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Using GIS applications to simulate optimal human movements from archaeological sites to the lithic source
known as Miraflores Valley (Isla Grande de Tierra del Fuego, Southernmost South America), this paper discusses
potential pathways for the spatial distribution of artifacts made of the two distinctive Miraflores raw materials
(tuff and silicified tuff). In addition, we discuss possible models of exploitation and transport for Miraflores
rocks through a distributional analysis on the depositional environment of the findings. Archaeological collec-
tions aswell as petrographic and geochemical studies showa large-scale archaeological distribution ofMiraflores
rocks; however they are absent from most Fuegian lithic assemblages and scarce in those wherein they appear.
We propose and discuss the provisioning strategies applied in their procurement. Potential pathways through
the islandscape are correlated with a statistical analysis based on the location of sites with the presence or ab-
sence of Miraflores rawmaterials. Spatial analyses provide a robust framework to discuss Miraflores distribution
and circulation, humanmobility aswell as the social interaction among terrestrial hunter-gatherers andmaritime
populations of southernmost SouthAmerica. Our results indicate thatMiraflores rocks procurement varied across
Fuegian geography.While independent circuits andmultiple accesses to the sourcemay have existed in thenorth
of Isla Grande de Tierra del Fuego, the distribution of these rocks southwardsmay have had a higher dependence
on a few optimal routes connected to northern archaeological localities of San Sebastián and Inútil Bays. There-
fore, southern populations may have drawn heavily on social interaction for the supply of Miraflores raw mate-
rials. Nevertheless, Least Cost Path model suggests that the participation of canoe people was not required to
explain the current distribution of Miraflores materials throughout the Isla Grande de Tierra del Fuego.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Studies of lithic rawmaterial distribution are an essential part of ar-
chaeological approaches to the use of space, human mobility, and net-
works of social interaction (i.e. Renfrew, 1977; Meltzer, 1989;
Feblot-Augustins, 1993; Haury, 1995; Beck et al., 2002; Brantingham,
2003, 2006). However, the identification of patterns is usually limited
by the requirement for a known source of each rawmaterial. More fre-
quently, most of the latter were obtained from secondary geological de-
posits, which are one of the most ubiquitous features within
archaeological landscapes (Torrence, 1989; Andrefsky, 1994; Franco,
2002, 2014; Charlin, 2009).

In the Isla Grande of Tierra del Fuego (52–54° S, 66–74°W, southern-
most South America) the only primary source with evidence of use
, kborrazzo@yahoo.com.ar
identified so far is located in the Chorrillo Miraflores Valley, on the
northern steppe (Prieto et al., 2004) (Fig. 1). Recent archaeological re-
search showed that two rawmaterials (tuff and silicified tuff) available
at that source were transported up to 320 km away and also off shore.
These rocks were recorded in archeological contexts of several small
islands in the Strait of Magellan and on the coasts of continental Patago-
nia, suggesting some level of interaction between terrestrial and mari-
time hunter-gatherers (Prieto et al., 2004; Borrazzo et al., 2008, 2010,
2015; Borrazzo, 2009, 2012; Massone, 2009; De Ángelis, 2012;
Morello et al., 2012; Labarca et al., 2014; Borrazzo and Pallo, 2015).
The earliest chronology available for the human use of these lithologies
is c. 4000–3000 YBP (Morello et al., 2012; Borrazzo et al., 2015). Region-
al studies indicated thatMiraflores tuff has been used aswood shaft pol-
ishers and/or as grinding stones, while the silicified tuff was primary
reduced through the application of the bipolar technique and used in
the manufacture of (micro) end-scrapers (Prieto et al., 2004; Borrazzo
et al., 2015).

A large scale survey of Fuegian lithic collections was recently un-
dertaken to assess overall contribution of Miraflores rawmaterials to

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jasrep.2016.05.024&domain=pdf
http://dx.doi.org/10.1016/j.jasrep.2016.05.024
mailto:kborrazzo@yahoo.com.ar
Journal logo
http://dx.doi.org/10.1016/j.jasrep.2016.05.024
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/jasrep


Fig. 1. Isla Grande de Tierra del Fuego and the location of Chorrillo Miraflores source.
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lithic assemblages from Isla Grande de Tierra el Fuego. The results in-
dicate that both rocks are absent from most of known archaeological
sites and their frequencies in the assemblages is, in general, extreme-
ly low (Borrazzo et al., 2015). This trend suggests these raw mate-
rials were not systematically or intensively transported and/or
traded; on the contrary, the archaeological occurrence of Miraflores
artifacts fits better with an incidental desposition. Nevertheless,
with the exception of Miraflores raw materials, there has not been
an identifiable Fuegian lithic rawmaterial with an appropriate distri-
bution for assessing mobility patterns within the island. Thus discus-
sion has mainly focused on the archaeological distribution of marine
resources and their isotopic signal in the bioarchaeological record.
This resulted in a focus on the study of coast-interior mobility, and
less attention has been paid to the possible interaction between the
northern and southern parts of the island. Therefore, Miraflores as
localized Fuegian lithic raw materials, offer the possibility of ad-
dressing other spatial vectors of human circulation and group inter-
action within the island. Finally, the remarkable status of Miraflores
rawmaterials for the archaeology of southern tip of South America is
emphasized by the recovery of their artifacts from sites located far
south of the island, on small neighbor islands, and the coast of conti-
nental Patagonia (Borrazzo et al., 2015).

In this paper we address three main topics of the distribution of
Miraflores rocks. First we asses if the differences recorded in themanu-
facture and use of tuff and silicified tuff (Borrazzo, 2012) expresses in
their spatial distribution. Second, we explore possible pathways in the
circulation of Miraflores raw materials to contribute to the discussion
on provisioning strategies. Finally, we evaluate the involvement of
canoe people in Miraflores distribution in the southernmost region of
South America.

Drawing on abundant data available from multiple lines of evi-
dence (archaeological, petrographic, and geochemical studies) and
current environmental information at a large scale, GIS approaches
offer a powerful tool to develop our research (i.e. Kvamme, 1999;
Conolly and Lake, 2006; Howey, 2007; Taliaferro et al., 2010;
Clarkson and Bellas, 2014). With this tool, we generated a model
of optimal circulation of Miraflores rocks through the islandscape,
which then correlated with a statistical analysis based on site
location.
2. Background

Isla Grande de Tierra del Fuego (currently divided between Chile and
Argentina) is the largest island of the Fuegian Archipelago; the western
smaller islands constitute a complex network of channels (Fig. 1). Tierra
del Fuego was one of the last regions in occupied by terrestrial hunter-
gatherers at some time during the Pleistocene-Holocene Transition
(11,000 to 9000 BP, Morello et al., 2012) and prior to the definite
flooding of the Strait of Magellan (ca. 8000 BP, Clapperton, 1992;
McCulloch et al., 1997). The dominant environmental trend in the re-
gion is oceanic, with strong southern westerlies (Coronato, 1993). Pres-
ent vegetation patterns are the result of a NW-SE gradient in
precipitation and temperature (Luebert and Pliscoff, 2006; Allué et al.,
2010; Coronato, 2014). Peat and evergreen forest occupy the Andes
Range on the Pacific Islands and southern Isla Grande; deciduous forest
growing up in the south of Isla Grande rises towards the central hills of
the region, while the Patagonian steppe with grasslands and shrubs ex-
tends to the lower hills and plains of the north (Moore, 1983) (Fig. 2).

Archaeological and ethnohistorical information from the Fuegian Ar-
chipelago suggests that social interaction among terrestrial andmaritime
populations was probably taking place at least since 4000–3000 BP
(Labarca et al., 2014; Legoupil et al., 2011; Morello et al., 2012), which
also included overlapping land use on the west coast of the Isla Grande
(Gusinde, [1937] 1982; Ocampo and Rivas, 1996; Yesner et al., 2003).
At least four human groupswere involved in this processes during histor-
ic times: the Selk'nam (terrestrial hunter-gatherers of northern and cen-
tral Isla Grande), the Káweskar (maritime hunter-gatherers from the
western islands), the Yamana (maritime hunter-gatherers of the Beagle
Channel, southern coast of Isla Grande and the southern islands of the
Fuegian Archipelago), and the Haush (a small group inhabiting south-
eastern sector of Isla Grande) (Yesner et al., 2003; Zangrando et al., 2012).

Since the Early Holocene, lithic raw materials employed by hunter-
gatherers of northern Isla Grandeweremainly obtained from secondary
deposits of glacial, fluvial, and/or marine origin widely available in the
region. The Chorrillo Miraflores Valley (Fig. 1) is so far the only primary
lithic source in Tierra del Fuego. The two lithologies available at the
source (tuff and silicified tuff) exhibit unique macroscopic, petrograph-
ic, and geochemical features that proved to be reliable in differentiating
them from other rocks (silicified rocks, chert, chalcedony, rhyolite,



Fig. 2. Primary vegetation zones (modified from Luebert and Pliscoff, 2006; Allué et al., 2010) and distribution of the main ethnic groups known for southernmost South America by the
time of European Contact (after Lothrop, 1928). Foot Indians: Aónikenk, Selk'nam, and Haush. Canoe Indians: Yamana and Kawéskar (after Gusinde, [1937] 1982; Martinic, 1995).
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basalt, among others) available in the region (Borrazzo et al., 2010,
2015). Outcrops appear primary on the northern hills of the Miraflores
Valley and several small surface sites that remain to be surveyed were
recorded on the flood plain, near the spring (Prieto et al., 2004;
Borrazzo, 2012; Borrazzo et al., 2015).

Miraflores tuff is a bright, reddish color rockwith eutaxitic texture. It
was worked by grinding and used for wood shaft polishers and/or as
grinding stones. Silicified tuff is an isotropic rock of variable knapping
quality (very good to poor, depending on the frequency of impurities
and/or degree of silicification). It displays a variable range of colors
(light bluish-gray to black, with red specks), but its unique and diagnos-
tic feature is a glassy luster lacking in other lithic raw materials of Isla
Grande. In addition, the absence of silicified tuff in other potential lithic
sources surveyed throughout the island strongly supports Chorrillo
Miraflores as the natural source for all of the silicified tuff artifacts. For
the tuff, a small secondary Mid-Holocene source is also available at
25 km SE of Miraflores Valley, where small (~10 cm) rounded pebbles
of this rock are included in the margins of a temporary lake. Analyses
showed these nodules exhibit the same geochemical trend recorded at
Chorrillo Miraflores source. It was proposed that nodule shape (round-
ed) would be a sensitive element to distinguish both sources (Borrazzo
et al., 2010; Borrazzo, 2012; Borrazzo et al., 2015), although no evi-
dences of the use of this source were recorded. Nevertheless, consider-
ing its location (25 kmaway fromMiraflores), small extension (~100m,
Borrazzo et al., 2010, 2015), secondary character and the size and shape
of its nodules, we consider these deposits as aminor (sub) source or the
spur of Chorrillos Miraflores source at the large scale of our study.

Silicified tuff was widely transported, processed, and used in spaces
where other lithic resources of overall better knapping quality (consis-
tently fine-grained, homogeneous, lacking inclusions and cleavage, etc.;
Aragón and Franco, 1997)were locally available. Only small pieces of si-
licified tuff are homogeneous and exhibit very good to excellent flaking
quality (sensu Aragón and Franco, 1997). Since knappers may have se-
lected the best quality flakes as blanks for tool manufacture, only
small-sized pieces underwent further reduction by the application of
the bipolar technique and were used for tool manufacture as well.
This behavior was proposed as a technological response intended to
allow the exploitation of this raw material (Borrazzo, 2012). Since
good quality tool stone is available at or near every archaeological site
where silicified tuff was recorded, it can be reasonably assume that
hunter-gatherers did not need raw material supplies to meet immedi-
ate demand. However, the higher functional efficiency and/or durability
of it edges over other local good quality raw materials (De Ángelis,
2012) may account for at least part of its selection and long-distance
transport. Nevertheless, its absence or low frequencywithin Fuegian ar-
chaeological assemblages suggests other factors conditioned its
distribution.

The most common stone tool manufactured from Miraflores silici-
fied tuff are end-scrapers, one of the most curated and morphologically
standardized tool-types of Tierra del Fuego. Use-wear analysis showed
that Fuegian end-scrapers exhibit a high degree of functional integrity
(Álvarez, 2004; DeÁngelis, 2012). Indeed, the southernmost occurrence
of silicified tuff in an archaeological assemblage is represented by an
endscraper and small flake at Bahía Valentín site 11 (Vidal, 1988;
Zangrando et al., 2012), on the southeastern coast of Tierra del Fuego.
There are no evidences of projectile point manufacture on silicified
tuff despite the presence of a ~7 cm biface recorded at Inútil Bay area
(Prieto et al., 2004).
3. Materials and methods

3.1. Materials

The data for the present work derive primarily from an extensive
survey of Fuegian lithic artifact collections stored in Chilean and Argen-
tinean institutions. Over two hundred Fuegian archaeological assem-
blages were surveyed (N = 95.124 artifacts), all of which are
considered for the present work. However, only a minor portion of
them includes one or both Miraflores rocks (n = 48 assemblages) and
their frequency is extremely low, representing b0.2% (N = 178, silici-
fied tuff) and 0.07% (N = 65, tuff) of the total sample examined
(Borrazzo et al., 2015). Most of the assemblages including Miraflores
rocks are surface collections.

For the present study we also consider the archaeological data on
this raw materials published by other researcher (De Ángelis, 2012;
Morello et al., 2012; Labarca et al., 2014; Langlais, 2016). Current chro-
nological data of stratigraphic contexts as well as geological time frame
available for several surface collections indicate that the earliest use for
Miraflores raw materials was c. 4000–3000 YBP.



423M.C. Pallo, K. Borrazzo / Journal of Archaeological Science: Reports 7 (2016) 420–431
3.2. Methods

3.2.1. Optimal pathway analysis
Hypothetical pathways connecting the surveyed sites and the

Miraflores source were estimated from a Least cost path (LCP) analysis
using the ArcGis 9.3 Spatial Analyst extension. By using this methodol-
ogy, the most optimal route between two points is modelled, taking
into account the distance and the cost of traveling over irregular terrains
(see ESRI Release ArcGIS 9.3.1 for a summary of the LCP function). The
cost surface was based on isotropic models which consider the same
cost of travelling through space in all directions (Tobler, 1993). In this
case, the aspect (orientation)was not considered since altitudinal levels
across the distribution area of Miraflores rocks do not show significant
changes. In terms of refining the methodology, it seems that the
model could not be significantly improved by incorporating the anisot-
ropy into the cost of surface.

Using a multi-criteria model, that provides significant advantages
over simple models based on unique regional environmental factors
(Howey, 2007), aspects of physical geography -slope, vegetation, and
hydrography- were considered taking into account the main require-
ments of pedestrian mobility among ethnographic hunter-gatherers
(Binford, 2001) and, in particular, Fuegian people of historic times
(Bridges [1878] 1998; Serrano Montaner, [1879] 2002; Popper, [1887
1893] 2003; Gallardo [1910] 1998; Gusinde, [1937] 1982).

In this sense, LCP analysis was carried out in agreement with basic
principles of optimality models in Human Behavioral Ecology (Krebs
and Davies, 1987; Bird and O'Connell, 2006; Nettle et al., 2013). The pri-
mary assumption was that hunter-gatherers expended a large propor-
tion of their energy and time on their feet, traveling to acquire and
transport resources. Thus mobility appears closely linked to strategies
of energy use and resource acquisition (Krebs and Davies, 1987). Higher
latitudehunter-gatherers tend to exhibit highermobility and to practice
techniques to reducemobility costs (Binford, 2001). Due to the fact that
hills are energetically more costly to travel over than plain landscapes,
we assume terrestrial hunter-gatherers would avoid steep slopes.
Moreover, considering they pursue energy saving and security in long-
distance travels, they would also avoid moving along environments
with very humid and closed wooded vegetation as well as lands with
snow-capped peaks (Martinic, 1995; Bridges, [1878] 1998; Serrano
Montaner, [1879] 2002: 183; Pooper, [1887] 2003: 59). Therefore,mov-
ing through low slope, open and steppe environments, with available
nearby water sources, such as rivers and lakes margins, should have
been less costly for Fuegian hunter-gatherers (Serrano Montaner,
[1879] 2002:197–198; Popper, [1887 and 1893] 2003:70). Neverthe-
less, it is worthmentioning that othermechanismsmay produce the in-
cidental deposition of exotic goods (e.g. visits; Borrero et al., 2011; Pallo
and Borrero, 2015).

Given these behavioral principles, the cost surface was calculated by
combining the slope of a 30 m digital elevation model from the ASTER
Global Digital Elevation Model (ASTER DEM), and the vegetation and
the hydrography from digitized information for Argentina (IGN, 2013–
2015) and Chile (Luebert and Pliscoff, 2006). Since water is a critical re-
source for humans, buffer areas along river, lakes, and lagoon margins
were also included as priority areas in the model. In contrast, lakes
and lagoons have a high value in order to avoid “puddle jumping” (see
Howey, 2007), but due to their low volumes and insignificant dimen-
sions, it is likely that most water bodies posed a minimal impediment
to travel (Gallardo, [1910] 1998; Gusinde, [1937] 1982; Pallo, 2012a).
All this information was reclassified and combined into a total accumu-
lated cost distance surface, which shows a higher degree of difficulty for
circulation as the slope, the thickness of the vegetation cover, and the
lack of surface water increase (Fig. 3). Table 1 shows the value of each
element of the landscape. Assigning cost values of each variable follows
a previous approach to the effort of human movement through the
Fuegian islandscape (Pallo, 2012b). In this regard, the method assumes
certain operational arbitrariness on the quantification of variables, since
there are other technical tools and parameters that can give different re-
sults to our classification. Thus, according to the elements available, a
value (cost) is assigned to each area. For example, a landscape with a
surface exhibiting a 0–10° slope, a permanent lake and steppe land veg-
etation have a total accumulated cost of 102. On this multi-criteria cost
distance surface, least cost paths were calculated employing the most
common tree-building algorithms used in GIS, originally developed by
Dijkstra (1959).

There are clearly limitations in LCP model, mainly due to the lack of
information on the magnitude of climate fluctuations (i.e. temperature,
precipitation, humidity, and intensity of winds) during the Late Holo-
cene (Pallo and Ozán, 2014). Potential regional effects of
paleoenvironmental events on past Fuegian populations, such as the
Medieval Climatic Anomaly (Stine, 1994; Mauquoy et al., 2004), the Lit-
tle Ice Age (Luckman and Villalba, 2001; Chambers et al., 2014), the tree
line fluctuations (Heusser, 1993) and the Atlantic shoreline changes
(Codignotto and Malumian, 1981, Vilas et al., 1999; Bujalesky, 2007),
are still poorly understood. Neither the wind or the winter snows, that
would be great potential factors to modify the cost of movement across
the region (Bridges [1878] 1998; Popper [1887 and 1893] 2003;
Gallardo [1910] 1998), nor the historical territorial boundaries, that
could have affected the mobility patterns and the social islandscape in
the past, were considered (Chapman, 1986).

Notwithstanding these issues, the general paleoclimatic model for
Tierra del Fuego emphasizes environmental stability of past
3000 years, including the relative constancy over the variables that
make up the LCP model (Rabassa et al., 2000; Moy et al., 2009;
Borromei et al., 2010; Coronato, 2014). Accordingly, the model focuses
on the use of present-day environmental differences to rank landscape
features which deals with optimal human movement on a qualitative
scale. Measured trends in the LCP model are interpreted in a long-
term scale, reflecting redundancy or persistent use of certain spaces
for human movement during the Late Holocene.

3.2.2. Distributional analysis
At the regional scale, Fuegian archaeological assemblages considered

for the present work (N = 280) are located in different types of land-
forms and Fuegian environments, in areas up to 320 km away from
the source (Borrazzo et al., 2015).We characterized the spatial distribu-
tion of all sites with the tuff (RT) and the silicified variety (ST) andwith-
out Miraflores rawmaterials, to discuss possible models of exploitation
and transport for both raw materials, according to their depositional
context (Table 2).

In order to achieve this goal, we compared site frequencies per land-
form and environment by means of Chi2 test for contingency tables
(Hammer et al., 2001). Landforms include marine, fluvial, lacustrine
and outcrops/tertiary deposits (Frederiksen, 1988),while environments
were classified into coastal and interior areas. Since some counts are less
thanfive cases,p-valuewas calculated usingMonte Carlo simulation ap-
proach (Cardillo and Alberti, 2013). In addition standardized residuals
(of the difference between observed and expected frequency for each
cell) were examined in order to determine in which cell (s) the null hy-
pothesis of independence is rejected at a significance level of α= 0.05.

4. Results

4.1. Least cost path (LCP) analysis

The results of the LCPmodel indicate that there are twomain entries
to Miraflores source, north and south through the valley (Fig. 4). Head-
waters of the valley are the optimal andmore directway of reaching the
source from sites located in northern coastal environments. In contrast,
themouth of the valley holds a broader spatial connectionwith sites lo-
cated on the northwestern coast and those in the centre and south of the
Island Grande. As an exception, themodelfinds a third optimal access to
the source from the west border of Chorrillo Miraflores. This western



Fig. 3.Multi-criteria cost distancemap fromChorrilloMiraflores source based onwalking across the landscape and the distribution of surveyed siteswithin IslaGrande de Tierra del Fuego.
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access is integrated with routes beginning in two sites located on the
northern coast of Inútil Bay which cross Boquerón Ranges and descend
to the source. It is worthmentioning that one of the sites, located b3 km
from the other, connects with Miraflores source by its headwaters.

Beyond the hills surrounding the Chorrillo Miraflores Valley, the al-
ternatives of optimal pathways increase in the northern steppe. Several
possible routes connect sites on the coast of the Strait ofMagellan, Inútil
Bay, the Atlantic coast, and San Sebastian Bay with the source. In gener-
al, the pattern is characterized by independent paths throughout the
northern plains, with only sporadic contacts with various water bodies.
Only a few routes have small stretches running by particular landforms
such as streammargins and portions of the coastal plain adjacent to San
Sebastián and Inútil Bays.

In contrast, pathways connecting central and southern sites (Lago
Blanco, Kami, Bahía Valentín, San Pablo)with the source are concentrat-
ed in the eastern half of the Island, and they are a continuation of paths
previously selected by the LCP model for sites located near San
Sebastián Bay. One pathway is mainly coastal and ensures the optimal
dispersion of Miraflores tuff to San Pablo locality. The other pathways
make possible the dispersion of silicified tuff towards southern archae-
ological sites such as Lago Blanco, Kami, and Bahía Valentín. The latter
mostly pass along river valleys of the forest-steppe ecotone and the
forest.

In general, the optimal pathways in the central and southern parts of
the islandscape are closely associatedwith particular landforms. Despite
the lownumber of cases recorded, themovement pattern strongly relies
on river valleys and the maritime coast. Thus, the distribution of
Miraflores rocks within the south of Isla Grandemay have been primar-
ily confined to a few main pathways. This southern trend differs signif-
icantly from themobility pattern registered across thenorthern steppes.

The model also found optimal pathways through southwestern is-
land, but they connect sites without Miraflores rocks to the west of
Fagnano Lake and on the Beagle Channel. This trend emphasizes the im-
portance of the eastern part of the islandscape in the dispersion of
Miraflores raw materials towards the center and south of the Isla
Grande. Finally, to the western edge of the island, there is only one as-
semblage with Miraflores artifacts, whose pathway converges with
routes initiated from sites within the central coast of Inútil Bay. The re-
sults from the LCPmodel suggest that San Sebastián and Inútil Baysmay
have been important nodes in the distribution networks of Miraflores
raw materials along the islandscape in the past.

4.2. Spatial distribution

The null hypothesis of independence between landform and types of
sites can be rejected, because the value of Chi2 is significant (Chi2 =
24.287, p = 0.0004624). In particular, sites with Miraflores silicified
tuff are themost commonly registered in rock outcrops and tertiary de-
posits, while they are less frequent than expected in marine landforms
(Fig. 6). Standardized residuals for sites without Miraflores raw mate-
rials and others with Miraflores tuff are not significant. Nevertheless,
the test indicates that the former are located mainly in marine deposits
and the latter are more common in lacustrine deposits.

With regards to the relationship between types of sites and environ-
ments, Chi2 is also significant (Chi2 = 7.563, p = 0.02279). So, the null
hypothesis of independence between them can be rejected. But the Chi2

test does not show significant standardized residuals. However, trends
agree with previous Chi2 test (Fig. 7). Sites with Miraflores silicified
tuff are themost commonly registered inland, wheremost of the tertia-
ry deposits and rock shelters are located. Sites without Miraflores raw
materials are more common on the coast while sites with Miraflores
tuff distribute similarly on the coast and inland.

5. Discussion

The LCPmodel indicates that there are different movement patterns
between the north and south of the Isla Grande de Tierra del Fuego.
Such differences could reflect different forms ofMiraflores rawmaterial
procurement (direct or indirect) between populations that occupy both
spaces, also including an unequal dependence on social interactions. In
the north of the Island, multiple different pathways are possible due to
the permeability of the Fuegian steppe. Least-cost paths independently
access the lithic source from different areas along the Strait of Magellan
as well as San Sebastián and Inútil Bays. Within this landscape, Fuegian



Table 1
Assigned cost values of reclassified variables.

Slopes (degrees) Value Water source Value Vegetation Value

0–10 1 Buffer areas (0. 5 km along margins of rivers, lakes and lagoon) 1 Steppe and bare land 1
10–20 10 Rivers (permanent and temporary) 10 Open steppe shrubs 10
20–30 20 lakes and lagoons (permanent and temporary) 100 Forest-steppe ecotone 20
30–40 50 – Ecotone with closed shrubs 50
N40 100 – Deciduous, mixed evergreen forests 100

Table 2
Frequency of archaeological assemblages/sites surveyed in Isla Grande de Tierra del Fuego by landform and environment. References: Miraflores raw materials (MR), Miraflores tuff (RT) and Miraflores silicified tuff (ST).

Landform Environment

Marine Fluvial Rock outcrops/Tertiary Lacustrine Coast Interior

Sites with Miraflores RT 13 0 1 10 13 11
Sites with Miraflores ST 10 8 12 10 14 24
Sites without Miraflores RM 114 35 24 48 134 87
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Fig. 4. Optimal pathways from sites to source. Circles indicate siteswithoutMiraflores rawmaterials (MR), with tuff (RT) and silicified tuff (ST); lines depict their optimal pathways to the
Chorrillo Miraflores.
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groups could move easily between different zones, making strategic
choices from the array of possible connective pathways. This means
that the exploitation of Miraflores source would have been integrated
to relatively autonomous lithic procurement strategies among groups
of northern island during the Late Holocene, and thus acquisition pro-
cess may have been little dependent on social interaction networks.
However, the hills surrounding Miraflores source appear as a
constraining factor, which gives priority to the northern headwathers
and the southern mouth of the Chorrillo Miraflores Valley to access
the lithic source. But given the lack of marked territoriality among
Fuegians, even during historic times (Gusinde, [1937] 1982; Chapman,
1986), we believe that the two primary pathways to access the source
could be part of a space of communal use among northern groups, with-
out affecting their independence in Miraflores procurement strategies.

In contrast to the north, the spatial patterning in central-south Isla
Grande is more restricted to a few pathways through river valleys and
coastlines, especially as the forest becomes closed. Pathways often over-
lap in these locations and, moreover, they share similar placement logic
to trails born in northern bays of the Island: Blanco Lake, Fagnano Lake
and Valentín Bay with San Sebastián Bay; Puerto Arthur with Inútil Bay.
This movement pattern is congruent with the high occupational redun-
dancy recorded in both northern bays, which also yield the assemblages
exhibiting the highest relative frequencies of Miraflores rocks of the is-
land.With this qualitative assessment supporting the GISmodel, the re-
sults of the analysis highlight the importance of connections with
archaeological sites located on northern bays for the distribution of
Miraflores rocks at the regional scale. It also suggests some important
aspects about the nature of interactions between human populations
in northern coastal areas and the central-southern islandscape. Jointly,
these data support the existence of procurement strategies for
Miraflores lithologies among central and southern populations charac-
terized by a more dependent movement on a few pathways. This
could implyMiraflores acquisitionmay have strongly relied on social in-
teraction networks, particularly associated with coastal populations of
San Sebastián and Inútil Bays.

A common pattern to most sites with artifacts manufactured from
Miraflores rawmaterial is that they are located N20 km from the source
(except Miraflores 1, located within the procurement area, Prieto et al.,
2004) and average 52.6 kmwithin the 100 km radius of the source. The
remaining five sites average 196 km and are between 115 and 320 km
from the Chorrillo Miraflores Valley. In terms of territorial dynamics,
the spatial pattern has no clear meaning, although we believe that it
marks the extent of regularly connected spaces with the source in ap-
proximately the first 50 km. Some differences in mechanism of
accessing the source may have emerged among Fuegian populations
within the 50 km and 100 km radius area since these spaces seem to
have amore restricted access to theMiraflores Valley and/or its rawma-
terials. For the central and southern island, it is clear that people would
have most likely obtained Miraflores rocks as part of ‘visits’ to other
groups or other mechanisms of open social formations. In other
words, people moving without specific purposes of trading, but whose
actions may generate incidental depositions of goods outside their
usual home range (Borrero et al., 2011; Pallo and Borrero, 2015).

Nevertheless, the recorded distances exceed the possibilities of daily
logistical moves in general (Kelly, 1995; Binford, 2001). Rather, provi-
sioning strategies (direct or indirect), should have involved trips of at
least two days. In particular, the routes among central-southern sites
with Miraflores rocks and each cluster of sites in the north of the island
do not pass close to any known intermediate archaeological sites with
Miraflores rocks. These intermediate sites could be used to break up
the journey or stay overnight. However, under periods of climatic stress,
it is possible that optimal areasmay becomemore intensively used, pos-
sibly acting like ‘refugia’ while less optimal areas and intermediate ar-
chaeological sites are abandoned or less frequently used, especially in
the southern half of the Island. This may have significantly affected
the movement pattern, equate with shorter trips rather than longer,
due to an increased risk of longer trips.

In this regard, human movement could have been altered by major
climatic changes (PEH and ACM) or the expansion of forest environ-
ments after 1500 BP (Heusser, 1993; Pallo and Ozán, 2014), including
possible episodes of reduced connection between the north and south
of the island. Additionally, there are cultural factors beyond optimality
which probably increase variability in mobility patters of prehistoric
hunter-gatherers. It is clear that the pathways modelled here are only
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an optimal alternative of many possible renditions on the past. In this
sense, our model provides a way of exploring general tendencies
about the possibilities offered by different environmental units of the is-
land for human movement, rather than skewing our vision on a strict
pattern of human behavior.

5.1. Miraflores rocks and the use of space

The results of the Chi2 test are useful to characterize the exploitation
ofMiraflores rocks, correlating technological trends observed on both li-
thologies and the use of spaces. In this regard, Chi2 test indicates that
sites with artifacts manufactured from silicified tuff (n = 35) show
higher frequencies of rock outcrops within the interior Fuegian steppe.
According to their low density and diversity of artifact, these archaeo-
logical deposits may have resulted from circumstantial use (Urrejola
Dittborn, 1971, Massone, 1997; Morello et al., 2009), playing a minor
role within the occupational hierarchy of the Fuegian steppe (Pallo,
2012a). Therefore, the use of silicified tuff end-scrapers may be
interpreted within a framework of logistic mobility and strategies of
provisioning individuals (sensu Kuhn, 2004). Themacroregional homo-
geneity recorded in the (small) size (mean length = 20 mm) and edge
angle (80°) suggest a global standard for the discard of Miraflores silic-
ified tuff end-scrapers (Borrazzo et al., 2015). In terms of landform cat-
egories registered among sites, the variability of situations where the
silicified tuff is recorded also supports this idea.

In contrast, frequencies of sites with tuff artifacts (n = 25) are sim-
ilar in coastal and inland environments. In addition, these kinds of
sites are mostly in coastal dunes in the north of the Island and the la-
goonmargins near San Sebastián Bay. The latter were defined as sched-
uled use areas within the framework of logistic strategies (and the
provisioning of places in some cases), probably because they are locales
that concentrate faunal and lithic resources (Borrazzo, 2010; Pallo,
2012a).

Although these patterns are not conclusive, by combining the ar-
chaeological distributions of raw materials from a known local source
and least coast pathway analyses, we begin to propose possible travel
routes inferred from reasonable criteria. The power of this methodolog-
ical combination allows moving away our behavioral reconstructions
from sourcing studies limitations due to instrumental analysis which
only provides the potential distance and direction of transport/move-
ment (Renfrew, 1977; Meltzer, 1989; Feblot-Augustins, 1993;
Brantingham, 2003, 2006). In addition, the differences highlighted on
Miraflores rocks distribution and landforms/environments are a first
step towards defining behavioral trends within a logistical component
and the heterogeneous role of different landscape units in occupational
ranking of Fuegian hunter-gatherers.

5.2. The role of maritime people in Miraflores rocks distribution

Since Miraflores rocks were recovered from archaeological sites of
canoe populations as well (Labarca et al., 2014; Borrazzo et al., 2015),
our study also assessess the participation of canoe groups in the distri-
bution of Miraflores raw materials at different scales: within the Isla
Grande and the wider Fuegian Archipelago. Water has the potential to
reduce traveling times between sites, even if distances increase. The
travel pathways between sites can be re-modelled whenever water is
navigable by canoe. Therefore the evidence from this case study can
highlight alternative routes and pathways along which interaction
may have occurred.

The use of canoe probably involved navigating close to the coast to
minimize the effects of marine currents (Legoupil, 2000). Based on
coastal geomorphology and Fuegian Archipelago hydrodynamic, the
most dangerous areas for canoe navigation would have been in the
open sea (i.e. outer borders of Fuegian Archipelago as well as Pacific
and Atlantic mouths of the Strait of Magellan). By contrast, interior
sounds and the medial portion of the Strait would have offered better
conditions for this kind of navigation (Pallo, 2011). Historical sources
also mention the complementary terrestrial circulation of canoe people
through natural paths (named paso de indios) which allowed crossing
biogeographic barriers and reducing travel time (Borrero, 2001). Circu-
lating through pasos de indios involved movements by canoe to certain
locations from where journey continued on foot (Emperaire, 1963;
Emperaire and Laming, 1961; Legoupil, 2000; Prieto Iglesias et al.,
2000).

At the scale of Isla Grande, canoe navigation complementedwith the
use of natural paths in solid ground may explain the scarcity of
Miraflores rocks in Fagnano Lake and Beagle Channel areas. According
LCP model, Almirantazgo-Fagnano Strait represents an optimal path;
however, this path was included within the routes connecting Beagle
Channel sites which do not exhibit Miraflores raw materials. Historical
and archaeological evidence of Kawéskar (maritime people of western
Archipelago) camps on the western coasts of the island (Emperaire,
1963; Legoupil et al., 2011) supports the hypothesis that the 10 km
strait connecting Almirantazgo Sound with western margin of Fagnano
Lake could have constituted a paso de indios (Fig. 5).

By contrast, southern Fuegian sites with Miraflores artifacts, like
Kami 1 (De Ángelis and Mansur, 2015) and Bahía Valentín site 11
(Zangrando et al., 2012), are connectedwith Chorrillo Miraflores source
only through optimal pathways derived from eastern portion of the is-
land. Thus, the model indirectly suggests that the transportation of
Miraflores rocks did not require the participation of maritime groups
(entering the island through Almirantazgo Sound and following the
Strait/Azopardo River basin to reach the western margin of Fagnano
Lake) to circulate and distribute towards the south of Isla Grande de
Tierra del Fuego. The dispersal of these raw materials towards central-
southern sites would have relied primarily on connections with eastern
half of the Island. Additionally, technological information provided by
Fuegian lithic collections highlighted that the strategies of exploitation
and use of both Miraflores raw materials are similar at the macro re-
gional scale, alluding to the existence of common patterns shared by
one large or several smaller populations (Borrazzo et al., 2015).

With regards to the wider scale of Fuegian Archipelago, the mini-
mum frequencies of Miraflores raw materials on Magdalena (Labarca
et al., 2014) and Offing (Langlais, 2016) Islands as well as at Laredo
Bay on the continental coast of the Strait of Magellan (Borrazzo et al.,
2015), certainly suggest that canoe people knew these rocks. Therefore,
the presence of Miraflores raw materials in the middle section of the
Strait of Magellan (named Paso Ancho), which was a main waterway
to establish interaction between canoe people and terrestrial hunter-
gatherers of the Fuegian steppes (Pallo, 2011), seem to show that this
sector would also provide a better picture on the degree of inter-island
transport of Miraflores rocks.

Archaeological and historic sources suggest that the usual maritime
group home ranges were located on the western border of Patagonian-
Fuegian islands (Ortiz Troncoso, 1975; Martinic, 1989; Legoupil, 2000;
Morello et al., 2004). According to historic documents, contacts between
kawéskar groups from the Fuegian Archipielago and selk'nam from Isla
Grande de Tierra del Fuego were established on the northwestern por-
tion of Isla Grande, especially on Inútil Bay, while other southwestern
spaces (such as Almirantazgo Sound) were included in kawéskar itiner-
ary but without including contacts with terrestrial hunter-gatherers
(Gusinde, [1937] 1982). All this information is hitherto in agreement
with the hypothesis that Miraflores rocks dispersal inland should have
been integrated exclusively within mobility circuits of terrestrial
groups.

At this point of the discussion it is also relevant to summarize the in-
formation provided by one of the two exotic (offshore) lithic rawmate-
rials recorded in Fuegian lithic assemblages: Otway-Riesco green
obsidian, a rock controlled by western maritime hunter-gatherers
(Morello et al., 2004). Green obsidian artifacts in terrestrial hunter-
gatherer sites of Isla Grande are scarce (see Morello et al., 2012). How-
ever, these findings indicate contact with canoe groups from central



Fig. 5.Mosaic plot of contingency table. Residuals bigger than two can be considered significant at α= 0.05. Blue columns: more site types by landforms than expected by chance. Pink
columns: less site types by landforms than expected by chance. References: MST: Miraflores silicified tuff; MRT: Miraflores tuff; MR: Miraflores raw materials.
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Strait ofMagellan, whereMiraflores rockswere also transported (Offing
and Magdalena Islands, and Bahía Laredo).

Large-scale contacts among maritime hunter-gatherers from Strait
of Magellan-Otway Sound and Beagle Channel are known since ca.
6500–6000 BP (sensu Álvarez, 2004; Morello et al., 2004). However,
by the Late Holocene, green obsidian is limited in distribution to the
central portion of Isla Grande, indicating a close connection between
Inútil Bay and eastern lagoon environments. According to LCPmodel, la-
goon environmentswould also be the optimal route forMiraflores rocks
dispersal towards the centre and south of the island. However, by the
time green obsidian become limited in archaeological distribution,
Miraflores rocks widely appear within archaeological sites from north
to south of the Isla Grande. In this context, Inútil Bay records the highest
relative frequency of artifacts manufactured on Miraflores rocks and
green obsidian, highlighting that the bay would have been a primary
scenario for terrestrial and canoe population interaction, at least since
Fig. 6.Mosaic plot of contingency table. Residuals bigger than two can be considered significant
raw materials.
the Late Holocene (Gusinde, [1937] 1982). Further archaeological re-
search will allow to adjust timing and variability of the interaction be-
tween terrestrial and canoe people, and assessing if green obsidian
provisioning within Isla Grande de Tierra del Fuego was altered by the
regional exploitation of Miraflores raw materials during the Late
Holocene.

6. Conclusions

The LCP model, the distributional analysis, and the interpretations
posited in this paper contribute to the archaeology of Tierra del Fuego
during the Late Holocene at several levels. At the regional scale, it sug-
gests that independent trails and multiple access points to the
Miraflores source from different spots in the north of the island existed.
On the contrary, the distribution pattern of Miraflores raw material to
the southern Island may have probably relied on a few selected
atα=0.05.References:MST:Miraflores silicified tuff;MRT:Miraflores tuff;MR:Miraflores



Fig. 7. Spatial information about archaeological sites and optimal pathways in IslaGrandedeTierra del Fuego. It includes archaeological sites, and spotswhere Canoe Indianswere observed
during historic times (Martinic, 1989; Morello et al., 2004). References: ST: silicified tuff; RT: Miraflores tuff; MR: Miraflores raw materials.CI: Canoe Indians.
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pathways related to archaeological localities for both the Inútil and San
Sebastián Bays. This indicates that populations settled south of the Isla
Grande drew heavily on social interaction for Miraflores raw materials
supply. The LCPmodel also suggests that the procurement of Miraflores
rocks within Isla Grande de Tierra del Fuego may have managed with-
out canoe mobility and therefore their circulation remained under the
sole control of terrestrial hunter gatherers. This pattern resembles that
of Otway-Riesco green obsidian, which would have been extracted
and distributed by maritime people.

At a larger scale, the transport of Miraflores rocks out of the island
would have required canoe navigation (Labarca et al., 2014; Langlais,
2016). Inútil Bay could have a central role in the exchange of Miraflores
or other goods between terrestrial andmarine human groups, although
it seems their frequency was always very low (Morello et al., 2012).
Away from the source, systems of visits allow explaining Miraflores
rawmaterials within northern landscape, due to highly interconnected
spaces without territorial limits clearly defined. Visits and the lack of
territoriality also would explain the current distribution of most alloch-
thonous itemswithin Isla Grande, resembling themodes of social inter-
action among hunter-gatherers of southern mainland Patagonia
(Borrero et al., 2011; Pallo and Borrero, 2015).
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