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Obsidian artifacts occur in some of the earliest occupied late Pleistocene archaeological sites in Patagonia,
such as Pilauco (~15,500 cal BP) in south-central Chile, and Cerro Tres Tetas (~12,100 cal BP) in Santa Cruz,
Argentina, and they are very common in numerous early Holocene sites. Trace-element analysis of ar-
tifacts from these sites indicate long-distance (>300 to >1000 km) transport of obsidian from nine
different sources. Two of these sources, Chait�en (CH) and Nevados de Sollipulli (NS), are associated with
active Andean volcanoes in southern Chile. One, around Seno Otway (SO), occurs in the Miocene volcanic
belt in the southernmost Andes. The six others, Portada Covunco (PC), Cerro de la Planicies/Lago Lolog
(CP/LL), Sacanana (S), Telsen/Sierra Negra (T/SN), Pampa del Asador (PDA) and Cordillera Baguales (CB),
occur east of the Andes in Argentina. Geologic ages of these obsidians range from 17.8 Ma (Sacanana) to
recent (Chait�en). Obsidian from each of these sources is generally homogeneous and chemically distinct
from all the other sources. Those from the Chilean Andes are subalkaline in composition, while those
from the pampas of Argentina east of the Andes are alkaline and peralkaline. Chait�en obsidian occurs in
marine culture sites along the Pacific coast as far as >400 km to the north and south of this volcano, and a
few samples has been found >900 km to the southeast along the Atlantic coast, presumably transported
there in a canoe. Green obsidian from Seno Otway was also exploited dominantly by marine cultures, but
occurs as well in terrestrial hunter-gatherer sites such as Pali-Aike and Fell's caves, from which Junius
Bird first reported, in 1938, prehistoric obsidian artifacts in Patagonia. Distinctive black and red-banded
“tiger-striped” obsidian from Portada Covunco has also been transported >500 km east to the Atlantic
coast, as well as west into Chile and to Mocha Island off the Pacific coast, perhaps because of its aesthetic
appeal. Black alkaline obsidian from Pampa del Asador, which includes at least four chemically distinct
types, has been distributed by terrestrial hunter-gatherers >800 km northeast to the Atlantic coast and
south to Tierra del Fuego, as well as west into Chile. The wide distribution (>300 km) of obsidian from
each of these nine sources, well beyond the range considered probable for direct procurement by
Patagonian terrestrial hunter-gatherers (�200 km), implies the possibility of a considerable amount of
cultural interaction among the prehistoric peoples of Patagonia throughout the Holocene.

© 2017 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

The earliest published mention of obsidian in Patagonia may be
that of William Bollaert, captain of the H.M.S. Adventure, who in
1828 described in his log canoe people with obsidian knives in the
Strait of Magellan (Crozier, 1996). Another early account of historic
obsidian use was that of Enrico Giglioli (1875), who during the
1865e68 voyage of the Italian ship Magenta was given a dark green
reserved.

.R., Obsidian sources and d
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obsidian artifact 62 cm in length in the western Strait of Magellan,
Chile. San Rom�an and Prieto (2004) suggest that this artifact may be
piece #14554 in the Luigi Pigorini National Museum of Prehistory
and Ethnography, Rome. Another explorer, George Musters (1871),
observed his native guides collecting large pieces of obsidian on
September 8, 1869, at a location on the eastern edge of the Pampa
del Asador (PDA; Fig. 1; Stern, 1999; Belardi et al., 2006), Argentina.
Some years later Clemente Onelli (1904) described a “mine” of
obsidian a few kilometers to the west, along the northern edge of
this same pampa. Borrero and Franco (2001) report on obsidian
arrowheads in the British Museum, London, collected during
istribution in Patagonia, southernmost South America, Quaternary
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expeditions to Tierra de Fuego (Fig. 1) in 1855 and 1874, andMartial
(1888) also described obsidian arrowheads used by Onas in Tierra
del Fuego.

Junius Bird (1938, 1993) published the first report of prehistoric
obsidian artifacts from an archaeological excavation in Patagonia,
which he found within both the Pali Aike and Fell's caves located
just north of the eastern entrance to the Strait of Magellan (Fig. 1).
Bird noted both the scarcity (~1% of all artifacts) and small size of
the obsidian artifacts in these two sites and correctly concluded
that theywere not sourced locally (Stern, 2000a, 2000b). Emperaire
and Laming (1961) and Ortiz-Troncoso (1973, 1975, 1979) described
an important prehistoric green obsidian industry in maritime
archaeological sites in Seno Otway (SO; Fig. 1), and along the coast
of the central part of the Strait of Magellan. Stern and Prieto (1991)
published chemical analyses of samples of this green obsidian from
a number of both marine and terrestrial hunter-gatherer sites in
southernmost Patagonia and concluded that they had similar
chemistry and were most likely derived from the same source. In
the same year, Stern and Porter (1991) published chemical analyses
of porphyritic grey obsidian from archaeological sites on Chilo�e
(Fig. 1) and Gran Guaiteca Islands, Chile, and suggested the Chait�en
volcano to the east (CH; Fig. 1) as the possible source of this
obsidian.

Over the last 25 years, geologic exploration for obsidian sources
and chemical fingerprinting, by various techniques, of obsidian
from both different sources and archaeological sites, has located
nine major obsidian sources in Patagonia (Fig. 1), from each of
which obsidian has been dispersed >300 km, and begun to
constrain the distribution in time and space of the obsidians
derived from these sources. This paper summarizes the current
state of obsidian studies in central and southern Patagonia south of
37�S. Obsidian from sources just to the north (33e37�S) have been
described by Seelenfreund et al. (1996), Dur�an et al. (2004, 2012),
De Francesco et al. (2006), Giesso et al. (2008, 2011), Cortegoso
et al. (2012, 2014, 2016), Barberena et al. (2011), Fern�andez et al.
(2017) and De Francesco et al. (2017).

2. Methods

Samples of unworked geologic obsidian have been collected
from possible sources discovered by either geologists or archaeol-
ogists working in different areas of Patagonia (Fig. 1). These are all
secondary sources consisting of obsidian cobbles and pebbles
distributed over wide areas by fluvial processes. In some cases, such
as Chait�en (CH; Stern et al., 2002), Nevados de Sollipulli (NS; Stern
et al., 2008), Portada Covunco (PC; Stern et al., 2012a) and Cerro
Planicies/Lago Lolog (CP/LL; L�opez et al., 2009a), primary sources
formed by obsidian domes are located close by. However, the sur-
rounding fields of rounded obsidian cobbles widely dispersed by
fluvial processes occur at lower elevations and are much more
easily accessible. Multiple obsidian cobbles from these different
secondary sources were collected for the purpose of determining if
they include only single unique and homogeneous or multiple
chemically diverse obsidian types, and if these types corresponded
chemically to obsidian artifacts obtained from nearby and distant
archaeological excavations.

Samples of both unworked geologic obsidian from possible
sources locations and obsidian artifacts from archaeological exca-
vations have been chemically analyzed for trace elements by either
XRF or ICP-MS techniques. The precision of both these techniques is
Fig. 1. Location map of the nine main obsidian sources in Patagonia (large circles from
CH¼Chait�en; S¼Sacanana; T/SN¼Telsen/Sierra Negra; CP/LL ¼ Cerro de la Planicies/Lago Lolo
spatial distribution of archaeological sites containing artifacts fashioned from these differe
evidence of obsidian tools, ages given in cal BP. Pilauco (open circle) is the site with the ea
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estimated at better than ±10% at the concentration levels in the
samples analyzed based on repeated analysis of selected obsidian
samples used as secondary standards and both other internal lab-
oratory standards and widely available U.S. Geological Survey
standards (Saadat and Stern, 2011). Major element analysis of
selected samples was done by Activation Laboratories (Canada) and
Sr-isotopic ratios were determined by solid-source mass-spec-
trometry at the University of Colorado.

3. Results

3.1. General

Nine different obsidian sources (Fig. 1) fromwhich obsidian has
been both widely dispersed and transported long distances
(>300 km) have been identified in Patagonia south of 37�S. A
number of other sources of obsidian with more restricted distri-
bution have also been located and described, and a small number of
obsidian types with distinctive chemistry not corresponding to any
of the obsidians from known sources have been encountered in a
few archaeological sites. The nine major and some of the minor
sources, and the extent of the distribution of obsidian from these
sources, both in space and time, are described below from south to
north.

3.2. Southernmost Patagonia

3.2.1. Seno Otway (SO) green obsidian
Emperaire and Laming (1961) and Ortiz-Troncoso (1973, 1975,

1979) described an important obsidian industry, involving a
distinctive olive to dark green obsidian, in maritime hunter-
gatherer sites in Seno Otway (SO; Fig. 1), Chile, and along the
coast of the central part of the Strait of Magellan. Stern and Prieto
(1991) published a KeAr age of 17.1 ± 0.6 Ma for a sample of this
green obsidian, and chemical analysis of samples from various
archaeological sites. These data demonstrated both that the green
obsidian from numerous marine and terrestrial hunter-gatherer
sites in Magallanes and Tierra del Fuego have similar chemistry
and were most likely derived from the same source, and that this
source was within the Miocene magmatic belt in the Andes of
southern Chile. This belt includes both volcanic rocks, such as on
Isla Carlos III (21 Ma) in the Strait of Magellan to the south, and
uplifted and exposed subvolcanic rocks such as the Cerro Caleta sill
(19.7 Ma) and a dike on Punta Baja (18.3Ma), both located along the
south shore of Seno Otway (Morello et al., 2001), and Cerro Fitz Roy
(19 Ma) and Torres del Paine (12 Ma) farther to the north.

The actual source of green obsidian remains undiscovered.
However, recent reviews (Morello et al., 2001, 2002, 2004, 2015)
have concluded that the source must be in the vicinity of Seno
Otway based both on the abundance of this obsidian in the
archaeological sites around its shores, where it accounts for more
than 90% of all artifacts, and the common presence of nodules of
this obsidian >10 and in some cases >50 g in these sites. Morello
et al. (2015) catalogued 163 archaeological sites with green
obsidian in southernmost Patagonia. These include mostly mari-
time sites along the coast up to as far as >360 km to the southeast of
Seno Otway in Tierra del Fuego at Túnel 1 (Fig. 1; Orquera et al.,
2011), along the Beagle Canal, and on the south side of Isla Navar-
ino (Legoupil, 1993e1994) just north of Cape Horn, and up to
400 km to the northeast along the Atlantic coast near Monte Le�on
south to north): SO¼Seno Otway; CB¼Cordillera Baguales; PDA¼Pampa del Asador;
g; NS¼Nevadas de Sollipulli; PC¼ Portada Covunco, and some general indication of the
nt obsidian types. Also shown are the locations of some of the sites with the earliest
rliest evidence of obsidian use in Patagonia (Pino et al., 2013; Stern et al., 2017).

istribution in Patagonia, southernmost South America, Quaternary



Table 1
Average compositions of different obsidians from southernmost Patagonia.

Source S. Otway Baguales Pampa del Asador Río Cisne

Type SO CB PDA1 PDA2 PDA3ab PDA3c CIS1

age Ma 17.1 2.3 6.4 6.2 5.5 4.9 Miocene

SiO2 72.22 74.96 75.56 76.6 74.65 75.8
TiO2 0.09 0.11 0.08 0.06 0.16 0.08
Al2O3 11.74 11.74 13.22 12.53 13.35 13.00
Fe2O3 1.20 1.24 0.44 0.48 0.66 0.45
FeO 0.88 0.95 0.92 0.69 0.98 0.58
MnO 0.04 0.03 0.04 0.03 0.06 0.03
MgO 0.08 0.01 0.05 0.01 0.08 0.06
CaO 0.50 0.16 0.72 0.65 0.73 0.70
Na2O 4.00 5.40 4.08 3.92 4.55 4.3
K2O 4.50 4.11 4.82 4.70 4.40 4.60
LOI 5.70 1.35 0.27 0.25 0.25 0.3
TOTAL 100.95 100.03 100.2 99.92 99.81 99.88

Ti 763 1078 776 705 1384 734 1135
Mn 252 206 288 236 354 234 380
Cs 6.4 10.6 10.1 12.2 6.0 6.2 2.3
Rb 170 294 196 232 178 144 135
Sr 22 <3 34 <3 56 42 10
Ba 102 <8 236 17 537 476 254
Y 37 129 33 46 28 14 49
Zr 132 693 132 139 251 108 383
Nb 37 160 26 27 27 21 44
Hf 6.1 24.8 5.5 6.3 7.0 3.4 10.1
Th 22.9 44.9 18.7 19.1 21.5 21.2 18.6
U 5.9 12.2 5.5 6.1 5.6 4.7 3.6

La 29.6 44.6 37.9 23.7 42.2 35.7 51.9
Ce 66.1 106.3 70.8 56.3 79.8 58.3 112.8
Pr 7.98 15.5 7.99 6.86 8.11 5.51 12.5
Nd 29.2 50.8 31.1 27.9 28.4 18.5 45.9
Sm 6.74 18.5 6.72 7.75 5.98 3.1 9.24
Eu 0.21 0.65 0.34 0.09 0.71 0.27 0.61
Gd 8.8 24.9 8.45 9.25 7.51 3.52 14.1
Tb 1.15 3.89 1.06 1.36 0.85 0.39 1.62
Dy 6.75 21.8 5.91 7.81 4.6 2.39 8.85
Ho 1.34 4.05 1.11 1.56 0.87 0.43 1.72
Er 4.16 11.6 3.49 4.69 2.98 1.46 5.58
Tm 0.54 1.48 0.44 0.61 0.33 0.15 0.76
Yb 4.04 9.65 3.4 4.65 3.08 1.59 5.26
Lu 0.54 1.31 0.46 0.66 0.47 0.27 0.75
La/Yb 7.3 4.6 11.1 5.2 13.7 22.7 9.9
(87Sr/86Sr)i 0.7051

SO: Stern and Prieto, 1991; Stern, 2004; Morello et al., 2015.
CB; Stern and Franco, 2000; Stern, 2000a, 2004.
PDA: Stern, 1999, 2004; Fern�andez et al., 2015; Franco et al., 2017.
CIS: Mendez er al., 2012; Castro Esnal et al., 2017.

Fig. 2. Plots of Ba versus Zr concentrations (in ppm), and La versus La/Yb ratio, of
obsidians from eight of the nine major sources (abbreviations as in Fig. 1; circles from
southernmost Patagonia; squares from south-central Patagonia; diamonds from
north-central Patagonia), and some of the minor or unknown sources (smaller open
symbols, abbreviations as in the text). Highly alkaline T/SN obsidian is not included
because of its distinctive very high values of Zr and La which plot off scale in both
these figures.
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(Caracotche et al., 2005; Cruz et al., 2011; Stern et al., 2012b), where
it makes up ~30% of all the obsidian artifacts. Green obsidian is also
found in terrestrial hunter-gatherer sites, including >300 km to the
north in the sites Charles Fuhr (Stern and Franco, 2000) and
Cordillera Baguales in Argentina (Morello et al., 2015), and in Pali
Aike and Fell's caves >150 km to the east in Chile (Fig. 1), where it
makes up approximately 25% of all the obsidian artifacts (Stern,
2000a, 2000b).

With regard to the chronology of its distribution, it occurs in
cultural Period III in the terrestrial hunter-gatherer sites Pali Aike
and Fell's caves (Bird, 1993; Stern, 2000a, 2000b), which Bird dated
as between 9500 and 7400 cal BP. However, Morello et al. (2015)
consider the chronologic control on the age of this cultural period
as uncertain and to be no more precise than mid-Holocene. In a
number of coastal marine hunter-gatherer site such as Túnel 1
(Fig. 1) it occurs in occupational levels dated between 7450 and
5200 cal BP. It apparently was not used extensively in the period
between 5150 and 2500 cal BP (San Rom�an and Prieto, 2004), but
Please cite this article in press as: Stern, C.R., Obsidian sources and d
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its use became common again after 2000 cal BP (Morello et al.,
2015), and there are numerous historic observation of green
obsidian use among the Fueguian maritime people, including
possibly that of Giglioli (1875) mentioned above.

In a study of 2280 artifacts of green obsidian, Morello et al.
(2001, 2015) determined that 90% are uniform dark olive green in
color, while 10% have either dark or in some case clear bands. Most
samples are crystal-free, but up to 20% contain a very small pro-
portion (<1 vol %) of crystals of feldspar. Green obsidian is not only
very distinctive among Patagonian obsidians with respect to its
color, but also with respect to its chemistry, containing a notable
amount, between 4.7 and 6.2 wt %, of H2O (Loss-on-ignition ¼ LOI
in Table 1). Despite this quantity of water, and its age, it has not
devitrified and is not a perlite, but remains a glassy rhyolite
obsidian. It is a calc-alkaline rhyolite with low concentration of
high-field-strength elements such as Ti, Zr, and Hf, typical of calc-
alkaline rocks formed along the Andean convergent plate bound-
ary volcanic arc. However, it has lower Sr and Ba (Fig. 2) than other
Patagonian obsidians derived from active Andean volcanoes such as
that from Chait�en and Nevados de Sollipulli. Fern�andez and Leal
(2013) determined a mean index of refraction n ¼ 1.4870 for this
green rhyolite obsidian. They noted the presence of some samples
with thin clear bands containing small clusters of opaque grains,
which they considered to have formed as a result of incipient
devitrification.
istribution in Patagonia, southernmost South America, Quaternary
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3.2.2. Cordillera Baguales (CB) banded grey-green obsidian
Banded grey-green obsidian was reported by Stern and Franco

(2000) from hunter-gatherer sites on the northern edge of Cordil-
lera Baguales (Fig. 1), on the southern shores of Lago Argentino, and
along the Santa Cruz river valley, Argentina. A KeAr geologic age of
2.3 Ma for this obsidian is within the range 1.0e2.5 Ma determined
by Fleck et al. (1972) for alkaline basalts from the upper part of the
Meseta Vizcachas and Cerro Friale in the Cordillera Baguales, and
this, as well as the alkaline character of this obsidian (Table 1),
suggests that its source is fromwithin this area, but it has not been
discovered.

This obsidian also occurs in more distal terrestrial hunter-
gatherer sites in Chile, such as Dos Herraduras 125 km to the
south (Sierpe et al., 2010; Morello et al., 2015) and Pali Aike and
Fell's caves >280 km to the southeast (Fig. 1), within which it
represents 25% of all the obsidian artifacts (Stern, 2000a, 2000b).
Charlin (2009) considers it to be the most abundant obsidian in all
the many terrestrial hunter-gatherer sites with the Pali Aike vol-
canic field. It is also present >300 km to the east in coastal sites at
Laguna Moy Aike and near Monte Le�on (Fig. 1; Caracotche et al.,
2005; Cruz et al., 2011), where it comprises ~50% of all the
obsidian artifacts. Finally, it has also been documented in maritime
sites in Chile such as Punta Santa Ana along the Strait of Magellan
and Offing on Isla Dawson ~400 km to the south (Fig. 1; Morello
et al., 2015).
Fig. 3. Map of central Patagonia showing the relative proportions of the different types of ob
sources in this region (Pampa del Asador ¼ PDA; Sacanana ¼ S; Telsen/Sierra Negra ¼ T/
distributed (G�omez Otero and Stern, 2005; Stern et al., 2002, 2007, 2013; M�endez et al., 2008
CP/LL, YC, PK, PC and CIS) also occur in this area, but either their source is unknown (MS1 an
amounts derived from nearby sources (AB, LLL and CIS) as described in the text.
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The earliest occurrence of this obsidian, at between 11,000 and
7000 cal BP (Civalero and Franco, 2003; Franco and Borrero, 2012),
is in the site Chorillo Malo close to the source (Fig. 1). Along the
Atlantic coast this obsidian occurs in a site dated as 6550 cal BP
(Cruz et al., 2011). It also occurs in cultural Period III in Pali Aike and
Fell's caves (Bird, 1938, 1993), consistent with its widespread dis-
tribution during the mid-Holocene.

Chemically, banded grey-green obsidian is an alkaline rhyolite
with relatively high concentrations of Na2O, Rb, Th, Nb, Ta, Zr, Hf
and Y, but distinctly lower concentrations of Sr and Ba (Fig. 2;
Table 1), than green obsidian from Seno Otway. Fern�andez and Leal
(2013) observed up to 20 vol % of very small crystals of alkali
feldspar and an unidentified low birefringence prismatic mineral
which they interpreted as resulting from incipient devitrification.
They determined an index of refraction n ¼ 1.4870, essentially the
same as green obsidian from Seno Otway.
3.2.3. Pampa del Asador (PDA) black obsidian
The presence of obsidian in the vicinity of Pampa del Asador

(PDA) was first noted by the early explorers Musters (1871) and
Onelli (1904). Even before PDA was identified as the source of this
obsidian, black obsidian artifacts had been described in abundance
within a number of archaeological sites such as the Casa de Piedra
~40 km to the southwest (Fig. 1; Aschero, 1981e82, 1996; Aschero
et al., 1992a, 1992b; Bellelli and Civalero, 1996), near Lago Po-
sidians (relative to each other, not to all artifacts) derived from the four most important
SN; Chait�en ¼ CH) in different sites and the possible routes along which they were
e9, 2012, 2017; Castro Esnal et al., 2012; 2017). Other obsidian types (MS1, CC?, AB, LLL,
d CC?), out of the area to the north (CP/LL, YC, PK, and PC), or they occur in only minor

istribution in Patagonia, southernmost South America, Quaternary



Fig. 4. Chronology of the Hudson H1 eruption (in 14C yrs BP) relative to A. the presence
of black obsidian from Pampa del Asador in sites within 400 km of this obsidian source
area, and B. of all obsidian tools in Fell's cave and Pali Aike (Stern, 2000a, 2000b, 2004).
Each dark square represents in A. a sample of black obsidian from one of many
different sites within 400 km southeast of Pampa del Asador, with chronological
context provided by archaeologists who collected these samples from these sites
(Stern, 1999, 2004); or B. a sample of either black, green or banded grey-green obsidian
from either Pali Aike or Fell's cave in the collections of Bird (1938, 1993). The figure
illustrates the close temporal correlation of the H1 eruption and the haitus in long
distance terrestrial transport of obsidian in the area of southernmost Patagonia
affected by this event. Ages of the cultural periods in Pali Aike and Fell's cave are from
Bird (1993).
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sadas, and along the Río Pinturas ~60e80 km to the northeast
(Gradin et al., 1976, 1979; Aguerre, 1981e82; Alonso et al.,
1984e85). Black obsidian had also been observed in sites more
distal to PDA, to the north around Meseta Buenos Aires (Gradin,
1996), to the northwest in Chile (Mena and Jackson, 1991), to the
east in the Deseado Massif of Argentina (Fig. 1; Cardich and
Flegenheimer, 1978; Aguerre, 1987; Mengoni Go~nalons, 1987;
Miotti, 1992, 1996), and to the south near Lago Argentino (Franco
et al., 1992), and Río Gallegos (G�omez Otero, 1986e87).

Stern et al. (1995a, 1995b) published chemical analysis of 14
samples from nine of these sites, and KeAr ages of 5.4e6.2 Ma for 3
of these samples, and concluded that there were two chemically
different black obsidians, both present in most sites, and that they
had similar ages to the Patagonian plateau basalts that surround the
fluvial-glacial Pampa del Asador, where the concentration of black
obsidian in archaeological sites was most notable. Subsequently,
Stern (1999) published analysis of 92 samples of black obsidian
cobbles collected from Pampa del Asador, and 67 artifacts from 24
different archaeological sites in southernmost Patagonia, and
concluded that all the artifacts corresponded chemically to black
obsidian from PDA, and that they were all derived from this source.
Civalero (1999), Espinosa and Go~ni (1999) and Molinari and
Espinosa (1999) all came to a similar conclusion from an archaeo-
logic perspective based on the spatial and size distribution of black
obsidian artifacts in southern Patagonia.

Pampa del Asador is an 80 � 15 km (1200 km2) Plio-Pleistocene
fluvial-glacial sedimentary deposit sloping down to the east from
1100 to 650 m.a.s.l. elevation east of the main Andean range.
Rounded cobbles of black obsidian, up to >10 cm in maximum
diameter, occur in this deposit and are exposed and concentrated in
small drainage channels that cross the surface of the pampa as well
as in drainage basins on the margin of the pampa such as Bajo la
Herradura to the north (Stern, 1999). The original primary sources
of the obsidian cobbles are unknown. Obsidian cobbles are also
found up to 30 km to the east in a 320 km2 delta deposit between
750 and 400m.a.s.l., and to the southeast on the 700 km2 Pampa de
la Chispa which drains southward from the eastern edge of PDA
into the valley of the Río Chico (Belardi et al., 2006). Recent work
has also identified a site at the Estancia 17 Marzo, located ~170 km
to the southeast along the paleo drainage valley of the Río Chico,
where small (<5 cm) black PDA-type obsidian pebbles occur
(Franco et al., 2017), indicating that the potential source region of
black PDA-type obsidian occurs over an extremely extensive region
southeast of PDA.

Stern (1999) initially identified six chemical types of black
obsidian from PDA, called PDA1, PDA2a and 2b, and PDA3a, 3b and
3c. Subsequent analysis of both more geologic samples and arti-
facts suggested that PDA2a and 2b, and PDA3a and 3b, were each
actually variations of one type, now called PDA2 and PDA3ab
(Table 1; García-Herbst et al., 2007; Fern�andez et al., 2015; Franco
et al., 2017). Based on the analysis of approximately 150 randomly
collected geologic samples from PDA, type PDA1 comprises 70% of
the material, PDA2 about 20%, PDA3ab �5% and PDA3c �5%.
Analysis of more than 200 artifacts of PDA black obsidian reflect
similar proportions of each type. PDA1 and PDA2 are crystal free,
while PDA3ab and PDA3c often contain a small proportion of
feldspar crystals, and in type PDA3ab zircons. All four types are
alkaline rhyolites (Table 1). PDA2 has higher Rb, Yand Yb, but lower
Sr, Ba, La and La/Yb compared to PDA1, while PDA3ab and 3c both
have lower Rb and Cs, and higher Sr, Ba, Th and La/Yb than PDA1.
PDA3ab has distinctly higher Zr (Fig. 2) and Ti than other PDA
types, and PDA3c has distinctly lower Rb, Nb, Zr, Hf, Y and Yb. A
sample of PDA1 was dated at 6.4 Ma and of PDA2 at 6.2 Ma (Stern,
Please cite this article in press as: Stern, C.R., Obsidian sources and d
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1999). Samples of PDA3ab are 5.5 Ma and PDA3c is 4.9 Ma,
respectively, which is a bit, but not greatly younger than the range
for the two most abundant PDA obsidian types. Fern�andez and Leal
(2013) determined an n ¼ 1.4825 for a sample of PDA1 type
obsidian.

Artifacts of black PDA obsidian are widespread in southern
Patagonia (Figs. 1 and 3), occurring over 800 km to the northeast
near Puerto Madryn (Stern et al., 2000; G�omez Otero and Stern,
2005) and 650 km to the southeast on Tierra del Fuego (Morello
et al., 2012). It occurs in sites along the Atlantic coast (Fig. 1),
including Cabo Dos Bahías to the northeast (G�omez Otero and
Stern, 2005), Cabo Blanco to the east (Ambrústolo et al., 2012),
and Monte Le�on to the southeast (Caracotche et al., 2005; Cruz
et al., 2011). PDA black obsidian comprises >35% of all types of
lithic artifacts inmany sites up to 200 km from the source (Pallo and
Borrero, 2015), and 100% of all the obsidian artifacts in sites within
~200 km of PDA (Fig. 3), such as those in Perito Moreno National
Park, near Lago Posadas, along the Río Pinturas, around Meseta
istribution in Patagonia, southernmost South America, Quaternary
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Buenos Aires (Fern�andez et al., 2015), along the Ib�a~nez River valley
west in Chile, in sites in other areas east of the Andes further to the
north near Balmaceda, Ba~no Nuevo, El Chueco and Chalia (Mena
et al., 2000; M�endez et al., 2008e9, 2012, 2016, 2017; Castro
Esnal et al., 2012; 2017; Stern et al., 2013), around Lago Musters
(Reyes et al., 2015) and to the east in the Deseado Massif (Stern,
1999; Miotti et al., 2012; Franco et al., 2017). Further to the north
and northeast they mix with obsidian from Sacanana and Telsen/
Sierra Negra (S and T/SN in Figs. 1 and 3; Castro Esnal et al., 2012;
Stern et al., 2013; M�endez et al., 2008e9, 2012, 2016, 2017), but
still comprises at least 50% of the obsidian artifacts in all sites
within 500 km of PDA. Further to the south, they mix with green
and banded grey-green obsidian from Seno Otway and Cordillera
Baguales, but even in Pali Aike and Fell's caves, ~500 to the south
(Fig.1), they comprise 50% of all the obsidian artifacts (Stern, 2000a,
2000b). The large spatial extent of the source of PDA-type black
obsidian may be one of the reasons why this type of obsidian has
been so widely dispersed in southern Patagonia.

With respect to the chronology of its exploitation, PDA obsidian
is found in a late Pleistocene occupational level, dated as
>12,100 cal BP, of the CerroTres Tetas site 200 km to the east (Fig. 1;
Paunero and Castro, 2001; Paunero, 2003). In the Casa de Piedra
site, located ~40 km to the southwest in Perito Moreno Nacional
Park, it occurs in the oldest occupational levels 15e18 dated as
�10,850 cal BP (Fig. 1; Civalero and Franco, 2003), and in Cueva de
las Manos cave along the Río Pinturas it occurs after 10,500 cal BP
(Borrero and Franco, 1997). In Ba~no Nuevo, to the north in Chile, it
occurs in the earliest occupational level between 10,870e9460 cal
BP (Mena et al., 2000; Mena and Stafford, 2006), and in El Chueco,
~370 km to the north of PDA in the upper Cisnes river basin (Figs. 1
and 3), black obsidian from this source occurs in all occupational
levels after 10,220 cal BP (M�endez et al., 2008e9, 2012, 2017; Stern
et al., 2013). A sample of black PDA obsidian was also found in the
deepest level, dated as >11,000 cal BP, of the Chorillo Malo site
260 km to the south (Fig. 1; Civalero and Franco, 2003; Franco and
Borrero, 2012). Clearly black obsidian from Pampa del Asador
circulated widely since late Pleistocene and early Holocene times.

Stern (2004) suggested that there was a hiatus in the long dis-
tance transport of PDA obsidian south of this source after ~7400 cal
BP (6400 14C yrs BP; Fig. 4), based on the age distribution of samples
from both relatively nearby sites (<400 km to the south) and more
distal sites such as Pali Aike and Fell's cave, within which no PDA
obsidian (or any obsidian) occurs in occupational Period IV dated to
have begun at 7400 cal BP (Bird, 1993; Prieto et al., 2013). Stern
(2004) attributed this hiatus to the large mid Holocene H1 erup-
tion of the Hudson volcano, located at 46�S northwest of PDA,
which produced a tephra layer over 20 cm in thickness in Tierra del
Fuego >800 km to the south (Stern, 1991, 2008; Naranjo and Stern,
1998; Prieto et al., 2013), and thus potentially disrupted long dis-
tance exchange of obsidian and all other aspects of life in south-
ernmost Patagonia.

3.2.4. Another minor source
One obsidian with more restricted distribution in southernmost

Patagonia is a dark grey to black, highly-brittle variety found as
nodules fromwithin a Miocene rhyolite pyroclastic flow exposed in
the upper Cisnes river basin near the El Chueco site (Figs. 1 and 3;
M�endez et al., 2008e9, 2012, 2017). Small chemical variations allow
the distinction of four chemical types among samples analyzed
(M�endez et al., 2017). The poor knapping quality of this type CIS
(Table 1) obsidian limited its prehistoric use considerably. This
obsidian is found in small quantities in the archaeological sites of
Ba~no Nuevo and El Chueco, located close to the source, after
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8500 cal BP (M�endez et al., 2008e9, 2012, 2017; Stern et al., 2013),
and one sample also occurs in level 6 (�8500 cal BP) of the prin-
ciple cave (CP1) of the site Casa de Piedra de Aldea Beleiro (Castro
Esnal et al., 2017) in southwestern Chubut, Argentina, located be-
tween Ba~no Nuevo and Chalia (Fig. 3), ~100 km southeast of the
source.

3.3. South-central Patagonia

3.3.1. Telsen/Sierra Negra (T/SN) translucent grey-green obsidian
Nodules of translucent dark grey to green obsidian occur in the

Salamanca canyon in Sierra Negra east of Telsen (Fig. 1). Sierra
Negra corresponds to a weathered basalt outcrop considered to be
part of the Miocene Telsen volcanic complex on the southeastern
margin of the Somuncur�a Massif. Basalts from the Telsen volcanic
complex have been dated by Ardolino and Franchi (1993) as 15 to 17
Ma. The obsidian nodules in Salamanca canyon may be derived
from domes within the large effusive centers to the north that
produced the Qui~nelaf pyroclastic rhyolites that are associated with
the Telsen volcanic complex and the basalts of Sierra Negra. A KeAr
age determined for one sample of this obsidian is 14.6 Ma (Stern
et al., 2000; Stern, 2004), which is consistent with the late stage
of formation of the Telsen volcanics.

Telsen/Sierra Negra obsidian (T/SN; previously called T/SC in
some publications) is crystal free, with occasional fine bands (1 mm
thick) of colorless and light brown glass. Microlites of alkali feldspar
and very tiny opaque minerals were observed by Fern�andez and
Leal (2013), who determined an index of refraction n ¼ 1.4905 for
this obsidian. The nodules from Salamanca canyon are a chemically
very distinctive peralkaline rhyolite type (T/SN1; Table 2) with high
totals of Na2O þ K2O (>11 wt %) and Fe2O3 þ FeO (>3 wt %)
compared to any other Patagonian obsidians, and very high con-
centrations of Rb, Th, Zr, Nb, Hf, Y, La and Yb. Another, chemically
very similar obsidian (T/SN2; Table 2), with comparable high total
alkalies, Fe, and trace-elements, has been identified in many of the
archaeological sites in which T/SN1 occurs, including within the
Salamanca canyon itself, but this type was not found among the 21
geologic samples of obsidian collected from the canyon (G�omez
Otero and Stern, 2005). However, the magmatic processes that
generated this second T/SN2 obsidian type were very similar to
those that generated T/SN1 obsidian, and its source must be close
by.

Archaeological materials made from T/SN obsidian have been
identified within the Salamanca canyon at the foot of Sierra Negra
(Stern et al., 2000), in coastal sites around the Gulf of San Matías
>250 km to the northeast (Figs. 1 and 3; Favier Dubois et al., 2009;
Alberti et al., 2016), on Vald�es Península up to 250 km to the east,
and up to 300 km southeast along the Atlantic coast (G�omez Otero
and Stern, 2005). It has also been found in a site Loma Baggio
~150 km to the northwest in the interior of Somuncur�a plateau
(Figs. 1 and 3; Boschín and Massaferro, 2014), ~150 km to the
southwest at Las Plumas (Castro Esnal et al., 2012) and ~450 km to
the southwest at El Chueco in Chile (M�endez et al., 2008e9, 2012,
2017; Stern et al., 2013).

With regard to the chronology of its distribution, the earliest
archaeological sample identified is that from the furthest site, El
Chueco in Chile, where it occurs in the one of the deepest levels
190e200 cm below the surface dated as 10,200 cal BP (M�endez
et al., 2008e9, 2012, 2017). The chronology of obsidian in the
coastal sites is not well controlled, but the oldest age dates from
these sites are onlymiddle Holocene (G�omez Otero et al., 2017), and
the age of the oldest documented obsidian is 2660 cal BP in the site
Lisa Conchero on Península Vald�es (G�omez Otero and Stern, 2005).
istribution in Patagonia, southernmost South America, Quaternary



Table 2
Average compositions of different obsidian types in central-south Patagonia.

Source Telsen Telsen Sacanana C. Castillo Somuncura Ang. Blanco L. Larga Chait�en

Type T/SN1 T/SN2 S1 CC? MS1 AB (DesX) LLL CH

age Ma 14.6 Miocene 17.8 Miocene Miocene Miocene Miocene <10,000

SiO2 72.40 74.86 74.59 75.35 75.42 74.13 70.85 75.58
TiO2 0.14 0.14 0.08 0.15 0.11 0.26 0.04 0.11
Al2O3 11.41 10.68 12.67 11.19 11.53 13.38 12.76 13.78
Fe2O3 2.39 2.57 1.00 1.56 0.47 2.01 1.35 1.58
FeO 1.00 1.08 0.83 0.91 1.32
MnO 0.14 0.12 0.05 0.05 0.13 0.04 0.07 0.07
MgO 0.01 0.02 0.04 0.02 0.04 0.32 0.06 0.22
CaO 0.07 0.16 0.71 0.29 0.16 1.16 0.73 1.33
Na2O 7.35 5.86 4.48 4.6 4.77 4.23 4.16 4.16
K2O 4.44 4.00 5.10 4.58 4.42 3.98 3.48 3.07
LOI 0.50 0.39 0.60 0.45 1.21 0.10 6.39 0.16
TOTAL 99.85 99.88 100.15 99.15 99.58 99.61 99.89 100.06

Ti 1035 1113 971 1140 1012 1665 509 985
Mn 936 783 380 363 957 286 554 548
Cs 8.6 6.3 4.4 4.6 8.4 2.9 5.1 8.6
Rb 640 502 290 324 352 133 160 127
Sr <1 3 3 <1 <1 98 76 148
Ba <3 7 <3 <3 5 612 945 650
Y 322 170 66 80 56 23 36 13
Zr 3156 2240 360 827 456 266 103 88
Nb 616 332 146 170 164 19 21 9
Hf 76.2 57.0 14.0 21.1 17.2 6.6 3.8 2.9
Th 66.6 57.8 24.2 26.0 42.5 16.0 9.2 15.8
U 21.0 14.1 4.2 6.9 16.5 3.6 2.1 4.3

La 181 151 79.7 76.5 52.9 37.6 25.0 28.3
Ce 404 326 164 153 103 66.1 50.1 49.5
Pr 48.5 39.3 17.0 16.9 12.7 6.48 5.69 4.49
Nd 170 141 63.2 65.9 38.1 25.1 23.9 18.3
Sm 42.8 31.8 13.2 13.9 8.09 4.61 5.47 2.96
Eu 2.84 2.24 0.10 0.78 0.30 0.66 0.56 0.59
Gd 39.5 32.0 13.7 13.9 9.32 4.49 6.88 2.89
Tb 6.51 5.30 1.74 2.04 1.49 0.65 0.97 0.36
Dy 39.3 31.8 9.43 10.2 10.1 4.44 5.92 2.02
Ho 7.19 5.82 1.71 1.89 2.46 0.85 1.18 0.35
Er 20.5 15.4 5.09 5.29 5.98 2.55 3.61 1.21
Tm 2.71 1.99 0.55 0.59 0.71 0.45 0.64 0.11
Yb 17.8 14.8 4.61 5.04 6.35 2.82 4.11 1.41
Lu 2.71 1.88 0.82 0.82 0.98 0.53 0.76 0.22
La/Yb 10.2 10.2 17.3 15.2 8.3 13.3 6.1 20.1
(87Sr/86Sr)i 0.7059

T/SN, S1, CC? and MS1: Stern et al., 2000; Stern, 2004; G�omez Otero and Stern, 2005.
AB: Bellelli and Pereyra, 2002; Bellelli et al., 2006; Stern et al., 2007.
LLL: Bellelli and Pereyra, 2002; Bellelli et al., 2006, 2017; Stern et al., 2007.
CH; Stern and Porter, 1991; Stern and Curry, 1995; Stern et al., 2002, 2008, 2009.
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3.3.2. Sacanana (S) shiny black obsidian
Nodules up to >10 cm in maximum diameter of a very shiny

black obsidian are found within the fluvial sediments of the Saca-
nana canyon around Cerro Gaucho west of the town of Gan Gan
(Figs.1 and 3; Stern et al., 2000). This obsidian, one sample of which
was dated as 17.8 Ma, may have its origin to the north in the
Talagapa volcanic centers (Ardolino and Franchi, 1993) or more to
the northwest in the Pire Mahuida volcanic centers (Salani and
Page, 1989) within the Somuncur�a Plateau. Fern�andez and Leal
(2013) examined geologic samples of obsidian from the Pire
Mahuida complex, but did not present a chemical analysis of this
obsidian so it is not certain if it is the same as that found in the
Sacanana sediments.

Shiny black S1 obsidian from Sacanana is a crystal-free per-
alkaline rhyolite, with relatively high concentrations of Rb, Nb, Zr, Y
and rare-earth elements (REE), but not as high as the obsidians
from Telsen/Sierra Negra (Table 2). A second type S2 occurs, but in
much smaller proportions than S1 (Stern et al., 2000).
Please cite this article in press as: Stern, C.R., Obsidian sources and d
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Obsidian from Sacanana is widely distributed in sites around
south-central Patagonia. It occurs along the coast of the gulf of San
Matías ~380 km to the northeast (Figs. 1 and 3; Favier Dubois et al.,
2009; Alberti et al., 2016), on Península Vald�es ~380 km to the east
(Stern et al., 2000), and to the southeast along the Atlantic coast
(G�omez Otero and Stern, 2005). It also occurs in the interior of the
continent in sites within the Somuncur�a plateau to the northeast,
north and northwest (Figs. 1 and 3; Boschín and Massaferro, 2014),
to the southeast and south at Las Plumas and Los Altares (Fig. 3), to
the west at Piedra Parada (Bellelli et al., 2006; Stern et al., 2007,
2013; Castro Esnal et al., 2012), and in sites ~250 km to the west
near Cholila, El Hoyo and El Manso, where it still accounts for 50% of
all the obsidian artifacts (Bellelli et al., 2006, 2017). Finally, it occurs
far to the southwest at Appeleg1 in Chile (M�endez et al., 2008e9,
2012, 2017; Stern et al., 2013) and in Casa de Piedra de Aldea
Beleiro (Figs. 1 and 3; Castro Esnal et al., 2017) in southwestern
Chubut, Argentina, ~400 km southwest of the source. With regard
to the chronology of its distribution, S1 obsidian from sites in the
istribution in Patagonia, southernmost South America, Quaternary
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interior occur in levels <3200 cal BP (Bellelli, 1988; P�erez de Micou
et al., 1992; Stern et al., 2000, 2007; Bellelli et al., 2006, 2017;
Boschín and Massaferro, 2014). Along the coast middle Holocene
sites occur (G�omez Otero et al., 2017), but the age of the oldest
documented obsidian is 2660 cal BP in the site Lisa Conchero on
Península Vald�es (G�omez Otero and Stern, 2005). In the far distal
sites to the southwest the samples of S1 obsidian are at the surface
(M�endez et al., 2012; Stern et al., 2013; Castro Esnal et al., 2017).

3.3.3. Chait�en (CH) porphyritic grey obsidian
Stern and Porter (1991) reported on porphyritic grey to black

obsidian artifacts from marine hunter-gatherer sites on Chilo�e and
Gran Guaiteca Islands, along the Pacific coast of Chile, and sug-
gested that this obsidian was derived from the Chait�en Volcano to
the east, the summit of whichwas known to be an obsidian dome of
similar chemistry to the artifacts. Stern and Curry (1995) described
petrochemically similar obsidian from the Traiguen Island ~350
south in the canals of Chile (Fig. 1). Stern et al. (2002) confirmed the
presence of nodules of porphyritic grey-black obsidian in drainage
valley on the flanks of the Chait�en Volcano, and in their delta de-
posits along the coast.

Chait�en obsidian is a calc-alkaline rhyolite with 1e3 vol % of
plagioclase feldspar crystals. It has low concentrations of high-
field-strength elements such as Ti, Zr, Hf, Nb and Y, but higher
Fig. 5. A. Ba verus Zr concentrations (in ppm), and B. measured 87Sr/86Sr ratios versus
Sr concentrations for samples of lithic tools from Pilauco (squares), volcanic rocks from
the mid Tertiary volcanic belt (diamonds) and Puyehue Volcano (circles) in south-
central Chile, as well as rhyolite obsidian from Chait�en and Nevados de Sollipulli
Volcanoes (triangles).
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87Sr/86Sr ¼ 0.7059 (Fig. 5b; Table 2) compared to other rhyolite
obsidians derived from active Andean volcanoes such as Sollipulli
(Stern et al., 2002, 2008, 2009) and Puyehue (Stern et al., 2017).

Obsidian from Chait�en Volcano has been described from Pacific
coast archaeological sites ~350 km to the south (Stern and Curry,
1995; Reyes et al., 2007) and 400 km north at Chan Chan (Fig. 1;
Stern et al., 2002). The oldest occupational levels in these sites is
6450 cal BP at Chan Chan. No samples of Chait�en obsidian have
been found in archaeological sites east of the Andes at the latitude
of this volcano (Figs. 1 and 3; Bellelli and Pereyra, 2002; Bellelli
et al., 2006, 2017; Stern et al., 2007; Boschín and Massaferro,
2014; P�erez et al., 2012, 2015). However, samples of Chait�en
obsidian have been described from more than 900 km to the
southeast along the Atlantic coast near Monte Le�on and in sites
<25 km from the coast in the Pali Aike volcanic field (Fig. 1; Cruz
et al., 2011; Stern et al., 2012b), presumably transported there
through the Chilean canals and the Strait of Magellan in a canoe.

3.3.4. Other obsidian sources
Two obsidian sources with only local distribution have been

described from this region. One is at Angostura Blanca (AB; Table 2)
in the valley of the Chubut river near Piedra Parada (Fig. 3; Bellelli
and Pereyra, 2002; Bellelli et al., 2006; Stern et al., 2007). The
geologic samples of this obsidian are highly hydrated perlites,
which may be derived from the Buitrera Vitrophere or Domo de
Escuela Piedra Parada (Arag�on et al., 2004), a component of the
volcanicepyroclastic complex of the middle Chubut River formed
by late Paleocene through mid-Eocene volcanism (Arag�on and
Mazzoni, 1997). Obsidian artifacts with chemistry similar to the
highly hydrated type AB perlite were initially called DesX (Bellelli
and Pereyra, 2002), and subsequently Group D (Bellelli et al.,
2006), but they are similar chemically to the perlite from Angos-
tura Blanca, and are now considered to be less hydrated examples
of material from this same source. Artifacts of this obsidian occur in
sites near Piedra Parada (Bellelli and Pereyra, 2002; Bellelli et al.,
2006; Stern et al., 2007), and two sample has been documented
from ~200 km further north in the sites Pilcaniyeu Viejo and
Loncom�an (Boschín and Massaferro, 2014) and one from ~265 km
south at Altos de Moro (M�endez et al., 2017).

Another obsidian source is at Laguna La Larga in the Los Alerces
National Park near Cholila (Bellelli and Pereyra, 2002; Bellelli et al.,
2006, 2017). Samples (LLL; Table 2) from this site, and other out-
crops described from nearby (Arrigoni, 2005), are perlites.
Archaeological samples of this type of obsidian have been observed
only in local sites near Cholila (Bellelli et al., 2006, 2017).

3.3.5. Obsidians with unknown sources
Two other peralkaline obsidians with unknown sources are

types CC?, which was first described from archaeological sites near
Cerro Castillo (Stern et al., 2000), andMS1, first described from sites
along the Atlantic coast (G�omez Otero and Stern, 2005). Their
peralkaline chemical character (Table 2) suggests that both were
derived from somewhere within the volcanic units of the
Somuncur�a Plateau. Obsidian CC?, also called DesZ by Bellelli and
Pereyra (2002), has been found in archaeological sites near Cerro
Castillo, to the west near Cholila (Bellelli et al., 2017), to the south
near Piedra Parada (Stern et al., 2007), and in three sites to the east
along the Atlantic coast (G�omez Otero and Stern, 2005; Favier
Dubois et al., 2009; Alberti et al., 2016). MS1 is just as widely
dispersed and even more common. It occurs along the Atlantic
coast (G�omez Otero and Stern, 2005; Favier Dubois et al., 2009;
Alberti et al., 2016), in numerous sites within the Somuncur�a
Plateau area (Boschín and Massaferro, 2014), and further to the
west in the sites Casa de Piedra de Ortega (Fern�andez and Vítores,
2015) and Poblaci�on Anticura along the Manso River (Bellelli et al.,
istribution in Patagonia, southernmost South America, Quaternary
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2017). At this site it occurs in a stratigraphic level dated as 9200 cal
BP (Bellelli et al., 2017). Boschín and Massaferro (2014) also
encountered other peralkaline types of obsidian they called MS2
and MS3 from archaeological sites with the Somuncur�a Plateau
area, but these have not been described from coastal sites or to
either the south or west.
3.4. North-central Patagonia

3.4.1. Cerro de la Planicies/Lago Lolog (CP/LL) black obsidian
L�opez et al. (2009a) described obsidian cobbles found on the

shores of Lolog Lake and a possible quarry in a primary source on
Cerro de la Planicies (1732 m.a.s.l.), located just to the north of the
lake in Nuequ�en, Argentina (CP/LL; Fig. 1). They determined that
obsidian from these two localities had the same chemical compo-
sition. Cerro Planicies is formed by volcanic rocks of the Pliocene
Aseret Formation (Turner, 1973).

Cerro de la Planicies/Lago Lolog (CP/LL) obsidian is black to grey
in color, withminor amounts of translucent or red banded varieties.
It is a high silica rhyolite obsidianwith low Ti, Sr, Zr, Nb, Y, Th, Hf, La
Table 3
Compositions of obsidians from west-central Patagonia.

Source L Lolog Sollipulli Covunco

Type CP/LL1 NS PC1

age Ma Pliocene <1 Ma Pliocene

SiO2 74.14 73.59 75.52
TiO2 0.11 0.19 0.14
Al2O3 13.31 13.84 13.19
Fe2O3 0.85 1.84 1.23
MnO 0.12 0.06 0.05
MgO 0.14 0.21 0.09
CaO 0.47 1.25 0.54
Na2O 4.62 4.71 4.44
K2O 4.24 3.95 4.71
LOI 1.23 0.52 0.32
TOTAL 99.23 100.16 100.23

Ti 790 1495 982
Mn 971 496 438
Cs 5.2 5.5 8.4
Rb 145 113 177
Sr 44 134 48
Ba 765 774 278
Y 22 15 18
Zr 96 226 163
Nb 17 7 29
Hf 3.7 5.2 4.9
Th 11.6 11.2 26.8
U 3.6 3.5 7.9

La 13.3 21.1 33.4
Ce 29.9 41.1 63.7
Pr 3.27 4.26 5.85
Nd 11.9 15.8 18.7
Sm 2.95 2.55 2.79
Eu 0.53 0.66 0.43
Gd 3.16 2.93 3.08
Tb 0.59 0.43 0.55
Dy 3.31 2.56 2.95
Ho 0.73 0.57 0.61
Er 1.93 1.62 1.78
Tm 0.34 0.23 0.32
Yb 2.14 1.69 2.19
Lu 0.35 0.31 0.36
La/Yb 6.2 12.5 15.3
(87Sr/86Sr)i 0.7040

CP/LL1, QU/AP, YC, MQ, PK: L�opez et al., 2009a, 2010; P�erez et al., 2012, 2015.
NS: Stern et al. (2008, 2009).
PC: Bellelli et al. (2006), Stern et al. (2012a), Salazar and Stern, 2013.
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and Yb, but high Ba content (Table 3), which distinguishes it from
other Patagonian obsidians (Fig. 2). A few geologic samples of a
second type CP/LL2 occur, with even lower Sr, Y, Th, La and Yb, but
this type has not been observed as an artifact.

CP/LL obsidian is found in many nearby sites around Lacar and
Meliquina Lakes in Neuqu�en (L�opez et al., 2009a, 2010; P�erez et al.,
2012, 2015) and in sites in Río Negro (Fern�andez and Vítores, 2015),
but also much further away ~250 km to the south in sites near
Cholila (Bellelli et al., 2017), ~350 km to the southeast in sites
within the Somuncur�a Plateau (Boschín and Massaferro, 2014),
>550 km to the east along the Atlantic coast (Fig. 1; Favier Dubois
et al., 2009; Alberti et al., 2016), and >600 km to the northeast in
the Tapera Moreira site in the province of La Pampa (Fig. 1; L�opez
et al., 2009b; Stern and Aguerre, 2013).

With respect to chronology, CP/LL obsidian has been found in
the earliest occupational level, dated at 11,535 cal BP, of the Epull�an
Grande site located ~100 km east of the source (Fig. 1), and in level
7, dated as 8725 cal BP, of the Traful 1 cave located 70 km southeast
of the source (Fern�andez and Vítores, 2015). In all the more distal
sites this obsidian occurs in much younger mid to late Holocene
L. L�acar Yuco Meliquina Paillakura

QU/AP YC MQ (Des2) PK (Des1)

Pliocene Pliocene Pliocene Pliocene

73.92 76.61 74.63 70.91
0.23 0.12 0.05 0.21
13.98 13.08 13.22 14.33
1.29 0.87 0.71 1.98
0.09 0.06 0.07 0.08
0.22 0.13 0.11 0.21
1.18 1.02 0.78 0.82
4.53 4.03 3.91 4.78
3.95 4.01 4.43 4.87
0.44 0.46 1.38 1.06
99.83 100.39 99.29 99.25

1410 691 536 1370
767 541 579 681
5.1 6.3 8.2 5.9
128 145 154 163
188 120 99 81
954 863 637 528
17 14 15 27
176 66 58 282
14 13 16 21
4.5 2.5 2.4 7.0
17.6 19.1 19.0 19.1
4.6 5.1 6.5 4.7

33.1 25.3 16.4 36.5
62.3 47.7 35.2 78.5
6.29 4.88 3.77 8.21
21.3 15.2 11.9 29.7
3.53 2.68 2.15 5.44
0.89 0.55 0.50 0.81
3.35 2.52 2.39 5.2
0.50 0.4 0.42 0.85
2.84 2.04 2.54 4.49
0.59 0.49 0.54 1.09
1.65 1.18 1.35 2.73
0.27 0.21 0.26 0.39
1.79 1.19 1.49 3.27
0.37 0.22 0.24 0.6
18.5 21.3 11.0 11.2
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levels.

3.4.2. Nevados de Sollipulli (NS) black obsidian
Stern et al. (2008, 2009) described black obsidian from both an

outcrop of a dome at 1578 m.a.s.l. and its associated erosional
products at lower elevations in the Nevados de Sollipulli, Chile
(Fig. 1). Nevados de Sollipulli consists of Plio-Pleistocene volcanic
rocks associated with the early stages of formation of the active
Sollipulli Volcano (Naranjo et al., 1993). This obsidianwas originally
referred to as MEL, because of the sources proximity to the town of
Melipeuco, but it has now been renamed as NS obsidian (Table 3).

NS obsidian is a crystal-free calc-alkaline rhyolite obsidian with
many chemical characteristics similar to obsidian from Chait�en
Volcano to the south (Table 3), but it has significantly higher Zr,
lower La and La/Yb, and lower 87Sr/86Sr ¼ 0.70392 to 0.70402
(Fig. 5b; Stern et al., 2002), the Sr isotopic values beingmore typical
of most rocks erupted from Andean volcanoes in south-central
Chile.

This type of obsidian occurs in numerous nearby sites, both
north and south of Nevados de Sollipulli, in the central valley and
Andean foothills of Chile (Stern et al., 2009), ~150 km to the
southwest along the coast at Chan and ~350 km to the south at
Quilo on Chilo�e Island (Fig. 1; Stern et al., 2009). It also occurs on
Mocha Island ~200 km to the west (Campbell et al., 2017a, 2017b).
No samples of this type of obsidian have been found to the east
across the Andes in Argentina (Fig. 1; Stern et al., 2012a; Salazar and
Stern, 2013). At Chan the earliest occupation age is 6450 cal BP, and
obsidian was found in this early level. At Quilo on Chilo�e and
Quillen 1 in the central valley this obsidian occurs in the earliest
occupation levels which have been dated as 5790 and 5350 cal BP,
respectively (Stern et al., 2009). On Mocha Island, NS obsidian was
found in occupational levels dated as late prehistoric, from 950 to
250 cal BP, although the island had been peopled by Archaic
maritime hunter-gatherers, dated to as early as 3400 cal BP
(Campbell et al., 2017a, 2017b).

3.4.3. Portada Covunco (PC) obsidian
Obsidian derived from the area of Portada Covunco, the location

where Ruta 40 crosses Río Covunco in west-central Neuqu�en
Province (Fig. 1), Argentina, was first reported by Bellelli et al.
(2006). Giesso et al. (2008) published bulk-rock INAA analysis of
five samples from archaeological sites in La Pampa Province,
>300 km north-east of Portada Covunco, which they concluded
were derived from a source that they referred to as La Bandera.
L�opez et al. (2009a, 2009b) later suggested that La Bandera, which
is a small basaltic cone on the top of which a flag (bandera) has
been installed, was in fact part of the same extended secondary
source as Portada Covunco, since this location occurs only a few
kilometers north of Portada Covunco.

Stern et al. (2012a) concluded that cobbles and pebbles of Por-
tada Covunco obsidian were derived from at least two primary
sources located further to the west. These primary sources, which
are both at higher elevation (>1500 m.a.s.l.) and not accessible
during the winter, occur along the southeastern extension of the
chain of Plio-Quaternary volcanoes that runs from Copahue
through Pino Hachado (Mu~noz and Stern, 1988). The highest peak
in this area is Cerro Las Lajas (2650 m.a.s.l.). One of the two primary
sources is Cerro Volc�an or Bayo (38�4504200S and 70�4105700W),
located along the north-west flank of Cerro Las Lajas. Cerro Volc�an
drains to the north along Arroyos Liu Cuyin and Las Lajitas, both of
which flow into the Río Agrio near the city of Las Lajas. The other
primary source is located a few kilometers to the southwest of
Cerro Las Lajas, along the eastern side of the Arroyo Cochic�o Grande
(38�4904600S and 70�4505200S), which flows southwards into the Río
Kilca. Large cobbles of rhyolite obsidian occur in the drainage valley
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in the general vicinity of both these two sources, and smaller
pebbles of the same obsidian were also collected from the drainage
valley of Río Kilca>30 km to the south downstream, near where the
Río Kilca joins with the Río Alumin�e (Stern et al., 2012a).

The overall source of Portada Covunco (PC) obsidian thus in-
volves both multiple primary sources and a very extensive sec-
ondary source region extending 60 km in an east-west direct and
70 km in a north-south direction. Portada Covunco obsidian is
visually very variable, with black, grey, translucent, banded, and a
very distinctive black and red tiger-striped variety. All these sam-
ples have similar unique chemistry, with Ba between 220 and
340 ppm (Fig. 2; Table 3), which distinguishes them from all other
obsidian types from the regions of Neuqu�en, Argentina, and south-
central Chile, all of which have Ba >500 ppm (Fig. 2). Obsidians
from closer to Mendoza to the north are also characterized by a
significantly higher Ba >500 ppm (Seelenfreund et al., 1996; Dur�an
et al., 2004, 2012; De Francesco et al., 2006; Giesso et al., 2008,
2011), while the peralkaline obsidians T/SN and S associated with
the Somuncur�a Plateau to the south are characterized by very low
Ba <20 ppm (Stern et al., 2000; Bellelli and Pereyra, 2002; G�omez
Otero and Stern, 2005; Bellelli et al., 2006). The only other
obsidian type in all of Patagoniawith values of Ba similar to those of
PC obsidian is type PDA1 black obsidian from Pampa del Asador
(Fig. 2; Table 1; Stern, 1999, 2004), which is located far to the south
(Fig. 1). However, PDA1 obsidian is otherwise chemically distinct
from the PC obsidian, having, for example, higher Cs, Rb, La and Yb,
and lower Sr, Th and La/Yb (Table 1), and it has clearly not circulated
this far to the north.

PC obsidian has been identified in archaeological sites close to
this source (Fig. 1; L�opez et al., 2009a, 2009b; Stern et al., 2012a;
Salazar and Stern, 2013), >75 km to the west in Chile (Stern et al.,
2009), including on Mocha Island in the Pacific (Campbell et al.,
2017a, 2017b), over 300 km to the northeast in La Pampa Prov-
ince (L�opez et al., 2009a; Stern et al., 2012a; Stern and Aguerre,
2013), >400 km to the south in Chubut (Bellelli et al., 2006,
2017), and >500 km to the east along the Atlantic coast (Alberti
et al., 2016). Like PDA obsidian, its widespread distribution may
relate in part to the regionally widespread source area. However,
the potential aesthetic value of the unique red and black tiger-
striped obsidian from Portada Covunco may have also motivated
its extensive distribution. This is suggested by the fact that although
PC obsidian has been passed west across the Andes into Chile, grey-
black NS obsidian fromNevados de Sollipulli at essentially the same
latitude (Fig.1) has not been found in Argentina. Interchange, at this
same latitude during the past ~1000 years, of Complejo Pitr�en and
Vergel-Valdivia ceramics across the Andean drainage divide from
Chile into Neuqu�en, Argentina, has also been documented (Hajduk,
1986; Fern�andez, 1988e90; Go~ni, 1991; Hajduk et al., 2011;
Campbell et al., 2017a, 2017b). However, in contrast to the PC
obsidian, this exchange was from west-to-east, from Chile into
Argentina, rather than from east-to-west.

The oldest sample of PC obsidian from a site close to the source,
Alero Tromen IV, is 5050 cal BP (Stern et al., 2012a). The age of PC
obsidian in the site Casa de Piedra 1 in La Pampa province (Fig. 1)
has been estimated to be about the same (Stern and Aguerre, 2013).
All other sites with PC obsidian, including those in Chile, are
younger than 2500 cal BP.

3.4.4. Other sources
L�opez et al. (2009a, 2010) and P�erez et al. (2012, 2015) have

identified a number of other sources of obsidian in southern Neu-
qu�en south of Cerro de la Planicies/Lago Lolog (Table 3). These
include Lacar Lake (chemical group QU/AP), Filo Hua-Hum (FHH),
Paillakura (PK, ex Unknown #1), Meliquina Lake (MQ, ex Unknown
#2) and Yuco (YC). Obsidians from all these sources are grey to
istribution in Patagonia, southernmost South America, Quaternary
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black in color. Obsidian types QU/AP, PK and YC are found >200 km
to the south in sites near Cholila (Bellelli et al., 2017), indicating
significant north to south transportation within the interior of the
forested Andean foothills, but they have not been distributed out as
far to the east as obsidian from Cerro de la Planicies/Lago Lolog.
Only PK has a long history of distribution, occurring in the earliest
occupational level, dated as 11,535 cal BP, of the site Epull�an Grande
~100 km to the east (Fig. 1), and in level 8, dated at 10,550 cal BP, of
the nearby Traful 1 cave site. (Fern�andez and Vítores, 2015; P�erez
et al., 2015).

3.4.5. Obsidian with uncertain sources
An important site which contains obsidian from a yet to be

determined source is Pilauco (Fig. 1), located in the city of Osorno in
southern Chile, 100 km north of the late Pleistocene Monte Verde
site, the earliest known site to be occupied in Patagonia (Dillehay,
1989, 1997, 2009, 2013). The earliest occupation of Pilauco has
also been dated as late Pleistocene in age, between 15,550 and
16,250 cal BP (Pino et al., 2013). However, unlike Monte Verde,
which lacks obsidian, Pilauco contains obsidian artifacts, and it is
the oldest known site in Patagonia with obsidian artifacts.

Rhyolite obsidian artifacts in Pilauco occur along with other
lithic tools made from volcanic rocks, including aphanitic basalts
and andesites, and vitreous dacites. The artifacts were made by
direct percussion of small and medium sized river pebbles. They
occur in level PB7 of the site. The underlying layer PB6 is composed
by boulders and cobbles deposited in a high energy fluvial envi-
ronment related to the reworking and redeposition of glacial
moraine material derived from the high Andes.

Trace element analysis of 50 archaeological samples define a
field of variable composition from low to high concentrations of
incompatible element such as Ba and Zr (Fig. 5a) that reflect the
range of lithic types from basalt to rhyolite. The data indicate that
the Pilauco rhyolite obsidian samples are chemically distinct to
obsidians from both the Nevados de Sollipulli source to the north
and the Chait�en source to the south. The data are compatible with
derivation of the Pilauco lithic artifacts from either volcanic units of
the mid Tertiary coastal magmatic belt in central Chile (Mu~noz
et al., 2000), which outcrops in the vicinity of Pilauco, or from
glacially and fluvially transported cobbles and pebbles derived from
the recently active Puyehue volcano in the high Andes (Singer et al.,
2008; Naranjo et al., 2017). Although the trace element chemistry
does not distinguish one or the other of these possibilities, Sr-
isotopic data show that the full range of rock types in the Pilauco
lithic assemblage, from basalt to rhyolite, has very uniform
87Sr/86Sr ¼ 0.704089 to 0.704274 (Fig. 5b), similar to a comparable
range of rock types from the Puyehue volcano in the high Andes,
and distinct from the rocks of the mid Tertiary volcanic belt (Stern
et al., 2017).

One sample of basalt from level PB6 in the site also has a Sr-
isotopic ratio of 0.704128 within the range of the lithic artifacts
found in level PB7 of the site (Fig. 5b). This suggests that the source
of the lithic materials used to make the artifacts found in the
Pilauco site could have been local, fromwithin the volcanic cobbles
and pebbles found in the reworkedmoraine material of level PB6 of
the site. This is consistent with evidence that lithic materials within
other late Pleistocene settlements across various regions of South
America are derived mainly from locally sourced materials and
rarely from foreign materials (García, 2003; Gnecco and Aceituno,
2004; L�opez, 2008; Aceituno et al., 2013).

4. Discussion and conclusions

Twenty five years of geo-archaeological work since the first
chemical analyses of obsidian from Patagonia were obtained
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indicates nine major sources of obsidian from which material has
been widely circulated (>300 km; Fig. 1), as well as a number of
sources with only more local distribution, and a few types of
obsidian for which a source has not yet been located. These
obsidian sources range from Miocene to recent in age. Given the
vast volume of volcanic rocks formed both in the southern Andes
and to the east in the pampas of Patagonia over this period of time,
the number of sources of rhyolite obsidian are relatively few and
the volume of rhyolite obsidian in all these source is relatively small
compared to the much larger amounts of basalts, andesites and
dacites.

Geochemical analysis of both geologic and archaeologic material
indicates that all the different obsidian types so-far encountered in
Patagonia are distinguishable chemically (Fig. 2; Tables 1e3), which
allows for their spatial and temporal distribution to be well docu-
mented. This documentation indicates long distance (>300 km)
distribution of this lithic material from soon after the very earliest
late Pleistocene occupation of Patagonia (Fig. 1). The earliest evi-
dence of obsidian use, found in the late Pleistocene Pilauco site in
south-central Chile, suggests that the obsidian in this site was
derived locally from the volcanic rocks in the fluvial deposits the
site was occupied on. However, other somewhat younger late
Pleistocene sites, such as Tres Tetas in central Patagonia, and many
early Holocene sites, such as Chorillo Malo, Epull�an Grande, Casa de
Piedra, Ba~no Nuevo and El Chueco (Fig. 1), contain evidence of long
distance transport of obsidian.

The distribution of obsidian may occur as a result of direct
acquisition by a nomadic group, or through material exchange
between different groups occupying different regions. Borrero and
Barberena (2006) and Zubimendi and Ambrustolo (2011) estimate
distances of 100e150 km for the movements of prehistoric
terrestrial hunter-gatherers in southern Patagonia. Pallo and
Borrero (2015) suggest that, at least during the mid to late Holo-
cene “colonization” phase of southernmost Patagonia (Borrero,
1994e95), direct acquisition of Pampa del Aasador black obsidian
was, with a few exceptions, restricted to sites within approximately
140 km of PDA, because this was the “fall-off” distance beyond
which the percentage of PDA obsidian decreased from as high as
>60% to<15% compared to all other types of lithic artifacts. M�endez
et al. (2012) suggest that this “colonization” stage actually extended
back to the early Holocene, because PDA obsidian use occurred in
uninterrupted fashion since �10,870 cal BP in the Ba~no Nuevo and
El Chueco sites in Chile north of PDA (Figs. 1 and 3). In sites beyond
140 km from PDA, and clearly for those beyond 400 km in which
PDA obsidian is always <1% of all lithic artifacts, sporadic visits or
possibly material interchange between different nomadic terres-
trial hunter-gatherer groups might have beenmore significant than
direct acquisition (Pallo and Borrero, 2015).

The presence of different obsidian types from multiple far away
(>300 km) sources in numerous sites, such as Pali Aike and Fell's
cave, El Chueco, Tapera Moreira, near Cholila, on Mocha Island, and
along the Atlantic coast near Puerto Madryn and the Gulf of San
Matías (Fig. 1), implies that different groups or individuals, with
access to different obsidian sources far separated from each other,
visited the same sites during roughly similar time periods. This
suggests the possibility of both material and cultural exchange
among different terrestrial hunter-gatherer groups across large
regions of Patagonia beginning from at least the mid-Holocene. By
the late Holocene, systematic exchange of obsidian, as well as other
material such as metals and ceramics, may have begun in some
areas such as central-south Chile, as evidenced by patterns of
obsidian occurrence that possibly reflect intensification of ex-
change networks (Campbell et al., 2017a, 2017b).

Direct procurement and long distance transport of obsidian
might have extended over much greater regions for maritime
istribution in Patagonia, southernmost South America, Quaternary
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culture hunter-gatherers traveling in canoes, as indicated by the
presence of a nodule of Chait�en obsidian along the Atlantic coast
near Monte Le�on, >900 km to the southeast (Fig. 1; Cruz et al., 2011;
Stern et al., 2012b). Overland transport of this type of obsidian is
unlikely as it is not found in any sites east of the Andes at the same
latitude as Chait�en (Fig. 3), or in any terrestrial hunter-gatherer
sites anywhere in the pampas of Argentina (Bellelli and Pereyra,
2002; Bellelli et al., 2006, 2017; Stern et al., 2007; M�endez et al.,
2008e9, 2012, 2017; Boschín and Massaferro, 2014; P�erez et al.,
2012, 2015).

Asymmetric distribution of obsidian types also occur in Pata-
gonia. For example, CP/LL obsidian has been distributed>550 km to
the east and northeast, but has not been found in any sites in Chile
to the west of this source, and NS and CH obsidians have been
distributed far to the north and south in Chile but have not been
found in Argentina (Fig. 1). This is obviously due to the bio-
geographical barrier created at these latitudes by the densely
forested Andean mountain chain which separates these two
countries in Patagonia. PDA obsidian is also only found in sites
within Chile such as Ba~no Nuevo and El Chueco that are east of the
Andes (Figs. 1 and 3), or along rivers such as in the Ib�a~nez River
valley that cross the mountains and now drain to the west. An
exception to this is the uniquely colored red and black tiger-striped
PC obsidian from Portada Covunco, which has crossed the Andes
from its source in Argentina into sites in Chile (Fig. 1; Stern et al.,
2009) and is even found on the off shore Mocha Island (Campbell
et al., 2017a, 2017b). This may possibly be due to the unusual
aesthetic aspects of this obsidian, and the increased complexity of
the social networks developed in the region after ~1000 cal BP
when this obsidian was transported across the Andes along with
other items such as ceramics (Campbell et al., 2017a, 2017b).

Temporal variations in obsidian use has been documented in
some specific cases, such as the hiatus in the use of green obsidian
in southernmost Patagonia between 5150 and 2500 cal BP (San
Rom�an and Prieto, 2004). They suggest that this might be due to
the immigration into the region of a new maritime cultural group
that did not have knowledge of the source of this obsidian. Stern
(2004) also noted the lack of black PDA and other obsidian types
in Pali Aike and Fell's caves during cultural Period IV that Bird
(1993) dated beginning at 7400 cal BP. This may have been due to
disruption of long distance material trade connections in south-
ernmost Patagonia after the mid Holocene eruption of the Hudson
volcano (Stern, 2004; Prieto et al., 2013), which must have had a
significant negative impact on the environment to the southeast of
the volcano.

The main conclusion from the compiled information concerning
obsidian distribution in Patagonia is that it provides strong evi-
dence for physical and cultural contacts over large regions from at
least the mid Holocene, as indicated by the observation of multiple
obsidian types, derived from both far-distant (>300 km) and
greatly separated sources, found together in many different
archaeological sites (Figs. 1 and 3). Future studies integrating
chronological constraints of obsidian distribution with the distri-
bution of other materials, such as marine shells (Pallo and Borrero,
2015), ceramic and metals (Campbell et al., 2017a, 2017b), will
continue to enhance our understanding of the cultural and eco-
nomic evolution of the prehistoric Patagonian people.
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