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This paper adds information on the palaeoenvironmental evolution in northern Tierra del Fuego, using subfossil
diatom analysis. The archaeological evidence suggested the presence of hunter-gatherer groups during the Holo-
cene at the Fuegian steppe. Some shallow lake basins have denser archaeological record than others; thus, it is
interesting to evaluate and discuss if that might be related to different environmental conditions in the past.
Lake Arturo offered opportunities for wildlife (guanacos and birds), and then, strategic meeting points for
humans. A sediment core was taken from the lake with a Livingstone gravity corer. Diatom results suggest a
brackish and shallow lake at Lake Arturo almost along the entire Holocene. The lacustrine basin started to desic-
cate during Middle Holocene or it had, at least, a similar configuration and dynamics as it has today. The diatom
analysis is an interesting approach to evaluate how variable the local resources could have been in the studied
lake, both on the spatial and the temporal scale, and the degree in which lakes could have affected or influenced
the routes of hunter-gatherer mobility in the past.
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1. Introduction

The peopling of southernmost South America occurred during the
end of the Late Glacial times (16,000 and 10,000 years BP), as it has
been demonstrated in several sites of continental Patagonia (Borrero,
1999, 2008; Miotti, 2006; Miotti and Salemme, 1999; Salemme and
Miotti, 2008; among others). Tierra del Fuego was the last southern
tip to be explored and colonized by people after the Last Glacial Maxi-
mum (Borrero, 2004; Salemme and Miotti, 2008). Cultural and faunal
remains recorded at Tres Arroyos 1 archaeological site (Fig. 1;
Massone, 2004) proved that a group of hunters occupied the NW por-
tion of the present island at ca. 10,500 yr ago, when Tierra del Fuego
was still part of the continent (McCulloch et al., 2005; Rabassa, 2008).
After a hiatus of approximately four thousand years since the Middle
Holocene, the archaeological record denotes population increase
(Salemme and Santiago, 2017).

In the northern part of Tierra del Fuego, between Chico and Grande
rivers, the archaeological record was studied from a distributional per-
spective (Oría, 2014; Santiago, 2013). This criteria considers the archae-
ological record as a continuum with higher density peaks (Dunnell and
).
Dancey, 1983) which reflects human activity in a large space and not
only where the action took place. In the study area, the shallow lake
basin suggests a continuous and heterogeneous use of the inland envi-
ronments of the Fuegian steppe during the Holocene (Oría, 2014).

The interaction between humans and environment has been an im-
portant topic in anthropological literature concerned with the percep-
tions and use of landscape by people in the past. At the Fuegian
steppe, some shallow lake basins have denser archaeological record
than others (Oría et al., 2014); thus, it is interesting to evaluate and dis-
cuss if thatmight be related to different environmental conditions in the
past. For this reason, the use of several proxy analysis results is an accu-
rate approach to reconstruct the palaeoenvironmental history of shal-
low Lake Arturo during the Holocene. Diatomological and
archaeological records from the shallow Lake Arturo as case study are
presented herein.

2. Setting

The climate of the region is temperate-cold, with mean tempera-
tures of 10 °C in summer and 1 °C inwinter. Themean annual precipita-
tion is 379 mm (Tuhkanen, 1992). Intense and strong winds are
permanent in the steppe, blowing mainly from northwest-west-
southwest direction. The Aridity Index of 0.75 characterizes the hydric
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Fig. 1. Location of the study area and archaeological site.
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regime for the Cold Subhumid Oceanic climate prevailing in this region
(Coronato et al., 2008). The steppe vegetation is dominated by Festuca
gracillima. Other species such as Azorella sp. and Nassauvia magellanica
are also present.
2.1. Study site

Lake Arturo (53° 43′ S, 68° 18′W) is a shallow, saline, ephemeral,
intermediate-sized water body located at 69 m a.s.l., in the semiarid
steppe of northern Tierra del Fuego (Fig. 2A). It is located in a depression
surrounded by smooth rocky hills covered by aeolian deposits. Almost
circular in shape, its perimeter is 5.63 km long, the longest axis is
2.08 km long in the NE-SW direction, and the shortest axis is 1.6 km
(Coronato et al., 2011). A cliff comprising 15 m of Neogene marine sed-
imentary rocks forms the southern shoreline of the lake. It is capped by
20.3 m of unconsolidated, fine-grained aeolian sediments (9 units),
Fig. 2. Lake Arturo. A-Overview of Lake Arturo with its aeolian sequence on the south coast. B
containing palaeosols (8 levels intercalated). The paleodune of Lake
Arturo is exposed to northwest, north and northeast winds.

Themaximum andmeanwater depths in the lake are unknown, but
shallowwaters are inferred by the authors from total desiccation of the
lake during windy days in summer.

The studied shallow lake is settled on marine sedimentary rocks,
which correspond to the Carmen Silva Formation (Codignotto and
Malumián, 1981). This Formation has two members, the lower one of
clay and sandy siltstones and the upper one of conglomerates and
tuffs with abundant invertebrate fossils (Malumian and Olivero, 2006).

2.2. Archaeological record

Four archaeological sites were recorded in this lake -Arturo 1
(Coronato et al., 2011; Oría, 2014), Arturo 2 (Oría and Salemme,
2016), Arturo 3 and Arturo 4 (Oría et al., 2017), added to 12 isolated
findings spread along the present lake coast. Bones and lithic artifacts
-Arturo 1 archaeological site in the deflation hollow. Note the ancient lacustrine terrace.
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were recorded at Arturo 1 but only very few bones could be assigned to
human action (Fig. 2B; Oría et al., 2016). Instead, at Arturo 2 (Fig. 3),
Arturo 3 and Arturo 4 sites, only lithic material was recorded; they
were interpreted as differents loci of knapping activities (Oría et al.,
2017, Oría and Salemme, 2016,).

In these assemblages, the absence of glass, iron or introduced fauna
bones with anthropic marks suggests pre-European human occupa-
tions. Oría and Salemme (2016) suggested a human occupation around
the shallow lake related to the exploitation of rocks as raw material;
manufacture of scrapers is remarkable. The visibility of archaeological
remains is associated to lake coastal erosion features. The archaeological
material was found on the surface so there is no chronological control.
3. Material and methods

A sediment core was taken from the lake during the summer season
of 2011, with a Livingstone gravity corer. The core of 166 cm long
(LATF1) was retrieved when the shallow lake had just desiccated
(Fig. 4). Diatomanalyseswere applied to the entire sedimentological re-
cord, but because of this work and considering the earliest ages of
human occupation in Tierra del Fuego, we only focus and show the sec-
tion of the core younger than 12,000 cal BP.

Sub-samples for diatom analysis were taken every 1.25 cm. Sub-
samples were first treated with 10% HCl, rinsed, and then heated with
30% H2O2, at 80–90 °C for 2–3 h to oxidize the organic matter. Samples
were rinsed repeatedly by suspending and dispersing the material in
distilled water. The supernatant was discarded after 2 h.

Permanent slides were mounted with Naphrax® and analyzed with
a light microscope at 1000 × magnification. At least 400 valves were
counted in every slide. Diatom identification was primarily based on
Husted (1930-1966), Krammer and Lange-Bertalot (1986, 1988,
1991a,b), Morales and Manoylov (2006) and Rumbrich et al. (2000).

The diatom stratigraphy was plotted with the Tilia and TGview Ver-
sion 2.0.4 sofware (Grimm, 1992) and only species attaining N3% in at
least one sample were included. Diatom assemblages were grouped
into two different zones using Coniss program by the method of
constrained incremental sum of squares clustering (Grimm, 1992).

Three samples from Lake Arturo were radiocarbon dated (Table 1).
AMS analyses were performed at DirectAMSACCIUMBiosciences (Seat-
tle, USA).The calibration curve was made by the software CALIB 7.0
(Stuiver et al., 2014) using the curve for Southern Hemisphere
(SHcal13) (Hogg et al., 2013). The age-depth models were calculated
with the OxCal 4.2.4 calibration software (Bronk Ramsey and Lee,
2013, Fig. 5).
Fig. 3. Arturo 2 archaeological site.
4. Results

The total number of identified taxawas 99. The specieswith N3% rel-
ative abundance in at least one sample are shown in the Fig. 6.

4.1. Zone I (62–45 cm)

4.1.1. Subzone Ia: 62–55 cm (12,000–10,500 cal BP)
The subzone is characterized by the dominance of epiphytic

fragilarioid diatoms Staurosira venter (Ehrenberg) Cleve & Moeller
(60%) and Staurosira binodis (Ehrenberg) Hustedt (40%). Also,
Staurosirella martyi (Héribaud) Morales & Manoylov is present (15%).
Also present but less abundant there were other non planktonic taxa
such as Epithemia adnata (Kützing) Brébisson, Epithemia sp.,
Pseudostaurosira brevistriata Williams & Round, Diploneis elliptica
(Kützing) Cleve, and Fragilaria capucina Desmazières.

4.1.2. Subzone Ib: 55–45 cm (10,500–8200 cal BP)
The dominant species in this subzone is the planktonic Thalassiosira

patagonica N. Maidana (65%) and some non-planktonic species have a
minor frequency: Fragilaria capucina (15%), Surirella brebissonii
Krammer & Lange-Bertalot, Pinnularia divergens W. Smith, Amphora
sp., Cymbella sp., Navicula sp.. Surirella tuberosaO. Müller starts the sub-
zone with 10% of relative frequency, increasing by the end of the sub-
zone up to 35%.

4.2. Zone II (45–10 cm)

4.2.1. Zone II: 45–10 cm (8200–1100 cal BP)
The dominant species is Surirella tuberosa (80–85% of relative fre-

quency). Representatives of Diploneis are present in almost the whole
zone. Up to 25 cm depth they were identified as D. elliptica, but at
25–35 cm the poor preservation of the valves did not allow the species
identification.Diploneis sp. is observed in the whole zone with frequen-
cies reaching almost 40%.

5. Discussion

5.1. Diatom interpretation and comparison with paleoclimate data

Around 12,000 cal BP, diatomassemblages of LakeArturo are charac-
terized by the dominance of fragilarioid taxa, which are primarily epi-
phytic, common in shallow waters and littoral areas of deep lakes.
Most of themoccur in circumneutral to alkaline, and oligotrophic tome-
sotrophic environments (Douglas and Smol, 2010). Lake Arturo might
have had alkaline freshwater to brackish water. The dominance of epi-
phytic taxa, including Epithemia adnata, also suggests the presence of
aquatic vegetation. Thus, it is interpreted as a shallow lake that present-
ed a bottom covered with vegetation (Fig. 7). Indeed, glacier advance
and increase in precipitation are reported for the Magellan Strait be-
tween 15,350 and 12,250 cal BP (McCulloch and Davies, 2001;
McCulloch et al., 2005), which corresponds to the Antarctic Cold Rever-
sal (ACR) cool event. This was followed by an arid phase in theMagellan
area between ~12, 100 and ~9500 cal yr BP (McCulloch et al., 2000).

At 10,500 cal BP, thediatomassemblage shows a remarkable change.
Thalassiosira patagonica appears in the record and almost dominates it
until 8200 cal BP. This species was found in slightly brackish, nutrient
rich and alkaline waters (Maidana, 1999). It is mentioned for the first
time in Tierra del Fuego. The presence of this species might suggest a
water input to the basin by surface runoff under more humid climatic
conditions. The palaeomagnetic results of Lake Arturo palaeosoil 2
(Ps2) (between 11,304 and 7163 cal BP) indicate that during its forma-
tion it presented higherwater storage relatedwithmore humid climatic
conditions than at present (Orgeira et al., 2012). Looking further north
(approximately 250 km), in continental Patagonia, at Laguna Potrok
Aike (52° S, 70° W, Fig. 1) the record suggests warmer conditions for



Fig. 4. Sampling activities at Lake Arturo.
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this period (Massaferro et al., 2013; Recasens et al., 2015; Wille et al.,
2007). This is a slightly brackish and deep lake where a
palaeoenvironmental record that covers the last ca 60,000 years has
been studied.

In Potrok Aike, Thalassiosira patagonica is observed for the samemo-
ment in the sediment record. It was interpreted as the beginning of
lake's salinization and as an indicator of lower lake levels (Recasens
et al., 2015). In Lake Arturo the relative abundance of Thalassiosira
patagonica remains stable up to 8200 cal BP. After 8200 cal BP up to
1100 cal BP, Surirella tuberosa, common in terrestrial and almost dry
places (Frenguelli, 1924) dominates the assemblage. Besides, it appears
alongwithDiploneis elliptica andDiploneis sp. Here, the assemblage sug-
gests a brackish shallow to almost a desiccate lake.

At Laguna Potrok Aike between ca 8700 and 7300 cal BP sedimenta-
tion rates are the highest recorded for this lake and geochemical proxies
suggest dry conditionswith low lake levels (Haberzettl et al., 2007). Pol-
len, diatom, and chironomid records indicate that this was the driest
and windiest part of the Holocene as well (Massaferro et al., 2013;
Wille et al., 2007).

The sequence of aeolian deposits and palaeosoils of the perched
dune in the Lake Arturo reflects a high variability in climate conditions
since the Late Glacial-Holocene transition, when the last glacial reces-
sion occurred in Tierra del Fuego (Coronato et al., 2011; Orgeira et al.,
2012). The aeolian deposition in this dune suggests a relative low sedi-
ment accumulation during the Early Holocene, being the peak between
6538 and 5552 cal BP and after that it declines (Coronato et al., 2011).
This is coincident with what it is inferred from the dominance of
S. tuberosa in the diatom assemblages. It is interesting to note that at
6538 cal BP themagnetic parameters of Lake Arturo Ps4 suggest periods
of higher moisture related to higher precipitation (Orgeira et al., 2012).
Table 1
Radiocarbon samples and calibrated ages obtained at Lake Arturo (LATF1) core.

Sample no. Analysis no. Sample material 14C a

LATF2/13 D-AMS 014411 Bulk sediment 1110
LATF2/72 D-AMS 014412 Bulk sediment 12,41
LATF2/163 D-AMS 014413 Bulk sediment 18,96
Nevertheless, this event was not reflected in the diatom assemblage’ s
composition.

Under a regional point of view, pollen analysis of La Misión mire
(Fig. 1, Markgraf, 1976) showed a strong decrease in pollen frequencies
during the last 3000 cal BP suggesting a regional climatic change. The
climate might have turned drier, giving as a result a forest retraction.
This phase drives to the current environment that corresponds to a
grass steppe without trees, with b500 mm annual precipitation
(Markgraf, 1976).

High lake levels at Laguna Potrok Aikewere identified at 1980 cal BP,
ca. 950–750 cal BP and ca. 530–20 cal BP (Haberzettl et al., 2005). Also at
Lake Arturo, the magnetic parameters of the Ps7 (at ca. 471 cal BP) sug-
gest a humid period (Orgeira et al., 2012).

5.2. Archaeology and palaeoenvironmental scenarios in the Fuegian steppe

Environmental conditions, inferred from the palaeoenvironmental
studies and their relationship with past human groups, play a remark-
able role for a better understanding of the formation processes in the ar-
chaeological record. At a large scale, natural environments represent an
influence factor for human behavior (Dearing, 2006). In this sense, shal-
low lakes in semiarid environments constitute archaeologically inter-
esting places, as they are considered to have been meeting points for
hunter-gatherers and wildlife in the past.

The map of archaeological records in the Fuegian steppe is
conformed mainly by many surface findings. The archaeological re-
mains were registered in pans eroded by deflation on former dunes, la-
custrine terraces or on their dry lake-bed (Coronato et al., 2011; Oría,
2014). Even considering the fact that water availability is a strong and
important issue in hunter-gatherer lifestyles, the higher density of
ge (BP) 1 σ error Calibrated ages Depth (cm)

29 1000 13
1 45 14,500 72
0 66 22,800 163



Fig. 5. Age-depth curve from Lake Arturo.
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archaeological record in Lake Arturo than in nearby lakes could be
linked to other circumstances, including acquisition of lithic raw mate-
rial, and aspects related to the archaeological record itself: visibility,
loss and preservation. An interesting point here is that even though
there are many shallow lakes in the steppe, not all of them have the
same amount and distribution of artifacts. The variability related to
the use of the space is clear (Oría, 2014). Lake Arturo was included in
a recurrent use pattern (Oría and Salemme, 2016).
Fig. 6. Relative abundance of the main diatom species (N3%) at Lake
Diatom results suggest a brackish and shallow lake at this site almost
along the entire Holocene. The lacustrine basin started to desiccate dur-
ing Middle Holocene or at least it had a similar configuration and dy-
namics as it has today. However, the geomorphological analyses in
several lake basins at the Fuegian steppe suggests that they were larger
than today according to the presence of terraces in higher positions
(Coronato et al., 2012).

Diatom assemblages, mainly T. patagonica, in Lake Arturo showed
that the waters were not optimal for human consumption. So, the use
of the lacustrine environment seems to be more related to exploitation
of rawmaterial and, probably, to chase for wildlife. This inference gives
us an idea of the activities that people developed around thiswater bod-
ies, but it does not explain differences found in the distribution of ar-
chaeological record, at least in Lake Arturo.

The mobility strategies followed by hunter-gatherer groups might
not be related to their subsistence exclusively; it could be related, as
well, to a social meaning that makes particular points of landscape
more attractive to people. To understand the occupation at Lake Arturo,
we will use the concept of stopping point (sensu Stafford, 1995) to eval-
uate how human groups move around in the space (Oría et al., 2014).
This author considers different landforms as “elements” that shape the
landscape; those landforms with high density of findings are
interpreted as stopping points (Stafford, 1995). The factor that turns cer-
tain elements into a stopping point needs further research to understand
decisions taken by humans in the past. In our case study the availability
of resources would not be a main vector to drive reoccupation. In this
sense, the different human interactions with the environment is recog-
nized to operate not through a given natural environment but rather on
culturally built perceptions of that environment (Tilley, 1994).

6. Conclusions

The diatom assemblages recovered from sediment records from
Lake Arturo provided environmental information to shed further light
on the past ecological scenarios at the Fuegian steppe for human life.
In general, the environments during the Holocene had been developed
mainly under very windy conditions, highly dynamic cycles of dry and
humid periods with variable rainfall rates and temperature.

For the Early Holocene, diatom assemblages at Lake Arturo suggest
more precipitations and a lake turning to more brackish waters. Never-
theless, other humid cycles reflected in the palaeosoils sequence were
not reflected in the diatom assemblages.

Even the unknown chronological human occupation around Lake
Arturo we conclude, that during the Holocene, the lake could not offer
Arturo sediment record during the Late Pleistocene-Holocene.



Fig. 7. Palaeoenvironmental evolution at Lake Arturo considering diatom data and compared to the lacustrine profile with the sequence of paleosoils formed in its south coast.
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another possibility of use rather than the fauna hunting and/or lithic ex-
ploitation. According to the diatom record, all along the Holocene, Lake
Arturo had brackish waters not suitable for human consumption. Since
then, the lake seems to have had a semipermanent character with a
highly dynamic desiccation and erosion.
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