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Abstract:

The distribution of certain rocks in the landscape allows us to reconstruct diverse aspects of past
hunter-gatherer behavior. In this work, we evaluate the mobility patterns employed by these groups
and the presence or absence of boundaries in the Aeolian system of the center of Argentina. To
accomplish this objective, we consider two types of evidence: 1) raw material frequencies and
distributions in three areas of this Aeolian System and 2) presence and frequency of knapping stones
from Tandilia sources. We construct a fall-off curve that is based on the relationship between the
frequency of an item and the distance to the source of supply. The characteristics of each area yielded
the human groups that inhabited delineate different modes of exploitation of the rocks. The fall-off
curve documents a steep drop-off between 300 and 350 km from the Tandilia source and the spatial
analysis indicates that within this distance the source probably represents the threshold of direct access
to the quarries. Tandilia stone-tools seem to systematically supply a relatively wide area of the Central
Pampean Dunefields of the Pampa grasslands, through varied processes, but they arrive at very low
frequencies over great distances. The presence of Tandilia rocks in the Western Pampean Dunefields
and Western Pampas Sand Mantles and Dunefields indicates social interaction between human groups
that shared some common technological knowledge. The presence of stones in the Central Pampean
Dunefields coming from the xerophytic woodland of the Dry Pampas can be related with contacts and
exchanges among the hunter-gatherer group that occupied different territories.

Keywords: aeolian landscape; stone transport; hunter-gatherers; mobility patterns; human
interactions; orthoquartzite; chert; Holocene

1. Introduction

The identification of lithic source provenance and the geographic space in which the
lithic artifacts traveled often is central in the analysis of past hunter-gatherer’s mobility and
territories (Seeman et al. 2020). The distribution of certain rocks in the landscape, with
known provenance, allows us to reconstruct diverse aspects of past hunter-gatherer behavior.
By tracing these artifacts to their geological source, it is possible to recognize the location of
the lithic acquisition areas, the predominant direction of movement, the mobility pattern, and
the territories traveled and occupied by different human groups (Andrefsky 1994; Binford
1979; Kelly 2011; Meltzer 1989; Smith et al. 2012).
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In addition, the quantity and types of lithic materials conveyanced, the distances traveled
and the degree of tool transformation make it possible to define a technical behavior linked to
the lithic supply patterns and the objective of productions (Féblot-Augustins 1997: 21-25).
These factors allow determining the cases that should be considered as direct access to
resources, which allude to the size of the territory or foraging range that a human group
habitually occupied, and which are associated to social interaction among hunter-gatherer
societies (Bamforth 1986, 1990; Hughes 2011: 7-9; Kuhn 1995: 18-37; Mangado 2006; Pallo
& Borrero 2015; Seeman et al. 2020).

Considering these issues, the main objectives of this work were to evaluate the mobility
patterns employed by hunter-gatherer groups and to identify the presence or absence of
possible territories in three areas in the Aeolian System of the center of Argentina. To
accomplish this objective, we consider raw material frequencies and distributions in the
Central Pampean Dunefields, the Western Pampean Dunefields, and the Western Pampas
Sand Mantles and Dunefields areas. Likewise, previous studies carried out in the Central
Pampean Dunefields of the Pampa grasslands indicate the absence of stone outcrops in this
area and in most archaeological sites there is a predominance of tool-stones that come from
Tandilia sources (Messineo et al. 2019). Furthermore, these rocks are present in the other two
areas, indicating a long-distance move even in places where other raw materials closer to each
other have the same or better knapping quality (Berdn et al. 2015; Heider 2016a). Taking this
information, another objective is to evaluate the geographic space in which the lithic artifact
manufactured with stones from Tandilia traveled through this Aeolian system. To evaluate
this distribution, we use the presence and frequency of Tandilia tool-stones in those
archaeological assemblages corresponding to hunter-gatherer populations that occupied the
center of Argentina during the Holocene.

In this study, the provenances of lithic raw materials are used to judge the geographic or
territorial scale of population mobility in three areas of the Aeolian system of central
Argentina (Zarate & Tripaldi 2012). We infer the geographic location of the potential
territories occupied by hunter-gatherers through the examination of the distribution of tool-
stones of known origin following fall-off patterns according to its distance to the source
(Renfrew 1977). Our expectation is that if there were access to different lithic resources and
possibly territory boundaries for human groups we would see spatially discrete lithic areas
across the Aeolian system of central Argentina.

2. Regional setting and lithic sources in the center—east of Argentina

The central region of Argentina is characterized by one of the most important Aeolian
systems, which comprises three main areas: Central Pampean Dunefields (CPD), Western
Pampean Dunefields (WPD), and Western Pampas Sand Mantles and Dunefields (WPMD).
The CPD covers the western and southwestern part of Buenos Aires, eastern La Pampa,
southern Cordoba and southernmost part of Santa Fe provinces (Figure 1). This area mainly
consists of linear dunes, 100-130 km long and 2-3 km wide, which present a general N-NE
trend associated with parabolic dunes (Malagnino 1989). The dune and aeolian sand sheets in
the interdune area produce an irregular relief, ~2-5 m high, where the depressions between the
sand mounds commonly host temporary or permanent shallow lakes (Zarate & Tripaldi 2012).

The WPMD s located in the central-eastern of La Pampa province (Figure 1). A
remarkable geomorphological feature is the occurrence of a series of large depressions known
as transversal valleys (Malagnino 1989) cutting across the structural plain. They are major
geoforms, 60-100 km long and 80-100 m deep, with a general NE-SW trend. The dominant
aeolian landforms consist of sand mantles covering both the structural plain surface and the
peneplain, while dunefields occur along the transversal valleys (Zarate & Tripaldi 2012).
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Figure 1. Location of the Aeolian areas and regional base of lithic resources and potential sources of raw
material in the center-east of Argentina. CPD. Central Pampean Dunefields; WPD. Western Pampean
Dunefields; WPMD. Western Pampas Sand Mantles and Dunefields; 1a. northwestern sector of Tandilia Hill
(orthoquarzite of the Sierras Bayas Group and Balcarce Formation, chert from the Cerro Largo Formation,
silicified dolomite, quartz, and granites); 1b. central-eastern sector of Tandilia Hill (orthoquarzite from the
Sierras Bayas Group, chert, microcrystalline silicates, silicified dolomite, and diabases); 1c. south-eastern sector
of Tandilia Hill (orthoquarzite of the Balcarce Formation and quartz); 2a. Ventania Hill (metaquartzite and
rhyolite of La Mascota, La Lola, Trocadero and Naposta Formations, orthoquartzite from the Red Conglomerate,

1800 m
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granites, and chert); 2b. metaquartzite and quartz in secondary deposits in the mountain foothills and in the
ancient mouths of the Rio Sauce Grande; 3. scantily exposed bedrocks of silicified siltstone in the Interhill plain;
4. coastal pebbles of basalt, ryolithe, quartzite, dacite, chert, and tuff in the Atlantic coast; 5. secondary deposits
of cobbles and pebble of Patagonian Shingle Formation in the Chasic6-Salinas Chica basin; 6. secondary
deposits of cobbles and pebbles of Patagonian Shingle Formation (basalt, silicified limestone, chalcedony, silex,
quartzite, rhyolite, and quartz) in the Salado, Colorado and Negro River basins; 7. silicified limestone in the El
Carancho site and Valle de Daza; 8. silicified limestone in the Meseta del Fresco Hill; 9. secondary deposits of
chalcedony in Loma de los Pedernales site; 10. secondary deposits of quartz and sandstones in the Quinto River;
11. silex, quartz, quartzite, and chalcedony in the Central Hills.

The WPD area mostly occupies central-southern of San Luis and Coérdoba provinces
(Figure 1). It is limited by the Desaguadero-Salado-Curacé fluvial system and some low hills
westward and by the southern distal piedmont of the San Luis ranges to the north. This region
is characterized by a low relief plain drained by ephemeral streams and the Quinto River. The
WPD area includes diverse dunes surrounded by discontinuous aeolian mantles (Zarate &
Tripaldi 2012).

Studies of raw material procurement, mobility, and exchange in the center-east of
Argentina have relied in large measure on the well-studied lithic sources record compiled over
the last 25 years or so (e.g., Barros et al. 2015; Berdn 2006; Carrera Aizpitarte et al. 2015;
Catella et al. 2013; Colombo 2011; Flegenheimer et al. 1996; Heider 2015: 317-322;
Messineo & Barros 2015, among others). Lithic sources in this region are restricted to
delimited sectors of the Pampa grasslands, the xerophytic woodland of the Dry Pampas, and
the Central Hills of Cérdoba and San Luis provinces (Figure 1). In this figure it can be clearly
seen that the lithic resources are absent in the CPD (Messineo et al. 2019) while they are
scarce, highly localized, and heterogeneously distributed across the WPD and WPMD areas
(Berdn 2006; Carrera Aizpitarte 2014: 277-299; Carrera Aizpitarte et al. 2015; Heider 2015:
317-322; Heider & Demichelis 2015; Martinez et al. 2009).

In the Pampa grasslands there are several areas for the acquisition of lithic raw
materials that have been used for tool manufacture (Figure 1 N° 1-5). Extensive primary
outcrops of fine-grained orthoquartzite from the Sierras Bayas Group, chert from the Cerro
Largo Formation and silicified dolomite from the Villa Ménica Formation are located in the
northwestern and central-eastern sector of the Tandilia Hill (Figure 1 N° 1a and 1b; Colombo
2011; Flegenheimer et al. 1996; Messineo & Barros 2015). Also, medium-grained
orthoquartzite from the Balcarce Formation and quartz can be found in the eastern sector of
the Tandilia Hill (Figure 1 N° 1c) (Bonnat 2020: 32-33).

Besides, rhyolite, metaquartzite, and orthoquartzites from La Mascota, La Lola,
Trocadero and Naposta Formations represent primary and secondary outcrops in the western
sector of the Ventania Hill and in the adjacent piedmont. In the lowlands of Chasicé-Salinas
Chicas there are remnants of the Patagonian Shingle Formation “Manto Tehuelche” (Figure 1
N° 2a and 5) (Catella 2014: 83-86, 242-244; Catella et al. 2013; Martinez et al. 2009; Oliva &
Moirano 1997; Oliva et al. 2006). In addition, secondary cobbles and pebbles deposits of
metaquartzite, sandstones, and quartz are available from the mountain foothills to the ancient
mouths of the Rio Sauce Grande (Figure 1 N° 2b) (Bayon et al. 2006). In the Interhill Pampas,
between Tandilia and Ventania, scantily exposed bedrock of silicified siltstone from the
Pillahuinco Group was identified (Figure 1 N° 3). On the Atlantic coast, there are coastal
cobbles and pebbles with diverse lithologies, such as basalt, ryolithe, quartzite, dacite, chert,
and tuff (Figure 1 N° 4) (Bonomo & Prates 2014).

In the xerophytic woodland of the Dry Pampas (Figure 1 N° 6-11), the primary raw
material deposits are located in the west sector (silicified limestone of Meseta del Fresco
Formation) and in the central-east of La Pampa province such as El Carancho site and the
Valle de Daza (Figure 1 N° 7 and 8) (Berén 2006; Carrera Aizpitarte et al. 2015; Charlin
2002: 209-210). Secondary deposits of cobbles and pebbles of Patagonian Shingle Formation
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are concentrated in fluvial valleys, such as the Salado, Colorado, and Negro Rivers (Figure 1
N° 6) (Beron 2006; Carrera Aizpitarte & Beron 2020; Martinez et al., 2009; Santos Valero
2015). Among the knappable materials, there are basalt, chalcedony, silex, and silicified
limestone. In addition, in the northern sector of the Dry Pampas, secondary deposit formed by
chalcedony and quartz nodules were found at the Lomas de los Pedernales site and the Quinto
River (Figure 1 N° 9 and 10) (Heider 2015: 317-322; Heider & Demichelis 2015). Last, the
Central Hills region (Figure 1 N° 11) presents primary and secondary outcrops of silex,
quartz, quartzite, and chalcedony (Heider 2015: 317-322).

3. Materials and methods

In order to examine long-term trends in mobility and territories, raw materials with
identified provenance were selected based on their broad known distributions across the
Aeolian systems of central Argentina (Figure 1). The identification of raw material types and
sources of stone artifacts in our sample was based on macro and microscopic characteristics
gathered from the authors' own research in sites from the CPD in the Pampa grasslands and
from an extensive survey of published literature revision of sites from the rest of the areas
(e.g., Bayon et al. 1999; Beron 2004: 211-254, 2006; Carrera Aizpitarte 2014: 311-364;
Carrera Aizpitarte et al. 2015; Catella 2014: 242-249; Catella et al. 2013; Colombo 2011,
Flegenheimer et al. 1996; Heider 2015: 317-322; Heider & Demichelis 2015; Messineo &
Barros 2015; Oliva & Moirano 1997, among others). In this paper, we use the terms silex and
chert to refer to two types of lithic raw materials that have different macroscopic and
microscopic characteristics and correspond to different geological formations. The former are
those siliceous rocks formed by secondary deposits of cobbles and pebbles that come mostly
from the Patagonian Shingle Formation from the xerophytic woodland of the Dry Pampas;
and the second refer to the chert of the Cerro Largo Formation from the Pampa grasslands.

We analyze the composition of 81 lithic assemblages represented by flakes, cores and
tools from the three Aeolian areas of central Argentina (CPD, WPD, and WPMD) (Figure 2).
The goal was to amass a sample with lithic raw material data in order to construct
comparative percentages. We use assemblages represented by 30 pieces or more. We assume
that types of raw materials provide a useful comparative measure of lithic supply (sensu
Bamforth 2009). Providing that the locations of geologic sources are known and that the
probable source provenance of artifacts can be identified, simply plotting source locations
provides a rough measure of the geographic space utilized (Seeman et al. 2020). We point out
that the temporal aspects are not treated in detail in this work since a large part of the
assemblages correspond to superficial assemblages, some of them possibly representing
palimpsests, in which it is not possible to establish a precise temporal assignment.
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X

Figure 2. Locations of lithic assemblages plotted on the center-east of Argentina. Numbers are associated with the site names and assemblages are colored by area.
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Figure 2 (continued). Red, CPD from the Pampa grasslands; Pink, Center-east of the dry Pampas; Brown,
Transverse valleys; Yellow, Salado-Curaco rivers and western dry Pampas; Orange, Eastern Pampa of the dry
Pampas; Light blue, Xerophytic woodland and high structural; Violate, Quinto River; Green, Wet crossing; Blue,
Dry crossing. Sites: 1) Laguna de los Pampas; 2) Laguna Giaccone; 3) Laguna Cabeza de Buey 2; 4) La Susana
1; 5) Laguna Chica; 6) Huenct Nazar; 7) Laguna Salalé; 8) Las Tunas Grandes; 9) Médano Santa Clara; 10)
Laguna Chadilauquen; 11) Laguna Neicorehue; 12) Médanos de Pefiin; 13) Loma Chapalco; 14) Laguna
Montoya; 15) Manantial Naic6; 16) Laguna Paisani; 17) Laguna de la Ruta; 18) Laguna del Medio; 19) Laguna
del Fondo; 20) El Carancho 1; 21) Laguna Traru Lauquen; 22) Don lIsidoro 2; 23) Médano de Castilla; 24)
Médanos de Phagouapé; 25) Médanos de Alducin; 26) La Cascada; 27) Bajo de Atreucd; 28) Laguna La Tigra;
29) Laguna Guatraché; 30) Bajo de Marcelino; 31) Médano San Sixto; 32) Luis Otero; 33) Bajada La Minnesota;
34) El Carmel; 35) Chillhugé; 36) El Encuentro; 37) Flor de Pago; 38) Médanos Lote 18; 39) Médanos Lote 24;
40) Los Sandovales; 41) El Castillo; 42) Laguna La Leona; 43) Médanos de Villa; 44) Chenque 1; 45) La
Casona; 46) EI Molino; 47) Manantial Curac0; 48) Tapera Moreira 1; 49) Confluencia 2; 50) La Silvia; 51)
Laguna de Veliz; 52) Laguna de Tobarez; 53) Ruka May; 54) Los Vascos; 55) El Cristiano; 56) La Angelita; 57)
Santa Blanca; 58) Laguna EIl 20; 59) La Eloisita; 60) San Alberto; 61) El Tigre; 62) EI Charo; 63) Médano de
Pacheco; 64) Santa Catalina; 65) Alto El Chafiar; 66) Rali-co; 67) Borohué; 68) Tromenco; 69) Santa Paz/La
Lonja; 70) Las Martinetas; 71) Médano El Bagual; 72) Médano de la Laguna El Bagual; 73) La Juanita; 74)
Cochequinga; 75) Los Pedernales; 76) La Alborada; 77) Sayape; 78) San José de Escala; 79) Alto Pelado; 80)
Loma de los Indios; 81) La Marona.

Subsequently, we calculate the frequency of lithic raw materials that come from the
Tandilia Hills (Figure 1) and the closest distance of each assemblage to the acquisition areas
because these tool-stones predominate in most CPD assemblages and in a few sites in the
other two areas. Under the Tandilia sources denomination different types of rocks are
grouped, mainly those stone that have very good quality for knapping as orthoquartzite from
the Sierras Bayas Group, chert from the Cerro Largo Formation, and silicified dolomite from
the Villa Monica Formation (Messineo et al. 2019). We do not include those rocks used to
manufacture grinding tools because there are not detailed studies on its probable area of
provenance. We construct a fall-off curve (Renfrew 1977) which is based on the relationship
between the frequency of an item and the distance to the source of supply. In this occasion,
we use the extreme western sector of the Tandilia Hill as the point 0 (Figure 1 N° 1a). We
carry out a statistical analysis (chi-squared test) to verify the correlation between both
variables. Then, we calculate the average of the values by grouping assemblages into 50 km
intervals from the Tandilia sources with the aims to construct a summary distance-decay
model. This model allows us to examine the relative importance of the Tandilia sources as a
function of distance from source zones and to infer possible foraging ranges.

4. Results
4.1. Raw materials distribution

Many of the raw material types observed in the assemblages could be attributed to
specific, well-known geological sources. In the CPD assemblages, the most commonly
observed raw material sources were orthoquartzite (65.6%) from the Sierras Bayas Group and
chert (25.1%) from the Cerro Largo Formation, both from the Tandilia Hills (Figure 3). For
each of the assemblages, values between 63.5% and 96% are observed for both Tandilia
stones (Supplementary file 1). In very low frequencies were identified other stones from
Ventania (rhyolite and methaquartzite), Salado and Colorado Rivers, Meseta del Fresco, and
other outcrops in the xerophytic woodland of the Dry Pampas (silex and silicified limestone)
(Supplementary file 1). In some sites of the CPD, which are located at a shorter distance from
the Ventania outcrops (e.g., Laguna Chica, La Susana 1, and Huenct Nazar), very low
percentages of rocks from these hills are recorded.
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Figure 3. Frequency of the main lithic raw materials by areas. Numbers are associated with the areas: 1- CPD from the Pampa grasslands; 2- Center-east of the dry Pampas; 3-
Transverse valleys; 4- Salado-Curaco rivers and western dry Pampas; 5- Eastern Pampa of the dry Pampas; 6- Xerophytic woodland and high structural; 7- Quinto River; 8-
Wet crossing; 9- Dry crossing.
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In the WPMD there are three main areas, Center-east of the dry Pampas, Transverse
valleys, and Salado-Curaco rivers and western dry Pampas (Figure 2), that have different
proportions in terms of rock representation. In the former case, the general assemblage
presents a predominance of silicified limestone (39.3%), following by silex (16.4%), chert
(11.9%), orthoquartzite (9.2%), and quartz (5.5%) (Figure 3). Some sites evidence a
predominance of rocks from the xerophytic woodland of the Dry Pampas (e.g., silicified
limestone, silex, and quartz); while in other assemblages (e.g., Manantial Naicé and Bajo del
Medio) have high percentages of Tandilia rocks from the Pampa grasslands (Supplementary
file 1) (Carrera Aizpitarte 2014: 229-265). In the Transverse valleys area, there is a
predominance of orthoquartzite (34.8%), chert (27.4%), silex (16.1%), silicified limestone
(8.1%), and basalt (4%) (Figure 3). There are assemblages (e.g., Médanos de Castilla, La
Cascada, and Bajo de Marcelino) with a predominance of Tandilia rocks from the east, other
sites (e.g., Laguna La Tigra and Chillhué) with raw materials mostly from the west (silicified
limestone and silex), and few cases (e.g., Médanos de Phagouapé and EI Carmel) with similar
proportions of both source of acquisitions (Supplementary file 1) (Berdn et al. 2015). In the
Salado-Curaco Rivers and western dry Pampas area predominates cobbles and pebbles from
secondary river deposits of the Patagonian Shingle Formation, such as silex (56.8%) and
basalt (22.5%) (Beron 2004: 129-150; Carrera Aizpitarte 2014: 111-150). Other stones were
identified in very low frequencies, such as silicified limestone (4.7%) and chert (2.9%)
(Supplementary file 1).

In the WPD assemblages, the best represented raw material is the chalcedony (between
29.6% and 86.3%) followed by a group of other minority rocks, such as quartz, rhyolite, and
silex (Supplementary file 1) (Heider 2015: 338-340). Considering the five areas defined by
this author, the Wet and Dry crossings present percentages of predominant rocks from the
Central Hills (e.g., chalcedony “type a”, silex, and rhyolite) while in the three remaining areas
(Eastern Pampa of the dry Pampas, Xerophytic woodland and high structural, and Quinto
River) predominate the chalcedony “type b” (more than 50%) (Figure 3) from the Loma de
los Pedernales site (Figures 1 and 2). Meanwhile, among the minor raw materials,
orthoquartzite from Tandilia sources were identified mainly in the Eastern Pampa of the dry
Pampas area (Heider 2016a).

4.2. Stone-tools from Tandilia

Occurrences of long distance stones from Tandilia are the basis for describing lithic
conveyance zones, which we suggest delimit geographically the foraging ranges of hunter-
gatherer populations in the center of Argentina. In relation to this, Figure 4 presents the
percentages of Tandilia stone-tools in each archaeological assemblages and their distance to
the closet sector of the acquisition area of Tandilia Hill (Figure 1 N° 1a; Supplementary file
1). The correlation between both variables through chi-squared analysis (x2 = 7376 (94), p=
2.2e-16, oc = 0.42) indicates that as the sites move away from Tandilia, the frequency of
these rocks decreases.

Most assemblages have a high percentage of Tandilia rocks up to 310 km away, with a
percentage greater than 40% (Figure 4). These include all CPD assemblages from the Pampa
grasslands, such as Laguna de los Pampas, La Susana 1, Laguna Cabeza de Buey 2, Huencu
Nazar, and Laguna Chica, and most of the Transverse valleys sites (e.g., Bajo de Marcelino,
Bajada La Minnesota, Médano de Castilla, La Cascada, Bajo de Atreuco, and Médanos de
Alducin) in the WPMD (Figure 4; Supplementary file 1) (Berdn et al. 2015; Carrera
Aizpitarte 2014: 185-228).

Also, some of the sites located between 330 and 400 km, most contexts of the Center-
east of the dry Pampas area (Figure 2), have very variable frequency in terms of the presence
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of rocks from the Tandilia Hill. For instance, a group of assemblages has moderate
frequencies, between 25 and 50% (e.g., Manantial Naic6, Laguna de la Ruta, and Laguna del
Medio), while other sites (e.g., Médanos de Pefiin, Loma Chapalc6, Laguna Paisani, Laguna
Montoya, and Laguna La Tigra) have low percentages, less than 25% (Figure 4;
Supplementary file 1) (Carrera Aizpitarte 2014: 229-265).

100 T—o
@ .. ® ®
90 l.
L ]
80 - .
@ @
@ ¢ s
= 604 ‘ ]
(7]
®
O 50 3
@ [ )
O 40 ®
30 -
® o
20 ® e 0%0
@ @
10 - e g Lo
0 ; : r : : — —%ﬁ}lll- ———r———
100 150 200 250 300 350 400 450 500 550 600 600
Kilometers

Figure 4. Correlation between frequency of lithic raw materials and distances to the Tandilia Hills.

On the other hand, the lithic assemblages from the Salado-Curaco Rivers and western dry
Pampas, the Eastern Pampa of the dry Pampas, the Xerophytic woodland and high structural,
and the Quinto River areas have low frequencies of stone tools from the Tandilia Hill (Figure
4) (Ber6n 2004: 255-261; Heider 2015: 340-342). For instance, a group of sites, located
between 430 and 520 km, have frequencies between ~23 and 10% (e.g., La Silvia, Laguna de
Veliz, La Angelita, Santa Blanca, Laguna de Tobarez, El Tigre, EI Charo and Borohué)
(Figure 2), while other assemblages have very low percentages (e.g., Tapera Moreira,
Chenque 1, La Casona, El Cristiano, San Alberto, and Rali-c06). By last, the assemblages from
the Wet and Dry crossing areas, located at distances greater than 520 km, do not present rocks
from the Tandilia Hill (Supplementary file 1) (Heider 2015: 340-342).

5. Discussion

While the three areas (CPD, WPD, and WPMD) are within the Aeolian system of central
Argentina, in each of them there are own geomorphological characteristics (see Zarate &
Tripaldi 2012), offering different scenarios for the human groups that inhabited them. This
generated particular relationships of the hunter-gatherers with the areas (e.g., selection of
rocks, objectives of production, methods and techniques used for manufacturing) and with
other neighboring areas (e.g., search and use of distant stones, tool and design circulation, and
transmission of information and exchange).

In the CPD of the Pampa grasslands no primary and secondary outcrops have been
found. The results obtained show that the predominant direction of movement of people and
the circulation of stones went to and from the outcrops of the Tandilia sources (Figures 1 and
3) (Messineo et al. 2019). The distance to the mountains was not one of the main variables for
the acquisition of these stones, because there are other closer outcrops (Ventania) that were
exploited in smaller proportion. Instead, hunter-gatherer groups that occupied the CPD of the
Pampa grasslands acquired mainly orthoquartzite and chert from the Tandilia Hills due to its
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excellent knapping quality (Bayon et al. 1999; Messineo & Barros 2015). Certain tools (e.g.,
side-scrapers and end-scrapers), in addition to the rocks used for their manufacture, have
typological similarities with those observed at sites located in the vicinity of the Tandilia
Hills. Likewise, some caches of orthoquartzite have been found in the CPD of the Pampa
grasslands (Madrazo 1972; Sanguinetti de Bormida 1966; Scheifler 2019: 121-122; Scheifler
et al. 2017), a behavior that generated reservoirs of stone in areas of the landscape devoid of
this resource.

On contrary, in the WPMD and WPD there are primary and secondary outcrops of
various rocks such as basalt, silex, quartz, rhyolite, chalcedony, and silicified limestone
(Figure 1) (Berdn 2004: 211-254; Carrera Aizpitarte 2014: 277-299; Heider 2015: 338-340;
Heider & Demichelis 2015). The sites present the exploitation of local and non-local rocks
from the Meseta del Fresco, the Salado-Curaco Rivers, the Loma de los Pedernales site, and
the Central Hills, among others (Figure 3). Some of the contexts that are located in the
Transverse valleys and Eastern Pampa areas of the dry Pampas present variables percentages
of Tandilia rocks, mainly orthoquartzite, which was used to manufacture side-scrapers,
multipurpose tools and projectile points (Beron 2004: 255-261; Beron et al. 2015; Carrera
Aizpitarte 2014: 375-378, 387-390; Heider 2015: 347-348). According to Berdn et al. (2015),
the presence of orthoquartzite tools allows to establish the existence of social interaction
and/or the effective presence of social groups from the Pampa grasslands in the WPMD. On
the other hand, Heider (2016b) proposed that the occurrence of this rock at sites in the Eastern
Pampa areas of the Dry Pampas (430-500 km from Tandilia Hill), on the border between the
WPD and CPD, constituted a possible ethnic boundary.

A summary fall-off curve for the relationship between stone from Tandilia and distance
follows a regular pattern of decrease (Figure 5), that is, the frequency of occurrence of
Tandilia rocks declines as the distance to their source of supply increases. There is a gap
between 150 and 200 km that is linked to the absence of detailed published information about
the probable provenance of lithic resources recovered in those assemblages. An average of
80% of the rocks from Tandilia is observed in those sites located between 250 and 300 km,
which allow us to infer the foraging range for human groups that occupied the CPD of the
Pampa grasslands. After this distance, the curve documents a drop-off, particularly those
assemblages located in the Transverse Valleys of the WPMD area (Figures 2 and 4). Between
300 and 350 km of distance from Tandilia, we observed an average of 60% of stone tools
from this source. In addition to the high frequency of these rocks in the CPD of the Pampa
grasslands and in the Transverse Valleys areas, a great diversity of tools, cores, and various
stages of the reduction sequences in orthoquartzite and chert from Tandilia are identified in
numerous assemblages (Berdn et al. 2015; Messineo et al. 2019). This spatial analysis
indicates that the cumulative distance of ~350 km to the Tandilia source probably represent
the threshold of direct procurement to these stones during the logistic and/or in the course of
the hunter-gatherer’s annual mobility (Binford 1979). That is, the territories occupied by
hunter-gatherer groups, who could travel within that landscape without restrictions, visit other
bands, and use the resources found there.

Tandilia stone-tools (orthoquartzite of the Sierras Bayas Group and chert of the Cerro
Largo Formation) seem to systematically supply a relatively wide area of the Pampa
grasslands, through varied processes (Bayon et al. 2006; Barros et al. 2015; Martinez &
Mackie 2003/2004; Messineo & Barros 2015). However, they arrive at very low frequencies
over great distances, such as in the WPD (Heider 2016b) and the WPMD, mainly in the
Center-east of the dry Pampas and the Salado-Curacd rivers areas (Berén 2004: 255-261;
Carrera Aizpitarte 2014: 375-378, 387-390). These data show that orthoquartzite and chert
from Tandilia Hill were conveyed from the sources within a zone measuring over 550 km in a
southeast-northwest direction in the WPD and 450 km in an east-west direction in the WPWD
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(Figure 2). Within this distribution, some contexts represent outliers with abundant
orthoquartzite and chert from Tandilia (Figure 3) that exceeds the expected values for their
location.
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Figure 5. Percentage fall-off of Tandilia sources with distances into 50 km intervals. The gap (?) is linked to the
absence of detailed published information about the probable provenance of lithic resources recovered in those
assemblages.

A fringe between 350 and 400 km could be interpreted as a landscape with flexible
territorial boundary occupied and visited by several human groups (see Heider 2016b). The
distribution of Tandilia rocks beyond this radius involved other provisioning strategies such
as indirect procurement through the interaction between hunter-gatherer groups that occupy
different territories. This is also supported by the presence in these sites of high percentages
of rocks from the western Pampas (silicified limestone), the rivers that cut the WPMD (basalt
and silex) and the Central Hills (quartz, chalcedony, and rhyolites; Figures 1 and 3;
Supplementary file 1). In this situation of indirect acquisition, it is possible recognize in the
WPD and WPMD assemblages with a low frequency of Tandilia stone artifacts (usually
orthoquartzite and chert curated tools; sensu Binford 1979), as well as the use of certain kinds
of tools, such as side-scraper, end-scrapers, and projectile points, characteristic from the
Pampa grasslands (Berdn 2004: 257-258; Berén et al., 2015; Heider 2015: 347-348).

For example, the exchange of lithic tools through social interaction can be traced through
the identification of different types of projectile points. First, the predominant projectile
points in the CPD assemblages are medium and small sized triangular stemless with straight
bases and, to a lesser extent, slightly convex. These points were predominantly manufactured
with rocks from the Tandilia Hill such as orthoquartzite and chert (Figure 6A-D). In addition,
some projectile points with similar technological characteristics and made with rocks from
Ventania (rhyolite) and the xerophytic woodland of the Dry Pampas (basalt and silicified
limestone) are found in the CPD (Figure 6E-G), suggesting a shared common technological
knowledge among hunter-gatherer groups. Secondly, some points, also found in the CPD,
were not only made with rocks from the western Pampas but also have different technological
features (Figure 6H). Lastly, in the Eastern Pampa of the dry Pampas and the xerophytic
woodland areas there are projectile points made with orthoquartzite and chert from the
Tandilia Hill (Figure 61-L). These interactions generated the movement of rocks and tools
over great distances, as well as their replication on other raw materials available in each area
(see Berdn 2004: 257-258; Beron et al., 2015; Heider 2016b).
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Figure 6. Projectile points found in the Aeolian System of central Argentina. Upper and middle files: Projectile
points found in the CPD: A-B- Orthoquartzite from Tandilia Hill (Laguna Chica site); C-D- Chert from Tandilia
Hill (Laguna Chica site); E- Rhyolite from Ventania Hill (La Susana 1 site); F- Basalt from the Atlantic coast or
the xerophytic woodland (Laguna Chica site); G- Silicified limestone from the xerophytic woodland (Laguna
Chica site); H- Chalcedony from the xerophytic woodland (Laguna Chica site). Lower file: Projectile points
found in the WPMD and WPD areas: |- Chert from Tandilia Hill (Manantial Naic6 site); J- Orthoquartzite from
Tandilia Hill (Parque Luro site) (Photos courtesy of Manuel Carrera Aizpitarte); K- Ortoquartize from Tandilia
Hill (La Angelita site), L- Chert from Tandilia Hill (La Angelita site) (Photos courtesy of Guillermo Heider).

6. Conclusion
The study carried out here allowed us to establish that the modes of raw material
acquisition and circulation varied in the three areas of the Aeolian System of the center of
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Argentina. The frequency of lithic raw materials in each area is consistent with the lithic
distribution in the landscape, indicating that the human groups preferably used the lithic raw
materials that were within their foraging range of their territory. The characteristics of each
area produced that the human groups that inhabited them developed different modes of
exploitation of the rocks. In the CPD of the Pampa grasslands, most rocks were obtained
through direct procurement (individual supply) from the Tandilia Hill. The sites essentially
formed part of a wider mobility circuit that connected different groups from diverse
environments since the territories were flexible. The presence in the WPD and WPMD of
orthoquartzite and chert tools made with Tandilia rocks and the identification of projectile
points in the CPD manufactured with rocks from the xerophytic woodland of the Dry Pampas
indicate social interaction at the regional scale between hunter-gatherer groups who occupied
the Aeolian System of central Argentina.
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