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ABSTRACT

In the region of the southern Salar de Antofalla (Catamarca Province, northwestern Argentina), Late Eocena to
Pliccena/(?)Pleistocens successions are exposod with thicknesses of up 1o 1,800 m. They consist of fluvial, lacustrine
and eolian sediments with intercalations of pyroclastic rocks and lava flows, The sedimentary deposits represent ‘allunal
fan-playa-complexes” accumulated under a semi-arid to arid climata. From the Late Eocena to the Early Miocena, the
sadimentation took place in broken-foreland basins, while from the Early Miocene to the Late Pliocena/(?)Early
Pleistacena, the sediments mainly accumulated within compressional retroarc basing in which volcanoes partly formed
additional basin boundaries. Seven stratigraphic units can be differentiated on the basis of different ithofacies, angular
uncenformities and diterent regional distributions: the Late Eocena to Early Miccene Quificas Formation, which can ba
subdivided into the Campo Negro Mamber, the Cadillo Member and the Aguada Member, the Early/{*Middle Miocene
Paotraro Grande Formation, the Late Miocene Antofalla Formation, which can be subdivided into the Cajeros Member and
Bordo Blanco Member, the Late Miocene Salina beds, the Late Miocene Pozuelos Formation (Orilla Member), the (7)Late
Miccene/Early Pliocens Sijes Formation (Uncal Grande Member) and the Late Pliocena/(7)Early Pleistocene Singuel
Formation (Agua Escondida Member). Whila the Quifincas Formation, the Potrero Grande Formation, the Antofalla
Farmation and the Salina beds have been newly introduced, the strata which represent the other formations can be
assigned 1o the exisling stratigraphic division of the southem Puna, Owing o the fact thal these strala had no lateral
connection to the strata of their type localiies, which crop out near the Salar Pastos Grandes, they were delined as lateral
members.
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RESUMEN

Estratigrafia del Cenozoico enlaregion sur del Salar de Antofalla, noroeste de Argentina. Enlapare
sur del Salar de Antofalla (Provincia de Catamarca; noroaste de Argantina) afloran sedimentitas continentales de edad
encena tardio a plio-pleistocena con espesoras de hasta 1.600 m. Estan compueastas por materiales aliviales, lacustras,
edlicos o intercalaciones de lavas y rocas piroclasticas. Las sedimentitas continentales representan complejos de
abanicos aluviales y depdsitos de playa acumulados bajo condiciones climaticas andas y semiandas, Desde el Eoceng
Tardio al Micceno Temprano la sedimentacion se desarrollé en cuencas de antepais desmembradas, mientras que a
partir del Minceno Temprano al Pliscano Tardio-Pleistocena temprano(?) la sedimentacion se desarralld, en sumayaoria,
dentro de cucncas de retroarco compresionales, Volcanes lormaron limites locales de estas cuencas. Sobre la base de
diferencias de litofacies y discordancias angulares se distinguieron siele unidades estratigraticas: Formacion Quinoas
del Eoceno Tardio a Mioceno Temprano, la cual a su vez, puade ser subdividida an los miembros Campo Magro, Miembra
Cadilla y Aguada; la Formacian Potrero Grande del Mioceno Temprano/Medio; Farmacidn Antofalla la cual puede ser
subdividida en los miembros Cajeros y Bordo Blanco, las capas Salina del Mioceno Tardio;, Formacion Pozuelos del
Mioceno Tardio (Miembro Onlla); Formacion Sijes del Micceno/Plioceno Temprano (Miembro Uncal Grande) y Formacion
Singuel del Plioceno/Pleistoceno temprano (Miembro Agua Escondida). Las formacionas Quifinas, Potrero Grande y
Antofalla y las capas Salina constituyen unidades nuevas, entanto que las otras formaciones son conocidas en la division
estratigrafica de la Puna meridional, Los estratos gue no tienen conexion lateral con aquellos de sus localidades tipos,
y que afloran carca del Salar Pastos Grandes, se definieron coma miembros latarales

Falabras claves: Terciario, Complejos de abanicos aluviales y depasitos de playa-lake, Salar de Amtofalla, Puna ausiral. Noroeste de
Argentina.
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INTRODUCTION

One of the most striking teatures of the South
American Central Andes is the Altiplano/Puna
plateau, which has an average elevation of about 4
km and stretches in a north-south direction over an
area about 2,000 km long and 300 km wide (&.q.
Isacks, 1988; Allmendinger efal,, 1997, Fig. 1). Inits
southermmaosl part, the southern Puna, several non-
marine, closed basins with saline pans (salars) in
their centers (2.g., the basin of the Salar de Arizaro,
the Salar de Hombre Muerto, the Salar de Antofalla
and the Salar Pastos Grandes) were formed during
the Cenozoic. The basins are limited by fault-
bounded ranges and in some cases by Neogene
volcanic edifices. Their evolution occurred against
tha background of an eastward-directed subduction
of the Pacific Mazca plate beneath the South
American plate, as well as contractional and strike-
slip deformation, upliit and Miocene lo Hecent
volcanism within the plateau (e.g., Alonso et al,
1984a; Allmendinger &t al, 1989; Coira et al,, 1983,
Marretl ef al, 1994; Kraemer et al, 1999, Voss,
2000). Within the basins, fluvial, lacustrine and
ealian sedimentation took place predominataly undear
semi-arid to arid climatic conditions (e.g. Donato,
1987, Alonso, 1992, Vandervoort, 1993; Voss 2000),

Uplitted, varnably detormed Cenoczoic sedi-

menlary successions bounded by intrabasinal un-
conformities are exposed within or adjacent o
modern depocenters. Available stratigraphic sub-
division of these successions is based mainly on
investigations carned oul in the Salar Pastos Gran-
des basin (see for instance Tumer, 1960; Alonso,
1992; Vandervoort, 1993; Fig. 1). In that ragion, tha
type localities for the most often cited Cenozoic
formations of the southern Puna are localed, The
units include the Middle Eoccene to (7)Oligocene
Geste Formation, the Late Miocene Pozuelos
Formation and the Late Miocene to Pliccene Sijes
Farmation of the Pastos Grandes Group {Turner,
1960} as well as the Pliocene Singual Formation
(Alonso and Gutiérrez, 1986). In the Salar de
Antofalla region, sedimentary Cenozoic successions
with thicknesses of up to 1,600 m are exposec
{Kraemer ot al., 1999; Voss, 2000). In this paper, a
description of these strata is presented and it is
shown how they can be correlated with sedimentary
successions from other parts of the southerm Puna,
especially with those of the Pastos Grandes area.
The recording of several profiles at oulcrops and
radiometric Ar-Ar- and K-Ar-determinations form
the basis for the results prasented here.

GEOLOGICAL SETTING

The working area is the region around the
southern part of the Salar de Antofalla between
67°40'and 68°15'W and 25°40'5 and 26°20'5 in the
Argentine province of Catamarca (Fig. 1). The Salar
de Antofalla forms the center of a NNW-55E-striking
basin, which is approximately 140 km long and 4 to
10 km wide. The surface of the Salar lies at an
altitude of 3,340 m. It is surrounded by steep slopes
with peaks of up to mare than a thausand meatars
above the surface of the Salar. About 10 km west of
the Salar de Antofalla, the Salina del Fraile hes in
the center of anather madern basin,

At the western and eastern boundary of the
working area, north-south trending ranges with
altitudes of more than 5,000 m (Sierra de la Quebra-
da Honda and Sierra de Calalaste) occur, Within the

area there are many monogenetic and polygenetic
volcanoes. The most striking one is the Late Miocene
Antofalla stratovolcano with an altitude of 6,409 m.
To the west lie the volcanoes of the Miocene to
Hecent Andean magmalic arc.

Pre-Cenozoi: rocks are present al several places
in the area under study. Metamorphic rocks are
exposed in the Sierra del Campo Negro and south
of the Vega Orohuasi (Segerstrom and Turner,
1972; Allmendinger et al, 19682; Alonso atal, 1984a;
Palma, 1990; Mon and Hongn, 1991 and Gonzalez,
1882; Fig. 1). They consist of magmatic gneiss as
well as mica-schist, phyllite and quanzite and
metlabasile afiected by greenschisi-facies meta-
marphism. While Mon and Hongn assigned the
gneisses to the Pre-Cambrian, Lucassen et al
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(1996) put them on a par with high-grade
metamorphic rocks in norhern Chile and north
weslern Argentina, whose SmiNd-ages point to a
peak metamorphism of a protolith, possibly of
Precambrian age, around 500 Ma. The mica-shists,
phyllites and quartzites are metasediments which
grade laterally into anchimetamarphic sedimentary
rocks that can be litholegically correlated with the
metasedimentary and anchimetasedimentary rocks
of the Late Proterozoic/Cambrian Puncoviscana
Formation (Turner and Méndez, 1979; Kraemer el
al., 1999), In the Sierra de Calalaste and the Sierra
de la Quebrada Honda Ordovician low-grade
maetamarphic rocks in greenschist-facies are
exposed (Acenolaza ef al., 1975, 1978; Coira and
Pezulli, 1976; Allmendinger at al, 1982; Alonso et
al., 1984a; Palma et al, 1990: Gonzalez, 1992 and
Zimmearmann ef al, 1996), The Ordovician of the
Sierra de Calalaste is made up of metasedimants
(Falda Cianaga Formation, after Acefiolaza ef al,
1975, 1976), metavolcanic and metamorphic basic
intrusive rocks. From lhe Sierra de la quebrada
Honda Ordovician metabasites, layers of chert with
manganese-nodules and turbiditic sand- and
mudstones are described.

The Precambrian/Cambrian rocks as well as the
Ordovician rocks exposed in the Sierra de la que-
brada Honda are intruded by Early Paleczoic granites
(Coira and Pezuthi, 1976). Radiometric age determin-
ations yielded an age of 417+8 Ma (Voss et al,
1986) for a granite from the Sierra del Campo Negro
and an age of 389+9 Ma (Kraemer af al., 1999) for
ancther one, which is exposed south of the Vega
Orohuasi (Fig. 1).

Permian clastic and evaporitic sediments as
well as pyroclastic rocks (Potrerillo Unit, Voss et al,
1936, Kraemer et al., 1999) crop out in the northem
part of the Salina del Fraile basin, in the Siarra dal
Campe Megro and at the western margin of the
Sierra de Calalaste (Figs. 1, 2 and 3). The Potrerillo
Unit is exposed with a thickness of up lo several
hundred meters. A few layers of tuff are intercalated
wilhin the successions. From these, ages of 277+6
and 25625 Ma (Voss ef al,, 1996) as well as 2686
Ma (Kraemer et al., 1999) were obtained.

Inthe northern part of the Salina del Fraile basin,
tolded strata of the Potrerillo Unit are cut by Triassic
dikes, which are east-west stnking, several meters
wide and up to a few hundred meters long. One of
these yielded an age of 212115 Ma (Voss &t al,
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FIG., 2. Stratigraphy of the Salar de Antofalla region.

1996; Figs. 2 and 3).

In the same area the Jurassic Fraile Unit (Voss
et al, 1996; Kraemer et al, 1999, Voss, 2000)
follows on top of the Potrarillo Unit (Figs. 2 and 3).
The Fraile Unit is more than 200 m thick and
consists of sandstones (partly with oscillatory np-
ples), marls, beds of coquina and oolithic limestone,
tuffites and intercalations of volcanic rocks (some
as pillow lava). Ages of 194+6 Ma (Voss etal, 1996)
and 1985 Ma (Kraemer ef al., 199%) wera obtainad
from the volcanic rocks.

In almaost the whole area under study, Cenozoic
terrigeneous clastic and evaporitic continental
sediments, inwhich lava flows and pyroclastic rocks
are intercalated, are present and form successions
with thicknesses of up to 1,600 m (Fig. 1).
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The Cenozoic deformation of the area studied
took place in several intarvals of tectonic movemenls,
which resulted in NNE-SSW-striking thrusts, reverse
faults and folds. NW-SE. NE-SE- and NNW-SSE-
striking strike-slip faulls and NNW-SSE-striking nor-
mal faults were also active during that time, but of
minorimporance. As a consequence of the tectonic
activity, Cenozeoic basin-fills were defermed and
uplifted.

A Miocene to Recent volcanism led to the
tormation of the mono- and polygenctic volcanoes
in the area studied (Coira and Pezzufli, 1976;
Kraemer, 1999: Kraemer et al., 1983). Their lava
flows and pyroclastic deposits contributed to the
filling of the contemporary basins. Owing to changes
in the volume and composition of the volcanic
products and to different structural features, the
volcanic evolution of the area under study during
that time-span can be subdivided inlo two periods
{Kraemer et al., 1888). During the Early Miocene to

Late Miocene an extensive volcanism led to the
formation of several stratovolcanoes (e.g., the Vol-
can Antofalla complex, see Fig. 1), which are made
up mainly by silicic andesites, dacites and sub-
ordinate rhyolites. In addition to thal, low-volume
ignimbrites and pyroclastic fall deposits occurred
during this penod. Since the Late Miccene the
volcanic activity has been decreasing. Monogenelic
centers composed of basaltic andesites and, o a
smaller extent, of basalls, andesites and dacites, as
well as widespread igmnimbrile sheets were the
characteristic features of this perod. Besides that,
intermediate lava and low-volume ignimbrites point
to a continuous activity of the stratovolcanoes during
this time.

Dwring the Late Eocene to Early Miocene,
sediments accumulated in two broken-foreland
basins within the area studied, the Cajeros basin
westof the recent Salar de Antofalla and the Juncalito
basin east of it (Voss, 2000). The basins were



172 CENGPOIC STRATIGRAPHY OF THE SOUTHERN SALAR DF ANTOFALLA REGION..

situated sast of the Incaic mountain chain, the
remnants of which form the Chilean Precordillara
today (Fig. 1). Main sediment sources were the
NME-SS5W-striking Antofalla High (Voss, 2000), which
was located in the area, cccupied today by the
southern Salar de Antofalla and its western margin,
and the precursor of the Sierra de Calalaste, the
NME-SSW-striking Pre-Calalaste High. Both highs
were uplifted by west-verging reverse faults at their
western boundaries (West Antofalla Fault, Calalaste
Fault; Fig. 1).

With the tormation of the Miocene to Hecent
magmatic arc in the region of the Western Cordillera
in the Early Miocene (e.g., Coira el al., 1933}, the
hasins bacame comprassional retroarc basins, While
the sedimentation in the Juncalito basin continued
untilthe Late Pliccene/(7) Early Pleistocene, tended

in the Cajeros basin in the Late Miocene. The
precursor of the Sierra de la Quebrada Honda, the
Pre-Sierra de la Quebrada Honda, which was uplifted
at its eastern boundary by an east-verging reverse
tault {Cuebrada Honda Fault; Fig. 1} as well as
volzanaes withinthe area studied, formed additional
sediment sources and basin boundaries during this
pernod of basin evolution.

In tha reqgion east of the Salar de Antofalla, the
basin of the Salina del Fraile was formed in the Late
Miocene. This basin is interpreted as a strike-slip
basin (McClay and Doaolay, 1985; Vass, 2000). The
basin of the Salar de Antofalla is interpreted as a
{?7)Lale Pliocene/Early Pleistocene to Recent
pelyhistory basin, which has evolved from a half
ramp basin and a strike-slip basin (Voss, 2000).

PREVIOUS STUDIES

The first descriptions of Cenozoic strata in the
region of the Salar de Antofalla came from Turner
(1969 and 1970). Turner divided an up 10 4 500-m-
thick succession into three parts. A lower part of
dark-violet to red-brown conglomerates and
sandstones, a more fine-grained middle part, which
is made up of red and gray conglomerates and
sandstones as well as beds of halite near the top
and an upper part, which consists of gray, green and
light-brown interbedded sand- and mudstone beds
with borates and intercalations of volcanic rocks.
Turmer called the lower two parts 'Estratos Calcha-
quenos’, the upper part ‘Estratos Araucanenses’
and assigned both units to the Pliocene. In 1876
Coira and Pezutti described a Cenozoic succession
exposedinthe Sierra de la Quebrada Honda. There
a lower umit of dark-viclet and dark-brown con-
glomerates, sandstones and mudstones is capped
by anupperunit of grayish and brown volcaniclastic-
rich conglomerates and sandstones. The authors
correlated these strata with the Geste and Pozuelos
Formation of the Pastos Grandes Group (Turner,
1980) or the ‘Estratos Calchaguenas' and assigned
them ta the Miocene. In the middle of the 80's and

the beginmng of the 90's, some papers conceming
the stratigraphy of the Miocena to Pliocena evapaoritic
strata which are exposed at the castern margin of
the Salar de Antofalla were published [(Alonso el al.,
1984b: Alonso, 1991; Alonso af al, 1991). Palma
and lrigoyen {1987) reported tertiary continental
deposits exposed west of the Sierra del Campo
Megro and assigned them lo the Paslos Grandes
Group. In the same publication, the authors
mentioned an exposure of fanglomerates sast of
Botijuela for which they also assigned a Cenozoic
age.

Bassi (1992) reported a several hundred-meter-
thick succession of conglomerates with minor
sandstone from a valley east of the Cerro Antofalla,
which is located due north of the area studied.
These deposils were assigned a Cenozoic age.
Singer et al. (1954) reported an age of 26 .3 + 1.6 Ma
from a tuff intercalated within Cenozoic red heds.
Kraemer ef al. (1999} published the first detailed
and precise work aboul the straligraphic, tectonic
and paleogeoagraphic evolution of the region of the
Salar de Anlofalla during Cenozoic limes.
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CENOZOIC STRATIGRAPHY

In the Salar de Antofalla region the Cenozoic
successions consist of Late Eocene to Recent
ternigeneous clastic and evaporitic continental
sediments, in which lavaflows and pyroclastic rocks
are intercalated. Apart from a few exceplions, no
fossils were found in the sedimentary record. The
sadiments are interpreted as products of fluvial,
lacustrine and eolian processes (Voss, 2000). They
were formed within ‘alluvial fan-playa-complexes’
{Eugster and Hardie, 1975; Hanford, 1982) predom-
inately under a semi-arid to arid climate. The
maximum composite thickness for the exposed
Cenozoic sedimentary formations is approximately
3.000 m.

Seven stratigraphic units can be differentiated
on the basis of different lithofacies, angular
unconformilies and different regional distributions:
a-the Late Eaceneto Early Miocene Quificas Form-
ation, which can be subdivided into the Campo
Megro Member, the Cadillo Member and the Agua-
da Member; b-the Early/{?)Middla Miccene Potrero
Grande Formation; ¢- the Late Miocens Antofalla
Formation, which can be subdivided into the Caje-
ros Member and Bordo Blanco Member; d- the Late
Mincena Salina beds; e-the Late Miocena Pozuelos
Formation (Orilla Member); f; the (?)Late Miocens/
Early Pliccene Sijes Formation (Uncal Grande
Member) and g- the Lale Pliccene/(?)Early
Fleistocene Singuel Formation (Agua Escondida
Member).

The stratigraphic subdivision of the Cenozoic
successions presentad in this paper mainly differs
in three points from that one published by Kraemer
el al. (1999; Fig. 4):

* The Late Eocene to Early Miccene strata in the
area of the southern Salar de Antofalla are combined
into a single unit, the Quificas Formation, whereas
Kraemer et al. (1999) subdivided them into two
units, referring to the Late Eccene to Late Oligocens
strata as Quinoas Formation and to the Late
Oligocene to Early Miocene strata as Chacras
Formation.

« Kraemer et all {19593) combined the Middle
Migcene to Pliocene deposits into a single unit, the
Juncalito Formation. Within this paper these deposits
are subdivided on the basis of different lithalogies,
angularunconformities and differences in the regio-

nal distribution into three differentunits: the Antofalla
Formation, the Pozuelos Formation and the Sijes
Farmation.

+ In contrast to Kraemer et al (1999), who
introduced local formation names for the Lale
Miccene to Pliccena/(?) Pleistocene strata (Fig. 4),
the attermpt was made in this paper to assign the
stratain the region of the Salar de Antofalla as faras
possible lo the already existing stratigraphic division
of the southern Puna. Hence Late Miocene to
Pliccena/(7)Pleistocens stratigraphic units in the
region of the Salar de Antofalla were correlated
lithalogically and chronclogically with the formations
from thae area of thae Salar Pastos Grandes (Pozuelos,
Sijes and Singuel Farmation). Because sediment-
ation in the southern Puna took place at least from
the Miocene in separated, intramountainous basins
(Alonsa et al, 1991; Jordan and Alonso, 1987
Salfity et al, 1984; Vandervoort et al, 1995), the
strata in the region of the Salar de Antofalla had no
lateral connection to the strata that crop out near the
Salar Pastos Grandes. For this reason, the strati-
graphic units in the region of the Salar de Antofalla
were defined as their lateral members. This proce-
dure is in agreement with the recommendations of
the 'International Subcommission an Stratigraphic
Classification of IUGS International Commission on
Stratigraphy’ (Salvador, 1994),

QUINOAS FORMATION (LATE EQCEMNE TO EARLY
MIOCENE)

The Late Eocene to Early Miocens Quinoas
Formation (Kracmer et al., 1999, Voss, 2000) is
mainly made up of red, brown and gray con-
glomerates, sandstones and mudstones as well as
white evapaorites (Fig. 5. a and b). Claystones, marls
and thin tuff layers are occasionally intercalated. In
the area studied, strala of the Quineas Formation
are exposed west as well as east of the Salar de

“Antofalla and show a thickness of up to ~1,500 m.

The Quinoas Formation constitutes the base of the
Tertiary record and rests upon Ordovician, Parmian
and Jurassic rocks in angular unconformity. It is
overlain by the Early/{7?)Middle Miocene Polrero
Grande Formation in angular unconformity. Besides
that angular unconformity the low content of pyro-
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clastic material of the Quificas Formation serves as
a critenon to distinguish it frem the Potrero Grande
Formation. This difference is also reflectad by the
different colors of both formations.

A complete -approximately 1,500 m thick
succession of the Quinoas Formation is exposed
west of the Sierra del Campo Negro (25°46'5-
B7°52'W, Figs. 1 and 5, a). There, the Quinoas
Formation can be subdivided into three members by
means of different lithalagies and a local intraform-
ational angular unconformity.

*+ The Campo Negro Member in the lower part of
the successionis 370 mthick and charactenzed by
conglomerates and sandstones. It is made up of
clast-supported conglomerates, pebbly sandstones,
sandstones and subordinate mudstones, claystones
and layers of marl. Some mud- and sandstone bads
containintrasedimentary-grown nodules of gypsum,
which are a few millimeters in diameter. Bedding
ranges from thinly-laminated to very thickly-bedded.
The sediments exhibit sheet-like geometries as well
as channel-fill facies. Most conglomerates are
massive, poorly to moderately sorted and have
clast-sizes of up to 20 cm. Imbrication of clasts was

observed, Also moderately sorted conglomerates
wilh cross-bedded gravel cccur. These form sets of
some dm-thickness. The sandstones are honzoen-
tally-bedded, asymmeiric ripple cross-laminated,
planar cross-bedded with up to 0.5-m-thick sets or
massive. Insome clay- and mudstone layers leepee
structures’ ware found.

An up to 32 m thick section of poarly sorted
conglomerates conslitules the base of this member,
Their clasts are sub-angular to sub-rounded and
show sizes of up to 20 em. The conglomerate
contains clasts of quartz arenites from the Potrerillo
Unit as well as sandstone, foliated quanzite, schists,
gneisses, granitoids and quartz from the local
basement.

The top of the Campo Megro Member is formed
by a 3 m thick section of calcite-cemented clast-
supported conglomerates and sandstones. In the
sandstone beds rooted zones were found. This
section can be interpreted as paleosol (‘calcrete)).

The sediments of the Campo Negro Member
were deposited in an alluvial fan, alluvial sand flat
and playa mud flat environment.
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=  The Cadillo Member in the middla part of the
succession has a thickness of ~740 m. It overlies
the Campo Negro Member with an intraformational
angular unconformity, which can be put down lo
tectonic movements of the Antofalla High. The Ca-
dillo Member shows a fining upward-trend and is
mainly made up of thinly- to thickly-bedded sand-
stones, mudstones and claystones. Intercalated
within its upper part is a 20 m thick interval of poorly
to moderalely sorled, clast-supported pebble
conglomerates and sandstones. Some of the clay,
mud- and fine-grained sandstone beds contain
gypsum as cement or in the form of intrasedimentary-
grown nodules, with sizes between 0.2 and 1.5 cm.
Three 10 to 15 cm thick, white layers of tuff are
intercalated in the Cadille Member. The uppermost
of these yielded an age of 28.2 = 2.4 Ma (Fig. 5, a
and Table 1).

Sedimenl bodies with sheet-like geometries
predominate within this member. Channels up to a
few decimeters deap and up to several meters wide
are only occasionally intercalated. The sandstones
are honzonlally-bedded, trough and planar cross-
bedded with saets of up to 50 em thick, ripple cross-
laminated, climbing ripple cross-laminated, or
massive. Parting lincation, flute casts, groove casts
and convolute bedding can be observed in sandstone
beds. Centimetar-deep and decimeter-wide chan-
nels filled by coarse-grained sand are intercalated
within some finer grained sandstone beds. Sub-
ordinately calcrete harizons occur in the form of
gray carbonate nodules with sizes of up to several
cm, which are arranged in horizontal layers. Fining
upward-sequences with thicknesses between 1 and
30 em made up of sand, silt and clay are also found
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in this member, In addition 1o that, sand and mud
form layers with lenticular-bedding.

Desiccation cracks were observed in clay- and
mudstones beds, Intraclasts of clay and mudstone
were found in conglomerales as well as in coarse-
grained sandstone.

The Cadillo Member reflects the transition from

an alluvial sand flat-facies to a playa mud flat-facies.
The intercalation of conglomerates and sandstonas
in its upper part is interpreted as distal alluvial fan-
facies.
+ The Aguada Member forms the upper part of
the Quinoas Formation in this succession. It is
around 400 m thick and consists mainly of con-
glomerate. Sandstone beds occur subordinately.
The conglomerates and sandstones of the Aguada
Member appear without transition above the mud-
stone beds at the top of the Cadillo Member and
torm a coarsening upward-sequence, Bedding within
this member ranges from thinly to very thickly
bedded. The sediments were deposited as beds
with sheet-like geometries as well as within fow dm-
deep and several meter wide channels. The conglo-
merates cccur as poorly to moderately sored,
clast-supporied, massive conglomerates as well as
matrix-supported conglomerates, Their clasts are
sub-angular with sizes of up lo 30 cm. Imbrication
of clasts was observed. The sandstones are
massive, planar cross-hedded with sets up to 40 cm
thick, asymmetric ripple cross-laminated or
harizontally-bedded,

The Aguada Member can be interpreted as
alluvial fan-facies.

In another exposure of the Quinoas Formation
at the Salar la Brea (25"58'S-68"03'W, Figs. 1 and
5, b}, a mora than hundred meter thick section was
found, inwhich gypsum occursin the form of nodules
with sizes of up to 30 cm within clastic slrata and as
massive layers. The latter ones are between a few
and 100 cm thick and are interbedded with layers of
mudstone, For this section a playa mud flat-depo-
sition is assumed.

In the same profile, an approximately 110 m
thick section of medium- to thickly-bedded
sandstone with sets of planar cross-bedding was
observed. Single sets are hetween 0.5 and 3 m
thick. These sandstones are interpreted as deposits
of eolian dunes. Intercalaled within them are wo 1
to 2 cm thick, white layers of tuff. The older one has
an age of 22.520.6 Ma (Kraemer of al,, 1999).

Kraemer af al. (1998) subdivided the Quinoas

Formation into Member | and Il. Apart from the
uppermost part of the Cadillo Membaear, the strata
which are described as Campo Megro Member and
Cadilla Member correspond to Member | The
uppermost part of the Cadillo Member comesponds
to Member Il. The strata which are described as
Aguada Member hare, Kraemer ef al {1999) placed
into their Chacras Formation (sec below). The
following observations were the decisive faclors
that the strata described as Aguada Member are
assigned to the Quinoas Formation in this paper.
Even though in many profiles of the Quificas Form-
ation, conglomeratic successions conslilute the
upper parl, in none of these profiles was angular
uncontormity between these successions and the
sirata beneath them observed. In addition to that,
there are no lithological differences belween the
conglomerates and sandstones from the Aguada
Member and conglomerates and sandstones from
the strata of the Cadillo Member below.
Age and correlation: radiemetne age determi-
nations from tuff intercalations within the Quifioas
Formation yielded ages of 376203, 28,90.8,
24.2+0.9 and 22.5£0.6 Ma (Kraemer et al., 1999),
28.3x1.6Ma(Singer el al, 1994) as well as 34.0+£0.9,
28.2+2.4 and 26.1+1.3 Ma (Vaoss, 2000: Fig. 6 and
Table 1). The age of 37.6+0.3 Ma shows, that the
accumulation of the Quinoas Formation must have
started priorto 37.3Ma. An age of 19.3.0.9 Ma from
the Potrere Grande Formahon reveals that the
deposition of the Quinoas Formation could have
lasted at maximum until 18.4 Ma. Therefore the
Quinoas Formalion has a Lale Eocene lo Early
Miocene age.

Dated sedimentary successions, whose ages
fall into this timespan, were described from two
other regions of the southern Puna.

In the region of the Salar de Pastos Grandes the
Geste Formation (Turner, 1960) forms the base of
the Cenozoic succession. On the basis of its fossil
content it was assigned to the Middle/Late Eoceng
(Pascual, 1983; Alonso 1992). Due to its Eocene
age the Geste Formation can chronologically be
corralated at least with the lower strata -possibly the
Campo Megro Member- of the Quifivas Formation
(Fig. 4). A stratigraphic assignment of the Lale
Eocene to Early Miocene strata of the Salar de
Antofalla region to the Geste Formation is rejected,
because the Geste Formalion in the region of the
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Salar de Pastos Grandes is interpreted as deposits
of stable, exhorreic rivers, which flowed through a
hot, subtropical and wooded region (Alonso, 1992},
wheraas the Quinoas Formation was deposited in
nearly vegetation-free 'alluvial fan-playa-complexes'
under semi-and to arid climatic conditions.

In the surrounding area of the Salar de Pocitos
(Fig. 1) a 3,000 m thick succession of red silistone
is exposed, from which an age of 23.820.4 Ma
(Vandervoort, 1993) was oblained. The base of
these sirala is not exposed. These strala can be
corralated lithologically and chranalagically with the
Cadilla Member of the Quifioas Formation,

Kracmer ef al. (1999) described a 350 m thick
section wilth fluvial conglomerates and pebbly
sandstones in the lower part and eolian dune
sandstones in the upper part from a valley west of
Chacras (Fig. 1). These authors reported thal this
section 15 bounded by two angular unconformities,
The one at its base separates it from strata of the
Quifcas Formation below, whereas the one at ils
top forms the boundary to the Potrero Grande
Formation above. Kragmer af al. (1999) called thase
strata Chacras Formation and placed them on the
basis of an age determination of 22.5 = 0.6 Ma into
the Late Oligocene to Early Miccena (Fig. 4).

Thiz description conflicts in 2ome ways with
observations made by the author of this paper 10km
further to the south at the Salar la Brea. Though
conglomerates crop out there, which can be cor-
related laterally with the conglomerates of the lower
part of the section at Chacras. no angular uncon-
formity was observed between these conglomerates
and the sandstone beds of the Quinoas Formation
below (saa Fig. 5, b). Therafore, and for the reasons
given above, the conglomerates were assigned as
Aguada Member lo the Quinocas Formation.

Tha conglomerates which form the lower part of
the Chacras Formation of Kraemer ot al. (1999)
must be younger than reported by these authors,
because the 22.5:0.6 Ma old tuff is not from the
profile at Chacras, but from the profile at the Salar
la Brea and was obtained from strata which are the
lateral continuation of slrata, which were assigned
to the Quinoas Formation by Kraemer af al. {1885),
The conglomerates can therefore be assigned to
the Early Miocene,

The dune sandstones in the upper part of the
succession referred to by Kracmer of al (1999) as
Chacras Formalion can be laterally correlated with
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dune sandstaones from the Potrero Grande Farm-
ation, which crop out at the Salar la Brea at the
same straligraphic level (Fig. 5 b, see below).
There, the dune sandstones rest in angular
unconfarmity upon the Quinocas Formation. High
contents of volcanic grains in the compositions of
these dune sandsiones are anothar reason for an
assignment to the Potrera Grande Formation.

As at Chacras, at the Salar la Brea the upper
dune sandslones were overlain by conglomerates,
though there was no angular uncontormity obsarved
betweaean either of them.

POTRERO GRANDE FORMATION (EARLY/
(?)MIDDLE MIOCEMNE)

The Early/{7)Middle Miocene Potrero Grande
Formation (Kraemer et al, 1999; Voss, 2000)
consists predominately of gray, white, green, brown
and black conglomerates and sandstones and pyro-
clastic deposits in the form of wif, layers of pumice
and tuffite (Fig. 5, b and c). In the area studied the
Potrero Grande Formation 18 axposed weast as well
as cast of the Salar de Antofalla (Fig. 1). West of the
Salar de Antofalla, its thickness varies belween
sevaeral hundred maeters wast of the Salina del Fraile
and a few decameters at the western horder of the
Salar de Antofalla. East of the Salar de Antofalla the
Potrero Grande Formation crops oul north- to
southeast of the Salar Uncal Grande, where it 1
exposad with a thickness of -150 m, and at the
eastern border of the Salar de Antofalla, north of the
Vega Agua Escondida.

The strata of the Potrero Grande Formation rest
upon the Quinoas Formationin angularunconformity,
Itis overlain with angular unconformity by the Caje-
ros Member of the Late Miocene Antofalla Formation
narth of the Salina del Fraile and by the De la
Aguada-andesite' {informalunit; 12,908 Ma, Table
1) west of the Sierra del Campo Negro.

Ina profile east of the Vega Potrero Grande (25745'5-
GA"03'W, Figs. 3 and 5, ¢}, the Paotrero Grande
Formation lies with angular unconformity over the
CQuinoas Formation and shows a thickness of
approximately 180 m. This succession of the Potrero
Grande Formation can be subdivided inlo three
units:

*  The lower unit (P1) is 95 m thick and consists of
gray Wwilaceous sandstone, pebbly sandstons and
conglomerates. Bedding ranges from thinly- to
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thickly-bedded. The sediments were deposited as
beds with sheet-like geometries and within 10 1o 30-
cm-deep and several meter wide channels. Sand-
stone beds are massive. Some of them contain
clasts of feldsparwith sizes of up to 1 cm. Intercalated
withinthe sandstones are clast- and matnx-supported
conglomerates. The clast-supported ones are poorly
to moderately sorted and contain sub-angular clasts
with sizes of up to 2 cm. Imbrication of clasts was
found. Clasls in malrix-supported conglomerates
reach sizes of up to 10 cm,

* The middle unit (P2) is built up by a 25 m thick
succession of white to gray wifaceous sandstone,
tuffite, wif and layers of pumice. The tuffites are
planar cross-badded with sets of up to 0.5 m thick,
*  The upper unit (P3) consists of a 58 m thick
succession of brown and black conglomerates and
pebbly coarse-grained sandstone. Bedding ranges
from thinly- to thickly-bedded. The sediments were
deposited as beds with sheet-like geomelries as
well as within channels. The channels are several
dm deep and up to a few decameters wide, and
containfining upward-sequences of conglomerates.
The clasts of these conglomerates are sub-angular
o sub-rounded and have sizes of up to 20 cm.
Imbrication was found. The pebbly sandstones
contain clasts of feldspar with sizes of up lo 0.5 cm
and cccasionally intraclasts of mudstone and sub-
angular tuff clasts with sizes of up ta 1 cm.

The sedimentary deposits of this profile are
interpreted as alluvial fan-facies.,

In the northwestern par of the Salina del Fraile,
the Potrero Grande Formation is builtup by asaveral
hundred-meter-thick succession of clast-supported
conglomerates overlying the Jurassic Fraile Unit
and the Quinoas Formation in angular uncontormity.
The conglomerates are rich in clasts of valcanic
racks. Their clasts show sizes of up to 70 cm.
Imbrication was found. The conglomerates represent
alluvial fan-facies. Intercalated within the con-
glomerates is a 50 m thick interval of white to gray
layers of tuff, tuffite and pumice. From one layer of
pumice, an age of 17.0 + 0.4 Ma (Table 1) was
obtained.

In another proefile, which is located weslt of the
Salar la Brea (25°57'S-68°07'W, Figs. 1 and 5, b),
the Potrero Grande Formation is made up of a 210-
m-thick section of white, green, and black eolian
dune-sandstones in the lower part (Fol}and a 110-
m-thick section of red and brown conglomerates,
sandstones and mudstones in the upper part (Po2).

The upper section represents a deposition under
alluvial fan-, alluvial sand flat- and playa mud flat-
conditions.,

Age and correlation: ages of 18.5+ 0.5, 1B.0+ 0.6,
17.39 = 0.08 and 17,1 + 0,3 Ma (Kraemer &f al.,
18988 aswellas 19.3+0919.0206and17.0=0.4
Ma (Moss, 2000) were obtained from the Potrero
Grande Formation (Fig. § and Table 1). For the age
of 22.5+0.6 Ma fraom the underlying Quificas Form-
ation the maximum possible age for the base of the
Potrere Grande Formation is 23.1 Ma. Il can be
assumed that, because the Potrero Grande
Formation is overlain in angular unconformity by the
‘De la Aguada-andesite’ (infarmal unit), which has
anage of 12,91 0.8 Ma, its accumulation must have
finished pror to 12.1 Ma. Owing to the tact, that all
the ages from the Potrero Grande Formation fallinto
the pariod between 20.2 and 16.6 Ma, the Potrero
Grande Formation can be assigned an Early Miocene
age. It can not, however, be excluded that its ac-
cumulation lasted until the Middle Miocena,

From other parts of the southem Puna, no se-
dimentary successions have been described, where
accumulation falls into the pericd of time, embraced
by the ages from the Potrero Grande Formation
(19.320.9-17.020.4 Ma). Therefore, Allmendinger
el al. (1997) assumed a hiatus for the southemn
Funa during the Earliest Miocens upto approximately
15 Ma. The Early/(?Middle Miccene strata of the
Fotrero Grande Formation show that this assumption
is not valid at least for the Salar de Antofalla region.

AMNTOFALLA FORMATION (LATE MIOCENE)

Late Miocena fluvial and lacustnne deposits as
well asintercalated lava flows and pyroclastic rocks,
constitute the Antofalla Formation (Voss, 2000; Fig.
5, v and d). The Antofalla Formation was deposited
during a period of intensive volcanism within the
Salar de Antofalla region. During thal time the
stratovolcances of the Volcan Antofalla complex
and the Cerra Beltan stratovolcanic center, which
lies directly north-east to the working area, were
active (Kraemer ef a/, 1989). This activity led -
especially at the margins of the stratovolcanoes- to
numerous intercalations of lava flows and pyroclasiic
flows within the fluvial or lacustrine deposits of the
Antofalla Formation. Another effect of that volcanism
i5 a high content of volcanic and pyroclastic clasts in
the deposits of the Antofalla Formation.
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Since the strata of the Antofalla Formation west
and east of the Salar de Antofalla show different
lithofacies, this formation 15 subdivided into the
Cajeros Member, which crops out west of the Salar
de Antofalla, and the Bordo Blanco Member, which
is exposed cast of the Salar (Figs. 1, 3 and 7).

CAJEROS MEMBER

The Cajeros Member is up to 160 m thick and
made up of a white, light-red, brown and black
volcanic-sedimentary succession (Subunit 1) which
grades laterally into a brown and black conglomeratic
succession (Subunit 2. The "Subunit 1' consists of
ignimbntes, rhyolithes/dacites and andesites, in
which volcaniclast-rich sandstones and conglo-
merates are intercalated (Fig. 5, ¢). The base of
‘Subunit 1" is formed by a 33 m thick gnimbrite
{'Fraile-igmimbrite’, informal unit, 9.8+0.5 Ma, age
from Kraemer et al., 1999). The conglomerates are
clast- or matrix-supported. The clast-supported
conglomerates are poorly to moderalely sorted and
up to several meters thick. Their clasts are sub-
angular to sub-rounded and have sizes of up to 10
cm. Matrix-supponed conglomerates are 10 10 100
cmthick and build up ‘coarse-tail coarsening upward'-
sequances, Their clasts show sizes of up to 2 cm.
The regional distribution of 'Subunit 1'is confined to
the surrounding area of the northern Salina del
Fraile. In a profile east of the Vega Potrero Grande
it shows a thickness of 156 m (25°45'S, BE03'W,
Figs. 3 and 5¢), Towards the south, the "Subunit 1'
pinches out on a distance of 10 km, grading laterally
into the conglomerates of "Subunit 2°. This subunitis
up to several tens of meters thick and is exposed
east of the Sierra de la Quebrada Honda, between
the Salina del Fraile and the Salar de Antofalla and
at Las Lomitas (Fig. 1).

The Cajeros Member overlies the Potrero Gran-
de Formation with angular uncenformity. Locally -
as for instance at Las Lomitas or at the northarn
margin of the Salina del Fraile basin -it rests upon
the Quifvas Formation in angular unconformity.
While the 'Subunit 1' is concordant overlain by
Pliocene lava, the conglomerates of 'Subunit 2' form
the top of the sedimentary succession cxposed
between the Salina del Fraile and the Salar de
Antolalla.

The strata of the Cajeros Member were assigned
to the Potrero Grande Formaltion by Kraemer et al.
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(1999). The angular unconformity and a hiatus
between both units (see below) do not support this
assignment.

BORDO BLANCO MEMBER

The Bordo Blanco Member consists of fluvial
and lacustrine deposite which include red, brown
and black sandstones and conglomerates, red
mudstones, tuffites and white layers of gypsum/
anhydrite as well as pyroclastic rocks (ignimbrites
and tuff layers; Fig. 5, d). The occurrence of the
Bordo Blanco Member is restricted to the region
east of the Salar de Antofalla. There it crops out at
Bordo Blanco, west of the volcano El iablo and
south of the Vega Juncalito (Figs. 1 and 7). The
base of the Bordo Blanco Member is not exposed,
It s covered by Quaternary gravel or the saline
deposits of the Salar de Antofalla. South of the Vega
Juncalito, the Bordo Blanco Member is overlain by
Pliccene/Quaternary lava, sediments of the Sijes
Formation and unconsolidated Quatermary gravelin
angular unconformity. From the exposed parts of
the Bordo Blanco Member, a minimum thickness of
~380 m can be concluded.

In a profile lecated south of the Vega Juncalito
(25756'5-G7748'W, Figs. 5, d and 7), the exposed
section of the Bordo Blanco Member can be
subdivided into two units,

* The lower unit (BB1) 15 made up of redbeds,
which are more than 220 m thick. These show a
fining upward-trend with conglomerates atthe base,
sandstones in the middle and mudstones in the
upper part. Gypsum occurs in the form of mm-sized
nodules within sandstone or mudstone beds or as
mm-thick laminae. Bedding is thickly- laminated to
thickly-bedded. The deposits mainly form sediment
bodies with sheet-like geometries. Channels with
depths of up to 70 cm appear only near the base of
this unil. The conglomerates are clasl-supported,
poarly to moderately sorted and made up of sub-
angularto sub-rounded gravel with a maximum size
of 40 cm. Resedimented sandstones from the
Quinoas Formation contnbute to their clast com-
position. The sandstone and mudstone beds above
the conglemerales are honzontally-bedded. Partly,
thay contain great amaunts of tuff clasts. Thisunitis
interpreted as transition from an alluvial fan- o an
alluvial sand flal- and playa mud flat-facies.

*  The upperunit (BB2}is built up by a -~ 140 mthick
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succession of black and gray sandstone, red
mudstone, white tuff and tuffite as well as gypsum
and anhydrite. The thickly-laminated to thickly-
bedded layers of this unit form sediment bodies with
sheet-like geometries. The sandstones are horizon-
tally-bedded or sometimes ripple cross-laminated.
Some sandslones contain rooled zones. Honzon-
tally-giratified laminae of mudstone are interbedded
with mm-thick layers of gypsum and fine-grained
sandstones, The mudstones are wavy-bedded in
very few cases. Occasionally 1to 2 mm thick curled
clay flakes, which are arranged in layers, appear
within some sandstone beds, Layers of gypsum/
anhydrite with thicknesses of up 1o more than 1 m
are present in this unit. In the upper part of this unit,
white layers of tuff with thicknesses of several dm
arc intercalated. One of these yielded an age of
9.0£0.3 Ma (Voss, 2000; Table 1).

The deposits of this unit point to sedimentation
an an alluvial sand flat and a playa mud flat dominated
environment.

The strata which are described in this paper as
Hordo Blanco Member of the Antofalla Formation,
correspond to the strata of the lower part of the
Juncalito Formation from Kraemer ef al. (1999).
Age and correlation: agesof 11.220.3and 3.8+0.5
Ma (Kraemer et al, 1999) as well as 9.0=0.3 and
8.7+0.2 Ma (Voss, 2000) were obtained from the
Antofalla Formation (Fig. 6 and Table 1). The base
of the Antofalla Formation is diachronous: weast of
the Salar de Antofalla, the 98+0.5 Ma old 'Fraile-
ignimbrite’ points to a maximum possible age of
10.3 Ma for the base of the Cajeros Member. East
of tha Salar de Antofalla, an age of 11.220.3 Mawas
obtained from pyroclastic rocks of the Bordo Blanco
Member, hence ils base must be older than 10.9
Ma.

The difference of 1.8 Ma between the age of the
base of the Cajeros Member and the maximum
possible age of the Potrero Grande Formation of
12.1 Ma, points to a hiatus between the Antofalla
Formation and Potrero Grande Formation, at least
forthe region west of the Salar de Antofalla. The age
of 17.0+0.4 Ma from the Potrero Grande Formation
shows that this hiatus might have lasted up to 6.5
Ma.

West as well as east of the Salar de Antofalla,
the deposition of the Antofalla Formation must have
finished during the Late Miocene. In the case of the

Cajeros Member this can be inferred from the age
of the: Salina del Fraile basin. Because the margins
of this basin cut into the strata of the Cajeros
Member, the Cajeros Member must have been
deposited before the formation of the basin. An age
of 8.1+0.3 Ma from strata deposited within the basin
(zee below), reveals that the basin was already
formed by 7.8 Ma. Therefore, the accumulation of
the Cajeros Member musl have ended prior lo 7.8
Ma. An age of 6.8 £ 0.2 Ma from the Pozuelos
Formation, which follows stratigraphically above
the Antofalla Formation, indicates that the
sedimentation of the Bordo Blanco Member ended
before 6.6 Ma. Hence the age determinations point
to a Late Miocene age for the Antofalla Formation.

The Antofalla Formation can be correlaled
chronologically with the ‘Black Conglomerate
(Vandervoort, 1983) from the Salar Pastos Grandes
reqgion. At Tolar Grande and Siete Curvas, strataarc
exposed fromwhich radiometric ages were obtained
(see Vandervoort, 1993), which fallinto the imespan
of the accumulation of the Antofalla Formation

SALINA BEDS (LATE MIQCENE)

The Late Miocene Salina beds (Voss, 2000),

which are up to 120 m thick, consist of interbedded
red, black and white, fluvial and lacustring conglo-
merates, sandstones, mudstones, tuffites and layers
of gypsum and halite. Layers of tutf are intercalated
inthese successions. Tha Salina beds are restricted
to the basin of the Salina del Fraile (Fig. 1), where
they rest upon strata of the Quinoas Formation in
angular unconfarmity.
Age: a maximurm age forthe base of the Salina beds
was oblained by taking the age of the formation of
the Salina del Fraile basin. TwoB.7+0.3and 8.4+0.3
Ma old ignimbrites, which crop out above the north-
western flank of the basin or at the castem side of
the Sierra de la Quebrada Honda must have been
deposited prior to the basin, because otherwise
they would have flowed into the basin and remnants
of them would be found within the basin loday.
Therafore the basin as well as the onset of the
accumulation of the Salina beds must be younger
than 8.7 Ma. A wif intercalated inlo the Salina beds
has an age of 8.1=0.3 Ma (Fig. & and Table 1). On
the basis of these age determinations, the Salina
beds were assigned to the Lale Miocene.
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POZUELOS FORMATION (ORILLA MEMBER-LATE
MIDCENE)

In the region of the Salar de Antofalla, Late
Miocene successions are exposed which consist of
red, brown, black and white layers of sandstone,
conglomerate, evaporite in the form of anhydrite,
gypsum and halite as well as wilf. These successions
can be correlated lithologically and chronologically
with the Pozuelos Formation (Turner, 19680) from
the area of the Salar Pastos Grandes and are called
Orilla Member of the Pozuclos Formation (Voss,
2000). The Orilla Member is exposad at the eastern
border of the Salar de Antofalla (Figs. 1 and 7). West
of the Salar there are no corresponding strata. The

base of the Orilla Member is covered by the young
saline depesits of the Salar de Anlofalla. which
axplaing why the nature of its conlact wth the
Antofalla Formation is not exposed. The OQrilla
Member is overlain by the (7)Late Miocene/Early
Plivcene Uncal Grande Member of the Sijes Form-
ation {see below) in angular unconformity. Locally,
Pliccene lava and ignimbrites rest in angular
unconformity upon the Onlla Member. From the
exposed section of the Orilla Member a minimum
thickness of 400 m for this unit has been proved.
MNorth of the Vega Agua Escondida (26°01'S-
G67°55'W, Figs. 5, ¢ and 7) the Orilla Member can be
subdivided into three units:
*  Thelowerunit(Pz1)is - 120 mthick and consists
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mainly of halite. Interbedded are brown mudstones,
brown, black and green sandstones, conglomerales
and layers of gypsum. Bedding ranges from thickly-
laminated to verythickly-bedded. The deposits form
mainly sediment bodies with sheet-like geomelries.
In rare cases, channels with a depth of up to 15 cm
occur. The sand- and mudstones are harizontally-
bedded. Gypsum occurs as mm thick layers or in
the form of nodules with sizes of a few mm. Clast-
supported conglomerates form up to a few dm-thick
beds. Their clasts reach maximum sizes of 15 cm.
Imbrication of clasts was found.

The halite beds are interpreted as a central
saline playa lake-facies, whercas the clastic
sediments were deposited on a playa mud flat and
an alluvial sand flat, respectively,
= The middle unit (P22} is ~80 m thick. It consists
of interbedded layers of gypsum/anhydrite and black,

brown, white and green sandstones or brown
mudstones, Locally, halite and tult layers are
intercalated within the successions. The deposits of
this unit form sediment bodies with sheet-like
geometries. The sandstones are honzontally- or
trough cross-bedded. Partly, sandstone and mud-
stone beds form couplets with 1 to 2 m thick layers
of gypsum/anhydrite, in which ‘chicken wire'-fabrics
were often found. In these couplats, beds of halite
with thicknesses of up to 30 cm are intercalated
sccasionally. An approximalely 25 cm thick inter-
calation of tuff yielded an age of 6.8+0.2 Ma (Figs.
6, 7 and Table 1). The mudstones and layers of
gypsum/anhydrite are interpreted as sediments of a
playa mud flat, whereas the sandstones poinl 1o a
deposition on an alluvial sand flat and the halite to
the existence of a central saline playa lake.

+  Theupperunit (Pz3) shows a thickness of ~200



A Voss

m and consists of madium- to thickly-bedded red
sandstones, mudstones and conglomerates.
Cccasionally interbedded are layers of gypsum and
halite. In addition te that, gypsum appears as nodules
with gizes of 0.5 to 3 cm within mudstone beds. The
sedimants were deposited as beds with sheet-like
geometries and within channels, which are up to
one meler deep and several meters wide, The
sandstones and mudstones are horizonally-bedded
ar massive, Poorly to modarataly sored, clast-
supported conglomerates are intercalated within
them. The clasls of the conglomerates are sub-
angular to sub-rounded and have sizes of up lo one
meter. Imbrication of clasts was found.

The upper unit consists predominately of de-
posits, which point to an alluvial sand flal-facies.
Intercalated are sediments of a playa mud flat-
facies, a central saline playa lake-facies and an
alluvial fan-facies,

The strata, which are described as Orilla Member

here, Kraemer et al. (1998) assigned to the upper
part of their Juncalito Formation (Fig. 4).
Age: the age of 9.020.3 Ma from the Antofalla
Formation gives a maximum age of 9.3 Ma for the
base of the Orilla Member of the Pozuelos Formation.
Because the Crilla Memberis overlainby a 5.6 +0.3
Ma old lava (Voss, 2000} in angular unconformity, it
must ba older than 5.3 Ma. From the Qrilla Member
itself, an age of 6.8 = 0.2 Ma was obtained (Figs. &
and 7). The strata of the Orilla Member are therafore
assigned 1o the Late Miocene.

SIJES FORMATION (UNCAL GRANDE MEMBER-
(?JLATE MIOCENE/EARLY PLIOCENE)

In the region of the Salar de Antofalla, (7)Late
Miocene/Early Pliocene successions are exposed
which consistof conglomerates, pebbly sandstones,
sandstones, mudstones, wifites, marls, layers of
gypsum, anhydrite and limestone as well as tuff
herizens (Fig. 5, d). Near the southern end of the
Salar de Antofalla, anignimbrite is intercalated. The
strata have light-red, light-green, brown, black and
white colours. They can be correlated lithologically
and chronolegically with the Sijes Formation (Turner,
1960; Fig. 4) from the Salar Pastos Grandes basin,
These strata are thereftore called Uncal Grande
Member of the Sijes Formation (Voss, 2000). The
Uncal Grande Member 1s exposed al the eastem
margin of the Salar de Antofalla (Figs. 1 and 7) and
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in the surrounding area of the Salar Uncal Grande
with Ihicknesses of up o 100 m. West of the Salar
de Antofalla, there are no corresponding strata.
Adjacent to the eastern margin of the Salar de
Antefalla, the Uncal Grande Member overlies the
Orilla Member of the Pozuelos Formation in angular
unconformity, while further east it rests in angular
unconfarmity upon strata of the Quinoas Formation
and the Antofalla Formation. The Uncal Grande
Member 15 overlain by Plicceng ignimbrites and
Pliocens/Quaternary lava in angular uncenformities.

The clastic sediments of the Uncal Grande
Member were deposited as beds with sheet-like
geometries as well as within channels, which are up
to a few dm deep and several decameter wide. The
conglomerates are poorly to moderately sorted and
both clast- and maltrix-supported. Some of the miatrix-
supported conglomerates cansist almosl exclusively
of either sub-angular basalt- or basalt/andesite-
clasts, The clasts of the clast-supported conglo-
merales are sub-angular to sub-rounded, have
maximum sizes of 30 cm and are imbricated. Mud-
stones are intercalated in the form of cm- to dm-
thick beds within the succession. Some sandstones
and luffites conlain intraclasts of mudstone. Horizons
of curled clay flakes were found in some sandstone
beds. Limestones are repeatedly intercalated within
the clastic sediments and occur as white and black,
massive solid beds up to 1 m thick containing low
amounts of sand grains, as fine-laminated. up to 6
em thick layers and in the form of very soft highly
calcareous mud (‘Seekreide’) The beds made up of
highly calcareous mud contain ostracodes and plant
impressions. Some sandslone beds contain horizons
of cm sized nodules of carbonate. These beds are
interpreted as paleosols (‘calcrete’). Gypsum and
anhydrite form gray layers with thicknesses of up to
50 cm. Tuff layers with thicknesses of a few cm are
occasionally intercalated within the sediments. From
one of these tuffs, an age of 4.6£0.5 Ma (Kraemer
ef al,, 1998) was obtained.

The deposits of the Uncal Grande Member are
interpreted as alluvial fan-, alluvial sand flat- and
playa mud flat-facies. For the carbonates an origin
in local tempaorary lakes is assumed.

The strata which are described as Sijes Form-
ation here, Kraemer el al. (1999) assigned to the
uppermost part of their Juncalito Formation (Fig. 4).
Age: the age of 6.8+0.2 Ma from the Orilla Member
af the Pozuelos Formation indicates that the base of
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the Uncal Grande Member must be younger than
7.0 Ma. Because the Uncal Grande Member is
overlain in angular unconformity by twa 3.61+00.1
Ma (Voss, 2000) and 3.60520.005 Ma (Kragmer &f
al., 1999) old ignimbrites, it has to be older than 3.8
Ma. From the Uncal Granda Mamber itsalf, an age
of 4.6+£0.5 Ma was obtained (Fig. &). Therefore, the
Uncal Grande Member can be assigned to the
(?}Late Miocene/Early Pliccene.

SINGUEL FORMATION (AGUA ESCONDIDA
MEMBER/LATE PLIOCENE/(?)EARLY
PLEISTOCENE)

In the region of the Salar de Antofalla, Late
Pliocenea/(7)Early Pleistocene red, black, dark-gray,
ochre and green successions made up of sand-
stones, conglomerates and gypsum as well as of
tuffs are exposed, which can be correlated
thologically and chronologically with the Singuel
Formation (Alonso and Gutiarrer, 1886) from the
Salar Pastos Grandes basin. These successions
are called Agua Escondida Member of the Singuel
Formation (Voss, 2000; not to be confused with the
Escandida Farmation of Kraemer af al,, 1888). The
Agua Escondida Member crops out at the easterm
flank of the southern part of the Salar de Antofalla
basin (Figs. 1 and 7). It 15 exposed with a thickness
of up to 400 m. This value indicates a minimum
thickness, because the base of the Agua Escondida
Member is covered by recent deposits, while at its
top it 1s bounded by thrusts or reverse faults. West
of the Salar de Antofalla there s no equivalent of the
Agua Escondida Member,

In a profile located north of the Vega Agua
Escondida, the Agua Escondida Memberis exposed
as an - 400m thick succession, which consists
almost exclusively of poorly sorted conglomerates
(Fig. 1). Their clasts are sub-angular o sub-rounded
and reach sizes of up to B0 em. Imbrication of clasts
was observed. On the basis of two intraformational
uncenformities and different clast composilions,
three conglomeratic units can he differentiated:
= An ~150 m thick, dark-gray lower unit is made
up of conglomerates, the claslts of which consist
mainly of Ordovician metasediments. The base of
this unit is coverad by recent deposits.
= An--80mthick, ochre middle unit, which overlies
the former one in angular unconformity. Its clast
consists of granite (up to -~ G0%), gneiss, quartz,
diabase, phyllite and metasediments.

= An -170 m thick, green upper unit, which rest
upon the former unil in angular unconformily and
consists of conglomerates, the clasts of which are
made up mainly of Ordovician metasediments and
metavolcanics, as well as minor contributions of
quartz and pyllite.

The conglomerates of this section are intarprated
as proximal facies of an alluvial fan.

To the north, the conglomerates grade laterally
into a succession made up of black and red con-
glamerates and sandstones, in which up to 3m-
thick, white layers of wif, pumice and tuffite arc
intercalated. One of these tuffs yielded an age of
3.2+0.1 Ma (Kraemer at al, 1988; Fig. 6). A few
kilometers farther to the north, layers of gypsum are
inlerbedded with sandstone, Thesc layers have
thicknesses of up to 2 m. The sediments of ths
succession are interpreted as alluwial fan-, alluvial
sand flat- and playa mud flat-facies.

The strata, which are described as Agua Escon-
dida Member of the Singuel Formation in this paper,
fall inta the Escondida Formation of Kraemer el al.
{1999; Fig. 4).

Age: the maximum possible age for the base of the
Agua Escondida Member results from the age of
4 6+0.5 Ma from the Uncal Grande Member of the
Sijes Formation and is 5.1 Ma. Accumulation and
upliit of the Agua Escondida Member must have
taken place before the formation of the alluvial fans
at the margins of the recent Salar da Antotalla. The
age of 0.44+0.03 Ma (Voss, 2000) abtained irom
one of lhese alluvial fans. reveals that the Agua
Escondida Member must be older than 0.41 Ma.
Because an age of 3.2+0.1 Ma was obtainad from
the Agua Escondida Member itself (Fig. &), it is
assigned to the Late Pliocene/{7)Early Pleistocene,

PLEISTOCENE LACUSTRINE AND FLUVIAL
DEPOSITS

At the margin of the Salar la Brea and near the
Vega Cajeros (Fig. 1), 1 to 5 m thick successions of
fluvial and lacustrineg sediments are exposed. These
consist of interbedded layers of mud, highly
calcareous mud (‘Seckreide’), gypsum, calcarcous
and tuffaceous sandstone and fuffits. The ighly
calcaresus mud beds in an outcrop near Lago
Cajeros contain Pleistocene ostracodes, diatoms
and charophyts. These tossils can be interpreted as
an indicator for a lacustrine freshwater-facies (5.M.
Bellas, oral communication, 1999),
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The Pleistocene fluvial and lacustrine strata fall
into the accumulation time of the Quaternary Blanca
Lila Formation (Alonso and Meneagatti, 1990; Alonso,
1992 Vandervoort, 1993) from the region of the
Salar Pastos Grandes.

SUBRECENT TO RECENT SALARS, LAKES,
ALLUVIAL FANS, DUNES, GEYSERS AND SINTERS

The recent Salar de Antofalla basinis interpreted
as a (7} Late Pliocene/Early Pleistocene to Recent
polyhistory basin, evolved from a hali-ramp basin
and a strike-slip basin (Voss, 2000). Itis bounded at
its western margin mainly by N-5 to NNE-S5W
striking normal faults and at its eastern margin by
WME-55W-striking, west-verging reverse faults, NNE-
S5W-striking normal faults and MME-55W-striking,
divergent dextral strike-slip faults (Figs. 1 and 7).
Apart from a free water surface of approximately 5
km® inits southernmaost part, the center of the basin
is occupied by a salt pan. Detritus is transported
transversally into the basin, forming alluvial fans
with sizes of up to 25 km® and small rims of talus at
its western and eastern margins. A tff imercalated

into the deposits of one of these alluvial fans, has
an age of 0.44£0.03 Ma (Figs. 1, 6 and Table 1).
Sediment sources are emerged Cenozoic and
Permian successions, the metamorphic and plutonic
rocks exposed at the western margin of the Salar de
Antofalla, the rocks of the Sierra de Calalaste and
the Meogene volcanic edifices found in the
surrounding area of the Salar. Additionally to the
alluvial fans and talus deposits, eolian dunes have
formed at the margins of the basin. Recently formed
sinter deposite can ha tound locally, for inslance
near Botijugla.

The center of the Salina del Fraile basin is
cocupied by a salt pan. Detritus is mainly transpored
longitudinally trom the north, but alluvial fan and
talus atits western and eastern margins also indicate
a transverse sediment transport into the basin.

Beside the Salar de Anlelalla and the Salina del
Fraile, thare ara a few smaller salars in the area
studied, as for instance the Salar Uncal Grande, in
which sedimentation has recently taken place.

West of the Salina del Fraile, at the castern front
of the Sierra de la Quebrada Honda, a 'bajada’ has
been formed,

CONCLUSIONS

With the Late Eccene to Early Miocene Quincas
Formation, the Early/(7)Middle Miocene Polrero
Grande Formation and the Late Mincena Antolalla
Formation, new formations have been introduced
into the stratigraphy of the southem Puna. The
sirata described as Quinoas Formation are the most
complete known record of the Eocene to Early
Miccene sedimentation history of the southern Puna
and difter from the Eocene Gesle Formalion
described by Alonso (1982) with regard to then
lithofacies. Strata corresponding to the Potrero Gran-
de Formation have not been described from other
parts of the southarm Puna until now and deposils,
which may be correlated with the Antofalla Formation
have not been given a stratigraphic name yet,

The Late Miocene to Plocena/{?)Pleistocens
strata exposed east of the Salar de Antofalla can be
correlated chronologically and lithologically with the
Pozuelos, Sijes and Singuel Formation from the
Salar Pastos Grandes basin. Therefore, the form-
ation names from the Pastos Grandes basin were
taken for the respective strata from the Salar de

Antofalla region. Owing to the fact thal the
successions exposed at the Salar Pastos Grandes
and the Salar de Antofalla were deposited in sepa-
rated closed basins, the strala from the Salar de
Antofalla region were defined as lateral members
and additionally given member names. Such a
procedure 13 useful in a region like the southern
Puna, where numerous separaled closed basins
cxist, in which a comparable sedimentological
evolution has taken place. Incontrast to the approach
by Kraemer et al (1999), who introduced local
formation names for the Late Miocene to Pliocene/
(?)Pleistocene strata of the Salar de Antofalla region,
this procedure will avoid the problem of every basin
of the southern Puna having its own nomenclature,
causing lhe stratigraphic division of that region to
bacome more and more confusing. In addition o
that, it offers the oppaortunity, that depending on the
regional scale of invesligations, e.g. local, regional
ar supra-regional, formation names or member
names could be used.



188 CENOZOIC STRATIGRAPHY OF THE SOUTHERN SALAR DE ANTOFALLA REGION,

ACKNOWLEDGEMENTS

This wark was carried out within the framework
of the Collaborative Research Center 267 'Deform-
alion Processes in the Andes', which is funded by
the German Research Association. The author is
grateful to P. van den Boogard (GEOMAR, Kiel,
Germany) for the Ar-Ar analysis he carried out for
this projectand to K. Garler (Freie Universitit Berlin),

R. Allmendinger (Comell Universily), R. Alonso
{Univarsidad Nacienal de Salta) and C. Mpodozis
(Sipetrol 5.A.. Santiago) for a review of this paper,

The author is also indebted to G. Gonzdlez
{Universidad Caltdlica del Norte) for the Spanish
translation of the abstract.

REFERENCES

Acefolara, F.G.; Toselli, AJ., Durand, F.R. 1975,
Estratigrafia y Paleontologia de la region del Hombre
Muerto, provincia de Catamarca, Argentina. In Con-
greso Palaontoldgico y Blastratigrafia, Ma. 1, Actas,
p. 109-123, Tucuman.

Acenolaza, F.G.; Tosell, A.J,; Gongalez, O, 1976, Geo-
logia de la region comprendida entre al Salar dal
Hombre Muerto y Antofagasta del la Sierra, Provincia
de Catamarca, Revista de la Asociacion Geoldgica
Argenfing, Vol, 31, Mo, 2, p. 127-136,

Allmendinger, R.; Jordan, T.: Palma, M., Ramas, V.A.
1982. Pearfil estructural an la Puna Catamarquena
[25-27*5), Argentina. In Congraso Lalinoamanicans
de Geologia, No. 5, Actas, Vol 1, p. 499-518. Buenos
Aires

Allmendinger, B.W.; Strecker, M.; Eremchuk, J.E.; Francis,
P. 1983. Neotactonic deformation of the southarm
Puna Plateau, nothwestern Argentina. Journal of
South Amencan Earth Scignces, Vol 2, No. 2,p.111-
130

Allmendinger, R.W.; Jordan, T.E.; Kay, S.M.; |sacks, B.L.
1997, The Evolution of the Altiplana-Puna Plateau of
the Cenfral Andes. Annual Review of Earth Scignces,
Vol. 25, p, 139-174,

Alonso, AN, 1831, Evaporitas nadgenas de los Andes
Cantrales. In Génesis de formaciones evaporiticas.,
Madelos Andinos ¢ Ibéncos (Pueyo, J.dJ.. editor),
Estudios Generales, Universidad Barcelona, Vol. 2, p.
267-323.

Alonso, A.N. 19582, Estratigrafia del Cenazoico de la
cuenca de Pastos Grandes (Puna Salteha) con énla-
§is en la Formacion Sijes y sus boralos. Revista de la
Asociacion Geoldgica Argantina, Val. 47, Na. 2, p.
189-195.

Alonso, R Gutiérrez, RV, 1988, Liloestraligratia del
Medgeno Terminal. Puna sudoriental argentina. Re-
vista dal Instituta de Clencias Geoldgicas. Vol. 8, p.
28-47. Jujuy, Argenting,

Alonso, BN, Menegatt, N.D. 1990. La Formacion Blan-
ca Lila [Pleistoceno) v sus depdsitos de boratos

(Puna Argentina). in Congreso Gaglagico Argenting,
No. 11, Actas, Vol. 1, p. 295-228. San Juan.

Alonso, R.; Viramonta, J.; Gutigrraz. R. 1984a. Puna
Austral - Bases para subprovincialismo geologico de
la Puna Argentina. In Congreso Geologico Argenting,
No. 9, Aclas, Vol 1, p. 43-63. San Carlos de Bariloche

Alonso, ALN.; Gutigrrez, R.; Viramonte, J. 1584b. Maga-
cuarpos Salinos Cenozoicas, in Congrasn Geoldgico
Argenting, No. 8, Actas, Vol 1, p. 25-42. San Carlos
de Barnloche.

Alonso, R.N.; Jordan, T.E.; Tabbutt, K.T.; Vandarvoaor,
0.5, 1881, Giant evaporite belts of the Meogens
central Andes, Gealogy, Val, 19, p. 401-404

Bassi, HG.L. 1992, Evaluacion geglagico-minera del
prospecto aunfero Anlofalla, Este Antolagasta de la
Sierra, Catamarca. In Congraso Latinoamaricana de
Gaologia y Economia, No. 1, Acfas, p. 178-182
Cardoba

Coira, B.L.L., Pezzuth, M.E. 1976, Vulcamsmo Cenozoco
&n la ambito de Puna Catamarquena. Rewvisla de la
Asaciacion Geologica Argenting, Vol 31, Mo, 1, p. 33-52.

Coira, B.; Kay, 5.M.; Viramonte, .. 1883 Uppear Cenozoic
magmatic evolution of the Argentine Puna - a model
for changing subduction geometry. Internalional
Geology Review, Val. 35, No. 8, p. 677-720.

Donato, E.O. 1987, Caracteristicas estructurales del sec-
tor occidental de la Puna Saltena. Yacimontos Petro-
liferos Fiscales, Bolelin de informaciones Pelroleras,
Vol 12, p. 83-57.

Eugster, H.P.; Hardie, L.A. 1975, Sedimentation in an
Ancient Playa Lake Complex; The Wilkins Peak
Member of the Green River Formation of Wyaming.
Gaological Society of Amerca, Bulletin, Vol 86, p.
319-334,

Gonzalez, O.E. 1992, Geologia de la Puna austral antre
los 25°15'a 26°30' de latitude sur y los 6625" a GE"00'
de longitud ceste, Provincias de Catamarca y Salla,
Argentina. Acla Geologica Lillioana, Vol. 1, No. 2, p.
65-88.

Hanford, C.R, 1982 Sedimentology of evapornite genesis



H. Vioss

ina Holocene continental-sabkha playa basin - Bristol
Diry Lake, Calilorma, Sedirmeniology, Vol, 29, p. 238-253.

Isacks, B.L. 1988. Uplitt of the central Andean plateau and
bending of the Bolvian arocling, Journalof Geophysical
Research, Vol 93, p. 3211-3231.

Jordan, TE.. Alonso, BN, 1987, Cenozoic Stratigraphy
and Basin Tectonics of the Andes Mountains, 20°-28°
South Latitude. American Assaciation of Patralaum
Gealogists, Bulletin, Vol. 71, No. 1, p. 49-54,

Kragmer, B, 1999, Eine geochermische Traverse guer
zum mittelmiczanen magmatischan Bogen im s(d-
lichen Bereich der Zentralen Vulkanischen Zone dar
Anden (ZVZ 25°-26°30'5, 67°30'-69"W). Ph.D. Thesis
(Unpublished), Berliner geowissenschafliiche
Abhandiungen, Vol. A200, 174 p.

Kraemer, B.. Adelmann, D.; Alten. M.; Schrurr, W.;
Erpanstain, K.; Kiefer, E.; van denBagaard, P.; Garer,
K. 1999, Incorporation of the Pacogene foreland into
the Meogene Puna plareaw; The Salar de Antofalla
area, MW Argentina. Journal of South American Earth
Sciences, Vol 12, p. 167182,

Lucassen, F.; Wilke, H.G.; Viramonte, J., Becchio, R,
Franz, G.; Laber, A.; Wemmer, K. 1996, The
metamorphic basement of the Central Andes (18%-
26°) -did terranes arrive during Paleozoic? Terra
MNastra, Vol 8, p. 90.

Marrett, B.A Allmendinger, B.W.; Alonso, RN, Drake,
H.E. 1994, Late Cenozoic tectonic evolution of the
Puna Plateau and adjacent foreland, northweastam
Argentine Andes. Journal of South American Earth
Sciences, Vol 7, p. 179-208.

McClay, K. Dooley, T, 1995, Analogue models of pull-
apart basins, Geology, Vol. 23, 711-T14.

Man, R.: Hongn, F_ 15881, The structure of the Precambrian
and Lower Paleozoic basement of the Central Andes
botweon 22™and 32°5. Lat. Geologische Rundschau,
Vol B0, Me. 3, p. T45-T58.

Palma, M.A. 1990. Geologia del Macizo de Antofalla en
la Sierra del Campo Negro, Puna Catamarquena, in
Congreso Gealdgico Argenting, No. 11, Actas, Vol 2,
p. 39-42.

Palma, M.A.; Irigoyen, M.V, 1987. Los astratos de Botl-
juela enla Puna Catamarquefa. In Congreso Geold-
gico Argenfing, No. 10, Actas, Vol 2, p, 139-142. San
Miguel de Tucuman,

Palma. M.A.; Brisson, |.; Vujovich, G. 1930, Geologia dal
blequea palaczaico dela Quebrada Honda, Puna Cata-
marquena, Revista de fa Asociacion Geoldgica Ar-
genting, Vol 18, p, 145-158,

Palmer, A.H. 1983, The decade of the North American
Geology 1983, Geolagic fime scale, Geology, Vol 11,
p. 503-604,

Manuscnpl receved: April 12, 2001; scoepted: Septembar & 3002

189

Fascual, A. 1983. Movedosos marsupiales paledgenos
de la Formacian. Pazuelos de la Puna, Salta. Ame-
ghiniana, Val. 20, p. 265-280,

Salfity, J.A Gorustovich, S.A. Moya, M.C.; Amengual, B,
1984, Marco tectonico de Ia sedimentacion v afusivi-
dad cenozoicas en la Puna Argentina. fn Congraso
Geoldgica Arganting, No, 8, Actas, Vol 1, p. 539-554.
San Carlos de Bariloche,

Salvador, A, (Editor). 1994, International Stratigraphic
Guide. Geological Society of Amarica, 214 p.

Segarstrom, K. Tumer, JM.C. 1872 A conspicuous
flexure in regional structural trend in the Puna of
Morthwestern Argentina, Uniled States Geological
Survey, Prolessional Paper 800-B, p. B205-B205.

Singer, 5.; Puanta, M.; Sinito, A_; Allmendinger, R. 1984,
Estudin paleomagnatico de secuencias Tercianas
aflorantes al este del Salar de Antofalla, Funa Austral,
Argenting, In Congreso Geologico Chileno, No, 7,
Acfas, Vol. 2, p. 1451-1455. Concepcidn.

Turner, J.C.M. 1860, Estratigratia del Nevadao de Cachiy
soector al ooste (Salta). Acla Geoldgica Litoana, Vol
3, p. 191-226.

Turner, J.C.M. 1969, Un parfil transversal de la Puna
Austral latitud 26°00'S, Replblica Argentina. Revista
de la Asociacidn Gaoldgica Argentina, Val. 24, No, 4,
p. 361-366

Turner, J.C.M. 1970, The Andes of Narlhwestern Argen-
fina. Gaologische Rundschaw, Vol. 53, p. 1028-1063.

Turner, J.C.M.; Méndaz, V. 1875, Puna. Il. In Symposio
de Geologia Regional Argentina, Vol, 2. p. 13-56.
Cardoba.

Vandervoort, L8, 1993, MNon-manne evaporile basin
studies, Southarn Puna Plateau, Central Andes. Ph.D.
Thesis (Unpublished), Comeall University, 177 p.

Wandervoort, 0.5 Jordan, TE.; Zeitler, P.K_; Alonso,
A.M. 1995, Chronology of internal drainage develop-
ment and uplift, southerm Puna plateau, Argenting
central Andas. Gaology, Vol. 23, p. 145-148.

Voss, R. 2000. Die Geologie dar Region um den sidlichen
Salar de Antofalla (NW-Argentinien). Ph.D. Thesis
{Unpublished), Berliner geowissenschaliiche Abhand-
fungen, Vol A, 208, 201 p.

Voss, R Goder, K.; Kraemer, B van den Bogaard, P.
1996, Meue Daten zur palaozoischen und meso-
zoischen Palaogeographie in der sodlichen Puna {NW-
Argentinien). Tarra Nosira, Vol. B, p. 147,

Zimmermann, U.; Bahlburg, H.; Géttert, M., Huck, C.
1996, Sedimentologie und Potrographie der ordo-
vizischen Gesteine der sGdlichen Puna in NW-
Argentinien: Erste Ergebnisse. Tarra Nosfra, Vol 8, p.
165,



