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Landscapes of western Argentina are dominated by aeolian sand of diverse composition, reflecting multi-
ple sediment sources. This study focuses on determining the petrography and geochemical composition
of sand from three western Argentina dune fields, Médanos Grandes, Médanos Negros and San Luis, to
better constrain the provenance of aeolian sand and its relation to Pampean loess. Médanos Grandes
sands are litharenites to feldspathic litharenites, with metamorphic and volcanic rock fragments and les-
ser amounts of quartz and feldspar. Trace elements (U, Th, Sc, V) indicate the dominance of felsic source.
A mixed provenance, with contributions from Sierras Pampeanas metamorphic–igneous complex, pre-
Quaternary volcanic rocks and direct input from Andean explosive volcanism, is assumed. Médanos
Negros sands are lithic feldsarenites, with abundant feldspars and quartz and lesser amounts of rock frag-
ments. Trace elements indicate a mafic source for these aeolian sands, geochemically and petrographi-
cally distinct likely due to the input of ultramafic-mafic lithologies of the Sierra Pampeanas. The San
Luis sand has substantial petrographic variability with lithic feldsarenites, feldspathic litharenites and
lithic arenite. Trace element composition indicates a felsic source. A diagnostic attribute is the dominance
of fresh pumice and volcanic glass shards. Contributions from Andean volcanic sources and local meta-
morphic and igneous rocks are ascertained. Pampean loess and western Argentina dune field sand show
broad petrographic and geochemical similarities indicating aeolian sand, silt particles and, eventually, far
travelled dust may have a relatively common source. Another viable source for loess is associated with
aeolian abrasion in the many dune fields in western Argentina.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

Quaternary dune fields and other aeolian landforms are com-
mon surficial features of central-western Argentina (e.g. Iriondo
and Kröhling, 1996; Carignano, 1999; Muhs and Zárate, 2001;
Tripaldi, 2002a,b; Zárate, 2003; Tripaldi and Forman, 2007). These
extensive aeolian deposits (Fig. 1) are principally related to uplift
and enhanced glaciation of the Andes since the Miocene, aug-
mented in the Quaternary with volcanic ash input (Clapperton,
1993; Zárate, 2003). The central and western Pampas are covered
by an extensive aeolian cover (‘‘Pampean Sand Sea”, Iriondo and
Kröhling, 1996; Iriondo, 1990, 1999), grading to the northeast
and east to loess and loessoid sand (Zárate and Blasi, 1991; Bidart,
1992; Kröhling, 1999a). Loess deposition also extended into moun-
tainous western Argentina with loess-paleosol sequences in Tuc-
umán province spanning the past ca. 1.15 million years (Kemp
et al., 2003, 2004a,b; Schellenberger and Veit, 2006). In central
ll rights reserved.
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Argentina (Córdoba province) discrete intervals of loess deposition
were recently recognized during glacial and potentially interglacial
intervals (Kemp et al., 2006). Large ergs also occur to the west
(Tripaldi, 2002a,b) in intermontane areas of the Sierras Pampeanas,
Precordillera and the Andean Cordillera (Fig. 1), which have been
episodically active in the late Pleistocene to late Holocene (Tripaldi
and Forman, 2007).

Teruggi (1957) seminal contribution outlined granulometric and
mineralogic composition of the Pampean loess and showed that the
coarse fraction is mainly composed of an assemblage of volcanic
minerals. Subsequent studies revealed a loess composition domi-
nated by volcanic elements (as lithic fragments and glass) and with
variable proportions of bedrock lithic components, characteristic of
specific regions of Argentina (Tricart, 1973; González Bonorino,
1965; Zárate and Blasi, 1991; Kröhling, 1999b; Morrás, 1999; Zárate,
2003). Case in point, the modal sand fraction of the typical loess
(southern Santa Fé province) has abundant polycrystalline quartz-
tridimite, frequent glass shards derived from acid rocks, scarce
plagioclase and lithic fragments and low percentages (1%) of heavy
minerals (Kröhling, 1999a). Whereas, in northern Buenos Aires, loess
and loessoid sediments show variable amounts of quartz (6–13%),

http://dx.doi.org/10.1016/j.aeolia.2010.01.001
mailto:alfo@gl.fcen.uba.ar
mailto:ciccioli@gl.fcen.uba.ar
mailto:sualonso@gl.fcen.uba.ar
mailto:slf@uic.edu
http://www.sciencedirect.com/science/journal/18759637
http://www.elsevier.com/locate/aeolia


Fig. 1. Geologic setting and location of the studied dune fields.
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feldspars (33–49%), lithic fragments (2–23%) and glass (19–39%)
(Tonni et al., 1999; Orgeira et al., 2002; Tófalo et al., 2008). Recent
studies have focused on defining the geochemical fingerprint for
Pampean loess (Morrás, 2003; Schellenberger and Veit, 2006) to
evaluate sources for dust from Antarctic ice cores (Gallet et al.,
1998; Smith et al., 2003; Gaiero et al., 2004, 2007).

Comparatively little attention has been paid to the mineralogi-
cal and geochemical composition of the Quaternary aeolian sand
from western Argentina and the associated provenance. Initially,
González (1981) described aeolian sand rich in quartz, mica and
pumice clasts in Pleistocene deposits related to Bebedero salt
marsh (Salinas del Bebedero, Fig. 1). Sánchez and Blasarín (1987)
reported that the aeolian sand in Córdoba province, near Río Cuarto
city (Fig. 1), is composed principally of K-feldspar (47–64%),
volcanic glass shards (13–28%), quartz (11–27%) and plagioclase
(4–13%), with principal heavy minerals of amphiboles, tourmaline,
micas, apatite, zircon, garnet and opaque minerals. Mineralogical
studies for aeolian sand in southern San Luis province (Fig. 1) show
a similar sand composition with high proportion of K-feldspar
(53%), quartz (14%), volcanic glass shards (10%), plagioclase (9%),
alterites (6%), ferromagnetic minerals (4%) and 3% of heavy
minerals (Strasser, 1982). Iriondo and Ramonell (1983) also found



Fig. 2. Landsat ETM images and wind data of studied dune fields: (a) Médanos
Grandes; (b) Médanos Negros; (c) San Luis.
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in southern San Luis Province aeolian sand rich in K-feldspar (42%),
quartz (27%), alterites (12%), volcanic glass shards (7%) and plagio-
clase (4%). Aeolian sand exposed along Mar Chiquita lake are com-
posed of volcanic glass shards (1–54%), quartz (18–50%),
plagioclase (9–34%), altered feldspar (6–24%), K-feldspar (1–7%),
lithic fragments (0–19%), alterites (4–22%) and 4% of heavy miner-
als (Iriondo and Kröhling, 1999). Mineralogic signature of Pampean
loess and dune fields indicate a source from the Salado–Desagua-
dero-Curacó River (Iriondo, 1990).

The diverse mineralogy of sand and loess across central Argen-
tina indicates potentially multiple sources of the aeolian material
and more quantitative studies are needed to better assess prove-
nance. In this study, we examine the petrography and geochemis-
try of aeolian sand from three representative dune fields of
western Argentina (WADF, Fig. 1) in an attempt to constrain the
sources of these sediments and to compare them with the pub-
lished loess and aeolian sand composition. The three studied dune
fields are: Médanos Grandes (MG), Médanos Negros (MN) and San
Luis (SL). The petrographic composition of the WADF sands is used
to infer possible sources for aeolian sediments (Dickinson, 1985; Le
Pera and Critelli, 1997; Critelli et al., 1997). Elemental analysis is
employed to discern distinct geochemical signatures (McLennan,
1989; Kasper-Zubillaga et al., 1999; Pease and Tchakerian, 2003).
This data together with previously presented geomorphic and
chronostratigraphic assessment (Tripaldi and Forman, 2007) yield
new insights on the provenance and paleoclimatic implications
for dune fields in western Argentina.

2. Geologic and climatologic context

The three studied dune fields have distinct geologic and climatic
attributes. The Médanos Grandes (MG) and Médanos Negros (MN)
dune fields occur in intermountain valleys of western Argentina re-
lated to the Andean orogen where hills are composed of a variety of
lithologies. In contrast, San Luis (SL) dune field is located in the
western margin of the Pampean plain with high relief hills to the
north, composed mostly of metamorphic–igneous rocks (Fig. 1).

The Médanos Grandes dune field (San Juan Province) is bounded
by the Sierra de Pie de Palo to the north, a 3100-m high massif
mainly composed of Precambrian-Lower Paleozoic metasedimen-
tary and metavolcanic rocks, the latter ones from ultramafic-mafic
to acid compositions (Vujovich and Kay, 1996, 1998) and is
truncated or partially buried by colluvial and fluvial deposits along
its east, west and southern margins (Fig. 2a). The Sierra de Valle
Fértil rises up to 2800 m to the northeast and is mostly composed
of Precambrian-Lower Paleozoic metasedimentary rocks and non-
to strongly metamorphosed, mafic to acid igneous rocks (Dalla
Salda et al., 1999; Otamendi et al., 2009). Mesozoic sedimentary
rocks appear in the Sierra de Valle Fértil as well, and outcrop to
the south forming the lower relief Sierra de Guayaguas (Fig. 1).
Pie de Palo and Valle Fértil are included in the Sierras Pampeanas
geologic province. Other important sources of sediments, located
to the west of MG dune field are the Andes and the Precordillera.
The Andes, which rise up to 6000 m, are composed principally of
Upper Paleozoic granitic and volcanic successions and of Upper
Paleozoic, Mesozoic and Cenozoic sedimentary and volcanic rocks
(Fig. 1). Adjacent to the east of the Andes, and separated by a long
valley, is the Precordillera that constitute a series of hills, rising up
to 3000 m, composed of mainly Paleozoic and Cenozoic sedimen-
tary rocks together with minor Upper Paleozoic volcanites (Fig. 1).

The Médanos Negros dune field (La Rioja province) is located in
an endorheic basin limited to the east by Sierra de los Llanos and
Sierra de Ulapes and to west by the Sierra de Valle Fértil and the
Sierra de Guayaguas (Fig. 1). Los Llanos and Ulapes chains are
formed by rocks of the same composition of the previously
described the Sierra de Valle Fértil, together with subordinate
Upper Paleozoic and Cenozoic sedimentary successions. Aeolian
sand for this dune field is principally sourced from related alluvial
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and lacustrine deposits, the latter associated with the Mascasín
Salt Pan (Salinas de Mascasín), which is encroached partially by
dunes (Fig. 2b). Mascasín Lake is feed by episodic runoff from the
Valle Fértil, Guayaguas, and the Los Llanos and Ulapes hills (Fig. 1).

The San Luis dune field (San Luis Province) is immediately south
of the 2000 m high Sierra de San Luis and Sierra de los Comechin-
gones (Sierras Pampeanas geologic province), which are mainly
composed of Precambrian-Lower Paleozoic metamorphic–igneous
complexes, with minor amounts of Cenozoic volcanic and Meso-
zoic sedimentary rocks (Fig. 1). The aeolian cover of San Luis grades
laterally into fine-grained fluvial deposits, and constitutes the wes-
tern margin of a large erg developed across the Pampas and re-
ferred to as the ‘‘Pampean Sand Sea” (Iriondo and Kröhling, 1996;
Iriondo, 1999; Kröhling, 1999a,b). San Luis dune field is limited
to the northeast by the Quinto River, having its headwaters in
the Sierra de San Luis, and to the east by the Desaguadero River.

The studied dune fields, San Luis, Médanos Negros and Médanos
Grandes, lie on a precipitation gradient with mean annual values
decreasing east to west from �700 mm near Villa Mercedes, to
�370 mm at Chepes, and to �91 mm in San Juan (Compagnucci
et al., 2002). A striking characteristic is the seasonal precipitation
distribution, with over 70% of precipitation occurring in austral
spring and summer months of October through March associated
with the southward expansion of the South American Convergence
Zone (e.g. Barros and Silvestri, 2002). Mean maximum summer
temperatures during this rainy season can often exceed 35 �C,
enhancing evaporative losses.

3. Geomorphology of WADF

Médanos Grandes (MG) dune field has a variety of dune forms.
The dominant landforms are 50-m high parallel ridges, spaced be-
tween 0.25 and >1.5 km, exceeding 5 km in length and with a pre-
ferred NNW to SSE orientation (Fig. 2a). Most of these ridges are
asymmetric (transverse dunes), with steeper sides facing NNE in
the northern area and SSW to the southern region, indicating
opposing wind directions. Smaller, linear dunes and orientated
NW to SE are superimposed on these ridges. Large blowout dunes
also occur in the central area of MG dune field. This complex pat-
tern of dune forms is surrounded by a lower relief, rolling surface
formed mainly by linear dunes, orientated from N–S to NW–SW.

Médanos Negros dune field is dominated by transverse forms at
two distinct scales and orientation (Fig. 2b). Larger forms are west-
to-east oriented ridges with troughs spaced �2-to-4 km apart, and
with about 50 m of relief and steeper sides facing south. Superim-
posed on this undulating topography are 5-to-10 m high, transverse
dunes facing SSW to SW. Moreover, these transverse dunes extend be-
yond the host landforms, to the west and to the south, showing sinu-
ous crests that are often highly modified by coppice dunes. Linear
dunes (3–5 m high, 20–30 m wide and 100’s m long) commonly occur
to the northeast, associated with subjacent salt-rich lake deposits,
whereas sand sheet deposits occurs farther to the southwest, associ-
ated with alluvial fans emanating from the Sierra de Guayaguas.

San Luis dune field is characterized by a mantle of aeolian sands
that show different degrees of deflation and aeolian reworking in
the form of simple and compound parabolic dunes and blowouts
(Fig. 2c). Single parabolic dunes are about 900 m in length and
250 m in width, with compound forms averaging 2000 m in length
and 1130 m in width, in all cases with orientation indicating paleo-
winds mostly from the southeast. To the eastern area of the dune
field active, irregular blowouts dominate, showing large and irreg-
ular surfaces of loose sand spreading out over their southwestern
margins. Many blowout depressions are often filled with water
forming perennial lakes.

Analysis of wind data from San Juan (hourly), Chepes (three
times daily) and Villa Reynolds (hourly) weather stations near
MG, MN and SL dune fields, respectively, illustrates the main wind
directions (data from Servicio Meteorológico Nacional, Buenos Ar-
ies, Argentina). In MG dune field winds are mostly from the south
to southwest; in MN dune field there is a strong northeasterly wind
component, whereas SL dune field shows dispersed components
from the northeast to the southeast (Fig. 2).

The studied dune fields show a dispersed vegetation cover
mostly dominated by shrubs and short grasses but with variable
amounts of trees (scattered in MG but more significant in MN
and SL), that hinder the wind transport of sand.

4. Methodology

To characterize the petrography and geochemistry of aeolian
sand from WADF sediments were collected from stratigraphic sec-
tions in the three dune fields from east to west: San Luis, Médanos
Negros and Médanos Grandes (Figs. 1 and 2). In each locality two
sections were logged and sampled: Lizard and Zonda sections in
MG, Mascasín and Scorpion in MN and New Scotia and Blowout
in SL (Fig. 3). Detailed descriptions of these sections are in Tripaldi
and Forman (2007). The granulometry of the aeolian sediments
was determined for the sand to coarse silt grain size by sieving
at 0.25 phi intervals using Tyler meshes and a Ro-Tap. The concen-
tration of sediments finer than 64 ml is <7% in all samples. Log-
normal populations mean and standard deviation were calculated
from granulometry by the moment method whereas median,
skewness and kurtosis were determined by graphic formulas after
Folk and Ward (1957).

The medium to fine sand fractions were separated to determine
petrographically mineral composition. Grains were mounted in
epoxy resin and subjected to standard petrographic analysis
(Potter et al., 2001; Garzanti et al., 2005). In each sample, 300
grains were counted by the Gazzi–Dickinson method
(Gazzi, 1966; Dickinson, 1970). Roundness was estimated by visual
comparison in thin sections after Powers’s (1953) table.

The recognized components of aeolian sand of WADF are shown
in Table 1. Quartz (Q) grains were separated in monocrystalline (Qm)
and polycrystalline (Qp) types, whereas among feldspar (F), K-feld-
spar (FK), plagioclase (P) and microcline (M) were recognized. Rock
fragments (L) include volcanic (Lv), metamorphic (Lm) and sedimen-
tary (Ls) lithics. Volcanic sand grains were subdivided into paleovol-
canic (Paleo-V) and neovolcanic (Neo-V) grains following Critelli and
Ingersoll (1995). The paleovolcanic grain category includes fresh or
faintly altered volcanic fragments of acid composition (Lva); fairly
altered volcanic fragments of basic composition (Lvb) and rounded
and metamorphosed volcanic fragments of intermediate to basic
compositions (Lvbm). Neovolcanic grains, derived from active volca-
nism during sedimentation, comprise fresh glass shards and pum-
ices (Glass). Metamorphic fragments (Lm) include phylite, schist
and amphibolite types. Whereas, siliciclastic and carbonate lithic
fragments were categorized as sedimentary rock fragments (Ls).
Accessory minerals include micas, both biotite and muscovite, and
amphiboles, pyroxenes, zircons and opaques.

Petrographic data for sand grains are the basis for classification of
aeolian sands and to infer provenance for the studied dune fields.
Sands are classified according to the Q:F:L (quartz, feldspars and rock
fragments) ratio following Folk et al. (1970). The relation among
quartz, feldspars and rock fragments, the presence of different kinds
of feldspars, the relative amounts of volcanic, sedimentary and
metamorphic rock fragments and the discriminations between dif-
ferent types of volcanic lithics, among other features are the basis
for inferring sediment source (Dickinson, 1985; Ingersoll, 1990; Le
Pera and Critelli, 1997; Critelli et al., 1997; Kasper-Zubillaga et al.,
1999; Kasper-Zubillaga and Dickinson, 2001). The composition of
sand may not depend exclusively on the source rocks but may be
affected by the physiography and chemical weathering in the source



Fig. 3. Logged sections in MG, MN and SL dune fields with location of samples.
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area of the sediment (Basu, 1985). However, the studied sediments
showed no evidence of chemical weathering, nor appreciable pedo-
genesis, thus the petrographic composition was analyzed in terms of
sediment source and geomorphic context of the dune fields.

Concentrations of SiO2, Al2O3, Fe2O3(T), MnO, MgO, CaO, Na2O,
K2O, TiO2, P2O5, Ba, Sr, Zr, Y, Sc, Be, V, Th, U were determined on total
sediment aliquots by inductively coupled plasma mass spectrome-
try by Activations Laboratory Inc., Canada (Table 2). The elemental
analysis is used to evaluate the presence of distinct geochemical sig-
natures in the studied dune fields (McLennan, 1989; Rollinson, 1993;
Kasper-Zubillaga et al., 1999; Pease and Tchakerian, 2003), to exam-
ine the mineralogic maturity of the sands and to compare with pub-
lished geochemical data of Pampean loess and sand.

5. Petrographic composition of aeolian sand from WADF

WADF are composed of well to moderately well sorted, fine to
very fine sands with unimodal, symmetrical and mesokurtic gran-
ulometric distribution and <7% of material finer than 62 ml (Table
3). These features are consistent with the typical grain texture of
aeolian sand (Ahlbrandt, 1979). Aeolian sand from MN dune field
is somewhat less sorted than sand from MG and SL dune fields,
whereas sediments from SL dune field show the finer grained sand.
Sand grains show subrounded to subangular forms according to vi-
sual comparison (Powers, 1953).

5.1. Médanos Grandes dune field

Aeolian sands from MG dune field are litharenite to feldspathic
litharenites (Fig. 4a) showing a varied composition of lithic frag-
ments (Fig. 4b). Rock fragments are by far the most abundant
component (�70% of whole sand), followed by feldspars (�15%
of whole sand), quartz (�13% of whole sand) and accessory miner-
als (�9% of whole sand). The two studied sections in this dune field
showed slight differences in their modal composition (Table 1).
The Lizard section is dominated by rock fragments of high grade
metamorphic rock types (�89% of total lithics), including gneissic,
amphibolitic and schistose grains (Fig. 5a). Accessory minerals are
remarkably abundant (�14% of whole sand) with micas (biotite
and muscovite), amphiboles with green pleocroism, pyroxenes,
opaque minerals and zircon. Volcanic lithics are recognized also,
with both paleo- and neo-types. Paleovolcanic rock fragments are
mostly highly altered basic volcanic grains with microlithic and
intergranular textures. Whereas, neovolcanic species are domi-
nated by fresh glass shards and pumice (2–10% of whole sand).
Quartz and feldspars are also present in this sand, but as minor
amounts (�16% and 14% of whole sand, respectively), with K-feld-
spar being more abundant than plagioclase.

Aeolian sands from Zonda section in MG dune field show a dif-
ferent modal composition with little variation between samples of
different stratigraphic position (Table 1). In general, volcanic frag-
ments are more abundant than metamorphic and sedimentary
grains. Sand from the lower part of the section has a Q:F:L ratio
of 8:11:81, where lithics are dominated by volcanic grains (�90%
of total lithics). Surprisingly there is a significant amount of glass
shards and fresh and altered pumice (41% of whole sand), and acid
and basic volcanic fragments are also common (36% of total lithics,
Fig. 5b). There are also minor amounts of methamorphic (slate and
micacite; �7%) and sedimentary lithics (�3% of total lithics). The
upper most sand from Zonda section yielded sand with Q:F:L ratio
of 19:29:52 and with a low amount of glass (1% of whole sand, Ta-
ble 1). The lithic fraction in this sand is dominated by volcanic and
metamorphic rock fragments (51% and 47% of total lithics, respec-
tively). Among the volcanic lithics, the acid and basic types are
dominant (49% of total lithics). Metamorphic lithics (Lm) include
gneissic, amphibolitic and schistose grains. Polycrystalline and
monocrystalline quartz is 8–18% of the whole sand. Feldspars are
dominated by K-feldspars (�75%) that include low altered
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orthoclase in tabular perthitic grains and minor microcline. Final-
ly, plagioclase (25% of feldspars) is present in tabular grains with
polysynthetic twining.

5.2. Médanos Negros dune field

Aeolian sands from Médanos Negros dune field are lithic feld-
sarenites (Fig. 4a) reflected by the proportion of feldspars (46–
53%), quartz (29–36%) and lithic fragments (17–18%). Accessory
minerals, mostly amphiboles with green pleocroism (Fig. 5c),
pyroxenes, biotite and muscovite, vary between 2% and 7%.

Monocrystalline quartz is more abundant (24% of whole sand)
than polycrystalline forms (�8%), whereas K-feldspar predomi-
nates slightly over plagioclase (�26% and �18% of whole sand).
Most K-feldspar is orthoclase (95%) in tabular perthitic grains,
with a low degree of alteration, and, in minor proportion, micro-
cline (2%) with the typical crosshatch structure.

MN aeolian sand shows the lowest proportion of rock frag-
ments of the three studied dune fields. The most abundant lithics
are metamorphic rock fragments (�59% of total lithics), including
slate, schist and micacite grains (Fig. 4b). Volcanic rock fragments
are second in abundance (34% of total lithics), with both paleovol-
canic and neovolcanic species (Fig. 4c). In this sand, volcanic glass
shards are scarce (less than 3% of whole sand) and paleovolcanic
fragments are composed of intermediate to mafic lithics with
intergranular and lathwork textures (Fig. 5d). Occasionally, sedi-
mentary lithics are also recognized (7% of total lithics) like silici-
clastic (Fig. 5c) and carbonate lithic fragments.

5.3. San Luis dune field

Aeolian sand from San Luis dune field shows the largest vari-
ability in composition compared to sands from Médanos Grandes
and Médanos Negros. In this locality, and according to Q:F:L ra-
tios, aeolian sand are lithic feldsarenites and feldspathic lithare-
nites, except for one sample that corresponds to a lithic arenite
(Fig. 4a). These sands show variable proportions of quartz (16–
42%), feldspars (13–38%) and rock fragments (19–66%), together
with small amounts of accessory minerals (<5%), like amphibole,
muscovite and zircon. Quartz appears mainly as monocrystalline
grains (�83% of total quartz), with slight undulatory extinction.
Polycrystalline quartz is also present but in low proportion
(5.4% of the whole sand). Among feldspars, K-feldspar is the most
abundant variety (�14% of the whole sand) whereas plagioclase
and microcline are rare (�9 and �3% of the whole sand,
respectively).

Volcanic grains are by far the most common rock fragments
(90% of total lithics) in San Luis aeolian sand, with both paleo-
and neovolcanic types, whereas some grains are composed of
low metamorphic and sedimentary fragments (Fig. 4b). In those
samples with abundant rock fragments there are also high per-
centages of fresh pumices and glass shards (16–52% of whole
sand, Table 1, Figs. 5e and f). Other volcanic lithics are acid
(�4%) and basic (�3%) grains, showing different degrees of alter-
ation. Paleovolcanic grains comprise highly altered intermediate
to basic rock fragments (�4.5%).
6. Geochemical composition of aeolian sand from WADF

Geochemical data for Médanos Grandes, Médanos Negros and
San Luis dune fields are presented in Table 2 and graphed in Har-
ker diagrams (Fig. 6). The SiO2 proportion in MG and SL sands
differs between 66.32% and 75.64%, whereas in MN silica is less
variable, varying between 68.17% and 69.93%. In average, the
SiO2 content is slightly higher in MG sands than in the other



Table 2
Geochemical composition of aeolian sand of WADF.

Element: SiO2 Al2O3 Fe2O3(T) MnO MgO CaO Na2O K2O TiO2 P2O5 LOI Total Ba Sr Y Sc Zr Be V Th U
Units: % % % % % % % % % % % % ppm ppm ppm ppm ppm ppm ppm ppm ppm
Detection limit: 0.01 0.01 0.01 0.001 0.01 0.01 0.01 0.01 0.001 0.01 0.01 0.01 2 2 1 1 2 1 5 0.1 0.1

Médanos Grandes
1604-MG 75.64 11.70 2.52 0.043 0.71 1.88 3.06 2.48 0.396 0.08 1.41 99.91 615 268 25 6 181 1 46 5.8 1.6
1606-MG 75.32 11.53 2.61 0.045 0.78 1.95 3.14 2.39 0.376 0.08 1.58 99.79 587 262 19 6 143 1 46 5.8 1.6
1612-MG 70.24 13.17 3.58 0.060 1.11 2.47 3.26 2.61 0.527 0.10 2.23 99.36 592 314 27 8 225 1 63 8.0 2.1
1615-MG 66.34 13.98 4.07 0.071 1.41 2.95 3.15 2.68 0.609 0.13 3.71 99.10 556 347 29 10 245 1 69 9.1 2.4
1716-MG 72.75 12.15 3.73 0.060 0.98 2.31 3.20 2.37 0.540 0.12 1.78 100.00 565 295 22 7 256 1 79 6.9 1.8
1717-MG 71.31 12.64 3.86 0.060 1.10 2.35 2.96 2.55 0.569 0.14 1.99 99.53 595 316 27 8 254 1 79 7.3 2.1
1719-MG 69.38 13.47 3.75 0.061 1.23 2.89 3.36 2.57 0.539 0.14 3.08 100.50 564 339 26 9 208 1 69 7.4 2.3

MD 71.57 12.66 3.45 0.06 1.05 2.40 3.16 2.52 0.508 0.11 2.25 99.74 582 306 25 8 216 1 64 7.2 2.0
DE 3.32 0.92 0.62 0.01 0.25 0.41 0.13 0.11 0.088 0.03 0.84 0.46 21 33 3 1 42 0 14 1.2 0.3

Médanos Negros
1605-MN 69.93 12.96 4.71 0.089 2.00 5.10 2.54 1.44 0.535 0.15 1.03 100.50 392 222 24 18 283 2 111 5.0 1.1
1713-MN 68.63 13.22 4.99 0.088 1.99 5.01 2.40 1.37 0.522 0.13 0.48 98.83 357 204 25 19 212 2 117 4.2 0.9
1720-MN 68.17 13.79 5.15 0.092 2.10 5.25 2.10 1.28 0.526 0.07 0.80 99.34 371 203 23 20 149 2 124 4.4 0.9
1761-MN 69.93 12.96 4.71 0.089 2.00 5.10 2.54 1.44 0.535 0.15 1.03 100.5 392 222 24 18 283 2 111 5.0 1.1
1762-MN 70.35 13.69 4.49 0.084 1.95 5.32 2.43 1.33 0.46 0.08 0.72 100.9 379 201 24 18 178 2 106 4.1 0.7

MD 69.40 13.32 4.81 0.088 2.01 5.16 2.40 1.37 0.52 0.12 0.81 100.01 378 210 24 19 221 2 114 4.5 0.9
DE 0.94 0.40 0.26 0.003 0.06 0.13 0.18 0.07 0.03 0.04 0.23 0.88 15 11 1 1 61 0 7 0.4 0.2

San Luis
1607-SL 67.87 14.87 3.40 0.054 1.20 2.81 3.79 2.87 0.472 0.07 2.67 100.10 680 334 23 8 172 2 56 9.0 2.5
1608-SL 67.68 14.82 3.49 0.063 1.16 2.86 3.79 2.74 0.498 0.08 2.50 99.70 661 345 23 8 168 2 63 9.4 2.3
1609-SL 66.99 15.06 3.57 0.055 1.24 3.10 3.79 2.60 0.518 0.08 2.09 99.09 698 370 22 8 180 2 65 7.5 2.1
1610-SL 67.14 14.82 3.37 0.059 1.16 2.91 3.74 2.88 0.467 0.09 2.99 99.63 660 330 24 8 183 1 59 9.4 2.5
1611-SL 66.92 15.23 3.46 0.058 1.19 2.90 3.84 2.78 0.495 0.08 2.52 99.48 693 350 23 7 169 1 58 8.2 2.2
1613-SL 66.94 15.33 3.84 0.063 1.29 3.15 3.86 2.57 0.561 0.08 2.15 99.82 700 379 22 9 178 1 70 7.9 2.1
1614-SL 68.18 14.69 3.21 0.057 1.04 2.64 3.72 2.81 0.447 0.07 2.56 99.42 711 331 24 8 174 2 56 9.2 2.5
1616-SL 66.32 15.34 3.84 0.059 1.26 2.94 3.89 2.79 0.560 0.09 2.54 99.63 672 353 24 10 202 2 76 8.9 2.4
1714-SL 70.84 13.71 3.08 0.056 1.00 2.44 3.46 2.66 0.418 0.09 2.08 99.84 656 330 23 7 175 2 55 7.9 2.3
1715-SL 69.81 14.50 3.03 0.057 1.16 2.84 3.59 2.70 0.462 0.10 2.17 100.40 687 351 20 8 149 2 63 7.6 2.2
1718-SL 69.35 14.84 3.17 0.055 1.05 2.63 3.77 2.78 0.44 0.10 2.22 100.4 725 352 21 7 168 2 58 7.9 2.3

MD 68.00 14.84 3.41 0.058 1.16 2.84 3.75 2.74 0.485 0.08 2.41 99.77 686 348 23 8 174 2 62 8.4 2.3
DE 1.42 0.46 0.28 0.003 0.09 0.21 0.12 0.10 0.05 0.01 0.29 0.40 22 16 1 1 13 0 7 0.7 0.2
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Table 3
Granulometric parameters of aeolian sand of WADF. References: SD, standard
deviation; / 1%, first percentile; KG, kurtosis; SK1, asymmetry; % <62 lm, proportion
of material finer than 62 lm.

Sample Mean SD Mode / 1% Median KG SK1 % <62 lm

MG05-07 3.25 0.52 3.50 1.70 3.10 1.05 0.02 4.85
MG05-10 3.30 0.54 3.50 1.70 3.20 0.94 �0.06 6.40
MG05-12 3.08 0.49 3.00 2.10 2.80 1.09 0.39 5.20
MG05-18 2.84 0.40 2.75 2.00 2.60 1.07 0.32 0.30

Mean 3.12 0.49 3.19 1.88 2.93 1.04 0.17 4.19
DE 0.21 0.06 0.38 0.21 0.28 0.07 0.22 2.68

MN05-01 2.96 0.61 3.00 1.50 2.80 1.02 0.04 3.50
MN05-02 2.99 0.61 3.00 1.50 2.90 1.02 0.04 1.20
MN05-04 2.96 0.61 3.00 1.40 2.80 1.02 0.04 3.50

Mean 2.97 0.61 3.00 1.47 2.83 1.02 0.04 2.73
DE 0.02 0.00 0.00 0.06 0.06 0.00 0.00 1.33

SL05-19 3.35 0.49 3.50 1.80 3.20 1.23 0.03 6.60
SL05-23 3.34 0.55 3.50 1.40 3.30 1.72 �0.17 3.30
SL05-25 3.31 0.51 3.50 1.30 3.20 1.23 �0.03 3.70
SL05-26 3.24 0.58 3.50 2.40 3.20 1.23 0.15 2.90

Mean 3.31 0.53 3.50 1.73 3.23 1.35 0.00 4.13
DE 0.05 0.04 0.00 0.50 0.05 0.25 0.13 1.68
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two dune fields, with a mean value of 71.57%, whereas mean silica
in MN and SL sand are 68.91% and 68.00%, respectively. The highest
concentration of alumina appears in SL sand, with an average of
14.85% of Al2O3; MG dune sands have lower values (av. 12.66%,
Fig. 6).

The composition of the other major oxides is somewhat similar
between MG and SL sands whereas sand from MN dune field shows
a distinctive geochemical signature. This geochemical similarity for
MG and SL sands is particularly evident in the percentages of CaO,
Fe2O3(T), MgO, MnO, Na2O and K2O (Fig. 6). In contrast for MN
sands the contents of MgO (av. 2.00%) and CaO (av. 5.12%) are al-
most twice the amounts of these oxides in MG (av.1.05% and
2.40%) and SL (av.1.16% and 2.88%) sands. The proportion of
Fe2O3(T) and MnO are also higher in MN sand than in MG and SL
sands resulting in clear differentiation of MN sands on Harker dia-
grams (Fig. 6). The MN sands also have the lowest alcalis (Na2O,
K2O) values, whereas MG and SL sands have relatively elevated val-
ues (Fig. 6)
Fig. 4. Petrographic composition of WADF sand: (a) sand classification according to Folk
(Lv) rock fragments; c, distribution of glass, intermediate to basic paleovolcanic (Lvb + L
Trace element composition of WADF sand also shows some dis-
tinctive trends for the three studied dune fields. The most distinc-
tive tendencies are the presence of higher values of Ba, Sr, U and Th
elements in MG and SL sands than in MN sand, with corresponding
lower values of Sc and V elements (Table 2). Average Ba content for
MG and SL sands is 582 ppm and 686 ppm, respectively, but only
373 ppm for MN sands. MG sand exhibit mean Th and U of
7.2 ppm and 2.0 ppm, whereas SL and MN have corresponding Th
and U values of 8.45 and 2.31 ppm and 4.5 and 1 ppm. Sr content
covaries like U and Th with averages of 306 ppm and 348 ppm
for MG and SL sands, respectively, and nearly 210 ppm in MN
sands. Noticeable is the high mean content of V, 117 pm, for MN
sands, compared to 64 and 62 ppm for MG and SL sands,
respectively.

WADF geochemical data allow discrimination of the three stud-
ied dune fields (Fig. 7) The plot of Ba versus K2O differentiates well
sand from MG, SL and MN dune fields (Fig. 7a). Various elemental
ratios, including La/Sc, La/Co, Th/Sc, are appropriate geochemical
discriminators, reflecting contribution from mafic and felsic source
rocks. La and Th tend to concentrate in felsic igneous rocks
whereas Co, Sc and Cr have higher concentrations in mafic rocks
(e.g., Wronkiewicz and Condie, 1987; Osae et al., 2006). Th/Sc vs
Sc plot of WADF also discriminates well MN sand from MG and
SL sands (Fig. 7b). The Th/Sc ratios of 0.82–1.17 for MG and SL
sands indicate a felsic source, whereas MN sand yield lower ratios
of 0.22–0.28 suggesting a mafic source, according to ranges pre-
sented by Condie (1993).

Continental crust rocks are usually enriched in U, whereas ele-
vated V reflects ultramafic–mafic rocks. Thus, sediments derived
from felsic sources usually have high values of U, whereas ultra-
mafic–mafic source rocks supply sediments with elevated V con-
tent (Bhatia and Crook, 1986). MG and SL sands have average U
content of 2.0 and 2.3 ppm, respectively, and MN sand a noticeably
lower average value of 1.00 ppm. In contrast, MN sand has higher V
values (av. 117 ppm) than MG and SL sand, both with average V of
63–64 ppm (Table 2). U and V contents indicate that MG and SL
sands are derived principally from a felsic source while MN sand
shows a relatively more mafic provenance.

The more mafic signature of MN sand probably reflects the sig-
nificant presence of ultramafic–mafic lithologies in the Valle Fértil,
Los Llanos and Ulapes hills (Vujovich and Kay, 1996, 1998;
Otamendi et al., 2009). These high relief mountains enclose MN
et al. (1970); (b) distribution of sedimentary (Ls), metamorphic (Lm) and volcanic
vbm) and acid paleovolcanic (Lva) rock fragments.



Fig. 5. Compositional variation of WADF sand: (a) metamorphic rock fragments from MG dune field; (b) acid (Lva) volcanic rock fragments, K-feldspars (FK) and quartz (Q)
from MG dune field; (c) quartz grains (Q) with well preserved quartz overgrowth (arrowed), amphibole (Am) and sedimentary rock fragment (Ls) from MN dune field; (d)
basic volcanic rock fragment from MN dune field; (e) glass shards, pumices (P), acid (Lva) and basic (Lvb) volcanic rock fragments from SL dune field; (f) close view of fresh
glass shard and pumice from SL dune field.
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dune field and was a major sediment source for the alluvial system
and, subsequently, for the aeolian dunes. MG sand may be also
sourced from Sierra de Valle Fértil (Fig. 1) and from Sierra de Pie
de Palo that exposes numerous metasedimentary successions. An
additional source area for MG dune field is the Andean Precordillera,
which contains felsic volcanic lithics and glass that would dilute the
mafic signature from more proximal sources in the Valle Fértil
Range. The felsic signature of SL sand indicates a significant propor-
tion of sediments derived from the Andes, though there may be
local contributions from the Sierra de San Luis, which includes some
igneous rock outcrops of ultramafic–mafic composition.

Th and Zr are often concentrated in more mature sands, as these
elements are highly resistant to weathering (Taylor and Eggleton,
2001, p. 140, 143). The binary plot of Th/Sc vs. Zr/Sc ratios clearly
discriminates MN sand from MG and SL sands (Fig. 7d). The lower
Th and Zr contents in MN samples suggest that this sand is rela-
tively mineralogically immature, with less transport and recycling
than sands from MG and SL dune fields. Likewise, MN sand shows
commonly grains with well preserved quartz overgrowths indicat-
ing limited sand transport (Fig. 5c). This apparent mineralogical
immaturity of MN dune sand reflects the setting with the dune
field developed in an endorheic basin and sand derived from local
sources (Fig. 1). In contrast, MG and SL sands are relatively mature
sediments probably sourced from extensive alluvial plains (Fig. 1).

7. Provenance of aeolian sand of WADF

Aeolian sand is mainly derived from the reworking of fluvial or
lacustrine deposits and less commonly from direct bedrock sources
(e.g. Cooke and Warren, 1973; Fryberger and Ahlbrandt, 1979; Muhs
et al., 2003; Yang et al., 2007). The composition of the WADF deposits
reflects the complex mixtures of mono and polycrystalline grains
eroded from rocks of highly diverse composition (Fig. 1), and then
transported by colluvial, fluvial and aeolian processes. The sand
samples of the three studied dune fields show compositional differ-
ences reflected in the QFL and QmFL ratios, proportions of volcanic
and metamorphic rock fragments and amounts of glass and acces-
sory minerals (Table 1 and Fig. 8). These different petrographic com-
positions point to various sediment sources. WADF sands are related
principally, via fluvial systems, to three main provenances: (1) pre-
Quaternary volcanic rocks, (2), metamorphic-igneous rocks and (3)
contemporary explosive volcanism. The pre-Quaternary volcanic
lithics come mainly from the Andean Cordillera, but also from the
Precordillera and the San Rafael Block. Sierras Pampeanas are the



Fig. 6. Harker diagrams showing the distribution of major oxides in MG, MN and SL sands.
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main supplier of metamorphic–igneous rock clasts in central-wes-
tern Argentina while the fresh glass was originated from explosive
volcanism of the Andes during the Quaternary. Although extended
Quaternary volcanic rocks appear in southern Mendoza province
(Fig. 1). Those outcrops are a secondary sediment source because ba-
salt flows are characteristically unweathered and dissected by low
order streams with limited transport capabilities.

The litharenite to feldspathic litharenites of MG dune field show
greater proportion of lithic fragments than quartz and feldspar and
most of the lithics are fragments of metamorphic and volcanic
rocks (Fig. 4). MG sands also have variable amounts of accessory
minerals (like micas, amphiboles, pyroxenes opaque minerals
and zircon), much of the quartz is polycrystalline and feldspars
are mainly K-feldspars. Volcanic components in MG sands are
paleovolcanic and neovolcanic sources (Fig. 4). These petrographic
features suggest a mixed provenance with elements from Sierras
Pampeanas metamorphic–igneous complex, pre-Quaternary volca-
nic rock assemblages and Quaternary Andean explosive volcanism.

The lithic feldsarenites of MN dune field present the greatest pro-
portions of feldspar grains in relation to quartz and lithics, together
with high quantities of accessory minerals (mainly amphiboles and
pyroxenes) and small amounts of paleovolcanic rock fragments of
intermediate to mafic types. Rock fragments are dominated by meta-
morphic lithologies, like slate, schist and micacite grains and K-feld-
spars are equally abundant as plagioclases. The petrographic
composition of MN sand indicates a provenance dominated by the
metamorphic–igneous complexes of the Sierras Pampeanas.

The SL sand shows the greatest mineralogical variation with
lithic feldsarenite, feldspathic litharenite and lithic arenite, due
to variable proportions of feldspars and rock fragments and less
quartz. In turn, those sands have appreciable amounts of metamor-
phic rock fragments and have higher amounts of accessory miner-
als (like amphibole, muscovite and zircon). A significant feature of
SL sand is the presence of fresh pumices and glass shards (Figs. 4c
and 5e). The SL sand composition reveals a mixed provenance with
volcanic elements from the Andes and variable proportions of Sier-
ras Pampeanas metamorphic–igneous rocks, similar to that por-
trayed by MG sand.

WADF sand petrographic analysis indicates that MG and SL
share a common provenance with Andean volcanic and Sierras



Fig. 7. Geochemical signatures of WADF sand illustrated by the relations between potassium (K2O) and barium (Ba) (a), thorium (Th), zirconium (Zr) and scandium (Sc) (b),
uranium (U) and vanadium (V) (c), thorium/scandium and zirconium/scandium (d).
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Pampeanas contributions. A noticeable feature of MG and SL sands
is the persistent occurrence of fresh glass indicating significant
sand contributions from Quaternary explosive volcanism. Whereas
MN dune sand reflects lithologies almost solely from the Sierras
Pampeanas basement.

Geochemical data underscores petrographic trends with notice-
able similarities between MG and SL and distinctive signature of
MN sands (Fig. 6). Specifically, MN shows higher amounts of
MgO, CaO, Fe2O3(T), MnO and lower amounts of Na2O and K2O than
MG and SL sands. Equally diagnostic are trace elements like Ba, Sr,
Th and U which are higher in MG and SL sands than in MN one,
whereas on the contrary Sc and V contents in MN almost double
the values in MG and SL sands. These geochemical tendencies por-
tray a felsic signature for MG and SL sands and a relatively more
mafic one for MN sand. The principal contribution of felsic ele-
ments in MG and SL sands are derived from Andean sources
whereas the more mafic signature of MN sand reflects the signifi-
cant presence of ultramafic–mafic lithologies in the Valle Fértil, Los
Llanos and Ulapes hills that enclose this dune field (Vujovich and
Kay, 1996, 1998; Otamendi et al., 2009).

Provenance petrographic studies typically employ discrimina-
tive ternary plots (see Dickinson, 1985), to evaluate the source
and tectonic setting of ancient sandstones (Dickinson et al.,
1983; Ingersoll, 1983; Net and Limarino, 2006). This methodology
is also useful to evaluate sources and associated processes for Qua-
ternary fluvial and aeolian terrains (Critelli et al., 1997; Le Pera and
Critelli, 1997; Kasper-Zubillaga et al., 1999; Kasper-Zubillaga and
Dickinson, 2001). Thus, the provenance patterns for WADF are ana-
lyzed by plotting the sand composition in the diagrams proposed
by Dickinson et al. (1983). In the QFL diagram aeolian sand from
SL and MN dune fields resides in the dissected arc field (Fig. 8a),
except for one sample from the San Luis dune field which plots
in the undissected arc field due to the very high percentage of
volcanic glass (52%). Aeolian sand from MG dune field plots in
the undissected to transitional arc fields (Fig. 8a). Likewise, in the
QmFL scheme aeolian sand from SL and MN dune fields also mostly
occupies the dissected arc field, whereas sand from MG dune fields
falls into the undissected arc to lithic recycled fields (Fig. 8b). This
distribution is consistent with the location of the three studied
dune fields, east of the Andean orogen which has been uplifted
since the early Cenozoic, resulting in several volcanic sequences
(Andean orogenic cycle; Ramos, 1999). Moreover, the inmature
mineralogic composition of these aeolian sands is linked to
sediment sources from granitic and metamorphic rocks of the
Sierras Pampeanas and of sedimentary and pre-Cenozoic volcanic
successions outcropping in the Precordillera (Limarino et al.,
2002; Remesal et al., 2004) and the San Rafael block (Llambías
et al., 1993, 2003; López Gamundí, 2006; Bissig et al., 2002; Litvak



Fig. 8. QFL and QmFL relations from WADF sands. Provenance diagrams after Dickinson et al. (1983).

44 A. Tripaldi et al. / Aeolian Research 2 (2010) 33–48
and Poma, 2005; Litvak et al., 2007) (Fig. 1). This high relief terrain
supplied large quantities of sediments with a variable composition
to alluvial fans and streams, which developed extended alluvial
plains. Due to the semiarid to arid climate of western Argentina
many of these alluvial systems were subsequently reworked by
aeolian transport forming several dune fields.

Most of the WADF sand samples plot in the volcanic arc fields
(Fig. 8), however there are some variations in composition between
dune fields reflecting diverse geologic setting and associated geo-
morphic processes. MG aeolian sand was derived probably from
the east flowing San Juan River, emanating from the Andean Cor-
dillera and crossing the Precordillera and from the south flowing
Bermejo-Desaguadero River whose tributaries emerge from the
Precordillera and the Sierra de Valle Fértil (Fig. 1). These rivers de-
liver mostly volcanic and basement lithologies, respectively. Both
rivers have significant bed infiltration and the San Juan River ter-
minates with a large fan, another source of aeolian sand. Other po-
tential sources for aeolian sediment are the alluvial fans, at present
partially dissected, that form along the range front of the Sierra de
Pie de Palo, composed of metamorphic rocks.

MN dune field is not far away from MG dune field (about 50 km
apart) but its aeolian sand portrays a different tectonic setting,
shifted to the transitional to dissected arc fields (Fig. 8). MN dune
field is in an endorheic basin with its lower parts occupied by evap-
oritic–epiclastic ephemeral lakes (Salinas de Mascasín), which are
proximal sources for aeolian sand. These ephemeral lakes are in turn
fed by low-energy fluvial input, draining essentially the metamor-
phic–igneous complex of the Sierras Pampeanas (Fig. 1). This source
rock would explain the presence of a larger proportion of plagioclase,
feldspars and less rock fragments than those occurring in the MG and
SL sands. The dominance of mafic lithologies reflects source and
availability controls of aeolian sand restricted to this closed basin.

SL aeolian sand has a composition consistent mostly with the
dissected arc field (Fig. 8), reflecting significant percentages of feld-
spar and lithic fragments, and minor amounts of quartz. One
noticeable exception is one sand sample that has >50% of glass
and thus plots in the undissected arc field. Likely sources of aeolian
sediments are the large fluvial systems of the Quinto and Bermejo-
Desaguadero rivers. The Quinto River drains from the Sierra de San
Luis, which is composed mostly of metamorphic and igneous rocks.
In contrast the Bermejo-Desaguadero River has sediment from a
number of tributaries (San Juan, Mendoza, Tunuyán and Diamante
rivers) emanating from the Andean Cordillera. This diverse source
of sediments is reflected in the presence of volcanic and metamor-
phic–granitic lithologies in aeolian sand, as indicated on the Dick-
inson diagrams (Fig. 8). The high percentage of pumice and glass
shards in SL sand indicates an additional sand supply from Quater-
nary explosive volcanism from the Andes.

8. Results and discussion

The petrographic and geochemical compositions of WADF aeo-
lian sand indicate a mixture of sources, with a main component
from the Andes, accompanied by significant proportions of base-
ment lithologies from the Sierras Pampeanas. The volcanic compo-
nent is varied, including fragments of highly altered or
metamorphosed, intermediate to basic volcanic rocks and of
mostly fresh acid volcanic rocks. These fragments suggest an origin
from old volcanic rock outcrops (like Upper Paleozoic–Mesozoic
series, e.g. Remesal et al., 2004; Llambías et al., 1993, 2003; López
Gamundí, 2006) and from more recent volcanic successions, likely
from the thick Andean Cenozoic volcanic series (e.g. Bissig et al.,
2002; Limarino et al., 2002; Litvak and Poma, 2005; Litvak et al.,
2007). There are also variable amounts of fresh pumices and glass
shards in the WADF sand, with some samples showing none to <3%
and others ranging from �10% up to 52%. These pristine volcanic
particles may have been introduced from the deflation of pyroclas-
tic-rich alluvial sediments, as suggested by Zárate and Blasi (1993),
but also likely from direct ash fall. Significant explosive volcanism
has occurred in the Andes in the late Quaternary (González Ferrán,
1994; Naranjo and Haller, 2002; Siebert and Simkin, 2002; Risso
et al., 2008) with ash plumes covering central to northern Argen-
tina due to strong high altitude westerly–southwesterly winds
(Hildreth and Drake, 1992). In turn volcanic ash and pumice on
the landscape may serve as a saltation catalyst by providing parti-
cles for entrainment and reduction of obstacles, enhancing aeolian
transport.

Early study of the mineralogy of Pampean loess indicates that
this ubiquitous deposit is maybe derived partially from an Andean
volcaniclastic source (Teruggi, 1957). Zárate and Blasi (1993)
assumed the explosive volcanism as the predominant process of
formation for most of the particles of southern Pampas aeolian



Fig. 9. Comparison of petrographic composition of loess, loessoid and aeolian sand
from central Argentina. Plotted samples are from the here studied Médanos Grande,
Médanos Negros and San Luis dune fields and from the following authors: Iriondo
and Kröhling (1999), Strasser (1982), Iriondo and Ramonell (1983), Kröhling
(1999b), Orgeira et al. (2002), Tonni et al. (1999), Tófalo et al. (2008); Bs As, Buenos
Aires province; Sta Fe, Santa Fé province; Cba, Córdoba province; SL, San Luis
province.
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deposits. Geochemical studies show that the Neodimium isotopic
composition of Pampean loess reflects an Andean volcanic source
(Smith et al., 2003). However, other investigations illustrate that
the Pampean loess has a heterogeneous composition. For example,
Morrás (1999) presented a geochemical differentiation of Pampean
sediments based on the natural phosphorus contents in soils using
data obtained in the early 20th century. Three main compositional
regions for phosphorous were identified in southern, northern and
northeastern Pampas, which are related to different sediment
sources. The lowest values of phosphorus were found in northeast-
ern Pampas and correlated to a provenance from the Paraná River
flowing from the Brazilian shield (Morrás, 1999). The highest phos-
phorus content occurred in northern Pampas soils reflecting a sed-
iment supply from the Sierras Pampeanas mixed with Andean
volcaniclastic sediments. Finally, loess from southern Pampas
shows intermediate values and is associated with an Andean prov-
enance (Morrás, 1999). The presence of loess with different compo-
sitions across the Pampas is also portrayed in mineralogic
parameters (quartz/feldspar + glass index and percentages of hea-
vy minerals, pyroxenes and micas) according to data provided by
Morrás (2003).

This mixture of sediments from different sources in the aeolian
deposits was also highlighted by Zárate (2003), pointing out the
presence of several loess and loessoid domains across the Chaco-
Pampean region related to different source areas. The combination
of sources is also reflected in the composition of the WADF sand
which is probably derived from deflation of alluvial plains emanat-
ing from the Andes and the Sierras Pampeanas, plus the direct in-
put of volcanic ash.

The petrographic composition of aeolian sand from MG, MN and
SL dune fields is somewhat similar to aeolian sand from other
localities of central-western Argentina. The aeolian sand from
WADF has similar proportions of quartz but less amounts of K-feld-
spar and plagioclase, higher amounts of lithic fragments and
important and variable occurrence of fresh glass compared with
sand compositions published by Sánchez and Blasarín (1987),
Strasser (1982), Iriondo and Ramonell (1983), Iriondo and Kröhling
(1999) (Tables 1 and 4). In relation to Pampean loess and loessoid
sediments the WADF sand shows generally larger amounts of lithic
fragments and smaller proportions of feldspars and glass (Tables 1
and 4). The petrographic relationships between aeolian sand and
Table 4
Petrographic composition of aeolian sediments (loess, loessoid and sand) from
Argentina. Qt, total quartz; FK, K-feldspar; Plag, plagioclase; A, alterites; L, lithic
fragments. Data from: Sánchez and Blasarín (1987), Iriondo and Kröhling (1999),
Strasser (1982), Iriondo and Ramonell (1983), Kröhling (1999b), Orgeira et al. (2002),
Tonni et al. (1999) and Tófalo et al. (2008).

Locations Qt FK Plag FK + Plag Glass A + L

Aeolian sand
Southern Cba (S&B)a 19.0 55.5 8.5 64.0 20.5 –
Northern Cba (I&K) 34.0 15.0 21.5 36.5 27.5 13.0
Southern San Luis (S) 14.0 53.0 9.0 62.0 10.0 6.0
Southern San Luis (I&R) 27.0 42.0 4.0 46.0 7.0 12.0

Loess loessoid
Southern Sta Fe (K) 56.4 5.9 2.5 8.5 23.0 11.4
Northern Bs As (Orgeira et al.) 6.0 3.0 30.0 33.0 37.0 21.5
Northern Bs As (Tonni et al.)b 9.0 11.3 37.7 49.0 19.0 22.7
Northern Bs As (Tófalo et al.)c 10.0 – – 43.0 39.2 1.0

WADF sand
Médanos Grandes dune field 12.6 10.3 3.6 13.9 14.0 63.8
Médanos Negros dune field 31.6 25.7 18.4 44.1 1.50 16.9
San Luis dune field 32.2 14.0 9.1 23.1 23.0 38.1

a Alterites and lithic fragments not informed.
b Fluvially reworked loess.
c FK and Plag not discriminated.
loess are shown in Fig. 9. Among the WADF sand the closest com-
positional similarities to loess and loessoid sediments are sands
from SL dune field.

The relation between alumina and silica further aids in discrim-
inating among WADF sand with Pampean loess and aeolian sand
from other regions of Argentina (Fig. 10a). There is a slight increase
in the Al2O3/SiO2 ratio from MG to MN to SL sand, and with loess
from northern Buenos Aires province (Mercedes city; data from
Gallet et al., 1998). A published geochemical data of aeolian sand
near Río Cuarto city, southern Córdoba province (Schultz et al.,
2004), plots close to SL sand. The relation between mafic and felsic
mineralogic components, represented by the sum of iron, manga-
nese, magnesium and calcium versus the amount of potassium
plus sodium (Fig. 10b), shows that the northern Buenos Aires loess
presents a variable composition (cf. Gallet et al., 1998). Comparing
with WADF sand some loess samples are similar to MG and SL
sands while other loess are more comparable to MN sand. Southern
Córdoba aeolian sand mirrors the Al2O3/SiO2 relationship of MG
and SL sands (Fig. 10b).

Westerly Zonda (foehn) winds and other westerly winds
(related to incursions of cold fronts and to extratropical cyclones)
(cf. Prohaska, 1976; Norte, 1988; Garreaud et al., 2008) can affect
the western and central Argentina by carrying particles from the
alluvial plains that emerge from the Andes and the Sierras
Pampeanas to the Pampean plains. The dominance of west-to-
east transport of clastic sediments and the petrographic–geo-
chemical similarity between WADF sands and some Pampean
loess indicate a potential provenance for silt particles from



Fig. 10. Comparison of geochemical composition of loess, loessoid and aeolian sand from central Argentina. Plotted samples are from the here studied Médanos Grande,
Médanos Negros and San Luis dune fields, loess from northern BsAs (Buenos Aires province) from Gallet et al. (1998) and sand from southern Cba (Córdoba province) from
Schultz et al. (2004).
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western and central Argentina. The Pampean loess was analyzed
to evaluate it as a source material for the dust found in Antarctic
ice cores. Provenance analyses of Antarctic dust use principally Sr
and Nd isotopes and remote sensing to infer two main South
America sources areas: the Patagonia and the Puna-Altiplano
plateau (a 4000 m high elevated basin principally covered by
volcanic-ignimbrite deposits) (Basile et al., 1997; Prospero et al.,
2002; Delmonte et al., 2004; Gaiero et al., 2004, 2007; Gaiero,
2007). Both regions account for the contribution of volcanic mate-
rials to the Antarctic dust. This study indicates that WADF sand
also contains a significant component of volcanic lithologies,
likely derived from the extensive volcanic successions of the
Andean Cordillera, the San Rafael Block and from more restricted
outcrops of the Precordillera. The extensive alluvial plains and
dune fields emerging from these high relief areas cannot be ruled
out as one of the source of volcanic-rich aeolian sediments in
southern South America. Aeolian abrasion within the many dune
fields in western Argentina may be another source of silt and fi-
ner particles (cf. Pye, 1987; 16–18). In that sense, future Antarctic
dust provenance studies should include the central-western
Argentina as a potential source area.
9. Summary and conclusions

Aeolian sands from western Argentina dune fields of Médanos
Grandes, Médanos Negros and San Luis have distinctive petro-
graphic and geochemical composition. Provenance analyses indi-
cate lithologic components from the Andes, the Precordillera and
the Sierras Pampeanas, with significant volcanic component from
bedrock and direct airfall ash sources.

Médanos Grandes dune sands are litharenites to feldspathic lit-
harenites and have a higher proportion of metamorphic and volcanic
rock fragments than quartz and feldspar. Trace element geochemis-
try (U, Th, Sc and V content) indicates the dominance of felsic source
rocks. In total the geochemical and petrographic properties indicate
a mixed provenance with contributions from the Sierras Pampeanas
metamorphic–igneous complex, from pre-Quaternary volcanic rock
assemblages and significant input from Quaternary Andean explo-
sive volcanisms. This association indicates that aeolian sand is prob-
ably derived from San Juan and Bermejo-Desaguadero rivers that
mostly transport volcanic and basement lithologies.

Médanos Negros aeolian sands are lithic feldsarenites with
abundant feldspars and quartz and lesser amounts of lithics.
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K-feldspar abundance is similar to plagioclase whereas rock
fragments are mainly of slate, schist and micacite. Th, Sc, U and
V content indicates a mostly mafic source lithology. These aeolian
sands are geochemically and petrographically distinctive, derived
probably from nearby metamorphic–igneous complexes of the
Sierras Pampeanas, particularly the Valle Fértil Range. MN dune
field reflects source and availability controls restricted to this
closed basin.

The San Luis dune field shows substantial petrographic variabil-
ity with lithic feldsarenites, feldspathic litharenites and lithic are-
nite reflecting variable proportions of feldspar and rock fragments.
Trace element geochemistry suggests a more felsic source, similar
to Médanos Grandes. A diagnostic feature is the presence of fresh
pumices and volcanic glass shards. The composition of SL aeolian
sand reflects variable contributions from Andean volcanic sources
and metamorphic–igneous rocks from the Sierras Pampeanas, like
Médanos Grandes.

The broad petrographic and geochemical similarities among
Médanos Grandes and San Luis dune fields and Pampean loess de-
note that aeolian sand, silt particles and, eventually, far travelled
dust may share a relatively common source, for instance the
numerous west-to-east draining fluvial systems and dune fields
of western Argentina.
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