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Hunter-gatherer mobility and spheres of interaction are important character-
istics worthy of investigation in Patagonian archaeology. One way to approach
these is by studying the distribution of lithic archaeological materials. Siltstone
(limolite) artifacts are found along the western strip of southwestern Patagonia,
Argentina. Based on geomorphological studies and the high density of archae-
ological material, a source was located along the western margin of Cardiel
Lake. Neutron activation analysis of samples from the source and archaeo-
logical sites in several neighboring basins allowed us to model its circulation.
Siltstone’s archaeological distribution indicates that its regional circulation had
a southerly direction dating from the early Holocene. This southern vector
shows an important difference when compared to the distribution of obsidian
from Pampa del Asador, which has a broader circulation pattern. This could be
related to a greater availability of high-quality lithic materials north of the silt-
stone source. This work also contributes to the construction of a lithic source
database for southern Patagonia. C© 2015 Wiley Periodicals, Inc.

INTRODUCTION

Important topics in the study of hunter-gatherers in
Patagonian archaeology include mobility and interaction
spheres. One way to approach these issues is by studying
the distribution of lithic archaeological materials (Andref-
sky, 1994; Bamforth, 1986; Ericson, 1984; Jones et al.,
2003; Wilson, 2007, among others). Lithic materials suit-
able for knapping, as well as their source identification,
are scarce in southern Patagonia, Argentina. This is why
the identification of specific lithic sources can be a mo-
tivation for discussion when it comes to their use and
circulation in the past. One of the most studied lithic
raw materials, and one that is clearly related to terres-
trial hunter-gatherer systems, is the black obsidian from
Pampa del Asador (Espinosa & Goñi, 1999). However, less
is known of other lithic material sources in the region.

The study presented here is focused on the western
side of Santa Cruz province, a supra region 250 km long
(north-south) and 120 km wide (east-west) extending

from Salitroso-Posadas-Pueyrredón Lakes Basin to the
Tar–San Martı́n Lakes Basin (Figure 1). Lower elevations
are dominated by steppe and have an annual precip-
itation range of 100–270 mm. Nothofagus forest occurs
at higher elevations in the Andes near the border with
Chile. Between steppe and forest is an ecotonal area. An-
nual precipitation in ecotonal and forest environments
ranges 270 to 800 mm.

Archaeological investigations of hunter-gatherer pop-
ulations in the region have considered the different
uses given to basins 250–350 m above sea level (asl),
basaltic plateaus over 900 m asl (Goñi, 2000) and forests
(Espinosa, 2000). On one hand, the basins (Salitroso-
Posadas-Pueyrredón, Cardiel and Tar–San Martı́n Lakes)
had a residential role throughout the year (Belardi et al.,
2010; Goñi, 2000), whereas the plateaus (Pampa del
Asador/Guitarra, Strobel, Cardiel Chico/San Adolfo) and
forests (Parque Nacional Perito Moreno, west of San
Martı́n Lakes basin) were used seasonally and in the
context of logistical mobility (Espinosa, 2000; Espinosa,
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Figure 1 Study region and places mentioned within the text.

Belardi, & Súnico, 2009, Espinosa, Escola, & Belardi,
2013; Goñi, 2000). This model is well supported by ar-
chaeological evidence that firmly establishes human oc-
cupation in the region by the late Holocene (the last
2500 years), with the earliest evidence dating to the early
Holocene (�9700 14C yr BP) (Aschero, Bellelli, & Goñi,
1992-1993–93; Belardi et al., 2010; Espinosa, Escola, &
Belardi, 2013; Goñi et al., 2004).

Hunter-gatherers in Patagonia adapted to post-glacial
environmental changes that are recorded in local proxy
records. Cardiel Lake, in particular, is an endorheic steppe
basin that documents numerous oscillations in climate
since the beginning of the Holocene (Ariztegui et al.,
2010; Stine & Stine, 1990). Several studies show a period
of higher humidity between 11,200 14C yr BP and 6700
14C yr BP, and significant variability in moisture during
the past �1900 years. The Cardiel Basin also displays
spatial environmental variability including canyons, low
plateaus, and dunes along the southern and eastern mar-
gins (Belardi et al., 2003; Goñi et al., 2014). Differential
use was given to certain areas, as documented by at least
two important archaeological data sets: (1) the use of ob-
sidian from Pampa del Asador, and (2) the distribution of
rock-engraved motifs from the plateaus (Belardi & Goñi,
2006; Belardi et al., 2009; Goñi et al., 2007; Molinari &
Espinosa, 2009; Re, Guichon & Belardi, 2009). Use of the

various lake basins, plateaus and forests appears to have
been integrated through the circulation of goods, popula-
tions, and information (Aunger, 2009; Odling-Smee, La-
land, & Feldman, 2003).

At this spatial scale, the mobility and interaction
spheres of hunter-gatherers can be investigated by study-
ing other lithic materials suitable for knapping and avail-
able in the region such as siltstone—locally known as
limolite. Naturally occurring deposits and artifacts manu-
factured from this rock are mainly found along the west-
ern margins of Cardiel Lake (Goñi et al., 2005). The aim
of this work is to describe the location of the siltstone
source, to analyze its geochemical characteristics using
neutron activation analysis (NAA), and to evaluate the
spatial and temporal distribution of artifacts made from
this raw material in order to gain new insights regarding
landscape use by southern Patagonian hunter-gatherers.

LITHIC RESOURCES IN THE SUPRA
REGION

The supra region under study is characterized by lake
basins separated by large basaltic plateaus that originated
during the Miocene (Figure 1). Local geology presents
rocks of varied origins and ages (Giacosa, Franchi &
Genini, 1997; Ramos, 1982) overlain by unconsolidated
Quaternary glacial, fluvial, and lacustrine deposits. The
landscape offers four general types of rocks suitable for
tool production from secondary sources (Luedtke, 1979;
Nami, 1992).

First, black obsidian from Pampa del Asador stands out
as a widely used source (Espinosa & Goñi, 1999). This
raw material is of excellent quality for knapping (sensu
Aragón & Franco, 1997). Artifacts made from Pampa del
Asador obsidian has been identified from sites located as
far south as Tierra del Fuego (Stern, 2004) and as far
north as Penı́nsula de Valdés (Stern, Gómez Otero, &
Belardi, 2000) and west toward the Chilean border (Stern
et al., 1995). Throughout the supra region obsidian was
the preferred raw material used for the manufacture of
projectile points (Belardi, Espinosa, & Cassiodoro, 2005;
Cassiodoro, 2011, among others).

Second, isolated pebbles of siliceous rocks (e.g., silt-
stone and flint) are found in the Salitroso-Posadas Lakes
basin (Guraieb, 1998) as well as in the Cardiel Lake Basin
(Belardi et al., 2003). Siliceous rocks of very good qual-
ity for knapping are also present in the Pampa del Asador
and San Adolfo plateaus (Belardi et al., 2013; Espinosa &
Goñi, 1999). However, usage of this material in different
sectors of Central Plateau / Nesocraton del Deseado, lo-
cated in the eastern portion of the study region, is higher
given the greater availability of these rocks (Cattáneo,
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2004; Hermo, 2009; Paunero et al., 2004). It is important
to note the scarcity of high-quality knapping flint south of
the Chico River (Franco et al., 2011). With the exception
of Pampa del Asador, artifacts made from flint are most
frequent in archaeological assemblages in the region.

Third, basalts are located in the Posadas Lake Basin
(Guraieb, 1998), in Bajo Caracoles and the nearby
grounds of Olnie river (Belardi & Carballo Marina, 2005),
in Pampa del Asador (Espinosa & Goñi, 1999), on the
eastern and southern margins of Cardiel Lake (Belardi
et al., 2003) and in the San Adolfo Plateau (Belardi et al.,
2013). Artifacts made from basalt are found throughout
the area of study even though their qualities for knapping
vary.

Finally, there are other types of rocks, such as green
silicified tuff (Espinosa, Belardi & Súnico, 2009), that
have an identified source, located at the isthmus of the
Maipu Peninsula (southern shore of the San Martin
Lake). However, the distribution of artifacts made from
tuff barely extends beyond the area of provenience.

Within this framework of different rocks suitable for
knapping is where siltstone is contextualized. The ex-
istence of cobbles of this rock along the western mar-
gins of Cardiel Lake has already been mentioned (Goñi
et al., 2005). They are also found, in small quantities,
as angular fragments in rivers and streams coming down
from the Cerro Belgrano Plateau toward the Posadas Lake
Basin (Guraieb, 1998), or as pebbles along the shores
of Guitarra Lake (Goñi et al., 2010). Siltstone was used
to manufacture a variety of bifacial and unifacial tools
(Figure 2).

SILTSTONE AND ITS SOURCE

Siltstone is a sedimentary clastic rock, composed primar-
ily of silt grains with sizes ranging between 0.062 and
0.004 mm. This type of rock is formed through the pro-
cesses of cementation and compression of detritic middle-
sized particles. Recent articles by Nash et al. (2013a, b)
describe a similar type of siliceous rock found in south-
ern Africa widely used during the Middle Stone Age.
Given its homogeneity, conchoidal fracture, and size of
grains, this raw material represents a high-quality ma-
terial for knapping (sensu Aragón & Franco, 1997). In
terms of color, gray tones, light brown and yellowish va-
rieties exist. The gray type commonly contains white dots
formed by amorphous silica on its surface (a macroscopic
characteristic), a feature particularly useful for identifying
siltstone.

The largest quantities of artifacts manufactured from
siltstone are found in the Cardiel Lake Basin (Belardi
et al., 2003; Goñi et al., 2005; Figures 1 and 3). Since

Figure 2 Siltstoneartifacts fromCardiel Lake. (A) core, (B) projectile point,

(C) low retouch artifact.

Figure 3 Lake Cardiel Basin and the siltstone source.

these artifacts are found in the canyons along the west-
ern margin of the lake, we focused our assessments of silt-
stone availability in this area. The main outcrop lithology
corresponds to sediments from the Piedra Clavada For-
mation (Andreis, Zalba, & Morosi, 2007; Feruglio, 1949),
which is more than 250 m thick and has a broad dis-
tribution. The main lithologies in the lower part of this
formation consist of silty sandstones and fine grain silt-
stones as well as tuffs; the upper part contains a higher
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Figure 4 (A) Siltstone outcrop in a canyon adjacent to paleo-beaches at Cardiel Lake. (B) Paleo-beach at Cardiel Lake.

proportion of thickly bedded sandstones and a larger
presence of pyroclastic rocks.

Canyons west of Cardiel Lake (Figure 3) are cut into
sediments from the Piedra Clavada Formation. These
canyons have steep slopes mainly formed in thick yellow
sandstone beds. In the valley bottoms, fluvial and aeolian
sediments are present as a product of nearby rock erosion.
A series of drainages emerge from canyons and form allu-
vial fans that overlie and are eroded by former shorelines
of Cardiel Lake (Figure 3).

Alluvial and beach surface deposits contain a great
number of siltstone clasts with lengths ranging 5–15 cm.
Clasts are basically prismatic with subrounded edges, a
characteristic that indicates short-distance transport from
the source area. In situ outcrops in beds ranging 40–60 cm
are also present west of the lake. All of this leads to abun-
dant availability of siltstone material in different geomor-
phic contexts along the northwestern margin of the lake:
outcrops, alluvial fans, and paleo-beaches (Figure 4).

The siltstone at Cardiel Lake has a fine texture marked
by strong silicification and compression which gives it
a conchoidal fracture and an amorphous structure fa-
vorable for knapping. When disaggregated and observed
with a polarized light microscope, these rocks primar-
ily exhibit a quartz composition. Thin-section analysis of
seven samples from different Cardiel deposits indicates
the presence of silica veins and lack of calcite confirming
the materials’ homogeneity (Figure 5).

With the aim of evaluating the availability of rocks suit-
able for knapping, cobbles, and pebbles were collected
from the western margin of Cardiel Lake over a ten-
minute period. Later, they were counted and their di-
mensions were measured (Franco & Borrero, 1999). On
a lacustrine terrace (shoreline), over a surface area of
128 m2, a total of 79 siltstone cobbles was recovered. Of
these 89.9% were of very good quality (established on
the basis of the homogeneity of the raw material and con-
choidal fracture pattern) and 8.9% were of satisfactory

quality for knapping. The average dimensions of whole
cobbles are shown in Table I. Note that cobbles have tab-
ular and prismatic forms (Figure 6).

Frequencies, flaking qualities and sizes confirm the
great availability of cobbles suitable for knapping in the
canyons along the western margin of Cardiel Lake. Be-
yond regional geologic mapping, previous studies con-
ducted in the region have not reported other siltstone
sources of this magnitude. The fact that this part of
Cardiel Lake is the only area where a significant number
of siltstone clasts of good knapping quality are present
and the particular dimensions of these clasts leads to
the conclusion that this area was likely the main source
of siltstone for hunter-gatherer groups in the region.
Sites with siltstone artifacts showing flintknapping ac-
tivities (cores and flakes from different types and sizes)
are located in more sheltered places along the canyons.
Holocene lake level fluctuations (Stine & Stine, 1990)
would only affect the availability of cobbles deposited on
the shores, while upper terraced levels were always avail-
able. As mentioned, siltstone from Posadas and Guitarra
Lakes occurs in small quantities at very specific points,
and were unlikely to have been significant sources for
tool production.

GEOCHEMICAL ANALYSIS

With the aim of determining the characteristics of this
raw material and evaluating its distribution, archaeologi-
cal samples from across the area under investigation were
selected. Natural pebbles include not only samples from
Cardiel Lake but also from Posadas and Guitarra Lakes
(Figure 1; Table II). A total of 70 artifacts and source sam-
ples was submitted for NAA at the University of Missouri
Research Reactor (MURR).

All samples were prepared by crushing between
tool steel plates to produce a large number of small
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Figure 5 Thin section photomicrograph of samples from Cardiel Lake.

(A) coast (sample c), (B) alluvial fan (sample E), (C) alluvial fan near banks

(sample B).

fragments 25 mg or smaller. Using a magnifier glass and
Teflon tweezers, a number of clean interior fragments
were selected for analysis. Samples for short- and long-
irradiation methods, as described by Glascock (1992),
were prepared by weighing 150 mg of fragments into
clean poly vials and 750 mg of fragments into high-purity
quartz vials, respectively. Standards were prepared from

Table I Cobble size in canyons on the west side of Cardiel Lake.

Cobbles (N = 79) Length (cm) Width (cm) Thickness (cm)

Mean 11.6 6.57 3.24

Standard deviation 2.60 1.56 1.03

powders of SRM-1633b Flyash, SRM-278 Obsidian Rock,
and SRM-688 Basalt Rock. All weights were recorded to
the nearest 0.01 mg.

Nine elements were measured by gamma-ray spec-
troscopy after short irradiation: Al, Ba, Ca, Dy, K, Mn,
Na, Ti, and V. Twenty-four elements were measured af-
ter long irradiation: As, La, Lu, Nd, Sm, U, Yb, Ce, Co, Cr,
Cs, Eu, Fe, Hf, Ni, Rb, Sb, Sc, Sr, Ta, Tb, Th, Zn, and Zr.
Elemental concentrations were calculated by comparing
the decay-corrected ratios of measured counts per second
per milligram to the same ratios in standards. Most of the
elements measured by NAA have uncertainties on the
order of 2–5%. The main exceptions are As, Nd, U, Co,
Ni, Sb, Sr, and Zr which have uncertainties ranging from
5–20%.

Most geochemical studies conducted by NAA will gen-
erate data for 33 elements. However, it was necessary to
eliminate the element Ni from statistical treatment in this
study because it was below detection limits for greater
than 50% of the siltstone samples. For other elements
with missing values (As, Sr, Ti, V, and Zn), replacement
values were automatically calculated based on minimiz-
ing the change in Mahalanobis distance for that sample
from the centroid of the group (Sayre, 1975). Statistical
analyses were subsequently carried out on base-10 loga-
rithms of concentrations for the remaining 32 elements.
Use of log concentrations rather than raw data compen-
sates for differences in magnitude between the major ele-
ments, such as Al, K, and Fe, and trace elements, such as
the rare earth elements. Transformation to base-10 loga-
rithms also yields a more normal distribution for the trace
elements (Limpert et al., 2001).

The interpretation of compositional data obtained from
the analysis of archaeological materials has been dis-
cussed in detail elsewhere (e.g., Bishop & Neff, 1989;
Glascock, 1992; Neff, 2000). The main goal here is to
identify distinct homogeneous groups within the analyti-
cal database that can be assumed to represent geographi-
cally restricted sources.

Initial hypotheses about source-related subgroups in
the compositional data can be derived from non-
compositional information (e.g., archaeological context)
or by applying various pattern-recognition techniques
to the multivariate chemical data. Some of the pat-
tern recognition techniques used to investigate archae-
ological data sets are cluster analysis (CA), principal

Geoarchaeology: An International Journal 30 (2015) 223–237 Copyright C© 2015 Wiley Periodicals, Inc. 227



SILTSTONE SOURCES AND ARTIFACTS IN SOUTHERN PATAGONIA BELARDI ET AL.

Figure 6 Examples of siltstone cobbles of very good quality for knapping.

Table II Frequencies of archaeological and natural siltstones by region.

Samples

Region Archaeological Natural Total

Salitroso Lake 1 – 1

Cerro de Los Indios 1 1 – 1

Pampa del Asador/Guitarra 3 3 6

Strobel Plateau 3 – 3

Cardiel Lake Canyons 8 22 30

Cardiel Lake Sand dunes 3 – 3

Rincón de los Toros 1 – 1

Cardiel Chico Plateau 9 – 9

San Adolfo Plateau 3 – 3

San Martı́n Lake La Lancha Bay 2 – 2

Tar Lake 7 – 7

El Pajonal (between Tar and Viedma

Lakes)

3 – 3

Viedma Lake 1 – 1

TOTAL 45 25 70

components analysis (PCA), and discriminant analysis
(DA). Each technique has its own advantages and limi-
tations which may depend upon the types and quantity
of data available for interpretation.

The log-transformed siltstone source data were
subjected to Ward’s method of hierarchical cluster
analysis using squared-mean Euclidean distances and

single-linkage clustering between samples (Ward, 1983).
The resulting tree diagram failed to produce robust
sub-groups which suggested that the siltstone source
should be considered as having a single compositional
fingerprint.

Principal components analysis was also used to exam-
ine the total variance with the source dataset and fa-
cilitate comparison of the artifacts to the source. The
procedure uses an orthogonal transformation to convert
a dataset of possibly correlated observations (i.e., ele-
ments containing redundant information) into an artifi-
cial dataset of linearly uncorrelated variables. The main
advantage of PCA is the ability, for small datasets, to re-
duce the number of variables needed to account for most
of the variance in the data. Table III shows the results of
PCA based on transformation of the variance-covariance
matrix for the first seven principal components (PCs)
which subsume more than 91% of the variance. The ele-
ments most heavily loaded on the first principal compo-
nent (PC1) are Mn, Fe, and Co. And, the elements most
heavily loaded on the second component (PC2) are As,
Ca, Sr, and Ba.

Figure 7 shows a biplot of the variance-covariance
structure of the source data based on the first two prin-
cipal components (PCs). The source samples are sur-
rounded by a 90% confidence ellipse. Vectors indicating
the direction and strength of individual elements relative

228 Geoarchaeology: An International Journal 30 (2015) 223–237 Copyright C© 2015 Wiley Periodicals, Inc.



BELARDI ET AL. SILTSTONE SOURCES AND ARTIFACTS IN SOUTHERN PATAGONIA

Table III Loading factors and percentage variance explained by the first seven principal components after applying PCA to the variance-covariancematrix

for the siltstone source specimens.

Element PC1 PC2 PC3 PC4 PC5 PC6 PC7

Mn 0.540 −0.054 0.292 −0.172 0.466 −0.401 0.155

As 0.061 0.516 0.297 0.243 0.146 0.376 −0.194

Ca 0.262 −0.422 −0.066 0.040 −0.127 −0.108 −0.559
Sr 0.148 −0.439 0.251 0.364 −0.018 0.342 0.037

Ba 0.142 −0.332 −0.116 0.106 0.460 0.400 0.033

Zn 0.276 0.083 −0.314 −0.267 −0.058 0.464 −0.133

Cr 0.052 −0.106 −0.095 −0.222 −0.228 0.198 0.542
Fe 0.361 0.313 0.160 −0.013 −0.293 0.046 −0.265

Co 0.333 0.070 0.418 −0.051 −0.142 0.079 0.223

Na 0.283 −0.016 −0.287 0.131 −0.242 −0.233 0.009

Cs 0.229 0.084 −0.351 −0.271 0.151 0.048 −0.049

Sb 0.149 0.272 −0.205 0.161 0.116 −0.068 0.138

U 0.071 0.126 −0.260 0.107 0.120 0.068 0.018

La 0.034 −0.005 −0.050 0.303 −0.126 −0.043 0.038

Nd 0.041 −0.008 −0.038 0.278 −0.111 −0.074 0.106

V 0.077 −0.017 0.063 −.197 −0.233 0.056 −0.011

Ce 0.038 −0.001 −0.051 0.291 −0.098 −0.051 0.055

Sm 0.056 −0.007 −0.060 0.261 −0.093 −0.052 0.082

K −0.062 0.082 −0.045 0.127 0.237 −0.042 0.077

Eu 0.064 −0.021 0.018 0.042 −0.139 0.103 0.199

Rb −0.028 0.102 −0.102 0.092 0.207 −0.033 0.010

Sc 0.153 −0.032 −0.075 −0.002 −0.097 −0.089 0.157

Tb 0.096 0.021 −0.057 0.185 −0.043 −0.067 0.106

Dy 0.087 0.036 −0.126 0.176 0.012 −0.020 0.075

Ta 0.089 0.048 −0.110 0.108 −0.032 −0.106 −0.111

Zr 0.088 0.034 −0.109 0.035 −0.042 0.095 0.157

Th 0.085 0.052 −0.149 0.104 0.040 −0.001 −0.061

Ti 0.056 −0.043 0.051 −0.055 −0.144 0.107 0.014

Lu 0.073 0.043 −0.104 0.130 0.027 0.009 0.049

Yb 0.076 0.037 −0.089 0.136 0.008 0.013 0.042

Hf 0.104 −0.009 −.048 0.022 −0.058 0.065 0.106

Al 0.057 −0.010 −0.018 0.015 −0.051 −0.045 0.060

% Variance explained 41.7 15.7 12.3 8.4 6.9 3.6 2.8

Loading factors with absolute values greater than 0.3 are shown in bold.

to each PC are also shown. The overall lack of patterning
between individual samples can be interpreted as con-
firming the results of CA results such that the source is
best described by a single fingerprint.

Figure 8 shows a scatter plot of the archaeological sam-
ples projected against the source data. The vast majority
of artifacts are closely associated with the source data sup-
porting the probability that the artifacts are likely to have
originated from the source. Mahalanobis distance calcula-
tions of principal components scores using the first seven
principal components determined that all of the artifacts
in this study have membership probabilities of 5% with
the source group. Means and standard deviations for the
source specimens and artifacts are compared in Table IV.

The applied geochemical methodology does not dis-
criminate between the sources because there is in-
sufficient geochemical variability between sedimentary

basins, in particular, within similar stratigraphic levels.
Therefore, the macroscopic information (e.g., white dots
on the cobbles’ surfaces due to the presence of amor-
phous silica) together with the archaeological evaluation
is still important as a complement to the geochemical
analysis. Based on this, it can be assumed that siltstones
collected in Guitarra plateau and Salitroso-Posadas Lakes
basin are distinct from the Cardiel Lake source. Although
they are geochemically similar, they are available locally
as isolated cobbles.

DISTRIBUTION OF SILTSTONE ARTIFACTS

The geochemical results must be complemented with
an evaluation of the distribution of siltstone artifacts
in space and time. With regard to spatial scale, a
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Figure 7 Biplot of principal components 1 and

2. Vectors indicate the direction and magnitude

of each element and its contribution on each of

the axes. A 90% confidence ellipse surrounds the

source group.

relationship has been observed between distance to the
source and frequency of debitage, cores and artifacts. In
order to evaluate this, different archaeological assem-
blages from stratified and open air sites and transects,
grouped by geographical proximity, were considered to-
gether (Figure 1; Table V).

This study shows a predominant use of siltstone around
the source (canyons) and its contiguous area (lower
plateau) and a considerable decrease inside the Cardiel
Lake Basin, eastwards, northwards, and southwards from
the lake. At the same time, the low frequencies at Posadas
and Guitarra Lakes support the limited role played
by their siltstone deposits. Furthermore, there is an

Figure 8 Scatter plot of artifacts projected

against the source group on principal

components 1 and 2.
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Table IV Comparison of element means and standard deviations (SD) for

source specimens and artifacts.

Siltstone source and artifacts (n = 70)

Element Mean ± SD

Na 2052 ± 2539

Al (%) 4.43 ± 1.00

K (%) 4.68 ± 1.33

Ca 2277 ± 3047

Sc 5.25 ± 2.59

Ti 2434 ± 663

V 15.3 ± 10.4

Cr 2.70 ± 1.59

Mn 129 ± 405

Fe 4535 ± 6794

Co 0.77 ± 1.28

Zn 16.0 ± 13.3

As 5.76 ± 5.30

Rb 125 ± 35

Sr 68 ± 119

Zr 75 ± 30

Sb 0.56 ± 0.77

Cs 1.83 ± 1.44

Ba 632 ± 821

La 17.9 ± 7.4

Ce 38.2 ± 15.3

Nd 17.8 ± 7.3

Sm 3.96 ± 1.58

Eu 0.70 ± 0.39

Tb 0.57 ± 0.20

Dy 3.43 ± 1.32

Yb 2.54 ± 0.73

Lu 0.37 ± 0.11

Hf 2.99 ± 0.96

Ta 0.48 ± 0.16

Th 8.39 ± 2.95

U 2.31 ± 1.37

important difference in the diminished siltstone frequen-
cies north and south of the canyons with even lower fre-
quencies toward the north. In addition, its use in the
south continues to decrease toward the west and closer
to the upland forests, as in the case of the Tar–San Mar-
tin Lakes Basin. In all cases, the frequencies of siltstone
in all sectors, including to the north of Cardiel Lake, are
statistically distinct from sectors to the south (Table VI).

The distance to the source is the first criterion for
evaluating raw materials variation in the archaeological
record. Therefore, the information shown on Table V is
displayed as a chart showing approximate distances be-
tween regions and the Cardiel Lake canyons. As previ-
ously mentioned, different artifacts present the same ten-
dency: a decrease in number as the distance from the
source increases (Renfrew, 1977). On the whole, there
are greater numbers of siltstone pieces in sectors located
south from canyons.

The high percentage of debitage in canyons surround-
ing Cardiel Lake (Figure 9) coincides with activities re-
lated to nearby quarries and/or workshops. Nevertheless,
there are differences in the percentages of debitage with
cortex along Lake Cardiel (around 30% in the southern
dunes and 5.5% in the canyons). Multiple factors may be
acting, such as blank transportation and differential land-
scape use. Accounting for these aspects would require a
specific debitage analysis that exceeds the objectives of
this study. However, we emphasize that the percentage
of debitage with cortex in the Cardiel Basin is higher than
those recorded in regions to the north (around 3% in the
Strobel Plateau) and south (less than 2%).

The high percentage of cores in Cardiel Lake canyons
(Figure 9) coincides with activities related to quarries
and/or workshops, although their discard has sometimes
occurred in sectors within the Tar–San Martin Lakes
Basin. Formal tools may have been transported and dis-
carded in places far from where they were manufactured.

Examining the differences in siltstone frequency be-
tween the eastern sand dunes and northern margin of
San Martı́n Lake, Tar Lake, Cardiel Chico Plateau, and
San Adolfo Plateau, we propose that these data high-
light the natural routes for the circulation of popula-
tions (Belardi et al., 2009). Tar Lake’s eastern shore and
San Martı́n Lake’s northern shore are the areas from the
south that show the highest concentrations of siltstone
artifacts. Both of them are accessible from Cardiel Lake
by crossing the Cardiel Chico and San Adolfo plateaus
(Figure 1).

The tool types produced with siltstone are also relevant
(Figure 2). Briefly, siltstone was used to produce a great
variety of tools (n = 190) where pieces with low retouch
are included (51%) and bifacial tools (10.5%). Within
these, two stemless projectile points from the canyons
stand out and a contracting stemmed point in the canyons
(Belardi, Espinosa, & Cassiodoro, 2005). Bearing in mind
that this design has been recorded in northern Patagonia,
this space has been suggested as a potential circulation
and transit zone (Goñi et al., 2005).

At the same time, in many of the assemblages siltstone
was used to manufacture side scrapers (25.7%)—mainly
in the Cardiel Lake area and the Tar–San Martı́n Basin.
If these quantities are compared to knives (7.3%), selec-
tion of this raw material for the manufacturing of long
cutting edges may have been possible. Broadly speaking,
these pieces range from large (8.1–12 cm) to very large
(>12 cm). The choice of nodule size to manufacture these
items may have been privileged because of the prismatic
and tabular characteristics of siltstone nodules.

With regard to a temporal scale, information about ear-
lier assemblages where siltstone artifacts have been re-
ported is presented in Table VII. The radiocarbon dates
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Table V Percentages of siltstone artifacts in relation to artifacts of all raw materials found (Belardi et al., 2009, 2010, 2013; Cassiodoro, 2011; Espinosa,

Goñi, & Flores Coni, 2007; Flores Coni, 2013; Goñi et al., 2010; Guráieb, 1998).

Debitage / flakes Cores Tools

Region / sectors % siltstone total raw materials % siltstone total raw materials % siltstone total raw materials

North of Cardiel Lake

Posadas Lake 0.80 (n = 92) 11 1.60 (n = 1) 63 1.80 (n = 38) 2064

Salitroso Lake 0.48 (n = 31) 6423 0.43 (n = 1) 231 1.07 (n = 7) 1306

Guitarra Plateau 0.15 (n = 3) 2011 0 49 0.81 (n = 2) 246

Pampa del Asador 0 13 0 89 1.90 (n = 5) 263

Strobel Plateau 0.58 (n = 33) 5630 0 5 2.27 (n = 2) 88

Cardiel Lake

Canyons 50.10 (n = 714) 1425 56.50 (n = 13) 23 26.37 (n = 24) 91

Lower Plateau 24.00 (n = 258) 1075 20.83 (n = 10) 48 22.59 (n = 40) 177

Eastern Sand dunes 7.16 (n = 112) 1563 7.24 (n = 5) 67 5.37 (n = 8) 149

Southern Sand Dunes 6.93 (n = 56) 808 3.45 (n = 1) 29 5.75 (n = 8) 139

South of Cardiel Lake

Cardiel Chico-San Adolfo Plateaus 2.80 (n = 15) 534 0 8 5.60 (n = 21) 375

Tar Lake East and Southeast Margins 5.71 (n = 16) 280 14.28 (n = 5) 35 5.20 (n = 5) 96

San Martı́n Lake North Margin 9.55 (n = 28) 293 15.38 (n = 26) 26 10.35 (n = 338) 338

San Martin Lake South Margin 0.85 (n = 13) 1516 3.22 (n = 1) 31 3.26 (n = 5) 153

San Martı́n Lake West Margin 1.98 1312 0 68 1.94 (n = 3) 154

are considered as minimum ages for the use of this rock.
On the whole, the use of siltstone is coincident with the
earliest occupation of the Cardiel Lake Basin (6000 14C yr
BP), and close to that of the Tar–San Martin Lakes Basin
(8000 14C yr BP). With reference to the latter, it is im-
portant to highlight the existence of stemless projectile
points in Cardiel Lake Basin, a design linked to the earli-
est periods of occupation in Patagonia (Gradin, Aschero,
& Aguerre, 1976). Likewise, the occurrence of side scrap-
ers over bifaces manufactured from siltstone in the Tar–
San Martı́n Lakes Basin is also important given the fact
that this design was already in use for about 8000 years
in Macizo Central (Espinosa et al., 2013; Figure 1).

DISCUSSION AND CONCLUSIONS

Based on geomorphological investigations and the high
density of archaeological material, the source of siltstone
in our study area has been identified in the canyons
along the western margin of Cardiel Lake. A geochemi-

cal study of siltstone samples from both the source and
archaeological sites in several neighboring basins permits
tracing the use of this rock and modeling its circulation.
Geochemical studies involving the provenance of sedi-
mentary rocks are scarce (Cackler et al., 1999; Lyons,
Glascock & Mehringer, 2003; Nazaroff et al., 2013) and
almost nonexistent in southwestern Patagonia (Franco,
2002). For this reason, the present work contributes by
not only providing more information about lithic sources
in Southern Patagonia but also by describing the geo-
logical and geochemical aspects of a specific provisioning
source.

At a supra regional level, siltstones available in Posadas
and Guitarra Lakes were unable to be discriminated from
those in the Cardiel Lake Basin through NAA. It should
not be considered unusual that this geochemical anal-
ysis cannot distinguish between siltstone from different
basins, given the fact that sedimentary rocks often ex-
hibit a high degree of homogeneity over large areas. This
does not mean the method is useless, however, since it
does allow the confirmation of a relationship between

Table VI Chi² values for the comparison between siltstone artifacts from the north (Posadas and Salitroso Lakes and Guitarra, Pampa del Asador and

Strobel plateaus), south (Tar and San Martı́n Lakes and Cardiel Chico-San Adolfo plateaus), and Cardiel Lake canyons.

North vs South Degrees of Freedom Chi² P Value (Chi²) P Value (Fischer)

Debitage 1 255.940 1.316e-57 4.9361e-36

Cores 1 18.845 1.4177e-05 8.4947e-05

Tools 1 76.806 1.8863e-18 2.2228e-15
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Figure 9 Percentage representation of debitage, cores and tools related to siltstone source distance.

archaeological samples and the source. The implementa-
tion of different type of analysis, such as Fourier Trans-
form Infrared Spectroscopy (Parish et al., 2013) or X-ray
diffraction, may clarify some of these issues by a miner-
alogical identification.

In a complementary analysis involving spatial density
and macroscopic characteristics, we are able to high-
light the deposits from the canyons sector of Cardiel

Lake Basin, not only as a provisioning source of siltstone
for this basin, but also for the Strobel, San Adolfo and
Cardiel Chico plateaus, and the Tar and San Martı́n Lakes
Basin. Petrographic and geochemical homogeneous sig-
nals help generate implications for hunter-gatherer mo-
bility from the distribution of archaeological record. Thus,
when evaluating the regional distribution of artifacts
manufactured from this siltstone, mobility and routes of

Table VII Radiocarbon chronology (not calibrated) of first evidence for use of siltstone.

Site Radiocarbon Age ( yr BP) References

Cardiel Lake Basin Los Guanacos Rockshelter 6000 Goñi et al. (2014)

Manuk 1 6000 Goñi et al. (2004)

Tar–San Martin Lakes Basin Paisano Desconocido Rockshelter <4720 Espinosa et al. (2013)

Paisano Desconocido Cave 8000 Espinosa et al. (2013)

Bloque 1-Oquedad >3770 Belardi et al. (2010)
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circulation of goods and populations can be established,
which include the Cardiel Lake Basin. The existence of
available good quality raw material for knapping could
be one of the many incentives for human use of this lake
basin. Siltstone was used by hunter-gatherer groups since
the earliest days of occupation of Cardiel Lake Basin and
probably in the Tar–San Martin Lakes Basin. Black obsid-
ian from Pampa del Asador (Molinari & Espinosa, 1999)
was likely circulated by the same populations.

The large quantities of siltstone documented in the
Cardiel Lake Basin are evidence of provisioning and local
use, primarily in the canyons. The material was used to
produce artifacts with long cutting edges as well as other
artifact types.

As for the provisioning and circulation characteristics,
these may be studied from different scales and perspec-
tives. The frequencies of artifacts and the distributional
evaluation support the direct provisioning of siltstone and
an important decrease in its use outside the area of the
canyons at Cardiel Lake. Toward the north of Cardiel
Lake it only reaches the Strobel Plateau in small amounts,
as the Guitarra and Posadas samples correspond to differ-
ent siltstone deposits from the ones in the canyons sec-
tor of Cardiel Lake. However, its major representation is
in assemblages located south of Cardiel Lake reaching as
far south as Viedma Lake (Figure 1) and allows us to de-
tect a southern vector for siltstone circulation, ever since
the early occupation periods. Viedma Lake siltstone arti-
fact numbers are negligible, and thus the Tar–San Martı́n
Lakes Basin was likely the southernmost place within the
main siltstone circulation sphere. It is also notable that
within the Tar–San Martı́n Basin siltstone also circulated
toward the west, as demonstrated by where it is found
well into the forest.

From a geographic perspective, the difference is re-
markable compared to the distribution of obsidian from
Pampa del Asador which shows a broader circulation pat-
tern. As mentioned earlier, obsidian was the most com-
monly used raw material for manufacturing projectile
points in all of the regions studied. Given the importance
of projectiles points for the survival of hunter- gatherer
populations, the provisioning of obsidian must have been
planned, if not scheduled (Knell & Hill, 2012). Because
these plateaus are inaccessible during winter, the con-
comitant circulation of this rock would have been mainly
during spring and summer. This is not the case with silt-
stone, as its distribution and regularity of use is clearly
minor and local compared to obsidian.

The reduced frequency of circulation for siltstone to the
north may be related to the greater availability of high
quality rocks in that region. Northern areas contain not
only an obsidian quarry but also scattered siltstone, basalt
and chert cobbles. Each material has different knapping

qualities. The area is also closer to the Nesocraton del De-
seado, where high quality chert is broadly available.

While there was a greater circulation of siltstone to-
ward the south, it does not mean that this was the most
frequently used rock (Belardi et al., 2010; Espinosa, Es-
cola & Belardi, 2013). Siltstone may have been incorpo-
rated into the repertoire of rocks used in the context of
an embedded provisioning strategy (Binford, 1979) to-
gether with obsidian. This may have been due to the loca-
tion of Cardiel Lake canyons located halfway between the
Pampa del Asador obsidian source and the Tar–San Mar-
tin Lakes Basin. It is very unlikely that groups with well-
organized mobility circuits would have ignored a provi-
sioning source of good quality lithic material if they knew
about its existence. It is likely that groups would have
sought to reduce risk by trying to include all the resources
available within their north-south range (Burke, 2006).
Thus, this work suggests that the low rates of siltstone
transport are related to the priority given to obsidian, and
possibly, to other siliceous rocks from the Macizo Central.

In a complementary way, the populations occupying
Cardiel Lake would have used Cardiel Chico and San
Adolfo plateaus as areas for hunting and circulation.
This use of plateaus from the Cardiel Basin could have
involved provisioning and direct transfer of siltstone
independently from obsidian. A similar strategy may
have been implemented in connection with the high
plateaus located north of Cardiel’s canyons, such as the
Strobel Plateau.

Our geological and geochemical analysis of siltstone
contributes to the lithic source database for Southern
Patagonia. Descriptions of a sedimentary provisioning
source presented here will enable further studies on
hunter-gatherers’ resource selection strategies (Wilson,
2007). Moreover, when related to the archaeological
record, this information provides insight into regional
provisioning and use strategies.

In conclusion, studies of lithic raw materials in South-
ern Patagonia helps us to understand the dynamics
of land use through time involving circuits of human
mobility in a large and geomorphically diverse area. This
approach complements lines of analysis such as obsidian
provenance and rock engravings distributions, by allow-
ing further evaluation hunter-gatherer mobility during
the Holocene. Finally, it helps define the circulation
paths for goods and people, and ultimately, the manner
in which niche constructions were made.
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último confı́n (pp. 977–984). Ushuaia: Editorial Utopı́as.

Feruglio, E. (1949). Descripción geológica de la Patagonia.

Dirección General de Yacimientos Petrolı́feros Fiscales,

1(15), 1–334.

Flores Coni, J. (2013). La utilización de las mesetas durante el

Holoceno tardı́o: Análisis de la tecnologı́a lı́tica del sitio

Laguna del Faldeo Verde (Meseta del lago Strobel,

provincia de Santa Cruz). Unpublished Degree’s thesis,

Universidad de Buenos Aires, Buenos Aires, Argentina.

Franco, N. (2002). Estrategias de utilización de recursos lı́ticos

en la cuenca superior del rı́o Santa Cruz. Unpublished

doctoral dissertation, Universidad de Buenos Aires, Buenos

Aires, Argentina.
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