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Abstract. The Arroyo La Estacada(33°28 S, 6902 W), 1 Introduction
eastern Andean piedmont of Argentina, cuts through an ex-

tensive piedmont aggradational unit composed of a dominant ) o o
Late Pleistocene—early Holocene (LP—EH) alluvial sequencé he understanding of earth’s past climatic evolution is con-

that includes several paleosols. sidered the key to get a better understanding of the present-
One of these paleosols developed affecting the topmos@ay climatic system and the development of long-term cli-

part of likely Late Glacial aeolian deposits aggraded into amatic change forecasts (Saltzman, 2002). In particular, since
floodplain environment by the end of the Late Pleistocene the Last Glacial Maximum (LGM), ice sheet retreat and the
The paleosol shows variable grade of development along th@melioration of climate leading to our present climate con-
arroyo outcrops. Organic matter humification, carbonate acditions have not been uniform processes (Saltzman, 2002;
cumulation and redox processes were the dominant processs 39)- Specifically, at the southern tip of South America, the
associated with paleosol formation. By the early Holocene |ate Quaternary paleoclimatic conditions have been mainly
when the formation of the paleosol ended, renewed alluviarevealed by the glacial fluctuations in the Andes cordillera
aggradation and high magnitude flooding events affected théClapperton, 1993; Espizua, 1993, 1998, 1999; Coronato
arroyo’s floodplain environment. Accordignly, a period of and Rabassa, 2007; Rabassa, 2008). More recently, during
relative landscape stability in the Arroyo La Estacada basinthe last decade there has been increasing interest in late
is inferred from the paleosol developed by the LP—EH tran-Quaternary paleoenvironmental and paleoclimatic conditions
sition in response to the climatic conditions in the Andes©Of the extra-Andean region of central Argentina. As a re-
cordillera piedmont after the Late Glacial arid conditions. Sult, studies have been focused on the analysis of differ-
The analyzed Late Glacial~Holocene alluvial record of the€nt proxies (Villalba, 1990; Prieto, 1996; Piovano et al.,
Andean piedmont constitutes a suitable record of the LP—EH002; Zarate and Paez, 2002; Prieto et al., 2003; Kemp
climatic transition in the extra-Andean region of Argentina. ©t al., 2006; Boninsegna et al., 2009; Rojo et al., 2012a;
Itis in agreement with regional paleoclimatic evidence alongNavarro, 2012). In particular, the study of buried paleosols
the southern tip of the South American continent, wherehas been concentrated in the loess sequences that domi-
other pedosedimentary sequences record similar late Qudlate the Pampean region, where the largest loess plain of

ternary paleoenvironmental changes over both fluvial andS0uth America has developed with a nearly 50 m thick loess
interfluvial areas. record (Fig. 1a). In fact, the eastern region of the Pampean

plain has been a classic area to analyze Quaternary Argen-
tinean paleosols (Teruggi and Imbellone, 1987; Imbellone
and Teruggi, 1993; Blasi et al., 2001; Zéarate et al., 2002;
Kemp et al., 2004b; Imbellone and Cumba, 2003, among oth-
ers). Also, some studies were conducted in the loess—paleosol
sequence of northwestern Argentina with the aim of inferring
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swiss 2012). Paleosol formation was outpaced by a renewal of flu-
@ vial aggradation with a likely higher magnitude of flooding

: events (Zarate and Mehl, 2008; Mehl and Zarate, 2012).

Here we present results from field and micromorpholog-
ical analyses of LP—EH transition in the alluvial sequences
exposed at the banks of Arroyo La Estacada. Our identifi-
cation and description of sedimentological and local-scale
pedogenic processes in central-western Argentina during the
LP-EH transition contributes a new paleoclimatic context in
this region. A regional correlation with other synchronous
records of the extra-Andean region of southern South Amer-
ica is also made to contribute, at a continental scale, to the
knowledge of the late Quaternary climatic system and its
variability.

Fig. 1. (A) Location map. Approximate distribution of loess de-
posits in Argentina (Zinck and Sayago, 1999) and extension of th
South American Arid Diagona(B) Digital elevation model and flu-
vial drainage at the eastern Andean piedmont between 33 &rtl 34
Mendoza province, Argentina.

£ Regional setting and geological background

The study area comprises the fluvial basin of Arroyo La Es-
tacada,~ 33°28 S and 6902 W, in Mendoza province, Ar-
gentina. The region presents an arid—semiarid climate (Bur-
gos and Vidal, 1951; Prohaska, 1961). The mean annual
paleoenvironmental conditions during the Late Pleistocendemperature is 128, and the ca. 200mm average an-
and early Holocene (Kemp et al., 2003, 2004a) (Fig. 1a). Innual rainfall is mostly related to short but relatively heavy
spite of this, loess deposits of Argentina commonly lack therains during the austral spring and summer seasons (Barros
stratigraphical resolution to analyze the approximately lastand Silvestri, 2002). Vegetation corresponds to the “Monte”
14 kyr paleoclimatic—paleoenvironmental conditions (Zarateprovince according to Cabrera’s phytogeographical clas-
et al., 2000). As a consequence, and taking into account thsification (1976) and is dominated by xerophytic shrub-
large potential of South American fluvial systems for pa- lands (Roig and Martinez Carretero, 1998). Nonetheless, hy-
leoclimatic research (Baker, 2000; Zarate et al., 2000; La-drophytic communities grow where water is locally avail-
trubesse, 2003), many studies have been concentrated @ble (Rojo et al.,, 2012a). The region is included in the
the analysis of alluvial sequences of the Pampean plain (FiSouth American Arid Diagonal (SAAD) (Fig. 1a), an ecotone
dalgo et al., 1973; Zarate et al., 2000; Prieto et al., 2004fringe characterized by particularly high sensitivity for past
Quattrocchio et al., 2008; Zech et al., 2009). Some of themand present atmospheric circulation changes along its mar-
combine information from fluvial sedimentology, pedology gins (Abraham de Vazquez et al., 2000; Piovano et al., 2009).
and biological proxies and provide altogether a more com-The SAAD comprises a narrow belt of land that records a
prehensive framework for the understanding of Late Glacialmoisture source of Atlantic influence towards the north and
and Holocene paleoenvironmental—paleoclimatic conditionseast (subtropical summer rain regime), and a Pacific influ-
in Argentina. ence to the western and south-western areas (mainly domi-
Particularly, in the piedmont of the Andes frontal nated by winter precipitations) (Bruniard, 1982; Piovano et
cordillera in Mendoza province, central-western Argentina,al., 2009).
the Late Glacial and Holocene climatic changes are recorded The Arroyo La Estacada drains to the Tunuyan River basin
in the alluvial sequences exposed the alluvial sequences exFig. 1b), the main river of this piedmont area, also receiving
posed in the riverbanks of the fluvial systems draining theinputs from other minor rivers and arroyo systems. The ar-
piedmont (Fig. 1b). In the Arroyo La Estacada fluvial basin royo, of meandering pattern and perennial discharge, is fed
(eastern Andean piedmont,33°28 S and 6902 W), there by springs located along a fault line and also by Arroyo An-
is a well-constrained and laterally traceable paleosol with achayuyo, a stream collecting water in a catchment area dom-
formation interval that began ca. 12 calkyr BP and lastedinated by Paleogene deposits (Fig. 1b).
until ca. 10.6 calkyr BP (Zarate and Paez, 2002; Mehl and The geological setting of the study area corresponds to the
Zarate, 2012). The paleosol was developed over likely Latepiedmont of the frontal cordillera, the eastern morphostruc-
Glacial aeolian silty sands aggraded in a paleo-floodplaintural unit composing the Andes cordillera at this latitude
surface located in a distal alluvial fan position (Mehl and (Fig. 1a and b). The frontal cordillera is formed by a Pro-
Zarate, 2012) featured by fluvial processes related to overterozoic metamorphic complex, Carboniferous—Permian sed-
bank sheet fluid overflows and probably temporary inac-imentary rocks, a wide eruptive intrusive igneous record
tive channels of sandy braided streams (Mehl and Zaratepf Permian—Triassic age, and Quaternary volcanic rocks
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A) along the riverbanks of the arroyos crossing the area (Toms et
al., 2004; Zarate and Mehl, 2008). The Arroyo La Estacada
excavated a nearly 20 m deep valley in the RAP deposits fol-
lowed by the aggradation of a middle—late Holocene fluvial
sequence presently arranged in a fill terrace geomorphologi-
cal unit (Fig. 2a).

The RAP sedimentary deposits, comprising the LP-EH
transition interval, are divided into a lower and an upper
stratigraphic section, LSS and USS respectively (Zarate and
Mehl, 2008) (Fig. 2b). The LSS is dominantly composed of
homogeneous massive sand beds laterally continuous with
variable thickness resulting from overbank flows blanketing
inactive areas of sandy braided channels. Also, some hy-
perconcentrated flow deposits, channel lag and/or longitudi-
nal bar deposits were inferred from the presence of lenses
made up of well-rounded fine to coarse rock clasts (Mehl
and Zarate, 2012). The uppermost 2 m of the LSS record a
homogeneous and massive fine sand to silty sand deposit of
likely aeolian origin with pedological features on top giving
way to a buried soil laterally traceable for nearly 12 km along
the Anchayuyo and La Estacada arroyos riverbanks (Zarate
and Mehl, 2008; Mehl and Zarate, 2012). The minimum
interval of paleosol formation was dated from ca. 11 709—
12075calyr BP to ca. 10685-11 144 calyr BP (minimum
numerical ages reported by Mehl and Zarate, 2012).

The USS is developed on top of the paleosol (Fig. 2b).
Its base is dominated by beds of horizontally laminated
Fig. 2. Late Pleistocene-Holocene alluvial sequence at Arroyo Lagng massive sandy silts and clayey silts of variable thick-

Estacada(A) View of the three geomorphological units differen- noqq They are interbedded with thin massive either hor-
tiated at the arroyo valley: regional aggradational plain (RAP), fill .

terrace (FT) and present floodplain (PF) (Zarate, 2002; Zarate amljz'ontally Iamlnateq or' fipple cross-laminated fine sand to
Mehl, 2008).(B) Puente El Zampal study site: RAP unit at the cut silty sand layers. Limnic levels are very common throughout

bank of Arroyo Anchayuyo; lower and upper stratigraphic sections 1€S€ deposits, with the lowermost yielding a date of 10 391

(LSS, USS) are showiiC) RAP at Finca Gatica study site, Arroyo 10 753 calyr BP (Mehl and Zarate, 2012). These sediments
La Estacada. were interpreted as deposited from suspension, likely blan-

keting inactive areas of sandy braided channels, with occur-
rence of weak traction currents generating lower-flow-regime
(Caminos, 1993; Azcuy, 1993; Llambias et al., 1993; Sruogabed forms (Mehl and Zarate, 2012). The USS middle and up-
et al., 2005, among others). Arroyo La Estacada is locateger parts show interbedded massive silty sand and sandy silt
in the northern tip of the Tunuyan Depression, a Quaternanjayers. Two abutting paleosols develop near 6 m depth, the
tectonic basin developed in the piedmont area and filled withupper one dated at 8454-8968 calyr BP (Mehl and Zarate,
middle to late Quaternary sediments (Polanski, 1963). The2012). Also, 1.5m below the surface a paleosol was dated at
arroyo stream cuts the Tunuyan Depression through an exter2967-3211 cal yr BP (Zarate and Mehl, 2008). In some po-
sive aggradational geomorphological unit called a regionalsitions of the fluvial basin it is overlaid by a moderately to
aggradational plain (RAP) sensu Zarate and Mehl (2008highly gypsum and silica cemented hardpan. A superficial
(Figs. 1b and 2a). The RAP is characterized by a flat and genmassive and loose fine aeolian sand blankets the uppermost
tly steepening topography dropping from near 1300 m a.s.l. apart of the RAP (Mehl and Zarate, 2012).
the footslope of the frontal cordillera mountain front to
around 700 ma.s.l. to the east where folded and thrusted
Miocene deposits bound the tectonic depression (Guadas Methodology
Plateau and Piedmont Hills — Cerrilladas Pedemontanas;
Yrigoyen, 1993; Fig. 1b). The RAP sedimentary sequenceThree locations were chosen to illustrate the different degree
is included in the ElI Zampal Formation (Zarate and Mehl, of pedological development of the ca. 10 ka paleosol along
2008), previously La Estacada and El Zampal Formations acthe Arroyo La Estacada basin. Fieldwork was carried out
cording to Polanski (1963), that would likely record at least at Puente El Zampal (PEZ; 33652’ S—-690309’ W) and
the last 120 ka, with the oldest exposures of ca. 50 ka locatefPuente Roto study sites (PR; °2825’ S-690332’ W),
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Fig. 3. (A) Sketch showing the main morphostructural units at the study area (vertical scale is exaggerated). Tunuyan Depression study area
is boxed.(B) Schematic topographic profile (adapted from Google Earth software) along the regional aggradational plain in the vicinities of
the arroyos Anchayuyo and La Estacada riverbanks. Lithostratigraphic field logs at each study site are shown.

both located at the riverbanks of the lower reach of Arroyoleosol sediments (Table 1), using the Van Bemmelen factor
Anchayuyo (Fig. 3), which contributes its waters, together(1.72), which assumes 58 % of total organic carbon in soll
with Arroyo Guajardino, to Arroyo La Estacada. The organic matter. Calcium carbonate content was determined
third study site selected was Finca Gatica°@®12’S— by using a pressure digital calcimeter apparatus and 18 mL
69°0219” W), located at Arroyo La Estacada (Fig. 3). A dis- of 15% HCI for each sample measured (Table 1).
tance of 1 km exists between PR and PEZ study sites; in turn A micromorphological analysis was conducted to help
FG is 4 and 3 km far away from both study sites respectivelywith the detection of post-depositional pedological features.
(Figs. 1b and 3). The PEZ study site was selected as a key section to conduct
The results obtained from the pedosedimentary analysis ofhe micromorphological analysis as it shows the best devel-
the LP—EH transition paleosol are interpreted and discussedpment of the ca. 10ka paleosol in the field. The analysis
on the basis of sedimentological, lithofacial, stratigraphi- was focused on the depth interval between 7.35 and 10 m of
cal and geochronological data already reported by Zaratehe alluvial sequence profile (topmost paleosol part is placed
and Mehl (2008) and Mehl and Zarate (2012) (Fig. 3; Ta- approximately at a 9 m depth, Fig. 4). On the contrary, the
ble 1). Field identifications and descriptions were conducted=G study site was chosen to analyze the paleosol in a posi-
following the main criteria pointed out by Tucker (2003), tion showing a low degree of pedological development. Due
Catt (1990) and the Soil Survey Staff (1999, 2003). Dry- to access difficulties, micromorphological analysis at the FG
sediment colors are reported according to Munsell Soil Colorprofile was restricted to the paleosol section of approximately
Chart (2000) (Table 1). Wet oxidation followed by titration 0.3 m thick, and placed at a depth of near 4.5 in the alluvial
with ferrous ammonium sulfate was used to determine thesequence profile (Fig. 6).
organic matter content (Walkley & Black’s method) in pa-
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Table 1. Late Pleistocene—Holocene transition paleosol: horizonation, structure, air-dried color sample (Munsell Soil Color Chart, 2000),
limits, organic matter (OM)-calcium carbonate (Cafy©ontents, and radiocarbon ages at the three involved study sites. Calibrated radio-
carbon ages: Calib 6.1.0 Program (Stuiver, Reimer & Reimer Copyright 1986-2¢d:4/calib.qub.ac.uk/calipAnd McCormac et al. (2004)
calibration data sets were used.

% s = T Limit R 8 Radiocarbon ages
>~ = B 25 = - = &
e) S 2 25 o 9] o Q
=1 T A =0 e H 8
2 =) S Lab no. Material 14c Age (BP) s513C Calibrated age (2) Author
] NSRL-12 644 OoM 299630 —15.0 2967-32114: 1) Zarate and Mehl (2008)
=]
= =] .
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g A 13 is gg 2 5 13m 0.2 8832-8862 : 0.022)
g o g = Beta-135581 OoM 7898 50 —25.0 8890-8890 p: 0.0004) Zarate and Mehl (2008)
3 % e O 8919-8952 f: 0.019)
(%] [}
o S £ 3 8964-8968 : 0.002)
5 = g B
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Beta-154137 oM 1711870 —21.0 Calibration curve is not valid* Zarate and Paez (2002)
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g e § & 195 130- ) Mollusk ~ 8106 — 8119 p: 0.012) )
s A é 10 YR 6/2 % % § 134 1.80 NSRL-12645 shell 7450+ 40 6.4 8133-8139 4: 0.005) This paper
g s g% 2% 8155-8345 4: 0.92)
o noc 0o
Ck or ~ _ 11275-117704: 0.99) .
BK? 10 YR 8/3 0.35 15.60 Beta-154136 oM 100260 18.3 11790-11 8054: 0.007) This paper
© Q 8 ]
] S A 2 10 YR 6/2 < < 0.13 25
=i} ] 5B 0o -
Lo = EE £2
c 10YR62 &2 £ o027 31

* Southern Hemisphere calibration curve is not valid to calibrate this age2 8igma standard deviatiop: probablity.

Micromorphological analysis was carried out on thin sec-from 1.33 to 0.40 % while calcium carbonate content passes
tions made from undisturbed blocks collected at conveniendownward from non-calcareous to very slightly calcareous
intervals in Kubiena tins (7 cm 5cmx 4 cm), then airdried  (Table 1). Approximately 0.65m below the paleosol, there
and impregnated with epoxy resin according to standardare calcitic nodules grading into calcitic mottles towards the
procedures (Lee and Kemp, 1992). Thin sections were delower levels. Numerical ages reported for this paleosol were
scribed under a Nikon Eclipse E400 Pol petrological mi- obtained from the topmost and lowermost part of the A hori-
croscope with 10-400 magnification following the ter- zon: 10685-11144calyr BP and 11709-12075calyr BP
minology and criteria proposed by Bullock et al. (1985) respectively (Table 1).
and Catt (1990). Observed key micromorphological features
(fabric, structure—microstructure, coarse/fine materials, basié¢-1.2 Puente Roto study site

components, groundmass and pedofeatures) are quantified i )
and summarized into tables attached to Figs. 4 and 6. At this study site the paleosol is 10m below the RAP sur-
face and near 10 m above the Arroyo Anchayuyo water level

(Fig. 3). It exhibits an upper A horizon and a preliminary de-
scribed Ck or Bk horizon. Faint color changes downward in

a gradual way from light brownish gray (10YR 6/2) to very
pale brown (10YR 7/3, 8/4) (Table 1). Organic matter con-
tent reaches up to 2% but decreases markedly toward the
paleosol base (Table 1). Calcium carbonate content changes
from slightly calcareous in the paleosol upper part to very
calcareous in the base exhibiting calcitic nodules. Also, there
are calcitic concretions at a depth of approximately 0.6 m be-

At PEZ study site the ca. 10ka paleosol is 9m below theIow the paleosol (Table 1). A calibrated radiocarbon age of
RAP surface and 7m above the Arroyo Anchayuyo water ' )
. v y yLyo w 11275-11805yr BP was reported from the organic matter

level (Figs. 2b and 3). It exhibits an A/C profile with a thick- tent of th | It t part (Table 1
ness of nearly 0.4 m, and it is characterized by a massive ap(Eon ent of the paleosol topmost part (Table 1).

pearance and high firmness. When broken in the hand, it has
blocky structure. Color varies downward from gray (10YR
5/1, 6/1)-light brownish gray (10YR 6/2) to light gray (10YR
711, 7/2) (Table 1). Organic matter decreases in the same way

4 Results

4.1 Macroscopic features of the Late
Pleistocene—Holocene transition paleosol

4.1.1 Puente El Zampal study site

www.clim-past.net/10/863/2014/ Clim. Past, 10, 868+6, 2014
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Fig. 4. Alluvial sequence field log at Puente El Zampal study site (Arroyo Anchayuyo) and micromorphology of the ca. 10 ka paleosol.

4.1.3 Finca Gatica study site ture and a crystallitic B-fabric. Typic calcitic nodules and
zones with diffuse impregnation of calcium carbonate are a
At FG study site, the LP—EH paleosol is placed at a depthcommon feature of these samples, occasionally associated
of 4.5m from the RAP surface and near 15m above the Ar-with a spongy microstructure (Fig. 5a). There are few cal-
royo La Estacada water level. In this location, the paleosolcitic hypocoatings around voids. Rare clay hypocoatings and
exhibits a relatively higher paleotopographic position and aexcrements infilling voids are observed along the sections
poorer degree of pedological development when comparedFig. 5b). In addition, concentrations of isotropic materials
with PEZ and PR exposures (Fig. 3). It shows a thickness ofe.g., organic matter, tephra, diatoms or phytoliths) could
0.3m, an A-C horizonation and a massive structure. Colomlso be seen. Very few to few ferruginous features (nodules,
changes from light brownish gray (10YR 6/2) in the paleosol hypo-quasicoatings and diffusion features) (Fig. 5c) are also
upper part to very pale brown (e.g., 10YR7/3, 8/4) at the basebserved.
(Table 1). Paleosol organic matter content is low, showing a The LP-EH transition paleosol (samples: PEZ 8 and 9;
very minor increase downward (Table 1). The same happen§ig. 4) shows a sedimentary matrix dominated by sandy silt
with calcium carbonate content resulting in a slightly calcare-to silty sand textures~ C/F62: 30—70 and 70-30; Fig. 4).
ous paleosol base (Table 1), where some isolated powderyhe upper soil horizon, attributable to an A horizon (sam-
concentrations of calcium carbonate can be observed. Thple: PEZ 5 8; Fig. 4), presents a weak grade of pedality
paleosol has not been dated at this site. Nonetheless its Latnd a B-fabric varying across the thin section among cross-
Glacial to early Holocene age was inferred from its position striated, reticulate striated and unistral. Although the soil
10m above a tephra level correlated with the 24 to 30 ka BAmass exhibits a general homogeneous appearance related to
tephra layers dated by Toms et al. (2004) at Brazo Abandona massive microstructure, some thin section areas exhibit
ado (332813’ S and 690239” W) study site, 1.5km down-  spongy microstructure linked to bioturbation features (chan-

stream from FG study site. nels and 10 chambers, some of them showing mamillate
surface walls). There are spheroid aggregates smaller than

4.2 Micromorphological aspects 74 um associated with voids, and excremental features are
rare. This soil horizon has common partially degraded plant

4.2.1 Puente El Zampal micromorphology residues (Fig. 5d) with a dominantly random distribution.

Nevertheless, several root fragments are preserved inside ver-
The deposits immediately underlying the ca. 10ka pale-tical to subvertical channels. Few calcitic nodules and com-
osol (samples: PEZ 10, 11 and 12; Fig. 4) exhibit homoge-mon cemented zones are observed along with concentrations
neous coarse silt and sandy silt to clay sediment€fF62:  of isotropic materials assigned to glass shards.
80-20, 60—40 and 15-85) without an appreciable organic Although the lower C horizon (sample: PEZ 9; Fig. 4)
matter content and a relative dearth of bioturbation fea-shows a predominance of massive microstructure, scarce
tures. The matrix is characterized by a massive microstruczones develop weak spongy microstructure (Fig. 5e). The
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4.2.2 Finca Gatica micromorphology

At FG study site, the ca. 10 ka paleosol profile is dominated
by silt to clay sediments~ C/F62: 30—70; Fig. 6). Porosity
varies across the paleosol reaching up to 10-15 % in the up-
per horizon where voids are related to vughs and channels,
the latter mostly likely linked to roots. Some chambers with
mamillate surface roughness are observed (Fig. 7a and b).
Porosity increases to 20-25% in the middle paleosol zone
corresponding mainly to vughs and cracks (Fig. 7c¢), with the
Fig. 5. Puente EI Zampal (PEZ) locality: photomicrographs of first probably relating to soil microfauna activity. At the pa-
micromorphological features (PPL: plane polarized light. XPL: leosol base, some channels and chambers can be recognized,
crossed polarized light)(A) Calcitic concentration feature and but porosity is in general lower than 5 %.

spongy microstructure (arrows) (sample: PEZ 12, PER) Spher- Calcitic concentration features are seen throughout the
ical, bacillo-cylinder (white arrows) and irregular (yellow arrow) profile. Micrite is most abundant in the middle paleosol sec-
excrement pedofeatures infilling a void (sample: PEZ 11, PPL).tion and is possibly linked to water movement through the
(C) Ferruginous impregnation in the soil mass (sample: PEZ 10.50j| mass (Fig. 7c and d). In turn, at the top and base of the
PPL). (D) Unidentified particles of organic matter (white arrows) pajeosol most of the micritic concentrations are restricted to
and a tissue residue (yellow arrow) (sample: PEZ 8, PEE)Con- g5 (Fig. 7e), likely in relation to water passing through
centric clay coating in a void (yellow arrow) and spongy microstruc- them or to plant root respiration. However some rare diffu-

ture in the bottom/right upper areas of the thin section (white ar- . . . . .
rows) (sample: PEZ 9, PPLJE) Gypsum crystals aggregate (sam- sion features can be observed at this section (Fig. 7f). Typic

ple: PEZ 4, XPL)(G) Chamber clay infill (sample: PEZ 11, PPL). micrite nQdU'eS appea}r in a small propor_tion (0.2-2%) at the
(H) Plant residues included into different grain size sedimentaryP@sal horizon. Ferruginous and manganiferous concentration

layers (sample: PEZ 2, PPL). features are also present in the soil profile. The upper part has
few ferruginous void hypocoatings and oxide diffusion fea-
tures affecting the soil mass. They become common in the

Sedimentary matrix is formed main|y by very fine sand to middle to lower part, where diffusion features are linked to
coarse silt grains~ C/F62: 70-30). Nonetheless a mosaic- almost 70 % of the voids. Additionally, the middle and lower
speckled B-fabric can be observed due to the presence d¥arts exhibit few nodules and very few quasicoatings of this
clays in the soil mass. Organic matter concentration is nocomposition.

appreciable in this soil horizon; there are common weak cal-

citic impregnations £ 10 %) that turn stronger in the upper
and lower zone of the thin section. Also some rare calcitic
_hypocoatings deyelop around voids, and some scarce ferrugs | p_gH paleosol development
inous concentrations are observed.

The 1.5m thick sedimentary deposit resting on the LP—The sedimentary sequence exposed at the Arroyo La Es-
EH transition paleosol (samples: from PEZ 1 to 7; Fig. 4) tacada fluvial basin records the occurrence of alternating
exhibits laminated horizontal Iayers with variable grain SiZESaggradationa| and pedo|ogica| processes. Organic maitter hu-
(including fine sand, silt and clayey silt) and common mification along with calcium carbonate accumulation ex-
horizontally aligned platy mica grains. Cross-striated andpressed in the formation of nodules, concretions and paleosol
mosaic-specked B-fabrics dominate the sedimentary matrixgemented zones were the dominant soil formation processes.
but enaulic B-fabric is also observed. Along this SEdimentarySecondar"y, oxidation and reduction of iron, manganese and
sequence interval, ferruginous—manganiferous nodules angkely sulfur occurred affecting not only the LP—EH transi-
diffusion features are common to few while gypsum crystaltion paleosol mass but also the overlying paleosol deposits.
aggregates are common in some samples (samples: PEZ 2,43 PEZ and PR study site, paleosol features are more con-
and 4; Fig. 5f). In general, calcitic concentrations are scarcespicuous than at FG study site where there is a relative dearth
Although voids reach up to 40 % of the thin section surface,of pedological features making its distinction in the sedimen-
there are areas with a porosity of only 2 %. Most of the voidstary sequence difficult. This variable grade of paleosol de-
correspond to channels and chambers. Excrements, whegelopment could be probably related to a paleo-location of
present, are linked to voids. Rare clay coatings are observepgz study site in a floodplain environment proximal to the
inside some chambers (Fig. 5g). Plant residues exhibiting @nain stream crossing the area at that time. Conversely, the
horizontal alignment, including root fragments among them,pR and FG paleosol exposures were likely related to more
are common in some levels (Fig. 5h). Besides organic matdistal positions in the floodplain environment.
ter, punctuation is common in the lower levels of this interval
where common to few diatoms are also observed.

5 Discussion
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Fig. 6. Alluvial sequence field log at Finca Gatica study site (Arroyo La Estacada) and micromorphology of the ca. 10 ka paleosol. A field
log in Puente Roto study site (Arroyo Anchayuyo) is also schematized.

paired drainage. Also, neoformation gypsum crystals in the
sediments overlaying the paleosol reflect transport of calcium
sulfate by solution and subsequent evaporation. Horizontally
arranged organic matter accumulations in the laminated sed-
iments above the paleosol indicate the likely transport and
accumulation of plant residues by fluid flows, which affected
the aggradational plain once pedological processes ended ca.
10685-11 144 cal yr BP and alluvial aggradation renewed.

At FG study site the LP—EH transition paleosol is poorly
developed. An A horizon with very low organic matter con-
centration is distinguished based on a greater presence of bio-
turbation by microfauna activity than the surrounding sedi-
ments. Although calcium carbonate concentration is low in
Fig. 7. Finca Gatica locality: photomicrographs of micromorpho- the paleosol, calcitic nodules and micritic cementations are
logical features (PPL: plane polarized light. XPL: crossed polar-Observed at a macroscopic and microscopic level, respec-
ized light). (A-B) Chambers with mamillate surface roughness. tively. Chemical analysis reflects a C horizon with slightly
Microphotograph(B) also shows zones with spongy-like structure higher organic matter content than the A horizon, a feature
(samples: FG 1 and FG 2, PPIE) Calcitic impregnation (white  that is not evident in the paleosol profile outcrop where color
arrow), slight hypocoating and calcitic diffusion around a void (light seems lighter toward the paleosol base. This anomalous or-
blue arrow) and a crack (yellow arrows) (sample: FG 2, PR).  ganjic matter content could be related to preferential organic
Calcitic diffusion in the soil mass (sample: FG 1, XP@) Calcitic - \auer conservation within the soil profile (with the soil's
hypocoating and diffusion around a void (sample FG 1, PEE). | \n5er hart being more susceptible to oxidation and organic
Calcitic diffusion in the soil mass (sample: FG 2, XPL). . . .

matter losses), or to a primary higher organic matter concen-

tration in the sediments then affected by pedogenesis.

At PEZ study site an A horizon is distinguished on the 52 | ate Glacial and early Holocene at the Arroyo La
basis of a higher concentration of organic matter. Abundant Estacada

plant residues are mostly in disturbed position, but others

are in growth position (e.g., roots). Bioturbation features areThe LGM and Late Glacial in the eastern Andean pied-
scarce. The C horizon lacks abundant organic matter, andhont between 33 and 3% and the central region of Ar-
parent materials are dominant. Redox features are scarce gentina were dominated by arid conditions and aeolian sed-
the paleosol. In turn they become abundant in the overlyimentation (Kemp et al., 2004b, 2006; Tripaldi and Forman,
ing sediments, and in minor proportion, in the underlying 2007; Frechen et al., 2009; Tripaldi et al., 2011; Mehl and
ones, suggesting periods of soil moisture excess and imZarate, 2012). The San Rafael plain environment§84S),
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in the distal Andean piedmont of Mendoza and south oftion; Fidalgo et al., 1973; Zarate et al., 2000; Prieto et al.,
the study area, has a record of a major change from domi2004; Quatrocchio et al., 2008; Zech et al., 2009). In general
nant ephemeral fluvial deposition to aeolian aggradation afterms, it has been inferred that Late Glacial conditions were
ter ca. 23 ka (Tripaldi et al., 2011). The occurrence of a longdominated by channel and floodplain aggradation followed
dry windy interval in the region that lasted until ca. 13 kyr BP by pedogenesis during the LP—EH climatic transition. The
or two dry windy intervals from ca. 23-20 and ca. 16—13 kyr occurrence of “black mats” was reported in the Late Pleis-
BP is not yet resolve (Tripaldi et al., 2011). At the Arroyo tocene fluvial sequences of the Lujan River and related to
La Estacada basin, a nearly 1-meter-thick tabular and latera Late Glacial global climatic change (Toledo, 2008). The
ally continuous aeolian deposit interbedded within the Lateearly—middle Holocene was featured by the occurrence of
Pleistocene—Holocene alluvial sequence, and interpreted asvampy environments associated with fluvial systems (shal-
an aeolian aggradation pulse in the floodplain environmentow in-stream ponds) likely as a result of waterlogging within
of the arroyo, is thought to be a marker of arid conditions the river valleys. In some fluvial basins bioclastic aggrada-
(Mehl and Zarate, 2012). Pedological processes affected theéon became dominant during the LP—EH transition and early
topmost part of the aeolian deposits and resulted in a paleosdfolocene (Zarate et al., 2000; Prieto et al., 2004). The ob-
that records scarce pedogenetic features. The interval of rekerved paleoenvironmental changes have been linked to the
ative landscape stability across the fluvial basin dates backrevalence of warmer and more humid climatic conditions
from 11709-12075 to ca. 10685-11 144 calyr BP (Mehlin the Pampean plain (Muhs and Zarate, 2001; Zarate et al.,
and Zarate, 2012). Prior to ca. 10 OB yr BP the pollen  2000; Prieto et al., 2004). It has been pointed out that this
assemblage of the Arroyo La Estacada record is linked tcclimatic condition may have occurred in relation to a shift
regional climatic conditions of extreme aridity (Zarate and of maritime tropical air masses to higher latitudes than at
Paez, 2002). Subsequently, it suggests regional conditions giresent (Kemp et al., 2006; Quattrocchio et al., 2008, and
increasing temperature, which could have favored paleosoteferences therein).
development (Zarate and Paez, 2002). Also, an increased At the piedmont plains of the northwestern Pampean
availability of water in the basin is reported (Zarate and PaezRanges (Llanos de La Rioja, Z%' S and 65852 W, Fig. 1),
2002). By the early Holocene, a renewal of fluvial aggrada-a complex succession of environmental changes associated
tion is recorded by laminated epiclastic sediment layers in-with four pedosedimentary cycles was recognized in likely
terbedded with highly organic sediments. Sedimentological Late Pleistocene and Holocene deposits (Morras et al., 2010).
lithofacial and geochronological analyses indicate that theFurther north, in the Bolivian Chaco (Fig. 1), a sensitive area
early Holocene has a higher stratigraphic resolution at thedo climatic change placed in the transition between the wet-
PEZ and PR lithostratigraphic profile area (Fig. 3; Mehl and climate Amazon basin and the subtropical semi-arid-climate
Zéarate, 2012). There, the sedimentological record might exChaco, May et al. (2008) report evidence for late Quater-
press a closer position to the main channel by that time, nohary paleoenvironmental changes in the paleosol-sediment
evidenced at FG lithostratigraphic profile. However, the sed-sequences outcropping in the Rio Grande terraces. There,
imentological arrangement of the early Holocene sedimenta well-developed Late Glacial paleosol documents land-
could also indicate the occurrence of flooding events of dif-scape geomorphological stability and wet conditions. Early
ferent magnitudes that affected the floodplain environment. Holocene likely palustrine sediments provide evidence for
flooding events into floodplain environments resulting from

5.3 Regional correlations a significant increase in winter precipitation and, conversely,
decreased summer precipitation (May et al., 2008). Between
5.3.1 Pedosedimentary records 11.2 and 8calkyr BP, the Bolivian Andes (Fig. 1) have a

record of wetlands formation (Servant and Servant-Vildary,
In the Pampas of Argentina, the interfluve areas of the north2003).
ern and eastern Pampas of Buenos Aires province (Fig. 1)
preserve a paleosol known as Puesto Callejon Viejo sensu Fb.3.2 Pollen records
dalgo et al. (1973) and formed over Late Glacial sandy loess
deposits (La Postrera Formation; Fidalgo et al., 1973) undePollen assemblages from the eastern Andean side ‘a8 32
a prevailing subhumid dry climate (Zarate et al., 2002). By suggest colder and wetter Late Glacial climates than to-
the end of the Late Pleistocene and the early Holocene, loestay (Markgraf, 1983). At 32 and 485, postglacial envi-
aggradation dominated the undulating Pampa region (Pampeonments were established at 12 kyr BP (Markgraf, 1983).
Ondulada, Fig. 1). Then, land surface stabilization gave wayNothofaguspollen dominated at 1S and higher southern
to the development of a paleosol that has remained at surfadatitudes, while at 32-34S a change from a Late Glacial
from then onwards (Kemp et al., 2006). On the other handtype grassland with Patagonia floristic affinity to a post-
the fluvial basins of the main rivers of the Pampas of Buenogjlacial type desert scrub — Monte — vegetation occurred
Aires province record the development of a LP—EH paleosol(Markgraf, 1983). This modification suggests a shift in the
on top of Late Pleistocene alluvial sequences (Lujan Formaarea from winter rain-dominated climate to modern summer
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rain-dominated climate and temperatures values similar tqPiovano et al., 2009, and references therein; Markgraf et
the present-day ones, a pattern that would have lasted untdl., 2009). The Late Glacial paleoenvironmental and paleo-
8.5 kyr BP (Markgraf, 1983). climatic changes, along with the paleoclimatic phases distin-
The alluvial sequence of the Arroyo La Estacada basinguished for the last 13 kyr over Argentina and Chile, have
reveals halophytic communities and a condition of extremebeen explained as driven by latitudinal shifts of atmospheric
aridity affecting the piedmont region prior to ca. 4C kyr circulation anomalies (Markgraf, 1983). Sedimentological
BP (Zarate and Paez, 2002). Eastward, in the Andean foreand palynological terrestrial and marine records from cen-
land, the ca. 12.6 cal kyr BP high lake levels in the Bebederdaral Chile support changes in the strength and/or southward—
saline lake (3320 S—-6645 W. Fig. 1) were linked to high  northward shifts of the southern westerly winds — SWWs
water inputs from the Andean fluvial tributaries (Rojo et al., (Fig. 8a) (e.g., Abarzia et al., 2010; Montade et al., 2012;
2012b). Nonetheless, halophytic vegetation developed at thatarma et al., 2011, and references therein). An equatorward
time in the saline lake border areas in response to arid clidisplacement of the northern SWW margin during glacial pe-
matic conditions dominating the Andean foreland (Rojo etriods has been indicated likely resulting in cooler climates
al., 2012b). The Monte vegetation seems to have been wellLamy et al., 2004; Kaiser et al., 2005 and Toggweiler et al.,
established by ca. 1#C kyr BP in the Arroyo La Estacada 2006, in Varma et al., 2011). Jenny et al. (2002) inferred,
basin and the Bebedero saline lake (Zarate and Paéz, 2008pm the Laguna de Aculeo record (38), an arid early
Rojo et al., 2012b). Holocene as a consequence of the SWW blocking and de-
At Mallin Vaca Lauquen {37°S), the ecotone be- flection southward by the subtropical high-pressure cell.
tween the southern limit of the Monte vegetation and the In the Arroyo La Estacada basin, the early Holocene al-
Nothofagus obliquéN. pumilioforest, the Late Glacial-early luvial sequence recorded the onset of the Holocene climatic
Holocene (17 000-8600 calyr BP) pollen record indicatesconditions at this latitude of the eastern Andean piedmont
cooler and drier summers than today (Markgraf et al., 2009)(Zarate and Paez, 2001, 2002). During the early Holocene,
Markgraf et al. (2009) interpret that this condition might per- summer sporadic rainfalls generated by storms transporting
haps explain the absence of fires in the area during that inmoisture derived from the Atlantic could have affected this
terval. In contrast highest fire activity is reported at 353-82 area of the Andean piedmont. Zarate and Paez (2001) sug-
west of the Andes at 11 and 9 cal kyr BP. gested the occurrence of heavy and sporadic summer rains
At the Chilean side of the Andean belt, marine pollen affecting the piedmont by that time. The displacement of the
records at 41 and 46 indicate the development of the North westerlies south of #1S and their weakening after 11 kyr BP
Patagonian rainforest suggesting cool and wet climates befMarkgraf et al., 1992), along with the south-westernmost
fore 11.5 and 12 calkyr BP (Montade et al., 2012, 2013).influence of the South Atlantic atmospheric circulation el-
A deglacial forest expansion took place afted7.6kyr BP  ements, could have been forcing factors of this climatic
highlighting the beginning of the last deglaciation and a condition in the study area.
warming trend (Abarzla et al., 2010; Montade et al., 2013).
The occurrence of Magellanic moorland simultaneously with
the Antarctic Cold Reversal, a ca. 1000-year disruption to thes Conclusions
Late Glacial warming trend, indicates a pause in the warming
and an abrupt increase in precipitation related to strong intenThis work contributes to the knowledge of the dominant pale-
sity of southern westerly winds (Montade et al., 2013). Arid oenvironmental and paleoclimatic conditions during the Late
conditions dominating early Holocene in the central AndeanGlacial to early Holocene climatic transition in the eastern
piedmont of Chile £ 32-45 S, Fig. 1) were attributed to Andean piedmont between 33 and°® The occurrence
substantially weaker westerlies or latitudinally shifted west-of a LP—EH transition paleosol in the alluvial sequences of
erly storm tracks in relation to a strengthened southeastthe Arroyo La Estacada, crossing the frontal cordillera pied-
ern Pacific High (Jenny et al., 2002; Villa-Martinez et al., mont, records an interval of fluvial basin landscape geomor-
2003; Markgraf et al., 2009, and references therein; Abarziahological stability. Paleosol features developed in close re-
et al., 2010). Warmer and drier conditions feature the earlylation to the climatic conditions dominating the setting of
Holocene in Chile, which began ca. 11 cal kyr BP accordingthe South American Arid Diagonal at Late Glacial and early
to marine pollen cores at 41 and°4% (Montade et al., 2012, Holocene transition. Our observations at the Argentine An-
2013). This trend strengthened between 9.6 and 7.4 cal kydean piedmont between 3&nd 34 S are consistent with
BP (Montade et al., 2012, 2013). many other late Quaternary records from the southern tip
Regionally, the different pedosedimentary and palynolog-of South America. Collectively, they display evidence of al-
ical records mentioned above point to a climatically driven ternating episodes of sedimentation and pedogenesis at the
change at the end of the Late Pleistocene leading to thend of the Pleistocene. The aridity pattern inferred for the
Holocene climatic conditions. It is recorded at both sides ofLate Glacial in the eastern Andean piedmont was regionally
the Andean belt south of the 35, where moisture differ- widespread across the Argentinian Pampean region where
ences have been indicated since the Late Glacial onwardalso a paleosol is recorded at the transition to the Holocene
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climatic conditions. We propose the importance of continu-Bruniard, E.: La diagonal &rida Argentina: un limite climatico real,
ing to unravel the climatic changes that occurred during the Rev. Geogr. 95, 5-20, 1982.
transition from Late Glacial to present interglacial conditions Cabrera, A.: Regiones fitogeograficas Argentinas, in: Enciclopedia
in the Andean piedmont. Argentina de Agricultura y Jardineria, fasciculo I, ACME Ed.,
Buenos Aires, 85 pp., 1976.
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