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Cretaceous red beds from southern Neuquén Basin (Argentina):

age, distribution and stratigraphic discontinuities

Héctor A. LEANZA'! and Carlos A. HUGO?

Abstract. The Cretaceous System in western central Argentina overlies and is followed by marine rocks as
the Jurassic/Cretaceous and Cretaceous/Tertiary boundaries are recognized in the Vaca Muerta/Pictin
Leufu Formations (Mendoza Group) and Jagiiel Formation (Malargiie Group) respectively. Excellent out-
crops of an almost entirely continental Cretaceous in red bed facies are exposed in southern Neuquén
basin. The oldest red bed unit is the Bajada Colorada Formation which is separated by the Catanlilican un-
conformity (Intravalanginian) from the marine Agrio Formation. The Initial Miranican unconformity is lo-
cated between the transition zone (gypsum evaporites and clays) of the Agrio Formation and the fluvial
conglomerates of the La Amarga Formation. The Lohan Cura Formation follows next, overlying the La
Amarga, Bajada Colorada and Agrio Formations by means of the Middle Miranican unconformity
(Intraptian). Separated from the underlying strata by the Main Miranican unconformity, a series of whol-
ly continental red beds, namely the Neuquén Group, was laid down during the Cenomanian to early
Campanian. This comprises conglomerates, sandstones and claystones corresponding to fluvial, alluvial
and playa lake environments. They are arranged in recurrent fining upwards sequences composed of the
Candeleros, Huincul and Cerro Lisandro formations (Rio Limay Subgroup), Portezuelo and Plottier for-
mations (Rio Neuquén Subgroup) and Bajo de la Carpa and Anacleto formations (Rio Colorado
Subgroup). The unconformity located in the Cerro Lotena area at the base of these red beds, is locally ac-
centuated by inversion tectonics along the Huincul Fault. Such continental sedimentary conditions, to-
gether with a large supply of coarse clastics from the west, point to the final isolation of the basin from the
Pacific Ocean. The Huantraiquican unconformity (Intracampanian), separates the Neuquén Group from
the Malargtie Group, the latter developing at its base fluvial and lacustrine facies (Allen Formation) plen-
ty of plant and terrestrial tetrapod remains, which are overlain by rocks corresponding to a Maastrichtian
marine flooding episode (Jagiiel Formation) that connected for the first time the Atlantic with the Pacific
Ocean.
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Introduction

Recent geological mapping performed by the
Geological Survey of Argentina in southern
Neuquén basin (Neuquén and Rio Negro provinces)
between 39 °to 40 ° S and 69 ° to 66° 30 W, established
the regional distribution of several Cretaceous red
bed units at the formation level for the first time. The
conclusions of this paper are therefore based on field
observations over a nearly 45,000 km’ area. Fossil
findings, namely terrestrial reptiles, can thereafter be
assigned to their true provenance horizons more pre-
cisely. The recognition of a number of stratigraphical
discontinuities of regional significance was the key
to solve previous problems to correlate these
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Cretaceous red beds and to understand their tec-
tosedimentary evolution. Therefore, the aim of this
paper is to summarize the continental red bed units
from southern Neuquén basin, pointing out their dis-
tributions and ages, as well as their mutual strati-
graphical relationships. The terrestrial tetrapod con-
tent from each unit is also briefly commented. The
Cretaceous System stratigraphic chart of southern
Neuquén basin is shown in table 1.

Cretaceous red beds from southern Neuquén
basin (table 1)

Bajada Colorada Formation

This unit was established by Roll (1941) and its
type locality is located on the left bank of the Limay
river on national route 237, half way between the
Pictin Leufu and Piedra del Aguila towns. For a long
time it was considered as part of the Rayoso
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Table 1. Upper Jurassic and Cretaceous stratigraphic chart of
southern Neuquén Basin
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Formation, overlying the La Amarga Formation.
However, seismological and surface geological stud-
ies (Foucault et al., 1987, Leanza and Hugo, 1997) in-
dicated that they belong to the Mendoza Group and
hence is of Lower Cretaceous (Valanginian) age. The
Bajada Colorada Formation is considered a continen-
tal red bed unit that conformably overlies the marine
Picin Leuft Formation and is unconformably over-
lain by the marine Agrio Formation. It is assumed
that this unconformity was the result of the
Catanlilican phase which took place during intra -
Valanginian times. The thickness of the Bajada
Colorada Formation reaches 350 m and is composed
of red and greenish brown, fine to medium grained
sandstones with well developed bands of light
brown siltstones and reddish claystones. The pale-
oenvironment is mostly dominated by a fluvial
regime. The Bajada Colorada Formation is a time
equivalent of the marine Mulichinco Formation.
Paleosols are present. Scarce vertebrate remains,
namely fragmentary terrestrial reptile bones from
this unit were reported (Leanza and Hugo, 1997) but
none of them has yet been identified.

A.P.A. Publicacién Especial 7, 2001

H.A. Leanza and C.A. Hugo

La Amarga Formation

This continental unit was established by
Musacchio (1970). Its type locality is located around
the La Amarga creek and in the nearby of the north-
ern slope of the China Muerta hill. It unconformably
overlies the transition zone of the marine Agrio
Formation and is overlain by the continental Lohan
Cura Formation. Based on basin analysis, strati-
graphical relationships and tectosedimentary as-
pects, it can be regarded as latest Hauterivian to
Barremian and likely early Aptian in age. The total
thickness of La Amarga Formation attains 159.2 me-
ters. It is divided into three subunits which from
base to top are: the Puesto Antigual, the Bafiados de
Caichigiie and the Piedra Parada members (Leanza
and Hugo, 1995). The Puesto Antigual Member
(28.9 m) is composed of fluvial channel sands of
braided rivers with well-developed paleosol tops. A
remarkable fossil discovery in this unit is the di-
craeosaurid sauropod Amargasaurus cazaui Salgado
and Bonaparte (1991), which is characterized by no-
table expansions on its cervical and dorsal verte-
brae. Together with this sauropod, mammal re-
mains of Vincelestes were also reported from this
Member (Bonaparte, 1998). The Banados de
Caichigiie Member (20.9 m) is composed of white to
yellowish lacustrine limestones alternating with
black shales and greenish siltstones, from which
rich ostracod and palynomorph associations were
reported (Musacchio, 1970; Volkheimer, 1978). The
Piedra Parada Member (109,4 m) follows next, and
it consists of a thick succession of light brown and
reddish, fine to medium grained sandstones in al-
ternation with pink, reddish and brown-greenish
siltstones. The paleoenvironment belongs to fluvial
systems with well-developed channels and flood
plain deposits, some swamp lenses and paleosol
tops.

Lohan Cura Formation

This unit was established by Leanza and Hugo
(1995) in order to designate the continental deposits
which unconformably overly the La Amarga
Formation and are overlain by the Candeleros
Formation. This unit is well exposed in the southern
portion of the Neuquén basin, extending from the
China Muerta hill (route 40) along the China Muerta
creek up to the nearby of the Limay river. Apart from
La Amarga Formation, its lower terms cover also the
Bajada Colorada and Agrio Formations by means of
the Middle Miranican unconformity. Based on tec-
tosedimentary aspects and field relationships, the
Lohan Cura Formation can be ascribed to the late
Aptian and Albian. Leanza and Hugo (1995) divided
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the Lohan Cura Formation (177 m) into two sub-
units: the Puesto Quiroga and the Cullin Grande
Members. The Puesto Quiroga Member (85 m) be-
gins with a well litified, brown-reddish thinning up-
wards polimictic conglomerate of 4 m in thickness,
followed by an alternation of 24 m of red and red
brownish conglomeradic sandstones and siltstones.
Next follows a sequence of 57 m composed of red
purple and brown-greenish shales and some interca-
lations of gray-greenish and light green siltstones.
This sequence belongs to the China Muerta facies of
Roll (1939), the stratigraphic position of which was
doubtful some years ago. The Cullin Grande
Member (92 m) shows excellent development of flu-
vial channels with high angle cross stratification
with reddish conglomeradic sandstones, in alterna-
tion with brown-greenish siltstones showing poor
stratification. The general trend of the sedimentation
pattern is fining and thinning upwards, the brown
and light red colored siltstones and claystones be-
coming dominant. From the Cullin Grande Member
in the locality of Cerro Los Leones near the Pictin
Leufti town, Leanza and Hugo (1997) discovered
reptile bones and reported this finding to Dr. José
Bonaparte. Later on the team under his leadership
unearthed from this site the new remarkable sauro-
pod Agustinia ligabuei Bonaparte (2000), which dis-
plays notable osteoderms on the dorsal spines divid-
ed in two laminae each of them being at least of 0.8
m long. Chelid turtles, crocodiles and new
sauropods presently under study have been recov-
ered in association with Agustinia.

Neugquén Group

Red beds containing dinosaur bones are known
since the turn of the century in western central
Argentina. They were termed for a long time as the
“Estratos con Dinosaurios” (Keidel, 1917) or
“Formacién del Neuquén” (Roll, 1941). The first au-
thors that used the name Neuquén Group according
with the present stratigraphic code were Stipanicic et
al. (1968). Cazau and Uliana (1973) established almost
the subdivision of the Group, which is divided from
base to top in the Rio Limay, Rio Neuquén and Rio
Colorado subgroups. The Neuquén Group was laid
down during the Cenomanian to early Campanian
with a total duration of 24 My. This comprises con-
glomerates, sandstones and claystones corresponding
to fluvial, alluvial and playa lake environments
arranged in a recurrent fining upwards sequence.

Rio Limay Subgroup

This stratigraphical unit established by de
Ferrariis (1968) comprises the Candeleros, Huincul

119

and Cerro Lisandro formations, and has a minimum
thickness of 350 m. On the basis of basin analysis its
age range can be regarded as Cenomanian to early
Turonian. It is widespread in southern Neuquén
basin to the east of national route 40 up the Santa
Lucia de El Cuy region in northwestern Rio Negro
province.

Candeleros Formation

It is the basal unit on the Neuquén Group and was
established early by Keidel (in Wichmann, 1927), its
type locality being the Candeleros hill east of Cerro
Lotena in southern Neuquén. It was regionally stud-
ied by many geologists, outstanding Roll (1939),
Herrero Ducloux (1946) and Leanza and Hugo
(1997). The El Chocén Dam through the Limay river
has been built on this unit. In the El Chocén area the
Candeleros Formation outcrops are impressive dis-
playing abrupt cliffs down to the Limay river valley.
Its maximum thickness may attain nearly 300 m. It is
mainly composed of massive coarse and medium
grained sandstones and conglomerates, violet, pur-
ple, dark red and brownish in color, deposited in a
fluvial environment under braided and meandering
regimes. Sequences are arranged in a thinning and
fining upwards pattern. Paleosols are frequent in
some horizons, whereas dark-brownish siltstones
and claystones are present in thin packages, some
representing swamp conditions. The dinosaurs dis-
covered in this unit are remarkable. The giant carniv-
orous dinosaur Giganotosaurus carolinii Coria and
Salgado (1995) and the medium sized sauropod
Andesaurus delgadoi Calvo and Bonaparte (1991) were
found near the El Chocén area, together with a no-
table association of foot prints of theropod, sauropod
and ornitischian dinosaurs (Calvo, 1989, 1991) as
well as turtles, crocodiles and anuran remains. The
age of the Candeleros Formation can be regarded as
early Cenomanian.

Huincul Formation

This unit was established by Keidel (in
Wichmann, 1927). The type locality is located in the
vicinity of the Plaza Huincul city. Its is well exposed
in southern Neuquén basin in the Neuquén and Rio
Negro provinces to the east of national road 40 to the
area of Planicie de Renterfa and Santa Lucia de El
Cuy regions in the Rio Negro province (Hugo and
Leanza, 1998). It conformably overlies the
Candeleros Formation from which it clearly contrasts
by its lighter green-yellowish colors. The Huincul
Formation is conformably overlain by the red clay-
stones and siltstones of the Cerro Lisandro
Formation. The thickness of this unit may vary be-
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tween 50 and 250 m (see Roll, 1939, Leanza and
Hugo, 1997). It is composed of yellowish and green-
ish fine to medium grained sometimes tuffaceous
sandstones. In the Cerro Policia region a level of a
white tuff up 1 m thick is present in its basal terms.
On the basis of basin analysis the age of the Huincul
Formation can be regarded as late Cenomanian. The
most remarkable reptile discovery in this unit corre-
sponds to one of the biggest sauropod dinosaur of
the world, Argentinosaurus huinculensis Bonaparte
and Coria (1993) which is housed in the Carmen
Funes Museum in Plaza Huincul (Neuquén
province). Fossil trunks are also frequent in this unit.

Cerro Lisandro Formation

This is the youngest unit of the Rio Limay
Subgroup. It was described for the first time by
Herrero Ducloux (in Fossa Mancini et al., 1938). Its
type locality is situated at Cerro Lisandro, 22,5 km
northwest of Senillosa City in eastern Neuquén
province. It is easily recognizable by its massive red
colored siltstones and claystones. It conformably
overlies the yellowish sandstones of the Huincul
Formation and is overlain conformably by the sandy
Portezuelo Formation. The thickness of this unit
varies between 35 to 75 meters. The best exposures
are located around at the foothills of sierra Barrosa.
Some ceramic industries of the region use claystones
from this unit for their productions. The age of the
Cerro Lisandro Formation can be regarded as late
Cenomanian-early Turonian. Crocodilian and turtle
bones, and fresh water bivalves, indicating swamp
conditions, were recorded in this unit.

Rio Neuquén Subgroup

The Rio Neuquén Subgroup was established by
Cazau and Uliana (1973). It is widely exposed in the
southern of the Neuquén Basin. Excellent outcrops
may be seen in the region around Sierra del
Portezuelo and Sierra Barrosa (Neuquén Province)
and in the Planicie de Renteria region (Rio Negro
province). The sandy Portezuelo Formation below
and the argillaceous Plottier Formation above com-
prise this subgroup.

Portezuelo Formation

This unit was established by Keidel (in
Wichmann, 1927) and its type locality is located in
the Sierra del Portezuelo region. It conformably over-
lies the Cerro Lisandro Formation and upwards it
passes gradually to the Plottier Formation. The
Portezuelo Formation is composed of fluvial yellow-
ish and red-brownish medium grained sandstones

A.P.A. Publicacién Especial 7, 2001

H.A. Leanza and C.A. Hugo

and siltstones, alternating with light red claystones in
a fining and thinning upwards sequence. A frequent
feature of this unit is the presence of paleosol tops,
those indicating stable conditions through relatively
long periods, favoring animal life. The thickness of
the Portezuelo Formation may vary between 95 m to
130 meters. The age of the Portezuelo Formation can
be regarded as late Turonian-early Coniacian. The pa-
leontological record in this unit is eloquent, as Novas
(1997) recently reported two remarkable theropod di-
nosaurs with avian characteristics named Patago-
nykus puertai Novas and Unenlagia comahuensis Novas
and Puerta. Notosuchian and baurusuchid crocodil-
ian remains (see Gasparini et al., 1992), were also
mentioned from this unit.

Plottier Formation

This unit was defined by Herrero Ducloux (in
Fossa Mancini et al., 1938). The type locality is at the
north of Plottier, in the vicinity of the Neuquén city
airport. It conformably overlies the Portezuelo
Formation, and is overlain by the Bajo de la Carpa
Formation. It probably is the unit of the Neuquén
Group more difficult to distinguish in the field, the
only difference from Portezuelo Formation being the
higher proportion of argillaceous input. It is com-
posed of light red colored massive claystones with
thin layers of pink siltstones. Its maximum thickness
is nearly 25 meters. Its age can be regarded as Late
Coniacian. Fossil records are restricted to trunk frag-
ments and fresh water bivalves.

Rio Colorado Subgroup

The Rio Colorado Subgroup was established by
Cazau and Uliana (1973); it constitutes the upper part
of the Neuquén Group. It is widely distributed in
southern Neuquén basin. Excellent outcrops may be
seen in the region between Neuquén city and Sierra
del Portezuelo (Neuquén province), and in the region
around de Planicie de Renteria (Rio Negro province).
The Bajo de la Carpa Formation below and the
Anacleto Formation above comprise this subgroup.
According to regional geological studies, the age of
this subgroup can be regarded as Santonian (Bajo de
la Carpa) to early Campanian (Anacleto).

Bajo de la Carpa Formation

This unit, defined by Herrero Ducloux (in Fossa
Mancini et al., 1938) is, together with the Candeleros
Formation, one of the most constant and characteris-
tic units of the Neuquén Group. It crops out from the
Sierra del Portezuelo area in south central Neuquén
to the Bajo de Santa Rosa region in northern Rio
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Negro province (Hugo and Leanza, 1999). It con-
formably overlies the Plottier Formation and is con-
formably overlain by the Anacleto Formation. This is
the only unit of the Neuquén Group that surpasses to
the east the Upper Permian to Middle Triassic plu-
tonic-volcanic basement of the Nordpatagonian
Massif. It is composed of coarse-grained, light violet
and pink sandstones of fluvial origin with well de-
veloped paleosols. Rain drop marks, chemical cre-
tional bodies and siliceous geodes are abundant
throughout the unit. Siltstones and claystones red-
dish in color form thin beds between the hard sand-
stone layers, and may indicate swamp conditions.
The thickness the Bajo de la Carpa Formation may
reach 105 meters. According to our studies, the age of
this unit can be ascribed to the Santonian. The terres-
trial reptile record comprises mostly endemic species
as the chicken sized theropod dinosaur Alvarezsaurus
calvoi Bonaparte, 1991 together with Neuguenornis
volans Bonaparte, 1991 and Patagopteryx deferrariisi
Bonaparte, 1991, all displaying avian characteristics
(see Bonaparte, 1998).

Anacleto Formation

This unit was defined by Herrero Ducloux (in
Fossa Mancini et al., 1938). Its type locality is in the
Aguada de Anacleto area, 40 km west of Neuquén
City. It conformably overlies the Bajo de la Carpa
Formation and is unconformable overlain by the Allen
Formation, which is part of the Malargiie Group. It has
a uniform lithology. It is composed of purple and dark
red claystones with sporadic siliceous light bleu geo-
des of little size. The thickness of the Anacleto
Formation varies between 60 m to 90 meters. From the
“Huayqueria occidental”, immediately to the west of
Paso Cérdova (Rio Negro province), Wichmann (1927)
reported dinosaur bones studied by von Huene (1929)
who classified them as Titanosaurus australis.
However, according to Powell (1986) this species does
not fit in the true Titanosaurus and was ascribed to the
new sauropod genus Neuquensaurus. Bonaparte (1998)
reported the occurrence of the carnivorous dinosaur
Neugquensaurus Bonaparte and Novas 1985 from the
Allen Formation at Lago Pellegrini (Rio Negro
province), but recent studies by Heredia and Salgado
(1999) stated that this species belongs to the Anacleto
Formation. Magnetostratigraphic studies by Dingus et
al. (2000), confirm the early Campanian age assigned
to the Anacleto Formation by Hugo and Leanza
(1998), and hence the age of the upper boundary of the
Neuquén Group.

Malargiie Group
The Malargiie Group or Malalhueyan of Groeber

121

(1946) forms the upper section of the Riograndican
cycle. It is separated from the Neuquén Group by
means of the Huantraiquican unconformity. It is first-
ly composed by mostly fluvial and lacustrine beds
(Allen Formation), and then suddenly transgressed
from east to west, i.e. from the Atlantic margin, by a
shallow sea - the Kdwas Sea - depositioning both
clastics (Jagliel Formation) and carbonates (Roca
Formation). This series of sequences ranges in age
from the late Campanian to the Danian. It is worth
noting that the Cretaceous/Tertiary boundary in the
Neuquén Basin occurs in terms of marine sedimenta-
tion (i.e. the Jagtiel Formation). The Allen Formation
displays a varied spectrum of sedimentary facies and
a quite remarkable paleontological content. The pres-
ence of hadrosaurids and titanosaurids, crocodiles,
turtles, and dinosaur eggs as well plant remains have
been reported from this unit.
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