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Abstract. In this research, we reconstruct the paleoenvironmental conditions from a sedimentary record of a wetland (mallín) located in the
Patagonian steppe near to the Subantarctic forest on the northeastern shore of the San Martín Lake basin (SW Santa Cruz, Patagonia, Argentina).
The Mallín Ñire (49° 00’ 23.5” S; 72° 13’ 34.5” W) presents a basal age of 10,200 cal. years BP and its pollen content, carbon isotopes, and
stratigraphy were analyzed. The relationship with modern pollen assemblages from surface sediment samples allows us to interpret changes
in the fossil record. Between 10,200 and 9,000 cal. years BP, we can infer a grass-shrub steppe with dwarf-shrubs under arid conditions and
between 9,000 and 6,500 cal. years BP, a grass steppe dominated under an increase of moisture availability. Conditions became drier until
4,000 cal. years BP; later, a grass-shrub steppe developed, which suggests an environmental transition like the modern ones. The last 1,400
cal. years BP present high paleoenvironmental variability. The integration with other sequences allowed us to interpret the regional changes
during the Holocene related to moisture availability by precipitation changes related to the westerly variations.

Key words. Vegetation communities. Holocene. Pollen analysis. Carbon isotopes. Patagonia. Wetland. Paleoenvironmental reconstruction.

Resumen. UN NUEVO REGISTRO DE CONDICIONES PALEOAMBIENTALES PARA EL NORESTE DE LA CUENCA DEL LAGO SAN MARTÍN
(PATAGONIA, ARGENTINA): RECONSTRUCCIÓN DE LA VEGETACIÓN A PARTIR DEL POLEN E ISÓTOPOS DE CARBONO DESDE 10.200 CAL. AÑOS
AP. En la presente investigación reconstruimos las condiciones paleoambientales a partir de un registro sedimentario de un humedal (mallín)
localizado en la estepa Patagónica cercano al bosque subantártico de la margen noreste de la cuenca del Lago San Martín (SO Santa Cruz,
Patagonia, Argentina). A partir del Mallín Ñire (49° 00’ 23,5” S; 72° 13’ 34,5” O) se analizó el contenido polínico, los isótopos de carbono y
estratigrafía desde los 10.200 cal. años AP. La relación con las asociaciones polínicas de muestras de sedimento superficial nos permitió
interpretar cambios en el registro fósil. Entre 10.200 y 9.000 cal. años AP, inferimos una estepa graminosa-arbustiva con sub-arbustos bajo
condiciones áridas, y entre los 9.000 y 6.500 cal. años AP dominó una estepa graminosa bajo un incremento en la disponibilidad de humedad.
Las condiciones se tornaron más secas hasta los 4.000 cal. años AP y luego se desarrolló una estepa graminosa-arbustiva lo que sugiere un
ambiente de transición como los actuales. Los últimos 1.400 cal. años AP presentaron una alta variabilidad paleoambiental. La integración con
otras secuencias nos permitió interpretar los cambios regionales durante el Holoceno en relación a la disponibilidad de humedad por cambios
en la precipitación relacionada a variaciones en los vientos del oeste.

Palabras clave. Comunidades de vegetación. Holoceno. Análisis polínico. Isótopos de carbón. Patagonia. Humedal. Reconstrucción paleo-
ambiental.
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SOUTHERN PATAGONIA is an area of great value for paleoenvi-

ronmental studies due to its environmental, topographic,

and climatic characteristics. Several studies for vegetation

communities reconstructions from different types of de-

posits in Southern Patagonia were carried out. Changes in

the vegetation response related to the precipitation pattern

by the position and strength of the westerlies (e.g., Heusser,

2003; Markgraf et al., 2003; Mancini, 2009; Markgraf &



Hubber, 2010; Sottile et al., 2012; Echeverría et al., 2018,

2022; Vilanova et al., 2019; Marcos et al., 2022a), as well as

the climatic patterns and the dynamics of the glaciers (e.g.,

Glasser et al., 2004, 2011; Villa-Martínez & Moreno, 2007;

Moreno et al., 2012; Flantua et al., 2016; Lüning et al., 2018;

Horta et al., 2019) were analyzed. 

The Andes generate west–east precipitation gradients,

reflected in the vegetation communities’ composition.

Southern westerly winds (SWW) are a component of zonal

flow in the global atmospheric system that influences the

precipitation patterns (Garreaud et al., 2013), making it a

susceptible area for the registration of paleoenvironmental

changes through the Holocene (Fletcher & Moreno, 2012;

Villa Martínez et al., 2012; Moreno et al., 2019). The knowl-

edge of the modern pollen and vegetation relationships

allowed us to interpret the vegetation communities’ varia-

tions by changes in climatic conditions and topographic

characteristics (Mancini, 2002; Bamonte et al., 2015;

Mancini et al., 2018; Echeverría et al., 2022) in Patagonia

since the Pleistocene–Holocene transition. The paleoenvi-

ronmental and paleoecological investigations by pollen,

charcoal, and macro-fossil analysis in southern Patagonia,

provided vital information about vegetation distribution at

different scales (e.g., Huber & Markgraf, 2003; Markgraf et

al., 2003; Bamonte & Mancini, 2011; Sottile et al., 2012;

Echeverría et al., 2018, 2022; Mancini et al., 2018; Mosquera

& Mancini, 2021; Marcos et al., 2022a). The arid conditions

before the beginning of the Holocene were inferred by an

expansion of more arid steppes toward the west. These con-

ditions could have been the result of a southward shift of the

westerlies. During the early Holocene, forest expansion was

registered in the Andean zone, whereas in the extra-Andean

areas, grass, and shrub/grass steppes developed. Intensi-

fication of the westerlies for the mid Holocene favored forest

development in the Andean areas. Moisture conditions

variations were reflected in the vegetation heterogeneity at

smaller scale, mainly by the Medieval Climate Anomaly

(MCA) and Little Ice Age (LIA) events that characterized the

late Holocene (Echeverría et al., 2022). Different areas for

Patagonia presented evidence for anthropic impact since

the 19th century (Flantua et al., 2016).

Mancini et al. (2018) presented a preliminary isotopic

analysis from two sedimentary sequences located NW of

Santa Cruz at 47°S. This information, together with pollen

analysis, allowed obtaining a more robust scenario of pa-

leoenvironmental variations. The C3 photosynthesis is practi-

cally exclusive in Patagonia (Paruelo et al., 1998) and theδ13C values for C3 plants range between -38 ‰ and -22 ‰
with an average of -25 ‰ (Fritz & Fontes, 1980; Sanchez et

al., 1986; Panarello & Sánchez, 1985). Thus, the relationship

between pollen and isotopic information (lower δ13C values)

suggests the presence of C3 plants associated with forest

taxa (Mancini et al., 2018). They inferred vegetation changes

from a forest-shrub steppe transition in the mid Holocene

to a shrub steppe development during the late Holocene.

Other studies about pollen/δ13C relationship at lower lati-

tudes in the Andean piedmont were carried out (Rojo et al.,

2018). In northwest Patagonia, a δ13C analysis as part of a

multi-isotope study for the late Pleistocene and Holocene

was made (Panarello et al., 2018). In southern Patagonia,

lowest δ13C values were obtained as part of paleoecological

aspects. Higher δ13C values in the Deseado Massif, where

precipitation decreases concerning to the west, are directly

related with climatic variables as moisture availability,

temperature, and arid conditions (Tessone & Belardi, 2010;

Tessone et al., 2020a, 2020b; Tessone, 2022).

In this paper, we reconstruct the paleoenvironmental

changes since 10,200 cal. years BP from a sedimentary

sequence from the Patagonian steppe and close to the

Nothofagus forest. Also, we integrate those inferences in a

paleoenvironmental scenario at regional scale. The analysis

of modern pollen and vegetation relationship is taken into

account to interpret the paleoenvironmental information

obtained.

Study area

The San Martín Lake basin located in the southwest-

central zone of the Santa Cruz Province (49° S; 72° W; Fig.

1) is a proglacial lake that is in contact with the Southern

Patagonian Ice Field by its western area (Horta et al., 2019).

Its northeastern shore is within limits of a system of

subdued moraine ridges that encloses the eastern arms of

San Martín Lake with an age of 22.4 ± 2.3 ka years BP

according to Glasser et al. (2011). A chronology of lacustrine

and glaciolacustrine levels of the San Martín Lake basin was

presented by Horta et al. (2019), who showed that the water
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levels would have reached the maximum expansion around

12 ka years BP and the initial contraction started around 11

ka years BP, generating the current configuration of the

coastlines. Bahía La Lancha (Fig. 1.2), located at 345 m.a.s.l.

in the northeastern of the basin, is an outcrop of lacustrine

sediments that presents a basal age of 10,361±30 ka years

BP (12,111 cal. years BP) when the levels of the Tar and San

Martín lakes stabilized and the current landscape was

shaped (Horta et al., 2019). A wetland sedimentary deposit

(mallín) from the northeastern shore was selected for fossil

sequence extraction (Mallín Ñire, MÑ) for the paleoenviron-

mental reconstruction. 

This area is characterized by a temperate-cold climate

with an annual mean temperature below 5 °C (Borrelli & Oliva,

2001). The topographic conditions generate a rain-shadow

effect from 800 mm in the west of the San Martín Lake

basin to 200 mm in the east (Paruelo et al., 1998; Borrelli &

Oliva, 2001), which is reflected in the vegetation patterns. 

The San Martín Lake area belongs to the Patagonian

Phytogeographic Province (Fig. 2.1; Movia et al., 1987;

Oyarzabal et al., 2018). Nothofagus forest covers the west

of the basin (Movia et al., 1987) and limits a wide ecotone

with the Festuca pallescens grass steppe accompanied by

Rytidosperma pictum, Lathyrus magellanicus, and low shrubs

such as Senecio sericeonitens and Mulinum spinosum. This

unit covers the southern and eastern areas of the basin (Fig.

2.1). To the northeast of the basin, the Nardophyllum bryoides

shrub steppe is dominated by low shrubs and grasses

(mainly Festuca pallescens) and in contact with this unit to

the east, the dwarf-shrub steppe develops (Fig. 2.1; Oyarzabal

Figure 1. 1,Map of southern South America and Santa Cruz Province showing the sites considered in the text: 47–48º S, 1-Los Flamencos (Marcos
et al., 2022a); 2-Zorro Bayo (Marcos et al., 2022b); 3-Cueva Milodon Norte 1 (Horta et al., 2016; Marcos et al., 2020); 49º S, 4-Mallín Paisano
desconocido (Bamonte et al., 2015); 5-Cueva Paisano Desconocido (Bamonte et al., 2013; Bamonte & Marcos, 2019); 6-La Tercera (Bamonte
& Mancini, 2011); 7-Mallín Ñire (this paper); 8-Lago Cardiel (Stine & Stine, 1990; Markgraf et al., 2003); 50º S, 9-Cerro Frías (Mancini, 2009); 10-
Chorrillo Malo 2 (Mancini, 2002); 11-Península Avellaneda Alto (Echeverría et al., 2018; Sottile et al., 2020); 12-Península Avellaneda Bajo (Echeverría
et al., 2018); 13-Brazo Sur (Wille & Schäbitz, 2009); 14-Vega Ñandú (Villa-Martínez & Moreno, 2007); 15-Lago Guanaco (Moreno et al., 2009); 16-
Río Rubens (Huber & Markgraf, 2003; Huber et al., 2004); Deseado Massif, 17-Mallín La Primavera (Mosquera & Mancini, 2021); 18-Los Toldos
(Paez et al., 1999); 19-La Martita (Mancini, 1998); 20-La Gruta (Mancini et al., 2013; Brook et al., 2015); 21-Mallín La Esmeralda (Franco et al.,
2020). 2, San Martín Lake basin zoom (the star represents the Mallín Ñire location) and corresponding photography of the site.  



et al., 2018). The MÑ is dominated by Cyperaceae matrix and

trunks and specimens of Nothofagus antarctica (ñire), as

shown in Figure 1.2. Nothofagus antarctica is a native forest

species with remarkable plasticity to adapt to a great variety

of environmental conditions, growing in sites with excessive

humidity, such as wetlands, bogs, and marshes (Peri &

Ormaechea, 2013).

Paleoenvironmental background for the area. La Tercera

sequence (Fig. 1.1; Bamonte & Mancini, 2011) was analyzed

for the paleoenvironmental reconstruction of the southern

shore of the San Martín Lake basin. This fossil sequence

with a basal age of 11,300 cal. years BP allowed us to un-

derstand the paleoenvironmental variation for this area. To

the north of the lake, the Mallín Paisano Desconocido se-

quence (Fig. 1.1; Bamonte et al., 2015), which corresponds

to the last ca. 6,600 cal. years BP, was analyzed, and next to

this, the Cueva Paisano Desconocido (CPD) archaeological

site (Fig. 1.1; Bamonte et al., 2013), which corresponds to a

temporary window at ca. 7,700 cal. years BP. For this rea-

son, the comparative analysis between archaeological sites

with continuous sedimentary sequences strengthened pa-

leoecological studies. However, although the interpretations

from archaeological sites provided information of interest, it

was necessary to consider taphonomic problems that may

have occurred at the site so that the interpretations were

reliable (Marcos et al., 2019, 2020). Despite the lack of pa-

leoenvironmental information for the early Holocene and

part of the middle Holocene for the northeast of the basin

(see fig. 7 in Echeverría et al., 2022), the available informa-

tion was of great value to interpret the variations in the

vegetation communities associated with climatic changes

conditions at a regional scale. In this sense, MÑ provided in-

formation that complemented the previously available one,

and helped generate a framework of paleoenvironmental

variations since the beginning of the Holocene for the basin

area. In general terms, arid conditions were inferred be-

tween 11,300 and 9,500 cal. years BP for the southern

shore of the lake. So, the limits of the vegetation communi-

ties were displaced toward the west (Bamonte & Mancini,

2011). The early Holocene was characterized by an increase

in moisture availability, as reflected by the development of

a grass steppe, while toward the middle Holocene up to

4,200 cal. years BP, conditions must have become less

humid as observed from the increase in shrubby elements

(Bamonte & Mancini, 2011; Bamonte et al., 2013, 2015). For

the last 4,000 cal. years BP, the development of a grass

steppe associated with higher humidity levels was inferred.

Finally, the last century was characterized by an increase in

shrub vegetation and indicators of anthropic impact (Bamonte

& Mancini, 2011; Bamonte et al., 2015; Echeverría et al., 2022).

Modern pollen and vegetation relationship in the area. The

vegetation patterns proposed by Oyarzabal et al. (2018) and

Publicación Electrónica - 2023 - Volumen 23(1): 1–17
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Figure 2. 1,Modern vegetation units from San Martín Lake basin modified from Movia et al. (1987) and 25 surface pollen samples for the area;
2, Pollen diagram in percentage (%) modified from Bamonte & Mancini (2011) and Echeverría et al. (2022). “Other herbs’’ category groups Rubiaceae,
Convolvulaceae, Ranunculaceae, Polemoniaceae, Malvaceae, Valerianaceae, Lamiaceae, Osmorhiza, and Orchidaceae, and “Dwarf-shrubs’’ includes
Ephedra, Nassauvia, and Azorella.
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the relationship with pollen assemblages from four areas

between 46° and 51° S from Santa Cruz Province reviewed

by Echeverría et al. (2022) were the first step for the paleoen-

vironmental research (Fig. 2). The authors described four

pollen units for the San Martín Lake basin (Fig. 2.2): 1-Forest:

this unit is characterized by high percentages of Nothofagus

(40–95%) together with the mistletoe Misodendrum (<10%).

The herbaceous layer is represented by Poaceae and the

shrubs by Asteraceae subf. Asteroideae. 2-Grass steppe:

Poaceae dominate (75%), accompanied by other herbs and

shrubs with relatively low values (up to 15%). However,

samples with Mulinum (15–45%) are characteristic of the

western grass steppe in contact with the forest in a wide

ecotone. 3-Shrub steppe: this unit is represented by high

values of Asteraceae subf. Asteroideae (25–70%) together

with shrubs and matrix of herbs. 4-Dwarf-shrub steppe: it is

characterized by Asteraceae subf. Asteroideae (up to 30%),

dwarf-shrubs (Nassauvia and Ephedra), and Amaranthaceae

subf. Chenopodioideae (up to 45%), while Poaceae present

values between 5 and 50% and lower values of other herbs.

The modern-pollen vegetation relationship for the area al-

lowed us to interpret the vegetation communities’ changes

in the fossil record, contributing with highly precise recon-

structions.

MATERIAL AND METHODS

Material

The core MÑ (4.37 m; 49° 00’ 23.5” S; 72° 13’ 34.5” W;

Fig. 1) was obtained from a Cyperaceae wetland located in the

northeastern shore of San Martín Lake using a Livingstone

piston corer. The core was sampled every 1 cm for further

proxy studios. The modern pollen-vegetation relationship

model, published by Bamonte & Mancini (2011) and Echeverría

et al. (2022), was used to interpret the fossil changes.

Methods

Chronology. The chronology of the sediment sequence was

based on six radiocarbon dates. These radiocarbon dates

were obtained at the Direct AMS-Radiocarbon Dating

Service-Bothell, USA, and NSF-Arizona AMS Laboratory-

Tucson, USA. Radiocarbon dating was calibrated using the

CALIB 8.2 program (Stuiver & Reimer, 1993; Stuiver et al.,

2021) and the Southern Hemisphere curve (SHCal 20) (Hogg

et al., 2020). In Table 1 we present the calibrated ages

obtained from this run. The proposed age model was made

using the Southern Hemisphere curve (SHCal 20; Hogg et al.,

2020) and a Bayesian-type age-depth model built using

the Bacon package-R program (Blaauw & Christen, 2011).

Lithostratigraphic characterization. A lithological descrip-

tion was made and an analysis of organic matter and car-

bonated content was realized by loss-on-ignition (LOI). The

samples were dried at 105 ºC for 24 hours, ignited at 550 ºC

for 4 hours and at 950 ºC for 2 hours in a muffle furnace

(Bengtsson & Enell, 1986; Heiri et al., 2001). Each of these

steps allowed the loss of water, organic matter, and car-

bonates, respectively. 

Carbon isotopes. The isotopic analysis was made at the

Instituto de Geocronología y Geología Isotópica, Universidad

de Buenos Aires, Consejo Nacional de Investigaciones Cien-

tíficas y Técnicas (INGEIS-UBA-CONICET). Carbon isotopes

TABLE 1. Radiocarbon and calibrated age from MÑ fossil sequence

Depth (cm) Laboratory No 14C BP Median probability (cal BP) 2 range Material

45–47 D-AMS 024163 1193 ± 25 1021 961 – 1080 organic sediment

91–92 D-AMS 036891 1756 ± 31 1628 1561 – 1701 wood

150–151 AA102756 3058 ± 41 3217 3073 – 3353 organic sediment

221–223 D-AMS 024162 3681 ± 29 3964 3868 – 4086 organic sediment

311–312 AA102755 6679 ± 39 7520 7430 – 7579 organic sediment

430–431 AA89408 9033 ± 50 10,172 10,113 – 10,245 organic sediment



were determined (δ13C). For this study, 29 samples were

analyzed, every 16 cm. The samples were dried at 60 ºC

and roots and plant remains were discarded by manual

harvesting and/or removal by flotation in 0.01 M HCl. Then,

the samples were sieved and the soil fraction less than

0.2 mm was used for the analysis (Hoefs & Schidlowski,

1967; Panarello, 1987 and modifications). Results are ex-

pressed considering Samec et al. (2019) in the notation δ13C

per mil (‰) relative to the standard V-PDB (carbon) Vienna

Pee Dee Belemnite and normalized to the NBS19-LSVEC

scale (calcium carbonate-lithium carbonate isotopic reference

materials) as follows:  

δ13C= [(13C/12C)sample- (13C/12C)VPDB / (13C/12C)VPDB] x 103

Pollen analysis. The pollen analysis was carried out at the

Laboratorio de Paleoecología y Palinología, Instituto de

Investigaciones Marinas y Costeras, Consejo Nacional de

Investigaciones Científicas y Técnicas, Universidad Nacional

de Mar del Plata (IIMyC-CONICET-UNMdP). The fossil sam-

ples were dried at 60 ºC before pollen analysis. In each sam-

ple (weighing between 0.3 and 4.3 g) Lycopodium clavatum

spores were added and sieved through 120 µm mesh

screens. Wood remains (<1 cm) were collected in this step

for later identification and results are presented as “wood

remains presence”. The samples were treated following

Faegri & Iversen (1989) standard procedures for pollen

extraction: KOH 10% to remove clay and humic acids, HCl

10% to remove carbonates, ZnCl2 (δ= 2 g/ml) to separate

the mineral fraction by flotation (this step was omitted in

some samples in which the sedimentology showed a high

content of organic matter), HF to remove silicates, and fi-

nally acetolysis. Each taxon was expressed as a percentage

of the total pollen sum. Cyperaceae was excluded because

it represents local vegetation; similarly, Myriophyllum,

Zygnemataceae, and Botryococcus algae were also excluded

from the analysis for representing wetland components.

Rumex was excluded because it is related to anthropic im-

pact and Podocarpus because it represents an extra-regional

taxon. Nassauvia, Ephedra, and Azorella were grouped as

“dwarf-shrub” vegetation. Fabaceae, Malvaceae, Asteraceae

subf. Cichorioideae, Lathyrsus, Ranunculaceae, Asteraceae

subf. Mutisiaeae, Euphorbiaceae, Gunnera, and Urticaceae

were included in the “other herbs” category. The samples

were grouped by cluster analysis using the TILIA program

(Grimm, 2004), applying square root transformation with

Publicación Electrónica - 2023 - Volumen 23(1): 1–17
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Edwards’s dissimilarity coefficient and Cavalli-Sforza’s

chord distance to distinguish pollen zones, considering taxa

that reach at least 2% of the sum of terrestrial pollen. 

RESULTS

Chronology

The age-depth model is based on six radiocarbon dates

(Tab. 1). The basal age of the MÑ sequence is 10,200 cal.

years BP. This model allows interpreting paleoenvironmen-

tal variations in this temporal range (Fig. 3).

Stratigraphy – Loss on ignition (LOI)

The sequence is composed mainly by organic sediment

and clay layers (Fig. 4). From the base of the sequence at

437 cm to 366 cm, the sediment is composed of a mix of

organic sediment with clay layers. Following, there is a

package of clay until 266 cm. The next 30 cm present a mix

between organic matter and clays. From 237 cm until the top

is composed by organic sediments. The results generated by

LOI analysis show that the highest percentages of organic

matter are present in these 237 cm, reaching 80%, whereas

in the base of the sequence, the organic matter reaches 40%

in some samples. On the other hand, the carbonates appear

around 400–375 cm with values up to 55%, and from 325

cm to 275 cm they reach 35%, where the sediment is mainly

composed by clays. In the rest of the sequence, the car-

bonates present values lower than 5% (Fig. 4).

Carbon isotopes

The δ13C values show variations between -25.7 ‰ at

8,400 cal. years BP and -30.4 ‰ at the top of the sequence.

Specifically, between 7,000 and 5,000 cal. years BP, isotopic

Figure 4. Stratigraphy, loss-on-ignition carbon isotopes (arrows indicate a positive correlation between Cyperaceae and δ13C values), and Nothofagus
wood remains from the MÑ.



values are the lowest, between -29.6 ‰ and -28 ‰.

Between 10,200 and 8,000 cal. years BP and between

5,000 and 1,400 cal. years BP, the isotopic values register

variations between -28.3 ‰ and -25.7 ‰ (Fig. 4). The organic

matter source is environment-dependent with different δ13C

compositions, so the C3 terrestrial plants (herbs, shrubs, and

trees) show δ13C values between -38 ‰ and -22 ‰ (Fritz &

Fontes, 1980; Panarello & Sánchez, 1985; Sanchez et al.,

1986), which are likely dominant throughout the record.

Slightly enriched values occur in the sequence, which may

reflect compositional changes to the plant com-munity on

the wetland. A positive correlation is observed between

Cyperaceae development and δ13C values (Fig. 4).

Wood macro-fossil remains

The presence of woods (>1cm long) is registered

between 8,600–8,000 cal. years BP, between 4,100–3,100

cal. years BP, and at 1,600 cal. years BP (Fig. 4). The wood

macro-fossil remains correspond to Nothofagus sp.

Fossil pollen record

The pollen sequence is divided into four zones according

to cluster analysis (Fig. 5). 

Zone 1 (437–288 cm; 10,200–6,600 cal. years BP). This

zone was divided into three subzones. 

Subzone 1a (437–370 cm; 10,200–9,000 cal. years BP).

This subzone is characterized by Poaceae (32–58%) and

Asteraceae subf. Asteroideae (5–30%). The “other herbs”

category (Asteraceae subf. Cichorioideae and Asteraceae

subf. Mutisiaeae) and Caryophyllaceae, Monocotyledoneae,

Valerianaceae, Rubiaceae, Acaena, and Gentianella present

values <10%. Amaranthaceae subf. Chenopodioideae, the

“dwarf-shrubs” (Ephedra and Azorella), and the shrubs Mulinum

and Ericaceae present values <5%. Nothofagus reaches 25%

and Cyperaceae 65%. Zygnemataceae algae reach 40%.

Subzones 1b and 1c (370–288 cm; 9,000–6,600 cal.

years BP). These subzones are characterized by Poaceae

(17–60%), Asteraceae subf. Asteroideae (up to 20%)

accompanied by Monocotyledoneae (15%), Caryophyllaceae

and Acaena (<10%), and herbs such as Valerianaceae,

Brassicaceae, Acaena, Rubiaceae, and Gentianella (<5%).

Among the shrubs, Ericaceae reaches 10% and Solanaceae,

5%. Nothofagus reaches up to 47% and Cyperaceae ranges

between 31–86%.

Zone 2 (288–224 cm; 6,600–4,000 cal. years BP). This zone

is characterized by Asteraceae subf. Asteroideae (22%) and
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a marked decrease of Poaceae (up to 34%). Among the

shrubs Ericaceae presents values up to 10% and among the

herbs, Rubiaceae presents values up to 21%, whereas the

rest of the herbs present values lower than 5%. Nothofagus

reaches 60% and Misodendrum is represented by very low

values (<2%). Cyperaceae ranges between 23–63%.

Zone 3 (224–73 cm; 4,000–1,400 cal. years BP). The zone

is characterized by Asteraceae subf. Asteroideae (47%) and

Poaceae (50%). Ericaceae presents values <10%, Mulinum

reaches 5% and the rest of the shrubs <5%. Among the herbs

are Caryophyllaceae and Valerianaceae (<10%) and the rest

of the herbs with values lower than 5% are present.

Nothofagus reaches up to 45%. Cyperaceae presents values

up to 88%. 

Zone 4 (73–0 cm; 1,400–present cal. years BP). In the

last zone, Asteraceae subf. Asteroideae reaches 30% and

Poaceae 45%. Among the shrubs are represented Ericaceae

(<10%), Mulinum (5%), “dwarf-shrubs” (Nassauvia, Azorella)

(5%), and Amaranthaceae subf. Chenopodioideae (<2%).

Among the herbs, we find Plantago (16%), Geraniaceae, and

Caryophyllaceae (<10%) and “other herbs” (<5%). Nothofagus

reaches 45% and Misodendrum is present in low values (<2%).

Cyperaceae is represented by 62%. Rumex appears with 6%.

DISCUSSION

Modern pollen data

Pollen and vegetation relationship studies at different

scales along the west-east precipitation gradient were

applied in the interpretation of fossil samples from southern

Patagonia at a regional scale (e.g., Mancini et al., 2012;

Marcos & Mancini, 2012; Bamonte et al., 2015; Echeverría et

al., 2022). The modern pollen data suggests a close

relationship between pollen-vegetation representation and

precipitation gradient in the San Martín Lake basin area

(Fig. 2; Bamonte & Mancini, 2011; Echeverría et al., 2022).

This analysis shows that the forest vegetation unit is

represented by Nothofagus pollen and the mistletoe

Misodendrum. The dominance of Poaceae associated with

“other herbs”, Caryophyllaceae, and Mulinum, represent the

grass steppe unit. The shrub steppe is characterized by

Asteraceae subf. Asteroideae (Bamonte & Mancini, 2011)

and the eastern arid steppes by “dwarf-shrubs” (Ephedra,

Nassauvia, Azorella) and Poaceae (Fig. 2). As indicated by

another fossil sequence located in the northeastern zone of

the basin (Bamonte et al., 2015), the fossil pollen record is

influenced by local and extra-local pollen input. The forest

pollen signal may be related to the intensification and

weakening of the west wind. These conditions allow for the

development of a forest in the Península Chacabuco slope

(Fig. 1.2), whereas the herbs and shrubs pollen types are

related to local conditions. 

Wetland dynamic 

The relatively low values of Cyperaceae, accompanied

by Gentianella, a herb that grows in wetlands and lagoon

shores (Guerrido & Fernandez, 2007), and the algae

Zygnemataceae, could be indicating that from the base of

the sequence at 10,200 until 9,000 cal. years BP, the

wetland had wetter conditions. These conditions also were

registered by the laminated sediment with intermediate

values of organic matter and the highest carbonates values

at the end of this period. Between 9,000 and 7,500 cal.

years BP, the increase of Cyperaceae accompanied by

Gentianella contributed to the input of organic matter content.

Together with the Zygnemataceae decrease, it may be

indicating less free water availability in the wetland, giving

place to Nothofagus growth. The presence of Nothofagus

wood remains between 8,600 and 8,000 cal. years BP also

contributed to the organic matter input on the wetland

surface. Toward 6,000 cal. years BP, Zygnemataceae

algae and Cyperaceae decrease together with the organic

matter input and the sediment is composed mainly of clays.

Between 6,500 and 4,500 cal. years BP, the organic matter

increases together with the Cyperaceae values, although

with minor fluctuations in their values. Cyperaceae presents

the highest values between 4,000 and 1,400 cal. years BP,

adding organic matter to the deposit, which registers the

high percentages values; Gentianella also contributes to the

organic matter input suggesting it grew on the wetland.

Between 4,100 and 3,100 cal. years BP, there are some

remains of Nothofagus woods. These remains are a good

contribution of organic matter to the deposit and appear

after the moment of the highest pollen recording of

Nothofagus. However, the values of this continue to be

relatively high. From 1,400 cal. years BP to present,

Cyperaceae continues with high values, contributing to



organic matter. In wet seasons, Zygnemataceae and

Botryococcus developed (Figs. 4, 5).

The positive correlation between Cyperaceae develop-

ment and δ13C values is probably due to this family including

plants with a C4 photosynthesis pathway (Fig. 4). Therefore,

when there was an increase in Cyperaceae pollen percent-

ages, the isotopic values shifted toward less negative values.

Extant Cyperaceae grows on the wetland surface; for this

reason, it is considered as a local element and its variations

are mainly used to analyze the wetland dynamics. For this

reason, the Cyperaceae variations throughout the sequence

could have generated higher values of δ13C.

Vegetation reconstruction around MÑ from 10,200 cal.

years BP

Between 10,200 and 9,000 cal. years BP, the pollen

assemblages reflect a grass-shrub steppe dominance

represented by Poaceae accompanied by Asteraceae subf.

Asteroideae with some herbs, Amaranthaceae subf.

Chenopodioideae and “dwarf-shrubs” (Ephedra and Azorella)

(Fig. 5). The dwarf-shrub pollen presents lower values in

relation to the present dwarf-shrub steppes (Fig. 2),

suggesting the conditions were drier than the modern ones.

This information is consistent with the δ13C average values

for this period (-27.2 ‰). 

Since 9,000 and until 6,500 cal. years BP, the pollen

assemblages show a dominance of Poaceae accompanied

by other herbs (Fig. 5). These conditions could reflect an

increase in the precipitation. Nothofagus values also increase,

suggesting the development of a forest. Ericaceae and

Nothofagus indicate the presence of forest in the Andean

zone, Península Chacabuco, and in the wetland area (Fig.

1.2) mainly between 8,000 and 7,000 cal. years BP, a period

for which low δ13C values (mean: -28.08 ‰) were registered.

The presence of Nothofagus wood in this period (Fig. 4) indi-

cates that it not only expanded in the Andean zone but also

grew in the wetland area.

Between 6,500 and 4,000 cal. years BP, a retraction in

the grass steppe and an increase in the shrub steppe and

forest elements were registered. However, within this

period, we can recognize vegetation changes succession.

Between 6,500 and 5,000 cal. years BP, the pollen record

shows an increase in Nothofagus together with Misodendrum

and Ericaceae, suggesting a forest development. Between

5,000 and 4,000 cal. years BP, the pollen record shows a

shrub steppe characterized by a smooth increase of

Asteraceae subf. Asteroideae associated with some herbs

that may have grown between the shrub matrix. Nothofagus

pollen values together with Ericaceae decrease gradually

toward 4,000 cal. years BP (Fig. 5). The increase in forest

pollen types (Nothofagus and Misodendrum) is consistent

with low δ13C values (mean: -29.5 ‰) between 6,500 and

5,000 cal. years BP. Later, between 5,000 and 4,000 cal.

years BP, the decrease of Nothofagus and the moderate

increase of shrubs corresponds to more enriched δ13C

values (mean: -26.6 ‰) (Fig. 4). However, the forest signal

can also come from the nearby slope.

Between 4,000 and 1,400 cal. years BP, the presence of

shrubs and grasses increase, showing a more heteroge-

neous environment. Until 2,500 cal. years BP, the pollen

record suggests a grass-shrub steppe dominated by

Poaceae and Asteraceae subf. Asteroideae, accompanied by

other subordinate herbs (Fig. 5). Nothofagus appears to-

gether with Mulinum, suggesting an ecotonal environment

similar to the current conditions. The presence of Nothofagus

wood remains support this idea. Ericaceae continues with

relatively constant values throughout the sequence; how-

ever, forest elements seem to decrease compared to the

previous period. Between 2,500 and 1,400 cal. years BP,

Nothofagus and Ericaceae decrease smoothly and Asteraceae

subf Asteroideae with other shrubs (Mulinum and Empetrum)

increase, suggesting a shrub steppe development. δ13C

values until 2,500 cal. years BP average -27.7 ‰. Later,

these values decrease when the forest decreases its pollen

representation.

During the last 1,400 cal. years BP a shrub-grass steppe

developed, dominated by Asteraceae subf. Asteroideae and

Poaceae, accompanied by a diversity of herbs. The presence

of Ericaceae together with Mulinum suggest a transitional

environment between the steppe and the forest (Figs. 2, 5).

During the last centuries, the “dwarf-shrubs” (Nassauvia,

Azorella) and Amaranthaceae subf. Chenopodioideae took

over. Signals of human impact are represented by Rumex

and Plantago. Although Plantago could be associated with

impact conditions for the last century, there are native

species such as P. correae and P. patagonica (Correa, 1999).
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The lowest δ13C values at the top of the sequence (-30.5 ‰)

could be related to forest elements increasing on the

wetland. The foliar and soil δ13C from N. antarctica were

determined by Peri et al. (2012) as -30.4 ‰ and -26.8 ‰,

respectively. The vegetation contributes to soil carbon

through the deposition of leaves and dead roots (Peri et al.,

2012). However, these foliar and soil values, as well as the

low δ13C recorded at the top of the sequence, could be the

consequence of changes in atmospheric δ13C by the Suess

Effect; this implies algebraically adding +1.5 ‰ to be

compared with fossil samples (Keeling, 1976; Keeling et al.,

2017). 

Regional interpretation

For the regional interpretation, we consider different

sequences from lakes/lagoon, peat/wetlands, and archae-

ological sites located at 47–48º S (Pueyrredón Lake basin);

at 49º S (San Martín Lake basin); at 50º S (Argentino Lake

basin); and the Deseado Massif, as shown in Figure 1. 

10,200–9,000 cal. years BP. Aridity conditions were in-

ferred from a grass-shrub steppe with some dwarf-shrubs

developed for MÑ between 10,200 and 9,000 cal. years BP.

On the southern shore of the San Martín Lake, Bamonte &

Mancini (2011) analyzed a pollen record from La Tercera

(Fig. 1.1), which includes the Pleistocene–Holocene transi-

tion. La Tercera pollen record reflects assemblages that are

similar to those that are dominant in the dwarf-shrub

steppe nowadays under arid conditions until 9,500 cal.

years BP. The grass steppe expansion and the high fire

frequency for continuity in the fuel suggest an increment in

the precipitations toward 9,000 cal. years BP (Bamonte &

Mancini, 2011; Sottile et al., 2012).

Records from the Deseado Massif (Fig. 1.1) showed high

values of Ephedra, suggesting a dwarf-shrub steppe under

very arid conditions (Paez et al., 1999). However, other sites

in the south of Deseado Massif presented evidence of a

grass steppe with dwarf-shrubs and wetter conditions than

the present (Mancini et al., 2013; Brook et al., 2013, 2015;

Franco et al., 2020). 

To the south, in the Argentino Lake area from Cerro Frías

and Chorrillo Malo 2 pollen sequences (Fig. 1.1), a grass

steppe was recorded up to 9,500 cal. years BP when the

forest signal increased, suggesting a change from dryer to

wetter conditions (Mancini, 2002, 2009). The Península

Avellaneda Alto (Fig. 1.1) sequence shows a grass steppe in

a dry environment with a high diversity of shrubs and herbs

previous to 9,000 cal. years BP,when the Nothofagus signal

increases (Echeverría et al., 2018; Sottile et al., 2020). Similar

conditions were registered for the Brazo Sur sequence (Wille

& Schäbitz, 2009) and other southern sites as Vega Ñandú

(Villa Martínez & Moreno, 2007) and Río Rubens (Huber et

al., 2004), among others (Fig. 1.1). 

The vegetation reconstruction for the early Holocene

from CMN1 archaeological site, located on the Pueyrredón

Lake basin (Fig. 1.1), indicated a dwarf-shrub-grass steppe

characterized by Poaceae and Empetrum, pointing to dry

conditions at the area (Horta et al., 2016).

The reconstructions from fossil sites located at both

Andean and extra-Andean areas, as well as the Patagonian

plateau, suggest a weakening of the westerly winds at the

beginning of this period. Dry conditions are inferred for the

extra-Andean areas of the basins at the Argentino, San

Martín, and Pueyrredón lakes by the development of arid

and semi-arid steppes, in contrast to those recorded for the

Deseado Massif. By the end of this period, the slight

increase in the forest signal in the southwest sites and in

MÑ could be related to a strengthening of the westerly

winds with increased humidity and temperature for these

areas, and a marked precipitation gradient. However,

according to Tonello et al. (2009), the precipitations in the

extra-Andean areas were lower than the present. Until

9,500 cal. years BP, a sharp drop occurred in the San Martín

Lake levels by the opening of the Ice Field associated with

the drainage of the bodies of water into the Pacific Ocean.

These variations in lake levels may be related to the balance

of the ice masses that produced local advances and retreats

of glaciers (Horta et al., 2019) and changes in the

atmospheric circulation and temperature increase.

9,000–6,500 cal. years BP. A grass steppe development

was inferred from MÑ between 9,000 and 6,500 cal. years

BP. This condition could be associated with an increase

in moisture availability. From La Tercera (Fig. 1.1), wetter

conditions were registered from a grass steppe developed

at least until 8,000 cal. years BP, when an increase of

shrubs and decrease of grasses were recorded. Moreover,

an increase in Nothofagus around 8,000–7,500 cal. years BP
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suggests a forest expansion in the Andean zone (Bamonte

& Mancini, 2011). In MÑ, Nothofagus, together with Ericaceae,

could have expanded both in the Península Chacabuco and

in the wetland, resulting in a wide ecotone between the

forest and the grass steppe. Wood remains from Nothofagus,

between 9,000 and 8,000 cal. years BP, would support this

idea. Also, low δ13C values from MÑ between 8,000 and

6,500 cal. years BP could be related to forest fluctuations,

as indicated by Mancini et al. (2018) for the SW of Santa

Cruz. The archaeological site CPD (Fig. 1.1), in the north-

eastern part of the basin, also suggests moisture availability

until 7,700 cal. years BP (Bamonte et al., 2013; Bamonte &

Marcos, 2019).

Lake level data from Lago Cardiel suggest wet condi-

tions until 7,500 cal. years BP (Stine & Stine, 1990; Markgraf

et al., 2003). Similar conditions were inferred from Mallín

La Primavera until 7,700 cal. years BP (Fig. 1.1; Mosquera &

Mancini, 2021). At the Deseado Massif, a shrub-grass

steppe dominated by Asteraceae subf. Asteroideae would

be related with dwarf-shrubs (Nassauvia and Ephedra) be-

fore 8,000 cal. years BP. After that, a change in the shrub

steppe composition suggests a gradual increase in the tem-

perature and a decrease in the water availability (Brook et

al., 2015).

From the Cerro Frías (Fig. 1.1) pollen record, we infer the

development of an open Nothofagus forest and the

contraction of the grass steppe between 8,000 and 7,000

cal. years BP. Then, the forest signal decreases between

7,000 and 6,000 cal. years BP (Mancini, 2009). The Brazo

Sur (Fig. 1.1) pollen record also recorded high Nothofagus

pollen values at 7,500–7,000 cal. years BP (Wille & Schäbitz,

2009). In addition, in the Península Avellaneda Alto, an

increase of the same taxa is shown at 8,000 and 7,000 cal.

years BP, together with a high abundance of Nothofagus

remains due to the rise in SWW precipitation (Echeverría et

al., 2018; Sottile et al., 2020). In other sites, as Río Rubens,

Lago Guanaco, and Vega Ñandú (Fig. 1.1), a Nothofagus

dominance is registered around 7,700 cal. years BP (Huber

and Markgraf, 2003; Villa-Martínez & Moreno, 2007; Moreno

et al., 2009). Finally, at 7,000 cal. years BP, the forest-

steppe ecotone was established in the Chorrillo Malo 2

(Mancini, 2002).

In the area of the Pueyrredón Lake basin, a sequence

from the Los Flamencos Lagoon (Fig. 1.1) was studied by

Marcos et al. (2022a). They inferred that between 7,500 and

6,600 cal. years BP, the vegetation reconstruction was

represented by patches of shrub accompanied by grasses

in an ecotonal environment between forest and steppe,

associated to wetter conditions or a shift eastward to the

forest-steppe ecotone. The CMN1 archaeological site (Fig.

1.1) suggests the development of a grass steppe under

moisture conditions (Horta et al., 2016; Bamonte & Marcos,

2019; Marcos et al., 2020). The first paleoenvironmental

inference for the Pueyrredón Lake basin shows a grass-

dwarf shrub steppe for 8,500 cal. years BP (Horta et al.,

2016, 2019).

The environmental heterogeneity for this period in the

different areas is reflected in some communities’ recon-

structions, as a consequence to their different water re-

quirements (Fig. 2). A more significant forest development

can be inferred due to greater availability of humidity and a

strengthening of the westerly winds. These conditions

would have influenced the development of more arid

steppes in the eastern areas. 

6,500–4,000 cal. years BP. A shrub steppe increase was

inferred from 6,500 until 4,000 cal. years BP, suggesting a

decrease in moisture availability from MÑ. In this sense,

an increase of Nothofagus was registered at the beginning

of this period, meaning a high forest development in the

Andean zone, and the low isotopic values could relate to

the development of Nothofagus on the wetland. These

conditions of moisture availability decrease were also regis-

tered in the Mallín Paisano Desconocido (Fig. 1.1; Bamonte

et al., 2015) and in La Tercera, together with low fire activity

by fuel discontinuity (Fig. 1.1; Bamonte & Mancini, 2011;

Sottile et al., 2012) by an increase of shrubby communities,

suggesting low moisture availability in the extra-Andean

zone. According to this, Mallín Paisano Desconocido presents

a forest development in the Andean area with relatively high

Ericaceae values between ca. 6,000–5,000 cal. years BP

(Bamonte et al., 2015), probably related to increased

moisture availability in Andean communities. The CPD

archaeological site (Fig. 1), shows a change to more arid

conditions since 7,700 cal. years BP (Bamonte et al., 2013;

Bamonte & Marcos, 2019). 

In sites located in the north of the Deseado Massif (Fig.
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1.1), the shrub steppe with Ephedra and low Cyperaceae

values suggest dry conditions (Franco et al., 2020; Mosquera

& Mancini, 2021).

The Cerro Frías and Península Avellaneda Bajo records

(Fig. 1.1) suggest a closed Nothofagus forest between 6,000

and 4,000 cal. years BP (Mancini, 2009; Sottile et al., 2012;

Echeverría et al., 2014, 2018), probably due to an increase in

SWW precipitation. In Península Avellaneda Alto (Fig. 1.1), a

high abundance of Nothofagus macro-fossils indicate local

forest expansion at the beginning of this period (Echeverría

et al., 2018). The Lago Guanaco site analysis suggests

Nothofagus forest dominance at ca. 4,400 cal. years BP (Fig.

1.1; Moreno et al., 2009).

The Los Flamencos Lagoon sequence (Fig. 1.1) shows a

change to drier conditions under a heterogeneous environ-

ment by a shrub steppe of Mulinum and Asteraceae subf.

Asteroideae, and other shrubs and dwarf-shrubs increase

at ca. 5,000 cal. years BP (Marcos et al., 2022a). Similar con-

ditions were recorded at the CMN1 archaeological site

(Fig. 1.1; Horta et al., 2016; Bamonte & Marcos, 2019;

Marcos et al., 2020).

The environmental heterogeneity continues to be

evident with forest developments in the Andean zone,

especially at the beginning of this period which later

decrease, and shrubby steppes in the extra-Andean areas.

By the end of this period, the winds began to weaken.

4,000–1,400 cal. years BP. The pollen record from MÑ

suggests a development from a shrub-grass steppe to a

shrub steppe with herbs. These changes could be indicating

a slight increase in moisture. The association between

Nothofagus, Ericaceae, and Mulinum, mainly recorded until

ca. 2,500 cal. years BP, indicates transitional environments

such as the modern conditions (Fig. 2). 

A gradual increase in the moisture availability was

evidenced by a change from shrub-grass to grass steppe

and a Nothofagus signal decrease from the Mallín Paisano

Desconocido and La Tercera (Fig. 1.1; Bamonte & Mancini,

2011; Bamonte et al., 2015). However, the conditions

remained dry. The fuel continuity inferred from the La

Tercera at ca. 2,500–1,500 cal. years BP favored a high fire

frequency (Sottile et al., 2012).

In the Deseado Massif, the records show a dominance

of dwarf-shrub steppe taxa represented similar conditions

to the modern and small-scale changes, resulting in

heterogeneity regional vegetation patterns (Mancini, 1998;

Brook et al., 2015).

To the south, the Cerro Frías and Península Avellaneda

Bajo pollen records indicate the development of grass-

shrub steppe from 4,000 to 2,000 cal. years BP, suggesting

a decrease in water availability (Fig. 1.1; Mancini, 2009;

Echeverría et al., 2018). High correlations between high fire

frequencies and charcoal accumulation rates (CHAR) from

the Cerro Frías record suggest an open forest landscape and

intermediate modeled Pann values (~400 mm; Tonello et al.,

2009; Sottile et al., 2012). From other southern sites, an

open forest between 3,500–2,500 cal. years BP were also

registered (Fig. 1.1; Villa Martínez & Moreno, 2007; Moreno

et al., 2009; Wille & Schäbitz, 2009). The moisture

availability decrease was probably linked to westerly winds

weakening. After that, an increase in forest development

was registered. 

From the Los Flamencos Lagoon (Fig. 1.1), between

3,500–3,000 cal. years BP, the pollen record shows a

decrease of dwarf-shrubs and the development of a shrub

steppe mainly composed of Asteraceae subf. Asteorideae,

Mulinum, Berberis, and an increase of herbs, suggesting

higher moisture availability compared to the previous

periods but similar to the current arid conditions for this

area. Accordingly, the CMN1 archaeological site shows an

ecotonal environment with moisture availability (Fig. 1.1;

Horta et al., 2016; Bamonte & Marcos, 2019; Marcos et al.,

2022a). Zorro Bayo sequence shows a shrub-grass steppe

and the increase of forest elements, suggesting wetter

conditions between 2,800 and 1,000 cal. years BP (Fig. 1.1;

Marcos et al., 2022b). 

The extra-Andean records from the San Martín Lake

basin suggest an increase in moisture availability evidenced

by the abundance of grasses and ecotonal environments,

which could be related to westerly winds weakening. In

addition, the information obtained from Nothofagus values

suggests a precipitation decrease in the Andean zone that

would indicate an amelioration of westerly winds, allowing

humid air masses to reach eastward into the steppe next to

the Andes (Moy et al., 2009; Sottile et al., 2012). The Deseado

Massif area presents vegetation patterns heterogeneity,

representing oscillations in humidity-dryness.
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1,400–present cal. years BP. The high paleoenvironmental

variability during the last millennium was related to aridity

events such as the Medieval Climate Anomaly (MCA, 950–

750 cal. years BP) and the Little Ice Age (LIA, 380–50 cal.

years BP) (Moy et al., 2009). 

For the last 1,400 cal. years BP, a shrub-grass steppe

continues to develop in the area. Mulinum increases,

suggesting a transitional environment between the forest

and the steppe from MÑ. 

The pollen record from the Mallín Paisano Desconocido

(Fig. 1.1) shows a dominance of a grass steppe in the extra-

Andean communities for the San Martín Lake basin during

the MCA. There is a significant change at the beginning of

MCA (ca. 400 cal. years BP) from grass to shrubby

communities, similar to those that develop in the modern

forest-steppe ecotone. The Nothofagus increase may be

related to a slight forest re-establishment in the Andean

zone. During the last centuries in MÑ, dwarf-shrubs could

indicate drier and colder conditions potentially associated

with the LIA. Changes in temperature and moisture

availability may have driven important vegetation changes,

favoring dominance of cushion plants such as Mulinum,

Azorella, and Amaranthaceae subf. Chenopodioideae

(Bamonte et al., 2015). After 100 cal. years BP, a steppe with

shrubs is inferred, indicating a trend toward lower moisture

availability conditions. The La Tercera (Fig. 1.1) pollen spectra

shows wetter conditions than today’s, interpreted from an

increase in herbs and a pronounced decrease in shrubs. This

increment in fuel accumulation was reflected by the high

levels of CHAR (Sottile et al., 2012). However, decreased

moisture availability was registered by an increase in

Amaranthaceae subf. Chenopodioideae (Bamonte & Mancini,

2011).

In the Deseado Massif, heterogeneity environments

similar to the modern were inferred for the last millennium

(Fig. 1.1; Brook et al., 2015)

Southern sequences, i.e., the Cerro Frías, Península

Avellaneda Alto, and Bajo and Brazo Sur (Fig. 1.1), have

suggested an increase in moisture availability after 2,000

cal. years BP, due to the expansion of the forest, in turn

related to the increase in global temperature during the

MCA (950–750 cal. years BP) and in the precipitations due

to SWW strengthening (Mancini, 2009; Wille & Schäbitz,

2009; Echeverría et al., 2018). However, toward the end of

this period (ca. 400 cal. years BP), lower moisture availability

also was registered at the Cerro Frías. A trend from wet to

dry conditions was recorded by an open forest signal

(Mancini, 2009; Echeverría et al., 2014). This trend could be

related to the LIA (380–50 cal. years BP). The Chorrillo Malo

2 and records from other archaeological sites from the

Argentino Lake basin show an increase in the grass steppe

under cold and wet conditions for the last 1,000 cal. years

BP (Mancini, 2002).

The paleoenvironmental conditions from archaeological

sites at the Pueyrredón Lake area (Fig. 1.1) did not show

significant changes since the previous period. For the last

1,000 cal. years BP, a change toward a decrease of moisture

availability is evidenced by shrubs and dwarf-shrubs

elements from Zorro Bayo by Marcos et al. (2022b).

CONCLUSIONS

The integration of pollen analysis and carbon isotopic

data together with other complementary analyses such as

the litho-stratigraphic description and the presence of wood

macro-fossil remains allow us to reconstruct the vegetation

communities changes associated with climatic variations

and wetland dynamics of the northeastern shore of the San

Martín Lake basin. The deposit evolution indicated changes

from a wetland with laminated clayey sediment, charac-

teristic of an environment with water availability that favors

the development of algae, toward a deposit with less water

availability and dominance of Cyperaceae from ca. 9,000 cal.

years BP with signs of development of Nothofagus forests. 

MÑ is a fossil pollen record that allowed us to recon-

struct the paleoenvironmental conditions from the north-

eastern area of the basin, where no previous information

between ca. 11,000 and 6,600 cal. years BP was available,

complementing the paleoenvironmental reconstructions

available for southern Patagonia. Synchronous changes

in arid conditions can be observed between MÑ and La

Tercera for this period. However, the drier conditions re-

flected by dwarf-shrub steppe elements are not so clearly

evident in the northeastern shore of the basin (MÑ) as it is

in the southern area until 9,000 cal. years BP. These arid

conditions could have been the result from a southward

shift of the westerly winds. At the beginning of the
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Holocene, grass steppes developed, whereas in the Andean

areas Nothofagus forests began to grow, indicating an in-

crease in temperature and precipitation (Stine & Stine,

1990; Markgraf et al., 2003). During the middle Holocene, a

decrease in moisture conditions is inferred by the more

xeric steppes in the extra-Andean area and the Nothofagus

forest development in Andean areas. These lower humidity

conditions in the MÑ area could be related to an intensifi-

cation of the westerly winds, which caused a steep precip-

itation gradient. From 4,000 cal. years BP, an environment

related to the transition between forest and steppe was

inferred in MÑ. However, more significant environmental

heterogeneity was observed from the different fossil se-

quences of southern Patagonia. This heterogeneity was re-

lated to climatic variability events recorded for the last

millennium and impact indicators for the last century in re-

sponse to the European settlement. 

ACKNOWLEDGMENTS
Funding was provided by Universidad Nacional de Mar del Plata-
UNMdP, Argentina (EXA 941/19; 995/20; 1023/21); Consejo Nacional
de Investigaciones Científicas y Técnicas-CONICET, Argentina (PIP
0763CO; 1967CO) y Agencia Nacional de Promoción Científica y
Tecnológica-ANPCyT (PICT 0763/15; 498/20) grants.

REFERENCES
Bamonte, F. P. & Mancini, M. V. (2011). Palaeoenvironmental

changes since Pleistocene–Holocene transition: Pollen analysis
from a wetland in southwestern Patagonia (Argentina). Review
of Palaeobotany and Palynology, 165, 103–110. 

Bamonte, F. P., Mancini, M. V., Belardi, J. B., & Espinosa, S. (2013).
Inferencias paleoambientales a partir del análisis polínico de
sitios arqueológicos del área del lago San Martín (Santa Cruz,
Argentina). Magallania, 41(1), 155–169. 

Bamonte, F. P, Mancini, M. V., Sottile, G. D., Marcos, M. A., & Gogorza,
C. (2015). Vegetation dynamics from Lago San Martín area
(Southwest Patagonia, Argentina) during the last 6500 cal B.P.
Vegetation History and Archaeobotany, 24, 267–277. 

Bamonte, F. P. & Marcos, M. A. (2019). Reconstrucción de
paleoambientes a partir del registro polínico de secuencias
arqueológicas en el oeste de Santa Cruz: análisis de escalas y la
relación con las ocupaciones humanas. In J. Gómez Otero, A.
Svoboda, & A. Banegas (Eds.), Arqueología de la Patagonia, el
pasado en las arenas (pp. 505–516). CONICET -Instituto de
Diversidad y Evolución Austral. 

Bengtsson, L. & Enell, M. (1986). Chemical analysis. In B. E. Berglund
(Ed.), Handbook of Holocene Palaeoecology and Palaeohydrology
(pp. 423–451). John Wiley & Sons. 

Blaauw, M. & Christen, J. A. (2011). Flexible paleoclimate age-depth
models using an autoregressive gamma process. Bayesian
Analysis, 6, 457–474.

Borrelli, P. & Oliva, G. (2001). Ganadería ovina sustentable en la
Patagonia Austral. Tecnología de manejo intensivo. INTA.

Brook, G. A., Franco, N. V., Ambrústolo, P., Mancini, M. V., Wang, L.,
& Fernández, P. M. (2015). Evidence of the earliest humans in
the Southern Deseado Massif (Patagonia, Argentina),
Mylodontidae, and changes in water availability. Quaternary
International, 363, 107–125. 

Brook, G. Mancini, M. V., Franco, N., Bamonte, F. P., & Ambrústolo, P.
(2013). An examination of possible relationships between
paleoenvironmental conditions during the Pleistocene-
Holocene transition and human occupation of southern
Patagonia (Argentina) east of the Andes, between 46º and 52º
S. Quaternary International, 305, 104–118.

Correa, M. M.  (1999). Flora Patagónica. Parte VI: Dicotiledóneas
Gamopétalas (Ericaceae a Calyceraceae). Tomo VIII. INTA.

Echeverría, M. E., Bamonte, F. P., Marcos, M. A., Sottile, G. D., &
Mancini, M. V. (2022). Past vegetation reconstruction maps and
paleoclimatic variability inferred by pollen records in southern
Patagonia (Argentina) since the Late glacial-Holocene transition.
Journal of South American Earth Sciences, 116, 103834. 

Echeverria, M. E., Sottile, G. D, Mancini, M. V., & Fontana, S. L. (2014).
Nothofagus forest dynamics and palaeoenvironmental variations
during the mid and late Holocene, in southwest Patagonia. The
Holocene, 24(8), 957–969. 

Echeverría, M. E., Sottile, G. D., Mancini, M. V., & Fontana, S. L.
(2018). New insights into postglacial vegetation dynamics and
environmental conditions of Península Avellaneda, southwest
Patagonia, revealed by plant macro-fossils and pollen analysis.
Mires and Peat, 21, 1–18. 

Faegri, K. & Iversen, J. (1989). Textbook of Pollen Analysis. 4th ed. John
Wiley & Sons. 

Flantua, S. G. A., Hooghiemstra, H., Vuille, M., Behling, H., Carson, J.
F., Gosling, W. D., Hoyos, I., Ledru, M. P., Montoya, E., Mayle, F.,
Maldonado, A., Rull, V., Tonello, M. S., Whitney, B. S., &
González-Arango, C. (2016). Climate variability and human
impact in South America during the last 2000 years: synthesis
and perspectives from pollen records. Climate of the Past, 12,
483–523. 

Fletcher, M. S. & Moreno, P. I. (2012). Have the Southern Westerlies
changed in a zonally symmetric manner over the last 14,000
years? A hemisphere-wide take on a controversial problem.
Quaternary International, 253, 32–46.

Franco, N. V., Vetrisano, L., Mancini, M. V., & Brook, G. A. (2020).
Nueva información referida a la transición Pleistoceno–
Holoceno y al Holoceno temprano en el extremo sur del Macizo
del Deseado (Patagonia, Argentina). Revista del Museo de La
Plata, 5(1), 109–125.

Fritz, P. & Fontes, J. C. (1980). Handbook of Environmental Isotope
Geochemistry, vol. 1. Elsevier.

Garreaud, R. D., López, R., Minvielle, M., & Rojas, M. (2013). Large-
scale control on the Patagonian climate. Journal of Climate, 26,
215–230. 

Glasser, N. F., Harrison, S., Winchester, V., & Aniya, M. (2004). Late
Pleistocene and Holocene palaeoclimate and glacier fluctuations
in Patagonia. Global and Planetary Change, 43, 79–101. 

Glasser, N. F., Jansson, K. N., Goodfellow, B. W., de Angelis, H.,
Rodnight, H., & Rood, D. H. (2011). Cosmogenic nuclide exposure
ages for marains in the Lago San Martín Valley, Argentina.
Quaternary Research, 75, 636–646.

Grimm, E. C. (2004). Tilia Software. Research and Collections Center,
Illinois State Museum. www.TiliaiT.com.

Guerrido, C. & Fernández, D. (2007). Flora Patagonia. Southern
forest/Bosques Australes. Fantástico Sur.  

BAMONTE ET AL.: PALEOENVIRONMENTS OF PATAGONIA DURING THE HOLOCENE

15



Heiri, O., Lotter, A., & Lemcke, G. (2001). Loss on ignition as a method
for estimating organic and carbonate content in sediments:
reproducibility and comparability of results. Journal of Paleo-
limnology, 25, 101–110.

Heusser, C. J. (2003). Ice age southern Andes: a chronicle of
paleoecological events. Developments in Quaternary Science, vol. 3.
Elsevier. 

Hoefs, J. & Schidlowski, M. (1967). Carbon Isotope Composition of
Carbonaceous Matter from the Precambrian of the
Witwatersrand System. Science, 155, 1096–1097.

Hogg, A. G., Heaton, T. J., Hua, Q., Palmer, J. G., Turney, C. S. M.,
Southon, J., Bayliss, A., Blackwell, P. G., Boswijk, G., Bronk
Ramsey, C., Pearson, C., Petchey, F., Reimer, P., Reimer, R., &
Wacker, L. (2020). SHCal20 Southern Hemisphere calibration,
0–55,000 years cal BP. Radiocarbon, 62(4), 759–778.

Horta, L. R, Marcos, M. A., Bozzuto, D. L., Mancini, M.V., & Sacchi, M.
(2016). Paleogeographic and paleoenviromental variations of
Pueyrredón Lake Posadas - Salitroso area during the Holocene
and their relationship to occupational dynamics. Palaeogeo-
graphy, Palaeoclimatology, Palaeoecology, 449, 541–552.

Horta, L. R., Marcos, M. A., Sacchi, M., Bozzuto, D. L., Georgie, S. M.,
Mancini, M. V., & Civalero, M. T. (2019). Paleogeographic and
paleoenvironmental evolution in northwestern Santa Cruz
(Argentina), and its influence on human occupation dynamics
during the late Pleistocene–early Holocene. Palaeogeography,
Palaeoclimatology, Palaeoecology, 516, 44–53.

Huber, U. M. & Markgraf, V. (2003). Holocene fire frequency and
climate change at Rio Rubens Bog, southern Patagonia. In T. T.
Veblen, W. L. Baker, G. Montenegro, & T. W. Swetnam (Eds.), Fire
and Climatic Change in Temperate Ecosystems of the Western
Americas (pp. 357–380). Springer Verlag. 

Huber, U. M., Markgraf, V., & Shabitz, F. (2004). Geographical and
temporal trends in Late Quaternary fire histories of Fuego-
Patagonia, South America. Quaternary Science Reviews, 23,
1079–1097.

Keeling, C. D. (1976). The Suess effect. 13Carbon-14Carbon inter-
relations. Environment International, 2(4–6), 229–300.

Keeling, R. F., Graven, H. D., Welp, L. R., Resplandy, L., Bi, J., Piper, S.
C., Sun, Y., Bollenbacher, A., & Meijer, H. A. (2017). Atmospheric
evidence for a global secular increase in carbon isotopic
discrimination of land photosynthesis. Proceedings of the
National Academy of Sciences, 114(39), 10361–10366.

Lüning, S., Gałka, M., Bamonte, F. P., García Rodríguez, F., &
Vahrenholt, F. (2018). The Medieval Climate Anomaly in South
America. Quaternary International, 508, 70–87. 

Mancini, M. V. (1998). Vegetational changes during Holocene in
the Extra-Andean Patagonia, Santa Cruz Province, Argentina.
Palaeogeography, Palaeoclimatology, Palaeoecology, 138, 207–
219. 

Mancini, M. V. (2002). Vegetation and climate during the Holocene in
Southwest Patagonia, Argentina. Review of Palaeobotany and
Palynology, 122, 101–115. 

Mancini, M. V. (2009). Holocene vegetation and climate changes
from a peat pollen record of the forest-steppe ecotone,
Southwest of Patagonia (Argentina). Quaternary Science Reviews,
28(15–16), 1490–1497.

Mancini, M. V., Bamonte, F. P., Marcos, M. A., Sottile, G. D., &
Echeverría, M. E. (2018). Análisis y métodos paleoecológicos
para la reconstrucción de comunidades de bosque y estepas de
Patagonia, Argentina. In A. R. Prieto (Ed.), Metodologías y
estrategias del análisis palinológico del Cuaternario tardío.
Publicación Electrónica de la Asociación Paleontológica Argentina,

18, 77–101. http://dx.doi.org/10.5710/PEAPA.11.07.2018.256
Mancini, M. V., de Porras, M. E., & Bamonte, F. P. (2012).

Southernmost South America Steppes: vegetation and its
modern pollen-assemblages representation. In M. G. Denise
(Ed.), Steppe Ecosystems: Dynamics, Land Use and Conservation
(pp. 141–156). Nova Science Publishers.

Mancini, M. V., Franco, N. V., & Brook, G. A. (2013). Palaeoenviron-
ment and early human occupation of southernmost South
America (South Patagonia, Argentina). Quaternary International,
299, 13–22. 

Marcos, M. A., Bamonte, F. P., Echeverría, M. E., & Mancini, M. V.
(2019). Tafonomía polínica en sitios arqueológicos: relación con
los efectos ambientales y con el uso de los sitios por los grupos
cazadores-recolectores. In J. Gómez Otero, A. Svoboda, & A.
Banegas (Eds.), Arqueología de la Patagonia, el pasado en las
arenas (pp. 529–542). CONICET - Instituto de Diversidad y
Evolución Austral. 

Marcos, M. A, Bamonte, F. P., Echeverria, M. E., & Mancini, M. V.
(2020). Southern Patagonian archaeological sites (47°- 49° S;
72° W, Argentina) as pollen Records: Pollen Preservation
Analysis Considerations for Accurate Palaeoenvironmental
Reconstructions. Journal of Anthropological and Archaeological
Science, 2, 205–219. 

Marcos, M. A., Bamonte, F. P., Echeverría, M. E., Sottile, G. D., &
Mancini, M. V. (2022a). Changes in vegetation and human-
environment interactions during the Holocene in the Lake
Pueyrredón area (southern Patagonia). Vegetation History and
Archaeobotany, 31, 291–305.

Marcos, M. A., Bamonte, F. P., Echeverría, M. E., Sottile, G. D., &
Mancini, M. V. (2022b). Paleoenvironmetal changes for the last
3000 cal years BP in the Pueyrredón lake basin, Southern
Patagonia, Argentina. Quaternary, 5(4), 49–67.

Marcos, M. A. & Mancini, M. V. (2012). Comunidades vegetales de la
costa norte del Golfo San Matías, Río Negro, Argentina. Ecología
Austral, 22(3), 188–194.

Markgraf, V., Bradbury, P., Schwalb, A., Burns, S., Stern, C., Ariztegui,
D., Gilli, A., Anselmetti, F., Stine, S., & Maidana, N. (2003).
Holocene palaeoclimates of southern Patagonia: limnological
and environmental history of Lago Cardiel, Argentina. The
Holocene, 13, 581–591.

Markgraf, V. & Huber, U. M. (2010). Late and postglacial vegetation
and fire history in southern Patagonia and Tierra del Fuego.
Palaeogeography, Palaeoclimatology, Palaeoecology, 297, 351–366.

Moreno, P. I., Francois, J. P., Villa-Martínez, R. P., & Moy, C. M. (2009).
Millennial-scale variability in Southern Hemisphere westerly
wind activity over the last 5000 years in SW Patagonia.
Quaternary Science Reviews, 28, 25–38.

Moreno, P. I., Simi, E., Villa-Martínez R. P., & Vilanova, I. (2019). Early
arboreal colonization, postglacial resilience of deciduous
Nothofagus forests, and the Southern Westerly Wind influence
in central-east Andean Patagonia. Quaternary Science Reviews,
218, 61–74.

Moreno, P. I., Villa-Martínez, R. P., Cárdenas, M. L., & Sagredo, E. A.
(2012). Deglacial changes of the southern margin of the
southern westerly winds revealed by terrestrial records from
SW Patagonia (52ºS). Quaternary Science Reviews, 41, 1–21.

Mosquera, B. & Mancini, M. V. (2021). Paleoenvironmental analysis
of Deseado Massif wet meadow: Implications to the Holocene
occupations of Argentinean Patagonia. The Holocene, 31(10),
1609–1620. https://doi.org/10.1177/09596836211025969

Movia, C. P., Soriano, A., & Leon, R. J. C. (1987) La vegetación de la
cuenca del río Santa Cruz (Provincia de Santa Cruz, Argentina).

Publicación Electrónica - 2023 - Volumen 23(1): 1–17

16



Darwiniana, 28(14), 9–78.
Moy, C. M., Moreno, P. I., Dunbar, R. B., Kaplan, M. R., Francois, J. -P.,

Villalba, R., & Haberzettl, T. (2009). Climate change in southern
South America during the last two millennia. In F. Vimeux, F.
Sylvestre, & M. Khodri (Eds.), Past Climate Variability in South
America and Surrounding Regions. Developments in Paleoenviron-
mental Research, 14, 353–393. 

Oyarzabal, M., Clavijo, J., Oakley, L., Biganzoli, F., Tognetti, P.,
Barberis, I., Maturo, H. M., Aragón, R., Campanello, P. I., Prado,
D., Oesterheld, M., & León, R. J. C. (2018). Unidades de
vegetación de la Argentina. Ecología Austral, 28, 40–63. 

Paez, M. M., Prieto, A. R., & Mancini, M. V. (1999). Fossil pollen from
Los Toldos locality: a record of the Late-glacial transition in the
Extra-Andean Patagonia. Quaternary International, 53–54, 69–75.

Panarello, H. O. (1987) Relaciones entre isótopos de elementos
livianos para estudiar procesos ambientales y paleotempe-
raturas. [Doctoral dissertation, Universidad de Buenos Aires].
Retrieved from https://bibliotecadigital.exactas.uba.ar/ 

Panarello, H. O. & Sánchez, E. (1985). The Kranz syndrome in the
Eragrostideae (Chloridoideae, Poaceae) as indicated by carbon
isotopic ratios. Bothalia, 15, 587–590.

Panarello, H. O., Sanci, R., & Wassenaar, L. I. (2018). 14C chronology
and stable isotopes on Lymnaea viatrix shells in northwest
Patagonia, Argentina. Do they express the Antarctic climatic
reversal? Carbonates and Evaporites, 34, 133–142.

Paruelo, J. M., Beltrán, A., Jobbágy, E., Sala, O., & Golluscio, R. (1998).
The climate of Patagonia: general patterns and controls on biotic
processes. Ecología Austral, 8, 85–101.

Peri, P. L., Ladd, B., Pepper, D. A., Bonser, S., Laffan, S. W., &
Amelung, W. (2012). Carbon (δ13C) and nitrogen (δ15N) stable
isotope composition in plant and soil in Southern Patagonia’s
native forests. Global Change Biology, 18, 311–321.

Peri, P. L. & Ormaechea, S. (2013). Relevamiento de los bosques
nativos de ñire (Nothofagus antarctica) en Santa Cruz: base para su
conservación y manejo. INTA. 

Rojo, L. D., Mehl, A. E., Zárate, M. A., García, A., & Chivas, A. R. (2018).
Late Pleistocene and Holocene vegetation changes in the arid
Andean piedmont of central Argentina inferred from sediment
stable carbon isotopes and C/N ratios. Palaeogeography,
Palaeoclimatology, Palaeoecology, 495, 205–213. 

Samec, C. T., Pirola, M., & Kilian Galván, V. A. (2019). Lineamientos
para la publicación de resultados isotópicos en antropología
biológica y arqueología. Revista Argentina de Antropología
Biológica, 21(2), 007.

Sánchez E., Arriaga, M. O., & Panarello, H. O. (1986). El síndrome de
Kranz en Asteraceae de la Flora Argentina. Boletín de la Sociedad
Argentina de Botánica, 24, 249–259.

Sottile, G. D., Bamonte, F. P., Mancini, M. V., & Bianchi, M. M. (2012).
Insights into Holocene vegetation and climate changes at the
Southeastern side of the Andes: Nothofagus Forest and
Patagonian Steppe fire records. The Holocene, 22(11), 1201–
1214.

Sottile, G. D., Echeverría, M. E., Tonello, M. S., Marcos, M. A.,
Bamonte, F. P., Rayó, C., & Mancini, M. V. (2020). Dinámica de la
vegetación andina del Lago Argentino (49°S, 72°O) desde el
retiro de los glaciares ca. 12.000 años cal AP. Andean Geology,
47(3), 599–627. 

Stine, S. & Stine, M. (1990). A record from Lago Cardiel of climate
change in southern South America. Nature, 345, 705–708.

Stuiver, M. & Reimer, P. J. (1993). Extended 14C database and revised
CALIB radiocarbon calibration program. Radiocarbon, 35, 215–
230.

Stuiver, M., Reimer, P. J., & Reimer, R. W. (2021). CALIB 8.2.
http://calib.org.

Tessone, A. (2022). Constructing an isotope ecology in southern
Patagonia: Herbivore δ13C and δ15N variability from the Andes
to Atlantic coast. Quaternary International, 628, 79–87.

Tessone, A. & Belardi, J. B. (2010). Evaluación del δ13C y δ15N en el
colágeno de herbívoros de las cuencas de los lagos Tar y San
Martín (provincia de Santa Cruz, Patagonia). In M. A. Gutiérrez,
M. De Nigris, P. M. Fernández, M. Giardina, A. Gil, A. Izeta, G.
Neme, & H. Yacobaccio (Eds.), Zooarqueología a principios del
siglo XXI. Aportes teóricos, metodológicos y casos de estudio (pp.
345–357). Ediciones Espinillo.

Tessone, A., Fernández, P., Fernández, N., & De Nigris, M. (2020a).
Variaciones δ13C y δ15N en huemul durante el Holoceno en Cerro
Casa de Piedra, Santa Cruz, Argentina. Implicancias para el
estudio de su distribución pasada. Intersecciones en Antropología,
21(1), 5–16.

Tessone, A., Miotti, L., Marchionni, L., Hermo, D., & Mosquera, B.
(2020b). δ13C y δ15N de fauna proveniente de sitios arqueo-
lógicos del Macizo del Deseado, Santa Cruz, Argentina.
Magallania, 48(1), 123–140.

Tonello, M. S., Mancini, M. V., & Seppä, H. (2009). Quantitative
reconstruction of Holocene precipitation changes in southern
Patagonia. Quaternary Research, 72, 410–420.

Vilanova, I., Moreno, P. I., Miranda, C. G., & Villa-Martínez, R. P.
(2019). The last glacial termination in the Coyhaique sector of
central Patagonia. Quaternary Science Reviews, 224, 105976.
http://doi.org/10.1016/j.quascirev.2019.105976

Villa-Martínez, R. P. & Moreno, P. I. (2007). Pollen evidence for
variations in the southern margin of the westerly winds in SW
Patagonia over the last 12,600 years. Quaternary Research, 68,
400–409. 

Wille, M. & Schäbitz, F. (2009). Late-glacial and Holocene climate
dynamics at the steppe/forest ecotone in southernmost
Patagonia, Argentina: the pollen record from a fen near Brazo
Sur, Lago Argentino. Vegetation History and Archaeobotany, 18,
225–234. 

doi: 10.5710/PEAPA.05.01.2023.449

Recibido: 10 de noviembre 2022   

Aceptado: 5 de enero 2023 

Publicado: 15 de febrero 2023

BAMONTE ET AL.: PALEOENVIRONMENTS OF PATAGONIA DURING THE HOLOCENE

17


