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Since the 19th century, it has been proposed that the wide geographic distribution of the Guarani
indigenous populations in large areas of South America was the result of prehistoric movements of large
numbers of people through the main rivers of the La Plata Basin and the Brazilian coastline. However, no
detailed spatial and temporal analysis has been carried out with the dated Guarani archaeological sites of
the different zones of Brazil, Argentina, and Uruguay. This is one of the reasons why some of the main
ideas about this past population expansion still lack empirical validation. This paper presents a study on
CIS the gepgraphic and temporal dis_tribution of the Guarani grchaeologi.cal sites in the La Pla_ta Basin and the
Radiocarbon and thermoluminescence Atlantic coast of southern Brazil. The overall purpose is to contribute to understanding the Guarani
dates expansion using the analysis of two basic archaeological variables: space and time. Based on available
numerical dates (*C and thermoluminescence) and the application of GIS software, potential dispersion
routes are discussed. To date, more than 1100 archaeological sites assigned to the Guarani, along with
almost 250 numerical dates were analyzed. With this data, it was possible to elaborate a Dispersion
Routes Model and a Temporal Visualization Model, which enabled identification of the sequence of
population dispersal, with two main expansion pulses, throughout nearly two millennia of Guarani
movements across the South American Lowlands.
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1. Introduction inland regions. They occupied, as in the present, different areas,

from the Amazon basin to the eastern Chaco and the Andean

The indigenous populations of the Tupi linguistic stock are
widespread throughout the South American Lowlands. In spite of
the thousands of kilometers separating them, they share numerous
cultural and linguistic features due to their common ancestral
origin. Together, there are around sixty languages grouped in ten
linguistic families: Tupi-Guarani, Aweti, Mawé, Mundurukd,
Jurdna, Arikém, Tupari, Ramardma, Mondé and Purubora
(Rodrigues and Cabral, 2012). The Tupi-Guarani family, which in-
cludes the Ancient Guarani and the Tupinambd, among its forty
languages, is the largest and the most broadly spatially dispersed.
At the moment of European conquest in the 16th century, the
populations speaking the languages of this family extended almost
without interruption along the Brazilian littoral zone and in many
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foothills. Within this linguistic family, the speakers of the Ancient
Guarani language were found in a portion of the Atlantic coast,
south of Paranaguad in southern Brazil, in parts of Uruguay, and in
the surroundings of the La Plata River. Inland, they inhabited the
margins of some watercourses draining directly to the ocean and
large areas of the Paraguay, Parana and Uruguay Basins, including
the ancient Guaira (or Guayrd) and the Misiones historic regions.
Accordingly, this vast geographic distribution has been seen as an
indicator of a long history of repetitive movement of people over
long distances, which persisted in the form of the recent migrations
recorded after the European arrival (Métraux, 1927; Brochado,
1984).

The interest in providing a scientific explanation for the wide
dispersion of populations belonging to the Tupi stock is not new.
Since the 19th century, many researchers had begun to search their
Amazonian centre of origin and the prehistoric routes followed
during their dispersal (Rodrigues, 1964, 1986; Brochado, 1984;
Meggers et al., 1988; Urban, 1992; Heckenberger et al., 1998;
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Noelli, 1998); issues which are still subject to debate. Given the
complexity of the Tupi phenomenon, we limited both thematically
and spatially to the Guarani archaeological record. According to the
abundant historical accounts, Guarani people lived in riverside
palisade villages. They based their economy on horticulture (prin-
cipally corn and manioc), as well as hunting, gathering, and fishing.
They were excellent navigators that traveled by canoe along the
long river routes of La Plata Basin and adjacent regions. Tradition-
ally, historic Guarani people and their immediate prehistoric an-
cestors have been identified in the archaeological record based on
the occurrence of the following features: 1) ceramic dishes, shallow
bowls and large jars (mainly restricted orifice, conical base and
complex profiles with angle and inflection points), 2) corrugated
surface treatments of the vessels, in addition to nail-incised,
brushed or painted (red and/or black lines over white slip), 3) lip
plugs named tembetds, 4) polished-stone axes, 5) secondary burials
in urns and/or 6) bounded dark sediments named patches of terra
preta sediment, associated with households and other architectural
structures.

This article is focused on the study of the spatial and temporal
distribution of the archaeological sites attributed to the Guarani in
the La Plata Basin and littoral zone of southern Brazil. The overall
objective of this paper is to analyze continuous Guarani expansion
throughout the main waterways and the Atlantic coastline. In order
to attain this objective, an intense review of the ¥C and thermo-
luminescence available dates of Guarani sites was carried out. Then,
a Geographic Information System (GIS) database was created to
correlate the location and chronology of the recorded sites;
resulting in temporal maps, modeling of the Guarani dispersion
routes, and the identification of major expansion pulses. Finally, the
expansion model was compared with the previous expansion
model proposed by Brochado's (1984).

2. The scientific study of Guarani archaeology

In order to address the Guarani archaeological record, it is
necessary to introduce some comments to contextualize our study.
First, although it is obviously incorrect to claim that there is always
a direct relationship between particular archaeological materials
and specific ethnic group (or language) (see Soares, 20012002,
Farias Gluchy, 2005; Lima, 2011 for the Guarani), it is also erro-
neous to believe the opposite and dismiss the links between the
material culture and the people who produced it (Brochado, 1984;
Anthony, 2010). The similar village-settlement and economic pat-
terns, the technological, functional and stylistic recurrences in the
vessels, and the uniformity in the treatment of the dead have all
enabled the conformation of a distinctive archaeological entity
which generally coincides with the distribution that the Guarani
speakers had five centuries ago (Nimuendaja, 1982; Urban, 1992).
The Guarani archaeological entity is used here, but in doing so,
there is no intention to defend the mechanical relation between
isolated traits and static ethnic groups. Ethnicity is considered as a
process recognizable on the observable patterns of the material
culture (Hodder, 1979), especially in cases like the Guarani, which
comprises of large samples of historical, ethnographic, linguistic,
physical anthropology, and archaeological data. This strongly vali-
dates these associations among common and recurring elements
throughout a considerable period of time, and in areas where were
not previously found.

Secondly, the most appropriate approaches to the Guarani
archaeology must include the interaction among the different in-
formation generated by different disciplines studying the same
people. Linguistics, physical anthropology, and genetics can offer a
compelling view on the origin of populations of different linguistic
families and their pattern of dispersion, and it can help archaeology

to understand the complex relation between people, language, and
material culture (eg. Neves et al.,, 2011; Ramallo et al., 2013; see
discussion in Anthony, 2010). Ethnology and ethnohistory, along
with archaeology, can be useful to define the material culture, its
lexicon, and technological styles, along with the indigenous econ-
omies and strategies used for territorial dominance. Finally, eth-
noarchaeology and historical ecology offer insights into the
traditional knowledge, in order to research how indigenous people
reproduce their culture and adapt to their environment by trans-
forming it into humanized landscapes (Silva, 2008; Balée, 2013).
Therefore, this interdisciplinary and comprehensive perspective of
archaeology, as opposed to a unilateral one, not only provides more
empirical data, but also offers new viewpoints for the construction
of the Guarani knowledge. This allows a more concrete perception
of the different regional processes, along with a more precise
definition of the material culture and the interaction with other
people. With time, this will enable the development of better
conditions to understand and compare the Guarani archaeological
record and systemic contexts.

The presence of archaeological contexts assigned to the Guarani
in the La Plata Basin and in southern Brazil has been investigated by
numerous researchers since the 19th century (Ambrosetti, 1895;
Lothrop, 1932; Menghin, 1956; Chmyz, 1968; Pronapa, 1970;
Cigliano et al., 1971; Meggers and Evans, 1983; Brochado, 1984;
Caggiano, 1984; Scatamacchia, 1990; Schmitz, 1991; Cabrera
Pérez, 1994; Sempé and Caggiano 1995; Noelli, 1998; Rogge,
2005; Kashimoto and Martins, 2008; Milheira, 2008; Prous and
Lima, 2008; Rodriguez, 2009; Loponte et al., 2011; Costa
Angrizani, 2012; Bonomo, 2013; Noelli et al., 2014; among many
others). Many researchers included these archeological contexts in
the Tupiguarani Tradition defined for Brazil (Chmyz, 1966; Pronapa,
1970). This tradition comprises the archaeological manifestations
of polychrome, corrugated, or brushed pottery, tembetds, stone
axes, and secondary urn burials. Inspired by Willey and Phillips
(1958), the main objectives of this classification was to arrange in
both time and space different sub-traditions and phases which had
been defined through the variations in the temper material and
surface treatment of pottery fragment assemblages (Evans and
Meggers, 1965; Meggers and Evans, 1970), disregarding aspects
such as vessel shapes or functions. More than seventy phases were
proposed for the Guarani area. These phases were defined by var-
iable combinations of sherd surface treatments (Evans and
Meggers, 1965), collected under questionable statistical criteria,
lack of stratigraphic control in several excavations, and insufficient
numerical dates (Dias, 1995; Noelli, 1998, 2008). In spite of being
adopted, even today, by archaeologists from Brazil, Uruguay, and
Argentina, the Tupiguarani Tradition has received several criticism
and revisions since the 1980s (Brochado, 1984; Dias, 1995; Noelli,
2008). Basically, this scheme was questioned for being too broad
and arbitrarily compressing under the same archaeological cate-
gory, the material culture (especially the pottery) of different Tupi
speaking people or other cultural traditions. Moreover this line of
thought was indifferent to the incorporation of ethnohistoric or
ethnographic data, and thus failed to generate conceptual tools or
methodologies to deeply investigate the historical processes
throughout their complete duration.

The shift of perspectives started in the 1970s, when Donald
Lathrap inaugurated a new interdisciplinary line of research for
Amazonian archaeology (Lathrap, 1970; Oliver, 1991, 2008). He
adopted the linguistic hypothesis of Aryon Rodrigues -who had
begun to demonstrate the genetic relations among languages,
define families, and order the Tupi stock-, thus enabling a course to
study past geographic dispersion processes. According to linguistic
research, this stock had its origin in the Proto-Tupi ancestral
tongue, dating back to around four or five thousand years ago



56 M. Bonomo et al. / Quaternary International 356 (2015) 54—73

(Urban, 1992; Storto and Moore, 2001; Rodrigues and Cabral, 2012).
The study of languages through the historic-comparative method
paved the way for the reconstruction of the original Proto-Tupi
sounds, lexicon and part of the grammar of this mother tongue
(Correa da Silva, 2010). Two significant aspects were proposed
through this method: the existence of pottery and agriculture at the
time when the Proto-Tupi language emerged (Rodrigues, 2007a,b,
2010). The acknowledgement of the Proto-Tupi and the genetic
criteria shared by the languages comprising the stock families
provided a scientific model through which it was possible to start
explaining the patterns of material culture shared by them. Based
on the common origin hypothesis, meaning that the different lan-
guages within a family are manifestations of the same original
language altered by time (Rodrigues, 1986:29), it was possible to
explain the similarities found among surface treatments and vessel
profiles in the Tupi pottery. This had been already indicated by
Alfred Métraux (1928, for a statistical analysis of Métraux's data cf.
Klimek and Mielke, 1935), who exposed similarities among other
materials, in addition to their labels and functions.

The theoretical development and the empirical support of many
of Lathrap's ideas were prepared by José Brochado (Noelli, 2008).
His PhD thesis is one of the most comprehensive and inspiring text
written on the Guarani archaeology record. Brochado (1984:1)
begins his thesis by defending the attempts to determine the
continuity processes between the systemic and archaeological
contexts. He utilized diverse methodologies in order to integrate
historical, ethnographic, linguistic, and archaeological data
(Brochado, 1977, 1984, 1991; La Salvia and Brochado, 1989). Bro-
chado's hypothesis was that the Proto-Tupi speakers created a
pottery style which would be reproduced throughout time, but
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which would also transform following the changes occurring in the
genetic derivation of the languages. In that way, it was possible to
conceive that each group speaking one of the Tupi variants would
have its own artefactual assemblage, distinguished from the others’
by some subtle uniqueness. With the aim of showing the similar-
ities and variations in the Tupi pottery, Brochado studied in great
detail a large quantity of archaeological artifacts from the Guarani
and the Tupinamba (distributed manly along the Atlantic coast
between the Brazilian state of Parana and the mouth of the Amazon
River); Tupinambd and Guarani cranial morphology shows strong
association (Neves et al., 2011), and their languages belonging to
the Tupi-Guarani linguistic family, which were separated 2500
years ago (Rodrigues, 1964). Among his remarkable contributions,
the most outstanding one was that he provided archaeologists with
historical data about an emic lexicon for the Guarani pottery, based
in its shapes and functions. Brochado proposed the existence of
different vessel types which could be defined according to the
combinations of their temper, surface treatment and pot zones or
segments (La Salvia and Brochado, 1989:116).

Throughout its whole area of occurrence, Guarani pottery
(Fig. 1) shows a high level of formal standardization, following strict
rules of proportion, surface treatment, and decoration; thus
attesting the conservation of the traditional knowledge throughout
long time periods and across wide distances (La Salvia and
Brochado, 1989; Brochado et al., 1990; Brochado and Monticelli,
1994; Noelli and Brochado, 1998). The pottery presents distinct
characteristics compared to pottery made by other non-Tupi groups
in the La Plata Basin. When considered as a whole, these pottery
assemblages serve as a good indicator for the past Guarani settle-
ments. Notwithstanding this, on the basin of the Paranapanema

Cambuchi
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and Cambuchi

Fig. 1. Pottery from different regions of the study area. References: a = Paraguay River (Ayolas, Misiones, Paraguay), b = Upper Parana (Altonia, Parand, Brazil), c = Upper Parand
(Ituzaingd, Corrientes, Argentina), d = Upper Uruguay (Santo Cristo, Rio Grande do Sul, Brazil), e = Middle Uruguay (Concordia, Entre Rios, Argentina), f = Lower Uruguay (Juanic6
island, Entre Rios, Argentina), g = Lower Uruguay (Gualeguaychd, Entre Rios, Argentina), h = Atlantic coast (Jaguaruna, Santa Catarina, Brazil), i = Paraguay River (Ayolas, Misiones,
Paraguay), j = Upper Parana (Posadas, Misiones, Argentina), k = Upper Parana (Yacyretd, Corrientes, Argentina), | = Lower Parana (Parand Delta, Argentina), m = Upper Uruguay
(Porto Maug, Rio Grande do Sul, Brazil), n = Lower Uruguay (Gualeguaychd, Entre Rios, Argentina), o = Upper Uruguay (Apostoles, Misiones, Argentina), p = Lower Parana (Parana
Mini I, Buenos Aires, Argentina), q = Upper Parana (Altonia, Parand, Brazil), r = La Plata River (Martin Garcia island, Argentina), s = Lower Parana (Parana Delta, Argentina),
t = Lower Uruguay (Rica island, Entre Rios, Argentina; funerary urn), u = Upper Parana (Ituzaingé, Corrientes, Argentina; funerary urn). Photos by Carlos Boian (a, ¢, i, k, u), Silvia

Jordan (e, j) and Ulises Nahirnak (o).



M. Bonomo et al. / Quaternary International 356 (2015) 54—73 57

River, in the Brazilian state of Sao Paulo, and the northeast of the
state of Mato Grosso do Sul, the only way to differentiate Guarani
pottery from Tupinamba pottery is through the analysis of com-
plete vessels. This is due to the fact that the stylistic features shared
by both culturally close groups in this boundary area do not allow a
clear distinction by observing only sherds.

3. Data collection and model generation aimed to explain the
Guarani expansion

In order to systematically analyze the great amount of infor-
mation yielded by the Guarani archaeological sites, a GIS database
was created. The GIS platform offers the advantage of allowing the
future incorporation of multiple data and variables (for example,
landforms, phytogeography, palaeoenvironmental data or other
archaeological traditions). The database was created with the pur-
pose of broadening the interpretative potential of the available
information. The sources of information used include scientific
publications, reports, museum collections, lists of dates from
radiocarbon laboratories, thematic maps, and three new C dates
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(from Arroyo Malo, Ensenada del Bellaco, and Cementerio A° Pai-
carabi y Fredes archaeological sites); therefore, its quality is
considerably heterogeneous. Furthermore, some previous compi-
lations of dates were used (Brochado, 1984; Noelli, 1999—2000;
Rogge, 2005; Corréa, 2009).

The database used for this study consists of an initial sample of
1177 archaeological sites (Table 1, Fig. 2). The sites must meet two
general requirements: 1) that their material assemblages be clearly
associated with a Guarani settlement (findings of isolated Guarani
items were excluded), and 2) that they could be located in space
(Guarani sites with unclear geographic provenance data were
excluded). While the sources present varying degrees of precision
of site location, given the scale of the study area, the errors deriving
from such disparity are of little relevance.

Within the initial sample, only 138 archaeological sites have
numerical dates with its + error, obtained through the radiocarbon
method (#C; n = 145) or thermoluminescence (TL; n = 103). Be-
tween 1 and 33 dates per site were recorded, representing a total of
248 dates (Tables 2—5). In addition, five more sites were added
which presented European materials (mainly glass beads)
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Fig. 2. Geographical distribution of the Guarani archaeological sites (n = 1177) in the La Plata Basin and adjacent areas.
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Table 1
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Synthesis of Guarani data used in the present study.

Geographic location

Archaeological sites Dated archaeological sites Quantity of dates

La Plata Basin

Uruguay River Basin

La Plata River
Upper Uruguay

Middle Uruguay
Lower Uruguay
Negro River Basin
Ibicui River Basin
Upper Parand

Lower Parand

Batel marshes

Ivai River Basin
Paranapanema River Basin
Iguacu River Basin
Miranda River Basin
Paraguay River
Guaiba Basin
Camaqua River Basin

Parand River Basin

Paraguay River Basin

Adjacent Areas

Merin Lagoon and Cebollati River Basin
Atlantic Coast and Los Patos Lagoon

Total

12 1 1
266 15 17
22 0 0
30 3 5
8 0 0
18 1 2
203 48 122
8 4 6

1 1 7
32 11 16
55 11 15
22 4 5
6 1 1
29 0 0
281 19 23
43 1 1
23 0 0
118 18 27
1177 138 248

assignable to the 16th and 17th centuries: Rio Matanzas B (Rusconi,
1928), La Maza I (Ceruti and Crowder, 1973), Isla Vizcaino (Aratjo,
1900), Isla de Arriba (Diaz, 1977), and Isla Larga (Cabrera Pérez,
2011). Later, from a sample of these 143 sites, three successive
models were created: a Digital Elevation Model (DEM), a Dispersion
Routes Model (DRM), and a Temporal Visualization Model (TVM).

3.1. Digital Elevation Model (DEM)

For the DEM, a point cloud was delimited on the basis of the 143
recorded Guarani sites. The X and Y variables were defined on the
basis of the geographic position of the sites (latitude and longitude
in the WGS 1984 coordinate system), and the Z variable was defined
using the median chronology expressed in calendar age of each
sites' 4C or TL date. Although the best indicator of sample chro-
nology are the calibrated age ranges, the present model needs
single values and the median age is one of the most stable estimates
(Stuiver et al., 2013). The X, Yand Z tridimensional variables enabled
the construction of an artificial topography (Fig. 3) where the
height (Z) represents time. In this elevation model, the higher
points correspond to the sites with later dates. In the case of the
sites with more than one date, each date was considered as an
independent point (although the interpolation algorithm only used
the older one). The radiocarbon dates were calibrated with the
Calib 7.0.0 program (Stuiver et al., 2013), using 2 sigma and the
curve for the Southern Hemisphere (SHCal13; Hogg et al., 2013). In
the case of the thermoluminescence method, the dates do not
require calibration, since laboratories report the date in calendar
years before the analysis was carried out. Given the fact that for
many sites this information is lacking, the dates by thermolumi-
nescence were recalculated using the year when the age was
published as reference. Although the present study incorporates

dates obtained by different methods, significant biases between TL
and '4C ages were not observed.

On the basis of the point cloud, it was possible to determine a
proper topography for hydrological analysis which could serve as
a base for the next model. For this, it was necessary to avoid
introducing a surface with exaggerated fracture lines or artificial
depressions; and, at the same time, it was important not to un-
der represent the points showing notable differences with
neighboring points. Accordingly, spline interpolation was used
for the DEM where the surface generated is soft and points in-
tercepts, thus additionally keeping the number of artificial de-
pressions considerably low (Mitas and Mitasova, 1999; Olaya
Ferrero, 2004).

3.2. Dispersion Routes Model (DRM)

For the DRM, a drainage network was defined on the DEM
topography by employing hydrographic analysis tools (ArcHydro
Tools, ArcGIS 10.1; Maidment, 2002; Olivera et al., 2002; Metz et al.,
2011). The construction of this drainage network is carried out on
the basis of the flux direction in each cell comprising the DEM. This
flux heads towards the lower adjacent cell (in our case, this is the
one with the oldest dates). An eight-direction pour-point method
(D8) hydrographic model was used in order to define which one is
heading towards the water. In an ordinary hydrographic model,
fluvial courses can be understood as cell assemblages through
which a considerable amount of channeled water circulates, and
basins as groups of such assemblages, whose flux ends up reaching
a single cell (Olaya Ferrero, 2004). In the DRM, the dynamic of
dispersion operates inversely to the flux direction in a real drainage
network, in other words, the main stream, departing from the
oldest point, drains into the smaller streams. Finally, on the basis of

Table 2
Dates from O to 300 AD. References: AR = Argentina; CRT = Corrientes; BR = Brazil; MS = Mato Grosso do Sul; PR = Parand; RS = Rio Grande do Sul; SP = Sao Paulo.
Site Identification Province or  Latitude Longitude Age years BP Age years Method Lab code Reference
code state/country AD
Lagoa 1 MS-PR-22 MS/BR —22.0969 —52.3986 1800+40 180 TL FATEC-185 Kashimoto 1997
Acampamento Trés SP-BA-7 SP/BR —23.5830 —49.6000 1870 + 100 190 C14 SI-418 Chmyz 1967, Stuckenrath and Mielke 1970
Joao Batista - PR/BR —24.2140 —-51.5060 1700 +230 280 TL - Carle and Da Silva 2007 in Correa 2009
Fazenda Dona Carlota 2 PR-FI-140 PR/BR —25.5200 —54.4720 2010 + 75 27 C14 SI-5028 Chmyz 1983 in Noelli 1999—2000
Emilio Kieffer RS-M]J-88 RS/BR —29.6590 —53.5550 1800 + 100 274 C14 SI-2205 Brochado 1971, 1984
San Miguel II — CRT/AR —27.6890 —57.0040 1860 + 50 196 c14 LP-215 Mujica 1995a
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Table 3
Dates from 300 to 1000 AD. References: BR = Brazil; MS = Mato Grosso do Sul; PR = Parand; RS = Rio Grande do Sul; SC = Santa Catarina; SP = Sao Paulo; (*) Reported age in
years AD.
Site Identification State/country Latitude Longitude Age years Age years Method Lab code References
code BP AD
Lagoa do Custodio 1 MS-IV-08 MS/BR —22.3844 -52.8688 1170 + 140 810 TL FATEC-164  Martins et al. 1999
Lagoa do Custodio 1 MS-1V-08 MS/BR —22.3844 -52.8688 1200 + 150 780 TL FATEC-148  Kashimoto and Martins 2008
Ribeirao Taquari 1 MS-PR-45 MS/BR —21.4170 -52.0188 1380 +40 650 C14 Gif-12026 Kashimoto and Martins 2008
Ilha Verde 2 MS-PR-57 MS/BR —21.2090 —-51.8780 1000 + 100 980 TL FATEC-253  Kashimoto and Martins 2008
Ilha Verde 2 MS-PR-57 MS/BR —21.2090 -51.8780 1100 + 100 880 TL FATEC-250 Kashimoto and Martins 2008
Ilha Verde 2 MS-PR-57 MS/BR —21.2090 —51.8780 1200 + 120 780 TL FATEC-267 Kashimoto and Martins 2008
Ilha Verde 2 MS-PR-57 MS/BR —21.2090 -51.8780 1260 + 130 720 TL FATEC-263  Kashimoto and Martins 2008
Ilha Verde 2 MS-PR-57 MS/BR —21.2090 -51.8780 1300 + 120 680 TL FATEC-266  Kashimoto and Martins 2008
Ilha Verde 2 MS-PR-57 MS/BR —21.2090 —-51.8780 1400 + 120 580 TL FATEC-262  Kashimoto and Martins 2008
Ilha Verde 2 MS-PR-57 MS/BR —21.2090 -51.8780 1600 + 200 380 TL FATEC-259 Kashimoto and Martins 2008
1lha Agua Limpa 1 MS-PR-64 MS/BR —21.4400 —-52.0280 1248 + 100 732 TL FATEC-194  Kashimoto 1997
Alto Parana 14 MS-PR-42 MS/BR —21.5110 -51.9930 1110 + 110 870 TL FATEC-398  Kashimoto and Martins 2008
Rio Pardo 7 MS-PD-07 MS/BR —21.7070 -52.6210 980 + 100 1000 TL FATEC-402  Kashimoto 1997, Kashimoto and
Martins 2008
Ragil - SP/BR —22.7380 —51.0290 1660 + 170 338 TL FATEC Faccio 1998
Ragil Il — SP/BR —22.7550 -51.0110 1093 + 100 887 TL FATEC Faccio 1998
Porto Casanova 2 SP-AS-14 SP/BR —22.7670 —51.0500 1130 + 150 947 C14 SI-422 Chmyz 1967, Stuckenrath and Mielke
1970
José Vieira — SP/BR —23.3630 —-52.9080 1380 + 150 717 C14 Gsy 81 Brochado 1984
SP-BA-7 SP-BA-7 SP/BR —23.5830 —49.6000 1195 +80 886 C14 SI-1009 Chmyz 1967, Stuckenrath and Mielke
1973
Rio Paranapanema - SP/BR —24.0970 —49.4100 — 820 + 150* C14 - Chmyz 1977 in Correa 2009
Restaurante Ivai 2 PR-FL-21 PR/BR —23.5010 -52.3330 1490 +45 610 C14 SI-1011 Stuckenrath and Mielke 1973, Brochado
1984
Joao Batista — PR/BR —24.2140 —-51.5060 1519 + 200 461 TL — Carle and Da Silva 2007 in Correa 2009
Borevi 1 PR-FI-99 PR/BR —25.3960 -54.4560 1565 +70 533 C14 SI-5019 Chmyz 1983 in Noelli 19992000
Lagoa Seca PR-FI-118 PR/BR —25.4630 —54.5090 1625 +60 479 C14 SI-5021 Chmyz 1983 in Noelli 19992000
Taquapelagai PR-FI-97 PR/BR —25.5010 —-54.0300 1235+60 565 C14 SI-5016 Chmyz 1983 in Noelli 1999-2000
Fazenda Dona Carlota 4 PR-FI-142 PR/BR —25.5450 —54.5740 1395 +60 686 C14 SI-5033 Chmyz 1983 in Noelli 1999—-2000
Aldeia da ZPE - SC/BR —28.2166 —48.6967 1000 + 110 980 TL — Farias and Kneips, 2010
Aldeia da ZPE - SC/BR —28.2166 —48.6967 1040 + 110 940 TL - Farias and Kneips, 2010
Aldeia da ZPE - SC/BR —28.2166 —48.6967 1050 + 150 930 TL - Farias and Kneips, 2010
Linha Uruguay Sul 1 RS-VZ-4 RS/BR —27.8170 —55.0500 1220 + 120 859 C14 SI-708 Stuckenrath and Mielke 1973
Albino Mazzari RS-M]J-60 RS/BR —29.4800 —-53.6000 1180+ 70 906 C14 SI-2204 Brochado 1971,Schmitz and Brochado,
1972
Albino Mazzari RS-MJ-60 RS/BR —29.4800 —53.6000 1475 +80 610 C14 SI-2203 Brochado 1971, 1984
Palmeira 2 RS-S-282 RS/BR —29.6670 —50.9170 1380 + 110 718 C14 SI-414 Miller 1967, Stuckenrath and Mielke
1970
Capané 3 RS-MJ-101 RS/BR —29.8360 —53.1700 1255 + 100 826 C14 S1-2201 Brochado 1971, Schmitz and Brochado
1972
RS-T-114 RS-T-114 RS/BR —29.2885 —52.1195 1410 + 115 570 TL LACIFID-USP Kreutz 2008

this DRM, a series of vectors were developed which indicates the
possible directions of the people dispersion (Fig. 4).

3.3. Temporal Visualization Model (TVM)

Through the use of temporal analysis tools (Temporal Analyst,
ArcGIS 10.1), a TVM was created to represent people expansion.
This model was based on the gradual appearance of archaeological
sites in a chronological order, and on the basis of their numerical
dates in calendar years (Figs. 5—7). The sites are connected with
polygons according to their geographic and temporal proximity.
These polygons were traced following the direction of the vectors
yielded by the DRM.

4. Results and interpretation
4.1. Dispersion Routes Model (DRM)

The DRM enabled the formulation of the possible dispersion
routes used by the Guarani in the past (Fig. 4). The first noticeable
aspect about Fig. 4 is that the rivers were not included in the model
as a variable. Once the obtained vectors are overlapped against a
physical map of the study area they show an overall concurrence

with the existent hydrographic network. This is due to the fact most
of the Guarani settlements were close to watercourses.

On the basis of the DRM, it was possible to delimit a potential
early area in the Upper Parana River, where new archaeological
sites with early dates could be expected. From this area, we can
identify seven main dispersion routes:

- Three major northern dispersion routes. Two of these routes are
directed to the east and are associated with two of the main
Parand tributaries (Paranapanema and Ivai rivers). The third
route is directed to the west towards the Paraguay River,
reaching its tributary, the Miranda River.

- Four major southern dispersion routes. A first route is directed
to the southwest following the Parana River and is limited to the
north of the Argentinean province of Corrientes. Two routes
have their axis in the Uruguay River, one going upstream to the
east reaching the Pelotas River and the other continuing south to
the La Plata River. The fourth route, which is originated in the
Middle Uruguay River, flows east following the Ibicui course to
the watershed with the Jacui River, and presents several rami-
fications heading north into the Brazilian state of Rio Grande do
Sul and south into Uruguay. Through these ramifications, the
Guarani reached the Atlantic coast.
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Table 4

Dates from 1000 to 1780 AD obtained in Brazilian sites. References: BR = Brazil; MS = Mato Grosso do Sul; PR = Parand; RS = Rio Grande do Sul; SC = Santa Catarina; SP = Sao
Paulo; (*) reported age in years AD; (**) Despite the archaeological site identification code indicate that these sites are located in the Brazilian state of Mato Grosso (MT), the
geographic coordinates informed by Stuckenrath and Mielke (1973) places them in the Parana state; (***)'“C dates were not considered here because they exceed the
minimum-age limit of the method and are conventionally considered modern (Figini, 1993).

Site Identification State/ Latitude  Longitude Age years BP Age years Method Lab code Reference
code country AD

Lagoa 1 MS-PR-22 MS/BR  -22.0969 -52.3986 370 + 20 1562 C14 Gif-11073 Kashimoto 1997

Lagoa do Custodio 1 MS-IV-08 MS/BR  -22.3844 -52.8688 350 + 40 1630 TL FATEC-136 Kashimoto and Martins 2008

Lagoa do Custodio 1 MS-IV-08 MS/BR  -22.3844 -52.8688 375 +45 1605 TL FATEC-151 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR 223844 -52.8688 435+ 50 1545 TL FATEC-160 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  -22.3844 -52.8688 420 + 50 1560 TL FATEC-157 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR 223844 -52.8688 425+ 25 1555 TL FATEC-183 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  -22.3844 -52.8688 445 +35 1535 TL FATEC-140 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  -223844 -52.8688 460 + 55 1520 TL FATEC-137 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  -22.3844 -52.8688 480 + 60 1500 TL FATEC-141 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR 223844 -52.8688 490 + 60 1490 TL FATEC-144 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  -223844 -52.8688 500 + 60 1480 TL FATEC-143 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  —22.3844 -52.8688 505 + 60 1475 TL FATEC-153 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  —22.3844 -52.8688 520 + 60 1460 TL FATEC-159 Kashimoto and Martins 2008

Lagoa do Custodio 1 MS-1V-08 MS/BR 223844 -52.8688 525+ 30 1455 TL FATEC-165 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  —22.3844 -52.8688 545+ 65 1435 TL FATEC-154 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  -22.3844 -52.8688 550 + 50 1430 TL FATEC-90 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR 223844 -52.8688 550 + 70 1430 TL FATEC-138 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  -22.3844 -52.8688 590 + 70 1390 TL FATEC-161 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  —22.3844 -52.8688 595+ 70 1385 TL FATEC-145 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  —22.3844 -52.8688 600 + 80 1380 TL FATEC-142 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  -223844 -52.8688 605 + 70 1375 TL FATEC-158 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  —22.3844 -52.8688 610+ 75 1370 TL FATEC-152 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  —-22.3844 -52.8688 625+ 50 1355 TL FATEC-146 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  -223844 -52.8688 680 + 80 1300 TL FATEC-149 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  —22.3844 -52.8688 705+ 17 1275 TL FATEC-LVD1259 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  —22.3844 -52.8688 750 + 80 1230 TL FATEC-89 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  -223844 -52.8688 795+ 10 1185 TL FATEC-156 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  -223844 -52.8688 795+ 95 1185 TL FATEC-150 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  —22.3844 -52.8688 800+ 100 1180 TL FATEC-139 Martins et al. 1999

Lagoa do Custodio 1 MS-IV-08 MS/BR  —-22.3844 -52.8688 835+ 90 1145 TL FATEC-162 Martins et al. 1999

Lagoa do Custodio 1 MS-1V-08 MS/BR  —22.3844 -52.8688 930+ 110 1050 TL FATEC-166 Martins et al. 1999

Lagoa do Custodio 1 MS-IV/08 MS/BR  —22.3844 -52.8688 950+ 115 1030 TL FATEC-163 Kashimoto and Martins 2008

Quiterdi 1 MS-PR-08 MS/BR  —22.0969 -52.3986 320 +35 1660 TL FATEC-94 Martins et al. 1999

Quiterdi 5 - MS/BR  -22.1593 -52.6606 610 + 60 1370 TL FATEC-118 Martins et al. 1999

Rio Taquari 4 MS-PR-48 MS/BR  -21.4170 -52.0188 380 + 40 1600 TL FATEC-108 Kashimoto 1997, Kashimoto
and Martins 2008

Rio Taquari 1 MS-PR-45 MS/BR  -21.4170 -52.0188 410 + 40 1570 TL FATEC-107 Kashimoto 1997, Kashimoto
and Martins 2008

Cabeceira Perdida 1 MS-PR-55 MS/BR  -21.2396 -51.9711 565 + 32 1415 TL FATEC Kashimoto 1997

Maracaju 1 MS-MJ-1 MS/BR  —-21.7743 -553896 610 + 50 1349 C14 Gif-8330 Kashimoto and Martins, 2008

Maracaju 1 MS-M]J-1 MS/BR  -21.7743 -55.3896 830 + 80 1150 TL Lab Fisica USP Kashimoto and Martins, 2008

Corrego Lalima MS-MI-01 MS/BR  -20.5678 -56.2823 970 + 60 1111 C14 Beta-238765 Bespalez 2010

Ilha Agua Limpa 1 MS-PR-64 MS/BR  -20.7790 -51.6890 1015+ 75 1085 C14 Gif-10039 Kashimoto 1997

Ilha Verde 2 MS-PR-57 MS/BR  -21.0260 -52.1640 380 + 40 1600 TL FATEC-264 Kashimoto and Martins 2008

Ilha Verde 2 MS-PR-57 MS/BR  -21.2090 -51.8780 510 + 50 1438 C14 Beta-218207 Kashimoto and Martins 2008

ITha Verde 2 MS-PR-57 MS/BR  -21.2090 -51.8780 520 + 50 1460 TL FATEC-261 Kashimoto and Martins 2008

Ilha Verde 2 MS-PR-57 MS/BR  -21.2090 -51.8780 630 + 60 1350 TL FATEC-256 Kashimoto and Martins 2008

Ilha Verde 2 MS-PR-57 MS/BR  -21.2090 -51.8780 700 + 70 1280 TL FATEC-265 Kashimoto and Martins 2008

ITha Verde 2 MS-PR-57 MS/BR  -21.2090 -51.8780 880 + 80 1100 TL FATEC-255 Kashimoto and Martins 2008

ITha Verde 2 MS-PR-57 MS/BR  -21.2090 -51.8780 900 + 90 1080 TL FATEC-251 Kashimoto and Martins 2008

Rio Taquari 2 MS-PR-46 MS/BR  -21.2090 -51.8780 280 + 15 1700 TL FATEC-192 Kashimoto 1997, Kashimoto
and Martins 2008

Coérrego Azul 1 MS-PR-41 MS/BR  —-21.4280 -52.0180 245+ 15 1735 TL FATEC-191 Kashimoto 1997, Kashimoto
and Martins 2008

Alto Parana 14 MS-PR-42 MS/BR  —21.4920 -52.0680 570 + 60 1410 TL FATEC-397 Kashimoto and Martins 2008

Alto Parana 14 MS-PR-42 MS/BR  —-21.5110 -51.9930 840 + 40 1238 C14 Gif-11226 Kashimoto and Martins 2008

Alto Parana 12 MS-PR-39 MS/BR  -21.5110 -51.9930 580 + 40 1400 TL FATEC-190 Kashimoto 1997

Alto Parana 8 MS-PR-35 MS/BR  —21.5410 -52.1060 390 + 40 1590 TL FATEC-98 Kashimoto 1997, Kashimoto
and Martins 2008

Alto Parand 8 MS-PR-35 MS/BR  -21.6310 -52.0580 625 + 40 1355 TL FATEC-189 Kashimoto 1997, Kashimoto
and Martins 2008

Cabeceira Perdida 1 MS-PR-55 MS/BR  —-21.6310 -52.0580 565 + 32 1415 TL FATEC-193 Kashimoto 1997

Corrego Uere MS-PD-06 MS/BR  -21.7030 -52.4310 415+ 40 1474 TL FATEC-406 Noelli 1999—2000

Corrego Ueré MS-PD-06 MS/BR  -21.7030 -52.4310 240 +30 1752 C14 Gif-10038 Kashimoto 1997, Kashimoto
and Martins 2008

Corrego Uere MS-PD-06 MS/BR  -21.7030 -52.4310 250 + 25 1730 TL FATEC-405 Kashimoto 1997, Kashimoto
and Martins 2008

Rio Pardo 7 MS-PD-07 MS/BR  -21.7030 -52.5000 275 + 20 1705 TL FATEC-188 Kashimoto 1997, Kashimoto

and Martins 2008
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Rio Pardo 7 MS-PD-07 MS/BR  -21.7070 -52.6210 610 + 60 1370 TL FATEC-399 Kashimoto 1997, Kashimoto
and Martins 2008

Rio Pardo 7 MS-PD-07 MS/BR  -21.7070 -52.6210 750 + 75 1230 TL FATEC-400 Kashimoto 1997, Kashimoto
and Martins 2008

Corrego Caraguata 2 MS-PR-28 MS/BR  —-21.9400 -52.4210 350 +35 1630 TL FATEC-116 Kashimoto and Martins 2008

Coérrego S. Lourengo 1 MS-PR-26 MS/BR  —-22.0180 -52.3770 290 + 30 1690 TL FATEC-123 Kashimoto and Martins 2008

Corrego S. Lourengo 1 MS-PR-26 MS/BR  —-22.0180 -52.3770 380 + 40 1600 TL FATEC-122 Kashimoto and Martins 2008

Lagoa Ariranha 1 MS-PR-22 MS/BR  —22.0970 -52.3990 370 +20 1610 TL FATEC-185 Kashimoto and Martins 2008

Ribeirao Quiteroizinho  MS-PR-18 MS/BR  -22.1130 -52.4930 380 + 40 1600 TL FATEC-106 Kashimoto and Martins 2008

1

Ribeirao Quiteréi 6 MS-PR-13 MS/BR  -22.1360 -52.7030 239 + 10 1741 TL FATEC-184 Kashimoto 1997,

Rio Pardo 4 MS-PD-04 MS/BR  —22.1860 -52.7850 432 + 32 1548 TL FATEC-187 Kashimoto 1997

Ribeirao Quitero6i 1 MS-PR-08 MS/BR  —22.2070 -52.6280 300 + 50 1680 TL FATEC-95 Kashimoto and Martins 2008

Ribeirao Quiterdi 1 MS-PR-08 MS/BR  —22.2070 -52.6280 320 +35 1660 TL FATEC-94 Kashimoto and Martins 2008

Ribeirao Quiterdi 1 MS-PR-08 MS/BR  —22.2070 -52.6280 350 + 30 1630 TL FATEC-96 Kashimoto and Martins 2008

Baia da Onga 1 - MS/BR  —22.3980 -52.9250 540 + 60 1440 TL FATEC-117 Kashimoto and Martins 2008

Rio Ivinhema 1 MS-IV-09 MS/BR  —23.2440 -53.7150 570 +40 1410 TL FATEC-996 Kashimoto and Martins 2008

Rio Ivinhema 1 MS-IV-09 MS/BR  -23.2440 -53.7150 600 + 57 1380 TL FATEC-997 Kashimoto and Martins 2008

Alto Parand 46 MS-PR-98 MS/BR  -23.5970 -54.0420 480 + 30 1500 TL FATEC-196 Kashimoto 1997, Kashimoto
and Martins 2008

Rio Amambai 1 — MS/BR  -23.9640 -55.1640 540 + 40 1440 TL FATEC-127 Kashimoto and Martins 2008

Alvim - SP/BR —22.3190 -51.4990 906 + 90 1074 TL - Faccio 1992

Alvim - SP/BR —223190 -51.4990 978 +100 1014 TL - Faccio 1992

Neves - SP/BR —22.3480 -50.9670 755 +80 1225 TL FATEC Faccio 1998

Porto Casanova — SP/BR —22.6340 -51.1210 980+ 100 1104 C14 — Chmyz 1977, in Correa 2009

Porto Casanova 2 SP-AS-14 SP/BR —22.8330 -51.1670 908 + 100 1162 C14 SI-709 Stuckenrath and Mielke 1973

SP-BA-7 SP-BA-7 SP/BR —23.5830 -49.6000 850 + 150 1200 C14 SI-417 Chmyz 1967. Stuckenrath and
Mielke 1970

Rio Paranapanema — SP/BR —24.0970 -49.4100 - 1190 + 50* C14 — Chmyz 1977 in Correa 2009

Pesqueiro Barragem de  PR-NL-7 PR/BR —22.6410 -52.8560 530 + 55 1429 C14 SI-6400 Chmyz and Chmyz 1986

Rosana

MT-IV-1 MT-IV-1 PR/BR** —-23.5000 -52.5000 180 + 60 Modern** C14 SI-1018 Chmyz 1969a, Stuckenrath and
Mielke 1973

MT-IV-1 MT-IV-1 PR/BR** —-23.5000 -52.5000 260 + 70 1709 C14 SI-1016 Chmyz 1969a, Stuckenrath and
Mielke 1973

MT-IV-1 MT-IV-1 PR/BR** —-23.5000 -52.5000 475 +45 1458 C14 SI-1017 Chmyz 1969a, Stuckenrath and
Mielke 1973

MT-IV-2 MT-IV-2 PR/BR** -23.6670 -53.3330 110 + 60 Modern** C14 SI-1019 Chmyz 1969a, Stuckenrath and
Mielke 1973

Corredeira dos Caiua PR-JA-1 PR/BR —22.9170 -50.0000 760 + 50 1288 C14 SI-140 Long 1965

Rio Condor 3 PR-FL-13 PR/BR —23.5000 -52.5000 135+ 120 Modern™* (14 SI-698 Chmyz 1969a, Stuckenrath and
Mielke 1973

Rancho Leoncio 2 PR-FL-5 PR/BR —23.5000 -52.5000 300+ 115 1649 C14 SI-693 Chmyz 1969a, Stuckenrath and
Mielke 1973

Rancho Leoncio 2 PR-FL-5 PR/BR —23.5000 -52.5000 470+ 100 1493 C14 SI-694 Chmyz 19693, Stuckenrath and
Mielke 1973

Segunda Corredeira PR-FL-23 PR/BR —23.5000 -52.3330 560 + 30 1418 C14 SI-700 Stuckenrath and Mielke 1973,
Brochado 1984

Rio Condor 5 PR-FL-15 PR/BR —23.5000 -52.5000 590 + 70 1393 C14 SI-699 Brochado 1973, Stuckenrath
and Mielke 1973

Sitio Geraldo PR-ST-1 PR/BR —23.5000 -52.5000 610+ 120 1379 C14 SI-696 Brochado 1973, Stuckenrath
and Mielke 1973

Sitio Geraldo PR-ST-1 PR/BR —23.5000 -52.5000 1065 + 95 1026 C14 SI-695 Brochado 1973, Stuckenrath
and Mielke 1973

Porto de Areia 2 PR-QN-2 PR/BR —23.5010 -52.5000 540 + 60 1424 C14 SI-697 Chmyz 19694, Stuckenrath and
Mielke 1973

Sete Quedas 3 PR-FO-4 PR/BR  —24.0770 -54.2470 760 + 40 1287 C14 SI-5039 Chmyz 1983 in Noelli 1999
—2000

Porto Estamata PR-FI-98 PR/BR —25.1720 —-54.3880 190 + 75 Modern**  C14 SI-5018 Chmyz 1983 in Noelli 1999
—2000

Paineira PR-FI-103 PR/BR  —-25.2080 -54.4420 600 + 60 1388 C14 SI-5029 Chmyz 1983 in Noelli 1999
—2000

Cafezal 2 PR-FI-127 PR/BR 252380 -543690 590 + 55 1397 C14 SI-5024 Chmyz 1983 in Noelli 1999
—2000

Borevi 2 PR-FI-100 PR/BR —25.2690 -54.4780 625 + 55 1358 C14 SI-5020 Chmyz 1983 in Noelli 1999
—2000

Fazenda Dona Carlota 1 PR-FI-104 PR/BR  —252990 -54.3250 415+75 1536 C14 SI-5032 Chmyz 1983 in Noelli 1999
—2000

Foz do Bela Vista 1 PR-FI-22 PR/BR —25.3900 -54.3560 230 + 80 1751 C14 SI-5015 Chmyz 1983 in Noelli 1999
—2000

Rio Dois Irmaos PR-FI-112 PR/BR —25.3970 -54.5780 700 + 55 1338 C14 SI-5036 Chmyz 1983 in Noelli 1999

(continued on next page)



62

Table 4 (continued )

M. Bonomo et al. / Quaternary International 356 (2015) 54—73

Site Identification State/ Latitude  Longitude Age years BP Age years Method Lab code Reference
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Lagoa Seca PR-FI-118 PR/BR  —25.4630 -54.5090 205 + 80 1771 C14 SI-5022 Chmyz 1983 in Noelli 1999
—2000

Lagoa Seca PR-FI-118 PR/BR  —-254630 -54.5090 340 + 60 1569 C14 SI-5023 Chmyz 1983 in Noelli 1999
—2000

Rio Ferraria 1 PR-CT-54 PR/BR  —-254760 -49.5300 528 +70 1432 C14 Beta-22645 Chmyz 1983 in Noelli 1999
—2000

Taquapelagai PR-FI-97 PR/BR  —-255010 -54.0300 255+ 80 1723 C14 SI-5017 Chmyz 1983 in Noelli 1999
—2000

Fazenda Dona Carlota 2 PR-FI-140 PR/BR  -255200 -54.4720 745+75 1302 C14 SI-5027 Chmyz 1983 in Noelli 1999
—2000

Fazenda Dona Carlota 4 PR-FI-142 PR/BR  —255450 -54.5740 395 + 60 1546 C14 SI-5034 Chmyz 1983 in Noelli 1999
—2000

Sete Quedas 2 PR-FO-3 PR/BR  —-26.0840 -51.0340 490 + 60 1455 C14 SI-5040 Chmyz 1983 in Noelli 1999
—2000

Elevatério de Aguas PR-UV-16 PR/BR —26.1670 —51.0000 500 + 45 1442 C14 SI-1015 Chmyz 1969b, Stuckenrath and
Mielke 1973

Joao A. Guarantier SC-U-54 SC/BR —27.0830 -53.0330 250 + 90 1727 C14 SI-546 Piazza 1969, Stuckenrath and
Mielke 1972

Sao Carlos SC-VX-5 SC/BR —27.1000 -53.0170 490 + 70 1461 C14 SI-548 Piazza 1969, Stuckenrath and
Mielke 1972

Caxambu do Sul 1 SC-U-55 SC/BR —27.1170 -53.0830 510+ 70 1444 C14 SI-547 Piazza 1969, Stuckenrath and
Mielke 1972

Caxambu do Sul 1 SC-U-55 SC/BR —27.1170 —-53.0830 620 + 80 1365 C14 SI-550 Piazza 1969, Stuckenrath and
Mielke 1972

Barra Escondida | SC-U-69 SC/BR —27.1330 -53.4330 1070+ 100 1019 C14 SI-549 Piazza 1969, Stuckenrath and
Mielke 1972

Mondai 1 SC-U-53 SC/BR —27.2000 -53.4170 770+ 100 1278 C14 SI-439 Piazza 1969, Mielke and Long
1969

SC-VP-38 SC-VP-38 SC/BR —27.2710 -52.5080 590 + 100 1392 C14 SI-826 Miller 1971, Stuckenrath and
Mielke 1973

Joaquim Bosquero SC-U-71 SC/BR —27.4984 —-51.7500 900 + 50 1184 C14 Beta-118377 Projeto Machadinho 1988 in
Noelli 1999—2000

José Vieira SC-U-368 SC/BR —27.5330 -51.7676 420 + 60 1526 C14 Beta-118376 Projeto Machadinho 1988 in
Noelli 1999—2000

José Vieira SC-U-368 SC/BR —27.5330 -51.7676 530 + 70 1431 C14 Beta-118375 Projeto Machadinho 1988 in
Noelli 1999—-2000

Tapera SC-LF-2/FLN-58 SC/BR —27.5940 —-48.5010 550 +70 1418 C14 SI-244 Rohr 1969, Long and Mielke
1967

Morro Bonito 2 - SC/BR —28.6089 489839 430 + 40 1495 C14 Beta-262754 Milheira and De Blasis, 2011

Morro Bonito 3 — SC/BR —28.6130 -48.9918 510+ 40 1437 C14 Beta-262755 Milheira and De Blasis, 2011

Morro Bonito 1 - SC/BR —28.6170 —49.8842 520 + 50 1433 C14 Beta-262753 Milheira and De Blasis, 2011

Laranjal 1 - SC/BR —28.6201 —-48.9380 440 + 40 1486 C14 Beta-262751 Milheira and De Blasis, 2011

Sibelco - SC/BR —28.6213 —48.9991 550 + 60 1419 C14 Beta-262752 Milheira and De Blasis 2011

Arroio Corrente 5 - SC/BR —28.6852 —49.0359 470 + 40 1459 C14 Beta-280654 Milheira and De Blasis, 2011

OlhoD'agua 1 - SC/BR —28.7917 —-49.1972 560 + 40 1417 C14 Beta-280652 Milheira and De Blasis, 2011

Aldeia do Cemiterio - SC/BR —28.8412 —-49.2956 720 + 70 1260 TL FATEC Lino, 2007

Lagoa dos Esteves
Aldeia da Lagoa Mae - SC/BR —28.8659 —-49.3231 610+ 70 1370 TL FATEC Lino, 2007
Luzia

Pogo Grande - SC/BR —26.4446 —48.8438 340 +35 1640 TL - Farias and Kneips, 2010

Aldeia da ZPE - SC/BR —28.2166 —-48.6967 810 +85 1170 TL - Farias and Kneips, 2010

Aldeia da ZPE - SC/BR —28.2166 —48.6967 715+75 1265 TL - Farias and Kneips, 2010

Jaboticaba 1 RS-VZ-41 RS/BR —27.1670 -53.7330 225+ 50 1758 C14 SI-701 Miller 1969, Stuckenrath and
Mielke 1973

Trés Bocas 2 - RS/BR —27.5290 -54.6560 410 + 60 1536 C14 LP-1761 Costa Angrizani, 2012

Itajuba 1 - RS/BR —27.5440 —-54.6680 390 + 60 1548 C14 LP-1751 Costa Angrizani, 2012

Barra do Sto. Cristo 1 - RS/BR —27.5680 —54.7200 500 + 70 1452 C14 LP-1874 Costa Angrizani, 2012

Ilha Comandai RS-VZ-12 RS/BR —27.8000 -55.1000 215+105 1753 C14 SI-702 Stuckenrath and Mielke 1973

Adolfo Schenkel RS-C-63 RS/BR —-29.3720 -51.5650 190 + 85 Modern***  C14 SI-1197 Ribeiro 1968, 1974, Rogge 2005

Lincoln Steuernagel RS-MJ-53a RS/BR  -294170 -53.3320 905 + 95 1165 C14 SI-1196 Brochado 1969, 1973

Eri Rampellotto RS-MJ-71 RS/BR —29.5320 -53.5360 265 + 90 1694 C14 SI-2199 Brochado 1971, 1984

Pedra Grande RS-SM-7 RS/BR —29.5500 -54.2500 605 + 40 1392 C14 SI-1002 Brochado 1969, Stuckenrath
and Mielke 1973

Pedra Grande RS-SM-7 RS/BR —29.5500 —-54.2500 800 + 40 1257 C14 SI-1003 Brochado 1969, Stuckenrath
and Mielke 1973

Bom Jardim Velho RS-C-14 RS/BR —29.6289 -51.3729 745+ 115 1294 C14 SI-1198 Ribeiro 1968, 1974

Arnildo Drew RS-MJ-87 RS/BR —29.6780 —53.6440 695 + 55 1340 C14 SI-2200 Brochado 1971, 1984

Elias Dal Pra RS-MJ-50 RS/BR —29.6890 -53.5500 110+ 100 Modern*** (14 SI-817 Brochado 1969, Stuckenrath
and Mielke 1973

Elias Dal Pra RS-MJ-50 RS/BR —29.6890 —-53.5500 354+ 105 1586 C14 SI-818 Brochado 1971, Stuckenrath
and Mielke 1973

Reinaldo Kappel RS-RP-140 RS/BR —29.7290 -52.6810 180 + 60 Modern***  C14 SI-3523 Ribeiro 1991

Aurélio C. Bernardes RS-MJ-90 RS/BR —-29.7290 -52.6810 220 +85 1758 C14 SI-2202 Brochado 1971, 1984

Jeronimo Rodrigues RS-MJ-98 RS/BR —-29.7610 -53.2490 775 +65 1278 C14 SI-2198 Brochado 1971, 1984
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Table 4 (continued )
Site Identification State/ Latitude  Longitude Age years BP Age years Method Lab code Reference
code country AD

Bassani RS-M-35 RS/BR —29.7670 -50.0830 870+ 100 1194 C14 SI-412 Miller 1967, Stuckenrath and
Mielke 1970

Bassani RS-M-35 RS/BR —29.7670 -50.0830 1070+ 110 1018 c14 SI-413 Miller 1967, Stuckenrath and
Mielke 1970

Joao B. Cantarelli RS-M]J-42 RS/BR —29.8240 -53.3830 130 + 105 Modern*™* C14 SI-815 Brochado 1969, Stuckenrath
and Mielke 1973

Arnaldo M. Silva RS-MJ-47 RS/BR —29.8500 —-53.3800 530 + 120 1442 C14 SI-816 Brochado 1971, Stuckenrath
and Mielke 1973

Paso Fundo RS-M-16 RS/BR —29.9330 -50.2170 520 +200 1476 C14 SI-410 Miller 1967, Stuckenrath and
Mielke 1970

Paso Fundo RS-M-16 RS/BR —29.9330 -50.2170 540 + 100 1429 C14 SI-411 Miller 1967, Stuckenrath and
Mielke 1970

Santa Rita RS-SR-342 RS/BR —29.9810 -51.5330 420 + 60 1526 C14 Beta-118376 Hilbert 1999

Santa Rita RS-SR-342 RS/BR —29.9810 -51.5330 530+70 1431 C14 Beta-118375 Hilbert 1999

Ilha Francisco Manuel RS-C-71 RS/BR -30.2653 -51.1632 610+ 50 1349 C14 Beta Gaulier 2001—2002

Lagoa da Porteira 1 RS-LC-80 RS/BR -30.4310 -50.6050 280 + 50 1654 C14 Beta-202366 Schmitz and Sandrin 2009

Lagoa da Porteira 1 RS-LC-80 RS/BR —30.4310 -50.6050 563 + 45 1417 TL LVD-655 Schmitz and Sandrin 2009

Bento Prestes RS-CM-11 RS/BR —30.8450 -52.8920 445 + 40 1482 C14 SI-6402 Ribeiro et al., 1986

Ribes PS-G-PA-4 RS/BR —31.5030 -52.4050 510+ 70 1470 TL FATEC-1968 Milheira 2008

Camping PS-02 RS/BR —31.7120 -52.1740 380 +50 1552 C14 Beta-234205 Milheira 2008

Toto PS-03 RS/BR —29.7610 -53.2490 530 + 40 1429 C14 Beta-237665 Milheira 2008

Fazenda Soares RS-RG-002 RS/BR —31.8470 -52.2220 510+60 1441 C14 Beta-64284 Hilbert et al., 1997 in Carle
2002

Fazenda Soares RS-RG-002 RS/BR —31.8470 -52.2220 580 +50 1405 C14 Beta-64560 Hilbert et al., 1997 en Carle
2002

Fazenda Soares RS-RG-002 RS/BR —31.8470 —-52.2220 890 + 40 1197 C14 SI-1190 Naue 1973, Brochado 1984,
Carle 2002

RS-T-114 RS-T-114 RS/BR —29.2885 -52.1195 592 + 67 1388 TL LACIFID-USP Kreutz 2008

Table 5

Dates from 1000 to 1780 AD obtained in Uruguayan and Argentinean sites. References: AR = Argentina; MSN = Misiones; CRT = Corrientes; ERR = Entre Rios; BsAs = Buenos

Aires; UR = Uruguay; RN = Rio Negro.
Site Province or  Latitude Longitude Age years BP Age years AD Method Lab code Reference
department/
Country
Panambi 3 MSN/AR —27.6920 -54.9010 920 + 70 1158 C14 LP-176 Poujade 1994,Sempé and Caggiano 1995
519 CRT/AR -27.3560 —56.1690 410 + 50 1534 C14 B-197133 Rodriguez 2009
516 CRT/AR —27.4150 -56.2690 380 + 50 1552 C14 B-197132 Rodriguez 2009
Gonzalez CRT/AR —27.5060 —56.7290 420 + 50 1519 C14 B-105251 Rodriguez 2009
San Antonio CRT/AR -27.5140 -56.7380 610 + 70 1374 C14 B-105247 Rodriguez 2009
Valenzuela CRT/AR —27.5200 -56.7300 300 + 50 1623 C14 B-105250 Rodriguez 2009
Valenzuela CRT/AR —27.5200 -56.7300 810 + 60 1250 C14 B-197128 Rodriguez 2009
Medina I CRT/AR —27.5520 -57.1490 300 + 50 1623 C14 Beta-105248 Rodriguez 2009
Medina | CRT/AR —27.5520 —57.1490 330 + 50 1571 c14 LP-750 Rodriguez 1997, 2009
Medina | CRT/AR —27.5520 -57.1490 360 + 60 1560 C14 Beta-105253 Rodriguez 2009
Medina I CRT/AR —27.5520 -57.1490 430 + 50 1504 C14 LP-734 Rodriguez 1997, 2009
Santa Tecla I CRT/AR -27.6370 -56.6150 240 + 50 1749 C14 Beta-105252  Rodriguez 2009
Santa Tecla I CRT/AR -27.6370 -56.6150 310 + 50 1591 C14 Beta-197131 Rodriguez 2009
Santa Tecla I CRT/AR —27.6370 -56.6150 390 + 60 1548 C14 Beta-197130 Rodriguez 2009
Santa Tecla I CRT/AR -27.6370 -56.6150 570 + 50 1410 C14 B-197129 Rodriguez 2009
Santa Tecla I CRT/AR -27.6370 -56.6150 684 +170 1329 C14 Ingeis-1338  Rodriguez 1997, 2009
Llamarada I CRT/AR —283190 -58.0820 370 + 60 1556 C14 Beta-41943  Mujica 1995b, 1995¢
Llamarada I CRT/AR —28.3190 -58.0820 400 + 50 1543 C14 Beta-41939  Mujica 1995b, 1995¢
Llamarada I CRT/AR —283190 -58.0820 480 + 50 1457 C14 Beta-41944  Mujica 1995b, 1995¢
Llamarada I CRT/AR —283190 -58.0820 500 + 60 1447 C14 Beta-41940  Mujica 1995b, 1995¢
Llamarada I CRT/AR —28.3190 -58.0820 510 + 50 1438 C14 Beta-41945 Mujica 1995b, 1995¢
Llamarada I CRT/AR —283190 -58.0820 520 + 50 1433 C14 Beta-41942  Mujica 1995b, 1995¢
Llamarada I CRT/AR —283190 -58.0820 580 + 50 1405 C14 Beta-41941  Mujica 1995b, 1995¢
Ensenada del Bellaco ERR/AR —33.0915 -58.4349 526 + 45 1407 C14 AA-103895 This paper
Cem.A° Paicarabi y Fredes BsAs/AR —34.2289 -58.5924 421 +45 1474 C14 AA-103896  This paper
Arroyo Fredes BsAs/AR —342090 -58.5680 370 + 50 1556 C14 LP-1428 Loponte et al., 2011
Arroyo Fredes BsAs/AR —34.2090 -58.5680 402 + 40 1540 C14 AA-77309 Loponte et al., 2011
Arroyo Fredes BsAs/AR —34.2090 -58.5680 690 + 70 1339 C14 UGA-10789  Loponte et al., 2011
Arroyo La Glorieta BsAs/AR —34.3460 -58.7440 416 + 41 1514 C14 AA-93216 Bonomo et al., 2011
Arroyo Malo BsAs/AR —34.3060 —58.6984 442 + 45 1489 C14 AA-103897 This paper
El Arbolito BsAs/AR —34.1270 -58.2600 405 + 35 1531 C14 GrN-5146 Cigliano 1968
Arroyo Negro RN/URU —32.4970 -58.1890 590 + 50 1390 TL UCTL-1673 Farias Gluchy 2005
Isla Viscaino (Pirata) RN/URU —33.4260 584250 790+ 105 1260 C14 URU-0118 Castillo 2004
Isla Viscaino (Pirata) RN/URU —33.4260 584250 870+100 1194 C14 URU-0118 Castillo 2004
Isla Viscaino (Pirata) RN/URU —33.4260 —-58.4250 1020 + 130 1089 C14 URU-0117 Castillo 2004
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Fig. 3. Digital Elevation Model (DEM).

4.2. Temporal Visualization Model (TVM)

The TVM, which considers the temporal variables in addition to
the spatial variables, provided the possibility of creating a chro-
nological sequence for these dispersion routes. From the digital
animation of the TVM, it was possible to display the expansion
timing on one year intervals. This allowed defining the expansion
rates, divided into discrete periods of major expansion pulses
(principally new sites in new areas) or periods of relative stability in
the previous occupied areas (principally new sites in the same
area). It was also possible to establish when the Guarani are present
in distant zones of the La Plata Basin.

On the basis of the collected data, between the year 0 and 300
AD the earliest evidence of unambiguous Guarani settlements ap-
pears in the La Plata Basin (Table 2). The earliest date comes from
the confluence area of the Parand and the Iguacgu (or Iguaza) Rivers,
Fazenda Dona Carlota 2 archaeological site, dated 27 AD. Around
200 AD, the Guarani presence is recorded along the Parana River,
about 100 km south from its confluence with the Verde River
(Lagoa 1 archaeological site), in the Itararé River of the Para-
napanema basin (Acampamento Trés site) and in northern

Corrientes (San Miguel II site). Towards the end of this first interval,
two new sites are recorded: the first in the watershed between the
Ibucui and Jacui Rivers in Rio Grande do Sul state (Emilio Kieffer
site), and the second one in the Ivai River (Joao Batista site). The six
archaeological sites occupied during the first three centuries of our
Era suggest the first significant pulse of the Guarani territorial
expansion (Fig. 5). However, given the fact that there are only six
archeological sites with a single date, spatial and chronological
changes in this first pulse are expected, as new dates are obtained.

During the following seven centuries, between 300 and 1000
AD, on the basis of 24 archaeological sites with 34 numerical dates,
it is possible to observe a period of relative stability, which is a
moment of permanence in the already occupied areas and only a
very limited dispersal towards new areas (Table 3 and Fig. 6). It was
possible to record an increase in the number of settlements in the
same areas that present the earliest dates: the Paranapanema Basin
(five sites with five dates between 338 and 947 AD), the confluence
of the Parana and Iguacgt Rivers (four sites with dates between 479
and 686 AD), the Parana River between the mouths of the Ivinhema
and the Verde Rivers (six sites with 13 dates between 380 and 1000
AD), the Ivai Basin (three sites with three new dates between 461
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Fig. 4. Dispersion Routes Model (DRM).

and 717 AD), the Uruguay River (one site with an 859 AD date) and
the middle basin of the Jacui (two sites with three dates between
610 and 906 AD).

The new areas occupied are restricted to the most southern
sectors, and it is possible to observe an advance towards the east,
represented by the dates from the RS-T-114 and Palmeira 2 sites, in
the Sinos River basin (near the Atlantic coast of Rio Grande do Sul),
between 570 and 718 AD. Finally, towards the end of the first
millennium of our Era, the occupation of the Atlantic coast seems to
have started. This is supported by the three dates between 930 and
980 AD from the Aldeia ZPE archaeological site, although additional
data are needed to define the moment of arrival at the littoral zone,
which represents a natural limit to the Guarani expansion.

Between 1000 and 1780 AD, 200 numerical dates were recorded
which correspond to a total of 119 archaeological sites and 5 pre-
viously mentioned sites with European materials. As in the former
period, the quantity of settlements increases in the previously
occupied areas (Table 4). In this sense, there is a significant number

of new dates from the mouth of the Iguagti and the Parand Rivers
(11 new dates between 1302 and 1771 AD corresponding to 10
sites); the course of the Parand River between the Iguacu and the
Verde Rivers (75 dates corresponding to 28 sites between 1030 and
1752 AD); the Paranapanema Basin (9 dates between 1014 and 1429
AD corresponding to 8 sites); the Ivai River (9 dates between 1026
and 1709 AD corresponding to 6 six sites); the Jacui Basin (13 dates
between 1165 and 1758 AD corresponding to 11 sites); the Upper
Uruguay (5 dates between 1158 and 1753 corresponding to 5 sites);
the Atlantic coast of Santa Catarina and Rio Grande do Sul (13 dates
between 1018 and 1495 AD corresponding to 11 sites) and the north
of Corrientes province (15 dates between 1250 and 1749 AD cor-
responding to 7 sites).

During this period, a notable territorial expansion into new
areas also occurred (Fig. 7). It was possible to confirm the presence
of archaeological sites in areas with no prior record of Guarani
occupations: the northern Atlantic coast of Santa Catarina (2 dates
between 1418 and 1640 AD corresponding to the Pogo Grande and
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Fig. 5. Temporal Visualization Model (TVM) from 0 to 300 AD.

Tapera sites), the Miranda River and the Ivinhema River headwater
(3 dates between 1111 and 1349 AD corresponding to 2 sites), the
Upper Uruguay River, towards the Pelotas River (11 dates between
1019 and 1758 AD corresponding to 9 sites), the Iguacu River, be-
tween Santa Catarina and Parana states (3 dates of 1432 and 1455
AD corresponding to 3 sites), the Batel marshes (7 dates between
1405 and 1556 AD corresponding to the Llamarada I site), the Los
Patos lagoon and the Camaqua basin (12 dates between 1197 and
1654 AD corresponding to 8 sites), the Cebollati River basin (one
site with European materials), the Middle and Lower Uruguay River
(5 dates between 1089 and 1407 AD corresponding to 3 sites, along
with 2 sites with European materials), the Parana Delta in the
Lower Parana River and the La Plata River (7 dates between 1339
and 1556 AD corresponding to 5 sites, along with 2 sites with Eu-
ropean materials).

To sum up, from 1000 AD onwards, in addition to a growing
density of sites in the already occupied areas, there was a marked
pulse of expansion in all directions. It is possible to observe Guarani

dispersal towards the west up to the Miranda River and towards the
east, avoiding the elevated zones of the Brazilian Highlands, down
to the Atlantic coast of Brazil and Uruguay. Lastly, sites along the
forest galleries of the Uruguay and Parana lower courses and in the
Martin Garcia Island and the levees of the La Plata River were
recorded. The dynamics of the Guarani mobility during this second
pulse of expansion changes drastically since the beginning of the
16th century, coinciding with the deep transformations caused by
the Luso-Hispanic conquest and colonization.

5. Discussion
5.1. Brochado's view

On the basis of Lathrap's (1956) ideas, Brochado (1984) pro-
posed that the phenomenon of the spatial dispersion of a pottery

style can be attributed to three general processes: 1) the distribu-
tion of vessels from one or several production centers with the
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Fig. 6. Temporal Visualization Model (TVM) from 300 to 1000 AD.

purpose of supplying people who do not produce vessels; 2) the
imitation or adoption by some populations who lacked pottery or
who manufactured other types of vessels; 3) the transport through
migration or expansion by an ethnic group maintaining its own
pottery tradition and reproducing it in other places. In the case of
Guarani pottery, while exchanges held with other groups are not
ruled out, the author observes that there is no archaeological or
ethnographic evidence indicating the existence of pottery-
production centers destined to maintain a large-scale vessel dis-
tribution. Subsequently, the dispersion of pottery styles through
successive copies manufactured by different ethnic groups would
depend on the existence of a wide population contingent with the
same needs, willing to accept the Guarani cultural patterns and
possessing the proper technology to do it. While the existence of
assimilation processes is acknowledged, it also represents an
implausible hypothesis to explain the full scale of the Guarani
phenomenon. In spite of the regional variations, it is possible to
observe a marked uniformity in the vessels produced within the

territories identified with the Guarani historical distribution. Ac-
cording to Brochado (1984), the dispersion of Guarani pottery in
that sub-continental scale can only be explained through a popu-
lation growth which additionally entailed the spreading of other
cultural features.

In general, the model of expansion generated in this paper co-
incides with Brochado's proposal (1984) on Guarani dispersion,
although there are also some divergences in regards to the routes
followed and their chronologies. The results obtained here strongly
support Brochado (1989) and Noelli's (1998) idea that this phe-
nomenon consisted of a population expansion rather than a
migration. Following Lathrap (1956), both authors propose that the
continuous demographic growth supported by agriculture caused
the villages' fission and the subsequent Guarani search of new lands
to cultivate at the periphery of their domains. The Guarani settle-
ment system comprised networks of villages interconnected by
political, economic and social alliances. The division of the villages
at the same pace of demographic growth enabled dominance over
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Fig. 7. Temporal Visualization Model (TVM) form 1000 to 1780 AD.

new lands without leaving the old ones. Isolated villages were
nonexistent, because at the same time that the Guarani conquered
new lands they kept their previously populated territories as well.
This system of village networks suggests that wherever there are
ancient dates, it should be possible to obtain later dates as well.
The results presented here show that once the first Guarani
settlements were established in different areas of the La Plata Basin.
There was continuity in the occupation of these places, in some
cases even the same sites over hundreds of years. This is clearly
evidenced by the successive occupations in the Upper Parana River
(e.g. near the current Itaipi dam) and in the Paranapanema, Ibicui
and Jacui Rivers, where the regional network systems lasted until
the demographic collapse following the 16th and 17th centuries.
Therefore, the movement of the Guarani settlements responded
more to an expansion of their frontiers, rather than to migratory
waves of whole populations abandoning the older areas -a dynamic
which better characterizes the historic migrations to the land
without Evil (ywy mara ey in Guarani) (Métraux, 1927). It is also

clear that this phenomenon of people movement presented great
temporal depth, developing throughout almost two millennia or
more. This antiquity broadly coincides with what Brochado (1984)
claimed on the basis of 54 dates and the glotto-chronological dating
by Rodrigues (1964).

Brochado (1984) sought to reproduce the Guarani expansion in
Eastern South America through the connections between the
earliest available dates. In order to achieve that and following the
premise that the larger rivers served as water routes and rich
sources of staple resources, he mapped the Guarani movements
(Fig. 8a). Brochado claims that the early dispersion occurred be-
tween 100 and 200 AD, when the Guarani already occupied
(although sparsely) the area comprised between the Ivai and the
Jacui Rivers. On the basis of the dates arranged in intervals of 200
years, he proposes that these populations dispersed through
various fluvial and coastal routes: down the Paraguay River up to
the Middle Parana River (between 200 and 400 AD); through the
Upper Parand, Upper Uruguay and the center of the Rio Grande do
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Fig. 8. Comparison between Brochado's model (a; modified from Brochado's 1984: Figure 15) and the expansion model proposed here (b).

Sul state (between 400 and 600 AD); upstream Uruguay and Par-
anapanema Rivers (600—800 AD); from the Jacui basin towards the
Atlantic coast and, from there, north to Sao Paulo state and south to
the Los Patos lagoon (800—1000 AD); skirting the Atlantic coast
heading south (1000—1200 AD); upstream towards Uruguay,
Iguacd and Ivai Rivers and Paranapanema tributaries, and south
along the middle and lower parts of the Uruguay and Parana Rivers
to the La Plata River (1200—1400 AD); and following the Uruguayan
coast of the La Plata River and upstream along the Rio Negro River
(1400—1600 AD).

5.2. The Guarani expansion according to available archaeological
dates

The increment of numerical dates since the 1990s and the
calibration of radiocarbon ages with the currently available curves,
enable the analysis of the chronologies and the dispersion routes
proposed by Brochado (Fig. 8a) against a broader and more precise
database. As a result, it was possible to confirm that between 27
and 280 AD, there were Guarani settlements in the area between
the Paranapanema River and the Ibicui Basin. If new dates
confirmed the age of the San Miguel II site, this would also
demonstrate the early Guarani presence in the province of Cor-
rientes, Argentina.

The available dates indicate that the Upper Parand is the area
with the earliest Guarani occupations, with the dispersion vectors
departing initially from this section of the river heading north and
south (Figs. 4 and 8b). Conversely, Brochado holds the hypothesis
that the entry of the Guarani populations started eastwards from
the Paraguay River. While this possibility is not ruled out, due to the
profuse ethnohistorical information and the numerous Guarani
vessels stored in private and public Paraguayan collections, there is
currently no date of Guarani archaeological sites in Paraguay to
confirm this early dispersion route. There is no archaeological data
for extended areas, such as the north of the Brazilian states of Mato
Grosso do Sul, Mato Grosso, and Rondonia. These regions, along
with Paraguay, hold a great potential for containing Guarani sites,
even earlier than those from the Upper Parand. For that reason,
these regions would probably be highly useful to map the first

stages of the expansion, before the entry into the Parand Basin,
considering linguistic studies (Rodrigues, 1964, 1986; Urban, 1992)
that point to the southwestern Amazon as a likely departure point
for the Tupi languages. Corrugated, nail-incised and brushed pot-
tery, and nail-incised urn burials have been found in Bolivian Chaco
(Chuquisaca and Santa Cruz; Alconini, 2013; Parssinen, 2003).
Preliminary studies of the Bolivian evidence have started to ques-
tion the idea, based on written documents, that the Guarani
reached this area only recently (Parssinen, 2003).

The presence of Guarani settlements between 200 and 300 AD
in the middle sections of the Paranapanema and Ivai Basins
(Fig. 8b), suggests an expansion towards the east earlier than sug-
gested by Brochado. In regard to the Atlantic coast occupation, most
settlement movement seems to have occurred during the end of
the first millennium AD and afterwards. This moment marks the
beginning of movements in different directions throughout the
occupied territory, which coincides with Brochado's suggestions for
the intervals between 1000 and 1600 AD. The model presented
here enables the additional postulation of new expansion routes,
towards the west, through the Jejui Guazd and Miranda Rivers,
where information was unknown in the 1980s. In regards to the
more southern dispersions in the La Plata Basin, the absence of
dates for the Guarani sites from the Uruguayan coast of La Plata
River and from the inner Negro River (Fig. 2) hinders the deter-
mination of the vectors' directions.

From the model presented here, it is possible to infer that the
arrival of the Guarani in the more southern latitudes of their
geographic distribution (that is, the Lower Parand Delta and the
Argentinean coast of the La Plata River) was achieved following the
course of the Uruguay River. In addition to the Uruguay River,
Brochado also suggests (Fig. 8a) the Middle-Lower Parana River as a
potential access route into the La Plata River. This author suggests
that the Middle Parand River could have served as a dispersion
route for the Guarani and would represent continuity for the pro-
cess started in the Paraguay River. However, the archaeological
information available does not support this possibility and shows
that the Middle Parana (downstream the mouth of the Paraguay
River) and the Upper Parana Delta were densely populated by other
indigenous people associated with the Goya-Malabrigo



70 M. Bonomo et al. / Quaternary International 356 (2015) 54—73

archaeological entity (Politis and Bonomo, 2013). The archaeolog-
ical record from this section of the Parana River (Table 1) fails to
show effective Guarani occupations. For example, in the Upper
Delta, only isolated material has been recorded: a burial in a
polychrome urn, four complete vessels, and a reduced number of
corrugated and nail-incised sherds. With the exception of some
European chronicles from the 16th century (Bonomo et al., 2011),
which mention Guarani people at the surroundings of the Sancti
Spiritus Fort (1527—1529), the effective settlement of these indig-
enous populations are restricted to the more outer islands of the
Lower Parand Delta (Outes, 1918; Lothrop, 1932; Vignati, 1941;
Loponte et al,, 2011; Bonomo, 2013). Similarly, in southern Brazil
and Uruguay (Brochado, 1984; Scatamacchia, 1990; Cabrera Pérez,
1994, 2011; Milheira, 2011; among others), dispersion of Guarani
materials appear in the surface and in the upper layers of sites
occupied by other existing indigenous groups, as can be observed in
the Middle Uruguay River, the Parand Delta and the La Plata River
(Cigliano et al., 1971; Ceruti and Crowder, 1973; Rodriguez and
Rodriguez, 1985; Bonomo, 2013).

The preexistence of other indigenous people and the ecological
conditions, especially the predominance of open-environment
vegetation, undoubtedly redirected the Guarani dispersion and, in
some cases, hindered the effective occupation of some landscapes.
The Guarani expansion did not develop in an empty space, and the
relation with local populations would have influenced this
(avoidance of contact, interchange of goods, marriage and kinship,
war, and captive raiding). For example, due to the predominance of
the Tupinamba and other indigenous, central and northern Sao
Paulo and its littoral were not initially occupied by the Guarani. The
occupation of these sectors started only in the 19th century by
some Guarani groups that migrated from other regions of Brazil and
Paraguay. Some parts bordering their occupied territories, such as
the adjacent plains of the Parand Delta, are examples of grassland
environments with fewer areas covered with dense arboreal
vegetation. The Guarani economic system was designed to function
within the forest, where they systematically introduce a set of
plants for food, medicinal use or as raw material, handled under the
Amazon agroforestry model (Noelli, 1993; Balée, 1994). This system
was considerably elastic, capable of adapting to different environ-
ments, with the presence of an arboreal canopy cover as the central
conditioning ecological factor. The package included hundreds of
basic components (Noelli, 1993) transported throughout their
whole occupation area (corn, manioc, sweet potato, squash, beans,
peanuts, medicinal plants, among others). They also incorporated
species from new territories, such as the araucaria tree, yerba mate,
Butia palms, and algarrobo trees, among many others. The handling
of plants took place in variable environments, such as cropping
areas (named rozas), paths near the houses, and on forest islands in
the grasslands. Their capacity to handle and even to create artificial
forest islands in the grasslands could have favored the beginning of
their dispersion over the margins and adjacent plains of the La Plata
River, beyond the marginal riverside forest.

6. Conclusions

Through examination of the location and chronology of the
Guarani archaeological sites in the La Plata Basin and the littoral of
southern Brazil, it was possible to generate a hypothetical model of
the dispersion routes and the temporal rates towards the Late Ho-
locene. First, the dispersion routes showed that the flow of expan-
sion followed the fluvial courses (the Parand, Paranapanema, Ivai,
Piquiri, Iguacd, Uruguay, Pelotas, Ibicui and Jacui rivers, along with
smaller tributaries). In general, it reveals the dominant cultural
patterns of the Guarani, with movements which were oriented by
travel through the clean and lineal water routes and a settlement in

therich fluvial environments, frequently surrounded by dense forest
cover. Later, after consolidating the occupation of these territories,
they moved on to occupy and manage the vegetation in more spe-
cific sections of the hydrographic basins, up to the interfluves.

As in many archaeological studies, the results obtained here are
also affected by important sampling bias. These biases range from
the trajectories of the Guarani archeology in different countries, to a
survey directionality that privileged littoral and fluvial environ-
ments, mainly large rivers disregarding smaller streams or inner
zones. Most of the Guarani sites were not dated; only 12% of the
sites recorded here have some sort of chronological frame. Some
potential early Guarani areas such as eastern Paraguay, Bolivia and
the Brazilian states of Mato Grosso do Sul, Mato Grosso and
Rondonia, need more intensive survey and systematic research.
Further research may extend the chronology of the first expansion
pulse proposed and change some route directions, particularly the
earliest ones. Although future adjustments modify the model pro-
posed here, it have a clear power to account the general process of
the Guarani expansion, once these populations were settled in the
Upper Parana at the beginning of our Era.

The numerical dates compiled enabled the calculation of the
dispersion rates, entailing a history of at least 17 centuries of
continuous physical movements of people. The climatic oscillations
during this period do not appear to have a strong influence on the
identified pulses of Guarani expansion, which transcends dry,
warm, and humid moments (Iriondo and Garcia, 1993; Stevaux,
2000). During the expansion, thousands of kilometers were
covered: to the east, the Atlantic coast in Santa Catarina (900 km;
930 AD); to the northwest, they reached the Miranda River
(450 km; 1111 AD); to the southwest, they reached the Batel
marshes in the province of Corrientes (400 km; 1405 AD); and to
the south, the Parana Delta and the La Plata River (1200 km; 1339
and 1531 AD). These limits are based on the available dates, so they
will vary as research intensified, especially to the west.

Two main expansion pulses and an intermediate stability period
were determined. The first pulse occurs from 0 to 300 AD, when six
occupations with wide geographic distribution are detected. Ac-
cording to the area covered during these first three centuries, it was
possible to calculate an average expansion rate of 750 km? per year.
This wide extent indicates a larger spatial division between the
identified villages. Recent mitochondrial DNA studies (Marrero
et al., 2007) for this area indicates that the separation between
the three major Guarani partialities present in Brazil (Nandeva,
Kaiowd, M'byd) occurred prior to ca. 200 AD, coinciding with the
first expansion pulse. Conversely, during the longest period, from
300 to 1000 AD, there is a period of stability and successive reoc-
cupations in the same areas (34 numerical dates in 24 sites were
recorded). Some expansion movements are observed, though they
are rare. Accordingly, the rate of dispersion during this period of
major stability was considerably slower: 110 km? per year. This
would indicate a shorter distance between the settlements, with
higher regional demographic density which resulted in a growing
branch of villages into the secondary and tertiary courses of the
hydrographic network. Finally, between 1000 AD and the European
conquest, the second pulse of accelerated expansion occurs. It is
possible to observe a notable increase in the number of occupations
(200 dates distributed in 119 sites), in addition to a faster dispersion
pace of 500 km? per year. Possibly, the demographic growth in the
previous occupied areas allowed the expansion of massive Guarani
contingents to start new colonization into farther regions domi-
nated by non-Guarani populations.

These regional expansion processes led to dispersed Guarani
people dominating wide portions of land in the La Plata Basin and
southern Brazil. These territories were maintained by continuous
communications between settlements, exchange networks, and
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political alliances, key elements to explain the notable uniformity
in the material culture, language, and other aspects throughout
space and time. The climax of the Guarani population growth must
have reached high numbers that researchers are not prepared to
accept yet. The areas where the historical data was gathered yield
high numbers at first, and then the population began to decrease in
the 17th and 18th centuries, mainly due to epidemics, war, slavery,
and famine. As suggested by Melia (1986), the regional projections
of Guarani people reach one million in Guaira, and three hundred
thousand in the Tape (Eastern Misiones historic region). The Gua-
rani from the La Plata River were the first to suffer the conse-
quences of European contact, as their number decreased drastically
between 1513 and 1531 (Noelli, 2004). The issue of Guarani de-
mographics is still a pending topic in the South American agenda
which has not been satisfactorily researched yet, posing more
questions than answers.

Thirty years after the PhD thesis written by ]. P. Brochado, large
areas historically occupied by the Guarani are still lacking archae-
ological research. However, today we have a higher number of
dates from Guarani archaeological sites which enable us to confirm
their continuous occupation in some areas, estimate their disper-
sion rates, determine the age of their arrival at opposite ends of
their territories, even in places lacking previous studies, and
question some of the dispersion routes proposed in the 1980s. The
model presented here should be understood as a further step which
is open to improvement, aiming to broaden our knowledge on this
fascinating phenomenon of large-scale Guarani movement across a
vast portion of South America.
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