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Abstract Pre-Hispanic mounds, known as “cerritos,” “cerri-

tos de indios,” or “aterros” across southeastern South Amer-

ica, are one of the most conspicuous and well-studied cultural

manifestations in lowlands archaeology. Nevertheless, in the

Upper Delta of the Paraná River, mounds are rarely studied,

and even their anthropic origin is under debate. This could be

related to the fact that anthropogenic mounds are located on a

floodplain where other “mound-like” natural geoforms

(generated by fluvial processes) are also present. In addition

to this, the natural geoforms also contain evidence of Holo-

cene human occupation (sherds, bones, charcoal, humans

burials, etc.), which can lead to interpretive errors of their

origin and formation. Thus, this project set out to determine

the genesis and evolution of these mounds and also to identify

the cultural occupation and transformation of natural land-

forms found in the area. In this article, natural and anthropo-

genic systems and processes were identified and characterized

through the application of proxy record analysis (i.e., sedi-

ment composition, stratigraphy, micromorphology, silica bod-

ies and chronological analysis) at the Los Tres Cerros

archaeological locality in the Upper Delta of the Paraná River

of Victoria County, Entre Ríos Province, Argentina. This anal-

ysis allowed for the recognition of natural anthropogenic inter-

faces, such as the “pre-mound” occupation as well as evidence

of cultural activities such as mound construction, between

1,000 and 500 14C years BP. These findings were integrated

into current research on the variability of mound construction

during the Late Holocene in the lowlands of South America.
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Introduction

Mounds are one of the most distinctive archaeological features

in the wetland landscapes of southeastern South America

(Durán and Bracco 2000; Erickson 2000, 2006; Naue 1973;

Schmitz et al. 1991; Torres 1903, 1911). In Argentina, Brazil,

Uruguay, and Paraguay, they are known as “cerritos,” “túmu-

los,” “aterros,” “cerritos de indios,” and “tesos” (e.g.,

Ameghino 1880; Benítez 1942; Ferrés 1927; Figueira 1892;

Lista 1878; López and Bracco 1994; Schmitz and Basile

1970; Torres 1903, 1907, 1911; Zeballos 1878; Zeballo and

Pico 1878). These terms have been used to refer to earthen

mound structures dating ca. 5,500 years 14C BP to ca. 200 years
14C BP (e.g., Bonomo et al. 2010, 2011c; Bracco 1991, 2006;

Bracco et al. 2005, 2010a; Iriarte 2006; Iriarte et al. 2004;

López 2001; Politis et al. 2011; Schmitz and Basile 1970).

Early interpretations about the role of mounds, among pre-

Hispanic populations of Uruguay, northern Argentina, and

southern Brazil, were based on their placement on floodplain

wetland areas (Ameghino 1880; Arechavaleta 1892; Bauzá

1895; Figueira 1892; Lista 1878; Roth 1888; Torres 1903,

1907, 1911; Zeballos 1878). Debate about the natural or

anthropic origin of pre-Hispanic mounds in low gradient

plains has been prevalent throughout the history of archaeol-

ogy in Uruguay, southern Brazil and Northeast of Argentina

(e.g., Arechavaleta 1892; Bracco et al. 2000b, 2010b;

Figueiras 1892; Frenguelli and de Aparicio 1923; López

2001; Outes 1912; Politis et al. 2011; Serrano 1933; Torres

1903, 1911). This subject has been particularly important and

controversial in the Paraná River Delta in Argentina. The

presence of ¨cerritos¨ in this area was first reported by the

end of the nineteenth century (Ameghino 1880; Lista 1878;

Roth 1888; Zeballos 1878). Some authors considered these

structures as natural elevations (e.g., overbank ridges, dunes)

used by pre-Hispanic peoples for rituals and/or dwelling pur-

poses (Cione et al. 1977; Frenguelli and de Aparicio 1923;

Torres 1903). However, other authors interpreted mounds as

the result of the anthropogenic accumulation of various sedi-

ments and cultural remains, which were generated to preserve

human burials deposited there (Ameghino 1880; Lista 1878;

Zeballos 1878) or were the location of various cultural activ-

ities during floods (Greslebín 1931). Finally, other authors

also suggested the coexistence of natural elevations with

cultural accretion where many domestic activities took place

(Ceruti 2003; Bonomo et al. 2011b; Gaspary 1950; González

1947; Nóbile 2002; Torres 1911).

At this point in the debate, a number of studies have now

started to enhance the discussion by contributing valuable

data about the genesis, evolution, and purpose of mounds in

the Paraná River Delta. Recently, Bonomo et al. (2011a,b,c)

reported 65 archaeological sites in the Upper Delta of the

Paraná river dated to the Late Holocene (ca. 400–900 14C

years BP). Among these, three mounds were described that

characterize the archaeological locality of Los Tres Cerros

of Las Moras Island, Victoria County, Entre Ríos Province

(Argentina). The genesis of the structures, their chronology,

and archeological record were preliminarily described by

Politis et al. (2011). In addition, the anthropogenic origin

of the various layers that constitute the three mounds were

characterized and identified from natural deposits.

In this article, previous studies (Politis et al. 2011) are

refined from a geoarcheological point of view. In this sense,

the depositional processes are described and identified, the

source areas of sediments are identified, and new evidence is

presented to support the anthropogenic origin of these

mounds. At the same time, various domestic, ritual and burial

activities were recognized in one of the mounds during the

occupation of the site ca. 1,000 and 500 years 14C BP. This has

been achieved by applying techniques such as textural and

mineralogical compositional analysis, biosiliceous content

analysis, and micromorphological analysis. We add to what

is currently known about the regional variability of

mound construction and function (e.g., Bonomo et al.

2011c; Bracco and Ures 2001; Bracco et al. 2000a,b;

Castiñeira and Piñeiro 2000; Iriarte 2006; Iriarte et al.

2004; Schmitz et al. 1991; Suárez Villagrán 2006).

The study area

The Los Tres Cerros archaeological locality (32°51′17.3″ S and

60° 33′37.6″W, see Fig. 1) consists of three mound structures

(LTC1, LTC2, and LTC3) aligned NW–SE 239m (Fig. 2). This

locality is located on the physiographical region usually referred

to as the Upper Delta of the Paraná River (e.g., Amatto and

Silva 2009;Malvárez 1999). This was also used as a spatial unit

of analysis in Argentina archaeology (e.g., Aparicio 1939;

Bonomo et al. 2010; Caggiano 1984). However, Cavallotto et

al. (2004, 2005) referred to this region as the Coastal Plain of

the lower Paraná Basin. For these authors, the Delta area would

only comprise of the subaerial part, between the Areco River

(34°05′44.91″ S and 59°03′52.48″ W) and the city of Buenos

Aires (34°32′02.5″ S and 58°27′33.64″W) and the underwater

delta extending from the city of Buenos Aires to the Sambor-

ombón Bay (36°19′38.91″ S and 56°47′53.12″ W).

The coastal plain together with the subaerial plat-

form that constitutes the Paraná Delta sensu lato,

extends over 320 km of gently sloping terrain geneti-

cally linked and related to transgressive–regressive

Pleistocene–Holocene events (Cavallotto et al. 2004,

2005; Codignotto 2004; Iriondo et al. 2007; Iriondo

and Kröhling 2008). According to paleoenvironmental



reconstructions (Fig. 3), the pre-deltaic tidal plain

would have been formed after the end of the transgres-

sion that began ca. 18,000 cal. years BP, which reached

its highest level close to ca. 6,000 cal. years BP, and

later descended at different rates depending on the

region (Fig. 4). During this time, in the area of the

Los Tres Cerros archaeological locality, an estuary was

developing. Clay and silt clay sediments corresponding

to the "open estuary facies" (sensu Cavallotto et al.

2005) were detected in the area. Later on, during the

first regressive stage, the coastal plain began to take

shape from the accumulations of different sedimentary

facies: deltas, plains with beach ridges, beaches, tidal,

and coastal lagoon plains. However, it was during the

second stage of the regressive event (after 4,000 cal.

years BP) that the coastal plain acquired its present

configuration. Therefore, human occupation of the area

could have developed on the mud of the pre-deltaic

tidal plain or, at a later time, on alluvial clayey mud or

mud sediments deposited by floods in the lower Paraná

River.

This environmental evolution produced alluvial sedi-

ments that characterize the surface and subsurface strata of

the area, which contain fine sediments with clay minerals

such as illite, smectite, and kaolinite/chlorite (Amato and

Silva 2009; Cavallotto 1995). This association of minerals

is related to the transportation of suspended solid matter

of the Paraná River and that of several tributaries that

flow into this sector of the basin (see Bonetto and

Orfeo 1984; Depetris and Grifin 1968; Manassero et

al. 2008; Mangini et al. 2003, in this connection).

Within this alluvium, moderately deep gleyed hydromor-

phic soils developed (Pereyra et al. 2004).

Physiographically, the study area is characterized by a

gently sloping plain frequently flooded by overbank flow

from tributaries of the Paraná River. This characteristic has

exerted influence on the drainage system and also on the

diversity of the vegetation cover (Fig. 3d). This area is made

up of two major patterns: In the lower area, there are

temporary or permanent “lagunas” (shallow lentic environ-

ments), which formed and in the higher areas there are scroll

bars, a result of continual lateral migration of the fluvial

meander loop or single point bars. In the temporarily

flooded higher lands, groves of Salix humboldtiana (a native

willow species) and Tessaria integrifolia establish them-

selves. In areas where flooding is semipermanent, a tall-

Fig. 1 Study area with the Los

Tres Cerros archaeological

location (image and references

see Cavallotto et al. 2005, p.

356)



grass prairie developed. In most depressions, communities

of gramineae grow (Malvárez 1999).

Methodology and technique

Only one of the three mound structures, LTC1 (Fig. 2), has

been thoroughly studied. It is the highest of these structures, at

2.10 m above the surrounding surface. It has a maximum

diameter of 66.6 m and a minimum of 57.5 m. This mound

is located in the center, and it was here where the systematic

excavations were undertaken and where the proxy records

(sedimentological, microbiological, chronological, and micro-

morphological) were obtained. In LTC2 and LTC3, one test pit

was made at the center of each mound in order to examine

their sedimentary and chronological sequence. These prelim-

inary results were published by Politis et al. (2011).

In the LTC1 mound structure, an excavation was carried

out using 15 m2 1×1 m grid squares to a depth of 3 m,

allowing a continuous 8 m profile to be exposed (south wall;

Fig. 5a). In order to recognize the genesis of mound structures,

samples were taken from the excavation exposed profiles in

LTC1 and from five auger holes (0.25 m in diameter and

collected at depth of 1.0 and 3.0 m) drilled on the plain around

the mounds. Analysis of the stratigraphic record in LTC1

focused on the recognition of morphological and composi-

tional attributes of the three layers documented by Politis et al.

(2011) and of the lenses of thermoaltered sediments, which

contained charcoal and concentrations of organic matter char-

acteristic of layer III. These new results were compared to

those published by Politis et al. (2011).

These new sedimentary samples were systematically an-

alyzed for color (Munsell Color Chart), texture, mineralogy,

microbiology, micromorphology, and dating. At LTC1, the

Fig. 3 a–c Evolution of the

deltaic area during the

Holocene proposed by

Codignotto (2004). a 7.5 kacal.

years BP; b 6 kacal. years BP; c

4 kacal. years BP; d actual

geomorphologic map (sensu

Cavallotto et al. (2005), with

the detail of the

phytogeographical units

proposed Malvárez (1999:37):

(1) forests and prairies associ-

ated with Paraná meandering

channels and islands; (2) prai-

ries associated with previus tid-

al plain; (3) prairies associated

with ridges and depressions;

and (4) patches of prairies as-

sociated with low overbank

ridges.

Fig. 2 a Satellite image of the Los Tres Cerros locality (Google Earth).

b Detail of the mound LTC1



samples were taken every 5 cm of grid-square 3 of the south

wall, and in various previously defined stratigraphic units,

from selected sectors of the profiles. From the test pits and

auger holes from the alluvial plain at the archaeological

locality, the samples of each lithological unit were selected.

At the LTC2 and LTC3 mounds, sub-surface samples were

taken (down to a depth of 80 cm) to carry out sedimento-

logical and chronological analysis.

Sedimentological analysis

Samples received a preliminary treatment by eliminating or-

ganic matter and carbonates with a solution of 30 % H2O2 and

35%HCl. A solution of 2NNa4P2O7 and mechanical shaking

were used for their dispersion. For the grain size analysis of

coarse fractions (gravel and sand), sieving at intervals of half a

degree of phi was employed, and for the fine ones (silt and

clay) the pipette method was used (Carver 1971; Day 1965).

The percentages of sand, mud, and clay content were utilized

for grain size classification according to Folk (1954). The

grains measuring 2–0.062 mm were observed under a binoc-

ular microscope, and the percentage of silicoclastic in relation

to microarchaeological material (pottery fragments, consoli-

dated lumps of burnt soil, charcoals, bone fragments and

Diplodon sp. valves) were identified.

The grain mounts of very fine sand fraction (0.125–

0.062 mm) was analyzed by using a polarized microscope,

while clays were analyzed by RX diffractometry (Phillipps

PW3710 Cu tube diffractometer) in natural, glycolated, and

calcined oriented preparations. The species of argilominerals

were semiquantified according to the method proposed by

Pirce and Siegel (1969). A ternary (I-Sm-C/K) diagram was

created to represent the DRX results, evaluating the existence

of argilomineral association areas (AAA).

Biosiliceous particle analysis

The analysis of biogenic silica content is a common method-

ology used in archaeological research. This allows for the

recognition of anthropogenic signals in the sedimentary re-

cord, the understanding of site formation processes, and the

reconstruction of climatic and environmental changes, which

may have occurred during human occupation (Bracco et al.

2010a; del Puerto et al. 2006; Pearsall 1978, 1982, 2000;

Piperno 1988, 2006; Zucol and Bonomo 2008; Zucol et al.

2007). In this investigation, the quali-quantitative study of

opal phytoliths, diatoms, chrysophycean cysts, and sponge

spicules was aimed at identifying the differences pointed out

in Politis et al. (2011) between the anthropogenic deposits of

the mound structures and those of the plain on which the Los

Tres Cerros mounds are located.

Opal phytoliths are bio-mineral particles that originate

from the total or partial silicification of plant cells or intercel-

lular spaces (Mulholland and Rapp 1992). Because they are

made of silica, their preservation is possible long after the

decay of the parental plant. Thus, the recognition of opal

phytoliths will allow for the identification of the management

and use of plant species for consumption, and the generation

Fig. 4 Holocene sea-level

curve evolution for the region

(Inda et al. 2011, p. 242)



and maintenance of fire places, among other anthropic activ-

ities (i.e., shelter construction, soil preparation, etc.), that may

have taken place in the interior of structure LTC1. At the same

time, the diatom, chrysophycean cyst, and sponge spicule

content will allow for the identification of palaeoenvironmen-

tal change, differential exposure of the deposits to hydrolog-

ical dynamics, and the identification of source areas of the

sediments used for mound construction.

Diatoms are microscopic unicellular organisms possess-

ing a siliceous skeleton called frustules, which are com-

posed of two semitheques: epitheque and hypotheque. The

morphology, structure, ornamentation, among other aspects,

allows for taxonomical classification to the species level

(Frenguelli 1941, 1945; Jahn et al. 2001; Lange-Bertalot

and Simonsen 1978; Metzeltín and García-Rodríguez

2003; Round et al. 1990; Prygiel and Coste 2000). Since

they require low intensity light and humidity to develop, it is

possible to find them in various environments (e.g. swamps,

lakes, soils, and caves). These organisms can be found in the

planktonic domain (in the water column) or associated with

sediment, rocks, and walls of algae (benthic domain). Dia-

toms, together with chrysophycean cysts and sponge spi-

cules, are of great palaeoecological importance because they

are preserved as fossils, making up referent proxies in the

palaeoenvironmental reconstructions (del Puerto et al. 2006;

García-Rodríguez 2006; Metzeltín and García-Rodríguez

2003; Metzeltín et al. 2005; Inda et al. 2006).

Chrysophycean algae are a diverse and often abundant

group of primarily freshwater phytoplankton, characterized

by the endogenous formation of siliceous cysts or stomato-

cysts (Duff et al. 1995). Chrysophyte taxa are found in many

different types of limnological environments, but are often

Fig. 5 a Scheme of the

excavation plane. b Diagram of

stratigraphic sequences from

north wall. c Diagram of

stratigraphic sequences from

south wall



most commonly seen in somewhat acidic or nutrient-poor

waters, and are typically less abundant in very alkaline or

eutrophic waters (Zeeb and Smol 1993). Sponges are aquatic,

sessile, multicellular organisms grouped into a common tax-

on, termed "phylum Porifera" which comprises most strongly

of individualized, radially symmetrical entities. Further stud-

ies have divided the phylum Porifera into three classes—

Hexactinellida, Demospongiae, and Calcarea. Most Demo-

spongiae and Hexactinellida produce silica-made skeletons

consisting of individualized elements (spicules) of lengths

ranging from micrometers to centimeters. The spicules of

siliceous sponges are composed of amorphous opal

(SiO2·nH2O). The high diversity of spicule shapes and sizes

in both fossil and living sponges has been repeatedly reported

(Ezcurra de Drago 1993; Volkmer-Ribeiro 2007).

Samples for biosiliceous particle counting and identification

were treated with 2N Na4P2O7 for sediment disaggregation and

removal of clays. Then, 15 ml of 35 % HCl was added, and the

solutionwas allowed to stand for 24 h to eliminate carbonates. It

was rinsed several times with distilled water. Next, 10 ml of

30 % H2O2was added to eliminate organic matter, and then the

samples were boiled for 4 h and rinsed five times with distilled

water. Permanent slides were mounted in Naphrax for counting

and identification. Aminimum of 400 biosiliceous particles was

counted at ×1,000 magnification in each sample with an Olym-

pus BX 40 microscope. Diatom species were identified and

classified according to Frenguelli (1941, 1945), Metzeltín and

García-Rodríguez (2003), Metzeltín et al. (2005), and

Witkowski et al. (2000). Phytoliths were identified according

to Bozarth (1992), del Puerto et al. (2006), del Puerto (2009),

Fredlund and Tieszen (1994), Fernández et al. (2006), Gallego

and Distel (2004), Twiss (1992), and Zucol (1998, 2000, 2001).

Chrysophycean cysts were identified according to Duff et al.

(1995), and sponge spicules were recognized according to

Ezcurra de Drago (1993).

For the LTC1 sediments, graphs were plotted to depict the

relative abundance of phytoliths, diatoms, sponge spicules,

and chrysophycean cysts according to their depth. By means

of cluster analysis with stratigraphic adjustment (stratigraphi-

cally constrained clustering), three biogenic association zones

(BAZ) were identified. For this purpose, the Morisita index

(Past version Program) was used in order to determine BAZs.

Micromorphological analysis

Micromorphological analyses are especially useful in archaeol-

ogy to identify sedimentary sequences of activities such as

sweeping, incineration, site abandonment, and the detection of

postdepositional processes such as erosion, pedogenic, biostra-

tinomic disturbances (e.g., Arroyo-Kalin 2010; Arroyo-Kalin et

al. 2008; Berna and Goldberg 2007; Courty 2001; Courty et al.

1989; Goldberg et al. 2009). In our case, the micromorpholog-

ical studies were implemented to characterize the alternating

sequences of thermoaltered sediments, charcoal lenses, and

those of organic matter concentration present at structure

LTC1. To achieve this, samples were taken from the south wall

grid-square 3, in which the limits between lenses showed a clear

expression. For the sampling a 4×6×9 cm Kubiena box was

used. The preparation of the thin sections followed the direc-

tions reported at http://edafologia.ugr.es/micgraf/indexw.htlm.

Thin sections were analyzed and described using a Nikon SMZ

745T microscope, Dialux-Pol–Leitz polarized microscope, an

Olympus BX40 biological microscope at ×200 and ×400 mag-

nifications, and a Carl Zeiss model Phomi III petrographic

microscope. Images were taken using a Sony CCD-IRIS video

camera and a Cannon Power Shot A620 photo camera.

The general descriptive criteria were based on the param-

eters proposed by Bullock et al. (1985) and Stoops (2003).

The identification, dispositation, and association of the or-

ganic, silicoclastic, and microarchaeological components

guided the definition of microfacies in the same sense as

given in Goldberg et al. (2009) for the thin sections from

Sibudu Cave of KwaZulu-Natal site, South Africa.

Chronology

Eleven radiocarbon dates from the Los Tres Cerros archaoe-

logical locality were reported in Politis et al. (2011). In this

article, we highlight a new date obtained from the organic

content of a sedimentary sample from level 23 (1.8–1.85 m)

from the LTC1 site (Table 1). This new date is important

because this is the level where the beginning of the anthropo-

genic elevation is observed. All dates, except one (AA-93218)

were processed at the Laboratorio de Tritio y Radiocarbono,

CIG-LATYR, CONICET-UNLP (Argentina) by means of

radiometric methods for conventional count of the radioactive

decay. The measurement of 14C activity was performed using

liquid scintillation spectometry at an ultra low level, Packard-

Tricarb 3170 TR/SL (Huarte and Figini 1988). For calibrating

the 14C date obtained the program OxCal. V.4.1.7 was used.

Results

Stratigraphic sequence of mound LTC1

The stratigraphic record of LTC1 has allowed for the iden-

tification of two depositional systems (Fig. 5a, b) depending

on their depositational agent: a lower, natural one (natural

depositional system NDS) and an anthropogenic upper de-

positional system (ADS). For NSD, two stratigraphic units

were identified (U1 and U2). This distinction was based on

grain size, sedimentary structures, color, and the presence of

aggregates, concretions, and concentration of cultural mate-

rial, among other features. A unique unit (U3) was identified

in ADS, which contained the three layers described in Politis

http://edafologia.ugr.es/micgraf/indexw.htlm


et al. (2011). These layers were basically identified according to

the archaeological material concentration and presence of

lenses. Lenses are lenticular to tabular layers from 1 to 5 cm

thick, which are sometimes placed as laterally continuous lenses

or vertically superposed lenses inside each layer.

The stratigraphic sequence exposed at LTC1 and the results

of the multiproxy research are described below. The values for

the depths of the deposits are expressed in reference to the

excavation "0" mark, about 0.8 m above the current surface in

the top of the mound. The different excavated levels were

numerically designated in ascending order according to the

increasing depth. Thus, level 1 belongs to the upper 5 cm,

while level 46, refers to the bottom of the excavation

Unit 1 (U1) This unit is a gray (5 Y 5/1), homogeneous,

hydromorphic mud deposit, developing from ∼2.60 m depth

(level 39). It was dug up to 3 m deep being archaeologically

sterile at about 2.83 m (level 43). The presence of cultural

material began at a depth of ∼2.80 m (level 42) and consisted

exclusively of a few pottery shreds, (90° angles of inclination)

and associated to contraction and expansion crevices. The

mineral composition of this unit is mainly quartz, followed

by mica, and feldspar. Illite (I) was recognized as the most

abundant clay mineral (55–65 %) followed by smectite (Sm,

30–10 %) and chlorite–kaolinite (Ch/K, 23–25 %) (AAA-C,

Fig. 6). The biosiliceous content is mainly represented by

phytoliths (∼60 %), with a dominance of morphotypes attrib-

uted to panicoid and orizoid grass, sedges, and reeds. The

diatom content varies from 30 % at the deepest levels to 15 %

towards the top of the unit, generally appearing as articulated.

In the whole U1, benthic diatoms predominate in a 2:1 rela-

tionship to planktonic diatoms (Table 2, and Fig. 7), followed

by the presence of sponge spicules and a low content of

chrysophycean cysts (Fig. 8).

Unit 2 (U2) This unit spans from about 2.60 to 2 m (level

38–level 27). It is a thin (average thickness, 0.10 m) solid,

muddy, and muddy–sandy strata of a very dark reddish-

brown (10 YR 3/2) to greyish-brown (5 YR 4/3) color, with

a high content of organic material (Fig. 5b, c). Throughout

the sequence of this unit the archaeological material (pot-

tery, faunal remains, charcoal, etc.) is recovered in primary

and secondary positions. At the base, about 2.50–2.55 m

deep (level 37), a combustion structure associated with

animal bones, and pottery fragments is found. For the min-

eral composition of U2, quartz and mica predominate. The

clay mineral composition (AAA-B, Fig. 6) is different from

that of the unit below. The relative abundance of illite

increases (I: 60–70 %), smectite decreases (Sm: 10–11 %)

and chlorite–kaolinite remains the same (Ch/K, 20–25 %).

Phytoliths continue to predominate ∼55–50 %, followed by

diatoms with a relative abundance of 47–42 % (Figs. 8 and

9). The diatom valves are corroded and broken, with the

benthic species again predominate (Table 1 and Fig. 7).

Compared to the underlying deposits of U1, a slight

Table 1 Radiocarbon results for LTC1, LTC2, and LTC3

Site Level Depth (cm) Lab. No. Material 14C dates

(year BP)

Calibrated dates

(year AD, 1σ ranges)

Layers

LTC1 5 90–95 LP-2295 Valves 560±80 1,288–1,505 II

5 90–95 LP-2289 Charcoal 650±70 1,279–1,435

7 100–105 LP-2284 Valves 660±70 1,275–1,433

9 110–115 LP-2302 Charcoal 790±100 1,130–1,406 III

10 115–120 AA93218 Bone 775±85 1,217–1,317

13 130–135 LP-2281 Charcoal 580±70 1,289–1,464

13 130–135 LP-2332 Charcoal 760±70 1,201–1,398

16 145–150 LP-2296 Charcoal 860±40 1,158–1,278

23 180–185 LP-2572 Charcoal 1,030±50 1,079–1,145

LTC2 70–75 LP-2303 Organic matter 920±40 1,053–1,216

LTC3 50–60 LP-2305 Organic matter 600±60 1,320–1,430

Fig. 6 Ternary diagram for clay minerals association, at LTC1 (gray

circle), LTC2 (red square), LTC3 (green triangle), and the different

defined areas



increase was recorded for chrysophycean cysts and a

marked fall in spicules (Fig. 8). In the identification of

phytoliths, morphotypes of a wild species of cultural inter-

est were recognized. Those that stand out are globular

echinate phytoliths produced in palms (Arecaceae), short

grass cells produced in canes (Poaceae/Bambusoideae),

tabular papillate phytoliths produced in several sedges

(Cyperaceae), and a set of less diagnostic forms (jigsaw

plates, speralated tracheids, globular smooth, etc.) gener-

ated in woody vegetation were identified.

Unit 3 (U3) This unit develops from about 2 m (level 26) to

the top of the mound, and it is covered by vegetation. In

general, this unit is dark greyish brown (2.5 YR 4/2) with a

slightly gravelly sandy mud texture. It has three different

layers (LIII, LII, and LI) that have been characterized tex-

turally, mineralogically, and according to the archaeological

record reported by Politis et al. (2011, see Table 3).

Layer III (LIII) begins at ∼2.00 m achieving a thickness

close to 1 m (top of layer III01.10 m, level 9). The material

record is made up of thousands of pottery fragments that

include “trimmed” silhouettes and “solid sculpted” appen-

dages. Among the most remarkable finds, there is a whole

vessel divided into three hemispherical compartments and

three almost complete pieces of the so-called campanas

(a distinctive pottery artifact with modeled bird heads). Faunal

remains indicate the recurrent presence of Myocastor coypus,

Hydrochaeris hydrochaeris, Lontra longicaudis, Canidae,

and micro rodents. Part of this archaeofaunal record shows

clear evidence of human processing such as cut marks and

burnt surfaces on bones. Valves and fragments of fresh water

mollusks (Diplodon sp.) and an abundant quantity of whole

and fragmented river fish skeletons (Hoplias malabaricus,

Leporinus obtusidens, and Cichlasoma facetum) were also

recovered. The alternating presence of discontinuous lenses,

each of them 1 to about 10 cm thick, of organic matter,

charcoal, and burnt sediments has previously been pointed

out by Politis et al. (2011) (Fig. 9a) as the most notable

characteristic of layer III.

LIII showed notorious compositional differences from

U1 and U2. The presence of smectite (Sm, 0–8 %)

decreases until it almost disappears and is characterized

by AAA-A deposits (Fig. 6). In all layers, phytoliths

predominate over diatoms, chrysophycean cysts, and

sponge spicules (Fig. 8). In addition to the phytoliths

recognized in the previous units is the presence of mor-

photypes from wild and managed plants. Among man-

aged/cultivated plants, Cucurbitaceae and Cannanaceae

families were identified, as well as morphotypes strongly

similar to Zea mays (Politis et al. 2011; Sánchez 2011;

Sánchez et al. 2011). The statistical analyses enabled the

identification of three BAZs. The base of these layers

(levels 21–26) presented a lower content of phytoliths in

relation to the middle part and a higher presence of

planktonic diatoms (Table 2), characterizing BAZ 1

(Fig. 9). In the middle part of these layers (about 1.70–

1.40 m, levels 20–14), a maximum peak for the relative

abundance of phytoliths was recorded, reaching 80 % of

the total silicobiogenics and a marked drop in diatoms,

characterizing BAZ 2 (Fig. 9). Towards the top, levels 9–

13 (BAZ 3), diatom valves and chrysophycean cysts rise,

while phytolith presence decreases (50 %).

Table 2 Identified diatoms

Presence

ID Fig. 7 Genus Domain Salinity U1 U2 LIII LII LI

a Aulacoseira granulata (Ehrenberg) Simonsen P FW F F D D D

b Aulacoseira itálica (Ehrenberg) Simonsen P FW F – A A F

c Aulacoseria patagónica (O. Müller) Simonsen (taken from Frenguelli 1942) P FW R F F F F

d Cyclotella meneghiniana Kützing P FW F – F F –

e Gomphonema augur Ehrenberg B FW F – – – –

f Gomphonema anglicum Ehrenberg B FW – R R R R

g Ephitemia adnanta Kützing (Brévison) B FW/B F F – – A

h Tabularia tabulata Agardh B B A – – – F

i Synedra ulna (Nitzsch) Lange-Bertalot B B D – F R –

j Flagilaria goulardi (Brévison) Lange-Bertalot P B – R R R –

k Craticula pampeana Frenguelli B FW – R – – –

l Pinularia latevittata Cleve B FW – F – – –

m Eunotia monodon B FW – – F R –

n Eunotia didyma Grunow B FW R R – – R

Domain: P planktonic, B benthic; salinity: FW freshwater, B brackish, FW/B freshwater–brakish; presence: A abundant (40–30 %), D dominant

(50–40 %), F frequent (30–10 %), R rare (>10 %)



Fig. 7 Identified diatoms. References to the figures in Table 2



Six 14C dates were obtained for LIII (Table 1). One of

these, firstly reported here, comes from level 23 and dates

the base of this layer at about 1,030±50 14C years BP. The

remaining samples set the chronology of the middle section of

the mound between about 860±40 years BP and 660±70 years

BP, while sample LP 2281 (580±70 years BP) corresponds to

charcoals recovered from the interior of a krotovina (see

Fig. 5b) as a result of postdepositational events intervening

in the preservation of the record to be shown.

Layers II and I (LII and LI) are located in the middle and

upper part of the stratigraphic column of LTC1 (from about

1.09 to 0.80 m, level 8–level 1), and they contain sediments

with a high content of organic matter and irregular frag-

ments of burnt soil. Neither layer differs substantially from

LIII, as regards color, grain size, and mineralogical compo-

sition (Table 3), the deposits corresponding to AAA-A

(Fig. 6). Along the profile, root, earthworm, rodent, and

other bioturbation features were identified. The cultural

material and faunal record is fairly similar to that recovered

from layer III, yet the variability of artifacts increases, with

lithic artifacts or bone tools, especially projectile points

being found (see Politis et al. 2011). In the same way, the

presence of whole and fragmented Diplodon sp. valves is

frequent. According to the biosiliceous association, the bulk

of this layer shows affinity with the top of LIII (BAZ 3),

with a slight decrease in opal phytoliths content. Diatom

valves correspond to the species identified in LIII, with a

decrease in benthic and an increase in planktonic species

(Table 2 and Fig. 9), often found articulated.

At 15 cm below the present surface on the top section of

LII (levels 4 and 5, depth of 85–90), pottery was recovered.

It was associated to nodules of unfired clay and with signs

of kneading (Politis et al. 2011) and to a combustion struc-

ture (grid-square 1, level 6, depth of 95–100). Two 14C dates

were obtained for these superficial deposits at LTC1: 560±

80 and 650±70 years 14C BP (see Table 1).

Due to its proximity to the present surface, LI shows

greater compaction, perturbation, and erosion from the

presence of roots, trampling by livestock, and excep-

tional levels of flooding. As for the content of biosili-

ceous particles, the phytoliths and chrysophycean

increased, with planktonic and benthic diatoms fluctuat-

ing in predominance (Fig. 8). This variation can be

correlated with its greater exposure to erosion over

approximately the last 500 years, according to the chro-

nology obtained for the top section of LII (Table 1).

Fig. 8 Results of textural, mineral, and biosiliceous analyses for LTC1. K/Ch kaolinite-chlorite; for references for diatoms, see Table 2

Fig. 9 Areas of biosiliceous association



Some preliminary results for LTC2 and LTC3 were also

obtained. The texture of samples from both sites was a

slightly gravelly, sandy mud with 2.5YR3/2 and 2.5YR4/2

color, just like that of the deposits at LTC1-U3. The type A

clay mineral associated is also representative of the sedi-

mentary deposits at structures LTC 2 and LTC 3 (Fig. 6).

Radiocarbon chronologies exist for both structures (Table 1),

which would primarily indicate that the three sites (LTC1,

LTC2, and LTC3) were contemporaneously occupied at

some moments during, at least, the four centuries prior to

the Spanish arrival.

Microstratigraphy analysis of layer III at LTC1

The alternating presence of discontinuous lenses, organic

matter, charcoal, and burnt sediments was clearly recogniz-

able in the middle portion of LIII (1.70–1.40 m, levels 20–14)

as well as being sporadically represented in LII (Figs. 5b, c

and 10a). The burnt sediment lenses have a thickness of about

4 and 5 cm and are light reddish brown (10YR4/5) in color.

Horizontally they are approximately 1.5 mwith gradual lateral

passages being observed within the sedimentary matrix that

characterizes LIII and LII. In some cases, their lateral bound-

aries are abrupt due to biostratinomic fractures, making it

difficult to discern. In general, towards the base and towards

the top of these lenses, burnt sediment lenses, concentrations

of fine particles of charcoal were identified, which consisted

of lenses of less than about 1–2 cm. These smaller lenses are

observed within a matrix with a high organic content of a dark

brown color (7.5YR4/2). The stratigraphic position and its

alternate presence allow us to distinguish the burnt sediment

lenses from the morphologically circular combustion struc-

tures interpreted as hearths, such as those identified in grid-

squares 4, 8, 10, and 15 (see Fig. 5b and c).

In the microstratigraphic analysis of one of these sequen-

ces present in grid-square 3 at 1.50 m depth, five microfa-

cies were identified (Fig. 10b):

– Microfacies type 1 (Mt1): massive, made up of phytoliths,

diatoms, and few voids. This microfacies is located in the

upper portion of thin sections 6–7. It is reddish brown

(5YR4/3) and 1.4 cm thick. It shows a compact, suban-

gular microstructure (sensuBullock et al. 1985). Biogenic

silica predominate (∼60 %) and the articulated phytoliths

in epidermic tissues are those with the highest represen-

tation which are followed by the presence of articulated

diatoms (Fig. 11a–c). Both records show signs of corro-

sion. It also contains 10 % of carbonaceous material with

an average size of 0.086 mm and 5 % of bone fragments

Table 3 General attributes of LTC1 layers, sensu Politis et al. (2011)

Layer Grain size

(Folk´s classification)

Color Thickness Observations

I Slightly gravelly 2,5 YR 3/2 15 cm Roots, plants–highly organic matter.

Compacted by trampling.

Archeological remains

Sandy mud Very dark grayish brown

II Slightly gravelly 2,5 YR 4/2 20–40 cm Loose. Lenticular burning sediments

and crotovines. Bioturbation features.

Diplodón valves. Abundant archeological

remains. Mottled hematite

Sandy mud Dark grayish brown

III General attributes 1 m Alternation of high organic, charcoal and

burnt sediments in very thin to thin tabular

beds 2–10 cm thick each (a–c) and discontinuous.

Archeological remains

Lenticular bed of hematite

III-a 2,5 YR 4/2 Very thin tabular beds High organic content. Fine charcoal particles

Slightly gravelly Dark grayish brown

Sandy mud

III-b 5 YR 3/4 Very thin tabular beds Psephitic clasts or fragments of burnt clays and muds,

some with valve fragments in their mass. Fe nodules.

Charcoal fragments. Fishbone and fish scales.

Valves fragments

Slightly gravelly Dark reddish brown

Sandy mud

Gravelly muddy Sand 5 YR 6/8 Ceramic fragments.

Yellowish- brown Sand clast or fragments of burnt clays and muds.

Fish scales. Ceramic fragments

III-c 2,5 YR 3/2 Very thin tabular beds Carbonate veins. Fine charcoal particles

Slightly gravelly Very dark grayish brown

Sandy mud

References: IIIa: beds with high organic content, IIIb- beds of burnt sediments IIIc- beds of burnt sediments with charcoal.



with an average size of 0.074 mm. Silicoclastic material

(10 %) was basically made up of mineral clasts and

pellitic lithoclasts, which were coarse to very coarse silt.

In Mt1, the presence of ferruginous nodules and clay

coating is observed.

– Microfacies type 2 (Mt2): Massive and made up of

diatoms. It is below the previous microfacies, reddish

(2.5YR5/6), and has a thickness of about 1 cm. Its

contact with Mt1 is gradual. The microstructure and

biosiliceous content is similar to Mt1 (Fig. 11d–f).

However, in this microfacies, diatoms predominate, fol-

lowed by the presence of phytoliths, and to a lesser

extent, sponge spicules. The representation of elongated

carbonaceous particles is higher (∼15 %) also the void

between components and the size of silicoclastic mate-

rial (0.050 mm). The existence of bone fragments is low

(between 1 and 2 %) with an average size of 0.068 mm.

Among the microarchaeological components at Mt2, 2–

5 mm pottery microfragments were identified.

– Microfacies type 3 (Mt3): microcrotovine. This microfa-

cies stands out from the upper part in thin-section, cutting

microfacies Mt1 and Mt2 vertically and horizontally and

those that are formed below (see Fig. 10). It is reddish-

brown in color (5YR4/4), and corroded diatom valves

predominate. The disposition and size of the components

show a microstructure of the complex type (sensu

Bullock et al. 1985), with increasing voids between or-

ganic (plant tissue, carbonaceous particles, and bone frag-

ments) and silicoclastic elements (Fig. 11g). Bone

fragments in this microfacies reach 20 % with a mean

size of 0.090 mm (Fig. 11h). The presence of "ellipsoid"

type excrement according to Bullock et al. (1985, p. 134)

was also recorded (see Fig. 11i).

– Microfacies type 4 (Mt4): massive, with charcoal par-

ticles and prismatic in structure. It is formed below Mt2

in a discordant manner and laterally to Mt3. The sedi-

ment that characterizes it is yellowish red (5YR5/6)

with an approximate thickness of 1.5–1.8 cm

(Fig. 11j). Charcoal particles are abundant (mean size,

0.031 mm; Fig. 11k, l) and are integrated into a matrix

where 40 % of the identified material consists of burnt

plant tissue with a mean size of 0.150 mm, jigsaw plates

(0.050 mm), and 25 % silicoclastic components. The

silicobiogenic element is less than in Mt1 and Mt2.

Laterally, there is a darker area (7.5YR3/2 brown), with

the presence of burnt components (Mt4-A see Fig. 10)

that might allow direct exposure to fire. However, in

this sector, the presence of organic remains disposed

vertically and horizontally, in each case, aligned in

parallel (e.g., plant fiber, bone splinters, biogenic car-

bonate fragments) was also observed (Fig. 11m–o).

These organic remains have a mean size of 1 mm and

does not show signs of heat-induced alteration or pot-

tery fragments as those of Mt2.

– Microfacies type 5 (Mt5): laminated thermoaltered -

charred organic material (Fig. 11p–r). The matrix is a

very dark grayish-brown (10YR3/2). It runs below and

(in part) above Mt4, making abrupt contact with the

latter. It measures some 5 mm in thin section. The

microstructure of this facies is of the complex crack-

structure type (sensu Bullock et al. 1985), an aspect that

would allow confirmation of thermoalteration and pre-

sumed bioturbation. A parallel grouping of organic

components is also found with sizes similar to those

of Mt4. Nevertheless, the rise in articulated diatom

valves is considerable in a matrix in which silicoclastic

Fig. 10 a Micromorphological

sampling in south wall of grid

square 3. b Microfacies

identification of thin section

(5×7.5 cm)



Fig. 11 a Compact matrix of

Mt1, clastic components

average-sized 60 μm. b, c

Massive presence of phytoliths

and diatoms (biological micro-

scope ×40). d compact matrix

of Mt2, clastic components

average-sized 50 μm. e, f Mas-

sive presence of diatoms (bio-

logical microscope ×40). g

Weak presence of clastic com-

ponents (average-sized 50 μm)

in Mt3. h Bone fragments and

carbonaceous particles,

average-sized ∼109 μm in Mt3.

i Excrement in Mt3 biological

microscope ×40. j Mt4 clastic

matrix, parallel arrangement of

components (average-sized

60 μm). k Massive presence of

carbonaceous particles (Mt4).

l Perforated opaque plates in

Mt4 (biological microscope

×40). m, n Fiber plant in Mt4A.

o Parallel arrangement of car-

bonaceous particles in Mt4A. p

parallel lamination charcoal

particles in Mt5. q, r Fiber plant

and charcoal particles in Mt5.



material, with average sizes of 0.053 mm, make up only

10 % of the composition.

According to what has been observed, we might

propose that microfacies 1–4 characterize the compact,

thermoaltered lenses surveyed for layers III and II.

Microfacies 5 is characterized by the concentration of

carbonaceous material present only in the alternating

lenses sequences of layer III. This (Mt5) record is

interpreted as evidence of in situ incineration of com-

bustible plant material. Likewise, Mt3 is presented as a

clear example of postdepositional bioturbation generated

by small invertebrates.

Characteristics of deposits in the floodplain

at the archaeological locality

Paraná River flooding produces an alluvial accumulation

on the surface of the area. According to the test pits dug

in the proximal and distal plain surrounding the mound

structures (see Politis et al. 2011 Fig. 4, and Table 4 in

this paper), these alluvial deposits are of sandy mud,

sandy silt, and mud texture, with argilomineral composi-

tions similar to the unit 1 and 2 deposits at site LTC1

(AAA-B and AAA-C).

The textural and mineralogical results from the deposits

in the plain reported in Politis et al. (2011) coincide with

those obtained in the majority of samples from the more

distal and deeper borings carried out at the transects (Table 4,

Fig. 12). Still, at auger hole P5 located at 32°51′36.43″–60°

31′12.00″ W, 2 km away from the mound structures, a type

AAA-Awas obtained for surface and subsurface sediments.

At present, at this part of the landscape, a shallow-pond

laterally linked to the floodplain with the formation of

marshes at its edges is observed. In turn, it was possible to

record the existence of present-day communities of Dip-

lodon sp., a permanent record at the mound structures, and

absent from lentic environments associated with these.

These results allow us to discuss the possible borrow areas

of the sedimentary material used to build the mound struc-

tures at the Los Tres Cerros locality.

Discussion

Genesis of mound structures

Regional archaeological literature reports nearby localities—

surface and sub-surface sediments—as sources of building

material for mounds (e.g., Bracco et al. 2000a,b; Bonomo et

al. 2011b; Torres 1911). It is noteworthy that the selection of

sediments, gravel, and rocks from relatively distant areas and

deriving from specific environments (when local sources are

not available) was also reported (e.g., Ameghino 1880;

Castiñeira and Piñeiro 2000; Greslebín 1931; López and

Castiñeira 2001; Torres 1911; Zeballos 1878; Zeballo and Pico

Table 4 Mineralogical results

for the alluvial deposits of

the floodplain

The values obtained for P5 co-

incide with those of U3- LTC1,

and LTC2 and LTC3 deposits

Tp test pits, P auger hole, PD

auger hole by Amato and Silva

2009

ID Latitude/longitude Thickness % Smecite, % illite,

% chlorite–kaolinite

AAA References

Tp4 32°51′16.8″ 0.50 m 16–58–26 B Politis et al. 2011

60°33′36.2″ 0.75 m 15–60–25 B

0.90 m 28–48–24 C

Tp7 32°51′15.5″ 0.70 m 34–38–28 C Politis et al. 2011

60°33′33.7″

Tp8 32°51′7.8″ 0.20 m 23–43–34 C Politis et al. 2011

0.50 m 34–32–34 C

P1 32°51′15.1″ 3 m 30–50–20 C In this paper

60°33′38″

P2 32°51′14.6″ 0.85 m 34–40–26 C In this paper

60°33′41.1″ 2.15 m 17–35–48 B

3.05 m 44–42–14 C

P3 32°50′44″ 2.35 m 33–50–17 C In this paper

60°34′0.2″

P4 32°54′38.9″ 2.35 m 30–41–29 C In this paper

60°33′57.4″

P5 32°52′15.5″ 0.85 m 7–71–22 A In this paper

60°33′19.5″

PD20 32º48′12.48″ 2 - 3 m 25–55–20 C Amato and Silva 2009

60º29′45.13″



1878). Both selective behaviors in regional pre-Hispanic con-

struction engineering are mainly linked to the immediate local

or regional availability of structuring materials to consolidate,

elevate, and preserve mounds. In this sense, it was recently

proposed that the argilomineral association (AAA-A) of consti-

tutive layers in the Tres Cerros mound structures, which are

clearly different from adjacent deposits in the plain, led to a

confirmation of the anthropogenic origin of the mounds (Politis

et al. 2011).

For the Los Tres Cerros locality, the alluvial sediments

deposited by the Paraná flooding pattern, are texturally char-

acterized as muds with argilomineral associations containing

∼40–60 % illite, 10–30 % smecite, and 45–25 % chlorite–

kaolinite (e.g., Cavallotto 1995; Depetris and Grifin 1968;

Amato and Silva 2009). These values can be correlated with

the argilomineral associations found in the basal units 1 and 2

of mound structure LTC1 and also surface and subsurface

deposits in the nearby plain. However, they differ from the

values recorded for the constituent sediments in LTC1 layers I,

II, and III, for the samples obtained from the test pits carried

out at structures LTC2 and LTC3, and from the samples taken

from bore hole (P5) at the N–S transect.

By obtaining a continuous record for LTC1 for the var-

iations in argilomineral association, we were able to recog-

nize the interface between the underlying natural and

anthropogenic deposits that characterize the mound eleva-

tion. This interface (in the sense given by López and

Gianotti 1997 for Cotinga Mound), is found in the LTC1

stratigraphic sequence at level 27 at 2.05 m depth (Fig. 5b,

c), where smectite disappeared (see Fig. 8). At the depth

mentioned, there is an abrupt passage from an argilomineral

association characteristic of alluvial sediments, to one dif-

ferent from the surface or subsurface deposits in the nearby

plain. Thus, from the set of results obtained from the strati-

graphic, sedimentological, and biological analyses, we

confirm the existence of two depositional systems, accord-

ing to their origin: a natural depositional system (NDS) and

an anthropogenic depositional system (ADS). The NDS is

represented by the surface and subsurface deposits of the

alluvial plain and by units 1 and 2 excavated at LTC1. ADS

is made up of unit 3 (layers III, II, and I) of LTC1 and the

upper deposits of LTC2 and LTC3. The significant differ-

ences in the constituent ADS deposits compared with the

NDS deposits suggest that the sediments characterizing the

mounds at the Tres Cerros locality were selected and mod-

ified for it construction or anthropic in origin.

According to the results obtained in the argilomineral asso-

ciation of the P5 sediments (E–W transect), one of the possible

source areas for mound construction material could be located

approximately 2 km east of LTC1. This in turn agrees with the

similarities found in the P5 sediment with those of ADS with

regards to the diatom content and that attributable to panicoid

and oryzoid grass, cyperaceae, and reeds. The state of preserva-

tion and association of the biosiliceous content of the LTC1

sedimentary matrix would indicate that the constituent sedi-

ments were extracted and transported from lentic environments

linked to the development of littoral hydrophilic vegetation.

This humid, shallow, and low energy environment would have

made the availability and easy extraction of the mud possible.

However, it is possible to consider other source areas of mud

with or with a low portion of Sm (<10 %), at distances superior

to the one recognized in P5. Geological studies of the Pampeano

Formation deposits recorded in the Lower Paraná River and

affluents, between 10 and 50 km from the archeological locality

of Los Tres Cerros, present an argilomineral association similar

to that found in P5 and in the mounds (Gonzáles Bonorino

1966; Manassero et al. 2008; Orgeira et al. 2009). The transpor-

tation of “pampeano” sediments from the ravines of rivers and

streams to build and raise the mounds of the Middle and Lower

Paraná was suggested by Ameghino (1880) and by Zeballos

(1878). In the locality of Los Tres Cerros, site P5, corresponding

to the shortest distance from the location of the source area has

little or no presence of Sm. It is possible that the transportation

of sediments utilized for the construction of mounds could have

been performed with the help of canoes. The use of canoes by

aboriginals in the deltaic area of the Paraná is widely recorded

(Brunazzo and Rivera 1997; Ceruti and Gonzáles 2007;

Greslebin 1931; Lothrop 1932; Márquez Miranda 1932).

With regard to the modification of the constituent sedimen-

tary material from the mounds in question, the textural differ-

ences between the ADS and NDS allow the consideration that

gravel and sand-sizedmaterials, such as potsherd fragments and

lumps of burnt soil, were added to the mud selected for the

construction, possibly to compensate for the absence of silico-

clastic materials of these sizes in the alluvial landscape of the

locality under study. In the case of Los Tres Cerros, the distal

supply of building material can, among other factors, be linked

to the knowledge of the optimal properties of mud for the

Fig. 12 Ternary diagram with areas of argilomineral association for

the alluvial deposits of the floodplain



making of pottery (choice of AAA-A type mud, with low

smectite content). At the same time, the generation and addition

of gravel- and sand-sized materials can be framed within the

need to favor resistance to erosive factors, an aspect also men-

tioned in the regional "cerrito" archaeology (e.g., Bracco et al.

2000a,b; Castiñeira and Piñeiro 2000; López and Castiñeira

2001; Salles Machado 2005; Suárez Villagrán 2006)

The evolution of LTC1

The sedimentary and microbiological characteristics (biosili-

ceous record) allow units 1 and 2 to be assigned to low energy

alluvial floodplain deposits. According to geomorphological

evolution, these alluvial deposits overly those of the predeltaic

tidal flat. Using the evolution of morphological environments

proposed by Cavallotto et al. (2005) as a reference, units 1 and

2 would be penecontemporary with the alluvial deposition

overlying the fine deposits of the pre-deltaic tidal flat. For

these authors, the underlying fine size deposits would be of a

minimum age estimated at about 2,550–2,750 14C years BP

according to the chronology obtained by Caggiano (1984).

Material associated with a combustion structure at LTC1, in

the basal deposits of U2 (at a depth of 2.50m), would allow us

to infer that the earliest record of human occupation of the site

could be later than pre-deltaic tidal flat deposits and older than

the 14C age obtained for level 23 of around 1,030±50 years BP

(see Table 1). In turn, this last date would chronologically

mark the beginning of the ADS characterizing mound struc-

ture LTC1.

After 560±80 years 14C, BP the accretional anthropogenic

process of Los Tres Cerros locality is not present. Perhaps, the

erosional processes acting on the surface deposits, erased the

anthropic evidence. However, the absence of any unconfor-

mity in the top of the sequence dismisses this possibility. On

the other hand, the chronological data of the top of the se-

quence coincide with the aboriginal depopulation of the delta

as a consequence of European conquest. The last radiocarbon

records for aboriginal occupations in the Upper delta are about

400 years BP (Bonomo et al. 2011c).

The differential trends in biosiliceous content, pottery, and

archaeofaunal material, as well as the presence of discontinu-

ous lenses of organic matter, charcoal, and burnt sediments at

LTC1, can be correlated with changes in the intensity of

occupation at the site, in which multiple activities were carried

out. Among these, the microstratigraphic ordering of thin

sections 6–7 suggests the development of burning activities,

a similar record as that observed by Goldberg et al. (2009) at

the Sibudu Cave of KwaZulu-Natal, South Africa.

The association of organic components (e.g., phytoliths,

diatoms, plant fibers, carbonaceous particles) identified in

microfacies Mt 1, 2, 4, and 5 would point to the supply of

plant material collected in sectors of LTC1 and incinerated—

in some cases—in situ. This combustible material might

possibly come from the same places selected for the extraction

of the constituent mud of mounds. The microbotanical record

and the significant presence of articulated diatoms, as was

observed for Mt2, would back up this inference. Instead, the

alternating sequences of burned lenses and their correlated

record would attesting that after the grass burning develop-

ment, the accretional events continued, suggesting a slow

mound construction rate. The constituent record of Mt1 and

the association of different size components in a compact

matrix—possibly due to trampling—would make the case

for this set of evidences to propose an occupational surface,

which also correspond with the presence of hearths, pottery

material in a stage of semicompletion (the restricted horizontal

dispersion of shreds from a single piece) among other pieces

of evidence (in this regard, see Politis et al. 2011).

The remaining microfacial units observed (Mt 2, 4, and 5)

would correspond to the in situ development of grass and wood

burning, but the lateral discontinuity would suggest that the

development of these activities took place in restricted and well

differentiated spaces. These records also contain carbonaceous

particles, bone microfragments and shred microfragments,

which may also be due to removal by sweeping, bioturbation

and combustion in fire places. As with the studies of Goldberg

et al. (2009), there exist significant results for the interpretation

of alternating sequences of combustion events, with a continu-

ous lateral development in some sectors. In the aforementioned

paper, the authors argued that the stocking up of plant material

could be related to the preparation of surfaces that might have

been used for different purposes such as sleeping or sitting on,

etc., while the incineration of the same would be related to the

hygienic maintenance of the camp site. Even though prelimi-

narymicromorphological results achieved in this research allow

us to correlate the sequence of lenses significantly present in

layer III, with the evidence proposed by Goldberg et al. (2009),

it is possible to infer the conditioning and maintenance of the

living areas. The functional allocation of these events must also

consider their correlation with other kinds of activities. For this

reason, it is not possible yet to discriminate whether such events

of collecting and burning plant material (mostly grasses) re-

spond to matters related to the habitability of the structure and/

or to the carrying out of other activities such as burning grass

between the series of occupation events which took place,

discontinuously for about 500 years.

Conclusion

In Politis et al. (2011), the anthropic character of the genesis and

development of the Tres Cerros mound structures was proposed

on the basis of textural and mineral compositional differences

found with those of the alluvial plain deposits. In this article, we

confirm these differences by means of the microfossil record

and more detailed micromorphology and sedimentological



analyses. By comparing qualitative observation of the biosili-

ceous content, appreciable differences were found in the phyto-

lithic associations present in samples from the mound structure

and those from outer areas. In the samples from outside the

structure, a minor variety of morphotypes was observed, with a

predominance of those attributable to panicoid and oryzoid

grasses, cyperaceae, and reeds; whereas in the LTC1 sediments,

the presence of morphotypes that can be assigned to wild and

managed/cultivated plants was recorded, which were recog-

nized as valuable resources for the pre-Hispanic populations

that inhabited the Paraná Delta (Bonomo et al. 2011a,c; Sanchez

et al. 2011). A clear example of wild species use as fuel

resources is found in the identified microfacial units.

The integration of sedimentological and microbiological

data studied for the whole sedimentary sequence of the structure

LTC1 allowed the discrimination between anthropogenic accre-

tional events and pre- and intramound occupational palaeosur-

faces. Mound LTC1 stands on alluvial floodplain deposits in a

sequence made up of diverse building phases. The different

building phases are characterized, on the one hand, by the

development of activities possibly related to habitability of the

place and, on the other hand, by the deposition of specifically

selected and modified mud. This building modality, widely

recognized in regional pre-Hispanic archaeology, implies a

complex knowledge about the spatiality and quality of available

natural sources. The cohesive property of mud is favored by the

presence of coarse size particles (burnt lumps and pottery frag-

ments) and organic materials that enhance their resistance.

When sediments and/or structuring materials were not immedi-

ately available, provision was carried out in proximal or distal

areas, and was complemented with the production of elements

that lend structural cohesion and solidity (see Bracco et al.

2000a,b; Castiñeira and Piñeiro 2000). In this sense, the labor

investment in building engineering is closely related with the

solidity and permanence of the structures, underlying the

planned character of the “cerritos.”
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