Fig. 9d). Because of their coherence, the latter data are considered
to represent zircon crystals indigenous to the tuff, and hence to date
the volcanic event. The two results combine into a weighted
average age of 186.0 + 0.4 Ma for extrusion of this tuff.

5. Discussion

The ages presented in this paper (ca. 182—186 Ma) are equiva-
lent in a regional context with ages from different magmatic events
in Patagonia and west-central Argentina, as follows: a) synrift
magmatism related to the Precuyano Cycle, where ages between ca.
182—219 Ma were obtained (Rapela et al., 1983; Pangaro et al.,
2002a; Franzese et al., 2006; Schiuma and Llambias, 2008); b) arc
activity in the Subcordilleran Batholith in Patagonia which termi-
nated at 180 Ma (Rapela et al., 2005); c) Chon Aike Magmatic
Province, with ages between ca. 180—200 Ma (Pankhurst et al.,
2000); and d) early stages of the Andean magmatic arc (Saini-
Eidukat et al., 2002; Castro et al., 2011).

In the Neuquén province a volcanic arc coeval with the early
stages of the Cuyo Group is recorded at Pliensbachian/Toarcian
times represented by the Icalma Formation (nom. trans. Zanettini
et al., 2010). This unit expands westwards into the Chilean terri-
tory where it is known as the Icalma Member of the Nacientes del
Bio Bio Formation (Suarez and Emparan, 1997) where pillow lavas
and basaltic breccias intercalated within marine sediments are
recognized. This arc was likely the volcanic source of the ash
material which persisted in the Chacay Melehue area fading out
since the Pliensbachian up to the Toarcian/Aalenian boundary
(Llambias and Leanza, 2005).

The new isotopic ages that we present in this paper are indeed
useful for the time-calibration of the first marine transgression
from the Pacific side in the southern Neuquén Basin. The first
radiometric U—Pb data of the Chachil Limestone at the type locality,
obtained on crystal zircons found in ash layers within limestone
beds located 2.5 m above the base of the unit, confirm an Early
Pliensbachian age (186.0 4+ 0.4 Ma). This result matches with the
Early Pliensbachian age ascribed by Riccardi (2008) to the Austro-
morphites behrendseni Assemblage Zone introduced by Hillebrandt
(1987, 2006). This Assemblage Zone is equivalent to the lower part
of the Fanninoceras Assemblage Zone (Riccardi et al., 1990, 2000)
and to the Davoei Standard Zone of Europe (Riccardi, 2008). The
Chachil Limestone, or its time equivalent Sierra Chacaic6 Forma-
tion, have so far been considered in the Chachil depocentre as the
lowermost unit of the Cuyo Group (e.g. Leanza, 1992; Leanza and
Hugo, 1997; Leanza et al., 2005; Franzese and Spalletti, 2001;
Franzese et al., 2006, 2007; Muravchik et al., 2008; Carbone et al.,
2011). This boundary coincides in the Chachil depocentre with
the upper limit of the Precuyano Cycle.

In the Cordillera del Viento depocentre, the Chachil Limestone is
reported here for the first time based on regional geological
observations and new radiometric ages from Vega del Tero (Chacay
Melehue area) allowing to confirm a Pliensbachian (185.7 + 0.4 Ma)
to earliest Toarcian age (182.3 + 0.4 Ma). Taking into account that
the latter age was obtained 4.5 m below the top of the Chachil
Limestone, we infer that at this locality, the Pliensbachian/Toarcian
boundary is recorded within the uppermost part of this unit.

Studies in the Atuel depocentre in southern Mendoza show that
limestones of the upper section of Puesto Araya Formation are
placed just at the base where the sag stage begins (Lanés, 2005;
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Giambiagi et al., 2008; Lanés et al., 2008). At the Serrucho creek in
southern Mendoza (Valenciana depocentre), Mazzini et al. (2010)
calculated the age of the youngest limestones of the upper
section of the Puesto Araya Formation (Fig. 7b) as Early Toarcian
(182.16 + 0.6 Ma). This last age is almost identical to the younger
tuff layer within the Chachil Limestone at Chacay Melehue, with
a U—Pb age of 182.3 + 0.4 Ma. This undoubtedly allows correlation
between the limestones of the upper Puesto Araya Formation
(sensu Giambiagi et al., 2008) with the Chachil Limestone at Chacay
Melehue.

Based on the new isotopic data and geological observations
stated above, we consider the Chachil Limestone as a very impor-
tant Early Jurassic stratigraphic marker of regional significance,
representing an almost instantaneous flooding episode throughout
the Neuquén Basin and marking the initiation of the Cuyo Group
(Fig. 10), followed by widespread black shale deposition (e.g. Los
Molles/Tres Esquinas Fms.).

The role of the Chachil Limestone proposed here as natural seal
for the active rifting represented in the Precuyano Cycle is a key
aspect of this contribution. Given the lively discussions on the
upper limit of the active rifting stage in the Neuquén Basin by
different authors (Franzese and Spalletti, 2001; Pangaro et al.,
2002a; Leanza et al., 2005; Franzese et al., 2006, 2007; Muravchik
et al. 2008, 2011; Carbone et al.,, 2011; Garcia Morabito and
Ramos, 2011; Arregui et al., 2011; D’Elia et al., 2012a,b, between
others), the isotopic age calibration of this unit helps to delimit the
uppermost age of the active rifting, at least in outcrops of the three
depocentres treated here, including also subsurface occurrences at
Anticlinal Campamento (Schiuma and Llambias, 2008) and Cupén

Mahuida (Schiuma et al., 2011). It is still an open question to
investigate what are the evidences that indicate that rift-related
faults ceased prior to the deposition of the Chachil Limestone
and/or if there is any influence of the rift topography over the
accumulation of the lower Cuyo Group successions. According to
subsurface information, especially at the Dorsal de Huincul area, it
is clearly evidenced that synrift faulting has influenced the early
accumulation of Los Molles Formation, at least up to the Late
Toarcian (Silvestro and Zubiri, 2008; Carbone et al., 2011; Mosquera
et al., 2011).

Although it is proved that the marine transgression into the
Neuquén Basin begun in the Late Triassic (Riccardi et al., 1997)
through the Curepto—Atuel seaway (Vicente, 2005), it is highly
probable that the Pliensbachian flooding episode took place
through new marine pathways opened across an early Jurassic
dissected arc, which actually is covered by thick Cenozoic
sequences.

The appearance of limestones in the Neuquén Basin is sudden
and of wide distribution, as evidenced by the Chachil Limestone.
This is in contrast with scarcity of limestones in the Precuyano
Cycle, where only very localized and thin lacustrine limestones
were reported (Muravchik and Franzese, 2005). This means that
a dramatic change took place in the paleogeography and paleo-
climate in the Basin, which marks the initiation of the Cuyo Group.

Another aspect to have in consideration is that the halfgrabens
at the time of the infill of the Precuyano deposits had in some
places steep borders. As an example, in the Lapa area, coarse
brecciated conglomerates are developed at the base of the Sierra
Chacaico Formation which is time-equivalent to the Chachil
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Limestone (Leanza, 1992; Leanza et al., 2005). This means that
accumulation of limestones at the shorelines was not always
continuous, as it was interrupted in certain places by sedimentary
material delivered from the source area into the basin.

Although further regional and detailed studies are needed at
other localities, our results lead to consider the Precuyano Cycle as
the sedimentary (either continental or marine) and volcanic infill of
halfgrabens and/or grabens dominated by a strong extensional
regime (synrift), deposited between the Huarpican unconformity
and up to the initiation of the sag stage at Pliensbachian/earliest
Toarcian times, in coincidence with the development of limestones.
Units with interbedded marine sediments (e.g. La Primavera
Formation, Cordillera del Viento depocentre) previously taken as
a part of the Cuyo Group, are ascribed to the Precuyano Cycle. If the
same view is applied to the Atuel depocentre, the Arroyo Malo, El
Freno and the lower section of Puesto Araya Formations could be
interpreted as forming part of the Precuyano Cycle, whereas the
upper section of the Puesto Araya Formation can be ascribed to the
Cuyo Group, in coincidence with the initiation of sag stage in the
basin.

Finally, another interesting aspect of the Chachil Limestone is its
paleoclimatological significance in the Early Jurassic history of the
Neuquén Basin. At Pliensbachian—earliest Toarcian times, a biodi-
versity peak either considering ammonites (Riccardi, 2008), or
bivalves (Damborenea, 1987; Leanza, 1993) and brachiopods
(Manceiiido, 1990) as well as microfossils (Ballent and Whatley,
2000) in association with corals was recorded. Apart from this,
paleomagnetic data from ammonite bearing marine sections in the
Lower Jurassic at the Chacay Melehue area (Iglesia Llano et al.,
2006; Iglesia Llano, 2008) suggest that South America was shifted
to its northernmost position. These studies support that in western
Gondwana deposits of limestones in marine warm water environ-
ments existed at that time, thus allowing to consider the Chachil
Limestone as a paleoclimatic event of regional significance.

6. Conclusions

Regional observations and new radiometric data from the
Chachil, Cordillera del Viento and Valenciana depocentres, show
that the Chachil Limestone is an important Early Jurassic strati-
graphic marker representing an almost instantaneous flooding
episode throughout the Neuquén Basin (Fig. 10). The limestone
marks the initiation of the Cuyo Group, followed by widespread
black shale deposition (e.g. Los Molles/Tres Esquinas Formations).

This conclusion is supported by zircon dating (ca. 182—186 Ma)
of tuff layers deposited at about the same time as
Pliensbachian—Early Toarcian limestones present in the three
depocentres (Fig. 10).

As it is represented in recent paleogeographic maps, the Early
Jurassic (Pliensbachian—earliest Toarcian) marine transgression is
inferred to have penetrated into the basin in southern Mendoza
through the Curepto—Atuel seaway (Vicente, 2005; Arregui et al.,
2011). However, according to our interpretation, to explain an
almost instantaneous flooding episode represented by the Chachil
Limestone we suggest that other connections of the basin with the
open sea through a dissected magmatic arc existed at that time.

With regard to still open nomenclatural problems in the Neu-
quén Basin, our findings suggest that the Precuyano Cycle should be
considered as the sedimentary (either continental or marine) and
volcanic infill of halfgrabens and/or grabens formed in an exten-
sional regime in the period between the Huarpican unconformity
up to the initiation of the sag stage, in the Pliensbachian to the
earliest Toarcian, in coincidence with the Rioatuelican unconfor-
mity (see Figs. 2, 4 and 7). As a result, the shallow marine volca-
nogenic deposits of La Primavera Formation at the Cordillera del

Viento depocentre are ascribed to the Precuyano Cycle instead of
being the lower part of the Cuyo Group, as up to now has been
considered.

Finally, based on paleontological evidence and paleomagnetic
data mentioned in the discussion, the Chachil Limestone is regar-
ded as an important paleoclimatic event of regional significance.

Acknowledgments

This study was supported by a Centre of Excellence grant to PGP,
by a Young Outstanding Researcher grant (180678/V30) to Henrik
Svensen, both of them from the Norwegian Research Council and by
the grant PIP 5222 CONICET (Argentinian Research Council) to
Héctor A. Leanza. The authors would like to thank Carlos Portilla
(Direccién General de Mineria, Zapala) for authorizing works in the
Neuquén province, Alberto Garrido (Direccién General de Mineria,
Museo Olsacher, Zapala) for his help in obtaining samples from the
Chachil Limestone type locality, Claudia Negro (SEGEMAR, Buenos
Aires) for helpful comments on the Valenciana depocentre, and José
Mendia (Direccién de Geologia Regional, SEGEMAR, Buenos Aires)
for its support for making possible this study.

References

Arregui, C., Carbone, O., Martinez, R., 2011. El Grupo Cuyo (Jurasico Temprano —
Medio) en la Cuenca Neuquina. In: Leanza, H.A., Arregui, C., Carbone, O.,
Danieli, J.C., Vallés, .M. (Eds.), Relatorio Geologia y Recursos Naturales de la
provincia del Neuquén, pp. 77—89. Buenos Aires.

Ballent, S., Whatley, R., 2000. The composition of Argentinian Jurassic marine
ostracod and foraminiferal faunas: environment and zoogeography. Geobios 33,
365—376.

Barrio, C.A., 1990. Paleogeographic control of the upper cretaceous tidal deposits,
Neuquén Basin, Argentina. Journal of South American Earth Sciences 3, 31—49.

Bechis, F.,, 2009. Deformacién transtensiva de la Cuenca Neuquina: andlisis a partir
de ejemplos de campo y modelos analogos. Tesis doctoral, Facultad de Ciencias
Exactas y Naturales, Universidad de Buenos Aires, 258pp., unpublished report.

Bechis, F., Giambiagi, L., Garcia, V.H., 2005. Extensién multifisica en el depocentro
Atuel de la Cuenca Neuquina evidenciada en estructuras de pequefia escala. In:
16° Congreso Geolégico Argentino, Actas 2: 87—94, La Plata.

Carbone, O., Franzese, ]., Limeres, M., Delpino, D., Martinez, R., 2011. El Ciclo Pre-
cuyano (Triasico Tardio — Jurasico Temprano) en la Cuenca Neuquina. In:
Leanza, H.A., Arregui, C., Carbone, O., Danieli, ].C., Vallés, ].M. (Eds.), Relatorio
Geologia y Recursos Naturales de la provincia del Neuquén, pp. 63—76. Buenos
Aires.

Castro, A., Moreno-Ventas, 1., Fernandez, C., Vujovich, G., Gallastegui, G., Heredia, N.,
Martino, R.D., Becchio, R., Corretgé, L.G., Diaz-Alvarado, J., Such, P, Garcia-
Arias, M., Liu, D.Y., 2011. Petrology and SHRIMP U/Pb zircon geochronology of
Cordilleran granitoids of the Bariloche area, Argentina. Journal of South
American Earth Sciences 32, 508—530.

Cobbold, P.R., Rossello, E.A., 2003. Aptian to recent compressional deformation,
foothills of Neuquén Basin, Argentina. Marine and Petroleum Geology 20,
429—443.

Corfu, F, 2004. U-Pb age, setting, and tectonic significance of the anorthosi-
te—mangerite—charnockite—granite-suite, Lofoten—Vesterdlen, Norway. Jour-
nal of Petrology 45, 17799—1819.

Cristallini, E., Tomezzoli, R., Pando, G., Gazzera, C., Martinez, ].M., Quiroga, J.,
Buhler, M., Bechis, F, Barredo, S., Zambrano, O., 2009. Controles precuyanos en
la estructura de la Cuenca Neuquina. Revista de la Asociacién Geolégica
Argentina 65, 248—264.

Cucchi, R., Leanza, H.A., 2006. Hoja Geoldgica 3972-1V, Junin de los Andes, provincia
del Neuquén. Programa Nacional de Cartas Geoldgicas de la Repiblica
Argentina a escala 1:250.000. Instituto de Geologia y Recursos Minerales,
SEGEMAR, Buenos Aires. Boletin 357, 103pp.

Damborenea, S.E., 1987. Early Jurassic bivalvia of Argentina. Part 2. Superfamilies
Pteriacea, Buchiacea and part of Pectinacea. Palaeontographica (A) 199 (4/6),
113-216.

D’Elia, L., Muravchik, M., Franzese, J.R., Lopez, L., 2012a. Tectonostratigraphic analysis
of the Late Triassic—Early Jurassic syn-rift sequence of the Neuquén Basin in the
Saiiic6 depocentre, Neuquén Province, Argentina. Andean Geology 39, 133—157.

D’Elia, L., Muravchik, M., Franzese, J.R.,, Bilmes, A., 2012b. Volcanismo de sin-rift de
la Cuenca Neuquina, Argentina: relaciéon con la evolucién Tridsico Tar-
dia—Jurasico Temprano del margen andino. Andean Geology 39, 106—132.

Digregorio, ].H., 1972. Neuquén. In: Leanza, A.F. (Ed.), Geologia Regional Argentina.
Academia Nacional de Ciencias, Cérdoba, pp. 439—506.

Franzese, J.R., Spalletti, L.A., 2001. Late Triassic—Early Jurassic continental extension
in southwestern Gondwana: tectonic segmentation and pre break-up rifting.
Journal of South American Earth Sciences 14, 257—270.



184 H.A. Leanza et al. / Journal of South American Earth Sciences 42 (2013) 171—185

Franzese, ].R., Veiga, G.D., Schwarz, E., Gémez Pérez, 1., 2006. Tectonostratigraphic
evolution of a Mesozoic graben border system: the Chachil depocentre, Neu-
quén Basin, Argentina. Journal of the Geological Society 163. London.

Franzese, J.R., Veiga, G.D., Muravchik, M., Ancheta, M.D., D’Elia, L., 2007. Estratigrafia
de “sin-rift” (Tridsico superior—Jurasico inferior) en la sierra de Chacaicd,
Neuquén, Argentina. Revista Geolégica de Chile 34, 49—62.

Garcia Morabito, E., 2010. Tecténica y estructura del retroarco andino entre los
38°15" y los 40°00’ S. Tesis doctoral, Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires, 284pp, unpublished report.

Garcia Morabito, E., Ramos, V.A., 2011. La Precordillera Neuquina Sur en el contexto
de los Andes Norpatagénicos. In: Leanza, H.A., Arregui, C., Carbone, O,
Danieli, J.C., Vallés, J.M. (Eds.), Relatorio Geologia y Recursos Naturales de la
provincia del Neuquén, pp. 355—365. Buenos Aires.

Giambiagi, L., Suriano, J., Mescua, J., 2005. Extensién multiepisédica durante el
Jurasico Temprano en el depocentro Atuel de la Cuenca Neuquina. Revista de la
Asociacion Geoldgica Argentina 60, 524—534.

Giambiagi, L., Bechis, F, Lanés, S. Tunik, M., Garcia, V., Suriano, J., Mescua, ]., 2008.
Formacién y evolucién Triasico—Jurasica del depocentro Atuel, Cuenca Neu-
quina, provincia de Mendoza. Revista de la Asociacién Geoldgica Argentina.
Simposio Jurasico de América del Sur 63, 520—533.

Goémez Pérez, 1., 2001. Estromatolitos de aguas profundas en la Formacién Los
Molles (Neuquén, Argentina): ;Chimeneas de metano en el fondo marino
jurdasico? Revista de la Asociacion Argentina de Sedimentologia 8, 1—14 La Plata.

Groeber, P., 1924. Descubrimiento de Triasico marino en la Repiblica Argentina. In:
Comunicaciones del Museo de Historia Natural de Buenos Aires, vol. 2, pp.
87—104. Buenos Aires.

Groeber, P,, 1929. Lineas fundamentales de la geologia del Neuquén, sur de Mendoza
y regiones adyacentes. Direccién Nacional de Geologia y Mineria, Buenos Aires,
Publicacién 158, pp. 1-110.

Groeber, P., 1946. Observaciones geoldgicas a lo largo del meridiano 70° 1. Hoja Chos
Malal. Revista de la Sociedad Geolédgica Argentina 1, 177—208. Buenos Aires.

Groeber, P., 1958. Acerca de la edad del Saiiicolitense. Revista de la Asociaci6n
Geolbgica Argentina 11, 281—292. Buenos Aires.

Gulisano, C.A., 1981. El Ciclo Cuyano en el norte de Neuquén y sur de Mendoza. In:
8° Congreso Geoldgico Argentino, Actas 3: 579—592, Buenos Aires.

Gulisano, C.A., 1993. Ciclo Precuyano. In: Riccardi, A.C., Damborenea, S.E. (Eds.),
Léxico Estratigrafico de la Argentina. Jurasico. Asociacién Geolégica Argentina,
Serie B 21, vol. 9, pp. 334—335.

Gulisano, C.A., Pando, G.A., 1981. Estratigrafia y facies de los depdsitos jurasicos
entre Piedra del Aguila y Safiicé, Departamento Collén Curd, provincia del
Neuquén. In: 8° Congreso Geoldgico Argentino, Actas 3: 553—577, San Luis.

Gulisano, C.A., Gutiérrez Pleimling, A., Digregorio, R.E., 1984. Esquema estratigrafico
de la secuencia jurasica del oeste de la provincia del Neuquén. In: 9° Congreso
Geolbgico Argentino, Actas 1: 236—259, Buenos Aires.

Gulisano, C.A., Gutiérrez Pleimling, A., 1995. Field guide: the Jurassic of the Neuquén
Basin. b) Mendoza province, Asociacién Geolégica Argentina, Serie E 2, pp.
1-103. Buenos Aires.

Hillebrandt, A.v., 1987. Liassic ammonite zones of South America and correlations
with other provinces, with descriptions of new genera and species. In:
Volkheimer, W., Musacchio, E. (Eds.), Bioestratigrafia de los Sistemas Regionales
del Jurasico y Cretdcico de América del Sur, pp. 111-157. Mendoza.

Hillebrandt, A.v., 2006. Ammoniten aus the Pliensbachium (Carixium und Dome-
rium) von Stidamerika. Revue de Paléobiologie 25, 1-403.

Iglesia Llano, M.P., 2008. Paleogeografia de América del Sur durante el Jurasico.
Revista de la Asociacién Geoldgica Argentina. Simposio Jurasico de América del
Sur 63, 499—-501.

Iglesia Llano, M.P,, Riccardi, A.C., 2000. The Neuquén composite section: magne-
tostratigraphy and biostratigraphy of the marine Lower Jurassic from the
Neuquén Basin, Argentina. Earth and Planetary Science Letters 181, 443—457.

Iglesia Llano, M.P,, Riccardi, A.C,, Singer, S.E., 2006. Paleomagnetic study of Lower
Jurassic marine strata from the Neuquén Basin, Argentina: a new Jurassic
apparent polar wander path for South America. Earth and Planetary Science
Letters 252, 379—-397.

Jaffey, A.H., Flynn, K.F,, Glendenin, L.E., Bentley, W.C., Essling, A.M., 1971. Precision
measurement of half-lives and specific activities of 235U and 238U. Physical
Review C, Nuclear Physics 4, 1889—1906.

Krogh, T.E., 1973. A low contamination method for hydrothermal decomposition
and extraction of U and Pb for isotopic age determinations. Geochimica et
Cosmochimica Acta 37, 485—494.

Krogh, TE., 1982. Improved accuracy of U/Pb zircon ages by creation of more
concordant systems using air abrasion technique. Geochimica et Cosmochimica
Acta 46, 637—649.

Lambert, L.R., 1946. Contribucién al conocimiento de la sierra de Chacay-Cé (Neu-
quén). Revista de la Sociedad Geolégica Argentina 1, 231—252. Buenos Aires.

Lambert, L.R., 1948. Geologia de la zona de las cabeceras del rio Catan Lil, Territorio
del Neuquén. Revista de la Asociacién Geoldgica Argentina 3, 245—257. Buenos
Aires.

Lambert, L.R., 1956. Descripcion geolégica de la hoja 35 b, Zapala, Territorio
Nacional del Neuquén. Direccién Nacional de Geologia y Mineria, Buenos Aires,
Boletin 83, pp. 1-93.

Lanés, S., 2005. Late Triassic to Early Jurassic sedimentation in northern Neuquén
Basin, Argentina. Tectosedimentary of the first transgression. Geologica Acta 3,
81-106.

Lanés, S., Giambiagi, L., Bechis, F, Tunik, M., 2008. Late Triassic—Early Jurassic
successions on the Atuel depocenter: sequence stratigraphy and tectonic

controls. Revista de la Asociacién Geoldgica Argentina. Simposio Jurasico de
América del Sur 63, 534—548.

Leanza, A.F, 1948. El llamado Tridsico marino de Brasil, Paraguay, Uruguay y la
Argentina. Revista de la Asociacién Geoldgica Argentina 3, 219—244. Buenos
Aires.

Leanza, H.A., 1985. Descripcion geoldgica de la Hoja 36b, Cerro Chachil, provincia
del Neuquén, Argentina, Servicio Nacional Minero Geol4gico (con mapa escala
1:200.000), 152pp., unpublished report.

Leanza, H.A., 1992. Estratigrafia del Paleozoico y Mesozoico anterior a los Movi-
mientos Intermdlmicos en la comarca del cerro Chachil, provincia del Neuquén.
Revista de la Asociacion Geoldgica Argentina 45, 272—299. Buenos Aires.

Leanza, H.A., 1993. Jurassic and Cretaceous trigoniid bivalves from west-central
Argentina. Bulletins of American Paleontology 105, 1-95. Lawrence.

Leanza, H.A., 2009. Las principales discordancias del Mesozoico de la Cuenca
Neuquina segtn observaciones de superficie. Revista del Museo Argentino de
Ciencias Naturales, n.s. 11, 145—184. Buenos Aires.

Leanza, H.A., Brodtkorb, M.K. de Danieli, J.C. 1990. La Formacién Chachil (Liasico) y
sus niveles manganesiferos en el area del cerro La Atravesada, provincia del
Neuquén, Argentina. In: 3° Congreso Nacional de Geologia Econémica, vol. 3,
pp. A171—A186, Olavarria.

Leanza, H.A,, Blasco, G., 1991. Estratigrafia y ammonites pliensbachianos del area del
arroyo Nireco, Neuquén, Argentina, con la descripcién de Austromorphites gen.
nov. Revista de la Asociacién Geoldgica Argentina 45, 159—174.

Leanza, H.A., Hugo, C.A., 1997. Hoja Geolbgica 3969-III, Picin Leufd, provincias del
Neuquén y Rio Negro. Instituto de Geologia y Recursos Naturales, SEGEMAR,
Buenos Aires, Boletin 218, pp. 1-135.

Leanza, H.A., Llambias, EJ., Carbone, O., 2005. Unidades limitadas por discordancias
en los depocentros de la Cordillera del Viento y la Sierra de Chacaic6 durante los
inicios de la Cuenca Neuquina. In: 6° Congreso de Exploracion y Desarrollo de
Hidrocarburos, Version CD-ROM, Mar del Plata.

Legarreta, L., Gulisano, C.A., 1989. Andlisis estratigrifico de la Cuenca Neuquina
(Tridsico superior—Terciario inferior). In: Chebli, G.A., Spalletti, L.A. (Eds.),
Cuencas Sedimentarias Argentinas. Serie Correlacion Geolégica, vol. 6. Instituto
Miguel Lillo, Universidad Nacional de Tucumdn, San Miguel de Tucuman,
pp. 221-244.

Legarreta, L., Uliana, M.A.,, 1991. Jurassic/Cretaceous marine oscillations and
geometry of a back-arc basin fill, central Argentine Andes. In: Mc Donald, D.L.M.
(Ed.), Sedimentation, Tectonics and Eustacy. .A.S, London, pp. 429—450. Special
Publication 12.

Legarreta, L., Uliana, M.A., 1999. El Jurasico y Cretacico de la Cordillera Principal y la
Cuenca Neuquina. 1. Facies Sedimentarias. In: Caminos, R. (Ed.), Geologia
Argentina, Anales 29. Servicio Geolégico Minero Argentino, Instituto de Geo-
logia y Recursos Minerales, Buenos Aires, pp. 399—432.

Llambias, E.J., 1999. Las rocas igneas gondwanicas. In: Caminos, R. (Ed.), Geologia
Argentina, Anales 29. Servicio Geoldgico Minero Argentino, Instituto de Geo-
logia y Recursos Minerales, Buenos Aires, pp. 349—376.

Llambias, E.J., Stipanicic, P.N., 2002. Grupo Choiyoi. In: Stipanicic, P.N., Marsicano, C.
(Eds.), Léxico Estratigrafico de la Argentina. Tridsico. Asociacién Geoldgica
Argentina, Serie B 26, vol. 7, pp. 89—91.

Llambias, E.J., Leanza, H.A., 2005. Depésitos lahéricos en la Formacién Los Molles
(Jurasico) en Chacay Melehue, Neuquén: evidencia de volcanismo jurdsico en la
Cuenca Neuquina. Revista de la Asociacién Geolégica Argentina 62, 552—558.

Llambias, EJ., Leanza, H.A., Carbone, O. 2007. Evolucién tectono-magmatica
durante el Pérmico al Jurdsico Temprano en la cordillera del Viento (37°
05'—37° 15’ S): nuevas evidencias geol6gicas y geoquimicas del inicio de la
Cuenca Neuquina. Revista de la Asociacién Geolégica Argentina 60, 217—235.

Llambias, E.J., Sato, A.M., 2011. Ciclo Gondwanico: la provincia magmatica Choiyoi
en Neuquén. In: Leanza, H.A., Arregui, C., Carbone, O., Danieli, ].C., Vallés, ].M.
(Eds.), Relatorio Geologia y Recursos Naturales de la provincia del Neuquén,
pp. 53—62. Buenos Aires.

Ludwig, K.R., 2003. Isoplot 3.0. A Geochronological Toolkit for Microsoft Excel.
Berkeley Geochronology Center, Special Publication 4, pp. 1-70.

Manceifiido, M.O., 1990. The succession of Early Jurassic brachiopod faunas from
Argentina: correlations and affinities. In: Mackinnon, D., Lee, D.E.,
Campbell, J.D. (Eds.), Brachiopods through Time. A.A. Balkema, Rotterdam,
pp. 397—404.

Mancefiido, M.O., Leanza, H.A. 1993. Formacién Chachil. In: Riccardi, A.C,
Damborenea, S.E. (Eds.), Léxico Estratigrafico de Argentina. Jurasico. Asociacién
Geolbgica Argentina, Serie B 21, vol. 9, pp. 137—139. Buenos Aires.

Mattinson, ].M., 2005. Zircon U—Pb chemical abrasion (“CA-TIMS”) method:
combined annealing and multi-step partial dissolution analysis for improved
precision and accuracy of zircon ages. Chemical Geology 200, 47—66.

Mazzini, A., Svensen, H., Leanza, H.A., Corfu, E, Planke, S., 2010. Early Jurassic shale
chemostratigraphy and U—Pb ages from the Neuquén Basin (Argentina):
implications for the Toarcian Oceanic Anoxic Event. Earth and Planetary Science
Letters 297, 633—645.

Mosquera, A, Silvestro, J., Ramos, V.A., Alarcén, M., Zubiri, M., 2011. La estructura de
la Dorsal de Huincul. In: Leanza, H.A., Arregui, C., Carbone, O., Danieli, ].C,,
Vallés, J.M. (Eds.), Relatorio Geologia y Recursos Naturales de la provincia del
Neuquén, pp. 385—397. Buenos Aires.

Muravchik, M.; Franzese, J.R., 2005. Carbonatos lacustres someros en las facies
volcaniclasticas del Precuyano de la sierra de Chacaico, Neuquén. In: 16° Con-
greso Geoldgico Argentino, Actas 3: 111—-116, La Plata.

Muravchik, M., D’Elia, L., Bilmes, A., Franzese, J., 2008. Caracterizacién de los
depocentros de rift (Cliclo Precuyano) aflorantes en el sector sudoccidental de



H.A. Leanza et al. / Journal of South American Earth Sciences 42 (2013) 171—185 185

la Cuenca Neuquina. In: 7° Congreso de Exploracién y Desarrollo de Hidro-
carburos, Trabajos Técnicos, Mar del Plata, pp. 457—470.

Muravchik, M., D’Elia, L., Bilmes, A., Franzese, ].R., 2011. Syn-eruptive/inter-eruptive
relations in the syn-rift deposits of the Precuyano Cycle, Sierra de Chacaico,
Neuquén Basin, Argentina. Sedimentary Geology 238, 132—144.

Pangaro, F, Corbera, R., Carbone, O., Hinterwimer, G., 2002a. Los reservorios del
“Precuyano”. In: Schiuma, M., Vergani, G., Hinterwimmer, G. (Eds.), Rocas
reservorios de las cuencas productivas argentinas. 5° Congreso de Exploracién y
desarrollo de Hidrocarburos, pp. 229—254, Mar del Plata.

Pangaro, F, Veiga, R., Vergani, G., 2002b. Evolucién tecto-sedimentaria del area de
Cerro Bandera, Cuenca Neuquina, Argentina. In: 5° Congreso de Exploracién y
Desarrollo de Hidrocarburos, CD-ROM, 16 pp.

Pangaro, F, Pereira, D.M., Micucci, E., 2009. El sinrift de la Dorsal de Huincul, Cuenca
Neuquina: evolucién y control sobre la estratigrafia y estructura del area.
Revista de la Asociacién Geoldgica Argentina 65, 265—277.

Pankhurst, R.]., Riley, T.R., Fanning, C.M., Kelley, S.P., 2000. Episodic silicic volcanism
in Patagonia and the Antarctic Peninsula: chronology of magmatism associated
with the break-up of Gondwana. Journal of Petrology 41, 605—625.

Rapela, C.W., Spalletti, L., Merodio, J., 1983. Evolucién magmatica y geotecténica de
la “Serie Andesitica” andina (Paleoceno—Eoceno) en la Cordillera Norpatagén-
ica. Revista de la Asociacién Geoldgica Argentina 38, 469—484.

Rapela, CW., Pankhurst, RJ., Fanning, C.M., Hervé, F, 2005. Pacific subduction
coeval with the Karoo mantle plume: the Early Jurassic Subcordilleran belt of
northwestern Patagonia. In: Vaughan, A.P.M., Leat, P.T., Pankhurst, RJ. (Eds.),
Terrane Processes at the Margins of Gondwana. Geological Society of London,
Special Publication 246, pp. 217—239.

Ramos, V.A.,, 1999. Las provincias geolégicas del territorio argentino. In: Caminos, R.
(Ed.), Geologia Argentina, Anales 29. Instituto de Geologia y Recursos Minerales,
Buenos Aires, pp. 41-96.

Ramos, V.A.,, 2009. Anatomy and global context of the Andes: main geologic
features and the Andean orogenic cycle. Geological Society of America Memoir
204, 31-65.

Ramos, V.A., Folguera, A., Garcia Morabito, E., 2011a. Las provincias geoldgicas del
Neuquén. In: Leanza, H.A., Arregui, C., Carbone, O., Danieli, ].C,, Vallés, J.M.
(Eds.), Relatorio Geologia y Recursos Naturales de la provincia del Neuquén,
pp. 317—326. Buenos Aires.

Ramos, V.A., Mosquera, A., Folguera, A., Garcia Morabito, E., 2011b. Evolucién tec-
ténica de los Andes y del Engolfamiento Neuquino adyacente. In: Leanza, H.A.,
Arregui, C,, Carbone, O., Danieli, J.C., Vallés, .M. (Eds.), Relatorio Geologia y
Recursos Naturales de la provincia del Neuquén, pp. 335—347. Buenos Aires.

Riccardi, A.C., 1993. Formaci6én Los Molles. In: Riccardi, A.C., Damborenea, S.E. (Eds.),
Léxico estratigrafico de la Argentina. Jurdsico. Asociacion Geoldgica Argentina,
Serie B 21, vol. 9, pp. 239—243. Buenos Aires.

Riccardi, A.C., 2008. El Jurasico de la Argentina y sus amonites. Revista de la Aso-
ciacién Geoldgica Argentina. Simposio Jurdsico de América del Sur 63, 625—643.

Riccardi, A.C., Gulisano, C.A., 1993. Unidades limitadas por discontinuidades: su
aplicacién al Jurasico andino. Revista de la Asociacién Geoldgica Argentina 45,
346—-364.

Riccardi, A.C., Damborenea, S.E., Mancefiido, M.O., 1990. Lower Jurassic of South
America and Antarctic Peninsula. In: Westermann, G.E.E., Riccardi, A.C. (Eds.),
Jurassic Taxa Ranges and Correlation Charts for the Circum Pacific. Newsletters
in Stratigraphy, vol. 21, pp. 75—-103.

Riccardi, A.C., Damborenea, S.E., Manceiiido, M.O., Scasso, R., Lanés, S., Iglesia
Llano, M.P,, 1997. Primer registro de Tridsico marino fosilifero de la Argentina.
Revista de la Asociacién Geoldgica Argentina 52, 228—234.

Riccardi, A.C., Damborenea, S.E., Mancefiido, M.O., Leanza, H.A., 2011. Mega-
invertebrados del Jurasico y su significado paleobiogeolégico. In: Leanza, H.A.,
Arregui, C,, Carbone, O., Danieli, J.C., Vallés, .M. (Eds.), Relatorio Geologia y
Recursos Naturales de la provincia del Neuquén, pp. 441—464. Buenos Aires.

Riccardi, A.C., Gulisano, C.A., Mojica, J., Palacios, O., Schubert, C., Thomson, M.R A, 1992.
Western South America and Antarctica. In: Westermann, G.E.G. (Ed.), The Jurassic
of the Circumpacific. Cambridge University Press, Cambridge, pp. 122—161.

Riccardi, A.C., Leanza, H.A., Damborenea, S.E., Mancefiido, O.M., Ballent, S.C.,
Zeiss, A., 2000. Marine Mesozoic biostratigraphy of the Neuquén Basin. Zeits-
chrift fiir Angewandte Geologie 1, 102—108. SH.

Rolleri, E., Criado Roque, P., 1970. Geologia de la provincia de Mendoza. 4° Jornadas
Geoldgicas Argentinas, Actas 2: 1—60, Mendoza.

Rovere, E.L, Caselli, A., Tourn, S., Leanza, H.A., Hugo, C.A., Folguera, A., Escoteguy, L.,
Geuna, S., Gonzalez, R., Colombino, J.E., Danieli, J.C., 2004. Hoja Geolégica 3772-
IV Andacollo, provincia del Neuquén. Instituto de Geologia y Recursos Natu-
rales, Servicio Geoldgico Minero Argentino, Boletin 298, pp. 1-104.

Saini-Eidukat, B., Migueles, N., Gregori, D.A., Bjerg, E.A., Beard, B.L., Johnson, C.M.,
2002. The Alessandrini Complex: Early Jurassic magmatism in Northern

Patagonia, Argentina. In: 15° Congreso Geol6gico Argentino, Actas 2: 253—258,
Calafate.

Schiuma, M., Llambias, E.J., 2008. New ages and chemical analysis on Lower Jurassic
volcanism close to the Huincul High, Neuquén. Revista de la Asociacién Geo-
légica Argentina. Simposio Jurdsico de América del Sur 63, 644—652.

Schiuma, M., Rodriguez, E., Tértora, L., Llambias, E.J., 2011. Depdsitos de origen
volcanico en el Yacimiento Cupén Mahuida, Cuenca Neuquina, Argentina. In: 8°
Congreso de Exploracién y Desarrollo de Hidrocarburos, Instituto Argentino del
Petréleo y Gas, Trabajos Técnicos, Mar del Plata, pp. 147—167.

Silvestro, J., Zubiri, M., 2008. Convergencia oblicua: modelo estructural alternativo
para la Dorsal Neuquina (39° S), Neuquén. Revista de la Asociaciéon Geoldgica
Argentina 63, 49—64. Buenos Aires.

Spalletti, L.A., Arrondo, O.G., Morel, E.M., Ganuza, D.G., 1992. Evidencias sobre la
edad tridsica de la Formacién Lapa en la regiéon de Chacaicd, provincia del
Neuquén. Revista de la Asociacién Geoldgica Argentina 46, 167—172. Buenos
Aires.

Stipanicic, P.N., 1966. El Jurasico en Vega de la Veranada (Neuquén), el Oxfordense y
el diastrofismo divesiano (Agassiz—Yaila) en Argentina. Revista de la Asociacién
Geoldgica Argentina 20, 403—478. Buenos Aires.

Suarez, M., De la Cruz, R., 1997. Volcanismo pliniano del Lias durante los inicios de la
cuenca de Neuquén, Cordillera del Viento, Neuquén, Argentina. In: 7° Congreso
Geoldgico Chileno, Actas 1: 266—270.

Sudrez, M.C., Emparan, C., 1997. Hoja Curacautin, Regiones de la Araucania y del
Biobio. In: Carta Geoldgica de Chile, vol. 71. Servicio Nacional de Geologia y
Mineria, Santiago. 105pp.

Sudrez, M., De La Cruz, R, Fanning, M., Etchart, H., 2008. Carboniferous, Permian
and Toarcian magmatism in Cordillera del Viento, Neuquén, Argentina: First
U—Pb SHRIMP dates and tectonic implications. In: 17° Congreso Geolégico
Argentino, Actas 2: 906—907, Jujuy.

Uliana, M.A., Biddle, K.T., 1988. Mesozoic—Cenozoic paleogeographical and geo-
dynamic evolution of southern South America. Revista Brasileira de Geociencias
18, 172—190.

Uliana, M.A,, Biddle, K., Cerdan, ]., 1989. Mesozoic extension and the formation of
Argentina sedimentary basins. In: Tankard, A.J., Balkwill, H.R. (Eds.), Extensional
Tectonics and Stratigraphy of the North Atlantic Margin. Memoir, vol. 46.
American Association of Petroleum Geologists, Tulsa, pp. 599—613.

Uliana, M.A.,, Arteaga, M.E., Legarreta, L., Cerdan, ]J., Peroni, G., 1995. Inversion
Structures and Hydrocarbon Occurrence in Argentina. Geological Society, Tulsa,
Special Publication 88, pp. 211-233.

Vergani, G.D., Tankard, AJ]., Belotti, H.J., Welsink, HJ., 1995. Tectonic evolution and
paleogeography of the Neuquén Basin, Argentina. American Association of
Petroleum Geologists, Memoir 62, 383—402. Tulsa.

Vicente, ].-C., 2005. Dynamic paleogeograpgy of the Jurassic Andean basin: pattern
of transgression and localization of main straits through the magmatic arc.
Revista de la Asociacién Geoldgica Argentina 60, 221—250.

Volkheimer, W., 1973. Palinologia estratigrafica del Jurasico de la sierra de Chacai Co
y adyacencias (Cuenca Neuquina, Argentina). I. Estratigrafia de las Formaciones
Sierra Chacai Co (Pliensbachiano), Los Molles (Toarciano), Cura Niyeu (Bajo-
ciano) y Las Lajas (Caloviano inferior). Ameghiniana 10, 105—109.

Weaver, C, 1931. Paleontology of the Jurassic and Cretaceous of west central
Argentina. In: Memoir, vol. 1. University of Washington, Seattle, pp. 1-469,.
Weaver, C., 1942. A general summary of the Mesozoic of South and Central America.
In: Proceedings 8° American Science Congress, 1940, 4, Geology, pp. 149—193,

Washington, D.C.

Zanettini, ].C.M., Leanza, H.A., Giusiano, A., 2010. Hoja Geolégica 3972-II, Loncopué,
provincia del Neuquén. Programa Nacional de Cartas Geolégicas de la Republica
Argentina a escala 1:250.000. Instituto de Geologia y Recursos Minerales,
SEGEMAR, Buenos Aires, Boletin 281, pp. 1-93.

Zappettini, E.O., Dalponte, M., 2009. Hallazgo de hierro bandeado en el basamento
del sector noroccidental de la cordillera del Viento, provincia del Neuquén:
aspectos estratigraficos y metalogenéticos. Revista de la Asociacién Geoldgica
Argentina 63, 550—554.

Zappettini, E.O., Segal, S., Corzi, S., Dalponte, M., 2011a. Una paragénesis de man-
ganeso inusual en el depésito volcanogénico La Casualidad, Cerro Atravesada,
Sierra de Chachil, Neuquén. In: 18° Congreso Geoldgico Argentino, Resimenes
expandidos, pp. 605—606, Neuquén.

Zappettini, E.O., Dalponte, M., Leanza, H.A., Lagorio, S., Santos, ].0.A., 2011b. Edad y
correlacion de la Formacion Colomichicé, sector septentrional de la Cordillera
del Viento, Neuquén, Argentina. In: 18> Congreso Geol4gico Argentino, Resid-
menes expandidos, pp. 711-712, Neuquén.

Zollner, W., Amos, AJ., 1973. Descripcion geoldgica de la Hoja 32b, Chos Malal,
provincia del Neuquén. Servicio Geol6gico Minero Argentino, Buenos Aires,
Boletin 143, pp. 1-91.



	The Chachil Limestone (Pliensbachian–earliest Toarcian) Neuquén Basin, Argentina: U–Pb age calibration and its significance ...
	1. Introduction
	2. Geological framework
	2.1. The Chachil Limestone: history, regional distribution and correlations

	3. Description of the Chachil Limestone in its stratigraphic context
	3.1. The Chachil depocentre
	3.1.1. Precuyano Cycle
	3.1.1.1. Ñireco Formation (Leanza et al., 2005)
	3.1.1.2. Lapa Formation (Groeber, 1958)

	3.1.2. Cuyo Group
	3.1.2.1. Chachil Limestone (Weaver, 1942)
	3.1.2.2. Los Molles Formation (Weaver, 1931)


	3.2. The Cordillera del Viento depocentre
	3.2.1. Precuyano Cycle
	3.2.1.1. Cordillera del Viento Formation (Leanza et al., 2005)
	3.2.1.2. Milla Michicó Formation (Freytes, in Digregorio, 1972)
	3.2.1.3. La Primavera Formation (Suárez and De la Cruz, 1997)

	3.2.2. Cuyo Group
	3.2.2.1. Chachil Limestone (Weaver, 1942)
	3.2.2.2. Los Molles Formation (Weaver, 1931)


	3.3. The Atuel and Valenciana depocentres

	4. Methods and results
	4.1. Field work
	4.2. Zircon dating

	5. Discussion
	6. Conclusions
	Acknowledgments
	References


