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Introduction
The Paraná River Delta is considered a complex estuarine delta 
influenced by Paraná and Uruguay River risings and the Río de 
La Plata freshwater tides (see Baigún et  al., 2008; Minotti and 
Borro, 2011; Parker and Marcolini, 1992). This delta constitutes a 
wide wetland macrosystem which covers more than 17,000 km2 
on the final section of the lower Paraná River. It was formed over 
a mid-Holocene marine littoral complex and started to define its 
current morphology after the last transgressive event c. 6000 14C 
yr BP (Cavallotto et al., 2004, 2005; Codignotto, 2004; Iriondo 
and Kröhling, 2008).

This Delta presents a high environmental heterogeneity rep-
resented by rich and abundant biota of both subtropical and tem-
perate origin (Blanco and Méndez, 2010; Bó, 2006; Malvárez, 
1999). Its landscape is mainly characterized by islands produced 
by the accumulation of sediments supplied by major Paraná 
River tributaries (e.g. Bermejo, Paraguay, Pilcomayo) which are 
transported as suspended sediments (Bonetto and Orfeo, 1984; 
Rinaldi et al., 2006).

The Paraná River Delta geological history together with its 
position in the lower section of La Plata Basin is strongly influen-
tial in determining the high susceptibility of this area to hydrome-
teorological phenomena (Herzer et al., 2004; Ré and Menendez, 

2004). The Paraná River hydrological regime exhibits throughout 
the year variations in its water level. High water levels occur from 
December to April and low water levels between April and 
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November (Bó and Malvárez, 1999). Precipitations of great mag-
nitude (which exceed the annual mean of 1000 mm/yr) frequently 
associated with the El Niño Southern Oscillation (ENSO) climate 
phenomenon produce extraordinary flood events (Herzer et  al., 
2004). These deluge episodes affect extensively the deltaic envi-
ronment (e.g. Camilloni and Barros, 2003) and are influenced by 
strong windstorms and south-east tidal phenomena as well 
(Minotti and Borro, 2011; Neiff and Malvárez, 2004). The afore-
mentioned hydrometeorological dynamics sustain the high pro-
ductivity and biodiversity of these ecosystems (Bó, 2006).

Typically, the Paraná Delta has been divided in two contigu-
ous sectors: the Upper Delta (from the beginning of the littoral 
complex to the Paraná Pavón River) and the Lower Delta (from 
Paraná Pavón River to the Río the La Plata estuary). The Upper 
Delta of the Paraná River (herein UDPR) exhibits a discontinuous 
relief marked by both positive landforms such as levees, scroll 
bars, ridges and dunes, and negative ones such as depressions, 
ponds and shallow streams. Each landform presents a differential 
vegetal colonization related not only to its genesis and the evolu-
tion of its substrata, but also to its specific responses to high water 
regimes (floods) and the period through which these persist. Vari-
ations in high and low water regimes produce significant fauna 
distribution changes. During floods, the area occupied by mam-
mals such as Blastocerus dichotomus, Hydrochoerus hydro-
chaeris and Myocastor coypus is limited to the emerging sections 
of elevated landforms. Parallelly, fish that scattered during flood-
ing events are then, as water retires, ensnared in ponds and shal-
low streams.

The variable availability of resources and territories related to 
the hydrometeorological dynamic of the UDPR has been an 
important factor in the human settlement of this area. According 
to the radiocarbon chronologies available, this colonization pro-
cess took place in the late Holocene (Bonomo et al., 2011). In 

this paper, we present and discuss the archaeological record 
recovered from two different types of settlements that corre-
spond to the earliest evidence of UDPR occupation. Here, we 
evaluate whether those records reflect strategies tending to opti-
mize spatial occupation and resource exploitation in environ-
ments highly susceptible to hydrometeorological events. Finally, 
we contribute to the characterization of Goya-Malabrigo archae-
ological entity, which describes a particular pre-Hispanic socio-
cultural complex developed in the lower section of La Plata basin 
(Politis and Bonomo, 2012).

Archaeological background
Pre-Hispanic mounds are one of the most conspicuous cultural 
manifestations in the lowlands of South America (Bonomo 
et  al., 2011; Castiñeira et  al., 2013, 2014; Durán and Bracco, 
2000; Erickson, 2006; Iriarte et al., 2004; Naue, 1973; Ribeiro 
and Milheira, 2015; Rostain, 2010; Schmitz et al., 1991; Suárez 
and Gianotti, 2013). Archaeological scholarship about human 
occupation in UDPR has been focused mainly in the genesis and 
evolution of these mounds (Castiñeira et al., 2013, 2014; Politis 
et al., 2011). Archaeological research in this area suggests that 
the practice of mound building for the development of domestic, 
productive and ritual activities dates at least from 1000 14C yr 
BP (Castiñeira et al., 2014). The practice of elevating residen-
cies, corrals, apiaries and orchards continues among the current 
rural population of the area (Bonomo, 2012; Ceruti, 2003; Gas-
pary, 1950).

Within our study area (Figure 1), mounds are generally found 
isolated or in clusters of two or three. Their height ranges between 
1.0 and 2.5 m and their morphology is elliptical with maximum 
diameters ranging from 35 to 80 m (Bonomo et al., 2011). One of 
the most studied areas in terms of the genesis and evolution of 

Figure 1.  (a) Location of the study area, (b) detail of the UDPR and (c) location of archaeological localities considered in this paper.
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mound building is Los Tres Cerros (herein LTC) archaeological 
locality (32°51′17.3″ S/60° 33′37.6″ W), located 40 km south of 
the sites assessed in this article (Figure 1). The mounds present in 
LTC dated to c. 1000 14C yr BP (Politis et al., 2011). The results 
of the study of natural and anthropic sedimentary sequences allow 
Castiñeira et al. (2013) to propose that mound building in LTC 
was carried out using a selection of local and allochthonous sedi-
ments. These sediments were mixed with ceramics, thermo-
altered sediments and organic materials in order to obtain an 
optimal building mixture for the accretion and consolidation of 
earthworks. These construction techniques used in LTC and other 
mounds of the UDPR (Castiñeira et al., 2014) are similar to those 
found in lowlands of lower Uruguay river, eastern Uruguay and 
Rio Grande do Sul state in Brazil (Bracco et al., 2000; Castiñeira 
et  al., 2015; Castiñeira and Piñeiro, 2000; López Mazz, 1992; 
Salles Machado, 2005).

Mound building has been one of the main characteristics used 
in the delimitation of Goya-Malabrigo archaeological entity 
(Ceruti, 2003; Politis and Bonomo, 2012). This entity was defined 
by morphological and stylistic traits of pottery, specialized tech-
nologies for the exploitation of aquatic resources, small-scale 
farming and building of mounds or ‘cerritos’. It span over the 
second part of the late-Holocene and its spatial distribution 
includes the mid-alluvial plain and the delta of the Paraná River, 
the Lower Uruguay River and the left margin of the Río de La 
Plata (see Politis and Bonomo, 2012).

Thus far, our geoarchaeological research focused on the gen-
esis and evolution of anthropic mounds (Castiñeira et al., 2013, 
2014; Politis et al., 2011). Recently, we began to study other sites 
located on naturally elevated landforms (Bonomo et al., 2016). 
The sedimentary and archaeological records of Laguna de los 
Gansos (herein LDLG), located in a long fluvial levee, and Los 
Dos Cerros (herein LDC), with two anthropic mound sites (LDC1 
and LDC2), will be evaluated and discussed. We analyse both site 
types (levee and mounds) through sedimentary sequences, 
archaeological record and preservation conditions.

Based on the results obtained from the study of natural topogra-
phy and anthropic mounds, we propose earlier dates for earthworks 
in UDPR. We also evaluate the hypothesis that different occupation 
strategies such as mound building and occupation of natural land-
forms were components of a settlement system oriented to exploit 
local resources. This strategy allowed past populations to cope with 
changing environmental conditions generated by the high hydro-
meteorological susceptibility of the microregion.

Features of the study area
Our study area is located in an island area of the UPDR (Figure 1). 
Suspended sediments transported by the Paraná River and accu-
mulated in the form of sand, clay and silt banks formed these 
islands (Bonetto and Orfeo, 1984; Rinaldi et  al., 2006). The 
development and stabilization of these banks are also related to 
the accumulation of plant remains, which favours the accretion of 
sediments (Ramonell et  al., 2011). As water level drops, these 
deposits are colonized by vegetation which promotes soil devel-
opment (Vizia et al., 2010). Simultaneously, the vegetation stabi-
lizes the island margins and fixes the position of adjacent river 
channels. Once the islands stabilize, successive channel floodings 
contribute to the development of elongated levees, which are sub-
sequently covered by gallery forests. During extraordinary flood 
events, levees are fragmented by crevasse channels. In this case, 
water and sediments are delivered into the depressed central areas 
of the islands developing shallow lentic environments. Repeated 
flooding can enlarge the crevasse channels and split the island 
into smaller fragments (Cavallotto, 1995; Drago et  al., 2014; 
Ramonell et al., 2011). This dynamic creates sedimentarily, eco-
logically and topographically diverse environments. In this 

regard, the study area is characterized by the presence of levees 
colonized by mixed fluvial forests, while grasslands dominate 
medium sized topographies and grasses and other wetland plants 
dominate the lowest areas (Malvárez, 1999). Flood pulses together 
with plant community variability in emerging and submerged 
areas create considerable faunal diversity (Quintana and Bó, 
2010; Vizia et al., 2010).

Archaeologically, the area is marked by the presence of pre-
Hispanic cultural surface and subsurface deposits on levees and 
anthropic mounds. LDLG locality includes LDLG1 (32° 29′ 
59.3″ S/60°38′19.7″ W) and LDLG2 (32° 29′ 38.6″ S/60°38′25.4″ 
W) sites, which are placed in a natural levee system (Figure 
2a–c). LDLG is circumscribed to the east by shallow lentic envi-
ronments characteristic of the area (Los Gansos Lake) and to the 
west by the Timbó Colorado stream, tributary of the Paraná 
River (Figure 2a). Anthropic mounds are studied in LDC archae-
ological locality, placed 3 km south of LDLG. We present pre-
liminary results of the analysed sedimentary successions of 
LDC1 (32°31′33.5″ S/60°37′39″ W) and LDC2 (32°31′31.7″ 
S/60°37′41.4″ W) mounds (Figure 2a and d).

Materials and methods
The LDLG1 site was examined using artificial levels of 5 cm to 
a depth of 1 m (Figure 2b). To evaluate the continuity of the sedi-
mentary sequence, a soil augering was utilized to reach 3 m in 
depth. For the LDLG2 site, the same artificial levels of 5 cm to 1 
m were employed (Figure 2c). For the highest elevations of the 
LDC1 and LDC2 mounds (Figure 2d), the stratigraphy was 
examined using artificial levels of 10 cm to 1.5 m depth and then 
soil augering to 3 m in depth to determine basal deposits. In order 
to map the topography of the sites and the geomorphological fea-
tures of the area, a survey with Total Station Nikon Nivo 5C was 
done (Figure 2b–d).

Stratigraphy exposed in excavation profiles and test pits was 
differentiated in terms of colourimetric characteristics (Munsell 
colour chart), and textural and compositional features (presence 
or absence and concentration of archaeological materials, root 
activity and concretions). These parameters were also used in soil 
augering samples. Subsequently, they were subjected to sedimen-
tological analysis (grain size, mineral composition), preliminary 
biocompositional observation (biogenic silica content) and chem-
ical (pH and % organic matter) analyses.

Grain size analyses were performed according to standard 
methodology, with sieve size intervals of one phi for gravel and 
sand fractions, and the International Pipette Method for silt and 
clay (Carver, 1971; Day, 1965). Fractions retained in sieves of 
2–0.062 mm were then observed with a binocular magnifying 
glass. Percentages of sand, silt and clay content were determined 
using Folk’s grain size classification (1954). Mineral composition 
in very fine sand fraction was studied using loose grain slides and 
a petrographic microscope. The mineralogical examination was 
also carried out for the total sample by employing a Diffractom-
eter Philips PW 3710 to perform an x-ray diffraction (XRD). The 
argilomineral composition in natural, glycolated and calcined ori-
ented preparations was evaluated using XRD.

The sedimentary samples were examined for qualitative 
determination of bioclastic composition through a standard 
procedure modified by Zhao and Pearsall (1998). Carbonates 
were removed with HCl (35%) and organic matter was treated 
with hydrogen peroxide (30%) and dispersed by way of ultra-
sound together with sodium hexametaphosphate (4%). While 
the sand fraction was extracted by sieving, the clay fraction 
was separated by decanting. Finally, permanent slides were 
prepared and Biogenic Silica content was determined through 
previous research in the study area carried out by Castiñeira 
et al. (2013) and Sánchez et al. (2013).
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Organic matter and carbonate content estimates were com-
puted following the adjusted protocol established in Heiri et al. 
(2001), after applying the ignition method (analytical LOI). For 
determining pH levels, Potentiometric Titration methodologies 
(Bates, 1983; Willard et al., 1974) were used with the support of a 
LUTRON pH-222 pH meter. Conventional radiocarbon dates 
were calculated in the Laboratorio de Tritio y Radiocarbono 
(LATYR-CONICET-CIG-UNLP) and AMS was performed in the 
NSF-Arizona AMS Laboratory. The dates were calibrated with 
Calib 7.1 using ShCal13.14c calibration curve (Hogg et al., 2013).

Results
Archaeological results
LDLG1 is located in a levee, which has a length of 142 m and a 
height of approximately 1.20 m with respect to the surrounding 
plain. Its north and south flanks are defined by overflow channels 
(Figure 2b). Excavations involved a total of 44 m2 divided into 
two sectors (8 m2 and 36 m2). Archaeological materials were 
recovered from a depth of 0.05 to ~0.40 m. Pottery and 

archaeofauna are the most abundant materials in the site. The 
pottery sample analysed thus far is composed of 4711 sherds. 
The majority (82.36%; n = 3880) are fragments of bodies/bases 
of vessels and 16.55% (n = 780) correspond to rim fragments. 
The remaining objects consist of unfired and fired clay masses, 
appendices, handles and unidentified fragments. The analysed 
archaeofaunal assemblage comprises a total of 1294 remains. It 
is characterized by the high frequency of Myocastor coypus 
(coypu) followed by Hydrochoerus hydrochaeris (capybara) and 
Blastocerus dichotomus (marsh deer), of which the latter is par-
ticularly significant within the collection because of its biomass. 
Other mammals, such as carnivores, are poorly represented 
within the sample yet exhibit significant taxonomic diversity 
and, in some cases, show evidence of anthropic utilization. The 
high frequency of Blastocerus dichotomus and the scarcity of 
fish in comparison to other sites in the area is a remarkable aspect 
of inter-site variability within the area. While fish constitute 
about 80% of the NISP, cervidae are only represented within the 
artefactual assemblage in the LTC1 site (Bastourre, 2014). In this 
regard, botanical and faunal studies at LDLG1 suggest that the 

Figure 2.  Location and topographic detail of the studied localities: (a) area where archaeological sites are located, (b) topographic survey of 
LDLG1 site, (c) topographic survey of LDLG2 site and (d) topographic survey of LDC mound sites.



Castiñeira et al.	 1805

inhabitants of this settlement engaged in a mixed economy based 
on wildlife resources possibly complemented by crops (e.g. Zea 
mays microscopical remains) (Colobig et al., 2014). Meanwhile, 
three radiocarbon dates attained by means of AMS place the 
occupation of LDLG1 between 1775 and 1236 14C yr BP (Table 
1). These dates were obtained from faunal remains exhibiting 
clear evidence of processing.

LDLG2 is located 660 m north of LDLG1 at the same levee 
(Figure 2c). Today, this site is at the entrance of a livestock corral 
adjacent to a small rural settlement. The excavated area covers 17 
m2. Abundant pottery, faunal remains and charcoal were recov-
ered from the first 0.30 m of the A Horizon (Figure 3). A zoomor-
phic pottery handle (possibly the head of a mammal) and an 
appendix with the shape of a bird head (psittacidae) were found 
here. Between 0.35 and 0.45 m depth, at the transition between 
the A Horizon and the underlying sandy deposit, two incomplete 
human burials and isolated human bones were found. The burial 
evidence of Individual 1 (male, young adult, 22–26 years old) 
yielded a date of 570 ± 43 14C yr BP (Table 1). It consists of an 
incomplete skeleton with the pelvic bone, lower articulated legs 
and a cranium placed over the pelvis. Individual 2 (possibly an 
adult), dated to 590 ± 46 14C yr BP (Table 1), is a complete, pri-
mary burial in extended dorsal position. The posterior bones of 
the skull were recovered in a sediment with abundant charcoal 
particles and fish remains. Because both burials were subjected to 
site formation processes occurring at the superficial horizons in 

the entrance to a livestock corral, all human remains are poorly 
preserved and extremely fragmented.

Finally, LDC1 mound has a height of 1.15 m and a maximum 
diameter of 31 m. In the case of LDC2 site, the mound reaches a 
height of 1.20 m with respect to the surrounding plain and has a 
maximum diameter of 23 m. The two mounds are 90 m apart and 
separated by a shallow stream (Figure 2a). Test pits of 50 × 50 cm 
and 150 cm depth were performed in the epicentres of both struc-
tures and then deepened by soil augering to determine the basal 
deposits (Figure 2d). LDC1 archaeological materials, primarily 
represented by pottery fragments and faunal remains, reached a 
depth of 2 m (Figure 4). In contrast, at LDC2 mound, the same 
materials only extended as deep as 1.20 m (Figure 4). From the 
basal deposits containing cultural material two radiocarbon dates 
were obtained, yielding ages of 1940 ± 80 14C yr BP and 1170 ± 
60 14C yr BP for LDC1 and LDC2 sites, respectively (Table 1).

Geoarchaeological results
The stratigraphic record of LDLG1 begins with dark grey sedi-
ments (2.5 YR 4/2) with a muddy texture (3–2.20 m depth) fol-
lowed by dark brown (10 YR 3/4) sandy-silt sediments (2.20–0.45 
m depth) (Figure 5). The mineralogy of the basal deposits sample 
is dominated by the presence of clasts of quartz, mica, opaque 
minerals (haematite) and plagioclase. This mineral association 
was confirmed by XRD analysis (Figure 6a and c). The clay 

Table 1.  Radiocarbon dates mentioned in the text.

Site Sample ID Deep (m) Dated material Laboratory code Date 14C (yr BP) Calibrated age (years 
AD, range 1σ/2σ)

LDLG1 S4 N2 0.15 Faunal bone AA-103901 1775 ± 51 [246:361]/[148:417]
S3 N3 0.20 Faunal bone AA-98847 1236 ± 46 [770: 892]/[689:971]
S4 N4 0.25 Archaeofauna bone AA-98845 1740 ± 47 [252: 406]/[148:417]

LDLG2 Individual 1 0.40 Human bone AA-98851 570 ± 43 [1396:1436]/[1320:1450]
Individual 2 0.40 Human bone AA-103899 590 ± 46 [1326:1430]/[1310:1447]

LDC1 LDC1 210 Sediment LP-3138 1940 ± 80 [25: 213]/[-67:339]
LDC2 LDC2 115 Sediment LP-3130 1170 ± 60 [862:994]/[772:1021]

Figure 3.  LDLG2 stratigraphic record.
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association of these basal deposits is characterized by smectite, 
illite and kaolinite/chlorite (Figure 6b). Furthermore, the bioclas-
tic composition observed is dominated by the presence of phyto-
liths (Figure 6e), sponge spicules (Figure 6f) and some diatom 
frustules which are generally fragmented (Figure 6g). Organic 
matter concentration for these deposits has percentages of 

approximately 2%, while the pH values suggest an extremely 
alkaline to slightly alkaline profile (Figure 5).

The uppermost deposits supporting the present groundcover (A 
Horizon) are muddy-sand sediments with greyish dark brown 
colour (7.5 YR 4/2) (Figure 5). The sand and clay fraction of the 
upper deposits are similar to the basal ones (Figure 6a and b). 

Figure 4.  Stratigraphic record of LDC1 and LDC2 mounds.

Figure 5.  LDLG1 stratigraphic record.
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Nevertheless, the sand fraction of the upper deposit has bone and 
charcoal, fish scales and thermo-altered sedimentary lumps (Figure 
6d). In regard to the bioclastic composition, an increase in the rep-
resentation of graminoid phytoliths, sponge spicules and diatom 
content can be observed (Figure 6h–j). They also present a better 
preservation in contrast to those previously described for basal 
deposits. Organic matter percentages are higher (2.12%) than those 
obtained in basal deposits. However, pH values recorded for these 
upper deposits are characterized as slightly acidic. These results 
may be in line with postdepositional alterations identified in the 
archaeofaunal assemblage such as low degree of weathering, sedi-
mentary abrasion, elevated root activity and diagenetic alterations 
observable in crystallinity and bone porosity. According to Silva’s 
observations (2014), some sherds recovered from this upper depos-
its show postdepositional alterations in one or both faces such as 
roundness, small superficial detachments and root marks.

The stratigraphic record exposed during the excavation of 
LDLG2 (Figure 3) is marked by sandy silt textured basal deposits 
of dark brown tonalities (10YR3/4) similar to those of LDLG1 
basal deposits (Figure 5). The A Horizon at LDLG2 has a muddy-
sand texture with brownish dark grey tonalities similar to those 
observed in LDLG1 (10YR4/2). As mentioned previously, all cul-
tural materials recovered from this site were found within the first 
30 cm of the upper deposits. On the other hand, human bone 
remains were recovered from the interface between the muddy-
sand deposits and the sandy-silt top of the basal deposit (Figure 
3). For the sample collected from the sedimentary matrix associ-
ated to the burials, a pH value of 7.3 was obtained.

Stratigraphic records of LDC1 and LDC2 begin with light 
brown and olive (2.5 Y 4/4) mud deposits which are 

archaeologically sterile (Figure 4). The sand fraction of these basal 
deposits is dominated by the presence of clasts of quartz, mica and 
Fe and Mn concretions. The bioclastic sample taken from these 
basal deposits is dominated by graminoid phytoliths, followed by 
sponge spicules and very scarce diatom content. pH values of 
basal deposits show a strong alkaline environment with little 
organic matter (1.66%). In the case of LDC1, basal deposits are 
buried under 0.40 m of dark yellow to light brown (10 YR 3/4) 
sandy-silt deposits. Conversely, in the case of LDC2, the latter 
extended for more than 1 m in the profile. In both cases, silico and 
bioclastic composition are similar to those of the basal deposits 
previously described. These deposits evidence an intense alkalin-
ity and low organic content (2%) and no archaeological remains 
were found.

Overlying the sandy-silt deposits, the sequence is prolonged by 
the presence of an interfacial layer, approximately 0.10 m thick, in 
both LDC1 and LDC2. The sedimentary matrix of such layer can 
be classified as grey in colour (10 YR 5/1) and slightly gravelly 
sandy mud in texture (Figure 4). The gravel fraction of these sam-
ples presents thermo-altered sedimentary lumps, charcoal remains, 
small sherds, bones, fish scales and abundant Fe and Mn concre-
tions. Microscopic observations allowed the recognition of an 
increase in the amount of phytolites which also show higher 
degrees of morphotype diversity. Sponge spicules and diatoms 
increase its quantity as well. No apparent mineralogical differ-
ences between overlying and basal deposits could be found.

In LDC1 and LDC2 sites, an archaeological rich deposit of 
gravelly muddy-sand texture and greyish light brown tonalities 
(10 YR 4/2) can be found towards the surface (Figure 4). It was in 
these upper portions of both sequences that cultural materials 

Figure 6.  Mineral and bioclastic compositional results in the LDG1 sedimentary samples. (a) XRD results for total-rock sample; (b) XRD 
results for clay fraction sample; (c) sand fraction composition in basal deposit samples; (d) sand fraction composition in upper deposit samples; 
(e), (f) and (g) bioclastic composition in basal deposit samples; (h), (i) and (j) bioclastic composition in upper deposit samples. References: M 
= Muscovite, Q = Quartz, P = Plagioclase, E = error, H = haematite, Sm = Smectite, I = Illite, Chl/Kao = chlorite/kaolinite, Mn = manganese 
concretion, S = spicula, B = bone, C = charcoal particles, F = phytoliths, D = diatoms, V = vegetable fibre.
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such as potsherds, bone instruments and archaeofaunal remains 
where recovered from test pits. For these deposits, organic matter 
content is around 3%. The components observed in the gravel 
fraction are similar to those described for the interfacial deposits. 
However, the gravel content is more abundant, has bigger compo-
nents and presents haematite lumps. The sand fraction, on the 
other hand, presents the same components but they are smaller 
and associated with clasts of quartz, mica and Fe-Mn concretions. 
Finally, graminoid phytoliths and, to a lesser extent, spicules 
make up the biogenic silica content of these deposits. Although 
diatom representation is minor when compared with the other ele-
ments, it is still greater and more diverse than in any other deposit 
analysed.

To determine the basal age of both mounds, radiocarbon sam-
ples (LP-3138 and LP-3130, Table 1) were collected from the 
organic fraction preserved in the interfacial layers (Figure 4). 
These layers represent the transition between the natural surface 
over which the two mounds were erected and the first anthropic 
depositional events which characterize them. According to the 
dating (Figure 7), the LDC1 structure began to be constructed c. 
1900 14C yr BP (LP-3138 in Table 1), time period which coincides 
with the earliest occupation record for LDLG1 (AA-103901 and 
AA-98845). Around 800 years later, c. 1170 14C yr BP (LP-3130, 
Table 1), the building of the LDC2 mound began, while the latest 
recorded occupation of LDG1 occurred (AA-98847 in Table 1). 
Based on the limited number of dates, the contemporaneity of 
both mound occupations cannot be established. Nevertheless, 
considering the chronological record obtained for the human 
remains in LDLG2 (AA-98851 and AA-103899), the occupa-
tional history shows a certain degree of continuity (see Figure 7).

Discussion
Geoarchaeological results obtained for the localities LDLG and 
LDC allow us to define two depositional systems for the studied 
area: a natural depositional system (NDS) and an anthropic depo-
sitional system (ADS) (Figures 3–5). In this study, NDS is consti-
tuted by deposits of fluvial origin (mud, sandy silt and muddy 
sand). The fluvial processes have formed levees whose deposits 
make up the sediments of LDLG1 and LDG2 sites, and the basal 
section of LDC1 and LDC2 mounds. The ADS is represented by 
gravelly muddy-sand deposits, only present in LDC1 and LDC2 
top layers. These deposits, which overlie the NDS, conform to the 
bulk of the mound sites (Figure 4).

The archaeological record of LDLG1 and LDLG2 sites was 
recovered from the upper part of the levee. The pedogenetic 
development of these deposits is evidenced in sedimentary tex-
tural alterations (from sandy silt to muddy sand). They also pres-
ent a high organic content and, consequently, an incremented 
acidification, which is correlated to metabolic processes of root 
and microbiologic activity. In addition, such pedological pro-
cesses might have been favoured by the input of discarded materi-
als resulting from human activities carried out during the 
occupation. Both sites (LDLG1 and LDLG2) could be classified 
as ‘shallow sites’ sensu Zárate et al. (2002). According to these 
authors, shallow sites represent contexts where the burying of cul-
tural materials could have resulted from the pedological dynam-
ics, which determine low degrees of chrono-stratigraphic 
resolution. The aforementioned characteristics are also consistent 
with the chronological resolution obtained for LDLG1, where sta-
tistically differentiable ages (e.g. AA-98847 and AA-98845 vide 
Table 1 and Figure 7) share stratigraphic positioning (Figure 5). 
Similarly, preservation conditions of pottery and postdepositional 
alterations observed in faunal remains recovered from LDLG1 
suggest exposure to floods (e.g. sedimentary abrasion and/or 
roundness) followed by a fast burial (e.g. low weathering) of 
archaeological materials which were subsequently subject to 
pedological (e.g. acidification and recrystallization) and biostrati-
nomic (e.g. root marks) processes affecting superficial horizons.

ADSs have been defined by Castiñeira et al. (2013) to under-
stand the genesis and evolution of the mounds present in the 
UDPR. An ADS is produced by a set of intentional human activi-
ties tending to build a sedimentary sequence which constitutes a 
new landform in the landscape. The most salient building activi-
ties identified in UDPR are the selection and transport of natural 
sediments, the incorporation of coarse-sized materials in order to 
modify the physical properties of these sediments, and the addi-
tion of organic and inorganic elements to homogenize them and 
modify their chemical and binding properties. The UDPR ADSs 
are characterized by coarser textures (gravelly muddy sand to 
slightly gravelly muddy sand) in comparison to natural deposits. 
This coarse-sized clasts (gravel and coarse sands) added to the 
natural sediments (muds) correspond to fragments of pottery and 
lumps of burned earth. In sum, these elements were added to give 
the natural available material greater volume and structural 
strength in order to build more durable earthworks (Bracco et al., 
2000; Castiñeira et al., 2013, 2014, 2015; Castiñeira and Piñeiro, 
2000; López Mazz, 1992; Salles Machado, 2005).

Based on cultural intention to modify sediment properties, 
Edith (1985) distinguishes between anthropic and anthropogenic 
soils. The former would be constituted by anthropically modified 
sediments resulting from the development of several activities 
performed during human occupation. This type of anthropic mod-
ification incorporates organic matter, favouring pedological pro-
cesses. In the study case presented here, anthropic soils would be 
represented by LDLG1 and LDLG2 upper deposits (Figures 3 and 
5). In contrast, anthropogenic soils are composed of natural sedi-
ments which were intentionally modified for construction and 
productive purposes. Accordingly, ADSs such as those recorded 
for LDC1 and LDC2 comprise a succession of anthropogenic 
deposits likely to be spatial and temporally individualized.

Despite the preliminary character of LDC locality data, chron-
ological information and archaeological materials studied in other 
UDPR earthworks support the interpretation that the mounds are 
residential settlements that underwent prolonged occupations 
interrupted by abandonment events and subsequent re-occupation 
(Politis et al., 2011). Occupation of the mounds could have been 
disrupted by severe flooding which reduce dry living space.

Archaeofaunal and palaeobotanical research conducted at 
LTC mounds documents a generalized exploitation of natural 
resources characteristic of fluvial environments, complemented 

Figure 7.  Calibrated ages ranges calculated for LDLG and LDC 
dates.
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by some cultivated species (Colobig et al., 2015; Sánchez et al., 
2013). The archaeofaunal record reflects the recurrent exploita-
tion of small- and medium-sized animals, such as rodents and 
fish, which are abundant, easy to locate and predictable (Bas-
tourre, 2014). The pottery record shows the manufacturing of 
numerous types of vessels involved in both domestic and ritual 
activities (Di Prado, 2015; Scabuzzo et al., 2015).

The archaeofaunal assemblage of LDLG1 suggests the exploi-
tation of medium- to large-sized resources (Blastocerus dichoto-
mus, Hydrochoerus hydrochaeris and Myocastor coypus). In 
contrast to mound occupations, LDLG1 levee exhibits abundant 
remains of Blastocerus dichotomus (marsh deer) and scarce ich-
thyofauna. As previously mentioned, LTC mounds provide clear 
evidence of fish exploitation but cervids are virtually absent from 
faunal remains. In other words, fishing activities were one of the 
main subsistence practices at LTC but it was not significant at 
LDLG1. Levee settlements were occupied during seasonal low 
water phases, moments in which dry spaces become available. 
The analysis of LDLG1 pottery suggests an expedient manufac-
ture and decoration of vessels (Silva, 2014). In sum, the above-
mentioned evidence implies that LDLG1 represents a temporary 
occupation oriented to the exploitation of local resources. As evi-
denced in recent satellite images, variations in water level could 
have conditioned the permanence of occupation in the studied 
sites (Figure 8). The image documents which location remained 
above water during 2013 flooding. While LDC mounds remained 
unflooded (see Figure 8c and d), LDG1 levee was inundated 

during that same event (see Figure 8a and b). Geomorphological 
analyses show that these same hydrological and morphological 
processes probably occurred during the pre-Hispanic human 
occupation of the UDPR (Cavallotto et al., 2004; Iriondo, 2004). 
A similar settlement pattern has been noted in the Laguna del Cas-
tillo basin in eastern Uruguay (Capdepont et al., 2016; Capdepont 
and Pintos, 2006; Piñeiro et al., 1999). In these lowlands, mounds 
are located in elevated areas and were semi-permanently occu-
pied. There are also evidences of temporary camps oriented to the 
exploitation of specific resources, which are often located in rela-
tion to high landforms developed in lagoon margins.

Conclusion
Based on the earliest chronological records obtained for LDLG1, 
which is approximately contemporaneous with the beginning of 
the LDC2 mound building, we infer that the UDPR area was colo-
nized at least c. 2000 14C yr BP. LDC2 and LDLG1 records con-
stitute, thus far, the oldest evidence from archaeological research 
in the area (Bonomo et al., 2011). Although the colonization of 
neighbouring regions began in the late Pleistocene–early Holo-
cene, c. 10,000 14C yr BP (e.g. Castiñeira, 2008; López Mazz, 
2013; Prates et al., 2013; Schmitz and Jacobus, 2001), the popu-
lating of the area occurred after the last Holocene transgressive 
event c. 6000 14C yr BP, in relation to territorial availability 
(Cavallotto et al., 2005; Codignotto, 2004; Iriondo et al., 2007; 
Iriondo and Kröhling, 2008). Once the area reached its current 
geomorphological configuration, c. 2000 14C yr BP, occupational 
strategies carried out in UDPR were already consistent with a 
settlement system adapted to environments characterized by high 
hydrometeorological susceptibility. Accordingly, we infer that in 
periods of low water levels and/or hydrometeorological stability, 
pre-Hispanic inhabitants of the UDPR settled in both mounds and 
naturally elevated levees. During the occupation of levees (e.g. 
LDLG locality), the inhabitants carried out a number of activities 
in which the exploitation of certain faunal resources, particularly 
mammals, was predominant. During high water levels, they set-
tled only in mound sites, represented here by LDC sites.

Integrated studies of LDLG, LDC and LTC localities sup-
port Politis and Bonomo’s interpretations (2012) that Goya-
Malabrigo occupation pattern included a wide network of 
settlements, which constituted an effective sociocultural 
response to the risks involved in the colonization of highly 
dynamic wetlands. In that sense, the occupation pattern of the 
area must have been based on different types of settlements, 
where main residential places were established at the most 
elevated areas of the landscape, which were rarely inundated 
except for periods of exceptional flooding. The most visible 
record of such practice is represented by the mounds of LDC 
and LTC localities. Complementarily, the pattern also included 
temporary settlements focused on the exploitation of specific 
resources, which were probably occupied during short periods 
of hydrological stability and low water levels.
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Figure 8. Available settlement space changes during high and low 
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of low water level (Google Inc., image date: 29/3/2013, last accessed: 
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11/02/2016); (c) satellite image of the LDC1 and LDC2 mound 
sites during a period of low water level (Google Inc., image date: 
29/3/2013, last accessed: 11/02/2016); and (d) satellite image of the 
LDC1 and LDC2 mound sites during a period of high water level 
(ESRI Inc., image date: 13/3/2010, last accessed: 11/02/2016).
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